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PREFACE 

Forests constitute one of the most valuable assets that may be possessed 
b y a nation. Their inherent worth is based on the products and benefits 
they yield continuously when managed as crops and given sufficient pro 
tection against fire and other destructive agencies. Wood-producing and 
wood-using industries rank high in the economic life of nations favored 
with adequate and productive forests. Although wood is the major raw 
material of the forest, a great variety of other products from trees and 
associated vegetation has permitted the estabhshment of many highly 
specialized industries. Since forests are a renewable resource, industries 
based on continuous conversion of forest products contribute to a stable 
foundation for the economic development of communities. 

The range of usefulness of forests is not, of course, confined to the 
utilization of material products. Water conservation, protection of soil 
against erosion, recreational facilities, and a multitude of other advan
tages associated with forests are also important. Forest managers, while 
striving to obtain the maximum yield of marketable products, should also 
recognize the other benefits and services that forests can render to a com
munity and to a nation as a whole. Consideration of these latter benefits, 
however, is not within the scope of this book . 

Because of the diversity of products and the numerous methods and 
processes employed in their conversion, a complete exposition of forest-
products utilization would fill many volumes. "^Spaee limitations, particu
larly in connection with a textbook, necessitate a compromise between the 
breadth of subject matter covered and the extent to which individual 
topics may be considered. In preparing this text, therefore, the authors 
have attempted t o place major emphasis on the more important phases of 
forest-products utilization. Basic concepts have been stressed; detailed 
costs and statistics have been largely excluded because they are usually 
obsolete before a book comes off the press. 

I t has been said that a textbook may be likened to a pair of crutches; it 
assists the tyro until he can walk alone in his chosen field. Once basic 
principles are mastered, he can, through further study combined with 
practical experience, become proficient in any specialized field that may 
attract him. This book contains basic information, The selected ref
erences at the end of each chapter point the way to further specialization. 
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Vi PREFACE 

I t is hoped that the reader will broaden his knowledge and understanding 
of each subject b y taking advantage of the opportunities afforded by these 
references. 

In developing this text, the authors have availed themselves freely of 
the advice and the criticism of men actively engaged in procurement, 
conversion, and utilization of the products described. I t is a privilege to 
acknowledge our indebtedness to all these people and the organizations 
they represent. 

Special acknowledgments are made t o E. R. Deutche, of the Louisville 
Cooperage Company, H . S. Cunliff, of the Pioneer Cooperage Company , 
and R. F. Lovejoy, of D . Love joy and Sons, for illustrations and informa
tion on cooperage; to Dr. J. P. Wentling for data and photographs used in 
the chapter on round timbers; t o Dr. C. S. Schopmeyer, U.S. Forest 
Service, for historical literature on naval stores; to A. R. Shirley, Georgia 
Agricultural Extension Service, and C. E. Ostrom, U.S. Forest Service, for 
information and illustrations, and to Dr. Eloise Gerry, U.S. Forest Prod-
wcis Laboratory, I. F. Eklrege and J. G. Osborne, U.S. Forest Service, for 
reviewing the manuscript dealing with naval stores. 

I. E. Knapp, U.S. Bureau of Agricultural and Industrial Engineering, 
supplied data on the continuous gum still, and W. P. Lawrence, of The 
Champion Paper and Fibre Company, furnished information on sulfate 
turpentine and tall oil. Don Brouse and T. R . Truax, U.S. Forest Prod 
ucts Laboratory, have reviewed parts of the manuscript dealing with 
veneer and plywood manufacture. Dr. E. C. Jahn, N.Y . State College of 
Forestry, furnished data on wood plastics, while P. W . Robbins, Michigan 
State College, assisted with data on maple-sirup production. 

Grateful acknowledgment is due S. H. Lorain, U.S. Bureau of Mines, 
for reviewing the chapter on mine timbers, and V. G. Peterson, Red Cedar 
Shingle Bureau, for a critical review of the material on shingles and shakes. 
T o R. F. Rommel and Dr. Raphael Katzen, Vulcan Copper and Supply 
Company, and Dr. E. F. Kurth, Oregon Forest Products Laboratory, our 
thanks are due for reading the manuscript on wood saecharification. 
Dr. J. Alfred Hall, Pacific Northwest Forest and Range Experiment Sta
tion, offered valuable suggestions in connection with the manuscript for 
the chapter on wood residues and the related problems of wood utilization 
research. 

Appreciation is also expressed to R . W . Jenner, Cliffs D o w Chemical 
Company, and Dr. E, F. Kurth for reviewing the manuscript on carboni
zation and destructive distillation of wood. The very helpful criticisms 
and suggestions of H. W. Morgan, Wej''erhaeuser Timber Company, in the 
preparation of the manuscript on pulp and paper are greatly appreciated. 
G. V. Chapman, of the Drexel Furniture Company, and George Lamb, of 
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the Mahogany Association, contributed information and illustrations used 
in the chapter on veneer and plywood. 

The authors are grateful to all manufacturers, associations, and individ
uals who furnished tabular and illustrative material used in this text. In 
each instance special acknowledgment accompanies such material; the 
credit line is our recognition of such assistance. 

A n y suggestion that will make this book more useful t o people who are 
interested in this field will be sincerely welcomed. 

T H E A U T H O R S 

January, 1950 
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C H A P T E R I 

T I M B E R R E S O U R C E S A N D T H E I R I M P O R T A N C E 
IN T H E E C O N O M Y O F T H E U N I T E D S T A T E S 

Timber has played a major role in the growth and development of the 
United States. It has been esthnated that 2,400,000 million board feet of 
lumber were cut betw-een 1776 and the advent of the Second World W a r ; 
enough to build 52,000,000 urban homes, 12,000,000 farmhouses, 2,000,000 
schools and libraries, 650,000 churches, and 450,000 factories. During the 
same period the forests also supplied 11,000,000,000 fence posts, 10,000,-
000,000 railroad ties, 450,000,000 telephone and telegraph poles, 6,000,-
000,000 cords of fuel wood , and 150,000,000 tons of paper pulp.^ Without 
timber, this country could not have attained its present stature so rapidly. 

I. TIMBER RESOURCES OF THE UNITED STATES 
AND THEIR UTILIZATION 

For approximately 200 years following the erection of the first sawmill 
in the United State.^ in the early 1600's, timber supplies were considered 
inexhaustible. As early as 1819, however, there appeared dire warnings of 
depletion, and as late as 1922 official government pronouncements predicted 
imminent timber famine. Neither view has proved correct, although de
pletions of growing stock in most parts of the country have reduced timber 
resources below desirable levels. Of even greater significance, the quality 
of timber has been lowered to the-point where many primary industries re
quiring high-quality logs are finding it difficult t o obtain adequate supplies. 
Regionally, drastic steps are required in some instances, but nationally 
there appears to be sufficient timber to meet immediate needs. M a n y 
adjustments are needed, however, to bring all commercial forest lands, 
both public and private, into th^ highest possible productivity, to grow the 
type of forests required to furnish a balanced supply of raw materials for 
all wood-consuming industries, and to provide a reserve capable of meeting 
all emergencies. Fortunately, the realities of economic forces are pointing 
to the need for permanency of timber ownership. In times past it has not 
always been economical^' feasible for mill owners t o retain ownership of 
forest lands. N o w large segments of the industry realize that permanent 
ownership and the management of forest lands on a sustained-yield basis 

3 



4 ECONOMICS OF FOREST UTILIZATION 

offer the only sure means of survival. Thus it seems that forces are now in 
motion that have promise of providing a realistic solution to the problem of 
present and future timber supplies and a balanced national timber budget. 
But forestry costs money. In most private timber enterprises the costs of 
sound timber management must come horn profits derived from the sale of 
wood products. The problem is, therefore, to utilize as completely and 
efficiently as possible all available timber supplies that can be grown on the 
forest lands of the nation. Attainment of these two broad objectives will 
make the growing of trees more profitable and encourage better forest 
practices throughout the country. 

T o accomplish these goals it is necessary to know the quantity, quality, 
form, and location of the timber resources available for utihzation. Care
ful planning with respect t o all these factors is essential prior to establish
ing even the simplest wood-using enterprise. Also, the time has come when 
consideration of the sociological aspects of industrial developments can no 
longer be ignored. The many ramifications of this topic are beyond the 
scope of this text. The reader is referred to the selected references at the 
end of this chapter for more complete presentations of national forestry 
problems, including complete statistical data on growth and drain, major 
uses, and future requirements of wood in the United States. An under
standing of these factors and of the manner in which they are interrelated 
is essential t o all utilization planning. 

A . M A J O R U S E S OF W O O D JN T H E U N I T E D S T A T E S 

The latest complete data on wood used for all purposes in the United 
States are provided by a joint canvass made by the U.S. Forest Service and 
the Bureau of the Census for the year 1940.^-^ I t is unfortunate, in a sense, 
that more recent data are not available. On the other hand, comparative 
figures for 1940 are probably more representative of normal conditions 
than current production and consumption data that reflect the influences 
of wartime disruptions and the postwar boom in forest products and build
ing materials. 

Nevertheless, it does not appear desirable to publish obsolete statistics, 
particularly since complete data on past lymber production, the amount of 
wood used in construction and in manufacture, and other pertinent facts 
are available in numerous publications. Selected reference 4, at the end 
of this chapter, is an excellent compendium of numerous succinct tables 
dealing with the lumber and related industries. 



TIMBER RESOURCES 

B. FUTURE REQUIREMENTS FOR WOOD BY WOOD-USING INDUSTRIES, 
1 9 5 0 THROUGH 1 9 5 5 

T h e p r e d i c t i o n o f f u t u r e l u m b e r r e q u i r e m e n t s i s a l w a y s f r a u g h t w i t h u n 
c e r t a i n t i e s , b u t s u c h e s t i m a t e s a r e n e c e s s a r y f r o m t i m e t o t i m e in o r d e r t o 
p r o v i d e b a s e s f o r f u t u r e p l a n n i n g . T h e a u t h o r s a r e f o r t u n a t e t h a t t h e 
U . S . F o r e s t S e r v i c e h a s j u s t c o m p l e t e d a n e x t e n s i v e s u r v e y o f p o t e n t i a l 
t i m b e r r e q u i r e m e n t s f o r t h e y e a r s 1950 t o 1955.* W i t h t h e v a s t r e s o u r c e s 

T A B L E POTENTIAL A N N U A L R E Q U I R E M E N T S FOR P A P E R AND PAPERBOARD, 
W O O D PULP, AND P U L P W O O D , 1 9 5 0 TO 1 9 5 5 ° 

Item 

Paper and 
paper-
board, 
M tons 

Wood 
pulp, 

M tons 

Pulp-
wood, 

M cords 

Total fibe 
pulpwood 

M cords 

r required, 
equivalent 

Per cent 

Total requirement 

Domestic p r o d u c t i o n . . . . 

2 8 , 0 0 0 * 
4 , 0 0 0 •' 

1 7 , 8 9 0 
2 , 0 0 0 

2 1 , 7 5 1 
1 , 5 0 0 ' 

2 8 , 9 2 9 
8 , 6 7 8 

1 0 0 
3 0 

Total requirement 

Domestic p r o d u c t i o n . . . . 2 4 , 0 0 0 1 5 , 8 9 0 2 0 , 2 5 1 2 0 , 2 5 1 7 0 

" Reproduced by the courtesy of tliG U.S. Depnrtment of Agriculture, Forest Service. Potential Re'iuire-
mentn for Timber Prr)rJuctsin the Unhtd States, Report 2 from A Reapprtiigal of the Forest Situation. 1940. 

'' Includes 17,090,000 tons for domestic paper ^ud paperboard and 800,000 tons /or other pulp-containing 
products. 

Chiefly newsprint, equivalent to 4,000,000 cords of pulpwood, on the basis of 1 ton paper equals 1 cord 
pulpwood. 

•'Equivalent to 3,178,000 corda of pulpwood. Converted on the basis; 200,000 tons groundwood at 
0.91 cord per ton; 800,000 tons sulfite at 1.82 cords per ton; 1,000,000 tons sulfate at 1.54 cords per ton. 

* Total of all imports in pulpwood equivalent. 

a v a i l a b l e t o t h e U . S . F o r e s t S e r v i c e , t h i s n e w p u b l i c a t i o n is w i t h o u t d o u b t 
t h e m o s t a u t h o r i t a t i v e w o r k o n t h e s u b j e c t t h a t is a v a i l a b l e . E v e n s o , as 
is u n a v o i d a b l e in e s t i m a t e s o f t h i s k i n d , i t h a s b e e n n e c e s s a r y t o q u a l i f y 
m a n y s t a t e m e n t s a n d t o b a s e t h e p r e d i c t i o n s o n c e r t a i n b a s i c a s s u m p t i o n s . 

B a s i c a s s u m p t i o n s m a d e in t h e s t u d y w e r e (1 ) t h a t n a t i o n a l p r o d u c t i v i t y , 
as a r e s u l t o f ful l e m p l o y m e n t , ^vil] r e m a i n h i g h , i.e., 9 5 p e r c e n t o f t h e l a b o r 
f o r c e wi l l b e a c t i v e l y e n g a g e d in p r o d u c t i o n a n d s e r v i c e s ; (2 ) t h a t t h e 
n a t i o n a l l eve l o f o u t p u t o f g o o d s a n d s e r v i c e s , i n t e r m s o f 1944 p r i c e s , s h o u l d 
r e a c h 2 0 0 bi lUon d o l l a r s w i t h i n t h e p e r i o d 1 9 5 0 t o 1 9 5 5 ; a n d ( 3 ) t h a t 1 9 5 0 
t o 1955 is su f f i c i ent ly r e m o v e d f r o m p o s t w a r r e c o n v e r s i o n a n d , a t t h e s a m e 
t i m e , n o t t o o f a r in t h e f u t u r e t o p e r m i t a r e a s o n a b l e e s t i m a t e o f t i m b e r r e 
q u i r e m e n t s u n d e r t h e s t a t e d a s s u m p t i o n s . I t is r e c o g n i z e d , o f c o u r s e , t h a t 
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TABLE 1-2. POTENTIAL ANNUAL RECIUIREMENTS FOR TIMBER PHODUCTB 
IN THE UNITED STATES, 1950 TO 1955 " 

Product 

Lumber (total) ' 
For construction (total) 

New residential (nonfarm) . 
All other new ( n o n f a n n ) . . . . 
Farm, including maintenance 

and repair 
Railroad construction 
Lumber for use in mines. , . . 
All other maintenance and 

repair 
For use in manufactures 
For use in shipping 

Railroad ties, hewed 

Fuel wood . 
Pu lpwood . 
Poles 

Piling 
Pence posts. 

Veneer logs and bolts 
Cooperage stock 
Mine timbers, not sawed 
W o o d foi- hardwood distillation. 
Logs and bolts for all other uses. 
Cordwood for all other uses . . . . 

Total all products . 

Potential requirements Estimated Estimated drain from 
drain of trees of saw -timber size 
domestic 
timber,* 

Unit of Quantity, million Million 
measure millions cu. ft. Per cent bd . ft. 

bd . ft. 42 .500 8,670 98 .9 44 ,345 
bd . ft. 31 ,500 

44 ,345 

bd . ft. 11,000 
bd. ft. 8 ,500 

bd . ft. 6 ,500 
bd. ft. 2 ,300 
bd . ft . SOO 

bd, ft. 2 ,700 
bd. ft. 6 .000 
bd. ft. 6 ,000 
Number or 

units 22 238 98 .5 1,084 
Cords 1,836 37 .6 3,066 
Cords 2 9 / 1,660 70 .2 5.784 
Number or 

5.784 

units 5 .7 91 90 .0 318 
lin. ft. 38 29 100.0 114 
Number or 

114 

units * 600 480 2,5.7 492 
bd. ft. ' ' 2 ,400 566 98 .5 2 ,837 
bd. ft ." 775 183 98 .8 919 
cu, ft. 220 220 35 .6 312 
Cords 0 . 5 34 3 5 . 0 53 
bd . ft.* 1,000 236 100 .0 1,200 
Cords 5 350 3 5 . 0 529 

14.593 61,053 14.593 0 ^ . 7 61,053 

" Reproduced by the courtesy of the U,.^. Department of Agriculture. Forest Service. Potential Require
ments for Timber Products in the United States. Report 2 from A Reappraisal of the Forest Situation. 1946. 

^ For convertini! factors see U.S. Department of Agriculture, Forest Service. The Management Status 
of Forest Lands in the United States. Report 3 from A Reappraisal of the Forest Situation. 1946, Table 25. 

' Lumber tally. 
•* Includes sawed ties, car lumber, maintenance, and repair, 
* It ia estimated that 27 million corda (43 per cent) might be Cut from sound, living trees. 
' I t b estimated that the eiiuivalent of 9 million cords may be itnported in paper, wood pulp, and pulp-

Wood. Domestic pulpwood retiuirement is estimated at 20 million cords. 
* I t is estimated that 20 per cent might be cut from cull and dead trees, 480 million posts from sound 

living trees. 
* Log scale. 
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C . T I M B E R R E Q U I R E M E N T S A T T H E E N D OF T H E CENTXTEY 

The U.S. Forest Service is faced with the extremely difficult task of pre
dicting for some years in advance the expected drain on national timber 
resources. This is necessary to arrive at a national plan of forest manage
ment that will assure adequate future supplies of timber, of the proper 
quality, for all possible uses, plus a reserve for emergencies such as war. 
An attempt has been made in the publication that has been under discus
sion ^ to forecast potential requirements 50 years hence. This estimate 
will not be discussed in detail, but it is interesting to note that the tot^I 
estimated drain on domestic timber 50 years hence is expected to be only 
slightly more than was predicted for the period 1950 to 1955, or 15,576 
million cubic feet as compared to 14,593 million cubic feet. 

Neither of the above estimates has taken into consideration the larger 
volumes of wood, now largely unused, that might be utilized b y various 
chemical processes being developed that have a reasonable chance of suc
cess within the next 50 years. History has shown that countries with 
depleted timber supplies ultimately adjust their national wood budgets to 
remaining stands, plus any importations that can be obtained at reason
able cost. If large-scale chemical uses are found for wood in this country, 
it is possible that our timber resources 50 years hence will be inadequate to 
meet all demands, even if intensive forest management is practiced by that 
time. This is indicative of the urgent need for planning of the type ex
emplified by the 50-year forecast under discussion. Time may demonstrate 
that this estimate is not accurate, but it most certainly is a step in the right 
direction. 

On the basis of present knowledge, it seems likely that sound forest 

actual consumption of forest products may be influenced by economic 
conditions that cannot be predicted with any great degree of assurance at 
this time. 

The over-all estimates contained in the study are quoted as follows: 

The estimated potential requirements add up to about 15 billion cubic feet of 
timlier annually. . . . This includes between 42 and 43 billion board feet of lumber, 
63 million cords of fuel wood, 20 million cords of pulpwood (domestic only) and 
about 2}4 billion cubic feet in other products. These quantities would apparently 
meet the needs of a prosperous nation amply but not extravagantly.* 

Tables 1-1 and 1-2 show the composite results of the study. The factors 
affecting the estimated requirements of individual uses are of considerable 
interest, and readers are urged to consult the original publication for this 
information. 
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II. THE RELATIVE IMPORTANCE OF THE WOOD-USING INDUSTRIES 

It is difficult, if not impossible, to determine accurately the relative im
portance of one industry in terms of other industries. The U.S. Depart
ment of Commerce, Bureau of the Census, issues the only comprehensive 
statistics with which various industries can be compared." Excellent as 
this information is, it falls short of providing complete information on some 
industries. There are numerous reasons for this, among them being (1) the 
necessity of combining some industries in order to avoid disclosing the 
identity of certain individual companies, and (2) for the sake of simplifying 
the census, the necessity of classifying each establishment as a whole in 
some one industry, according to its product of chief value, although, in 
many instances, a single establishment may manufacture more than one 
product. For example, it is impossible to determine how many wage 
earners listed under the pulp and paper industry are engaged in cutting 
and transporting pulpwood or employed in the cut-up mill. Further, many 
small wood-using industries are classified under miscellaneous industries in 
a manner that makes it impossible to determine what percentage of the 
total production in the classification is made from wood ; examples of such 
classification are "Pianos and Musical Instruments," "Sporting G o o d s , " 
"Pens and Pencils," "Signs , " and "Patterns . " 

It seems desirable, however, that the reader have some concept of the 
relative magnitude of the lumber and wood-using industries. Table 1-3, 
based on figures of the Department of Commerce, Bureau of the Census, 
shows that in 1939 the lumber and wood-using industries ranked fourth in 
number of establishments, fifth in the number of wage earners, seventh in 
the total amount of wages paid, tenth in the cost of materials, tenth in 
value of products, and ninth in value added by manufacture. These 
figures indicate that the lumber and wood-using industries ranked between 
seventh and eighth in the naticmal standings in 1939. 

Although no comprehensive comparative figures have been released since 
1939, data on the numbers of wage earners for 1945 show that the lumber 
and wood-using industries dropped from fifth place in this category in 1939 
to sixth place in 1946. In 1939 the lumber and wood-using industries 
ranked ninth among the major industries with respect to value added by 
manufacture (Table 1-3). In 1946, even though the lumber and wood-

management policies, plus more complete and efficiently integrated wood 
utilization, may, together, assure adequate timber supplies for the future. 
The uncertainties that lie ahead point to the need for a greatly accelerated 
program of national planning in both forest management and wood utiliza
tion. 
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m. THE STABILIZING INFLUENCES OF FORESTS AND 
WOOD-USING INDUSTRIES 

The numerous values obtained from forests before they are harvested 
are every bit as important in our national economy as the final products 
derived from wood . Thus the t w o are interdependent and cannot be 
separated in a discussion of their importance and the stabilizing influence 
they exert. This is particularly true when it is recognized that wise and 
profitable wood utilization can as.sure the perpetuation of forests at a high 
level of productivity. The same principle applies to government and 
private ownership. The products from government-owned forests, as well 
as from private forests, must eventually be sold to justify the existence of 
the forests, except in those instances where they are set aside primarily for 
watershed protection, recreational activities, or other specialized uses. 

Since this text is devoted to the subject of wood utilization, space does 
not permit a complete discussion of the benefits derived from forests aione. 
An example may serve, however, to demonstrate the need for discussing 
the relationships that exist between the products obtained from forests 
and the forests themselves. Coal is an invaluable resource, but until it is 
mined it contributes nothing to the national economy, other than to serve 
as a reserve supply of energy and other products. The difference between 
this and the case of forests is immediately apparent when the numerous 
values obtained from forests before they are harvested are considered. 

A . T H E STABILIZING I N F L U E N C E S OF F O R E S T S 

Values derived from forests that are not directly related to wood products 
include (1) controlling erosion and stream flow, (2) providing range for 
livestock, (3) maintaining wildlife, and (4) providing suitable areas for 
recreation. It has been stated that approximately one-half the forested 
areas of the United States exert a major watershed influence and that 

^nqther^ one-quarter exert a moderate influence. Forested watersheds re
tard runoff, protect potable water sources, retain water for irrigation, in
crease supplies of hydroelectric power, reduce erosion, and help prevent 
disastrous floods that affect rural and city populations alike. In the great 
livestock-raising regions, particularly in the West, the industry is depend-

using industries again showed increase over 1939, they had dropped to 
thirteenth place in the relative standings. This indicates that they have 
failed to keep pace with advances made in other industries. Extremely 
high prices of lumber and wood products since the war may have played a 
part in this decline. 
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ent upon forested areas for summer range. Without this source of feed, 
meat, leather, and wool would be more costly than they are at the present 
time. Wildhfe, when properly managed, does not interfere with the live-
stocli industry and fulfills some of man's need for recreational activities. 
Forested areas, with their mountains, streams and lakes, trees and wild 
flowers, fish and game, lead all other areas in their spiritual and recreational 
appeal. And recreation is vital in all walks of life. 

Forests are beneficial in another way. T h e y usually occupy land that is 
unsuited, or poorly suited, for other purposes. Experience has shown that 
the remaining forest lands are, for the most part, unsuited for agriculture. 
In fact, replacement by forests is the only efficient utilization of marginal 
farm lands, particularly those that have been abandoned. Forests, then, 
provide their many services on what might be called a noncompetitive 
basis; and they still provide products of inestimable value. 

T h e general benefits derived from forests are shared by all. This is the 
justification for extensive Federal ownership of forested regions, particularly 
where multiple-use management is essential t o the national welfare. But 
private ownership, too , can profit from multiple-use planning. Some or all 
of the inherent values of forests, such as livestock range and recreational 
activities, can be utilized, through proper management, t o reduce the costs 
of private forestry. In either case, intelligent multiple-use management 
is essential to the perpetuation of all these values in their proper propor
tions. 

The above is an extremely limited discussion of the stabilizing influence 
of forests. The subject merits a good deal more study, and every student 
of wood utilization should have a thorough grasp of the relationships that 
exist between forests and the final products that stem from them. The 
selected references at the end of this chapter will provide a starting point 
for such a study. 

B. I H E STABILIZING I N F L U E N C E OF T H E W O O D - U S I N G I N D U S T R I E S 

The direct benefits of the wood-using industries are derived from the 
useful goods the^^ produce and the employment they give to large numbers 
of workers and the industries that serve them. Less direct, and again 
rather closely affiliated with the forests themselves, are the opportunities 
that stable wood-using industries afford in balancing the economic and 
social development of rural communities. Wood-using industries provide 
farmers with ofl-season employment in adjacent forests and wood-using 
plants and direct returns through the sale of forest products from farm 
woodlots. Farm populations are heav^'' users of forest products for homes, 
barns, fence posts, containers for shipping farm produce, and many other 
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uses ; and the presence of w o o d - u s i n g industries creates local out lets for 
fa rm produc t s . T h e y also create a tax base in rural areas where farm p r o p 
erties w o u l d otherwise be cal led u p o n t o bear the entire tax burden . S tab le 
w o o d industries are essential t o t h e success of m a n y o t h e r m a j o r industries. 
T o ment i on o n l y a f ew , rai lroads , min ing , a n d c o m m u n i c a t i o n s d e p e n d 
heav i ly o n forest p r o d u c t s for their success . 

Al l the benefits that can a c c r u e f rom the presence of forests a n d the in 
dustries that ob ta in their raw mater ia ls f r o m t h e m are ef fect ive in full 
measure on ly under inteUigent, l ong - range p lanning in susta ined-y ie ld 
forest m a n a g e m e n t . All the e l ements of these va lues exist in on ly a v e r y 
f ew of o u r forested areas a t t h e present t i m e . T h e y h a v e b e e n los t t e m 
porar i ly in those areas where unwise exp lo i ta t i on has left g h o s t t o w n s in 
the wake of t i m b e r dep le t ion . E x h a u s t i o n of forests in m a n j ' areas has r e 
sulted in t h e d e c h n e of agr icul ture , the a b a n d o n m e n t of rai lroads , m i g r a 
t i on of f a rm workers t o urban centers , a n d c o m m u n i t y d e c a d e n c e . W o o d -
using industries based o n susta ined-y ie ld m a n a g e m e n t , o n the o ther h a n d , 
c an f o r m the nuclei of s table c o m m u n i t i e s , w i th establ ished service in 
dustries , p e r m a n e n t social inst i tut ions , a n d n o r m a l munic ipa l g r o w t h 
based on p e r m a n e n t values . S u c h c o m m u n i t i e s stabi l ize agricultural p u r 
suits b y p r o v i d i n g local m a r k e t s f o r fa rm p r o d u c t s . Other industries, in 
direct ly d e p e n d e n t o n forest p r o d u c t s , are a t t rac ted t o p e r m a n e n t c o m 
muni t ies of t h i s charac ter . T h e i r s tabi l i ty is a b u l w a r k against depress ions 
a n d a m e a n s o f r e d u c i n g migra t i ons t o u r b a n areas. 
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C H A P T E R 2 

" W O O D R E S I D U E S A N D T H E R E L A T E D P R O B L E M S O F 

W O O D - U T I L I Z A T I O N R E S E A R C H 

The term wood waste requires careful definition. It is often used loosely. 
Conservationists sometimes consider as waste every part of a tree not con
verted to lumber or some higher use. Under such a classification, tops of 
trees left in the woods and mill residues used as fuel are called waste. M a n y 
lumbermen, on the other hand, give little thought to tops and limbs for 
which no markets exist under any particular set of economic conditions. 
They also view sawmill residues as a logical fuel for the generation of steam 
at the mill, although, in some cases, higher uses might be found for the 
material that is burned. T o arrive at a reasonable definition of wood 
waste it is necessary to examine some of the factors that play a part in de 
termining the marketability of wood residues generated in the forest and 
at wood conversion plants. The most important of these factors are time 
and place. 

In colonial times timber was often considered an obstacle to agriculture, 
and valuable species like oak and walnut were sometimes felled and burned 
when land was cleared, since there were no markets for oak and walnut logs 
in those days. The same situation existed in all our frontier settlements. 
I t is conceded that such practices were wasteful in the light of present 
standards, but much unwise exploitation of timber resources still occurs in 
spite of conditions that permit more complete utilization. Even now, our 
best forestry practices are considered wasteful b y Europeans. I t is a 
question of time and economic development; the practice of forestry in 
Europe is several centuries older than it is in this country. Countries that 
have experienced timber scarcity recognize the wisdom of maintaining 
forest lands in a high state of productivity and of utihzing every portion of 
a tree to the highest possible degree. 

T ime and place often combine t o dictate the extent of wood utilization. 
A sawmill located near a large settlement might, at one stage in the regional 
development, dispose of all of its residual wood and sawdust for fuel at a 
reasonable return. A t the same time, a mill located some distance from the 
settlement might be unable to dispose of its residues in this manner because 
the cost of transportation would preclude a profit. This situation could, 
however, be reversed. A pulp mill might b e erected atljacent t o the isolated 

14 



WOOD RESIDUES 15 

mill, providing it with even more profitable outlets than the fuel market of 
the city mill. If, because of more extensive timber supplies, a group of 
diversified industries, such as fiberboard plants, plywood plants, and others, 
should be located in the vicinity, the more isolated mill might find highly 
profitable uses for all its residues, while the city mill might make no great 
gains in utilization. The proximity of the pulp mill and the development 
of new processes, such as the hydrolysis of wood to produce wood-sugar 
alcohol and molasses, might also make profitable the harvesting of logs 
and tops formerly left in the woods. Thus, _pl^_ce_and time would have_& 
great influence on the extent of utilization of residues in the instances cited. 
~ Fluctuations in econ^omic conditions alsq^hay^a mad^edjnfluenc.e.ojojfche 
extent to which residual materials are utilized. In times of unfavorable 
market conditions, it m a y not pay t o transport sawdust to a fuel market 
or slabs to a fiberboard plant. When prices are at a low level, it often does 
not pay to haul marginal materials from the forest, and more material is 
left unused. A recent example from the Douglas fir region may serve to 
illustrate this point. The demand for lumber was active during the Second 
World War and prices were hig"^. This resulted in the removal of logs that 
would have been unprofitable on any previous market. " W o o d logs , " 
previously left in the woods, were a common sight in mill ponds. The de
mand was so active, in fact, that relogging of cutover lands and salvage 
logging on old burns gained much impetus.^'^ With the first break in 
prices after the war, these activities stopped abruptly; mill operators went 
into the woods to "reeducate" their bucking crews to prepare for removal 
only those logs considered profitable under the new price structure. 

The foregoing examples are only a few of many combinations of cir
cumstances that can have an effect on the degree of utilization of residues 
at any time or place or under changing economic conditions. T h e y serve, 
however, to illustrate the need for careful thinking in expressing the mean
ing of wood waste. 

The U.S. Forest Service has defined wood waste in a recent publication 
as fol lows: "Throughout this report the term waste w o o d means wood m a 
terial from the forest which does not appear finally in marketable products 
other than fuel wood, regardless of whether it is economically or tech
nologically feasible to utilize i t . " 

The Society of American Foresters recognizes the following definitions: 

Waste. 1. On a logging operation, that portion of the tree which has merchant
able value but is not utifized. 

2. Waste at a sawmill is that portion of the log having merchantable value which 
is not utilized. Sawdust and refuse used for fuel, and those portions of logs, .slabs, 
edgings, and trimmings used for lath, shingles, cooperage, and other products are 
not waste. 
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Merchantable. 1. Used to designate the portions of trees or stands wliich can be 
profitably marketed under given economic conditions.* 

Voorh ies has defined sawmil l was te as that p o r t i o n of the sawlog that 
does n o t a p p e a r as l u m b e r , a n d net was te as all was te t h a t remains after 
ded\ict ions h a v e b e e n m a d e for fuel, lath , p i cke ts , a n d o t h e r p r o d u c t s . ! 

F o r this chapter , the f o l l owing definit ions will b e u s e d : 
1. Waste wood is maTketable wood of any form that is not used at the highest 

level available to a given logging or manufacturing operation, under current 
economic conditions and at the current stage of technological development. 
M a r k e t a b l e w o o d that is n o t used for a n y p u r p o s e c o m e s w i th in t h e s c o p e 
of this def init ion. 

2. Wood residues are all fortns of wood that cannot he marketed at a profit 
from a given logging or manufacturing operation, under current economic con
ditions and at the current stage of technological development. 

T h e Fores t Serv ice def init ion q u o t e d a b o v e v i ews w o o d residues f r o m t h e 
s t a n d p o i n t of the conservat ion is t , label ing as was te all par ts of trees t h a t 
are n o t c o n v e r t e d t o salable p r o d u c t s , i rrespect ive of whether or n o t it is 
e c o n o m i c a l l } ' feasible t o c o n v e r t t h e m . F r o m a l o n g - r a n g e s t a n d p o i n t this 
is tenable , a n d n o o n e c an o b j e c t t o the goal that this def init ion expresses. 
Al l e l ements of the w o o d - p r o d u c i n g a n d w o o d - u s i n g industries , inc luding 
the F o r e s t Serv i ce , should b e d irect ing e v e r y effort to^\'ard m o r e c o m p l e t e 
ut i l i zat ion of mater ia ls n o w d e s t r o y e d or n o t ut i l ized t o the greatest e c o 
n o m i c a d v a n t a g e . F r o m t h e s t a n d p o i n t of t h e nat ional e c o n o m y , t o p s 
left in t h e w o o d s a n d sawdust d e s t r o y e d b y b u r n i n g because there is n o 
m a r k e t cons t i tu te g rave w a s t e , b u t ind iv idual operators c a n n o t b e e x 
p e c t e d t o harves t or m a n u f a c t u r e such mater ia ls a t a loss w h e n n o pro f i t 
ab le m a r k e t s exist or w h e n n o processes h a v e b e e n d e v e l o p e d t o uti l ize 
t h e m t o a d v a n t a g e . 

G e n u i n e w o o d waste , h o w e v e r , h a s been t r e m e n d o u s . M a n y sawmil ls 

* Forestry Terminology, Society of American Foresters, Washington, D . C , 1944. 
t Webster's New International Dictionary defines the noun waste as " ( 1 ) The action 

of wasting, or state of being wasted: useless expenditure; as waste of time. (2 ) Super
fluous or rejected matter: refuse." Neither meaning fits the case in question very well. 
If lumber is needed, and there is no market or profitable use for tree tops, it does not 
seem logical to classify the wood they contain as a useless expenditure of material. 
Neither does it seem reasonable to call sawdust used as fuel at a sawmill svperfluous or 
rejected matter, or refuse. There has been, and there still is, a good deal of wasting of the 
timber resource, in the true sense of the word. But it does not cover all the cases to 
which the term is commonly applied. In the mind.s of many people the word waste con
notes profligacy, and stigma may be attached to acts and procedures for which there is no 
immediate remedy. 

Perhaps a more appropriate word is needed. Webster defines the v,-ord residue as 
"That which remains after a part is taken, .separated, removed, or designated; remnant; 
remainder; rest." This seems to fit the case better. 
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have destroyed, and still are destroying, slabs and much other material 
that would have yielded vast quantities of short lengths of clear w o o d that 
could have been converted to salable commodit ies^ '^ (see Figs. 2 -1 and 
2 - 2 ) . It is rather generally agreed a m o n g its more progressive leaders that 
the lumber industry has lacked vision and has failed to take advantage of 

FIG. 2-1. T\pii'Lil opeti-pil. luirnur in u we.-ileni Oregon sawmill. Bark, ri;i\v(iiisl., sliibs, 
and edgings are burned for lack of profitable markets. (From Bull. Series 17. Engin. Expt, 
Sla., Oregon State College.) 

technological deve lopments in other fields, 
stated recent ly ; 

One leader in the industry 

Probably one of the simplest ways to improve our product is to improve the tools 
by which the product is produced. This involves research in equipment and 
methods. Although tremendous improvement has taken place in logging methods 
in the last 15 years, no like improvement has taken place in the equipment of con
version. Let me ask you a question. How new is your band mill, and in what re
spect does it vary from grandpappy's mill? 1 can tell you. With the possible ex
ception of antifriction bearings, improved carriage design, and faster set works, 
fundamentally there is no change. 

Strangely enough, the industry is not often criticized for its archaic 
methods of manufacture , product ion control , and inspection. Instead it 
is censured for failure t o utilize materials that cannot be put t o profitable 
use b y the small operator. T h e exact reason for this is not known. Per 
haps it is because logging, even under the best forestry practices, often has 
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FiG. 2-2, Sawmill trim accumulated at a medium-siaed Douglas fir mill. (From Bull. 
Series 17, Engin. Expt. Sta., Oregon State College.) 

l ion tons of wheat, rye , and flax straw, co t ton and cornstalks, and the her
baceous parts of other crop plants also are n o t utilized. Some of these 
materials are p lowed under, adding values t o the soil. This is not a high 
f o rm of use. Its value is equal only to the cost of an alternate soil condi 
tioner and plant f ood , which is comparable t o using sawdust for fuel. N o 
profitable bulk uses have been found that wiU provide sufficient returns to 
warrant the col lection of lignin f rom field crops at the present time. T h e 
same applies t o the lignin residues of pulping operations. 

Research has succeeded in solving similar residue problems in other in
dustries. Codfish livers were considered offal for years , until research d is 
covered the vitamin values they contained. This paved the way for an ex
tensive expansion of the fishing industry. T h e livers of nonedible fish that 
are present in great quantities, and often a nuisance in the nets of fisher
men, were found to contain even higher quantities of valuable oils and 
vitamins. The list of such examples is endless, a.nd the part p layed b y re-

the appearance of spectacular waste and because sawdust piles are so often 
located in plain sight along publ ic highways. Equal ly great wastes and 
residues are c o m m o n but little publicized. Unused lignin offers an ex
ample. A b o u t one-third of the weight of w o o d is made u p of lignin. N o 
extensive, profitable uses have been found for this substance, and its 
chemical nature is not fully known. Accord ing to Brauns , ' pulp mills in 
the United States " w a s t e " a b o u t 2 ] ^ million tons of lignin each year ; saw
mills about million tons. H e points out further, however , that 30 miU 
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search in this and similar cases points the way to tiie solution of the present 
problems of the lumber industry. 

Until only recently the level of research in the lumber industry was far 
below the general industrial average. Even with the impetus given wood 
research during the Second Wor ld War , it still does no t approach the in
tensity of developmental research now being practiced b y the metal, 
chemical, and plastics industries, many of whose new products are in direct 
competition with wood. There are reasons for the dearth of research in the 
lumber industry. I t is made up , t o a large extent, of numerous individual 
units, each too small to support research of its own. M a n y of these small 
firms are banded together into loosely knit associations, whose primary 
aims have been advertising and sales promotion. A few associations have 
accomplished effective research on a small scale, but they have been the 
exception. Living in the past, most of the operators and associations have 
failed to appreciate the need for imagination and research to keep abreast 
of the advance made b y competitive industries. Quoting again from 
C. Jy. Dosker, Chairman, National Lumber Manufacturers Association 
Committee on Products and Research, 

A study of the do^vnward trend of the average per capita consumption of lumber 
should indicate to this great industry of ours the need of putting back into the soil 
of markets those vital elements on wliich this industry can grow, those elements 
which will prevent the sterility of our markets. The continued decline in the use 
of lumber should indicate to this industry its great need for research, and we must 
not be lulled into security by a wartime and postwar reconversion demand for our 
products. We are living in a fool's paradise, and we all know this to be true. But 
time is growing short and we should know that it is wise, in times of plenty, to pre
pare for the famine.' 

A few large timber companies, particularly in recent years, have estab
lished sizable research laboratories. The experience of such companies 
points the way to the resolution of the wood residue problem. Large com
panies, having integrated operations based on permanent sustained-yield 
timber holdings, not only can afford research; they can reduce residues 
materially through the diversity of numerous utilization units. Such an 
operation may contain separate units for the manufacture of lumber, paper 
pulp, fiberboard, plywood, fuel briquettes, and bark-conversion products. 
This permits segregation of raw materials by species, size, and quality and 
utilizing each at its highest economic level. At the same time, residues can 
be distributed to speciahzed plants designed to convert them into useful 
products. As new processes are added, residues are even further reduced. 
By the development of entirely new processes, higher uses may be found for 
residues previously utilized for another purpose; or for the utilization of 
materials now considered worthless, such as wood containing decay. The 
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process of integration can be carried on indefinitely through the discovery 
of new processes and the improvement of old methods, until all values 
inherent in trees are realized. 

Integrated units of the foregoing type are relatively few in number. 
Nevertheless, because of their large size and efficiency, they are the source 
of a rather high percentage of the total lumber cut in this country. Un
fortunately, however, there are thousands of small- and medium-sized 
mills that are left, for all practical purposes, without benefit of research. 
Most mills in this category have little prospect of obtaining the capital 
necessary for the establishment of integrated operations. More often, 
they even lack the possibility of obtaining a sustained-yield unit. As time 
passes, the onus of waste is resting more and more heavily upon these small 
owners. Being financially incapable of applying technological advances 
to their operations, they continue to generate outright waste or to utilize 
residues at a very low level, long after higher economic uses have been de
veloped. T h e situation is not hopeless, even for these small operators, b u t 
its correction will require new thinking and aggressive action. Research 
is one of the answers, not only in the development of new processes, but 
also in the improvement of existing practices. Among the problems re
quiring immediate consideration are (1) improvement in sai,\Tnill machinery 
and handling techniques, (2) improvements in the quality of_.lumber it- 
self, (3) adoption of production-control methods used in other industries, 
(4) development of building techniques that will utilize lumber mofe 
efficiently, and (5) the application of modern market-survey techniques. 
Such research could easily be provided by trade associations and public 
agencies. 

Some industries expend as much as 10 per cent of total sales value for re
search, but 2 to 3 per cent probably approaches the average. It is doubtful 
if the lumber industry, as a whole, spent more than 0.2 to 0.5 per cent for 
research prior to the Second World War, and the average has not increased 
appreciably since that time. N o t all wood-using industries have suffered 
from lack of research. Pulp companies have been aggressive in sponsoring 
research, not only in the technology of the chemical processes involved, but 
in harvesting methods, cut-up mill and barking practices, the utilization of 
new species, waste reduction, and sustained-yield forest management. 
Their technical laboratory * is one of the finest research institutions in the 
country, and the industry has sponsored much academic and public re^ 
search. The same has been true to a lesser extent in the fiberboard field. 
The research activities of the Masonite Company are an outstanding ex
ample. The lumber industry could well follow the lead of these closely 
allied industries. 

* Institute of Paper Chemistry, Appleton, Wisconsin. 
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Residue and waste-utilization plants sometimes work against the goals 
of forestry and the best interests of the nation. Though originally planned 
for the utilization of residues, some plants of this type become so large that 
they compete with sawmills for sawlogs in the race for sufficient raw m a 
terials to maintain themselves. The hardwood dimension-stock industry 
offers another example. Numerous mills, originally designed to produce 
dimension stock from sawmill residues, now find it more profitable to use 
lumber as their raw material. The same thing has been true of pulp mills 
in some regions. I t is poor national economy to use sawlogs capable of 
producing structural materials for low-quality fiberboard and for paper 
pulp that can be made from tops or from inferior species. Here, again, 
classification of j : a w materials is essential to the balanced production ol all 
commodities stemming from wood. Without intelligent planning, the goals 
of forestry and the general welfare of the wood-using industries may suffer. 
The goals of forestry and wood utilization are identical in basic principle, a 
fact often forgotten by lumbermen and foresters alike. The aim of foresters 
should be the sustained-yield management of all forests with a view to pro
ducing as much high-quality timber as possible, together with enough 
other wood to supply the needs of all the wood-consuming industries that 
complete the pattern of integrated utilization. The aims of the wood -
using industries should be much closer utilization, more intensive remanu-
facture, greater diversification, and more complete integration, all of which 
will reduce waste to a minimum. If these aims can be achieved, the future 
of the lumber industry can be assured and uncertainty can be replaced b y 
stable and permanent production and employment.^ 

It is hoped that this chapter will impress on all students of wood utiliza
tion, if nothing else, the great need that exists in the lumber industry for 
progressive leadership, imagination (in both management and research), 
and inteUigent nation-wide planning. Only in this way will it emerge from 
its present status of a low-value raw-material industry to become the highly 
diversified and specialized industry that it could and should be. 

I. SOURCES OF RESIDUAL AND WASTE WOOD 

The major sources of residual and waste wood are ( 1 ) wood left in the 
forest after Jogging, and (2) residual and ivaste wood generated in the manu
facture of primary products such as lumber, veneer, and shingles. Other 
sources include secondary manufacturing operations of all kinds, planing 
mills, materials unutilized during building construction, and many minor 
sources. Bark is not usually included in estimates of residues, but perhaps 
it should be. The bark of some species appears to offer just as great poten
tialities for utilization as some forms of residual wood. The sum of wood 
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residues and \vood actually converted t o salable products is called the com
modity drain on the nation's forests. An added drain, called the noncom-
modity drain, results from fire, decay, and insects. In 1944 the non-
commodity dram was approximately 12 per cent of the commodity drain. 

A . L O G G I N G 

Residual wood generated in logging consists of trees not cut because of 
poor form, mechanical defects, and decay, tops and limbs, trees damaged 
or destroyed in logging, and residual trees destroyed during slash disposal. 
The amount of wood destroyed or unused after logging depends on species, 
age and composition of the stand, logging methods used, type of terrain, 
primary product for which the logs are being harvested, distance of the 
producing area from its principal markets, size and location of conversion 
plants, and many other factors. A few examples will serve to illustrate the 
more important of the foregoing factors. According to U.S. Forest Service 
estimates,'^ 88 per cent of the wood left in the forests after logging comes 
from felled trees, the remaining 12 per cent from damage to the residual 
stand. W o o d residues from the softwoods logged in the Pacific Northwest 
amount to 67 cu. ft. per 1,000 ft. of lumber produced, while in the case of 
some heavy-topped hardwoods in the Lake states, the amount may reach 
130 cu. ft. Logging damage in the Douglas fir region is much greater in the 
old growth than in second-growth stands, owing in part to the greater break
age that occurs in felling large, defective trees. The primary product has a 
marked effect on the amount of material that is left in the woods. Losses 
in preparing fence posts, fuel wood, and round mine timbers for the market 
are small compared to the preparation of sawlogs, peeler logs, cooperage 
stock, shingle bolts, and other primary commodities. Seventy-two per 
cent of the cubic volume of a tree cut for cooperage is lost; for hewed cross-
ties, 70 per cent; for lumber, 68 per cent; for veneer, 66 per cent.^^ The 
great distance of the Douglas fir-producing area from its principal markets 
has an influence on the amount of wood left in the forest. High freight 
rates to Eastern markets make profitable the harvesting of only the higher 
grades of logs. Consequently, logs that would be utilized to advantage in 
other parts of the country cannot be transported from the woods and 
manufactured into lumber at a profit. Small isolated operations in all 
parts of the country tend to leave more material in the woods because they 
lack the facilities for more complete utilization. Proximity to fuel markets 
makes possible the utilization of some logging residues. This use ranges 
from 10 per cent in some parts of the Eastern states to nearly none on the 
West Coast. There are a few instances of hardwood logging residues being 
utilized for pulp and other purposes. As in the case of residual wood at 
sawmflls, cost of transportation is the principal deterrent to more complete 
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utilization of materials left in the woods. In some regions, because of the 
scattered distribution of these residues, it will probably be some time be 
fore they can be utilized at a profit. 

B , P B I M A B Y M A N U F A C T U R E 

The most commonly accepted classification of wood residues produced 
in the manufacture of primary products is as follows: "Primary manu
facturing waste includes: (I) Coarse materials like slabs, edgings, and 
trimmings from sawmills, cores and trimmings from veneer mills, and 
culled stave bolts from cooperage stock mills; (2) fine materials such as saw
dust and shavings from sawmills and other plants; (3) fibers and chemical 
components lost in making pulp and paper . " The last category is not 
always included in such a classification, although it seems tenable, pro
viding it is recognized that these products are not waste in those cases 
where no profitable uses exist. The amount of residual w o o d at primary 
conversion plants is slightly greater than the amount left in the woods if 
pulping lo.sses and the sawdust and other products sold for fuel are included, 
and about one-half as much if they are not included. Sixty-three per 
cent of all wood residues from primary manufacturing operations were 
used for fuel in 1944, as compared to 6.6 per cent logging residues. On a 
national basis, approximately 43 per cent by weight of the total timber cut 
is converted into wood products of all kinds, including wood cut for fuel; 
22.5 per cent, in the form of wood residues, is used as fuel ; and approxi
mately 34.5 per cent is not used at all. 

Coarse materials found at sawmills include slabs, edgings, mill trim, and 
planer ends. Hogged w o o d is included in this category because it is pro 
duced by chipping coarse material. Fine material consists of sawdust and 
shavings. Figure 2-3 shows the relationship between lumber recovery and 
waste and imused wood accumulations as determined for ponderosa pine 
and Douglas fir in one study.'* Each primary industry has its own type of 
wood-residues material. Rotary veneer plants generate log trim, peeler 
cores, sapwood lost in Iniing up the log on the lathe, and wood that is lost 
in trimming out defects and in jointing, breakage, and the like. In fact, 
wood residues at many veneer plants are almost as great as those produced 
in the manvifacture of lumber. Shingle mills generate residual wood in the 
form of log trim and waste in producing shingle blocks, "spalts , " shingle 
tow, and so forth. Even in producing round commodities, such as poles, 
there are unused butts and tops that are removed t o improve grade, fine 
sapwood material removed in barking poles on the recently developed pole-
shaving machines, and saw kerf and other wood from framing operations. 
M a n y small plants produce characteristic residues in the manufacture of 
blanks, billets, and cut-up stock for a host of small remanufacturing plants. 
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C . SECONDARY M A N U F A C T U R E 

The residual wood from primary plants is fairly well concentrated in 
large manufacturing centers or adjacent to large sawmills, but countless 
small remanufacturing plants, cabinet shops, and producers of specialties 
are widely scattered in every part of the country. It is virtually impossible 
to determine the amount of wood residues they produce. Although the 
residues in any one small specialty plant are usually low in volume, both the 
relative and aggregate residues of such facilities are high because many such 
plants discard a high percentage of wood in the fabrication of high-quality 
articles. With the exception of the amount used locally for fuel, there is 
no great immediate possibility of utilizing the bulk of this residual wood for 
higher uses. T h e cost of concentrating wastes from widely scattered plants 
is too great. 

D . C H E M I C A L I N D U S T R I E S 

W o o d losses incurred in the chemical industries take two forms: (1) wood 
lost in harvesting and preparing the wood for chemical conversion and (2) 
losses of lignin and fiber, and dissolved cellulose, hemicelluloses, and ex
tractives. The pulp and paper industry is the principal source of these 
losses. About 48 per cent of the wood consumed by this industrj ' in 1944 
was either left as residues or used for fuel. Of this total, 60 per cent was 
used for fuel, 23 per cent was lost in the pulping process, and 17 per cent 
was lost in harvesting the wood and preparing it for pulping. Preparation 
losses arise from cull material, decay in storage, bark removal, and from 
fines that are usually burned as fuel. T h e scarcity of pulpwood in 1944 
offers an excellent example of the effect of favorable economic conditions 
on the utilization of wood residues. High prices, and short supphes in some 
regions, residted in the use of material formerly culled and a general re
duction in the quality of paper in some instances. The pulping of little-used 
species increased and is still increasing. It has been estimated that 
decay losses normally arising from the practice of storing pulpwood in the 
woods for from 6 months to a year were materially reduced in 1944. M a n y 
pulp mills are now barking pulpwood at the mill, instead of in the woods, 
because of labor shortages and higher labor costs. This makes much bark 
formerly left in the woods available for fuel. 

W o o d lost in pulping takes two forms: fiber and dissolved substances. 
Fiber losses amount to only 7 per cent of the total. With the exception of 
small losses in bleaching, the remainder consists entirely of dissolved m a 
terial. While more than half of this residual material finds a low-value use 
as fuel, it is a vast storehouse of chemical raw materials. More research. 
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II. W O O D RESIDUES AND WASTE W O O D IN THE UNITED STATES 

T h e l i terature o n t h e a m o u n t of res idual a n d w a s t e w o o d d e v e l o p e d in the 
U n i t e d States is meager . W h i l e intens ive s u r v e y s h a v e b e e n m a d e of in 
d iv idua l p r i m a r y industries in s o m e p r o d u c i n g a r e a s , i n f o r m a t i o n o n a 
nat i ona l bas is is l imi ted , for t h e m o s t p a r t , t o stat ist ics co l l e c ted a n d p u b 
lished b y the U . S . Fores t Serv ice . T h e s e figures, t h o u g h a d m i t t e d l y based 
t o a large ex tent o n est imates , are of inest imable v a l u e t o all w h o are in 
teres ted in d e v e l o p i n g m e a n s of ut i l iz ing w o o d a t t h e h ighes t poss ib le 
e c o n o m i c level . C o m p l e t e d a t a o n the a m o u n t s of w o o d residues generated 
in l ogg ing a n d m a n u f a c t u r e , b y c o m m o d i t i e s a n d b y regions , are ava i lab le 
in t h e m o s t re cent U . S . F o r e s t S e r v i c e p u b l i c a t i o n o n t h e subject. '^' F o r 
re ference purposes , se lected d a t a f r o m this p u b l i c a t i o n are presented in 
T a b l e s 2 - 1 , 2 - 2 , a n d 2 - 3 . T h e reader is urged t o s t u d y t h o r o u g h l y the 
or ig inal w o r k . 

* See Chap. 18. 

p r o b a b l y , h a s b e e n d i rec ted t o finding uses for th is unused p o t e n t i a l t h a n 
for a n y o ther f o r m of w o o d res idue, a n d s o m e progress is be ing m a d e . 
D u m p i n g these residues in s t reams as a m e a n s o f d isposal creates serious 
p o l l u t i o n p r o b l e m s , a fac t t h a t h a s g iven research in th is field a t w o f o l d 
purpose . 

T h e to ta l w o o d residues generated in disti l lation a n d ex t rac t i on are small 
in c o m p a r i s o n t o t h o s e of t h e p u l p a n d p a p e r industry . F o r t h e m o s t par t , 
these processes uti l ize less va luab le species or residues of o ther pr imary in 
dustr ies . Never the less , t h e y generate s o m e residues a n d in s o m e instances 
uti l ize w o o d at a l o w e c o n o m i c level . E i t h e r n o p r o v i s i o n s are m a d e t o r e 
c o v e r acet ic a c id , m e t h a n o l , a n d a c e t o n e in m a n y charcoa l operat ions or the 
recovery m e t h o d s are p r i m i t i v e . * S p e n t ch ips f r o m t h e s t e a m a n d so lvent 
process are an excel lent source of fiber for insulat ing b o a r d s , b u t t h e y are 
o f t en burned as fuel . 

E. FIBERBOARD 

T h e ex tent of losses in t h e m a n u f a c t u r e of fiberboard varies w i t h the 
process . I f a chemica l c o o k is used , gome w o o d cons t i tuents are lost b y d is 
so lu t i on . F i b e r i s l o s t in bark ing , a n d s o m e fines e s cape in t h e w h i t e water . 
M o s t fiberboard p lants utilize slabs a n d o ther residues f r o m sawmil ls . 
S o m e , h o w e v e r , use y o u n g s e c o n d - g r o w t h trees a n d sawlogs . I n s o m e in 
s t a n c e s t h i s is t rue w a s t e , because t h e t rees are e i ther h a r v e s t e d pr i o r t o 
at ta in ing their m a x i m u m g r o w t h potent ia l or t h e y are d i v e r t e d f r o m a 
h igher use . 



T A B L E 2 - 1 . W O O D R E S I D U E S G E N E R A T E D ^^JjQGoii iG - iN T H E U N I T E D S T A T E S 

I N 1944, B Y P R I N C I P A I > F O R E S T P R O D U C T S , M I L L I O N S O F C U B I C F E E T » 

P r o d u c t 
Used for 

fu.jl 
N o t used 

a t all T o t a l 

1 6 7 . 9 2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 

1 6 7 . 9 2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 

5 . 0 
1 4 . 9 
4 . 9 
1.4 
8 . 8 
0 . 4 

2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 

5 . 0 
1 4 . 9 
4 . 9 
1.4 
8 . 8 
0 . 4 

2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 

C o o p e r a g e st<»ck.. 

5 . 0 
1 4 . 9 
4 . 9 
1.4 
8 . 8 
0 . 4 

2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 

Fence pos t s 

5 . 0 
1 4 . 9 
4 . 9 
1.4 
8 . 8 
0 . 4 

2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 

5 . 0 
1 4 . 9 
4 . 9 
1.4 
8 . 8 
0 . 4 

2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 

R o u n d m i n e t imbers . 

5 . 0 
1 4 . 9 
4 . 9 
1.4 
8 . 8 
0 . 4 

2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 

5 . 0 
1 4 . 9 
4 . 9 
1.4 
8 . 8 
0 . 4 

2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 Other 4 . 4 

2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 4 . 4 

2 , 0 9 0 . 6 
1 9 9 . 4 
2 1 5 . 3 

9 2 . 7 
7 0 . 2 
1 7 . 8 

1 4 0 . 5 
2 1 . 3 
2 0 . 0 
7 9 . 0 

2 , 2 5 8 . 5 
1 9 9 . 4 
2 2 0 . 3 
1 0 7 . 6 

7 5 . 1 
1 9 . 2 

1 4 9 . 3 
2 1 . 7 
2 0 . 0 
8 3 . 4 

2 0 7 . 7 2 , 9 4 6 . 8 3 , 1 5 4 . 5 2 0 7 . 7 2 , 9 4 6 . 8 3 , 1 5 4 . 5 

Per cent 
used for 

fuel 

7 . 4 

2 . 3 
i 3 . 8 
6 . 5 
7 . 3 
5 . 9 
1 .8 

5 . 3 

Per cent 
n o t used 

a t all 

6 . 6 " 

9 2 . 6 
1 0 0 . 0 
9 7 . 7 
8 6 . 2 
9 3 . 5 
9 2 . 7 
9 4 . 1 
9 8 . 2 

1 0 0 . 0 
9 4 . 7 

9 3 . 4 

" Source: U.S. Forest Service. Wood Waste in the United States. Report 4 from A Reappraisal of the 
Forest Situation. Report prepared by Robert K. Winters, Gardner H. Chidester. and J. Alfred Hall 1947 

* Per cent of totals. 

T A B L E 2 - 2 . W O O D R E S I D U E S G E N E R A T E D B Y P R I M A H ^ M A N U F A C T U R I N G PLANTJS 

I N T H E U N I T E D S T A T E S IN 1944, B Y P R I N C I P A L F o R E ^ T ^ K o m T C r s T ^ 

M I L L I O N S O F C U B I C F E E T * 

P r o d u c t 

L u m b e r * 
F u e l H O o d 
P u l p a n d paper . . 
H e w e d cross ! i e s . . . . 
C o o p e r a g e s t o c k . . . . 
Fence posts 
V e n e e r 
R o u n d m i n e t i m b e r s . 
Shingles 
O t h e r 

Used for 
fuel 

N o t used 
a t all 

T o t a l 1 , 8 0 7 . 5 

1 , 4 4 9 . 0 

5 5 . 0 

3 5 . 8 

1 0 9 . 3 
3 .4 

1 3 . 0 
8 3 . 0 

8 5 9 . 8 

5 9 . 0 
1 4 6 . 6 

1 5 . 0 
2 . 4 
0 . 8 
0 . 4 

1 2 . 2 
2 5 . 6 

T o t a l 
Per cent 
used for 

fuel 

1 , 0 6 2 . 8 

2 , 3 0 8 . 8 

1 1 4 . 0 
1 4 6 . 6 

5 0 , 8 
2 . 4 

1 1 0 . 1 
3 . 8 

2 5 . 2 
1 0 8 . 6 

2 . 8 7 0 . 3 

6 2 . 7 

4 8 . 2 

7 0 . 5 

9 9 . 3 
9 9 . 5 
5 1 . 6 
7 6 . 4 

Per cent 
n o t used 

a t al l 

6 3 . 0 

3 7 . 3 

5 1 . 8 
1 0 0 . 0 
2!) . 6 

1 0 0 . 0 
0 . 7 
0 . 5 

4 8 . 4 
2 3 . 6 

3 7 . 0 

-Includes resides hon, both domestic and imported woods. 

the FZrSLtua ' ;onng4r'*^^ ""^"^ ̂  " " " ^ " ^ ' 
'Excludes secondary n<anufactoring residues. 

' Per Ln " o T ' i t T l f ^ " " ^ "̂"̂ ''̂  ' ' ' "^ '" ' ' ' "^^ ^ ^ ' ^ ''^ ̂ ^^^ - ^ - • " - ' ^ - t e r ia l s . 
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T A B L E 2 - 3 . R E L A T I O N OF W O O D - R E S I D U E D R A I N A N D P R O D U C T D R A I N T O 

T O T A L C O M M O D I T Y D R A I N , M I L L I O N S OK C U B I C F E E T " 

Product 

Lumber " 
Fuel wood 
Pulp a n d paper . 
Hewed crosstics. . . 
Cooperage s tock . . . 
Fence posts 
Vonoer 
R o u n d mine timbers 
Shingles 
Other 

To ta l 

To ta l wood 
residues 

4 , 5 6 7 . 3 
1 9 9 . 4 
3 2 4 . 9 
2 5 4 . 2 
1 2 5 . 9 

2 1 . 6 
2 5 9 . 4 

2 5 . 5 
4 5 . 2 

1 9 2 . 0 

Tota l 
c o m m o d i t y 

drain 

6 , 0 1 5 . 4 

6 , 7 1 1 . 1 
2 , 2 0 2 . 8 
1 , 3 0 6 . 3 

3 6 3 . 5 
1 7 3 . 8 
2 1 9 . 9 
3 9 1 . 7 
2 2 5 . 0 

7 1 . 7 
5 1 5 . 8 

1 2 , 1 8 1 . 6 

W o o d resi
dues, % 
of drain 

Product 
drain 

Product 
drain, % of 
total drain 

6 8 2 , 1 4 3 . 8 3 2 
9 2 , 0 0 2 . 8 9 1 

2 5 9 8 1 . 4 75 
7 0 1 0 9 . 3 3 0 
7 2 1 2 5 . 9 2 8 
1 0 1 9 8 . 3 9 0 
6 6 1 3 2 . 3 3 4 
1 1 1 9 9 . 5 8 9 
6 3 2 6 . 5 3 7 
3 7 3 2 3 . 8 6 3 

4 9 6 , 1 6 6 . 2 5 1 

" SOURCE; U.S. Forest Service, Wood Waate in the United States. Report 4 from A Reappraisal o£ 
the Forest Situation. 1947. 

Sum of wood residues generated in logging and primary manufacture. 
" Does not include wood residues in the remanufaoture ot lumber into furniture, construction, etc., esti

mated at 463 million cubic; (eet. 

Includes only residues in form of wood. Does not include losses of fiber and dissolved substances, 
nor losses in proce.ssing imported pulpwood, estimated at 9.4 iiiiUion cubic feet. 

A knowledge of the amount of w o o d residues generated, their character, 
and where they occur is the first step toward an understanding of the 
prob lem of m o r e comple te util ization. 

in. B E T T E R W O O D U T I L I Z A T I O N 

F o r practical purposes , the means of improv ing w o o d util ization should 
be d iv ided into t w o categories : long-range possibilities, and m e t h o d s that 
h a v e g o o d prospects of succeeding under condi t ions existing a t present and 
in the immediate future. Long-range planning should include (1) basic r e 
search on entirely new concepts of w o o d as a raw material , (2) studies 
a imed at devising the best means of integrating wood -us ing industries t o 
obta i iLtheJyghest . ecohfWc^e^ and the best balance between essential 
uses, and ( 3 ) research t o d iscover entirely new techniques for the m o r e 
efficient ut ihzat ion of w o o d , Such efforts are one of the pr imary respon
sibilities o f Federal and other research agencies that are n o t entirely d e 
pendent on the returns f rom sales of forest products t o finance their re -
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search activities. Obvious ly , it is impossible t o draw a fine line of respon
sibility for research, but individual w o o d producers cannot be expected to 
assume a large share of basic research costs. All research agencies share 
the responsibility of applying new deve lopments t o the reduction or 
elimination of residues a n d waste, and each w o o d user, whether he has re
search facihties or not , must a d o p t all technological advancements that 
will reduce residues and waste t o a min imum. T h e adopt ion of new 
methods is usually s low in an industry m a d e up largely of small enterprises, 
but in v iew of the ever-increasing inroads of compet i t ion , it seems inevitable 
that only those operators who obta in the m a x i m u m return f rom the raw 
material will survive. Under a system of free enterprise, it is ax iomatic 
tha t industry will a d o p t wi thout delay any n e w developments that promise 
a fair return under existing economic condit ions. T h e prob lem, then, is 
balanced research to provide practical solutions for the immediate reduc 
t ion of bulk residues, and fundamental research that will p a v e the w a y to 
the complete and efficient utilization of every cubic f oo t of w o o d that can 
be produced on the forest lands of the nation. 

A . L O N G - R A N G E R E S E A R C H G O A L S I N T H E U T I L I Z A T I O N O F W O O D R E S I D U E S 

Examples of the long-range problems requiring solution are numerous, 
and a few of them will be discussed. One of the more far-reaching re
search object ives of the U.S. Forest Products Laboratory at Mad i son , 
Wisconsin, is the conversion of w o o d into a liquid source of chemical raw 
materials through hydrogenat ion or other processes. This would have 
obv ious advantages , particularly if plants using the process could be 
located adjacent t o large concentrations of t imber and waste materials. 
Logs are costly t o ship for any distance, but a liquid raw material can b e 
piped or shipped b y tank car t o any part of the country for conversion. A 
recent statement concerning this deve lopment is as fol lows, under the 
heading Hydrogenat i on of W o o d ; 

It has been shown from pioneer research and work now in progress at the Forest 
Products Laboratory that lignin dissolved in organic solvents or suspended in water 
can be made to react with hydrogen gas at elevated temperatures and pressures in 
the presence of various metallic catalysts. Among the products of the reaction are 
several new cyclic alcohols that had never been previously described in the liter
ature. These show promise as plastic solvents, antiknock agents for motor fuel, 
and toxic agents. By varying the hydrogenation conditions, phenolic compounds 
are ohtained that may find uses in plastics and complex neutral oils, together with a 
plastic-like residue. Wood waste or chips ean also be hydrogenated in aqueous 
suspension to produce soluble lignin decomposition compounds and a cellulose pulp 
residue. This is a possible new pulping process that will be studied further by the 
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Forest Products Laboratory. Under more severe hydrogenation conditions the 
cellulose can be converted to glycerine and sugars. In this case the entire wood is 
converted to liquid products. 

Lignin is still an enigma to the wood chemist and to most of the chemical 
industries that use wood as a raw material. Finding profitable uses for this 
substance is one of the major problems of wood utilization. N o other wood 
constituent has received so much research attention. Progress is being 
made, but much basic work is still needed. 

The destructive distillation of wood yields products such as tars, acetic 
acid, and methanol.* In general, less than half the dry weight of wood is 
recovered as charcoal and salable distillate.'^ The cellulose and hemi
celluloses are broken down, and only a small part is recovered. If the 
lignin is separated from the carbohydrate portion, its distillation produces 
nearly the entire original yield of methanol from wood and approximately 
half the charcoal. 

It is evident that the process is wasteful of the cellulose and hemi
celluloses. There is a clear-cut need for research to devise less wasteful 
means of obtaining the products now derived from destructive distillation. 
The tars also merit attention, particularly when softwood is the raw ma
terial. They have little value at the present time, yet it seems likely that 
careful research might disclose values that are not now apparent. 

There is a tremendous need for an inexpensive adhesive having properties 
comparable to the better present-day synthetic resins that will set rapidly 
at room temperatures. Such a discovery would extend the benefits of gluing 
techniques to many small enterprises, because initial investments in gluing 
equipment would be so greatly reduced. The lamination of rafters, beams, 
and numerous other structural members would become a relatively simple 
matter. This would result in great savings of raw material, since it would 
make possible the low-cost fabrication of laminated products from small 
pieces of residual wood from a variety of primary industries. Even lam
inated railroad ties with wear-resistant surfaces are a possibility. Boat 
building would be greatly simplified and costs reduced. Major adhesives 
manufacturers are engaged in active research in this field, but all wood-
research agencies should contribute to this important project. 

Until new adhesives of the type described above are developed, there 
will be a continued need for information on radio-frequency dielectric heat
ing. This method is particularly useful in gluing certain types of curved 
veneer products and laminated beams that are too thick to be glued in 
conventional hot presses. It is also useful for gluing up furniture core 
stock, box ends, and other built-up products from small pieces of residua) 

* See Chap. 18. 
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w o o d . Although cost ly for m a n y applications, this process is gaining in 
creased attention f rom wood- fabr icat ion industries and deserves a place in 
the list of projects requiring research attention. 

T h e microbiological utilization of w o o d waste also deserves long-range 
research consideration. M c E l h a n n e y '̂̂  states the prob lem as fo l lows: 

Investigations have already shown that thermophilic bacteria are capable of at
tacking cellulose with the formation of valuable organic chemicals such as formic, 
acetic, lactic, and butyric acids. Microbiological methods have the advantage of 
simplicity, do not require expensive equipment, and can be carried out on a large 
scale. This field seems worthy of further investigation. Attempts should be made 
to isolate organisms from the digestive tracts of wood-eating insects and the rumen 
of animals capable of digesting cellulose. In addition to bacteria, protozoa might 
be worthy of investigation. All of these organisms are of interest not only in re
lation to the formation of valuable chemicals from cellulose, but also because of 
their high protein content. It is conceivable that sufficient protein material could 
be produced in the fermentation of wood waste to act as a binder for the conversion 
of wood waste into structural boards. 

Whi le having only an indirect influence on reductions of residues, season
ing and the practice of w o o d preservation have a salutary effect in lessening 
the drain on forest resources. Cont inued fundamental research in these 
fields is, therefore, justified and desirable. 

Research is also needed to find uses for w o o d containing decay , which is 
present in large quantities in some regions, particularly in the overmature 
stands of the Pacific Northwest . Exploratory work is needed to determine 
the constituents of the bark and w o o d of all species, including those not n o w 
utilized for lumber and other products . T h e cork in Douglas fir bark, as a 
possible substitute for impor ted cork , offers one example ; tannins f rom 
numerous species, another. T h e possibility of extracting useful resins f rom 
w o o d chips prior to pulping and fiber manufacture, and m a n y other p r o 
spective extraction processes also merit consideration. 

T h e hydrolysis of w o o d cellulose t o produce industrial ethyl alcohol , 
w o o d molasses, or yeast is a long-range pro ject that is approaching the 
stage of realization. It offers an excellent example , however , of the m a n y 
problems that must be solved in launching a new industry. T h e process is 
feasible from the technological standpoint , but m a n y economic factors are 
still undetermined. Accurate cos t data m u s t he obtained, and the effect 
of such a process on the cost of w o o d residues must be eva luated ; c o m 
petit ion from other sources of alcohol , some of them as new as w o o d h y 
drolysis, is uncertain, and increased uses for molasses and yeast must b e 
deve loped . T h e extension of stock- feeding experiments n o w in progress at 
several agricultural experiment stations is necessary, as is further research 
on the by -products of the w o o d saccharification process. 
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B . I M M E D I A T E A P P L I C A T I O N OF K N O W N M E T H O D S 

Research aimed at the reduction of residues through the application of 
existing knowledge is an outright challenge to the wood-using industries. 
Although wood research has been meager in comparison with the research 
efforts of many other indvistries, it is still far ahead of the capacity of the 
lumber industr>^ to apply known improvements. As pointed out previously 
in this chapter, this condition stems from the lack of industry-owned a p 
plied research facilities capable of converting the results of basic findings to 
product and process development. This is the general situation; there are 
some examples of progressive enterprises, large and small, that have taken 
advantage of research to improve utilization, increase profits, and per
petuate their operations by decreasing the drain on their supply of raw 
material. The rest of the industry must follow these examples. It is not 
a case of the complete dissolution of the lumber industry if this is not done, 
but it is one of elevating it from a one-product raw-material industry, 
earning low returns, to a multiple-product manufacturing industry that 
obtains profits all the way to the consumer. 

It is not possible to generalize on residue-utilization methods, because the 
amount, character, and location of residues and waste vary too much with 
species, regions, primar>'^ products, types of conversion plants, distances to 
markets, and many other factors. Each case requires separate analysis 
in the light of some or all of these variables. The possibilities of improve
ment on the basis of present knowledge are numerous, and a few examples 
will be given to illustrate some of the more obvious avenues of approach. 

1. W o o d N o w Left in the Forests. The greatest opportunities for re
ducing the amount of wood left in the forests are found in the Pacific North
west and in the South, where large sawmills are still found. Both of these 
regions afford the stability of wood supplies required for the establishment 
of chemical utilization enterprises. Pulp and paper mills are taking much 
more material from the forests than formerly. Portable chippers, designed 
to prepare unused forest wood for utilization, are in the experimental stage. 
Chemical utilization offers the best ultimate possibilities, but other steps 
are being taken to reduce residues accumulating during logging. In the 
Pacific Northwest, the ever-increasing replacement of high-lead logging 
by tractors has resulted in material reductions in losses from broken and 
damaged trees. Lighter yarding equipment has made it possible to harvest 

It is encouraging that research in long-range potentialities has increased 
substantially since the Second World War. It is hoped that the lumber in
dustry will avail itself of the results of these efforts to a far greater extent 
than it has in the past. 
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economically small material that was too costly to remove with the heavier 
equipment formerly used. "Prelogging" and "relogging," encouraged by 
high log prices in recent years, have aided in reducing the amount of ma
terial left in the woods in the Pacific Northwest. Portable mills, designed 
to utiUze trees and logs left by conventional logging methods, have had the 
same effect. Considerable research is in progress in the Pacific Northwest 
and at the U.S. Forest Products Laboratory to find profitable uses for w o o d 
containing decay and logging residues and to devise cheaper and more 
efficient harvesting and transportation methods. Much progress is being 
made in the South along lines of integrated utilization, particularly on 
large holdings, and many improved harvesting techniques have been in
troduced in recent years. 

Efforts to increase the utilization of wood left in the forests should not be 
limited to the foregoing regions. Although concentrations of residues are 
smaller in other regions, they should not be neglected. M a n y small but 
permanent wood-using enterprises now leaving wood on the ground in the 
forests could well give consideration to integrated operations. There are 
numerous opportunities for small-scale plant expansions that will reduce 
residues and increase profits. The Northeast W o o d Utilization Council , 
N e w Haven, Connecticut, is making excellent progress in this field. 

2. Residual W o o d at Manufacturing Plants. Of all the sources of re
sidual and waste wood, that generated in the manufacture of lumber offers 
the most promising opportunities for immediate utilization at a higher level. 
Perhaps the greatest waste in the lumber industry is the practice of pro 
ducing full-length lumber, only to be cut up into small products, when 
thousands of tons of clear pieces in the form of slabs, cuts from crooked 
logs, trim, and edgings are used for fuel or burned outright. There are 
countless articles that can be manufactured from such material, often at a 
greater profit than the lumber itself. The main thing that is needed is a 
new outlook, an outlook that envisions products other than lumber as the 
final product of a sawmill. Some enterprising individuals are making sub
stantial profits from the manufacture of broom handles, garden and sur
veyor's stakes, chair spindles, oak wedges, adding-machine-tape rolls, toys , 
ladder rungs, tool handles, mouse traps, molding, door rails, and an endless 
list of such products from sawmill residues. But the number of companies 
so engaged is too small and the amount of such material being burned is 
too great. Supplying secondary remanufacturing plants with blanks and 
dimension stock offers another large o\itlet for wood residue-s. 

The edge-gluing of sawmill residues to produce furniture and door cores, 
kitchenware, chair bottoms, box ends, ironing boards, and numerous similar 
items also offers great possibilities. This use is increasing, but there is 
room for much greater expansion. One of the authors recently purchased 
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a small folding ironing board in one of the largest ponderosa pine-producing 
cities in the West. The board, fabricated of edge-glued 1-in. yellow poplar, 
was shipped, perhaps, from some Southeastern state. Ponderosa pine is an 
excellent wood for ironing boards; yet much wood comparable to that from 
which this board had been made was being burned daily in the waste burn
ers of the local mills. More sawmills could well enter this field or at least 
furnish the raw material t o remanufacturing plants. 

The box-and-crate industry is one of the largest consumers of wood in 
this country, and much of the raw material it uses comes from full-length 
boards and cants. M u c h wood that is now hogged for fuel or destroyed 
could be used for this purpose. The Wooden Box Institute, San Francisco, 
California, has been more alert to this possibility than has the lumber in
dustry and is engaged in constructive research along these lines. High
speed slicers that produce box-shook veneer from short lengths of wood 
have been introduced recently and have already contributed to the reduc
tion of residues at some western sawmills. 

The building industry has accepted lumber as produced for years without 
contributing significant advances in the use of wood for construction pur
poses. There is evidence to indicate that many w o o d structures are over-
designed and that substantial savings of wood could be effected by im
provements in present designs. The same applies to lumber grades. E x 
cessively high quality is often demanded where lower grades would serve 
just as well. Indirectly, this results in leaving logs containing large quan
tities of low-grade lumber in the woods, because such lumber is often pro
duced at a loss. Revisions o f grkdc standards would provide increased out
lets for this material. Improved design w-ould no doubt permit the in
creased use of shorter lengths, as well. The lumber industry cannot depend 
on architects and construction engineers for improvements in design. 
Fabricators of competitive building materials have been exceedingly active 
in this field, and they supply complete data on design factors for their 
products. The lumber industry, as a whole, has too long neglected this 
type of selling activity though it offers potential lucrative dividends. One 
of the exceptions is the Timber Engineering Company, affiliated with the 
National Lumber Manufacturers Association, which has recently entered 
this field and is making good progress. 

The production of fiber products from sawmill residues also offers im
mediate prospects for reducing wood residues. Much wood, not usable for 
any other purpose, can be reduced to fiber to produce the filler for asphalt 
roofing materials and for the manufacture of insulating and hard-pressed 
fiberboards. The volume of fiberboards from all sources has increased 
more than 120 times in the last 10 years, and\here is no reason why residual 
wood cannot be the raw material for a large part of this output. High 
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concentrations of residual wood at sawmills offer a cheaper source than 
corn and sugar-cane stalks now used extensively for these products. 

The problem^ of residues in most _primar>' wood-using industries is c om
parable to that of sawmills, although the character of residues may differ 
somewhat. Cores constitute a rather large proportion of the residues at 
veneer plants. M u c h of the volume of the cores left by standard production 
lathes can be salvaged by the installation of " p o n y " lathes t o cut the cores 
to the smallest possible diameter. If no pony lathe is available, the cores 
from the larger lathes can be cut into 8-ft . lumber; yet much of this m a 
terial is cut into short lengths for fuel wood. Clipper waste can be reduced 
to fiber, but little of it has been used for fiberboard to date. The waste 
from veneering operations could easily be used for fiber cores in products 
not requiring high strength. This would extend supplies of veneer for more 
exacting uses and lengthen the life of p lywood and veneer operations. 

The foregoing examples are only illustrations of the man^'' challenging 
opportunities of utilizing residues at primary manufacturing plants by 
known methods. It cannot be repeated too often that greatly accelerated 
research and a conscientious effort on the part of the lumber industry are 
needed to put the utilization of large quantities of unused wood on a 
practical and profitable basis. 

3, W o o d Lost in Chemical Processes . Chemical utihzation offers the 
greatest promise for the future conversion of wood residues into useful 
products, but prospects for immediate savings are less spectacular. In the 
pulp and paper field, some improvements can be made in present pulping 
practices and steps can be taken to reduce losses in harvesting pulpwood. 
Research is showing the way to the use of inferior species for pulp. The 
use of sawmill residues and even wood containing decay is on the increase, 
particularly in connection with integrated operations. Hydraulic barkers 
and whole-log chippers are reducing residues, and many pulp mills are re
modeling their wood rooms to accommodate shorter logs and smaller ma
terial. In a few instances, wood from thinnings and improvement cuttings 
is being utilized. The practice of segregating logs for various. grades_iiL_ 
paper is resulting injDetter utilization. Losses of cellulose can be reduced 
b y milder chemical treatments and b y semichemical pulping. All these d e 
velopments should be adopted as widely as possible throughout the entire 
industry. The conversion of the wood sugars in sulfite waste liquors to 
ethyl alcohol or yeast should also be practiced to the full economic limit. 

The wood-distillation and steam-and-solvent extraction processes are in 
need of intensive and extensive research. Some immediate improvements 
can be made in the former by increasing the recovery of condensable ma
terials and in the latter by finding more profitable \ises for spent chips. In
creased demands for charcoal may accelerate activities of the distillation 

file:///ises
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industry, but competitive factors indicate a decline unless entirely new 
principles are evolved. 

More attention could well be paid to the removal of extractives from 
various woods prior to use for other purposes. Chips from highly resinous 
woods might be extracted profitably prior to pulping. The solvent season
ing process developed by the Western Pine Association, Portland, Oregon, 
and now in the pilot-plant stage, extracts resins and seasons the lumber in 
the same operation. It is reported that lumber can be dried with fewer 
defects, that color and paintability are improved, and that valuable resins 
are recovered. If successful commercially, this process may lead the way 
to similar developments for the extraction of other species. The extraction 
of the bark of numerous species shows promise of profitable returns. A s an 
example, barks of many species contain tannins in commercial quantities 
that are not utilized, yet this country imports large quantities of these im
portant chemicals. * 

IV. SUMMARY 

_Tbe_^teps required to reduce wood residues will be summarized to focus 
attention on the important problems that must be solved. The respon
sibilities for the necessary action will also be discussed. 

Of primary importance is the assumption of responsibility by the lumber 
industry for the applied research necessary to u.-.sure that the industry keeps 
pace with technological developments in all fields of science. Federal, 
state, and educational agencies should continue and even accelerate their 
present re.search activities, both in fundamental and applied fields, but the 
principal responsibility of applying fundamental results and of developing 
new products and processes rests squarely upon the lumber industry. The 
plastics and metal industries do not depend on the results of outside agencies 
when they develop new products that compete with wood. They do the 
research themselves. The manufacturers of steel joists and door frames do 
not wait for architects to suggest new uses for the materials they manu
facture. They design them and provide architects and builders with 
specifications and dealers with advertising information, and they are selling 
their products at the expense of wood. N o one should know the properties 
and potentialities of wood better than the people who are engaged in the 
business. It is up to them to launch an applied research program, to sup
port the constructive efforts of all wood-research agencies, and to see that 
public funds commensurate with the impoitance of the industry are ex
pended for wood-utilization and forestry research. Such research should 
include market and economic surveys, customer acceptance tests, and 
cost analyses, as well as searches for new techniques and improvements in 

* See Chap. 22. 
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present equipment and manufacturing methods. Some liaison is needed 
between public and industrial research, and means should be provided to 
disseminate technical knowledge as widely as possible to all wood-using in
dustries. If the wood-using industries provide sufficient research facilities 
of their own, there is little doubt that they will be well informed of all re
search that can be applied to advantage to practical problems. 

Another factor of great importance is the more complete integration of 
all wood-using industries. This is a complex problem requiring action on a 
national as well as a regional basis. It is closely associated with the sus
tained-yield management of forest lands, the management poficies of 
Federal agencies having jurisdiction over forest lands, and the interrela-
tioaship of the timber requirements of the various types of wood-consuming 
industries. T h e pattern of integration is increased efficiency, the reduction 
of residues through the proper segregation and allotment of raw materials 
to the highest use, and provision of sufficient raw materials for balanced 
production to all interdependent units. Large companies having sufficient 
timber to establish sustained-yield units are already making rapid progress 
in this direction. N o t only do they have the permanence provided by a 
continuing supply of raw material, but also they have the resources to 
provide new processes, some of them very costly, that make more complete 
utilization possible. 

The problem is not so simple in the case of small enterprises. M a n y of 
them have no prospects whatever of obtaining sustained-yield holdings. 
Without such backlogs of timber, tlte large investments required for fiber-
board and chemical utilization units cannot be justified. Yet integration is 
more important to these small enterprises than it is t o large companies with 
assured futures. Without it, many of them will be eliminated b y the c o m 
petition of the more efficient integrated organizations. In a recent survey 
of sawmills in Lane County, Oregon, the county producing the most 
lumber in the leading lumber state in the country, only 53 mills out of 238 
in operation in August, 1947, expected to be in operation 10 years from that 
date .* Cooperative pooling and segregation of raw materials and distribu
tion on the basis of the most efficient and profitable use would help in some 
localities. Research, again, is the answer for isolated sawmills and other 
woodworking industries that lack full opportunities for integration. Many 
residue-using processes often cost more than the unit producing the residue. 
Research should, therefore, be directed toward methods of utilizing small 
accumulations of residues. Some progress is being made along these lines, 
but more effort is needed. 

Increased activity in forest management and related research is just as 

* Oregon Forest Products Laboratory, Corvallis, Oregon. Unpublished Report. 
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important as improving the 

FiQ. 2 -4 . Refuse burner of the 
Great Southern Lumber Co., 
Bofialusa, Louisiana. The use of 
this bdriier WJis discontinued in 
1924, through utilization of the 
sawniiU refuse in the manufacture 
of paper. The iiisrription on the 
burner reads "Bogalusa Plant of 
Great Southern Lumber Co. Ref
use Burner Born October i, 1908 
Died July 4, 1924. Every day 
during my life of sixteen years I 
consumed daily 560 cords of waste 
material or a total of 2.6S8.000 
cords. I cost $75,000, but my Sre 
has destroyed $1,344,000 worth of 
what was formerly considered 
waste. The complete utilization 
of the sawmill refuse in the manu
facture of paper has ray fire for
ever extinguished," 

sources of residues and the 

standards of utilization. Economically sound 
sustained-yield units should be expanded 
materially, and there is an acute need for 
bringing all forest lands of the nation into 
the highest possible state of productivity. 
Certainly the waste of unproductive forest 
lands is just as great, if not greater, than the 
waste now found in the manufacture of for
est products. Farm woodlands, on the whole, 
are badly in need of regeneration, and every 
effort should be made by all agencies in
volved to increase the yield of wood from 
this large source of timber supplies. Quan
tity, however, is not the only factor. Forest 
management should aim for balanced pro
duction, with sufficient supplies for all uses. 
Particular emphasis should be given to sup
plying the high-quality logs required by 
lumber, veneer, and other important pri
mary industries. 

Above all, solving the problem of wood 
residues demands a realistic approach, c o m 
bined with the marshaling of all technologi
cal resources available to the wood-using in
dustries and to the agencies interested in 
their welfare. All possible advances must be 
analyzed in the light of existing economic 
conditions. It would be folly to put c o m 
plete reliance on one process to solve the 
problem. If all the 108.9 million tons of 
waste and residual wood generated in log
ging and manufacturing in the United States 
in 1944 were converted to alcohol at 55 gal. 
per ton, the total would be nearly 6 billion 
gallons of alcohol; nearly 10 times the peak 
wartime production year. Obviously, it 
would be impossible t o convert all residues 
to alcohol, but the example serves to indi
cate the need for thinking in terms of bal
anced utihzation of residues. The problem, 
then, is one of concerted action against all 

adoption by industry of as many diversified 
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methods and end uses as have chances of success under existing economic 
conditions. The ultimate goal is exemplified in the caption on the refuse 
burner pictured in Figure 2 - 4 . 
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T H E R E L A T I O N O F W O O D P R O P E R T I E S T O W O O D U T I L I Z A T I O N 

W o o d is one of the oldest known structural materials in the world. I t is 
also one of the most versatile materials among the major industrial raw 
products of modern times. The future of wood in many industries, how
ever, will depend to a large extent on its abilit)'^ to meet the more exacting 
demands of mass-production methods in competition with other industrial 
materials. In spite of considerable research that has marked the past few 
decades, efficient wood utilization is still hampered by the relative in
adequacy of basic engineering data * and the persistence of many well-
entrenched prejudices and misconceptions. These prejudices arise largely 
from the failure to recognize the complex nature of wood and the extent to 
which it determines wood behavior under different conditions of service. 

Some of the most common reasons for the unsatisfactory performance of 
wood are traceable to the selection of wrong species, the use of timbers in in
adequate sizes or in wrong grades, poor construction methods, disregard for 
effects of changes in moisture content on dimensions and shape of wood 
products, and failure to protect wood properly against decay, insects, and 
other destructive agencies. For example, although it is well known that un
treated wood is subject to decay if placed in moist locations favorable to 
the growth of fungi, builders frequently disregard this fact and place un
treated wood in direct contact with soil or fail to provide adequate ventila
tion that would ensure rapid drying once wood becomes wet. Neglect to 
take into consideration the differences in strength and in working and 
finishing properties of different species leads to selections of materials un-
suited for intended uses. 

Proper selection of a wood for any given use requires, first of all, an 
appraisal of the requirements of that use. It is only after these require
ments are thoroughly understood that a species of timber with character
istics most nearly meeting these specifications may be selected. Usually 
more than one species may be satisfactorily employed, the choice being 
governed by considerations of cost and availability, as well as by technical 
properties of the woods. For instance, baseball bats are made of ash and 

* Likewise, a great deal of the available research data has not reached the wood users 
and fabricators. 

40 
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also of southern yellow pine. Ash bats are stronger and heavier but are 
also more expensive; hence in children's bats, where strength and tough
ness requirements are not great, less expensive southern yellow pine can be 
employed to advantage. The foremost requirements for ladder stock are 
strength and lightness; spruce and Douglas fir are commonly used, but the 
latter species is preferred when high strength is called for, even though the 
weight factor is sacrificed. 

The problem of acquiring fundamental information about wood is ad
mittedly not very simple, mainlj'' because of the extreme variability and 
complexity of its anatomical structure and chemical composition. This 
complexity and variability of composition accounts for a wide range of 
differences in the physical and chemical properties of wood, not only among 
different species but also within the same species and even among pieces 
from different parts of the same tree. The proper utilization of wood, there
fore, requires a thorough understanding of (1) properties which, within 
certain limits, are c o m m o n t o wood regardless of the source; (2) specific 
properties characteristic of a given species and responsible for its suit
ability for certain uses; (3) degree of variability which may be expected 
within the same species and the extent to which such variability may af
fect the specific uses of that species. 

A . P R O P E R T I E S C O M M O N TO A L L W o o n s 

In addition to its abundance and renewabiUty, the principal factors* 
which distinguish wood from other materials, especially in its adaptability 
for building purposes, can be summarized as follows:^ 

1. W o o d is fairly light in weight and therefore is easy to handle; when 
dry, it can be transported for long distances at relatively low cost. Unless 
saturated with water, most native species of wood will float. 

2. W o o d is easily worked into various shapes with simple tools and 
relatively little skill. 

3. Because of its porosity and the nature of cell-wall substance, wood is 
one of the few major raw materials that can be easily fastened together with 
nails and screws. 

4. T h e porous nature of wood is also responsible for its ability to hold 
paints and other flnishes. 

5. W o o d is strong for its weight, and when dry and free from defects, 
po\md for povmd it compares quite favorably in strength with steel and 
other structural materials. 

6. W o o d is a poor transmitter of heat, sound, and electricity and there
fore is a good instdating material. 

7. W o o d expands and contracts little with changes in temperature. 
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8. W o o d absorbs shocks and vibrations better than most competing 
materials and is therefore preferred for such uses as wagon axles, spokes, 
railroad ties, and ball bats. 

9. W o o d does not rust and resists the action of acid and salt water better 
than most other materials. 

10. The defects present in wood can frequently be detected on the sur
face, thus permitting rejection or necessary allowances for their weakening 
effect. 

11. Some woods are ornamental, requiring no other treatment except 
that which will bring out the natural figure to the best advantage. 

12. Wooden structures can be taken apart easily; the salvage value of 
wood is high, compared to its original cost. 

13. W o o d neither crystallizes nor becomes brittle, like metals, nor loses 
its cohesive characteristics, like concrete, when subjected to low tem
peratures. 

14. W o o d generally gives warning before it fails, a fact of prime impor
tance in various structural members, such as bridge and mine timbers. 

In addition, because of its fibrous structure and chemical composition, 
wood can be reduced b y relatively simple means into pulp, w^hich can then 
be formed into sheets of various thicknesses or converted into such products 
as rayon, transparent films, or plastics. Finally, wood is an important raw 
material for various chemical industries. 

It must be clearly recognized, however, that wood also possesses a num
ber of characteristics which limit its usefulness. Principal among these are: 

1. Wood cannot be e.xtruded or rolled into new shapes. Extension in 
length must, therefore, be accomplished by gluing or by the use of metal 
fasteners. 

2. W o o d is hmited in hardness and strength. There are, as yet, no 
commercially successful methods by which its hardness can be materially 
increased without changing its character; sufficient strength, however, 
usually can be obtained by using pieces of proper size. 

3. W o o d is a hygroscopic substance and therefore its moisture content 
varies with changes in atmospheric humidity. The changes in moisture 
content of wood are accompanied by changes in dimension and in strength 
properties. The dimensional changes due to loss or gain in moisture, 
moreover, are unequal, as normal wood shrinks but very slightly along the 
grain, considerably across the grain, then 1 ^ t o 3 times as much tangen-
tially as radially. 

4. W o o d , unlike other structural materials, decays and is subject to 
damage by insects. The life of wood, however, can be considerably pro
longed by treating with preservatives. 

6. W o o d burns, and once ignited it will give off combustible gases which 
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B . CHARACTEHISTIC P R O P E R T I E S OF D I F F E R E N T SPECIES 

The basic properties of wood discussed in the preceding paragraphs are 
not possessed in an equal degree by all species. There is great variation 
among woods in appearance, weight, and hardness, in strength properties, 
amount of shrinkage, penetrability, ease of working under tools, ability to 
take paint, glue, and nails, length and size of cells, and reaction to pulping 
agents, as well as in a number of other physical and chemical properties. 
Some species may also be distinguished by properties not found in other 
species. In the proper utilization of wood, therefore, the choice of species 
for a given purpose should be based on a combination of the properties 
desired. 

This relationship can be best illustrated b y a few examples. For in
stance, both red and white oak possess the required hardness and strength 
properties for use as bridge stringers or railroad ties, but if used untreated, 
white oak is preferred because it is characterized by natural durabihty not 
found in red oak. If treated with creosote or other effective preservative, 
red oak can be made fully as durable as white oak; red oak, however, is 
much easier to impregnate with preservatives because of the open con
dition of springwood pores, which in white oak are heavily occluded with 
tyloses, making this wood quite impervious to liquids, even when they are 
applied under pressure. On the other hand, the same natural impermea
bility of white oak, coupled with the necessary strength and good working 
properties, is responsible for its extensive use in tight cooperage, for which 
purpose red oak is less suitable unless specially treated to increase its liquid-
holding efficiency. 

tend to increase the temperature and maintain combustion even after the 
original source of heat has been withdrawn. It will also ignite spon
taneously if exposed to a temperature of about 275^*0. The fire hazard in 
wooden structures can be considerably minimized b y proper construction 
and by the use of materials made fire-resistant by injection of suitable 
chemicals. Furthermore, while untreated wood burns readily, it loses its 
strength gradually, the loss of strength depending on the extent of car
bonization that has taken place. 

6. W o o d is variable in strength. N o t only do different species differ 
from each other in various strength properties, but great variations in 
strength also exist within the same species and frequently even in pieces 
cut from different parts of a tree. JVIoreover, strength properties in a given 
piece of wood vary, depending on. the direction of grain. 

7. Most woods split easily along the grain, due to peculiarities of their 
anatomical structure. 
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Ash and hickory combine strength with good bending quahties which 
make these woods outstanding for bent work; at the same time, ash and 
hickory possess the required toughness and good finishing characteristics 
which account for their extensive use in the manufacture of tool handles. 
The natural figure, rich color, and uniform texture of mahogany, c om
bined with strength, durability, and good finishing qualities, have made 
it a favorite furniture wood, either as solid lumber or as a veneer. The 
close and uniform texture and hardness which are responsible for the abil
ity of persimmon and dogwood to remain smooth under constant wear 
are the reasons for selecting these woods for shuttles and bobbins, while 
uniform texture, softness, and low shrinkage, combined with considerable 
strength and ease of working with tools, account for the extensive use of 
white pine for pattern stock. 

Douglas fir is widely used for structural purposes because it combines 
strength with durability and is available in large sizes. G o o d gluing prop
erties and fairly low shrinkage are important considerations in the choice 
of chestnut, Cottonwood, and red alder for core stock, while the acid-
resistant qualities of Port Orford cedar was one of the reasons why it was 
the principal species used in the manufacture of battery separators, when 
sufficient supplies of this wood were available. 

Good screw- and nail-holding ability is a prerequisite of wood used for 
boxes and crates, but really satisfactory wood for shipping containers should 
also be strong, light-colored, not too heavy, and free from objectionable 
odors, taste, and stains. Ease of working, combined with satisfactory 
finishing characteristics and the ability to take paint, are important con
siderations in selecting wood for interior trim. Appearance and finishing 
quahties of woods dominate their choice for exposed parts in furniture, 
while ability to stay in place, and gluing and nail- and screw-holding char
acteristics are the deciding factors in selection of woods for concealed parts 
of furniture. The long strong fibers of such conifers as the southern yellow 
pines, spruce, hemlock, and balsam firs are reasons for their use in pulp 
manufacture; differences in the resin content, however, determine the 
method of pulping and the appearance and quality of the resulting pulp. 

C . V A R I A B I U T Y OF P R O P E R T I E S W I T H I N A SPECIES 

N o t infrequently too much emphasis is placed on relatively small dif
ferences among species, while the variability in properties of wood of the 
same species is largely ignored. 

Although lack of uniformity is a property common to all materials to 
some extent, wood has, perhaps, a greater range of variability than other 
structural materials. Thus it is essential that the extent and the sig-
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nificance of variability in wood properties of the same species be known. 
It is well recognized that the variability within a species comes largely as a 
result of environmental influences affecting the growth of trees, including 
such factors as climate, soil, moisture, and growmg space; also it depends 
undoubtedly on hereditary characteristics, though the latter factor has as 
yet received but scant attention in the handling of forest trees. 

The most readily recognizable instances of variability within a species 
are differences in appearance and weight, while differences in strength 
properties and workability, although more difficult to recognize, are fre
quently of much greater practical significance. Fortunately, however, 
strength properties of normal wood can quite often be closely correlated 
with specific gravity and with such easily observable factors as the rate of 
growth and the relative proportion of springwood and summerwood within 
an annual increment. T h e correlation of strength properties with the 
above-noted factors (particularly with specific gravity of normal wood) 
allows a fairly reliable basis for selecting the material b * t suited for a given 
purpose. 

The variability of wood properties within a species is also greatly affected 
by differences in the moisture content and b y the kind, number, extent, 
and locations of defects. The effect of moisture content on the strength 
properties of wood, as well as on shrinkage and swelling, general work-
aV)ility, and the nailing, gluing, and finishing qualities of wood, is so great 
that the satisfactory use of wood depends on a precise understanding of the 
altered behavior of wood accompanying changes in its moisture content. 
Although detailed discussion of this topic is outside the scope of this text, 
it may be noted in passing that as a general rule wood should be dried to a 
moisture content commensurate with the expected service requirements, 
i.e., wood should be dried to approximately the moisture content which it 
will attain in actual service. If the moisture content of wood is so great that 
a considerable amount of moisture is lost after the wooti has been placed in 
service, corresponding shrinkage, warping, and other drying phenomena 
must be expected, while wood dried to a much lower moisture content than 
necessarj' will pick up additional moisture from the atmosphere, with ac
companying swelling and some loss of strength. 

The extent to which various defects, such as knots, decay, cross grain, 
shakes, checks, splits, and sap stain, affect utility of wood is taken into 
consideration in grading lumber. Grading is largely designed to cope with 
the effects of variability in the properties of wood of the same species. 
The underlying principles on which these grading rules are based, as well 
as the proper use of the grades, presupposes a thorough understanding of 
the nature of defects and their specific effect on the properties of a wood for 
given purposes. 
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It is important to recognize also that considerable equalization of the 
properties of wood can be achieved by the design of an article and treat
ment of the wood. N o t infrequently better service can be obtained from a 
well-designed article made of an inferior wood than from a poorly con
structed item made of a species with superior characteristics. Differences 
in decay resistance can be compensated b y preservative treatments or by 
protecting wood against moisture. Adjustments in the speed of machinery 
or a change in the cutting angle of knives may assist materially in the pro
duction of acceptable stock from species with less desirable working char
acteristics. Substitution of glue for nails or screws may result in a stronger 
joint with a species low in nail- or screw-holding capacity. Good design and« 
corrective treatments, therefore, may extend considerably the I'ange of 
species that can be employed for all but the most exacting uses. 

D . C H E M I C A L P R O P E R T I E S OF W O O D 

Utihzation of wood frequently involves treatments which affect some or 
all of its chemical constituents. The chemical utilization of wood may be 
grouped under several headings: (1) pulping, (2) extraction, (3) hydrolysis, 
i.e., conversion of carbohydrates to sugars, (4) destructive distillation, and 
(5) various chemical treatments designed to improve the properties of wood. 
A general understanding of wood chemistry is essential to appreciate fully 
the basic principles underlying any type of chemical utilization of wood. 
The discussion which follows is offered, therefore, for the purpose of 
acquainting the reader with a few of the basic facts of wood chemistry. 

Each wood cell consists of a cavity surrounded b y a rigid wall. The wall 
contains two morphologically distinct layers: the primary wall on the out
side and the secondary wall on the inside. All cells are cemented together 
by a common layer, the intercellular sxd^stance, also called the true middle 
lamella.* The entire cell wall, including the intercellular layer, consists 
principally of cellulose, lignin, and hemicelluloses. The bulk of cellulose is 
found in the secondary wall, while lignin occurs largely in the intercellular 
layer and primary wall, and to a lesser extent in the secondary wall. Hemi
celluloses are thought to be intimately associated with microscopic cellu
lose units (called fibrils), of which the bulk of the secondary wall is built. 
Some hemicellulose is also found in spaces between the fibrils. 

In addition to the three above-mentioned components, a number of ex-
tractable substances may also be present. These materials reside largely in 
the cell cavities; they can be removed with suitable solvents without af
fecting in any way the composition of the residual wall. Extractable ma-

* Less technically, the term middle lamella is applied to the inieTceUular auhslance, oi 
the middle lamella proper, and the cambial, or primary, walls combined. 
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terials include, among others, tannins, dyes, resins, essential oils, fats, 
nitrogenous organic compounds, and traces of organic acids and their salts. 
When burned, wood yields a small amount of mineral residue, called ash. 

N o exact figures indicating the composition of wood in terms of its dif
ferent chemical constituents can be given, since these vary within wide 
limits, depending on the type of wood used, methods of analysis employed, 
and even the interpretation of analytical data by individual investigators. 
The approximate composition of wood, however, based on its ovendry 
weight, may be given as follows: cellulose, 40 to 55 per cent; lignin, 17 to 
35 per cent ; hemicelluloses, 15 to 30 per cent; water extractives, from less 
than 1 per cent in aspen to more than 10 per cent in redwood; ash, about 
1 per cent. 

Much of the chemical utilization of wood involves the delignijication of 
wood, i.e., the disintegration of the middle lamella through removal of a 
large part of the lignin and other noncellulosic materials and subsequent 
utilization of the resulting fibrous pulp, which is largely cellulose. W o o d 
pulp thus prepared forms an important raw material for the manufacture of 
paper, paper boards, and other wood-pulp products, while specially purified 
forms are used extensively in the manufacture of rayon, transparent films, 
and to a lesser extent in paints, lacquers, and similar products. 

The carbohydrates in wood may be converted into sugars when h y -
drolyzed with dilute solutions of several mineral acids, and most of the re
sulting sugars can be fermented t o ethyl alcohol. When decomposed b y 
heat in the absence of air, a treatment called destructive distillation, wood 
will give rise to numerous chemical products, chief of which are methyl al
cohol, acetic acid, tar products, and residual charcoal. Oils, wood turpen
tine, pine tar, and pitch are additional products of resinous-softwood dis
tillation. 

The above-mentioned industrial uses of wood are based primarily on the 
utilization of the chemical components of the cell wall or their derivatives. 
An entirely different type of chemical utilization of wood involves removal 
of extractives such as tannins, essential oils, and dyes. Examples of such 
utilization are the extraction of tannin from wood of chestnut or the re
covery of wood rosin and turpentine from the stump wood of southern 
pines by steam distillation. In the above instances the extractive-free 
wood is frequently converted into wood pulp. In the majority of cases, 
however, no attempt is made to utilize the residual wood for anything but 
fuel. 

1. Cellulose. Chemically, pure cellulose is a complex carbohydrate 
whose empirical formula is expressed as {CgHioOs),!. Cellulose is insoluble 
in water and in the ordinary solvents such as alcohol or ether. It is very 
resistant to the action of alkalies but can be completely dissolved by strong 
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a c i d s . * T h e purest f o r m of cel lulose k n o w n in nature is c o t t o n cel lulose o b 
ta ined f r o m the seed hairs of the c o t t o n p lant , Gossypium spp . , m o r e than 
9 0 per c e n t of wh i ch b y we ight is pure cel lulose, or alpha-cellulose. I n 
w o o d , ceUulose, as a l ready expla ined , is assoc iated wi th o ther c o m p o n e n t s , 
chief o f w h i c h are l ignin a n d hemice l lu loses . M o r e o v e r , w o o d ce l lulose i s 
n o t all a lpha-ce l lulose , b u t h a s cons iderab le a d m i x t u r e s of o ther ce l lulose
l ike mater ia ls , t e r m e d beta- a n d gamma-celluloses. T h e s e differ f r o m a lpha -
cel lulose main ly in be ing so luble in alkaline reagents . W h e n unpuri f ied 
w o o d cel lulose is t reated wi th such a reagent ( for instance , 17.5 per c e n t 
s o d i u m h y d r o x i d e ) , the cel lulose swells a n d a p a r t of it d isso lves . T h e d is 
s o l v e d p o r t i o n conta ins the b e t a - a n d g a m m a - c e l l u l o s e s . f W o o d cel lulose 
prepared b y c o m m e r c i a l m e t h o d s of pu lp ing m a y lose as m u c h as 10 t o 20 
p e r c e n t b y we ight , w h e n t r e a t e d wi th an alkali , d u e t o r e m o v a l of t h e 
beta a n d g a m m a fract ions . T h e p u r i t y of w o o d cel lulose is therefore j u d g e d 
b y its a lpha-ce l lu lose c o n t e n t , a n d for m a n y uses, e.g., in the m a n u f a c t u r e 
of r a y o n , w o o d cel lulose is careful ly ref ined w i t h alkalies t o r e m o v e its n o n -
resistant p o r t i o n s . 

2. H e m i c e l l u l o s e s . T h i s is a t e rm w h i c h is app l i ed t o a g r o u p of ce l l -
wall c a r b o h y d r a t e s f o u n d in m o r e or less in t imate assoc iat ion w i t h cel lulose 
a n d lignin. T e c h n i c a l l y the hemice l lu loses m a y b e l oose ly def ined as those 
less resistant subs tances w h i c h , t h o u g h inso luble i n h o t water , c a n b e r e 
m o v e d f r o m the cell wal l w i th e ither h o t or c o l d d i lute alkalies or readi ly 
h y d r o l y z e d t o cons t i tu te sugars or sugar ac ids b y m e a n s of h o t d i lute ac ids . 
T h e o r e t i c a l l y , w h e n hemice l lu loses are t h u s r e m o v e d f r o m del ignif ied cell 
walls , o n l y cel lulose will b e left beh ind . A c t u a l l y , h o w e v e r , s o m e of t h e 
hemice l lu loses are water - so lub le , f a n d n o t all o f t h e m are e x t r a c t e d f r o m 
t h e cell wall b y alkali t r ea tments . In chemica l pu lp ing , hemice l lu loses are 
large ly r e m o v e d f r o m the pulp . If ac ids are i n v o l v e d in pulp ing , the h e m i 
cel luloses are c o n v e r t e d i n t o sugars ( such as ga lac tose , m a n n o s e , a n d 
o thers ) , w h i c h pass into the c o o k i n g l iquor , a n d of w h i c h 60 t o 75 per c e n t 
c o u l d b e f e r m e n t e d into a l coho l . § If alkalies are used for pu lp ing , t h e 

* Another well-known cellulose solvent in Schweizer's cuprammomum reagent. 
t Beta- and gamma-celluloses can be separated by treating the alkaline solution with 

acetic acid; the beta-cellulose will then form a precipitate, while gamma-cellulose wiU 
remain in solution. Some chemists believe that beta- and gamnia-celluloses are hemi-
cellulosic materials. 

t A polysaccharide, galactan, found in the wood of western larch (to the extent of 8 
to 25 per cent of the dry weight of the wood) may be considered one of these. The 
galactan, extracted with water from the wood, can be hydrolyzed into a sugar—galactose 
—and this, in turn, can be oxidized to mucic acid, which is used in the manufacture of 
baking powder. 

§ Another sugar, xylose, is converted in the course of acid cooking into furfural, which 
ordinarily escapes with the steam. However, under suitable conditions it could be re
covered as one of the products of wood hydrolysis. Furfural is an important solvent 
and intermediate reagent in chemical industry. 
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hemicelluloses are converted into acids (largely glucuronic and galac-
turonic). The function of hemicelhiloses in nature is not yet understood, 
although recently a theory- has been advanced suggesting that hemi
celluloses may be lignin precursors, i.e., substances from which lignin is 
formed. 

3. Lignin. This is the third important constituent of the cell wall. Its 
exact chemical composition is still unknown. It can be obtained from wood 
either by removing all carbohydrates b y means of a strong acid, leaving 
the lignin behind in the form of an insoluble residue, or by removing the 
lignin and some of the more soluble carbohydrates and leaving the re
sistant cellulose behind and then separating lignin from the resulting solu
tion. Still another method calls for dissolving all constituents of wood in a 
mixture of formaldehyde and sulfuric acid and then precipitating lignin b y 
diluting the acid solution with water. In any case, it requires very drastic 
treatment to extract lignin from wood, and therefore there is no certainty 
that the lignin in its extracted form is at all identical with that found in the 
cell wall. Furthermore, n o t w o lignin preparations have the same physical 
properties or the same chemical reactions; likewise, there is considerable 
evidence to show that the lignin from different species of wood is not 
identical. This has led to the conjecture that "either the substance known 
as lignin is a complex mixture of compounds with similar properties but of 
unrelated chemical structure, or else a mixture of compounds which are 
similar in structure or have the same basal form but which vary in minor 
ways . " ^ 

Whatever its exact chemical nature, lignin will remain a term of con 
venience to describe the cementing material which is largely removed 
during chemical pulping of wood, thus allowing the fibers to separate. 
Lignin extracted from wood in this manner constitutes one of the greatest 
industrial residues of the present t ime.* 

Among industrial uses of wood in which lignin is utilized along with other 
wood constituents are destructive distillation derivatives and lignin plas
tics. In the former, the lignin fraction of wood gives rise to methyl alcohol 
and acetic acid, and a portion of the complex mixture of tarry and oily sub
stances, while in the latter lignin serves as a binding agent. A number of 
aromatic substances are also associated with lignin, among them vanillin 
and eugenol (the flavoring principle of cloves). Recently, manufacturers 
of storage batteries have begun to incorporate lignin as a part of negative 
battery plates, with a resulting tenfold increase of current output in zero 
weather. Purified lignin, hydrogenated in the presence of a catalyst, has 
been converted by Drs. S. C. Sherrard and E. E. Harris, of the U.S. Forest 
Products Laboratory, into a thick, viscous, colorless fluid from which, b y 

* Pulp-mill lignin losses amount to several million tons annually. 
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means of fractional distillation, they have produced methyl alcohol and four 
new substances. T w o of these can be made into plastics; another may be 
used as a solvent for organic gums, resins, and oils, and has a preservative 
value ; the fourth has adhesive properties. The utilization of extracted 
lignin is discussed in more detail in later pages under the utilization of 
sulfite liquor (see Chap. 15). Any real progress toward utilization of the 
vast amount of lignin available cannot, however, be expected until its 
chemistry is better comprehended. 

4. Extractives. W o o d extractives, also called the extraneous components 
of wood , are substances which can be extracted from wood b y means of a 
suitable solvent or by steam distillation without afl^ecting the composition 
of the cell wall. W o o d extractives, therefore, are not considered to be an 
integral part of the cell wall but are thought to reside largely in the cell 
cavities. Most important of the wood extractives are essential oils, resins, 
fats, tannins, and natural dyestuffs or their precursors. In addition, there 
may be found small amounts of organic acids or their salts, the most widely 
distributed acid in plants being oxalic acid, usually in the form of crystals 
of calcium oxalate. A few woods are characterized by the presence of 
alkaloids; for instance, the wood of Cinchona spp. contains small amounts 
of quinine and related alkaloids, while species of Strychnos contain traces of 
strychnine. Finally, small quantities, about 0.3 per cent, of other nitrog
enous compounds, thought to be traceable to proteins in the dried proto 
plasm, are also found in wood. Nearly all woods have small deposits of 
starch, while some also contain sugars; for instance, the " s a p " of sugar 
maple in the springtime contains up to 5 per cent of sucrose. 

Some of these substances, notably tannins, resins, essential oils, and dye-
stuffs, have considerable economic importance and in a few cases may even 
constitute the chief value of a given wood. A few examples of such are de 
scribed in later chapters. By and large, however, no attempt is made to 
recover these materials. The largest waste of various extractives occurs 
in the preparation of wood pulp, where they are removed and usually dis
carded in the cooking liquor, together with lignin and the hemicellu
loses. 

6. Inorganic W o o d Components. The residue which remains after c o m 
plete combustion of wood is called ash. In the North American woods 
analyzed by the U.S. Forest Products Laboratory, the ash content was 
found to range between 0.2 and 0 .9 per cent. The highest ash content re
ported elsewhere was for the European olive tree, Olea europea L., in which 
sapwood yielded about 5 per cent. The principal components of wood ash 
are salts of calcium, pota.sslum, and magnesium, while small amounts of 
sodium, aluminum, iron, and manganese sulfates, chlorides, and silicates 
are also invariably present. Perhaps the most characteristic component 
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of wood ashes is potash (K2CO3), the presence of which explains the value 
of wood ash as a fertilizer and as a raw material in making soap. 
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C H A P T E R 4 

R O U N D T I M B E R S 

L POLES 

The first commercial telegraph system, constructed in 1844, was a line 
40 miles in length extending from Washington, D .C. , to Baltimore, M a r y 
land. The wires connecting these two cities were carried on wood poles 
cut from tree-length logs, the placement of which marked the beginning 
of a new American forest-products industry, pole production. A few years 
later the first central telephone switchboard was installed in New Haven, 
Connecticut. Wires extending from this exchange to the 21 original svib-
scribers were similarly carried on poles. Use of poles in electrical power 
transmission lines had its inception in 1882, when Thomas A. Edison built 
the world's first utihty power station in New York City and sold power to 
nearly 100 consumers who had installed electric lighting systems in their 
homes. By the turn of the twentieth century the nation's pole require
ments were greatly augmented b y the erection of many municipal electric 
lighting systems and by the extensive construction and expansion of city 
and intenu'ban electric-railway systems which required many thousands of 
poles to support the overhead trolley wires. 

From these beginnings our communication and power transmission lines 
have become a veritable metallic maze of wires linking the nation's nerve 
centers and extending out from them into many remote rural areas. Today , 
the poles supporting this vast labyrinth of wire and cable are counted in 
the tens of millions. 

Pole production in the United States currently represents an annual drain 
of from three to five million trees. M a n y of these poles are used in the 
construction of new fines; the others are for replacements of poles no longer 
capable of giving satisfactory service. Recently the Rural Electrification 
Administration announced that the pole requirements for its cooperative 
agencies, in new construction alone, would amount to approximately three 
million annually for the next 5 years. 

A. F A C T O R S G O V E R N I N G T H E SELECTION OF P O L E S 

Many of our commercial timber-tree species, for one or more reasons, 
are totally unfit for use as poles in power transmission and communication 
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lines. Trees suitable for pole production must have long, straight, full-
rounded boles with but little taper. Moderately lightweight woods with 
high strength-weight ratios are preferable to heavier woods. High-density 
timbers, while usually possessing excellent mechanical properties, cannot 
be handled, transported, and erected economically and hence are seldom 
used. B y contrast, many low-density timbers are unsatisfactory for poles 
because they are weak and brash and are wholly incapable of supporting 
safely the 50 to 80 wires commonly carried on main trunk lines. More 
over, they are easily damaged by such imposed loads as winds of high 
velocity or snow and icing along the wires. Unless poles are to be given a 
preservative treatment before placement in service, they should be cut 
from timbers known for their durability when in contact with soil. Cheap, 
perishable woods are often the most expensive in the final analysis, because 
the frequency with which they must be replacetl increases pole-line main
tenance costs beyond all reasonable limits. When a preservative treatment 
is contemplated, timbers which are easily impregnated and which will re
tain a suitable amount of the toxic when placed in service should be se
lected. Finally, pole timbers should be readily accessible and available in 
quantities sufficient to harvest economically and to market at reasonable 
prices. 

B. SPECIES U S E D 

If privileged to examine some of the earlier pole-line installations, one 
would be impressed with the diversity of species used. Chestnut was a 
prime favorite and used generally throughout the Eastern United States. 
Quantities of various oaks were also employed locally. Bald cypress, 
Atlantic (southern) white cedar, and yellow pine * poles were installed in 
Southern lines, tamarack and northern white cedar poles were common in 
the Lake states. Both round and saw-tapered redwood poles were erected 
in California lines, while in the Northwest western red cedar and Douglas 
fir poles prevailed. In addition to these, many species such as the ashes, 
elms, catalpa, black locust, red mulberry, butternut, and even spruces and 
cottonwoods were used locally; osage orange was employed sparingly 
through the southern Plains states. 

The principal pole woods today are the southern yellow pines, western 
red and northern white cedars, Douglas fir, and lodgepole pine. Pole 
production from such secondary species as chestnut, Atlantic white cedar, 
bald cypress, redwood, and a few others continues, but the annual produc
tion for each of these species is much less than that of two or three decades 
ago. Chestnut poles are now produced from blight-killed but otherwise 
sound trees that had attained pole size when attacked b y the disease. 

* Principally longleaf pine, shortleaf pine, loblolly pine, slash pine, and pond pine 
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C. P O L E S P E C I F I C A T I O N S 

In 1941 the American Standards Association released a series of standard 
specifications and dimensions for each of the ma jo r po le -wood species. 
These specifications serve as a guide in the product ion of poles and are used 
by consumers ' inspectors for the acceptance or re ject ion of any or all poles 
in a shipment. Specification 05 .4—1941 , American Standard Specif ica
tions and Dimensions for Southern Pine Poles, is reproduced here with the 
full sanction of the Association and serves as a general example for all pole 
specifications. 

S P E C I F I C A T I O N S 05.4—1941 

S P E C I F I C A T I O N S A N D D I M E N S I O N S F O R 
S O U T H E R N P I N E P O L E S 

0. i n t r o d u c t i o n 

These specifications cover southern pine poles which are to be given a preservative 
treatment. These poles are to be classified in accordance with the table of dimen
sions which constitutes Part II of this standard. 

The length and class of poles wanted and full details of the framing desired shall 
be stated in the orders. 

The details of any marking, including length and class marks, to be placed on the 
poles shall be in accordance with instructions from the purchaser. 

Complete detailed in.st.ructious shall be given the supplier in all cases where 
modifications are to be made in these specifications to meet special requirements. 

1. s p e c i f i c a t i o n s 

1. Material Requirements 
1.1 Species 

AH poles shall be cut from live southern pine timber: Longleaf Pine {Pinus 
palustris), Shortleaf Pine {Pinus echinata), Loblolly Pine {Pinus iaeda), Slash Pine 
(Pinus caribaea), and Pond Pine (Pinus ngida serotina). 

1.3 Prohibited Defects 

Ail poles shall be free from decay, red heart, cracks, plugged holes, and bird holes. 
Nails, spikes, and other metal shall not be present in the poles unless specifically 
authorized by the purchaser. 

1.3 Permitted Defects 

1.31 BLUE SAP STAIN. Blue sap stain that is not accompanied by softening or 
otlier disintegration of the wood (decay) is permitted under these specifications. 

http://in.st.ru
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1 . 3 2 H O L L O W P I T H C E N T E R S . H O U O W pith centers in the tops or butts of poles 
and in knots are permitted. 

14 Limited Defects 

lAl C H E C K S . The top and side surfaces of poles shall be free from injurious 
checks. 

1 .42 SH.\KES. Shakes in the butt surface extending over not more than one-
qu.arter (J^) of the circumference are permitted provided they are at least one ( 1 ) 
inch distant from the edge of the butt. Shakes extending over more than one-
quarter ( K ) of the circumference are permitted when they are inside of a circle 
whose center corresponds to the center of the butt surface and whose diameter equals 
one-half (J^) of the average butt diameter. 

Shakes in the top surface whose width does not exceed one-sixteenth ( H e ) ot an 
inch are permitted provided they do not extend over more than one-half ( H ) of the 
top circumference. 

1 .43 SPLITS. Splits are prohibited in the top surfaces of poles. Splits in butt 
surfaces are permitted pro\'ided that their height from the butt along the side sur
faces does not exceed two ( 2 ) feet. 

1 .44 G R A I N . N o pole shall have more than one ( 1 ) complete twist of grain in 
any twenty ( 2 0 ) feet of length. 

1 . 4 5 INSECT D A M A G E . Insect damage consisting of holes less than one-sixteenth 
( K e ) of an inch in diameter is permitted. 

1 . 4 6 K N O T S . The diameter of any single knot or knot ca\'ity, or the sum of the 
diameters of all knots and knot cavities in any one ( 1 ) foot section shall not exceed 
the limits set up in the following table. Knots and knot cavities one-half (}4) of an 

LIMITATIONS OP K N O T SIZE 

Maximum sizes iwrmitted, in. 

Length of pole, ft. 

Diameter of any 
single knot or 
knot cavity 

Sum of diameters 
of all knots and 
knot cavities in 

Classes 
1 -3 

Classes 
4 - 1 0 

any 1-ft. section, 
all classes 

4 5 and under 4 3 8 
1 0 5 

8 
1 0 

8 
1 0 

inch or under in diameter shall be ignored in applying the limitations for sum of 
diameters. 

Knots one ( 1 ) inch or over in diameter, showing discoloration or softness of fiber, 
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2. Dimensions 
S.l Length 

Poles under fifty (50) feet in length shall not be over three (3) inches shorter or 
six (6) inches longer than nominal length. Poles fifty (50) feet or over in length 
shall not be over six (6) inches shorter or twelve (12) inches longer than nominal 
length. 

Length shall be measured between the extreme ends of the pole. 

S.3 Circumference 

Poles shall be classified in accordance with the table of dimensions shown as Part 
11 of this standard. Minimum allowable circumferences at six (6) feet from the 

inflirating possible decay, shall be neatly gouged t o a depth of not more than one-
fifth of the diameter of the pole at the point where the knot is lorated, to permit 
determination of the character and extent of decay. The gouging shall be done 
without unnecessary removal of sound wood, and in such a manner as to insure 
drainage of water from the hole when the pole is set- Where such gouging does not 
completely remove the decay (heart rot) , the pole shall be rejected. 

Knots under one (1) inch in diameter need not be gouged unless after trimming 
the presence of decay is revealed and upon further examination the decay is found 
to ffxtend to a depth of more than two (2) inches. 

When more than one (1) cavity is present in a pole, the sum of the depths of all 
cavities in the same six (6) inch longitudinal section of the pole shall not exceed one-
third (14) of the mean diameter of that section. 

1.47 SCARS. N O pole shall have a turpentine face or other scar located within 
two (2) feet of the ground line. 

In other sections of the pole, scars which have been smoothly trimmed so as to 
remove all bark and all surrounding or overhanging wood that is not completely 
intergrown with the wood of the body of the pole are permitted, provided 

(a) that such trimming does not result in abrupt changes in the contour of the 
pole surface and that the trimmed scar does not have a depth of more than one (1) 
inch, except that where the diameter of the pole at the location of the scar is more 
than ten (10) inches the depth may be one-tenth (Mo) of the diameter; and 

(b) that the circumference of the pole at any point on trimmed surfaces located 
between the butt and a point two (2) feet below the ground Hne is not less than the 
circumference of the pole at the ground line. 

1.48 SHAPE. Poles shall be free from short crooks. 
A pole may have sweep subject to the following limitations: 
(a) Where sweep is in one ( 1 ) plane and one (1) direction only, a straight hne 

joining the surface of the pole at the ground line and the edge of the pole at the top 
shall not be distant from the surface of the pole at any point b y an amount greater 
than one (1) inch for each six (6) feet of length between these points. 

(b) Where sweep is in two (2) planes (double sweep) or in two (2) directions in 
one (1) plane (reverse sweep), a straight line connecting the mid-point at the ground 
line with the mid-point at the top shall not at any intermediate point pass through 
the external surface of the pole. 
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butt, (except for Classes 8, 9, and 10), and at the top, for each length and class of 
pole listed, are shown in this table. Poles ha%'ing circumferences which are greater, 
at the same points of measurement, than those shown for the length and class de
sired, shall be acceptable, provided that the six (6) foot from butt circumference is 
less than the minimum given for the second larger class pole of the same length. 
Tlie top dimensional requirement shall apply at a point corresponding to the min
imum length permitted for the pole. 

3. Manufacttiring Requirements 

3.1 Bark Removal 

Outer bark shall be completely removed from all poles. 
N o patch of inner bark left on the pole surface shall be more than one-quarter 

( K ) of an inch in width or more than four (4) inches long. 

3.2 Sawing 

All poles shall be neatly sawed at the butt along a plane which shall not be out of 
square with the axis of the pole b y more than two (2) inches per foot of diameter of 
the sawed surface. Beveling at the edge of the sawed butt surface not more than 
one-twelfth (K2) of the butt diameter in width, or an equivalent area unsym-
metricaUy located, is permitted. 

3.3 Trimming 

Branch stubs, partially overgrown knots, and completely overgrown knots rising 
more than one ( ] ) inch above the pole surface shall be trimmed close. Completely 
overgrown knots less than one (1) inch high need not be trimmed. 

3.-4 Framing 

All poles shall be framed in accordance with the terms of the order before they 
are subjected to the perservative treatment. 

Gains on poles showing sweep or curvature shall be located on the concave side 
in the plane of the greatest curvature. 

All gains on the same pole shall be cut so that their flat surfaces are approximately 
parallel. Conformance to this requirement may be tested by placing straight edges 
thirty (30) inches long on the faces of the finished gains so that the ends of the 
straight edges extend fifteen (15) inches on either side of the center line of the pole. 
The straight edges in any two (2) gains, when sighted in the direction of the lon
gitudinal axis of the pole, shall not be out of parallel at their ends b y more than one-
sixteenth ( > i 6 ) of an inch. Bolt holes shall be bored perpendicular to the faces of 
the gains. 

4. Storage and Handling 

4.1 Storage 

When it is necessary for any reason to hold in storage poles offered under these 
specifications, they shall be stacked on creosoted or non-decaying skids of such 
dimensions and so arranged as to support the poles without producing noticeable 
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distortion of any of them. Poles shall be piled in such a manner as to permit free 
circulation of air and they shall be supported at all points at least one ( 1 ) foot above 
the general ground level, or any vegetation growing thereon. N o decayed or decay
ing wood shall be permitted to remain underneath stored poles. 

4.2 Handling 

Pole tongs, cant hooks, and other pointed tools capable of producing indentations 
of more than one (1) inch in depth shall not be used on poles furnished under these 
specifications. 

5 . Definitions of Terms 

The following definitions shall apply in these specifications: 

5.1 Fungous Defects 

5.11 BLUE S.AC S T A I N . Blue sap stain is a bluish coloration in the sapwood, 
caused b y the action of certain molds and fungi, that is not accompanied b y soften
ing or other disintegration of the wood. 

5.12 D E C A Y . Decay is disintegration of wood substance due to the action of 
wood-destroying fungi. Rot and Dote mean the same as Decay. 

5 . 1 3 R E D H E A R T . Red heart is the incipient stage of a destructive heart rot 
caused b y Trametes pini that occurs in the li\ing tree. It is characterized by a 
reddish or brownish color in the heartwood. 

5.2 Insect Defects 

5 . 2 1 INSECT D A M A G E . Insect damage is the result of boring in the pole b y in
sects or their larvae. Scoring or channeling of the pole surface is not classed as in
sect damage. 

5:3 Timber Defects 

5 - 3 1 C H E C K S . Checks are lengthwise separations of the wood in a generally 
radial direction. 

Heflrt checks are checks which extend from the pitli center of the pole toward but 
not to the periphery of the pole. 

5 . 3 2 C R A C K S . Cracks are breaks or fractures acro.'js the grain of the wood. 
5 . 3 3 SCARS, Scars or c:it faces are depressions in the surface of the pole, gen

erally elliptical in shape, resulting from wounds where healing has not re-established 
the normal cross section of the pole. 

5.34 S H A K E S . Shakes are separations of the wood, generally parallel with the 
annual rings. 

5 . 3 5 SPLITS. Splits are separations between the fibers of the wood extending 
from surface to surface through the pole. 

5.4^ Shape 

5 . 4 1 SHORT C R O O K . A short crook is a localizeH deviation from straightness 
which, \\ithin any section of five ( 5 ) feet or less in length, is more than one-half 

file:////ithin
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(}4) the mean diameter of the crooked section. (See Diagram 3 of the subsidiary 
drawing entitled "Mea-surement of Sweep and Short Crook in Poles.") 

5-42 SWEEP. Sweep is the deviation of a pole from straightness. (See Diagnims 
1 and 2 of the subsidiary drawing entitled "Measurement of Sweep and Short Crobk 
in Poles.") 

5.5 Miscellaneous 

5.51 KNOT DIAMETER. The diameter of a knot is its diameter on the surface of 
the pole measured in a direction at right angles to the lengthwise axis of the pol. , 

5 . 5 2 LIVE TIMBER. Live timber is that cut from a tree which was standing ai.d 
living at the time of cutting. 

6. Subsidiary Drawing 

The foll(i\ung drawing (see page 63) is subsidiary to and forms a part of these 
specifications: Measurement of Sweep and Short Crook in Poles. 

n . D I M E N S I O N S 

DIMENSIONS FOR CRSOSOTED SOUTHERN PINE POLES 

I 2 3 4 5 6 7 8 9 10 

Min. tup circ, in.. . 27 25 23 21 19 17 15 18 15 12 

Ground 
LenRth line * 
of Doli;, dist. Minimum circumference at 6 ft. from biitt. in. 

ft. from 
butt, ft. 

16 21.5 19.5 18.0 
18 26.5 24. S 22.5 21.0 19.0 
20 4 31.5 29.5 27.5 25.5 23.5 22.0 20.0 
22 4 33.0 31.0 29.0 26.5 24.5 23.0 21.0 
25 5 34.5 32,5 30.0 28.0 26.0 24.0 22.0 

30 SH 37.5 35.0 32.5 30.0 28.0 26.0 24.0 
35 6 40.0 37.5 35.0 32.0 30.0 27.5 25.5 
40 6 42.0 39.5 37.0 34.0 31.5 29.0 27.0 No butt No butt No butt 
45 6>4 44.0 41.5 38.5 36.0 33.0 30.5 28.5 require require- require
50 7 46.0 43.0 40.0 37.5 34.5 32.0 29.5 ment ment ment 

55 47.5 44.5 41.5 39.0 36.0 33.5 
60 8 49.5 46.0 43.0 40.0 37.0 34.5 
65 8J^ 51.0 47.5 44.5 41.5 38.5 
70 9 52.5 49.0 46.0 42.5 39.5 
75 9ii 54.0 50.5 47.0 44.0 

80 10 55.0 51.5 48.5 45.0 
85 56.5 53.0 49.5 
90 11 57.5 54.0 50.5 

1 ne ngures m tnis column are intended solely for use whenever a definition 
in order to apply specification requirements relating to scars, Btraightnesa, etc. 
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M E A S U R E M E N T O F S W E E P A N D S H O R T C R O O K I N P O L E S 

DIAGRAM 1 . Measurement o /Sweep in One Plane and One Direction. 

' Surface at groundline <^ Sweep or curvature ^'=^90 attop^^ 

D I A G R A M 2 . Measurement of Sweep in Two Planes (Double Sweep) or in Two Directions 
in One I'lane (Reverse Sweep), 

' ^Midpoint at ground line Midpoint at top 

N O T E : This diagram applies to the measurement of double sweep in Western Red Cedar 
and Southern Pine poles. 

D I A G R A M 3. Measurement of Short Crook (Three Cases Shown). 

3 : 
I'j^off^^lonJ Deviatior,'''^\*-5norless 
ijetow tfie crook 

^ Axis of section 
above tt)e crook 

C A S E 1 : Where the Reference Axes are approximately parallel. 

Axis of pole ^ • Deviation 
^-Sftorless Midpoint of crook 

C A S E 2 : Where Axes of sections above and below the crook coincide or are practically 
incident. 

Axis of section / 
below ttie crook ^ 

I i ^Deviation 

^ S f f or less >-i '•l^idpoint in cross sectional 
upper boundary of short crook 

C A S E 3 : Where Axis of section above short crook is not parallel or coincident with Axis below 
the crook. 

N O T E : The three cases shown under Diagram 3 are t.vpical and are intended to establish 
the prmciple of measuring short crooks. There may be other cases not exactly like those 
illustrated. 
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D. POLE DIMENSIONS 

Poles are segregated into 10 classes, each class being based o n a s tand

ardized t o p circumference. A table of pole dimensions according t o length 

and class is a part of each p o l e - w o o d specification. T a b l e 4 - 1 presents 

compos i te data o n 30- , 40- , and 50-ft . poles, drawn f rom the specifications 

T A B L E 4 - 1 . C O M P A R I S O N O F S T A N D A R D D I M E N S I O N S F O R 30-, 40-, AND 50-FOOT 
S O U T H E R N P I N E , W E S T E R N R E D C E D A R , N O R T H E R N W H I T E C E D A R , 

D O U G L A S F I R , A N D L O D G E P O L E P I N E P O L E S 

Length 
of pole, 

ft . 

Ground 
line 
dist. 
from 
butt , 

ft. 

C l a s s " 

Length 
of pole, 

ft . 

Ground 
line 
dist. 
from 
butt , 

ft. 

1 2 3 4 5 6 7 

Length 
of pole, 

ft . 

Ground 
line 
dist. 
from 
butt , 

ft. 

Min imum top circumference, in. 
Length 
of pole, 

ft . 

Ground 
line 
dist. 
from 
butt , 

ft. 
27 25 23 21 19 17 15 

Length 
of pole, 

ft . 

Ground 
line 
dist. 
from 
butt , 

ft. 

M i n i m u m circumference at 6 ft. f rom butt , in. 

Southern pine 30 5H 37 5 35 0 32 5 30 0 28 0 26 0 2 4 . 0 
40 6 42 0 39 5 37 0 34 0 31 5 29 0 2 7 . 0 
50 7 46 0 43 0 40 0 37 5 34 5 32 0 2 9 . 5 

Western red 30 5 H 41 0 38 5 35 5 33 0 30 5 28 5 2 6 . 5 
cedar 40 6 46 0 43 5 40 5 37 5 34 5 32 0 

50 7 50 5 47 5 44 5 41 0 38 0 

Northern 30 5 H 47 5 44 5 41 5 38 5 35 5 33 0 3 0 . 5 
white cedar 40 6 53 5 50 0 46 5 43 5 40 0 37 0 

50 7 58 5 55 0 51 5 47 5 44 0 

Douglas fir 30 37 5 35 0 32 5 30 0 28 0. 26 0 2 4 . 0 
40 6 42 0 39 5 37 0 34 0 31 5 29 0 2 7 . 0 
50 7 46 0 43 0 40 0 37 5 34 5 32 0 2 9 . 5 

Lodgepole 30 5 ^ 39 0 36 5 34 0 31 5 29 0 27 0 2 5 . 0 
pine 40 6 44 0 41 0 38 0 35 5 33 0 30 5 2 8 . 0 

50 7 48 0 45 0 42 0 39 0 36 0 33 5 3 1 . 0 

No butt requirement in classes 8, 9, and 10. 
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E . S O U T H E R N P I N E P O L E S 

T h e use of the southern pines for poles has increased steadily since 1915, 
and today these are harvested in greater numbers than any other species. 
Pine poles are procured throughout the southern pine belt, usually from 
small scattered tracts of timber and from farm woodlots. Generally a pole 
producer negotiates directly with the timV)er owner and cuts only those 
trees which, in his judgment, are suitable for pole production in the pole 
class or classes for which he has a market. In some sections poles are cut 
only in the winter months in order to minimize sporadic bark-beetle out 
breaks in the residual stands. A t present most poles are cut from second-
growth trees of loblolly and shortleaf pines. Second-growth trees of these 
two species contain large volumes of sapwood, a desirable feature, since 
sapwood is easier to treat than heartwood and practically all southern pine 
poles are given a full-length pressure treatment with creosote oil before 
being placed in service. 

Trees selected for poles are felled, cut to specified lengths, then trimmed 
and barked. The removal of the bark facilitates drying and reduces ship
ping costs. The peeled poles are then trucked to concentration centers or 
hauled to railway sidings where they are loaded on gondola or flat cars and 
sent to treating plants. 

1. Seasoning. Upon their arrival at a concentration yard or treating 
plant, poles are segregated according to classes and carefully piled in tiers 
with stickers, much in the manner of green lumber, and permitted to dry 
for a period of from 2 to 4 months or until they are thoroughly seasoned. 
At some plants poles are stored under open sheds or temporary roofs in 
order to keep off rain and to protect them from the direct rays of the sun. 
If there is evidence of excessive butt checking, S - or Z-irons are driven into 
the butts to minimize such damage. 

2. Shaving Poles . Several treating plants have, as a part of their stand
ard equipment, pole-shaving machines. These machines remove any 
vestiges of inner bark left on the poles brought in from the woods and 

of the five pote-groups listed. It will be noted that the only variable in 
this table is the circumference of the poles at a point 6 ft. from the butt. 
These dimensions have been carefully designed and are based upon the 
ultimate strength of the species concerned. Thus, regardless of species, 
poles, class for class, have the same strength characteristics. For ex 
ample, a Class 2 50-ft. southern pine pole will have essentially the same 
strength as a Class 2 50-ft. pole of any other of the four species. Class 1 
poles have a breaking load of 4,500 p.s.i. when acting as cantilevers. Class 
7 poles only 1,200 p.s.i. 
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smooth off all knots and other surface irregularities. When handled in this 
manner the poles are smooth, cylindrical, and much more attractive and 
are constantly finding more favor with consumers. 

Several types of pole shavers are currently employed. In one, a pole is 
rotated as it is slowly advanced under a series of revolving cutterheads at 
tached to long actuating arms that follow the contour of the pole. In 
another type, a pole is fed, without rotation, into a machine furnished with 
cutterheads that revolve about the pole. The depth of cut of either type of 
machine is easil}'" regulated, and usually no more wood is removed than is 
necessary to give a pole a clean, smooth finish. 

3. Treating. As previously indicated, practically all southern pine poles 
are given a full-length pressure treatment with creosote o i l When properly 
seasoned, the poles are placed on cars and run into a treating cylinder. One 
of the empty-cell processes is usually employed, unless customer specifica
tion for total retention of creosote is such that a full-cell pressure-treating 
process is required.* 

Untreated southern pine poles seldom last more than 2 to 5 years in most 
Southern areas, but a life expectancy of at least 20 years is general for 
pressure-treated materials. 

F , W E S T E R N R E D C E D A R P O L E S 

Western red cedar is a tree of gigantic proportions endemic to the Pacific 
slope and montane regions of northern Idaho and western Montana. The 
hulk of western red cedar poles comes from the forests of the Idaho Pan
handle, since the trees of that particular area are of a size and shape well 
suited for pole production. Cedar poles are also obtained from the Douglas 
fir forests on the western slopes of the Cascades in Washington and Oregon. 
In such instances the pole-size trees are usually removed as a separate 
undertaking in advance of heavy logging operations. Ordinarily only the 
younger and smaller trees are harvested; however, cedar poles 130 ft. long 
are obtainable, and even greater lengths are produced (although rarely). 

In the woods operation, trees are felled, cut to proper lengths, trimmed, 
and barked. Bark crews work immediately behind the fellers, for the re
moval of the bark expedites seasoning and reduces the activity of beetles 
and blue-stain fungi. The poles are then skidded to strategic locations 
where they are decked; from these points they are removed to concentra
tion centers. In Idaho operations, poles are frequently floated to the yards 
in flumes. Upon their arrival they are carefully inspected, sorted, and 

* For complete specifications relating to the preservative treatment of southern pine 
poles, the reader is referred to No. 360 in the American Wood-Preservers' Association 
Manual of Recommended Practice. 
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permitted to season for a period of from 6 to 9 months before shipment to 
treating plants. 

Western red cedar is an ideal pole wood. It is obtainable in many lengths 
and has an excellent strength-weight ratio, and its comparative lightness in 
weight greatly facilitates handling. Pole-size trees seldom have a sapwood 
layer of more than ^ in. in thickness. Thus the heartwood, which is ex
ceedingly resistant to decay, comprises about 90 per cent or more of the 
volume of the pole in the region of the 
ground line. Because of these condi
tions untreated poles suffer little from 
the ravages of decay, and there are 
many records of western red cedar 
poles having given satisfactory service 
for 30 to 60 years even though the 
perishable sapwood had rotted away 
within the first few years following 
their emplacement (Fig. 4 -1 ) . 

1. Treating Western Red Cedar 
Poles . Despite the fine service records 
for untreated western red cedar poles, 
their life may be prolonged by a 
treatment designed especially for them. 
Decay and termite infestations in 
poles usually have their inception at 
or slightly below the ground line 
where conditions are most suitable for 
the development of wood-destroying 
organisms; but if these organisms can
not gain entrance in this region, there 
is usually little likelihood of attack elsewhere along the pole. Accordingly 
these poles are given a butt treatment only. 

The depth of pole embedment, to secure ample anchorage, is a function 
of its length (see Table 4 - 1 ; also specification 05.4—1941, page 62). When 
the ground^line of a pole is established, the surface of the pole for a distance 
of 1 ft. above and 2 ft. below this line is carefully shaved in order to remove 
all traces of inner bark left on it after the initial peeling operation at the 
time of felling. This area, known as the ground-line area, is then incised b y 
using machines fitted with steel teeth in. in length that puncture the 
pole at regular and frequent intervals about the periphery of the ground-
line area. Incising has little effect upon the mechanical efficiency of a pole 
but greatly facilitates penetration of a preservative. 

Following the incising operation, poles are ready for treatment. Several 

FIG. 4-1. Untreated western red cedar 
pole. Note that only the sapwood has 
rotted away after more than 30 years of 
satisfactory service. {Photograph by J. P. 
We?itling.) 
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poles are p laced upr ight in a large o p e n tank fitted wi th s t e a m coi ls a n d 
usual ly , f or c o n v e n i e n c e , part ia l ly bur ied in the g r o u n d (Fig . 4 - 2 ) . H o t 
c reosote oil is then p u m p e d into the tank a n d a level m a i n t a i n e d that will 
ensure a full a n d a d e q u a t e t r e a t m e n t of t h e p o l e but ts . T h e po les m u s t r e 
m a i n in this tank f o r a per iod of a t least 6 hours , dur ing which the oil 
t emperature is ma inta ined at 213° -235 '^F. Fo l l ow ing the h o t bath the poles 
are p laced in a b a t h of coo l oi l * for a m i n i m u m per iod of 2 hours . S u c h a 

FIG. 4 -2 . Open-tank treating plant for we.steni red cedar poles. Note shaved ground-line 
region of poles in foreground. {Photograph by J. p. We?itiing.) 

t r e a t m e n t is usual ly a d e q u a t e , a n d oil r e tent ion of a t least 35 l b . per cu . f t . 
of s a p w o o d m a y b e ant i c ipa ted . 

G . N o R T H E E N WHITE CEDAR POLES 

T h e p r o d u c t i o n of nor thern w h i t e cedar po les has dec l ined in the last 
d e c a d e , a n d t o d a y o n l y f r o m 300 ,000 t o 500,000 po les are p r o d u c e d a n 
nual ly . T h e largest s tands of nor thern whi te cedar are f o u n d in the s w a m p 
lands of the nor thern L a k e states region, wh i ch is the pr inc ipal p o l e - p r o d u c 
t i o n center for this species . T h e h e a r t w o o d , l ike t h a t of its western c o n 
gener , is exceed ing ly durable in c o n t a c t wi th t h e soil, a n d untreated po les 
h a v e g i v e n m a n y y e a r s of sa t i s fac tory service . T h e bu lk o f the po l es c u r 
rent ly harves ted , h o w e v e r , are but t - t r ea ted , and their preparat i on f o l l ows 
the s a m e general pa t t e rn as that e m p l o y e d with western red cedar poles. 

* 90 to 100°F. 
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This cedar never attains the gigantic proport ions of the western species, 
and poles exceeding 55 ft. in length are seldom encountered. 

H . D O U G L A S F I R P O L E S 

T h e use of Douglas fir for poles has increased steadily since 1906, but 
their product ion is still comparat ive ly limited owing to the ample supply of 
western red cedar in the same producing areas. Douglas fir is m u c h less 
durable than cedar, and the poles are usually given a full-length pressure 
treatment , particularly w^hen their use is contemplated in regions where 
d r y - w o o d termites are prevalent. T h e life expectancy of treated Doug las 
fir poles approximates 20 years. 

I. L O D G E P O L E P I N E P O L E S 

Lodgepo le pine poles have been produced in ever-increasing numbers 
since 1923, when the M o u n t a i n States Telephone and Telegraph C o m p a n y , 
in an effort t o find a cheap and continuous source of supply , began experi
ment ing with them in its lines. T h e size and form of lodgepole pine trees 
f rom the northern R o c k y M o u n t a i n region recommend this species for pole 
product ion . T h e w o o d of this pine is not particularly resistant t o natural 
wood-destroy ing agencies, but if the poles are t o be used in the northern 
R o c k y M o u n t a i n states, an open-tank butt treatment will suffice, and poles 
so treated normally have a service life of from 15 to 20 years. Lodgepo le 
pine is a very gregarious species, and because of its abundance it is quite 
likely that it will be a pole-producing species of considerably more i m 
portance in the future. 

J . F U T U R E O F T H E P O L E I N D U S T R Y 

In m a n y of our metropohtan areas, particularly in congested and busi 
ness districts, the telephone pole has been replaced b y the underground 
conduit . Ornate reinforced concrete and metal poles n o w support street 
lights in many cities, and the trolley wires for electric busses and streetcars 
are hung from co lumns fabricated of similar materials. High-power 
transmission lines thread their w a y across the nation on poles and to^\'ers 
of latt iced steel. There seems t o be little l ikelihood, however , that these 
structures will ever b e c o m e serious compet i tors of w o o d poles, for in most 
instances w o o d poles are still the cheapest means of carrying wire. L o o k 
ing to the future, the deve lopment of rural electrification promises t o create 
a steady pole market . N e w construction and replacements in existing lines 
will continue at a normal rate for m a n y years t o c o m e . 
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n . PILES 

In the restricted sense, a pile is a heavy timber (usually in the roimd) 
dri%'en in the ground for use as a support or a foundation. Through com
mon usage the term also is now used to designate round timbers used in 
trestles, overpasses, bridges, and similar structures, where they merely rest 
upon a solid footing. Piling is a collective term used to describe an in
definite number of piles; the term is also applied t o structures consisting 
principally of piles. 

There are no statistics available concerning the production of piling in the 
United States, but it is reliably estimated that the number of round timbers 
used each year for piling closely approximates the number used for poles. 
Piles are harvested, seasoned, and treated similarly to poles; the same 
species are used, and in some operations segregation of poles and piling is 
effected following inspection and selection of the cut at the concentration 
yards. In the South, pine piling is obtained largely from woodlots. Doug
las fir and western red cedar are the principal pile species along the Pacific 
r im; in the East and South, yellow pine, eastern larch, oaks, cypress, and 
chestnut are those used in greatest abundance. In recent years coastal 
fisheries off the New Jersey coast have used untreated hickory pihng from 
which nets are strung. 

A. F A C T O R S G O V E R N I N G T H E SELECTION OF P I L I N G 

The same general considerations employed in determining the suitability 
of a species for pole use may be applied to piling. In addition to these, pile 
timbers must also have good shock resistance and the ability to absorb 
heavy hammer loads imposed upon them during emplacement. End 
brooming from the incessant pounding of the hammer is often excessive in 
some of the softer woods. This type of failure under the pile driver does not 
militate against the use of such woods, however, as this objectional char
acteristic is readily overcome b y fastening metal collars about the head of 
the pile before it is driven. Some operators claim that broom is less evident 
with steam than with drop hammers. Piles with excessive sweep are ob jec 
tionable since they are not only difficult to drive but are usually incapable 
of carrying the loads for which they are designed. A rule-of-thumb pro
cedure is to cull out any pile in which the central axis falls outside the pile. 

B . P I L I N G SPECIFICATIONS 

In 1939 the American Society for Testing Materials released standard 
specifications for round timber piles under A . S . T . M . designation D25-37, 
These are reproduced here with the full approval of the Society. 
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S T A N D A R D S P E C I F I C A T I O N S F O R R O U N D T I M B E R P I L E S ' 

A . S . T . M . Designation: D 25—37 
Adopted, 1937 -

This Standard of the American Society for Testing Materials is issued under the 
fixed designation D 25 ; the final number indicates the year of original adoption as 
standard or, in the ease of revision, the year of last revision. 

Scope 

1. These specifications cover round timber piles to be used untreated, or treated 
b y standard preservatives. 

NOTE. Where sawed timber is used as piling, such as heavy sheet piles, ap 
propriate specifications should be selected from the Standard Specifications 
for Structural W o o d Joist and Plank, Beams and Stringers, and Posts and 
Timbers (A.S .T .M. Designation: D 245) of the American Society for Testing 
Materials. « 

Kinds of Wood 

2. (o) The purchaser shall specify the kind or kinds of wood he desires, and shall 
designate the kinds he desires for preservative treatment. 

NOTE . Commonly used species are cedars, chestnut, cypress, Douglas fir, larch, 
oaks, pines, spruces, and tamarack. 

(b) Piles of differt:nt kinds of wood shall be delivered in separate lots. 

Use Classification 

3. Timber piles are classified in these specifications under three general divisions 
according to the use intended, as follows: 

(a) Class A . Piles suitable for use in heavy railway bridges and trestles. The 
minimum diameter of butt assumes the use of load-bearing timber caps 14 in. in 
width. 

(b) Class B. Piles suitable for use in docks, wharves, highway work, and general 
construction. The minimum diameter of butt assumes the use of load-bearing 
timber caps 12 in. in width. When timber caps are not used, as in the case 
of piles under masonry foundations, the azes given for Class 0 piles are recom
mended. 

(c) Class C. Piles suitable for use in foundations which ivill always be completely 
submerged, for coffer-dams, falsework, and sundry temporary work. 

' Under the standardization procedure of the Society, these specifications are under 
the jurisdiction of the A.S.T.M. Committee D - 7 on Timber. 

= Prior to their present adoption as standard, these specifications were published as 
tentative from 1915 to 1920. They were adopted in 1920, published as standard from 
1 9 2 0 to 1930, but withdrawn and republished as tentative from 1 9 3 0 to 1937 , being re
vised in 1934 and 1935 . 
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C L A S S A A N D C L A S S B P I L E S 

General Quality 

4. Except as hereinafter provided, Class A and Class B piles shall be free from 
any defects which may impair their strength or durability as piling, such as decay, 
redheart, splits in piles t o be treated, or splits longer than the measured butt di
ameter of piles not to be treated, twist of grain exceeding one-half of the circum
ference in any 20 ft. of length, unsound knots, numerous knots or holes, or shake 
more than one-third of the diameter of the pile. Piles which have been scored for 
turpentine shall be accepted, provided such scar does not exceed 36 in., and pro
vided the scoring is of recent date showing the scar to be entirely sound and free 
from insect damage. 

Knots 

5. Sound knots will be permitted in Class A and Class B piles, pro\'ided they are 
not in clusters. The diameter of a sound knot shall not be greater than one-third 
of the minimum diameter of the pile at^the section where it occurs, and shall not 
exceed 4 in. for piles 50 ft. and under in length. For piles over 50 ft. in length, knots 
between the section at mid-length and tlie butt shall conform to the limitation pre
scribed for pihng under 50 ft. Between mid-length and the tip, single knots up to 
5 in. in diameter will be permitted, provided they do not exceed one-half the min
imum diameter of the pile at the section where they occur. The diameter of a knot 
shall be measured at right angles to the length of the pile. 

General Requirements 

6. (a) Sound Timber. Class A and Class B piles shall be cut from sound, live 
trees, except that fire-killed, blight-killed, or wind-felled timber may be used if not 
attacked b y decay or insects. Piles shall be cut above the ground swell. 

(b) Tip . The tip shall be sound. 
(c) Butt End. The butt end shall be sound except in cedar piles, which may 

have a pipe or stump rot hole not more than 134 in. in diameter. 
(d) Taper. Piles shall have a gradual taper from the point of butt measurement 

to the tip. 
(e) Surface Finish. AH knots and Hmbs shall be trimmed or smoothly cut flush 

with the surface of the pile. The butt and tip shall be sawed square with the axis 
of the pile, or the tip may be tapered to a point not less than 4 in. in diameter if 
directed by the engineer in charge. 

Sapwood 

7. (a) Piles for Use Untreated. Piles for use without preservative treatment 
shall hnve as little sapwood as possible, and when used in exposed work, the di
ameter of the heartwood shall not be less than eight-tenths of the actual diameter of 
the pile at the butt. 

(i>) Piles for Treatment. Piles for use with preservative treatment shall have no 
sapwood restrictions, but preferably shall contain as much sapwood as possible. 
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In southern pine the sapwood thickness shall not be less than 1 H in. and in Douglas 
fir and iarch not less than 1 in. on the butt end. 

Peeled Piles 

8. (o) Piles shall be peeled of bark, including the inner skin, soon after cutting 
so that the piles are smooth and clean. Care shall be taken to remove as little sap-
wood as possible while peeling the bark. The sapwood shall not be injured b y un
necessary axe cuts. These piles shall be designated as piles for treatment. 

(b) N o pile shall be considered as thoroughly peeled unless all of the rough bark 
and at least 80 per cet̂ t of the inner bark which remains on the pile shall have been 
removed. In no case shall any piece of inner bark be over % in. in width or over 8 
in. in length, and there shall be 1 in. of clean wood surface between any two strips 
of inner bark. 

Diameter 

9. (a) It is recommended that the diameters of piles measured under the bark 
shall conform to the requirements shown in Table I, subject to a permissible varia
tion of minus 14 in. in any diameter in not more than 25 per cent of the piles of that 
diameter. 

(b) The diameter of a pile in cases where the tree is not exactly round shall be 
determined either by measuring the circumference and dividing the number of inches 
by 3.14. or by taking the a v e r a ^ of the maximum and miiiiraum diameters at the 
location specified. 

Letigth 

10. All piles shall be furnished cut to any of the following lengths, as specified: 
16 to 40 ft. in multiples of 2 ft., and over 40 ft. in multiples of 5 ft. A variation 
of 6 in. in length shall be allowable, but the average length in any shipment shall be 
equal to, or greater than, the specified lengths. The length of each pile shall be 
legibly marked on the butt end with white or black paint. 

Straightness 

U . Piles shall be free from short or reversed bends, and free from crooks greater 
tiian one-half of the diameter of the pile at the middle of the bend. In short bends, 
tlie distance from the center of the pile to a line stretched from the center of the pile 
alcove the bend to the center of the pile below the bend shall not exceed 4 per cent 
of the length of the bend, or "2}i in. A line drawn from the center of the butt end 
to the center of the tip shall lie within the body of the pile. 

CLASS c p a E s 

Genial Quality 

12. Cla.5s C piles shall be of sound, live timber that will stand driving, and need 
not be peeled if they are to be used without preservative treatment. They shall be 
free from decay and other imperfections such as bad knots and shakes which will 
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mater ia l ly affect their s t rength . Piles whi ch have b e e n scored for turpent ine shall 
be a c c e p t e d , p r o v i d e d such scar does n o t exceed 36 in. , a n d p r o r i d e d the s cor ing is 
of recent d a t e , showing the scar t o b e ent ire ly sound a n d free f r o m m s e c t d a m a g e . 

T A B L E 1. D I A M E T E R S OF T H R E E C L A S S E S O F P I L E S 

Liength, ft. 

Class A and Class B piles 
(these differ in size only) 

Class A 

Diam. 
3 ft. from 
butt , in. 

Min . M a x . 

Min . 
diam. 
of t ip, 

in. 

Class B 

D i a m . 
3 ft. from 
butt , in. 

Min . Max . 

Min . 
diam. 
of tip, 

in. 

Class C piles " 
(these differ from 

classes A and B in 
size and quality) 

D iam, 
3 ft. from 
butt, in. 

M i n . Max . 

Douglas fir and southern pine piles ^ 

Black oak, chestnut, cypress, pin oak, post or 
burr oak, red oak, white oak, or willow oak piles 

Min . 
diam. 
of tip, 

in. 

Under 40 14 18 10 12 20 8 12 20 8 
4 0 t o 5 0 i n c l 14 18 9 12 20 7 12 20 6 
51 t o 7 0 i n c l 14 18 8 13 20 7 12 20 6 
71 to 90 inc l 14 20 7 13 20 6 12 20 6 
Over 90 14 20 6 13 20 5 12 20 5 

Under 30 14 18 10 12 18 8 12 20 8 
30 to 40 incl 14 18 9 13 20 8 12 20 8 
Over 40 14 18 8 13 20 7 12 20 6 

Cedar piles 

Under 3 0 . . . 14 22 10 12 22 8 12 22 8 
30 t o 40 incl 14 22 9 13 22 8 12 22 8 
Over 40 14 22 8 13 22 7 12 22 7 

^ In Clasa C piles, a minimum diameter (at cutoff) of 10 in. may be specified tor leuEths of 20 ft. and under. 
Where larch, lodgepole or Norway pine, spruce, or tamarack piles are specified, their dimensions shall 

correspond to the requirements shown for Douglas fir and southern pine. 
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m. P O S T S 

Fence posts are used principally on farms, and in m a n y rural areas they 
are obtained chiefly f rom local farm woodlo ts . T h e 280,000 farms in N o r t h 
Carolina alone require more than 15 million posts annually, while approxi 
mately 460 million units are needed yearly on the farms of the nation. 
M a n y thousands of additional posts are used in fences along publ ic high
ways and railroad right of ways and in regions where l ivestock and dairy 
enterprises are expanding. Where large-scale land-management practices 
are in effect, fencing is needed for adequate area control . T h e current 
annual consumption of fence posts in the United States is placed at 600 
million units, of which nearly 40 million are given a preservative treatment. 

General Requirements 

13. (a) Tip. The tip shall be sound. 
(6) Taper. Piles shall have a gradual taper from the point of butt measurement 

to the tip. 
(c) Surface Finish. All knots and limbs shall be trimmed or smoothly cut flush 

with the surface of the pile. The butt and tip shall be sawed square with the axis 
of the pile, or the tip may be tapered to a point not less than 4 in. in diameter if 
directed by the engineer in charge. 

Sapwood 

14. Sapwood requirements shall be identical with those for Class A and Class B 
piles as specified in Section 7. 

Peeled Piles 

15. The requirements for peeled piles shall be identical with those for Class A and 
Class B piles as specified in Section 8. 

Diameter 

16. The methods of measurement of diameter and the permissible variations in 
diameter shy)) be identical with those for Class A and Class B piles as specified in 
Section 9. The recommended sizes are given in Table 1. 

Length 

17. The requirements for length shall be identical with those for Class A and Class 
B piles as specified in Section 10. 

Straightness 

18. The requirements relating to straightness shall be identical with those for 
Class A and Class B piles as specified in Section 11. 
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A. SPECIES U S E D 

In the days before fence posts were treated to prolong their service life, 
post production was restricted largely to those woods known for their re
sistance to natural destructive agencies. Timbers such as chestnut, black 
locust, osage orange, white oak, red mulberr}', sassafras, catalpa, redwood, 
bald cypress, and various cedars were among those principally used. In 
fact, farmers, through their local, state, and Federal farm agencies, were 
encouraged to establish plantations of certain of these species to produce 
their own post requirements. 

Untreated posts of chestnut, black locust, osage orange, and the several 
cedars, provided they include only thin outer layers of sapwood,* may be 
expected to last for at least 20 to 30 years under normal conditions of em
bedment and exposure. White oak, catalpa, redwood, red mulberry, and 
a few other species have a life expectancy as posts of from 10 to 20 years. 
B y contrast, posts of white ash, beech, birch, maple, black gum, spruce, 
hemlock, fir, and second-growth yellow pines, unless given a suitable 
preservative treatment, are usually badly decayed and often riddled with 
termites within 2 to 4 years after their placement in the ground. 

The availabihty of durable post woods in some localities has diminished 
to the point where supply no longer keeps up with demand. It is not at all 
surprising, therefore, t o find facilities both in cities and on farms for the 
treatment of nondurable species. In fact, it is becoming a usual practice, 
especially in many parts of the South, to treat all woods, regardless of 
durability, because their service life can be extended by introducing toxics 
into the sapwood. 

B. H A R V E S T I N G P O S T S 

A s indicated previously, a large portion of the fence posts produced in 
the United States are obtained from farm woodlots. M a n y others are by 
products of logging operations where tree tops and large limbs are cut from 
the slash and trimmed to post sizes. In many sections of the country, but 
particularly in the South where young forests of second growdih pre
dominate, thinnings in sizes too small for pulpwood often provide a large 
number of posts, the sale of which more than pays for the cost of such opera
tions. In recent years post producers and distributors have made their 
appearance in several forest regions, but notably in the Southern states 
where there is relatively cheap stumpage of a variety of species. While a 
farmer cuts most of his posts in the winter months when his farming activ-

* Sapwood of practically all species is quite perishable in contact with soil; hence posts 
containing large volumes of sapwood have a comparatively shorter service life. 
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ities are at a minimum, the commercial fence-post producer operates from 
200 to 300 days a year. His operations are mechanized as much as possible, 
both in the woods and at his concentration yards, in order to ensure volume 
production. Portable power saws and mechanical barking machines are 
usually a part of his equipment. He also commonly operates one or more 
treating plants. 

Trees selected for the production of posts are felled, trimmed, and cut to 
proper lengths. Mos t round posts are produced in lengths of 7 and 8 ft. 
(maximum 20 ft.) with top diameters of from 3 to 6 in. Trees of larger 
diameters are commonly halved longitudinally or occasionally even 
quartered. The posts are peeled either at the point where the trees are 
felled or at concentration yards. Peeling facilitates drying and reduces the 
danger of insect and fungal infestations. 

Hand-rived posts are made from large western red cedar and redwood 
logs too severely damaged in felling during logging operations t o be used 
for saw timber. 

Sawed posts are favored in some localities. These are manufactured 
from rectangular cants such as 4 x 8 ' s and 5 x lO's. In using such ma
terials it is customary to rip them lengthwise on a slight diagonal, thus 
providing a taper. 

C. P E E L I N G 

The facility with which bark may be removed varies throughout the 
year. Spring peeling is preferable, since with the renewal of growth there 
is a layer of immature cells between bark and wood which are easily rup
tured. Bark removal during the winter months is usually fraught with 
difficulty. Hand peeling has been the standard procedure for years. Such 
an operation is laborious, time-consuming, and, in these times of high 
wages, expensive. An experienced peeler can handle 100 to 200 posts a day, 
depending upon his skill and the ease with which the bark can be removed. 
Hand-peeled posts, however, are seldom perfectly cleaned; hence treat
ment with a preservative may be only partially effective. 

1. Mechanical Barkers. Within the past few years, particularly in 
localities where there are a number of large commercial fence-post pro
ducers, it has been found expedient to remove the bark by mechanical 
means. In some production centers portable mechanical barkers are 
skidded from one cutting area to another. Others are set up and operated 
only at post concentration yards. Three types of mechanical barkers are 
in current use. 

a. Drum Barkers. Machines of this type operate on the same principle 
as rossers used in wood yards of pulp mills. They consist of motor-driven 
drums approximately 9 ft. long and 5 ft. in diameter. In one design the 
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FIG. 4-3. Post cliiiin barker. {U.-S. Forest Service vhoiograph.) 

Southern pine and spring- or summer-cut hardwood posts m a y be drum-
peeled in 12 to 25 minutes. Such machines have a daily capaci ty of from 
900 to 1,000 posts, depending upon post size, season of cutting, and oper
ators ' efficiency. Late fall- or winter-cut hardwood posts cannot be satis
factorily drum-peeled. T h e cost of drum peeling varies from 1)4, t o \ % 
cents per post. 

6. Hammering Machines. T w o tj 'pes of hammering machines are in cur
rent use. O n e of t h e m is the h a m m e r barker specifically designed for 
rossing pulpwood. This machine consists principally of a power-driven 
shaft t o which are bolted a number of smaU hanuners. In its operation, 
pos ts are mechanical ly fed and rotated against the flying hammers , which 
literally beat off the bark. This machine has a daily capacity of about 
3,000 posts, but because of its high initial cost and higher operating costs, 
it can b e used economical ly only on large-scale post -product ion operations. 

axles are eccentrically mounted to provide greater tumbling and sliding 
action. Side walls of the drums are made either from old, perforated boiler 
plates or o f closely spaced channel irons. I n an operat ion the d r u m s are 
loaded to about 85 per cent of capaci ty (80 t o 100 posts ) , and then .set in 
rotation at 25 to 35 r .p .m. T h e tumbhng and rubbing action of the poles 
against one another quickly dislodges the bark, which falls out through the 
slots or perforations in the walls provided for this purpose. 
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T h e second t y p e of hammering machine is called a chain barker. T h e es
sential part of this machine is a large iron spool (Fig. 4 -3 ) with several 
short pieces of heavy logging chain bolted between the flanges. This as
sembly is m o u n t e d upon a frame in such a w a y that posts m a y be advanced 
over it. Bo l ted to the frame are also properly located feed rolls t o carry 
the posts over the barker. In chain barking the spool is rotated at 700 
r.p.m. A t this speed the chains, which are slack when at rest, fly outward 

FIG. 4-4. Lathe-type barker. (U.S. Forest Service photograph.) 

f rom the spool t o strike and remove the bark. Feeding and rotating of the 
posts are accomplished manual ly . Such a machine has a daily capaci ty of 
f rom 300 to 400 posts. 

c. Peeling Machines. These machines differ f rom other barkers in that 
bark is actually peeled rather than knocked off b y mechanical means. T w o 
general types are recognized. One is essentially a diminutive pole shaver 
with a floating, rotating cutterhead of similar design. T h e other is a m o d 
ified lathe. This is a portable machine readily m o v e d f rom one woods 
operation to another. In reality this is more than a barking machine, as it 
removes not only bark but w o o d as well, and the finished post is a smooth 
cylinder of w o o d much like a core from an expended veneer bo l t . Figure 
4 -4 is an illustration of the lathe-type barker. A post t o be peeled is placed 
between t w o chucks which automatical ly center it. T h e post is then 
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D . SEASONING 

Experiments conducted by the U . S . Forest Service have led to the con
clusion that little or nothing is gained by seasoning posts unless they are to 
be treated. A seasoned post, once it is in the ground, picks u p moisture in 
the soil until it is in equilibrium with it. T o obtain good penetration and 
absorption of a preservative, however, posts should be thoroughly seasoned 
before impregnation, unless treated by the osmose method. 

Posts should be open-piled or ricked in pens to permit the free circula
tion of air about them. In such species as the oaks, care must be taken to 
avoid excessive checking. Better posts of these particular species are o b 
tainable if they are cut and seasoned during the fall and winter months 
when drying progresses at a slower rate. Mos t posts can be thoroughly 
air-seasoned in from 60 days to 6 months, depending on diameter, season 
when cut, and prevailing atmospheric conditions. 

E . M E T H O D S O F T R E A T I N G 

Several methods are employed in treating posts, but the one most uni
versally used is the open-tank immersion in hot and cool creosote baths. 
There is nothing better than a full-length pressure treatment, but the ad
ditional expense involved is not always warranted, as posts given con
ventional open-tank treatments with creosote oil have a life expectancy of 
more than 20 years under average conditions of exposure. In some regions 
it is customary to treat merely the butts; in other locations, especially in 
warm humid localities, full-length treatments are recommended. Open-
tank treatments of posts are similar to those described for the treatment 
of cedar poles, although the equipment need not be so elaborate. Treating 
tanks are erected on many farms and consist merely of an oil drum or iron 
tank built over a firebox. A small privately operated treating plant con-

slowly rotated against a high-speed shaft furnished with a series of stag
gered cutters. Four men are required to operate a machine of this type, 
which can peel 120 to 200 posts an hour. 

Lathe-peeled posts have smaller volumes than do tapered poles of c om
parable length and top diameter, hence are lighter in weight and require 
less of a preservative. Savings in shipping costs alone have been reported 
to be as much as $100.00 per car. On the other hand, it is questionable if 
posts with small volumes of sapwood should be lathe-peeled if a preserv
ative treatment is contemplated, since heartwood of most species is difficult 
t o treat adequately with the common open-tank methods of treatment. 
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structed near Hertford, North CaroUna, erected in 1947 at a cost of $3,300,* 
has a capacity of 400 to 450 posts daily. 

F. C O S T C O N S I D E R A T I O N S 

Untreated fence posts, depending upon their size, kind of wood, avail
ability, and region of production, cost from $0.10 to $1.00 each; treated 
posts, on the other hand, bring from $0.35 to $1.50 or more each, contingent 
upon their method of treatment and amount of toxic retained. Perishable 
woods used as posts, which are not infrequently devoid of heartwood, often 
have a service life of only 3 to 5 years. Posts made from woods knoivn for 
their durability may last from 10 to 20 years if they include large cores of 
heartwood. Adequately treated posts, regardless of species, may be ex
pected to give as much as 20 to 30 years of service. 

It is well for a consumer to ascertain what materials are available for his 
fence lines and the life expectancy of those materials in his locality. He 
should also determine the relative costs of both treated and untreated poles, 
and if he uses the latter, what his replacement costs may be. With these 
data the most economical installation consistent with his needs can then 
be determined. If the price for treated materials can be reasonably ex
pected to exceed the purchase and replacement costs of untreated posts, 
say for a period of 20 years, there is little real justification for using treated 
stocks. 

Under many circumstances, however, the use of treated posts will effect 
an appreciable saving to the consumer. This statement is readily borne 
out by Smith and Hertzler in their study of the fence post reqviirements 
in North Carolina. They report (1946) that small untreated fence posts 
with a service life of about 5 years may be procured at a cost of from 10 to 
20 (average 15) cents apiece. Thus the annual cost of these posts is about 
3 cents apiece. By contrast, treated posts are priced at from 35 to 60 cents 
each but have a life expectancy of from 20 to 30 years. From these figures 
it is evident that the annual cost of treated posts is about 2 cents each and 
the additional costs of installation (replacement) over a period of 20 years 
are reduced by more than 80 per cent, which, in these days of high wages for 
unskilled labor, represents a worth-while saving in cash. 

• For detailed information on plant layouts, methods of treatment, and treating 
schedules, the readier sliould consult the several carefully selected references appearing 
at the end ol this chapter. 
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G. POST SUBSTITUTES 

Iron and even concrete posts have made their appearance on farms and 
are serving efficiently for support of wire barriers. Their initial costs are 
greater than those of wood and their service life seldom exceeds that of the 
fully treated wooden article. Their occasional use will continue, but it is 
quite improbable, because of consideration of initial cost, that they will 
ever seriously compete with fence posts on the vast majority of American 
farms. 

Remark. M a n y mine timbers are also used in the round. These are 
discussed in Chap. 5, Mine Timbers. 
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M I N E T I M B E R S 

I. USES OF MINE TIMBERS 

T h e term mine timbers is a col lect ive designation denot ing a variety of 
forms of u'ooden supports used in the construct ion of tunnels, shafts, and 
other mine openings and chambers. F a y - defines timber as " a n y of the 
w o o d e n props , posts, bars, collars, lagging, etc . , used to support mine w o r k 
ings" and timbering, as " t h e t imber structure employed for support ing the 
face of an excavat ion during the progress of construct ion . " T h e w o r d 
timbering is sometimes applied to concrete , masonry, and steel supports as 
well as t o those made of w o o d , but the general term ground support is c o n 
sidered preferable when referring to all t y p e s of support ing structures. 
This chapter will be restricted, in the main, to ground supports made of 
w o o d , as well as t o other types of w o o d products used in connect ion with 
mining. 

T h e subject of mine t imbers is one of considerable importance in the 
forest e c o n o m y of the United States, the consumption of w o o d for this pur 
pose being exceeded on ly b y lumber, fuel w o o d , pu lpwood , railroad ties, 
veneer logs, mine t imbers, and fence posts, in the order g iven. A cursory 
knowledge of mining methods and mining terminology is necessary to an 
understanding of the t imber requirements of the industry. 

A . PuBPOSE O F M I N E T I M B E R S 

In the first p lace it is necessary t o understand the purpose of mine t i m 
bers. W h e n an underground excavat ion is made , whether it be horizontal , 
vertical, or a large chamber , the removal of the ground * deprives the sur
rounding sides and t op of the opening of its former support . After an e x 
cavat ion has been made , the exposed surface, if c omposed of crushed or 
loose material , starts t o slough a w a y , or , if it is hard rock, breaks a w a y from 
the back along fracture planes. This material will eventual ly " a r c h " and 
support itself, in most instances, but if the back is n o t supported i m 
mediately , this process of caving becomes cumulat ive until a large chamber 

"The term ground, as used in the mining industry, denotes the rork formations in 
which a mining operation is being conducted. 

83 
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has been formed. In solid, unfractured rock, n o caving may take place, 
and the roofs of even large chambers may stand indefinitely without the 
use of internal supports. 

Obviously, the amount of timbering that can b e placed in a mine opening 
many hundreds of feet below the surface of the earth would be totally in
adequate to support the tremendous weight of overlying strata. The pri
mary purpose of timbering is, therefore, t o prevent loose material, blocks, 
or slabs from fafiing and damaging equipment, injuring workmen, and 
plugging passageways. Timbering also provides a firm foundation for 
machinery in soft ground, a base for car rails, linings for elevator shafts, 
and numerous other uses. 

The amount and character of timbering varies widely in different types 
of ground. Weaknesses caused b y faults, fissures, bedding and cleavage 
planes in rock strata, blasting fractures, seepage, etc., may even dictate the 
use of several different methods and intensities of timbering in the same 
mine. Even after the ground around an excavation has " s e t , " pressures 
may be great. Such pressures may be either vertical or lateral, or both. 
Substantial timbering is required to keep some tunnels open, and large 
timbei's are sometimes i:)roken in a matter of days. In some cases, tunnels 
must be abandoned and alternate passages cut in areas where pressures are 
less severe. Although less common, some mines require floor timbering to 
prevent heaving. 

B. MINING TERMINOLOGY 

Colloquialisms are c o m m o n in mining terminology, and many of the 
terms used are not to be found in the dictionary. T o complicate matters 
further, the same term may have different meanings in various mining 
regions. Some of the more common mining terms are defined b y Fay ^ as 
fol lows: 

Adit. A nearly horizontal passage from the surface by which a mine is entered and 
watered. In the United States an adit is usually called a tunnel, though the latter, 
strictly speaking, passes entirely through a hill and is open at both ends. Fre
quently also called drift, or adit, level. 

Cage. A frame with one or more platforms for ears, used in hoisting in a vertical shaft. 
It is steadied by guides on the sides of the shaft. 

Crossbar. A horizontal timber held against the roof to support it, usually over a road
way; a collar. 

Crosscut. 1. A small passageway driven at right angles t o the main entry to connect 
it with a parallel entry or air course. 2. A level driven across the course of a vein 
or in general across the direction of the main workings or across the "grain of coal ." 

Drift. 1. A horizontal passage underground. A drift follows the vein, as distinguished 
from a crosscut, which intersects it, or a level or a gallery, which may do either. 
2. In eoal mining, a gangway or entry above water Jevel, driven from the surface in 
the seam. 
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Goh. Any pile of loose waste in a mine. 
Lagging. Planks, slabs, or small timbers placed over the caps or behind the posts of 

timbering, not to carry the main weight, but to form a ceiling or a wall, preventing 
fragments of rock from falling through. 

Level. A horizontal passage or drift into or in a mine. It is customary to work mines 
by levels at regular intervals in depth, numbered in their order below adit or drain
age level, if there be one. Rarely applied to coal mining. 

Pillar. 1. A solid block of coal, etc., varying in area from a few square yards to several 
acres. 2. A piece of ground or mass of ore left to support the roof or hanging wall in 
a mine. 

Raise. A mine shaft driven from below upward; called also upraise, rise, and riser 
(Webster). An opening, like a shaft, made in the back of a level to reach a level 
above (Standard). The term is in general usage at mines in Western states. 

Shaft. An excavation of limited area compared to its depth, made for finding or mining 
ore or coal, raising water, ore, rock, or coal, hoisting and lowering men and ma
terials, or ventilating underground workings. The term is often specifically applied 
to approximately vertical shafts, as distinguished from an incline or inclined shaft. 

Slope. A n excavation from which the ore has been extracted, either above or below 
a level, in a series of steps. A variation of step (Standard). Usually applied to 
highly inclined or vertical veins. Frequently used incorrectly as a synonym of 
room, which is a wide working space in a flat mine. 

StulL 1. The top piece of a set of mine timbers. 2. A timber prop supporting the 
roof of a mine opening. 

C. MINING METHODS AND TYPES OF TIMBERING 

A mine may consist of a simple horizontal tunnel driven into the side of a 
hill by a prospector, a complicated interconnecting system of underground 
shafts, levels, crosscuts, drifts, pumping chambers, stopes, and rooms 
located hundreds of feet below ground, or any degree of development b e 
tween these two extremes. An open pit of the type used in strip or surface 
mining is also called a mine. 

Open-pit mines use little or no timbering, mine ties constituting the 
principal item of wood consumed. A relatively small number of mines 
excavated from solid rock require comparatively small amounts of t imber
ing. M o s t mines, however, require considerable quantities, the amount 
and kind depending on the character of the ground, the method of mining, 
the length of time the mine openings must be kept open, and other 
factors. 

1. Timbering Open R o o m s . The simplest form of timbering consists 
of single posts, or props, moimted with or \vitho\it sills and topped either 
with caps or headboards. The cap may take the form of two wedge-shaped 
pieces of wood that can be driven together to assure a tight fit between the 
prop and the area of roof that it supports. Such props are most common 
in flat mines, such as coal mines, where they constitute the largest single 
item of wood consumption. 

file:///vitho/it
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2. Timbering Tunnels, Drifts, and Crosscuts. T h e t i m b e r i n g in tunnels, 
dri f ts , a n d crosscuts m a y v a r y f r o m s imple , one -p iece tunnel sets t o c o m 
p l i ca ted e ight -p iece a r c h e d sets used in g r o u n d that swells w h e n e x p o s e d 
t o air a n d mois ture . P r o b a b l y the m o s t c o m m o n f o r m of t i m b e r i n g is the 
three -p iece tunnel se t used in dri f t a n d crosscut c ons t ruc t i on . T h i s t y p e 
of t imnel set consists of three pr inc ipal m e m b e r s : t w o posts a n d o n e c a p 
(F ig . 5 -1 ) . 

FIG. 5 - 1 . Three-piece set for timbering a drift: A. front view of set; B, side view of set; 
a, wedge; b, lagging; c, headblock; d, butt cap; e, cap, round; / , post, round; g, girt; k, tie; 
i, bridge piece; j, top lagging; k, footboard; I, hlork; m, dLtch; n, bottom of cap; o, bottom of 
drift. {Courtesy U.S. Bureau of Mines.^) 

The sets f o r m the m a j o r f r a m e w o r k of tunnel t imber ing . Add i t i ona l 
p r o t e c t i o n is required t o p r e v e n t t h e c a v i n g of l o o s e mater ia l b e t w e e n t h e 
sets. T h i s is a c c o m p l i s h e d , where necessary , b y p lac ing po les , s labs, or 
s a w e d l u m b e r on top of t h e caps and on the outs ides of the posts, b e t w e e n 
t h e p o s t s a n d t h e tunne l walls . T h i s is ca l led lagging; t h a t a b o v e the c a p s 
be ing k n o w n as top or working-floor lagging, that a t the sides be ing called 
side or gob lagging. T h e c o n s t r u c t i o n o f chutes, used for the l oad ing of ore 
o r waste into m i n e cars , c o n s u m e s rather large quant i t i es o f h e a v y stuU 
t i m b e r s a n d p lank. 

3. The Square-set Method of Timbering Stopes. T h e square-set 
m e t h o d is w ide ly used in t imber ing s topes and r o o m s . F a y " defines a 
square set as f o l l o w s : " A set of t i m b e r s c o m p o s e d of a cap, girt , and post . 
T h e s e m e m b e r s m e e t so as t o f o r m a sol id 90 -degree angle . T h e y are s o 
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FIG. 5-3. Vertical sections of the joint in the Rocker method of framing square-set timbers: 
a, post; b, cap; c, girt. (Courtesy U.S. Bureau of Mines.'') 

mines in But te , M o n t a n a . This j o int has m a n y advantages over the former 
butted posts and square and bevelled framing. 

D . A V O I D I N G T I M B E R W A S T E I N M I N E S 

I t has been estimated that as much as 85 per cent of all t imber used 
underground is employed in temporary working spaces. It has also been 
reported that at least two-thirds of this t imber is abandoned in a relatively 
short t ime, often while the w o o d is still sound. This estimate gives due al
lowance for t imber quantities known to be salvaged, including mine ties. 
M u c h of this waste is unavoidable , yet more emphasis on salvage procedures 
would undoubted ly result in large savings. A t least, that has been the case 
in Europe where the matter has been given a g o o d deal more thought . 
The deve lopment of methods that require less t imber and of more efficient 
salvage operations has resulted in substantial savings of t imber in Europe . 
The fact that much of the t imber cannot be salvaged, however , dictates 
certain requirements that mine timbers must meet , the most obvious being 
the lowest possible cos t consistent wi th strength properties that will p rov ide 
max imum safety. 

framed at the intersection as to form a compression jo int and jo in -with 
three other similar se ts . " A d iagrammatic sketch of square-set t imbering 
is shown in Fig. 5 - 2 A ; a vertical transverse section through a typical 
square-set stope is shown in Fig. 5 - 2 B . 

a. Joints Used in Constructing Square Sets. T h e most c o m m o n method 
of joining the component members of a square set is shown in Fig. 5 -3 . 
This is the step-down or Rocker 4-8-12 m e t h o d used extensively in the copper 
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II. THE CLASSIFICATION AND CHARACTERISTICS OF MINE TIMBERS 

A. C L A S S E S OF M I N E T I M B E R S 

Mine timbers fall into two general groups, round and sawed, the former 
constituting somewhat more than half the total amount of timber used. 
Split and hewn timbers also are used to a limited extent. Cost is the 
principal factor governing the selection of mine timbers. Sawed timbers 
are used for most more or less permanent installations, such as headframes, 
entry and shaft timbers, haulageways, certain types of lagging, tipples, 
trestles, ore bins and chutes, pumping stations, and mine ties. Square 
timbers have certain advantages, notably ease of framing and the more 
workmanlike j ob of construction that can be accomplished. When the 
square-set method of timbering was originated, it was considered impos
sible to obtain the desired strength with round timbers. The development 
of better joints, such as the Rocker joint (Fig. 5-3) dispelled this belief. 
N o w round timbers, usually untreated, are used almost exclusively where 
the duration of working in a mine is less than the life expectancy of treated 
wood, and for nearly all temporary timbering where it is impossible to 
salvage the timbers as the workings advance. 

Rapraeger shows that round timbers and sawed timbers of the same 
cross-sectional area have virtually the same strength but that round t im
bers have two slight advantages in this respect. The axis of a round piece 
is almo.st always parallel to that of the component fibers, whereas sawed 
material is often cross-grained as a result of improper sawing. Knots can 
be expected to have less effect in reducing strength in round timbers than 
in sawed material, since in the former they are usually smaller. The above 
is based on t w o assumptions: (1) that the round members can b e fastened 
together as securely as sawed timbers; and (2) that the volume of sapwood 
will not be reduced b y decay during the service life of the timber. 

B . Q U A L I T I E S D E S I R E D IN M I N E T I M B E R S 

W o o d for use as mine timbers should possess the following qualities: 
1. Strength 

a. High stiffness and compressive strength 
b. Lack of brashness 
c. High strength-weight ratio 

2. DurabiUty 
3. Availability 

4. Low initial and low maintenance costs 

Strength is, of course, of vital importance, since the safety of workers is 
at stake. Stiffness and compressive strength, both parallel and at right 
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iingles to the grain, are essential. Mos t mine props are used as columns, 
although they may be used as beams under various types of loading. Bear
ing strength is also important, particularly since the joints most c o m 
monly used depend on side bearings to sustain superimposed loads as 
well as to maintain tight joints. Brashness, which results in timbers break
ing at reduced loads and without warning, cannot be tolerated. Cross or 
spiral grain or combinations of the two, if present to the extent of weaken
ing timbers beyond safe limits, are also dangerous. 

The total output of a mine is often governed by the efficiency and ca
pacity of the hoisting system, and the transportation of supplies into a 
mine is a large part of the total cost of operation. The weight of wood used 
for timbering is, therefore, of the utmost importance, since wood for t im
bering represents a large part of the material that must be moved in many 
mines. Direct labor costs are also involved, since most timbering must be 
placed by hand under unfavorable working conditions. The preference for 
Douglas fir over western larch in the R o c k y Mountain mining region is an 
example of the effect of weight in the selection of a species. The properties 
of the two species are essentially equal for use as mine stuUs, yet western 
larch usually enjoys only second choice because of its greater weight. Thus 
light weight, consistent with adequate strength, is an important property 
in species used as mine timbers. 

The importance of durability varies with the length of service required 
of timbering. In temporary locations it may not be a factor at all. In 
semipermanent installations the wood used should have sufficient durability 
to ensure protection from decay for the expected life of the operation. 
Where long service is required, preservative treatments are essential and 
ease of treatment may be of greater importance than natural durability. 
This subject will be covered more fully in a discussion of wood preserva
tion that will appear in following paragraphs. 

Availability and cost may be interdependent factors. If timber supplies 
are available at or near the mine site, the initial cost of wood is usually far 
less than that of substitute materials. This is the case in most mining areas 
in the United States, but there are exceptions. Sometimes mines must 
compete for supphes of costly timbers that are more valuable for other uses. 
Low-quality supplies may be expensive because of scarcity. In some arid 
regions even strength properties may be secondary to availability, making 
it necessary to utilize local species in order to obtain any timbers at all. 
In most mining regions, however, adequate supplies of relatively low-cost 
species are available. 

The high cost of maintenance is one of the disadvantages of wood for use 
as mine timbers. This objection is valid when untreated wood is used in 
permanent installations and must be replaced frequently because of decay 
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or excessive wear. Often this difficulty can be overcome b y preservative 
treatment. The objection is not applicable in temporary workings or in 
stoping and other locations where no attempt is made to salvage the t im
bering. 

C . A D V A N T A G E S OF W O O D A N D S O M E C O M P A R I S O N S W I T H SUBSTITUTE 

M A T E R I A L S 

T h e advantages of wood over substitute materials are numerous and 
the}' ijresage the use of wood timbering at rather permanent levels of con
sumption per ton of coal or ore mined. Brush / in 1938, reported that 4 
per cent or less of wood had been displaced b y steel and concrete at that 
time. These substitutes have found logical uses in specialized installations, 
particularly where permanence and fire resistance are factors. Even so, i t 
is expected that wood will continue to be used extensively, even in the one-
third of mine construction that is considered permanent in nature. Post
war shortages of steel indicate that this condition m a y exist for some years. 

The advantages of wood over other materials are (1) relatively low initial 
cost, (2) availability, (3) favorable strength-weight ratio, (4) graduulness 
of failure, giving warning of impending danger, (5) adaptability because 
of ready workability, and (6) sufficient durability for most short-term re
quirements. Cost, availability, and safety are probably the most important 
advantages of wood over substitute materials. 

The initial cost of wood is far less than that of substitute materials. This 
is important, since at least two-thirds of all mine timbers are either not 
salvageable or are used for only short periods. Availability is often a factor 
in cost, but stuUs can be shipped for considerable distances and still main
tain favorable price margins. The fact that treated timbers cost no more to 
ship than untreated timbers is also a factor, since the former have sufficient 
service life t o compete with steel under all but the most unfavorable con
ditions. Considering the average life of permanent installations in a mine, 
the cost of maintaining treated materials m a y not be significantly higher 
than the upkeep of steel, which must be painted at regular intervals to 
prevent deterioration. Opinion differs on this point, however; figures are 
available to support the contention of lower over-all costs for both ma
terials. The fact remains that wood is suitable, and often preferred, for 
most mining operations. It costs less for most uses and is available at or 
adjacent to most of the important mining regions of the United States. 

The strength-weight ratio of wood compares favorably with that of steel 
and concrete. The stiffness of wood is also a factor i c withstanding the 
high pressures produced by earth movements. According to Hornor and 
Tufft,« 
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Steel is strong, but under excessive pressure lacks the tenacious resistance to fail
ure shown by timbers. Steel fails by buckling; and once failure has set in, buckling 
usually proceeds rapidly, whereas a mine timber under pressure exceeding its 
strength usually fails gradually. Concrete also fails rapidly when loaded beyond 
its carrying capacity. Neither of these materials gives appreciable warnings of 
failure. 

Adaptabi l i ty , attributable t o a large extent t o workabi l i ty , is an out 
standing advantage of w o o d . I t has a marked effect on t imbering costs, 
particularly in temporary workings. Steel tunnel sets designed for t e m 
porary workings lack the flexibility of w o o d in situations that require 
ready adjustments to variations in the size of tunnels. Also, the jo ints are 
usually more difficult to assemble underground. Because of the higher 
initial cos t of steel, losses are greater w h e n t imbering is buried as a result of 
cave-ins. T h e waters found in many metal mines and some coal mines are 
highly corrosive. In such places steel suffers a fate similar t o that of w o o d 
t imbers subjected t o decay in warm, humid mines, a n d rapid corrosion 
may make the use of steel costly . Steel t imbering m a y last indefinitely, 
however , in comparat ive ly cool^ dry mines, with only a m i n i m u m of main 
tenance in the f o r m of occasional coats of protect ive paints. Durabi l i ty , 
because it is so closely related t o w o o d preservation, will b e discussed under 
that heading. 

Steel t imbering was once hailed as the solution t o the rising costs of w o o d 
stuUs, but its extensive use has never materialized. B o t h steel and concrete 
have, however , b e c o m e standard materials for certain locations in mines, 
particularly in the coal mines of the Eastern United States. T ipp les , steel 
or cast-iron supports for main haulageways, shaft b o t t o m s , and pumping 
stations and, t o some extent, shaft sets and drift sets, are a m o n g the c o m 
m o n uses of steel at the present time. 

Concrete is mos t c o m m o n l y used for machinery foundations, headframes, 
shaft collars, shafts and linings for shaft and hoisting stations, as a lining 
for shafts t o exclude water, for sumps and the walls of pumping stations, for 
fire walls, and, rarely, for precast shaft sets and stringers. I t is sometimes 
used for the construct ion of pillars in large stopes and to reinforce natural 
pillars t o prevent them f rom falling or crumbling. T h e most important 
uses of steel and concrete are for the construction of headframes, shaft and 
adit openings, and other surface structures where the prevention of fires is 
vital. 

F r o m the foregoing it can be seen that w o o d , steel, and concrete all serve 
useful purposes in mine construction, each being adapted to special appl ica
tions on the basis of inherent properties. There seems little doubt , however, 
that w o o d will continue to dominate the mine-t imber field. Its favorable 
properties, l ow cost , and availabil ity, combined with its adaptabi l i ty t o the 
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short-term requirements of most mining operations, provide advantages 
that will be difficult t o overcome unless prices of substitute materials can 
be reduced considerably below present levels. 

D . P R E S E R V A T I O N O F M I N E T I M B E R S 

The principal disadvantage of wood for use as mine timbers is its lack of 
durability, i.e., its inability to resist the attacks of insects and wood-destroy
ing fungi. Insects often attack underground timbers, particularly unpeeled 
stuUs, but the total damage produced does not approach that caused by 
decay. The decaj ' problem is more critical in mines than it is above ground 
because the warm, damp atmosphere in most mines provides opt imum 
growth conditions for many wood-destroying fungi. Under such conditions, 
nondurable woods may have a service life of only 1 year, and even naturally 
durable woods, such as white oak and the heartwood of Douglas fir and the 
southern yellow pines, may last only 3 or 4 years. 

As mentioned previously, durability is not a point of issue in the case of 
timbers that cannot be salvaged. The situation is quite different, on the 
other hand, when wood is used in permanent and semipermanent structures 
such as entry shafts and headframes, haulageway timbers, raises, ore bins 
and chutes, pumping stations, and similar installations. Even though the 
use of steel and concrete for such structures is increasing, wood is still used 
extensively. This poses the problem of frequent replacement costs versus 
wood preservation. For semipermanent construction, the selection of 
naturally durable species may be sufficient to assure adequate life. In 
most cases, however, preservative treatment is the only means of reducing 
replacement costs and providing the service life required in permanent 
locations. Tests over a long period of time have demonstrated repeatedly 
the economy of treated mine ties and timbers. Hunt and Garratt give 
an excellent analysis of savings that can be effected, both for mine timbers 
in particular and treated wood in general, yet the amount of treated wood 
used in mines has increased only slightly through the years. This indif
ference to the advantages of treated wood for use in permanent construc
tion, both above and below ground, is difficult t o understand. The applica
tion of preservatives to surface structures, as well as for miscellaneous mill 
equipment, has also been ignored for the most part. Hornor and Tufft ^ 
state that approximately 80 per cent of replacements of mine cars and 
trucks, concentration tables, tanks and flotation machines, and similar 
items are caused by decay. They estimate that only about 15 per cent of 
the total wood consumed is used in permanent openings, which are expected 
to have an average life of 12 years. The average life of untreated timber, 
where not subject to crushing or destruction b y mechanical wear, is ap-
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proximately 3 years, or even less in some cases. The implications are 
obvious; untreated material would have to be replaced at least three times, 
if not more often. Properly treated timbers will last 10 to 20 years. In
creases in costs over the use of treated timber are significant, since the cost 
of replacement is often double that of the original installation or more. 
The increased drain on available supplies of suitable stulls must also be 
considered. W o o d preservation cannot be justified from the standpoint of 
economy in the many temporary structures used in mining. There can be 
no question, however, of the far-reaching benefits that would accrue to the 
mining industry from the intelligent application of wood-preservation 
practices. 

1. Selection of Mine Stulls. The selection and handling of stulls and 
sawed material prior to placement in a mine may have marked effects on 
the service that can be expected. With respect t o selection, Hunt * states, 
"Selection of timbers without consideration of the grade and possibilities 
of preservative treatment may result in the shipping of timber for long 
distances when more suitable material is available locally." Timber is 
usually selected on the basis of species and the reputation it may have for 
strength and durability. This is not enough in many cases. Low-quality 
material of a desirable species may be less suited for mine timbers than 
good-quality material from an inferior species. A knowledge of structural 
grades and the relationship of grade to strength values is essential. Joyce 
has worked out some interesting tables in which steel and wood timbers 
are compared under the types of loatling encountered in supporting the 
roofs of mines. A further factor in the selection of stulls is the assurance 
that they are sound and not already infected b y decay-producing fungi. 
Ordinarily this dictates immediate dehvery to the mine, since logs left on 
the ground in the woods usually decay rather rapidly, particularly in the 
summer months. 

2. Peeling. Peeling is one of the best means of protecting stulls from 
deterioration during storage. Unless immediate use is assured and the 
expected service life is extremely short, all round timbers should be peeled 
as soon as cut or shortly thereafter. Peeling expedites seasoning and re
duces materially the possibilities of insect damage !)oth prior to and after 
installation. The elimination of insects has double benefits, because the 
spores of fungi find ready access to the interior of wood through insect 
borings. Numerous experiments have shown that peeled stulls last longer 
than those that are installed with the bark on. In spite of such experi
ments, much timber that could be peeled to advantage is put in place with
out removing the bark. 

3. Seasoning. Proper seasoning of mine timber has several advantages. 
Seasoned timbers are slightly stronger than green timbers and it has been 
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shown that properly seasoned wood gives longer service than unseasoned 
timbers. The difference is not great in extremely wet locations but may 
be appreciable in well-ventilated, comparatively dry mines. Seasoning is, 
of course, desirable prior to preservative treatment. The saving in weight 
brought about by seasoning represents distinct savings in freight and 
handling and in hoisting costs at the mine. 

4. Storage of Mine Timbers. In spite of the high cost of mine timbers, 
outright losses of large volumes of wood have been observed at many mines 
as a direct result of improper storage. T o o often costly timbers are dumped 
or stacked in large piles on damp, poorly drained soil without any thought 
being given to the prevention of deca}^ Piling methods that prevent 
deterioration also promote seasoning. Proper storage and seasoning meth
ods are the same as for other forest products. T h e important factors to 
consider are a properly drained storage yard, elevation of the piles above the 
ground, and provision of sufficient space to assure adequate circulation of 
air around each piece of timber in the pile. The increasing costs of stuUs 
are focusing the attention of mine operators on better storage practices, 
but much improvement is still to be desired. 

5. Preservative Treatments. Any of the standard preservatives are 
satisfactory for the treatment of mine timbers.^" The choice of a particular 
treatment will depend on the length and character of service the treatment 
is required to perform, the species to be treated, the location of the mine 
with respect to treating facilities, the cost of treatment, the extent of fire 
hazard in a given mine, and other factors. It is sufficient to say, for the 
purposes of this chapter, that the judicious use of any proved wood preserv
ative will result in material savings to the mine owner. 

6. Other Causes of Deterioration. Decay probably causes more than 
half the timber failures which occur prior to the normal abandonment of 
mine openings, but breakage and crushing and, to a lesser extent, mechan
ical wear and fire also cause the destruction of mine timbers. Decay , of 
course, contributes t o losses from breakage and crushing. Crushing and 
mechanical wear of sound timber can be reduced by proper engineering. 
Losses caused by fire, although smaller than those caused by other destruc
tive agencies, are of vital importance from the standpoint of human safety 
and, because of this, a matter of concern to anyone interested in the use 
of wood in mines. Direct losses of timbers as a result of fires are usually 
small as compared to lost operating time and the cost of fighting the fire 
and of putting the workings back in operating condition. Most serious of 
all is the ever-present danger of loss of life, which can be staggering in a 
serious mine fire. W o o d , being inflammable, is suspect from this stand
point. Steel and concrete serve a useful purpose in mine construction, 
both above and below ground, because they are not inflammable. 
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Probably the best method of eliminating the danger of fire from wood 
timbering is t o resort to fire-retardant treatments. Unfortunately, such 
treatments are still too costly for general use, even though they can be 
combined with a wood preservative. Other methods consist of spraying 
timbers with concrete (Guniting) and other noninflammable materials. 
Guniting has given good service in some mines. The use of concrete and 
steel headframes and other units at the mouths of shafts, where fires are 
particularly dangerous, and at all other critical points is effective in re
ducing the fire hazards of mines. The use of large quantities of wood is 
inevitable, as has already been pointed out, and special precautions must 
be taken to reduce the dangers of fire. Among these are the use of efficient 
sprinkler systems, the exercise of great care in the installation of electric 
wiring, adequate ventilation to prevent the accumulation of explosive dusts, 
avoiding carelessness with miner's lamps, blasting fuses, combustible fuels, 
and the like, and providing ample fire-fighting equipment. Decayed wood 
is more combustible than sound wood. Thus a good preservative has a 
secondary advantage of aiding in the reduction of fire hazard. Some 
preservatives, however, or the solvents in which they are applied, increase 
the inflammability of wood, at least temporarily. This must be considered 
in selecting a preservative. 

W o o d no doubt contributes to the spread of fires in a mine, particularly 
the smaller pieces used for lagging, but once a fire has started, failure of 
heavy wooden members progresses rather slowly. Steel and concrete will 
fail rapidly at the temperatures encountered in a major fire. Heavy wood 
timbers will char on the outside but retain a large part of their strength for 
a much longer time. T h e timbers may fail eventually, but the time gained 
to fight the fire may be instnunental in saving endangered lives. 

E. PRODUCTION OF M I N E T I M B E R S 

The production of mine stulls is almost invariably carried on apart from 
standard logging operations. Sometimes the stull cutters follow other 
logging operations, taking the smaller trees, but more often they operate 
in young stands, cutting the trees that will meet mine specifications. This 
is true both in the hardwood regions of the East and the softwood areas of 
the West. In Idaho some stands cut for lumber during the depression 
have been reiogged for stalls. There are a few instances of stulls having 
been supphed from thinnings and improvement cuttings, but such cases 
are rare. For the most part, stull production is carried on without con
sideration of the aims of sound forest management and often in direct con
flict with such aims. 

Supplies of round timbers, except in unfavored areas, are most commonly 
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obtained from nearby forests, and most of the sawed material comes from 
local mills. In a recent report ^ it is stated that the anthracite mines of 
Pennsylvania obtain about 90 per cent of the round timbers and 75 per 
cent of the sawed material they use from the 15 counties of the anthracite 
region of the state. This situation is the general rule in the mining areas 
of the United States. In certain parts of Montana, the Southwestern 
states, and a few other regions not favored with suitable timber stands, ap
preciable quantities of timber must be shipped from outside sources. D o u g 
las fir and southern yellow pine timbers are being shipped in increasing 
quantities to Eastern coal mines. The shipment of treated timbers for 
considerable distances is becoming more c o m m o n ; e.g., mines in Idaho and 
Montana are purchasing treated material from treating plants in Seattle 
and Portland. 

There are no standard specifications for mine stuUs, and fe\v mines have 
published specifications. Round timbers are usually cut in accordance 
with an advance purchase order.** In the coal-mining region of Pennsyl
vania, props may be purchased by the lineal foot according to top diameter, 
at random by lineal foot and top diameter, or by the ton. The diameters 
and lengths specified vary with the individual preferences of the mine 
operators. They are, of course, influenced by the type and size of the ore 
bodies being mined, the method of mining used, the pressures encountered, 
and other factors. The requirements of one group of mines in Montana 
offer an example of the range of stull sizes. StuUs are cut in the woods to 
log lengths of 11, 14, and 16 ft., about 2 per cent being 14 ft. long, 5 per 
cent 11 ft. long, and 93 per cent 16 ft. long. The 16-ft. length is the most 
economical, since it is a standard log length that can be handled with 
standard logging and loading equipment. It is also the moat versatile, be
cause it will produce the following pieces with a minimum of waste: three 
caps, 5 ft. 4 in., one 7-ft. post, and one 8-ft. 2-in. post ; or two 5-ft. 4-in. 
caps and one 5-ft. girt; or two of these girts and one cap. An 11-ft. stuH 
will cut two caps without waste but is not adapted to the production of 
posts. The 14-ft. length is even less economical. The majority of the 
stulls obtained for this group of mines from immature Douglas fir and 
western larch stands come from trees that give top diameters of 8, 9, 10, 
and 7 in. in the approximate order given. N o single top diameter can be 
considered ideal, but a tree with a diameter of 12 to 13 in. breast high ap
proaches this. According t o Hough,^ the common practice in the bitu
minous coal regions is t o cut stulls 5 to 15 ft. in length and with a minimum 
top diameter of 3.5 in. inside the bark. Round props are preferred, but 
split props up to 8 ft. long will be accepted. Lagging as small as 2 in. top 
diameter inside the bark is purchased by some mines-

The production of round stulls is much the same in all parts of the 
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country, although the type of producers involved may vary somewhat. In 
many parts of the Eastern and Middle Western states, large quantities of 
stulls are supplied by farmers who work in the woods during the winter 
months or who harvest trees from their own wood lots. Professional stull 
choppers are also common, some cutting purchased stvimpage, others 
harvesting props on land owned by mining interests. Jobbers are com
m o n ; many mines prefer to deal with reliable jobbers rather than with a 
large number of small producers. In parts of the West, stulls often are cut 
by loggers in off periods, or the mines may contract for logging with persons 
who are engaged in stull production as a regular business. Local shortages, 
the fear of depleted supplies, or competition from other users of logs have 
prompted some mining companies t o purchase timber holdings and have 
put some mine owners in the sawmill business. 

The essential steps in producing stulls are logging, peeling, and seasoning. 
Some mines will purchase stulls either peeled or unpeeled, seasoned or un
seasoned. Peeling in the woods is sound practice, since it promotes more 
rapid seasoning, reduces shipping costs, and avoids the accumulation of 
waste bark at the mine site. Peeling is usually done b y hand, with spuds. 
The efficient new barking machines developed b y the pole industry would 
be excellent for this purpose and will, no doubt, be adopted by some stull 
producers. Peeling by hand is more difficult in the fall and winter than in 
the spring. It has been reported that the difficulty of peeling frozen logs 
in the R o c k y Mountain region is sometimes overcome b y rolling the stulls 
through a large fire prior to removing the bark with spuds. 

Framing of timbers is done at the surface in modern framing plants at 
most large mines. Preframing of square-set members requires a precision 
which would be difficult to accomphsh in the crowded quarters below 
ground. Modern sawing equipment, with automatic log-turning devices 
and mechanical conveyers, is used extensively in the framing plants. 
Sawed material finds many uses in a mine. In addition to the sawed ma
terial used for permanent structures both within the mine and at the 
ground level, large quantities of wood are used for wedges, lumber and 
plank for lagging, ladder stock, mine-car material, shaft guides, and many 
other items. These, in so far as possible, are purchased from local saw
mills or produced in the mine company 's own mill. Mine ties may be pur
chased locally or imported from outlying regions, depending on the suit
ability of species growing in the vicinity of the mine. Items such as shaft 
guides, which require special grades of structural material, are usually o b 
tained from outside sources. 

1. Species Used. Oak is the most widely used species for all types of 
mine construction in the Eastern, Southeastern, and Central states. White 
oak is preferred because of its greater durability. Depending on available 
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supplies, red oak, maple, beech, birch, ash, some hickory, and the dwindHng 
supplies of chestnut are other hardwoods commonly used. Some yellow 
poplar is used for sawed stock. Among the softwoods, hemlock, spruce, 
and the local pines are \ised to some extent. T h e use of Douglas fir and the 
southern yellow pines is increasing east of the Mississippi River, particularly 
for structural timbers of all kinds. Available sources of suitable timbers 
in the Illinois mining area have largely been consumed, remaining sources 
being of rather low-quality second-growth hardwoods. M u c h of the t im
bering consumed in this region comes from Missouri, but some supplies of 
tamarack and hardwoods are obtained from Wisconsin and Michigan. 
Here, too, the southern pines and Douglas fir are being used more ex
tensively. The situation is similar in the Lake Superior region, the local 
supply of high-quality, durable species being very small. 

In the West, the R o c k y Mountain form of Douglas fir is the most c om
mon source of mine timbers. In Colorado this species is supplemented b y 
EngcJmann spnice, lodgepole pine, and, less commonly, some of the high-
elevation five-needled pines. In some of the more arid locations western 
yellow pine is the only species that is available in any quantity. In the 
northern Rocky Mountain area of Montana and the Inland Empire lodge
pole pine was once used extensively, but Douglas fir and western larch are 
now the principal species. Lodgepole pine, western yellow pine, and some 
spruce are used in areas where local supplies of the preferred species are un
available. The Southwestern states depend to a large extent upon locally 
grown western yellow pine, but supplies of this species must be augmented 
by importations from other states. Local supplies of durable species of 
suitable quality are decreasing in some regions. Under proper forest man
agement practices, such as have already been demonstrated as practicable, 
this situation could be corrected in most cases. 

2, Costs of Mine Timbers . A detailed discussion of stull, prop, and 
mine-timber prices has purposely been eliminated from this chapter. Since 
there are no standard specifications for mine timbers, cost comparisons are 
difficult without the establishment of complicated conversion factors. 
Further, there are no comprehensive analyses of costs available since 1938. 
Current prices are inflated and would probably be obsolete in a very short 
time if included in the text at this time. 

F . A N N U A L . R E Q I U R E M E N T S A N D T R E N D S 

Comparatively speaking, the use of wood as mine timbers is a rather un
productive form of wood utilization l)ecause so little value is added to the 
raw material piior to its ultimate use. The use of wood for mine timbers 
is, nonetheless, an important factor in our national economy, consuming as 

file:///ised
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it tioes between 2 and 3 per cent of the national cut and being exceeded in 
consumption only b y lumber, fuel wood, railroad ties, fence posts, and 
pulpwood. 

The normal requirements for mine timbers for the period 1938 to 1945 
were estimated by Brush ^ in 1938 to be approximately 250 million cubic 
feet, 130 million cubic feet of which was round and split material. The 
other 120 million cubic feet was sawed material, representing about 550 
million board feet of lumber. This quantity included all wood used under
ground, track ties, car material, and that required above ground for struc
tures directly employed in mining operations. W o o d for dwellings and 
offices was excluded from the estimate. A more recent estimate published 
in 1946 has placed the requirements for round timbers at 220 million cubic 
feet and the consumption of sawed material at approximately 500 million 
board feet for the period from 1945 to 1955. These figures indicate a 
reversal of the prewar trend toward the use of higher percentages of sawed 
over round material. This is attributed to the increased mechanization 
of mines. A stutly of the wood requirements of the anthracite mines of 
Pennsylvania ^ indicates the same trend. 

The amount of wood used per ton of ore or coal mined varies with the 
type of material being mined. For example, in 1935 the total amount of 
wood used, in cubic feet per ton of ore mined, was as follows: iron ore, 
0.158; bituminous coal, 0.382; "other metals," 0.603; anthracite coal, 
0.740. The consumption of "all mines" was 0.426 cu. ft. per ton of ore 
T h e relationships between the consumption of wood in the various types 
of mines are maintained in the 1946 estimates mentioned above, but they 
show a decrease in the proportion of sawed material, an increase in the 
amount of round material, and an over-all increase in the total amount of 
wood used per ton of ore. It was Brush's opinion in 1938 that an increase 
in the use of sawed wood could be expected. Even though this has not 
been borne out in postwar findings, the situation that exists now may not 
be normal. The high postwar cost of sawed material has probably been a 
factor in this change of trend. 

Coal mines use approximately 80 per cent of the wood used in mining; 
Pennsylvania, West Virginia, and Kentucky, in the order named, lead all 
other states by wide margins. As mentioned previously, oak is the pre
dominant species used. Of the wood used in coal mines the distribution is 
approximately as follows: 80 per cent for single props, 15 per cent for caps 
or crossbars, and 5 per cent for shaft and repair timbering. In most metal 
mines the percentages of timbers used for shafts, turmels, and square sets 
are much greater, single props being used much less frequently. 

The consumption of wood in mines varies directly with ore production, 
which, in turn, is sensitive to general economic conditions. Prior to the 
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First World War, mining expanded rapidly in keeping with the tremendous 
industrial development of the times. It was further stimulated during the 
war years, suffered a heavy decline after the armistice, recovered in 1923, 
and rose again to a fairh- steady level until the depression years, when the 
total output of all mines fell considerably below the 1905 level. By 1935 
production had recovered to the level of approximately one-half of the 
1928 total. The heavy demands of the Second World War again stimulated 
production, and again there was a sharp drop at the end of hostilities as a 
result of labor unrest, scarcities of essential materials, and other factors. 
As this is written, production is again on the increase, and it may again 
reach the peaks attained in 1918 and 1928. With prospects of full employ
ment at home and a comprehensive aid program abroad, it seems likely that 
ore production may continue at relatively high levels for several years, at 
least. If so, there is every prospect that wood will enjoy a position of 
heavy demand. The competition for supplies from badly needed house 
construction and other uses for wood has raised the cost of mine timbers to 
high levels in some regions. This may encourage the use of substitutes at 
higher levels than previously realized, but steel, too, is in short supply and 
very costl,y. On the other hand, impending petroleum shortages may ac
celerate the production of coal for its conversion to liquid fuels by the 
Fischer-Tropsch and similar processes. Eventually, of course, there is the 
possibility that the development of atomic energy may have far-reaching 
effects on the amount of coal that is mined. 

Prior to the Second W^orld War there were several factors tending toward 
reductions in the amount of wood used in mining. For the most part, 
these trends have been intensified since the war. T h e y are (1) increased 
salvaging of timber from abandoned workings because of the increasing 
costs of timbers in most localities, (2) increased use of machinery such as 
conveyer systems, which eliminate the need for mine ties, (3) increased use 
of strip, or surface, mining, (4) the substitution of steel and concrete for 
wood, and (5) the increased use of treated lumber. The primary con
sideration in each of the trends listed above is the reduction of labor costs; 
labor costs are even greater than they were prior to the war when the above 
trends began to be manifested. Actually, none of these trends has had a 
significant effect in reducing the amoimt of wood used in mining, but it is 
expected that inroads may materialize if labor costs remain at the postwar 
level for an appreciable length of time. 

• G . R E S E A R C H IN M I N E - T I M B E R U T I L I Z A T I O N 

There are virtually no records of research designed to reduce the amount 
of wood used in mines or to improve mine structures constructed of wood. 
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CHAPTER 6 

R A I L R O A D T I E S 

Rai lroad ties are classified, depending on use, in three categories: ( I ) 
crossties, (2) switch ties, and (3) bridge ties. Crossties, or sleepers, as they 
are sometimes called, are the beams that support railroad rails on the road
b e d ; switch ties support the rails and frogs at switches; and Ijridge ties, 
laid on bridge and trestle stringers, support the track on these structures. 
Switch and bridge ties are usuafiy sawed, b u t crossties are either hewed or 
sawed. Sawed a n d h e w e d crossties m a y b e faced o n t w o oppos i te sides o r 
they m a y be faced on four sides. Formerly most crossties were hewed, but 
n o w approximately 55 to 60 per cent of the total annual product ion is 
sawed. T h e proport ion of sawed ties varies in different parts of the coun 
t r y ; in the West the proport ion of sawed ties is greater, but in the N o r t h 
east the proport ion of hewed ties is greater. T h e old-t ime tie maker, or 
" t i e h a c k , " with his b roadax is s lowly yielding his function t o portable and 
stationary sawmills. 

A. A D V A N T A G E S o r W O O D AS A T I E M A T E R I A L 

Because of its resiliency, strength, e c o n o m y , availabil ity, electrical re
sistance, noncorrosive qualities, sound-absorbing ability, spike-holding 
capacity , and nonelectrolytic properties, w o o d is the outstanding material 
used for ties by steam and electric railroads. Although more than 2,500 
patents are reported t o have been granted for substitutes for the w o o d 
crosstie, none of these substitute materials has offered a serious challenge. 
Of the estimated 992,437,654 crossties in maintained tracks of Class I 
line-haul railways * in 1949, 91.99 per cent were of trealed w o o d , 7.99 per 
cent were of untreated w o o d , and 0.02 per cent were of materials other than 
w o o d , principally steel and concrete . In 1949, 213 ties of material other 
than w o o d , costing $1,977, were laid in new and previously laid tracks b y 
Class I railways in the United States . ' T h e average cost of these ties was 
$9.28 apiece. 

In 1949, Class I i-aihvays placed, in new and previously laid tracks, about 

* Class I line-haul railways include those whose annual revenues total one million 
dollars or more. These roads own appro.vimately 95 per cent of the track mileage and 
employ about 98 per cent of all railway wage earners in the United States. 

104 
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Year 

Untreated wood 
crossties, 

thousands 
of pieces 

Treated wood 
crossties, 
thousands 
of pieces 

Other than 
wood 

crossties, 
thousands 
of pieces 

Wood switcii 
and bridge ties, 

M bd. ft. 

1 9 4 0 6 , 3 2 6 3 7 . 2 9 4 1 1 4 5 , 5 5 3 
1941 5 , 7 6 3 4 1 , 4 6 1 1 1 4 4 , 6 0 0 
1 9 4 2 4 , 6 1 8 4 3 , 9 9 8 b 1 3 6 , 9 4 4 
1 9 4 3 3 , 0 0 9 4 1 , 5 3 0 b 1 2 4 , 0 9 7 
1 9 4 4 3 , 1 3 4 4 4 , 8 9 7 2 1 3 7 , 7 8 0 
1 9 4 5 2 , 6 2 9 4 1 , 2 8 3 b 1 3 0 , 5 2 0 
1 9 4 6 2 , 1 3 3 3 5 , 4 2 9 b 1 0 6 , 2 0 5 
1 9 4 7 1 , 0 8 2 3 5 , 3 0 7 b 1 0 8 , 1 5 9 
1 9 4 8 1 , 8 1 8 3 5 , 0 2 4 6 1 1 9 , 0 3 2 
1 9 4 9 1 , 4 1 0 2 8 . 8 7 5 b 1 0 7 , 7 9 3 

" SOURCE: U.S. Interstate Commerce Commission, Sixty-Tliird AiiiiiiaJ Report on the Statistics of Rail
ways in the United States. 1951. 

* Fewer tiian 1,000 pieces. 

B. DISADVANTAGES OF WOOD AS A TIE MATERIAL 

A l t h o u g h w o o d has a d v a n t a g e s t h a t m a k e it t h e f a v o r e d t ie mater ia l , it 
has several d i sadvantages , the pr inc ipal o f which a r e : 

1. It is s u b j e c t t o a t t a c k b y w o o d - d e s t r o y i n g fungi . 
2. I t checks a n d splits in seasoning, part icular ly in " b o x e d - p i t h " p ieces , 

where the p i th is w i th in the cross sec t i on of the tie. C h e c k i n g in b o x e d -
pi th ties is u n a v o i d a b l e because of t h e di f ference in tangent ia l a n d radial 
shr inkage of w o o d . S a w e d a n d h e w e d ties f rom small trees a n d ties s a w e d 
f r o m the conters of large logs exh ib i t this fault . Pi th- free , f lat-grained ties 
are usual ly n o t s u b j e c t t o severe check ing , a n d t h e y are l ikely t o h a v e 
greater sp ike -ho ld ing p o w e r because , in normal tree g r o w t h , the annual 

32 ,926 ,175 w o o d crosst ies , 95 per cent of which were treated wi th preserv 
a t ives . T h e average cos t o f untreated crosst ies was $1.47 each , and the 
a v e r a g e c o s t o f t reated crosst ies w a s $2 .79 apiece . In a d d i t i o n t o the c r o s s -
ties laid, near ly 131 mil l ion b o a r d feet of switch a n d br idge ties we re p laced 
in new a n d p r e v i o u s l y laid tracks dur ing 1949. T a b l e 6 - 1 indicates the 
quant i t i es of ties replaced b y Class I rai lways in the years 1940 t o 1949, 
inc lus ive , f o r prev ious ly laid tracks o n l y . 

T A B L E 6 - 1 . T I E S REPLACED IN PREVIOUSLY LAID TRACKS BY CLASS I RAILWAYS 
1940 THROUGH 1 9 4 9 " 
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rings b e c o m e narrower as the distance f rom the pith increases. This usually 
means that the w o o d directly under the rails is more dense, for the t op of the 
tie is always considered to b e the wide face that is farthest removed f rom 
the pith, whether the pith is present or not . For these reasons, the flat-
grained, or " h a l f - m o o n , " tie is preferable t o any other form. 

3. I t burns. Engines using coal as a fuel m u s t d u m p cinders and ashes 
at designated places because of the fire hazard. Ties at these points are 
often burned. 

4. I t is subject t o mechanical wear. Crossties that have been given 
treatment with excellent preservatives often wear out and must be re
placed before they decay. This mechanical wear is thought to be largely 
due to the actual abrasion of the w o o d b y the m o v e m e n t of the steel tie 
plates or rails over the surface of the tie, particularly when sand gets b e 
tween the w o o d and the metal. T o a lesser extent , crushing of the w o o d 
fibers contr ibutes t o mechanical failure. 

C . FA C T O R S T H A T PROLONG T H E L IFE O F W O O D T I E S 

Railroad companies are endeavoring to prolong the service of ties by 
adopt ing various practices that reduce decay , mechanical wear, breakage, 
spike-pulling, lateral thrust of spikes, and seasoning defects, such as 
splitting and severe checking. 

It is significant that approximate ly 88 per cent of the ties in maintained 
tracks of Class I railways are n o w of treated w o o d and that several railroads 
have no untreated w o o d ties in their tracks. T h e Chicago , Burl ington, 
and Quincy Rai lroad, in 1909 and 1910, laid ties of 20 species in test tracks. 
Some of the ties were untreated, some were treated with zinc chloride, some 
were treated with a mixture of zinc chloride and creosote, and others were 
treated with creosote only. The average life of the untreated ties was 
found to b e 5.6 years ; that of those treated with zinc chloride, 15.5 years ; 
that of those treated with zinc chloride and creosote, 18.8 years ; and the 
estimated life of those treated only with coal tar creosote, 29.1 years. These 
data are averages for all species combined . Individual species varied widely 
f rom the average. Tab le 6 - 2 gives the average life of 20 species of un 
treated ties and the approximate number of times that t w o methods of 
preservative treatment will increase the average life of these species. 

Mechanica l wear is being reduced b y the use of larger steel tie plates 
under the rails and b y adzing the tops of the ties so that the tie plate will 
have the m a x i m u m bearing surface. T h e old-style, small, corrugated tic 
plate is being replaced b y the heavy , larger, flat plate. 

Breakage is being reduced by the use of larger ties, by the use of better 
ballast, and b y better maintenance of roadbed conditions. 
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Spike-pulling is being minimized b y bor ing holes prior t o preservative 
treatment and b y the use of screw spikes. A spike driven into a bored hole 
of the proper size offers greater resistance t o pulling than one driven into 
solid w o o d , because the w o o d fibers exert greater end pressure against the 
sp ike ; t h e y are n o t bent d o w n as is the case when the spike is driven into 
solid w o o d . Also, in order to obtain better spike-holding capac i ty , some 
railroads are specifying that the t o p one- fourth of the thickness of the tie 

T A B L E 6 - 2 . A V E R A G E L I F E OF U N T R E A T E D T I E S A N D A P P R O X I M A T E N U M B E R OF 
T I M E S T H A T T w o T R E S E R V A T I V E T R E A T M E N T S W I L L I N C R E A S E A V E R A G E 

L I F E O P C E R T A I N S P E C I E S « 

Species 

White o a k . , . . 
Chestnut 
Cypress 
Pin oak 
Hickory 
American e lm. 
R e d oak 
Ye l l ow poplar 
Loblol ly p ine . 
T a m a r a c k . 
Ash 
B e e c h . . . . 
H e m l o c k . . 
Sugar maple , 
R e d g u m . . 
Soft maple . 
Yel low birch. 
Tupe lo g u m . 
Sycamore . 
C o t t o n w o o d , 

Average life in 
years for un
treated ties 

Approximate number of times that 
t w o preservative treatments will in
crease average life of untreated ties 

Coal-tar creosote, 
full-cell process, 
10 to 12 lb. per 

cu. ft. absorption 

Zinc chloride, 
Burnett process, 

H lb. per cu. 
ft. absorption 

1.5 
h 

2 . 2 
3 .1 
3 . 6 
3 . 3 
3 .1 
2 . 6 
2 . 3 
3 .4 
3 .5 
3 .2 
3 . 4 
3 . 9 
2 . 9 
3 . 8 
3 . 8 
4 . 2 
4 . 1 

b 

* .No data. 



108 WOOD PRODUCTS 

shall be of compact wood. This provision is applied to ties made from conif
erous species, and it calls for an average of six or more annual rings per 
inch along any radivis in this section of the tie. Some railroads specify, in 
addition to the ring count, that each annual ring in the top quarter of the 
tie shall contain at least one-third summerwood; or, if the section has four 
to five rings per inch, the tie shall have one-half or more summerwood in 
each annual ring. 

Resistance to lateral thrust of spikes is secured b y specifying ties with 
compact wood in the top quarter of the thickness, by the use of a tie plate 
which is perforated for the spikes and which has a shoulder that meets the 
outside edge of the base of the rail, and b y the use of special tie plates that 
have flanges that extend down the sides of the tie. These special plates are 
bolted to the tie through the flanges. 

Antichecking irons, though not entirely satisfactory, are being used to 
retard checking and splitting during the seasoning process. Common 
forms of these devices are the S, C, Beegle, and crinkle irons. Severely split 
ties are being salvaged b y the use of bolts, by squeezing the parts together 
and applying metal straps around the end of the tie, and b y the use of 
spiral metal dowels made of twisted square iron bars that are driven into 
a bored hole of a size that will ensure a tight fit. 

Deterioration of ties because of fungus attack during the seasoning period 
prior to preservative treatment is being reduced b y better methods of 
pihng and better yard sanitation. M a n y railroads have adopted 1 b y 7, 
1 b y 8, or 1 b y 9 piling in tie-seasoning yards. I n this method, 7, 8, or 9 
ties are laid edge to edge on two parallel stringers that are set on permanent 
foundations. The tops of the stringers are on a level plane. T w o ties are 
placed on top of this first layer of 7, 8, or 9 ties at right angles to the layer 
and at the ends of the layer. Nex-t, another layer of ties is placed above 
these two ties; then only one tie is placed at one end and at right angles to 
this second layer. The third layer is placed on top of this one tie so that 
it is in a sloping position. After the third layer is in place, a single tie is 
then placed across it, at its lower end, and the fourth layer is then added. 
The next "st icker" tie will be placed on top of the fourth layer at the end 
opposite the sticker tie upon which the fourth layer rests. This alternation 
of sticker ties continues until the pile is completed. 

There are two principal advantages to this method of piling. The first 
is that there is less wood-to -wood contact between the ties in the pile, and 
the second is that a pile of this type will contain more ties for the same 
height than one that uses two sticker ties between the layers. That is, if a 
1 b y 9 pile contains 100 ties, a 2 b y 9 pile of the same height will contain 
only 86 ties. 



RAILROAD TIES 109 

D . P R I N C I P A L S P E C I E S U S E D F O R T I E S 

Species tha t are suitable for crossties include the ashes, balsam firs, 
beech, birches, catalpas, cedars, cherry, chestnut, cypress, Douglas fir, 
e lms, gums, hackberry , hemlocks , hickories, larches, locusts, maples, m u l 
berry , oaks, pines, poplars, redwood , sassafras, spruces, sycamore , a n d 
walnut. Former ly , when untreated ties were used and railroad traffic was 
not so h e a v y and fast as it is t oday , natural durabi l i ty , cost, and avai l 
abi l i ty were the principal considerations in selecting a species for crossties. 
T h e more durable and softer woods , such as cedars, cypress, redwood , and 
chestnut, gave g o o d service when not subjected t o severe mechanical wear. 
N o w , however , factors such as resistance t o mechanica l wear, crushing, 
spike-pulling and lateral displacement of spikes, bending strength, and 
ease of treatment with preservatives are making the harder and denser 
w o o d s preferable. T h e e c o n o m y of using treated ties has been d e m o n 
strated so thoroughly that few untreated ties are being laid. Thus the i tem 
of natural abil ity t o resist fungus attack is secondary and the abil ity of the 
w o o d t o take preservatives is of pr imary importance . 

Of the nearly 38 million crossties given preservative treatment ^ in 1951, 
species ranked as fol lows in percentage of the total n u m b e r : 

Kinds of wood Per cent 
Oak 36.8 
Douglas fir 11.5 
Gum 10.7 
Southern pine 9.0 
Larch 3.7 
Lodgepole pine 1.0 
Ponderosa pine 0.9 
White fir 0.7 
Cypress 0 .2 
Maple * 
Hemlock * 
Elm * 
All others 25.5 

* Less than 1/10 of 1 per cent. 

R e d oak is n o w considered b y many to produce the most satisfactory tie 
to meet present condit ions because of the ease with which it may b e treated 
and its superior combinat ion of desirable physical and mechanical p r o p 
erties. Of the oaks given preservative treatment, more than half the total 
is red oak . 
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E. G E N E R A L S P E C I F I C A T I O N S F O R C R O S S T I E S 

Although some railroads publish separate specifications for ties, the 
following American Standards Association specifications ' are fo l lowed 
rather closely. W i t h certain exceptions, ties must be free f rom defects that 
would impair the strength or durabil ity of the wood , such as decay , large 
splits, large shakes, large or numerous holes and knots , and cross grain 
having a slope of more than 1 in. in 15 in. In cedar and cypress ties, a 
l imited amount of pipe or s tump rot and peckiness will b e permitted ; in 
chestnut, " b a r k disease" caused b y the chestnut blight [Endothia parasitica 
(Murr . ) A . & A . ] will b e allowed when it is not more than in. in 
depth . 

T h e rail-seat areas on a tie are important sections. These areas are 
located between 20 and 40 in. f rom the mid-length of the tie on each end of 
standard-gauge ties and between 15 and 25 in. f rom the mid- length of the 
t ie on each end of narrow-gauge ties. Defects such as large knots (greater 
in average diameter than one-fourth the width of the tie) m a y be accepted 
when they are located between the ends of the tie and the rail-seat areas. 
Ties that are t o be used untreated m a y contain sapwood if it is not more 
than one-fourth the width of the tie at the rail-seat areas. Ties having 
sapwood in excess of this amount should be given preservative treatment 
and are designated as " s a p " t ies; the others are designated as " h e a r t " 
ties. 

Ties are divided into t w o general classes on the basis of necessity for 
preservative treatment for satisfactory performance. Class U ties may be 
used untreated, and Class T ties should b e treated. Each of these general 
classes is subdiv ided into four groups in order t o permit tie manufacturers 
t o pile several species together when the purchasing railroad will permit 
such grouping. T h e grouping in each class of ties is as fo l l ows : 

CLASS U — " H E A R T " TIES THAT MAY B E USED UNTREATED 

Group Ua Group Ub 
Black locust Douglas fir 
White oaks Pines 
Black walnut Larches 

Group Uc Group Ud 
Cedars Catalpas 
Cypresses Chestnut 
Redwood Sassafras 

Red mulberry 
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CLASS T — T I B S THAT SHOULD B E TREATED 

Group Ta Group Tb 
Ashes "Sap" cedars 
Hickories "Sap" cypresses 
"Sap" black locust Balsam firs 
Honey locust "Sap" Douglas fir 
Red oaks Hemlocks 
"Sap" white oaks "Sap" larches 
"Sap" black walnut "Sap" pines 

"Sap" redwood • 
Spruces 

Group Tc Group Td 
Beech Butternut 
Birches "Sap" catalpas 
Cherry "Sap" chestnut 
Gums Elms 
Hard maple Hackberries 

"Sap" mulberry 
Poplars 
"Sap" sassafras 
Sycamore 

All ties must be straight, cut square at the ends, free of bark, well sawed 
or hewed, and must have tops and b o t t o m s parallel, within certain toler
ances. A tie will be accepted when (1) a straight line along the t op f rom 
the mid-po int of the width of one end to the mid-po int of the width of the 
other end lies entirely within the tie and (2) when a straight line along a 
side f rom the mid-po int of the thickness of one end to the mid-po int of the 
thickness at the other end lies everywhere more than 2 in. f r om the t op and 
b o t t o m of the tie. T h e t op and b o t t o m of the tie are considered to be 
parallel if any difference in the thickness at the sides or ends does not ex
ceed }/2 in. A tie is not well hewed or sawed when its surfaces contain 
score marks that are more than )4 'n . deep or when its surfaces are uneven. 

Lengths , widths, and thicknesses specified are considered t o b e met when 
they are within the fol lowing l imits : lengths not more than 1 in. shorter 
and not more than 2 in. longer than the specified length; widths not more 
than }4 in. narrower and not more than 3 in. wider than that specified; 
and thicknesses not more than }4 in. thinner and not more than 1 in. 
thicker than the specified thickness. Ties more than 1 in. but not more 
than 2 in. thicker than the m a x i m u m ordered are accepted as one size 
lower than the largest tie ordered. Thicknesses and widths are deter 
mined at the rail-seat areas, but the dimensions of the tie are not aver -
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aged. W i d t h determinations are made on the t op of the tie, and for this 
purpose , the t op of the tie is considered t o b e the narrower of the t w o 
horizontal faces or the face with the narrower or no heartwood when bo th 
horizontal faces are of the same width. 

Standard lengths of narrow-gauge ties are 5, 5)-^, 6, and 7 f t . ; 
standard-gauge ties are 8, %]/% and 9 ft. long.* In cross-sectional d imen
sion, seven standard sizes of ties are recognized: 

Size Thickness, in. Width on top, in. 

0 5 5 
1 6 6 
2 6 7 
3 6 8 
4 7 8 
5 7 9 
6 7 10 

These dimensions apply t o ties that are sawed or hewed on t o p , b o t t o m , 
and sides as well as t o ties that are h e w e d or sawed on t o p and b o t t o m only. 
In standard-gauge ties, sizes 0 and 1 are not acceptable ivhen salved or 
hewed on t o p , b o t t o m , and sides. In tVie case of ties that are hewed or 
sawed on t o p and b o t t o m only, a 7-in.-thick b y 7-in.-wide tie m a y be ac 
cepted as a size 3 tie. If the railroad wishes t o have 7 b y 7 ties kept sep 
arate f rom 6 b y 8 ties in size 3, it should designate the 7 b y 7 ties as size 3A. 

F . A D V A N T A G E S O F S A W E D A N D H E W E D T I E S 

Sawed ties have several distinct advantages not possessed b y hewed ties. 
Their principal advantages a r e : 

1. There is less waste of raw material in the manufacture of sawed ties. 
M u c h material that would be wasted in the form of chips in hewing can be 
converted into lumber b y sawing. I t has been estimated ^ that at least 
35 per cent of a tree converted into hewed ties is wasted. 

2. Sawed ties are m o r e uni form in size, particularly when sawed on four 
sides. This means a saving in transportation costs per tie, because a greater 
number can be loaded into a given car. A t the preservation plant , a greater 
number of ties per charge can be put into the treating cylinder and it is 

* Some railroads now do not use ties less than 9 ft. long, and others are considering 
adoption of the 9-ft. tie. 
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G. C R O S S T I E S R E Q U I R E D P E R M I L E O F T R A C K 

O n e m i l e of t rack requires f r o m 2,600 t o 3,328 crossties, depend ing o n 
the size of t ie a n d t h e service the road m u s t render . Class I ra i lways use 
an a v e r a g e of 2,994 ties per mi le . 

Selected References 

1. American Standards Association. American Standard Specifications for Cross Ties 
and Switch Ties. 1926. 

2. Anon. What Price Cross Ties. Cross Tie Bull., 28{S):7~l&. 1947. 
3. Anon. What Price Cross Ties. Cross Tie Bull, 28(9)-.9-19. 1947. 
4. Anon. 37,769,832 Cross Ties Treated in 1951, PreHminary Reported. Cross Tie 

Bull, 33(6):20-22. 1952. 
5. Anon. 131,905,630 Feet B. M. of Switch and Bridge Ties Laid in 1946. Cross Tie 

Bull, 28(11):11. 1947. 
6. Jeffords, L. S. The Nine Foot Cross Tie. Cross Tie Bull, 27(8) :20-22. 1946. 
7. U.S. Interstate Commerce Commission. Fifty-nirUk Annual Report on the Statistics 

of Railways in the United States. 1947. 

poss ib le t o d e t e r m i n e m o r e a c cura te ly t h e a m o u n t of p reservat ive n e e d e d 
t o a t ta in a g i v e n a b s o r p t i o n per c u b i c f o o t of w o o d . 

3. T i e s sawed o n f our sides are less expens ive t o rep lace in t racks b e 
cause there is less d i s turbance of the bal last in the process of r e m o v i n g the 
o ld tie a n d p lac ing the n e w one . 

4. T i es s a w e d o n four faces usual ly h a v e less s a p w o o d t h a n h e w e d ties. 
5. S a w e d ties are m o r e easi ly a d z e d a n d b o r e d pr ior t o preservat ive 

t r e a t m e n t b e c a u s e of t h e paral le l faces . 
6. In the absence of adz ing , s a w e d ties p r o v i d e a be t te r bear ing surface 

for the tie p lates a n d rails. 

H e w e d ties h a v e several a d v a n t a g e s , the chief of wh i ch a r e : 
1. H e w e d ties are l ikely t o b e m o r e s tra ight -gra ined t h a n sawed ties 

c o m i n g f r o m a mil l t h a t d o e s n o t s a w its l ogs paral le l t o the bark . 
2. F o r a g i v e n size classif ication, a tie h e w e d o n t w o faces has a greater 

v o l u m e of w o o d than a tie w i t h f our sawed faces . T h i s a d v a n t a g e is lost 
w h e n c o m p a r i n g h e w e d a n d s a w e d ties t h a t h a v e the s a m e n u m b e r (whether 
it b e t w o or f our ) of h e w e d or sawed faces . 

3 . H e w e d ties o f t en h a v e m o r e s a p w o o d t h a n s a w e d t ies , a n d b e c a u s e 
sap\vood a b s o r b s preservat ives m o r e read i ly than h e a r t w o o d , t h e h e w e d 
ties are easier t o t reat . 
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W O O D F U R N I T U R E 

Furniture may be defined as decorative and utifitarian furnishings, usu
ally restricted to movable articles, for homes, houses of worship, and public 
and private buildings. On the basis of use, five arbitrary groups of furni
ture may be distinguished: (1) household furniture; (2) partitions, shelving, 
cabinet work, and store and office fixtures; (3) office furniture; (4) public-
building furniture, including public-conveyance seats; and (5) laboratory, 
hospital, barbershop, and beauty-parlor furniture. The first group repre
sents approximately 77 per cent; the second, 10 per cent; the third, 7 per 
cent; the fourth, 4 per cent; and the fifth, 2 per cent of the total manu
facturers' value for all furniture produced in the United States. Because 
wood household furniture alone represents somewhat more than half the 
total value, this chapter will deal principally with this class of furniture. 

1. TYPES OF HOUSEHOLD FURNITURE 

Household furniture can be classified on the basis of use, such as dining-
room, living-room, library, bedroom, kitchen, porch, camp, hall, juvenile, 
furniture-in-the-white, built-in, and miscellaneous. 

Using this classification. Table 7-1 indicates the percentages, based on 
manufacturers' prices, for all types of household furniture produced in the 
United States. 

A limited quantity of bentwood furniture is made and used in this 
country. Hickory, ash, elm, hackberry, and oak are popular woods for 
bentwood furniture. Chairs, stools, and settees are virtually the only 
kinds of bentwood furniture produced in the United States or imported for 
consumption. Bentwood chairs are usually used in places of public as
semblage and only occasionally as household furniture. A somewhat gen
eral classification divides them into (1) staple, or lower grade, chairs and 
(2) high-grade chairs. Some bentwood chairs were imported in prewar 
years, principally from Poland, Danzig, and Czechoslovakia. Importers 
usually bought the chairs unassembled or only partially assembled and 
maintained factories in this country for setting them up. Most American 
manufacturers of bentw^ood chairs make other kinds of furniture also. 
Virtually no bentwood furniture is exported, but occasional shipments to 
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Canada and Mexico contain a few bentwood chairs. Bentwood chairs are 
sold throughout the United States, and the principal markets are New 
York , Chicago, Pliiladelphia, Boston, and Pittsburgh. These five localities 
distribute from 50 to 60 per cent of the combined total of domestic manu
factures and imports. 

T A B L E 7-1. P E B C E N T A G E S OF D I F F E R E N T T Y P E S OF H O U S E H O L D F U H N I T U R E 
PRODUCED, B A S E D ON M A N U F A C T U R E R S ' SELLING P R I C E S " 

Type Wood , % Metal, % Fiber,'' % Totals, % 

Upholstered furniture: 
27.03 2.41 0 .13 29.57 

Dining-room chairs'^ 0 .88 0.01 d 0.89 
Other than upholstered furniture: 

Living-room and library 15.00 0.90 0.07 15.97 
23.71 1.72 0.03 25.46 

Dining-room 10.05 0.29 d 10.34 
Kitchen 3.87 2.79 0.06 6.72 
Porch and lawn 0 .60 1.40 0.29 2.29 

0 .40 0.40 0.01 0.81 
Hall 0 .07 0.01 d 0.08 

1.08 0.03 0.04 1.15 
0 .12 d 0 .12 
2 .07 0.01 0.04 2 .12 

Miscellaneous and unspecified., . 3.15 1.27 0.06 4.48 

Total 88.03 11.24 0.73 100.00 

" Based on lioii.sehold Furniture: A Statistical Handbook. Indus. Ser.. 8, Bureau of ForeJEn and Do
mestic Commerce, U.S. Department of Commerce. June, 1944. 

'' Includes reed, willow, and rattan. 
" Not senorally considered by the trade as belonging to the uphobtered furniture classification. 

L«8a than 0.005 per cent. 

In the summer of 1946, a new type of high-grade functional furniture 
was placed on the market. This type of furniture is built in interchangeable 
units, based on dimensions that are in multiples of 6 in. These units are 
designed so that they may be easily added to, rearranged, and assembled 
into many combinations t o suit the needs and tastes of the user. Such 
functional furniture should meet the hearty approval of many furniture 
users, particidarly homemakers. 

n. FOREST MATERIALS USED IN HOUSEHOLD-FURNITiniE MANUFACTURE 
M a n y forest materials are used by the furniture industries, not only in 

furniture proper, but also in finishing and preparation for shipment 
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W o o d , of course, constitutes the largest proportion of the forest products 
so used. 

A . W O O D S U S E D IN F U R N I T U R E 

W o o d is used in furniture in several forms: as solid lumber, as core stock 
in panels, as cross-banding veneer in panels, as face veneer, as plywood, as 
laminations in heavy parts, and as round saplings, peeled or unpeeled, de
pending on the kind of furniture. 

In 1928, approximately 1,364,000,000 bd. ft. of wood in the forms of lum
ber, veneer, plywood, logs, and bolts were used in furniture manufacture; 
in 1933, this quantity had dropped to about 746,600,000 bd. ft., but in 
1940 approximately 1,421,705,000 bd. ft. were used. In 1940, native hard
woods supplied 86.1 per cent, native softwoods accounted for 10.8 per cent, 
and foreign woods made up 3.1 per cent of the total wood used for furniture. 
T h e 10 principal species used in 1940 and their relative rankings are as 
follows: 

Per cent 
Species of total 

Red gum 20 .2 
Yellow poplar 14.8 
Maple 10.2 
Tupelo 8.3 
Birch 7.2 
Oak 6.9 
Chestnut 3 . 3 
Douglas fir 3.1 
Red alder 2.6 
Ponderosa pine 2.6 

Most of the wood used for furniture is in the form of lumber for solid 
parts and core stock, but appreciable quantities of veneer from several 
species are used for cross-banding. Veneers of yellow poplar, red gum, 
chestnut, and birch are used in this manner. Approximately 25 per cent 
of the black walnut and about per cent of the oak used for furniture is 
converted into veneer, principally face veneer. 

Several American trees produce decorative furniture woods. Stumps of 
certain black walnut and bald cypress trees produce highly figured veneers 
that are used for decorative purposes. Veneer from bald cypress stumps is 
sold as '̂ Taux satine." Some burls of black cherry, bigleaf maple, California 
laurel (also known as Oregon myrtle) , and redwood are converted into 
ornamental veneers. Holly wood is used for inlays because of its light color. 
Certain sugar maple trees produce "bird 's -eyes" which create a distinctive 
figure in lumber and veneer cut from the tree stem, and occasionally the 
trees produce lumber and veneer with a curly grain. California laurel tree 
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sterna are also converted into lumber and veneer for decorative furniture. 
This wood is now enjoying a deserved popularity for restaurant, store, and 
office furniture and fixtures on the Pacific Coast. Beautiful "quilted 
maple" veneer is produced by the stems of a few bigleaf maple trees. Ve
neer from the irregularly colored heartwood of red gum, known as "figured 
red g u m " in the United States and sometimes as "satin walnut" in foreign 
trade, is often matched to form ornamental designs. 

M a n y imported woods are used in small quantities in the manufacture 
of furniture. Most of them are used for veneers and inlays in cabinets. 
Some species are imported in the log, as well as in lumber and veneer forms, 
and are converted in this country. 

1. W o o d as a Furniture Material . W o o d has many tilings in its favor 
for use in furniture: (1) it is easily worked with hand and machine tools; 
(2) it may be satisfactorily fastened together with adhesives, dowels, nails, 
and screws; (3) it is strong for its weight, enabling the fabrication of strong 
parts possessing agreeable proportions without incurring excessive weight; 
(4) damaged wood usually is easily repaired; (5) it is comparatively noise
less when struck;^(6) it is a poor conductor of heat and therefore docs not 
feel very ho t or very cold when touched, although its temperature may be 
considerably above or below b o d y temperature; (7) no other material pos
sesses such natural beauty, with variations in figure and color that blend, 
although the shades of color and the contours of pattern are seldom, if 
ever, identical; (8) pieces of wood that are not, in themselves, ornamental 
may be given attractive finishes; and (9) no other material, as it grows 
old in service, enhances its beauty b y taking on a dark color and rich ap
pearance, such as the patina of old wood furniture. 

While wood has many advantages, it is not a perfect substance. In its 
natural state, it has two very objectionable features: (1) it shrinks and 
swells with changes in moisture content, and (2) it has the property of a b 
sorbing or releasing moisture with changes in atmospheric temperature and 
humidity. These two properties, working in unison, are the basic causes 
of most of the problems encountered when wood is used as a furniture ma
terial. They account for many of the defects developing in the seasoning 
of the raw material, and they are responsible for the splitting and checking 
of large surfaces, for the failures of many glue joints between veneer and 
core stock in panels or between structural members, and for the sticking 
of dooTS and dra^l•crs in humid iveather. Elimination of these faults would 
relieve wood of its principal criticism. These effects can be ameliorated, 
but not removed, by drying wood to the average moisture content it would 
assume while in service; by giving all surfaces moisture-resistant coatings 
where possible; by using cross-banding veneer between core stock and face 
veneers of panels; by using p lywood ; and by using moisture-resistant ad-
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hesives, some of which impregnate thin layers of veneer, thereby reducing 
their tendency to shrink or swell with changes in atmospheric conditions. 
The use of modified woods that have high dimensional stability is a distinct 
possibility, but their high cost has precluded intensive use for furniture up 
to the present time. 

W o o d , of course, enjoys a record of centuries of excellent service, and 
this is a powerful influence in maintaining its popularity; but in order to 
perpetuate this approval, every effort must be made to better its behavior 
in service. If such improvement is not forthcoming, wood may yield its 
position to more satisfactory substitutes that may be developed. 

B . O T H E R FOREST PRODUCTS U S E D BY THE FURNITURE INDUSTRY 

In addition to lumber, veneer, and plywood for furniture parts, lumber 
and plywood are also used for shipping crates and cases; wood excelsior is 
used for packing pads; paper is used for wrapping; fiberboard cartons are 
used for packing some furniture items; Spanish moss, crin vegetal, sponge 
rubber, and rubber-coated materials are used for stuffing upholstered pieces; 
and such items as turpentine, wood alcohol, rosin, and other derived forest 
products are used in wood finishes. 

Plastics are finding some apphcation in furniture manufacture. N o t 
only are plastics being used for ornamental trimmings and upholstery ma
terials, but also large surfaces are sometimes covered with sheets of plastics 
thoroughly bonded to the wood parts, and ribbons of plastic materials are 
being used to some extent to replace willow, reed, and rattan in camp, 
lawn, and porch furniture. It is improbable that functional furniture made 
entirely of plastic materials will constitute a serious threat to wood, al
though novelty items have already appeared on the market. 

m . MANUFACTURE OF W O O D HOUSEHOLD FURNITURE 

The use of modern woodworking machinery has greatly reduced labor 
requirements, time, and manufacturing costs, thereby making good furni
ture available in large quantities at reasonable prices, and it has made pos
sible a parts-fabricating precision that cannot be equaled by human hands. 
Modern furniture manufacture consists largely of fabricating individual 
parts in quantities and assembling them into identical pieces of furniture. 
It is difficult, however, for a furniture factory to standardize on any par
ticular design, especially in the higher grades of furniture. The factory 
must be equipped to produce a varied line of goods. 

A t least some household furniture is manufactured in virtually every 
state in the Union. Leading states and the approximate percentages of the 
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total household furniture produced, based on manufacturers' selling prices, 
are as follows: 

Per cent 
Stale of total 

North CaroHna 12.0 
New York 10.5 
Illinois 9 .0 
Indiana 8.5 
Virginia 7.0 
Pennsylvania 6 .5 
Cahfornia 6.0 
Michigan 5.5 
Massachusetts 5 .0 
Ohio 4 .0 

A . FACTOUY PROCESSES 

Wood , as a raw material, is brought to the factory principally in the 
form of lumber. This lumber is usually edged and segregated into standard 
lumber grades at the producing sawmill, but where transportation costs are 
not excessive, round-edge, log-run lumber is sometimes purchased. The 
chief standard grade of hardwood lumber consumed by furniture factories 
is the combined grade of No . 1 Common and Selects. This grade applies 
to at least 50 per cent of the total hardwood lumber used. Other grades 
consist largely of Firsts and Seconds and No. 2 Common. The principal 
thicknesses of lumber purchased are f i , and ^ in., mostly air-
seasoned. 

There is a growing tendency for factories to pttrchase hardwood dimen
sion stock in order to avoid costly freight charges on useless material and 
to reduce the amount of equipment needed in the plant. Hardwood dimen
sion stock may be purchased in three forms: (1) as rough, green, or air-
dried blanks of standard sizes, (2) as kiln-dried and surfaced blanks of 
standard sizes, and (3) as semimachined or even completely machined 
furniture parts. The first type of hardwood dimension stock necessitates 
kiln drying, with its attendant degrade, and ahnost complete machining 
at the factory. Stock of the second type is much more satisfactory, because 
it is already dried, less waste is incurred, and less machine work has to be 
performed. The practice of buying semimachined and completely ma-
chinet.1 parts will increase as hardwood dimension-stock plants install mod
ern equipment for better seasoning and greater precision in manufacture 
to meet exacting specifications. 

Veneers for faces, cross-banding, and fabrication of plywood parts are 
delivered to the factory in boxes and crates. 

T o complement the following description of wood household-furniture 
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manufacture, the flow sheet shown in Fig. 7-1 has been prepared. It 
covers the usual processes encountered in most factories making living-
room, dining-room, and bedroom furniture. The flow sheet does not cover 
every detailed step in the manufactvue of such furniture, b\it it does give 
the principal operations. Likewise, it cannot be said to apply to a par
ticular factory, because it represents a composite of practices, some of 
which are not in vogue at all plants. 

A brief explanation of the flow sheet begins with the delivery of lumber 
and veneer by railroad or auto truck to the furniture factory. The crated 
and boxed veneer is placed on shelves in a heated storage room in order to 
keep it from absorbing too much moisture. Lumber is loaded onto kiln 
trucks directly from the railroad car or auto truck whenever possible; 
otherwise it is piled in a storage yard to await kiln drying. When yard 
storage of lumber must precede kiln drying, great care must be exercised 
to pile the stock so that it will not warp, check, split, stain, or decay. Most 
lumber is air-seasoned when it reaches the factory, but a few factories are 
equipped to handle lumber green from the saw. 

The seasoning operation, for best results, requires good kilns and a skill
ful operator. It is one of the most important steps in making good furni
ture and in conserving raw material through reduction of degrade in season
ing. Lumber should be dried to the proper moisture content for the use 
intended, the moisture content should be equalized so that it is uniform 
throughout the thickness of the stock, and the lumber should be relieved of 
internal stresses, preferably before it is taken from the kiln, so that it will 
r o t change shape in fabricating operations. The two latter objectives may 
be accomplished by a suitable conditioning treatment in the kiln. Equaliza
tion of moisture content plus a cooling period of a day's duration following 
removal from the kiln will materially reduce the development of chipped, 
torn, and raised grain when the lumber is machined. After the lumber has 
been dried, conditioned, and cooled, it may be unpiled from the kiln trucks 
in a dry storage shed or it may be unloaded onto factory trucks for transfer 
to the cutting room. 

In the cutting room, thick lumber may be resawed into thinner stock 
before proceeding to the cutoff saw. At the cutoff saw, a skilled operator 
cuts the lumber into lengths suitable for various furniture parts. It is his 
duty to convert the greatest possible percentage of each board or plank 
into usable sizes as well as to eliminate defective portions. H e must know 
the permissible defects in every furniture part in order not to waste raw 
material b y trimming too much. 

Pieces produced at the cutoff saw are then conveyed to a self-feeding, 
straight-line ripsaw for further removal of defect and for assembly of sets 
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of pieces to be glued together to form biunks for furniture parts. The rip
saw operator must also exercise great care in avoiding excessive ripping and 
wastage of raw material. 

In some furniture factories the operations of crosscutting and ripping 
are reversed in order, but the majority of plants seem to prefer to crosscut 
first and then to rip. In the interest of reducing waste in these operations, 
it would be better to segregate the lumber into two classes; (1) that in 
which the greater yield is obtained b y crosscutting and then ripping, in
cluding those pieces that show no greater yield b y being ripped first, and 
(2) the balance that gives the greater yield when first ripped and then 
crosscut. A second point upon which there is variation in practice is the 
first planing of the lumber. Some plants prefer to plane the stock prior 
to the crosscutting and ripping operations; others use a straightening planer 
after the blanks have been glued. A third difference in procedure concerns 
stock that is to be used for bent parts. Mos t plants use air-dried stock for 
bending, but others kiln-dry the stock to between 15 and 20 per-cent mois
ture content. For convenience, the flow sheet indicates the latter practice. 
Squares for bent, turned parts go directly from the ripsaw to the turning 
department, and flat, solid stock goes to the planers and final machining 
department. Many plants d o as much preliminary machining on bent
wood parts as possible before sending the stock to the bending department. 
Low-moisture-content squares for turned parts go from the ripsaw to the 
turning department. 

Returning to the usual practice, the exceptions having been discussed, 
stock leaves the ripsaw and usually goes to the glue jointer where the edges 
are straightened, and possibly tongued and grooved, for the purpose of 
making good joints when glued. For some uses, stock leaving the modern 
straight-line ripsaw may be glued without jointing. The stock is then 
taken to the glue room, where glue is spread on the edges of the pieces b y 
putting them over a roll gUie spreader. T h e y are then usually placed in a 
revolving glue-clamp carrier to set, although some furniture factories are 
now using high-frequency dielectric heating for this purpose. 

When the glue is set, the rough blanks are taken to a straightening planer 
for face-jointing and sizing. Slightly twisted pieces fed into this machine 
will come out perfectly flat and surfaced on both sides. The first part of 
the machine has a planer head on the lower side and a flexible feeding 
arrangement so that the blank will be pulled into the machine without 
altering its shape. WTiile so held b y this feeding device, the lower part of 
the blank is planed off to get a straight, smooth surface. The second part 
of the machine has a t o p planer head and sectional feed rolls t o accommo
date the possible uneven, rough surface of the blank. This top planer head 
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removes the excess material, bringing the blank to uniform thickness. The 
use of such a planer is largely made possible because of the adoption of 
better seasoning practices that produce less severely warped Lumber. 

After leaving the straightening planer, the blanks go through a finishing 
or cabinet planer for a final surfacing. Material to be veneered is taken 
from the finishing planer to the veneer department, and other material 
goes to the final machining department. Before discussing the treatment 
of wood in the final machining department, the veneer department should 
be considered. 

Veneer from the storage shelves is put through a veneer redrier * to bring 
it to proper moisture content for gluing. From the veneer redrier, the 
stock goes to the veneer clipper for the purpose of cutting it to proper 
lengths and widths for the various products t o be made. Veneer for ir
regular-shaped products is often cut with a handsaw. Veneer from the 
clipper is stacked and taken to the jointer. The modern veneer jointer has 
a traveling bed that carries the stacks of veneer forward, under uniform 
pressure, to two high-speed cutterheads. The first head does the rough 
jointing and the second the final jointing, making the edges of the veneer 
sheets smooth and straight. 

Veneer pieces that are to be matched are usually run through a taping 
machine that binds them together with a thin paper strip, making the taped 
pieces of desired widths to be glued to panels. In some plants, however, 
tapeless splicers, which apply and set the adhesive automatically, are used 
to glue the veneer sheets edge to edge. 

In gluing veneer to panels with cold-setting liquid adhesives, the face 
veneer is laid flat and a sheet of cross-banding veneer is run through a 
double-roll glue spreader that coats both sides. The glue-covered cross-
banding veneer is laid on top of the face veneer with its grain at right angles 
to the face veneer, and the center core is placed on top of the cross-banding 
veneer with its grain paraUel to that of the face veneer. The second cross-
banding is run through the glue spreader and is laid on top of the core stock, 
with its grain at right angles to that of the core stock. Finally, a second 
face veneer or backing veneer is laid on top of the cross-banding so that its 
grain runs in the same direction as that of the first face veneer. This process 
is repeated for other panels until a stack of proper height is assembled for 
the power press, which may be mechanical or hydrauUc. These stacks are 
placed on top of a retaining plank, which rests on short I-beams, and an
other retaining plank is placed on top of the stack. Short I-beams are then 
placed on top of this retaining plank. This combination is then put into 
the power press, and binding turnbuckles are hooked onto vertical pairs of 
I-beams. When the stack has received sufficient pressure the turnbuckles 

* For a fuller discussion of veneers, plywood, glues, and veneer driers see Chap. 8. 
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are tightened and the press is opened up. The stack is then hauled to a 
space where it is allowed to remain for a sufficient time to allow the ad
hesive between the veneer and other panel components to set. This pro
cedure requires considerable time and storage space, and it is not un
reasonable to expect that some plants wifi install high-frequency dielectric 
heating equipment to obtain greater production. 

Plywood may be made in a similar manner, and in instances where curved 
parts are to be made, the various layers of veneer are put into suitable rigid 
forms. These various-shaped forms consist of male and female parts, 
usually made of laminated wood. As a result of the advances in the manu
facture of plywood molded in autoclaves, some factories are now purchasing 
molded plywood parts from plywood companies. 

After the adhesives have set for the proper period, the turnbuckles are 
released, and the panels or plywood parts are then redried so that the sand
ing and finishing operations may be performed. The redried parts are then 
sent to the final machining department. 

In instances where glue joints of high water resistance are desired, high-
tcmperature-setting liquid glues are used, or dry film resin adlicsives may 
be interleaved between the assembly components and set in a hot press or 
by high-frequency dielectric heating. 

The surfaced blanks from the finishing planer and the products of the 
veneer department are machined in numerous ways in the final machining 
department. Simple panels are put through a double-end cutoff saw twice 
to cut them to exact lengths and widths and to square the edges and corners 
perfectly. 

Edges of table tops, for example, may be given molded edges on a shaper 
b y clamping them to forms or patterns of the desired contours. The hand 
shaper consists of a smoothly milled iron table that has a motor-driven 
cutterhead extending through and above it. Knives of various shapes are 
inserted into the upper part of this cutterhead, and the edge of the form, 
to which the top is fastened, is pushed against the circular base of the 
cutterhead, below the knives. The form is held against this base and moved 
until the whole perimeter of the table top has been molded. 

An automatic shaper for small parts is equipped with a revolving turn
table to which a form of suitable contour is fastened. This form is so de
signed that several small pieces may be cut at each revolution of the table. 
Air-operated clamps hold the pieces while they are being shaped by a motor-
driven cutterhead susjjended from an arm which follows the contour of the 
pattern or form attaclied to the revolving turntable. 

Other items may be put through a double-end tenoner for the purpose 
of making tenons on both ends; parts requiring mortising are sent to mor-
tisers of various kinds. Drawer sides and ends may be sent to a dado ma-
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(.Continued on page 125.) 
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chine for the purpose of cutting the grooves which will hold the drawer 
bottom, and for high-quality furnitiu'e, they will be sent to a dovetailing 
machine for dovetailing operations on the ends. Pieces requiring boring 
for dowels are sent to multiple-spindle boring machines when several holes 
are to be drilled. Irregularly shaped pieces are cut on scroll saws and jig
saws, and pieces for mitered joints are cut on an adjustable miter saw. 

Panels requiring open scrollwork can be sent to a router for cutting out 
the openings. T h e panel in this instance will be clamped to a jig having 
grooves of the proper contours on its underside. A steel pin is set in the 
router table directly beneath the cutting spindle, and this pin extends up
ward into the grooves of the jig. 
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Chair seats of the saddle t y p e are p u t through a saddle-seat machine. 
In this machine , the seat is pulled under a cutt ing head, having knives of 
the proper shape, b y means of a traveling bed equipped with lugs. T h e 
cutt ing head is raised and lowered b y a c a m that is synchronized with the 
mot ion of the feed bed so each seat is perfectly shaped automatical ly . 

I t is not feasible to describe all the operations performed in the final 
machining department . L e t it suffice t o say that there are m a n y other 
machine tools for the purpose of making various parts and that there is a 
tendency to install machines that are designed to perform many of the 
operations formerly done on individual machines. For instance, there is a 
double -end tenoner that has attachments for sanding, dovetail ing, c o m e r -
rounding, lock jo ints , miter jo ints , dado work, tapering, and making 
several parts f rom a single piece. 

Some work f rom the final machining department has to be sent t o other 
departments , such as the carving department . Table legs that are t o b e 
turned with bu lbous sections or in curved shapes are usually built up b y 
gluing b locks to surfaced squares. T h e block-c lamping machine in the 
final machining department is used for this purpose. Bent furniture parts 
are usually machined as much as possible before being sent t o the bending 
department . 

In the carving department , one encounters single- and multiple-spindle 
carving machines for the purpose of eliminating as much hand carving as 
possible. In certain instances a fimited a m o u n t of hand carving m a y be 
done . Multiple-spindle carvers are equipped with as m a n y as 24 spindles. 
In using such a machine, the operator m o v e s a tracer over the contour of a 
sample hand carving and each carving spindle cuts into a blank piece, 
duplicating the artist's work. T h e product of the multiple-spindle carver 
is usually completed b y hand b y master carvers on a single-spindle carver. 

T h e turning department is equipped with various turning lathes, ranging 
f rom hand lathes t o fully automatic lathes. Hand lathes are used, or 
dinarily, for turning samples and odd work , where comparat ively few pieces 
are required. One automatic lathe, the back-knife lathe, holds the material 
between a high-speed revolving heudstock and tailstock while a knife of 
the desired shape operates on the work f rom the back, mov ing in and out , 
as determined by the contour of the work, governed b y a master cam. 
Another automatic lathe ho lds the work between a very slowly revolv ing 
headstock and tailstock while a cutterhead equipped with knives of the 
desired shape revolves at high speed. The contour of the knives is the 
counterpart of the shape t o be turned. T h e slowly revolving work is 
pushed toward the cutterhead. Other lathes are employed for fluted and 
rope-twist woi'k. 
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Some material from the turning and final machining departments goes 
to the bending department for the purpose of making bent parts. Here the 
wood is usually steamed at a temperature of about 212°F. for about 1 hour 
per inch of thickness. Although steaming is the principal treatment used 
for bent parts, hot water and hot sand are occasionally used, and in recent 
years attempts have been made to devise other methods of softening the 
wood to reduce or eliminate breakage.* 

In present commercial practice, after the wood has been steamed, it is 
placed in bending forms and dried. Some of the bent parts are then ready 
for sanding and finisiiing, but others may have to go back to the final 
machining department for additional working. 

Completely machined parts are now ready for sanding, finishing, and 
assembly into furniture. The sanding department includes a spcmging 
bench, where certain parts are sponged with a mixture of water and a small 
amount of glue. This operation raises the grain of the wood prior to sand
ing, so that the Sanders will leave the wood in the best condition for finish
ing. 

The various types of sanders include, among others, the drum, stroke, 
hand-block, molding, variety, disk, oscillating-spindle, and special turning 
Sanders, Some factories manufacturing high-grade furniture sand virtually 
all parts, but it is not altogether necessary to sand hidden parts. The flow 
sheet indicates the sanding only of parts to be finished. 

Furniture is finished to beautify and to protect the wood. In modern 
practice, the completely assembled article may be finished as a unit or ex
posed parts may be finished separately. With new finishes and equipment, 
the task is simplified greatly. Much furniture is finished in spray booths, 
where the finish is applied by spray guns operated by compressed air. 
Stains and fillers are often applied b y dipping the parts into vats to save 
time and to ensure coverage of all sections. Automatic rubbing machines 
and motor-tlriven hand-rubbing machines are in general use. 

The flow sheet indicates the assembly of finished furniture in three forms: 
(1) the completely assembled all-wood article, (2) the assembly of parts for 
shipment as knocked-down furniture, and ( 3 ) the assembly of upholstered 
or fil)er, rattan, reed, and willow furniture. Some unfinished furniture, 
principally in the cheaper grades, is also sold. 

' Vrv& and urea compaunds have been tried as agents to facilitate bonding, but they 
have not proved (o be saf i-'̂ factory in some respects and are not generally employed in 
the furniture indu.stry at present. Another method tried in England involves the use of 
natural or synthetic tannins in media such as salts of chromic acid, iron salts, alum, 
phenols, and aldehydes; addition of an organic solvent, such as amyl acetate, to the 
tannin aoiution is said to give improved results. 
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B . W O O D LOST IN FUBXITURE MANUFACTURE 

The manufacture of wood furniture entails a great deal of loss in raw 
material. Some furniture parts contain less than 50 per cent of the wood 
necessary for their manufacture. Much of this loss is unavoidable because 
of (1) artistic shapes required in solid parts; (2) trimming of veneer for 
panels, particularly when flitches of sawed or sliced veneers are purchased; 
(3) matching of veneer, especially when unusual designs are sought; and 
(4) inability to use the entire piece of lumber purchased under regular 
grading rules because of losses from defects, saw kerf, shavings, and the 
impossibility of converting all the remaining clear material into usable 
cuttings of required sizes. The purchase of hardwood dimension stock or 
completely machined parts b y the furniture factory does not solve the wood-
loss problem. The same losses are merely transferred to the hardwood 
dimension-stock factory. The furniture factory, however, does not have 
to pay freight on useless material when it buys hardwood dimension stock 
and machined parts. 

One operator quotes an average loss of approximately 33)4 P^^ cent of 
the rough himber taken from the yard and an average loss of about 12 per 
cent in air-seasoned hardwood dimension stock. The loss of material in 
green hardwood dimension stock averaged more than 12 per cent. The 
loss from hardwood dimension stock, while usually considerably less than 
the loss from lumber, occasionally reaches 25 per cent. 

Much loss of raw material can be prevented by (1) proper piling in the 
storage yard, (2) better kiln-drying equipment and more skillful kiln 
operators, (3) more careful handling and elimination of unnecessary han
dling, (4) reduction of spoilage by obtaining better equipment and skilled 
employees, (5) elimination of oversized blanks for parts, and (6) using ex
treme care in handling veneers. 

C . S O M E F E A T U R E S OP G O O D FURNITURE CONSTRUCTION 

Much of the quality in furniture lies in unavoidably concealed con
struction points, such as the type of adhesive used, the fit of a mortise-
and-tenon joint, the kind, number, and placement of dowels, the moisture 
content of the various wooden parts at the time of assembly, and the in
ternal stresses existing in the lumber when it leaves the dry kiln. Rarely 
can any of these things be ascertained by examining a completely assembled 
and finished piece of furniture. On these points, the purchaser generally 
has to rely on the reputation and integrity of the manufacturer. There are 
several visible evidences of good craftsmanship charaT;teristic of high-grade 
furniture, on u'hich the purchaser can estimate quality. 
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1. Vory few nails will be found in good furniture. 
2. The sides of drawers will be dovetailed into both the front and back 

panels. 
3. Drawer bottoms will have substantial thickness and will be dadoed 

into the sides and ends of the drawer. 
4 . The drawer will slide easily and will be treated with a moisture-

retardant coating. 
5. Center slides on the bottoms of drawers will be fastened to front and 

back cross rails and glued to the bottoms of the drawers. 
6. Bedroom and dining-room furniture will have thin panels between 

the drawers for dustproofing. 
7. T h e back of a cabinet will be fitted into grooves in the sides rather 

than being fastened with nails. 
8. The legs of chairs, beds, tables, and cabinets will set squarely on a 

level floor. 
9. Corner blocks, glued and screwed to the rails, will strengthen joints 

at the points of leg attachment on chairs and tables. Absence of corner 
blocks or substitution of nails for scrc\\s in corner blocks are evidences of 
inferior construction. Corner blocks are not required when bentwood legs 
are socketed into the rim of a chair seat. 

10. The back posts of chairs will be of bentwood or, if sawed from himber, 
they will be cut in such a manner that the lower portion will contain a 
sufficient amount of longitudinal grain so that the bottom of the post cannot 
be broken off easily. 

11. Rungs or stretchers between the legs of chairs will be in sufficient 
number to give ample bracing. 

12. Table tops will be attached to the legs and rails in such a manner 
that they are permitted to shrink or swell without splitting the base. 

13. Carved fvu"niture will have the carvings actually made in solid wood 
rather than having carved wood blocks or molded compounds glued to the 
surface of the wood. 

14. Veneered panels of a cabinet will have adjacent pieces of face veneer 
matched, and no piece of face veneer will be spliced to attain the required 
length in high-ciuality furniture. 

15. Joints will be inconspicuous, indicating that care was exercised in 
sanding, finishing, and polishing. 

10. Fine furniture will possess no glossy or shiny finish. 

D . " B O R A X " FURNITURE 

"Borax , " a rollnquial term of speculative origin, has t w o connotaticms 
uliou applied to household furniture. In one sense it refers to cheap, 
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p o o r l y cons t ruc ted , o f fensively s ty led , a n d s h o w y furniture. " B o r a x " 
furniture is o f ten character ized b y flashy c o m b i n a t i o n s of m a n y materials , 
useless o r n a m e n t a t i o n , a n d shiny surfaces. T h e second use of the t e r m , 
" b o r a x , " refers t o v i g o r o u s a n d unscrupu lous sales pract i ces in retail ing 
such furniture. M o s t sales of this nature are m a d e t o instaflraent buyers . 

E . V E N E E R E D V E R S U S S O L I D F U R N I T U R E 

Purchasers o f t e n hes i tate in m a k i n g a c h o i c e b e t w e e n v e n e e r e d a n d sol id 
w o o d furniture, largely because of unfami l iar i ty with furniture c ons t ruc t i on 
a n d the character ist ics of these t w o types . Brief ly s tated , e i ther m a y b e 
highly sat i s fac tory o r h igh ly u t^at i s fac tory . C o n s t r u c t i o n m e t h o d s a n d 
the qual i ty of mater ia ls in the s tructure are a l l - impor tant . F igure 7 - 2 
shows a veneered dresser b o d y . 

UsuaUy the f o l l owing a d v a n t a g e s are ascr ibed t o furni ture of so l id w o o d : 
1. Surfaces c a n n o t loosen, bl ister, or peel off, as m a y b e the case wi th 

improper ly c ons t ruc ted veneered surfaces . 

Fia. 7 - 2 . Sectional view of medium-grade dresser body, showing use of veneers 
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2. Surfaces can b e s a n d p a p e r e d h e a v i l y or e v e n p laned off w h e n such 
furniture is t o b e refinished. 

3. Sol id w o o d can b e c a r v e d , w h i c h is imposs ib le in veneered c o n s t r u c 
t ion unless special prov i s i ons h a v e b e e n m a d e . 

4. If ch ips are b r o k e n off, the s a m e k ind of w o o d is exposed . 
5. So l id w o o d , w h e n w o r n d o w n , does n o t c h a n g e in figure or appearance , 
(i. T h e o w n e r has personal sat is fact ion in k n o w i n g t h a i the art ic le is c o n 

s t ruc ted t h r o u g h o u t of the k ind of w o o d vis ible a t the surface . 
T h e a d v a n t a g e s of veneered c o n s t r u c t i o n in furniture m a y b e s u m m e d 

u p as f o l l o w s : 
1. In s o m e respects , a p l y w o o d pane l is s tronger than a sol id p iece of 

w o o d of the s a m e th ickness . 
2. T h e u s e of c ross -band ing o r p l y w o o d reduces the t e n d e n c y of panels 

t o shr ink, swell , w a r p , spl it , a n d c h e c k . 
3. C u r v e d surfaces m a d e of laminated w o o d are superior in s trength t o 

t h o s e m a d e of solid w o o d , are less waste fu l of r a w mater ia l , a n d m a y b e 
veneered t o g ive a c o n t i n u i t y of f igure n o t at ta inable b y the use of sol id 
w o o d . 

4 . H i g h l y figured w o o d s , o f t e n cross -gra ined a n d there fore unsviited t o 
use in th i ck sizes because of t h e result ing u n e v e n shrinkage, can b e used 
for th in face veneers . 

5. Becavise o f t h e th inness o f h i g h l y figured f a c e veneers , several c o n 
secut ive ly c u t pieces c an b e m a t c h e d t o p r o d u c e s y m m e t r i c a l figures that 
are imposs ib le of a t t a i n m e n t in solid w o o d . 

6. Va luab le w o o d s used for face veneers w o u l d m a k e furni ture p r o h i b i 
t ive in cost if used in sol id pieces . 

7. Veneered cons t ruc t i on p e r m i t s be t te r ut i l i zat ion of w o o d . M o r e 
p e o p l e m a y e n j o y the b e a u t y of rare w o o d s of l imited s u p p l y w h e n these are 
used as face veneers , a n d cores of panels m a y b e m a d e of softer , l ighter , 
a n d cheaper w o o d than c a n b e used for sol id w o o d cons t ruc t i on . 
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V E N E E R S A N D P L Y W O O D 

The art of veneering is nearly as old as civilization itself and actually 
antedates the birth of Christ by more than 1,500 yeara, Exquisitelj^ de
signed and skillfully fabricated pieces of p lywood furniture found in the 
tombs of the Pharaohs give silent testimony to the dexterity and artistry 
of the ancient Egyptian cabinetmaker. A number of the essential features 
of a modern plywood panel were found in the headboard of a bedstead 
reputed to have belonged to the grandparents of Tutankhamen's wife. 
Made of laburnum wood and lavishly embeUished with gold and precious 
stones, it was as sound as though it were made but yesterday. H o w the 
wood was cut into thin, delicate sheets of veneers or what was the nature 
of the adhesive that stood the tests of 35 centuries, however, is still a matter 
of speculation. 

In the years that followed, Assyrian, Babylonian, and Roman craftsmen, 
influenced b y the Kgyptian stylists, made several significant advances in 
the use of veneers. The Romans developed the art of matching figured 
veneers to produce unusual decorative effects as well as beautiful patterns 
of warmth and charm. In his "Natural History , " Book X V I , Pliny re
vealed that the rootwood of certain species was often used, thus indicating 
that the ornamental value of stump wood and rootwood has long been rec
ognized. He also recorded that among the many personal treasures of 
Julius Caesar, the one held in highest esteem was a beautifully veneered 
table. 

During the Middle Ages, oppressive ecclesiastical and political orthodoxy 
effectively stifled creative thinking, cultural interests, and practice of the 
arts, but toward the end of the seventeenth century a revival of learning 
became manifest, and in the years that followed some of the world's finest 
masterpieces in sculpture and painting were created. Interest in wood
working and marquetry was reborn, and in 1769 Riesener completed for 
Louis X V his "Bureau du R o i , " said b y many in authority to b e the finest 
specimen of \'eneered furniture of all times. The eighteenth century wit
nessed the peak in period stylings and with it the creations of such renowned 
craftsmen as Duncan Phyfe, Hepplewhite, Chippendale, Sheraton, and the 
.\dams brothers. 

Until the middle of the nineteenth century the finest furniture was hand-
133 
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made , and into each piece went all the skill, ingenuity, artistry, and pride 
of the master. Quality, not quantity , was his watchword. The work was 
slow, painstaking, and laborious, the furniture cost ly and available only 
to the wealthy. 

A b o u t 1840, furniture manufacturers began to mechanize their shops in 
order t o produce goods on a mass-product ion basis. In some of these plants 
qual ity was readily sacrificed for quant i ty . Ornate inlays a n d a variety 
of highly figured veneers were applied over a poor ly fabricated article 
merely for the purpose of concealing shoddy workmanship . Eventual ly 
this practice affected adversely the sale of all veneered furniture, because 
buyers began to regard such merchandise as an inferior substitute for 
comparable articles constructed of solid w o o d . This concept is still held 
b y m a n y uninformed even today . Our leading dictionaries d o little to 
dispel this view, defining veneer as " a layer of more valuable o r beautiful 
material over an inferior o n e . " 

Veneering as pract iced t oday , however , needs no defense, b u t rather an 
intelligent understanding of the principles, purposes, a n d advantages of 
veneered construction. W o o d technologists, engineers, chemists, and de 
signers working together harmoniously have poo led their knowledge and 
skills to produce a superior product . This is p lywood . H o w it is made , its 
advantages over solid w o o d , and its many and diverse uses will now be 
reviewed. 

A . V E N E E R AND P L Y W O O D D E F I N E D 

Veneer is a thin sheet of wood of uniform thickness produced b y peeling, 
slicing, or sawing logs, bolts, and flitches. P l y w o o d is a well-established 
trade term applied to composite w o o d panels composed of an o d d number 
of sheets of veneer that are bonded togetJier with a suitable adhesive in 
such a manner that the grain directions of the adjacent plies are at right 
angles t o one another .* T h e simplest p lywood panel is a three-ply as
sembly. The inner laj'^er is designated as the core t o distinguish it from the 
t w o outer sheets, the face plies. In three-ply construction, the grain direc
tion in the core is at right angles to that of the face plies. A five-ply panel 
is comprised of five layei-s of w o o d in which the grain directions of the core 
and faces aU parallel one another. On each side of the core is a sheet of 
veneer b o n d e d in such a manner that the grain lies at right angles t o that 
of the core or faces. These sheets are known as cross bands. Panels c o m 
posed of seven, nine, or more plies are similarly constructed. 

T h e term plywood is applied also t o panels in which a lumber core of some 

* A few specialty types of plywood, comprised of an even number of plies, are also 
manufactured. The grain direction of the individual layers in composites of this type is 
specified by the designer. 
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B . R E A S O N S TOB VENEERING 

With the exception of containers such as baskets, crates, boxes, drums, 
and a few specialty products where veneers are used per se, the principal 
use of thin sheets of wood of this sort is in the production of plywood panels. 

It is a well-known fact that solid wood will withstand much greater stress 
along the grain than across it. This makes it exceedingly difficult, if not 
impossible, to design a solid wooden member with equal strength properties 
in all directions. Likewise, dimensional changes in solid lumber, occasioned 
by fluctuations in moisture content, are not equal in all directions. While 
wood shrinks or swells but little along the grain, its dimensional instabihty 
across the grain is much greater. Moreover, dimensional changes in the 
tangential plane are about twice as great as those in the radial direction. 
However, by bonding together an odd number of sheets of veneer in such a 
manner that the grain in adjacent layers is at right angles, the unbalanced 
internal stresses may be practically equalized. The resulting panel is char
acterized b y much greater dimensional stability than one of similar size 
made of solid lumber and by strength properties that are nearly equal in all 
directions. 

The chief advantages of plywood panels over those of solid wood of the 
same dimensions may be summarized as follows: (1) greater uniformity in 
strength properties along the width and length of the panel; (2) reduction 
and equahzation of shrinkage and swelling; (3) increased resistance to end-
checking and splitting; and (4) if properly constructed, little or no tendency 
to twist or warp. In addition, veneered construction permits the broader 
use of expensive woods and is the only practical way of matching figures to 
bring out the most striking and reahstic results. Plywood construction 
allows the fabrication of curved and irregular surfaces, impossible to achieve 
with solid wood. 

I. VENEERS 

A. M A N U F A C T U R E OF V E N E E R S 

There are at present five methods employed in the manufacture of ve 
neers. Prior t o the twentieth century all veneers were produced b y sawing. 
In this process logs were first cut into flitches, and the flitches in turn were 

predetermined thickness is used in place of the conventional veneer core. 
While plywood is in reality a form of laminated construction, the term 
laminates as applied to wood is descriptive of multi-ply panels, beams, and 
other structures in which the grain directions of all component parts c om
prising the assembly are parallel. 
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reduced to thin sheets of w o o d b y driving them against a circular saw. 
This was both an expensive and wasteful procedure, since much of the best 
and clearest w o o d in a log was removed as slabs and more than half the 
potential veneer in the flitches was reduced to sawdust in the cutting oper
ation. Veneer saws long since h a v e been largely replaced b y m o d e r n rotary 
lathes, and less than 5 per cent of all veneers n o w manufactured in the 
United States are sawed. 

FIG. 8-1. Diagrammatic sketch of modern veneer lathe. 

1. Rotary-cut Veneer . Toda}^ nearly 90 per cent of all veneers m a n u 
factured are rotary cut. In this method of cutting, a bo l t of w o o d of pre
determined length is held b y t w o chucks and centered on a lathe. W h e n 
in place the bolt is turned against a stationary knife extending across its 
length. Figure 8-1 is a diagrammatic sketch of the modern lathe. T h e 
bolt (A) turning in a counterclockwise direction strikes the knife ( S ) ; while 
the pressure bar (C) holds the w o o d firmly against the cutting edge at the 
instant of cutting. T h e knife carriage (E) automatical ly advances the 
knife into the revolv ing bolt at a given speed, thus controlling the thickness 
of the sheet. The resulting veneer (D) passes out through a slot in the 
knife carriage. In rotary cutting, a bo l t is literally u n w o u n d (much as one 
might unroll a bolt of wrapping paper) , and the veneer is produced in a 
long, continuous ribbon of wood . Giant lathes capable of peeling logs 12 
to 16 ft. in length are used in a few plants. M o r e c o m m o n l y , however , logs 
suitable for the manufacture of veneers are sawn into peeler-bolt lengths of 
f rom 24 in. t o 8 ft . and turned on smaller lathes. 

The surface of veneers, to be suitable for gluing, must be clean and 
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Fio. 8-2. Producing rotary-cut veneer. (Courtesy Wood Mosaic Co., Lotnsville, Kentucky.) 

R o t a r y veneers are manufactured in thicknesses ranging f rom }44 t o 14 
in. T h e interplay of forces produced b y the pressure bar and the wedging 
action of the knife causes a sheet of veneer t o bend sharply away from the 
bolt as it is cut , and as a result of this excessive bending, m a n y small lon
gitudinal cracks and checks often deve lop on the under side of the sheet. 
T h e thicker veneers {}4 in. and u p ) , if unrestrained, have a tendency to as 
sume the peripheral curvature of that part of the bolt from which they 
were cut . W h e n such a sheet of veneer is forcibly flattened, the upper side 
is subject t o compression stresses while t^e lower side is under tension. T h e 
knife checks are then often discernible particularly at the edges of the sheet. 
T h e surface of the veneer having these checks is called the loose side, the 
other is known as the tight side. Veneers of this sort are c o m m o n l y termed 
one-face veneers. W h e n one-face veneers are used for face and back plies 
of p lywood panels, the loose side is always on the glue line unless it has t o be 

smooth . Experience has taught the producer that better sheet surfaces 
are obtainable from woods of moderate density if the bolts are steamed or 
steeped in hot water for several hours before they are peeled. Certain 
woods , however , such as basswood, ye l low poplar, Douglas fir, spruce, and 
Cottonwood produce better veneers if they are " c o l d - c u t , " since fuzzy, 
fibrous veneer surfaces are not unusual if the w o o d of these and similar 
species is subjected to preparatory heating. W h e n bolts are heat - con
dit ioned the bark is ordinarily removed after the cooking process. 
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reversed t o match grain or figure. It is possible to cut thin veneers without 
the subsequent development of checks in the lower surface when excessive 
pressure is exerted by the pressure bar. Veneers of this sort are termed 
tight-cut. If the pressure on the bar is relaxed, the fibers in the wood are 
easily ruptured and loose-cui veneers result. Loose-cut veneers have much 
less tendency to bow than do tight-cut sheets. T o aid the manufacturer in 
keeping track of the tight side of veneers throughout subsequent operations, 
a scribing device on the lathe {F in Fig. 8-1), a pencil or crayon, marks the 
sheet as it is cut. This mark may be sanded out or trimmed off later in the 
finishing of the plywood panel. 

Rotary cutting is the cheapest means of producing veneers, and the bulk 
of the veneers cut in this manner are of the commercial variety. C o m 
mercial veneers are those which are used largely in the fabrication of 
articles where strength rather than figure is of primary concern. However, 
the lathe is a versatile tool, and many types and grades of veneers ranging 
from coarse, cheap materials used for berry boxes, citrus crates, and egg 
cases to the expensive and highly figured face veneers of black walnut, 
bird's-eye maple, and tamo * used in paneling are rotary-cut. 

When a ribbon of rotary-cut veneer leaves the lathe it passes over a series 
of table rolls which convey it to a clipper. Here major defects are cut out 
and the ribbon clipped into veneer sheets of standard widths. 

a. Veneer Winding. It has been a common practice for several years in 
some European mills to rewind rotary-cut veneer on spools or reels as it 
leaves the lathe. This method of handling has begun to find favor in 
American mills, and within the past few years reel banks have been in
stalled in some of the more progressive American plants. 

The reel is a metal shaft with a wooden facing inserted in a heavy metal 
frame in front of the lathe. It is driven by a special differential speed 
mechanism which permits uniform winding as the veneer leaves the lathe. 
When the reel is full it is removed by a crane or other suitable device to the 
reel storage immediately behind the cfipper. Where reeling is practiced 
there is less likelihood of slowdowns at the lathe because of clipper holdups. 
Clipping can be done independently of the lathe, and better inspection and 
clipping thus may be assured. 

2. Stay-log Cutting. This is merely a modification of rotary cutting and 
was developed primarily for producing fancy face veneers from quarter-
flitches and irregularly shaped mat«rials such as burls, crotches, and stumps. 

A stay-log is a long, flanged steel casting mounted in eccentric chucks of 
a conventional lathe. T o produce veneer, a flitch or section from a stump, 
crotch, or burl is securely fastened to the flange with several heavy lag 
screws, and then turned against the knife. Large flitches and even half-

* Japanese ash. 
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bolts mounted and cut in the manner illustrated (Fig. 8 -3 ) are called half-
round cui. T h e manner in which the bo l t in Figure 8 - 4 is m o u n t e d produces 
back-ciU veneer. Back-cut veneers obtained f rom stump w o o d and crotches 
are usually handsomely figured because fiber al ignment in materials of these 
kinds is very irregular. In fact much fiber is often cut across rather than 
along the grain with the result that the sheets of veneer are very brittle and 
special care must be exercised in handhng them. 

FIG. 8-3. Diagrammatic sketch of half-
round stay-log cuttiug. 

FIG. 8-4. Diagrammatic sketch illustrat
ing back-cutting. 

Stay- log cutting permits the manufacture of wider sheets of veneer than 
it is ordinarily possible t o produce in conventional slicing operations de 
scribed in section 4. 

3. Cone-cutt ing . Cone-cutt ing produces circular sheets of veneer by 
taper-peeling a bo l t in a manner similar t o that of sharpening a wooden 
pencil . T h e contact angle of the knife determines the degree of taper, the 
approximate width of the sheet for a bolt of a given diameter, and the n u m 
ber of revolutions the bo l t m u s t m a k e t o p roduce a complete ly circular 
sheet. Only a very small amount of veneer is produced in this manner, as 
such veneers are ordinarily " short -gra ined" and hence quite brittle. B e a u 
tiful " w h e e l " or stellate figures result, and the veneers are used in the 
fabrication of panels for fancy , circular table tops . 

4. S l iced Veneers . Veneer sficers were deve loped in an effort t o efim-
inate the wasteful practice of sawing. W i t h numerous improvements of the 
original slicing device , many of the figured w o o d s that were formerly sawed 
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in to face veneers are n o w c u t o n slicers. W h i l e slicers ca n be e m p l o y e d t o 
p r o d u c e veneers of all t y p e s , t h e y are used largely for cut t ing on ly figured 
w o o d s for face s tocks . 

Sl iced veneers are usual ly c u t in lengths of f r o m 12 t o 16 f t . , a l though 
cu t t ing is n o t restr icted t o these sizes. L o g s t o b e used for the p r o d u c t i o n 

(Courtesy Wood Mosaic Co., Louisville, Ken-

of sl iced veneers are first h a l v e d lengthwise o n a c ircular or h a n d s a w and 
then n o t in f requent ly cut in to smaller flitches at the o p t i o n of the producer . 
A n exper ienced and skillful opera to r is usual ly in charge of prepar ing such 
flitches. U p o n inspect ion of an o p e n e d log he m u s t be ab le t o visualize 
the t y p e of figure it possesses a n d t o ind icate h o w it is t o b e flitched in order 
t h a t this figure m a y b e best b r o u g h t o u t in the veneers subsequent ly cut 
f r o m it . If in his j u d g m e n t radial sl icing is desired, the half log is further 
r e d u c e d t o six or e ight flitches for the p r o d u c t i o n of quar tered veneers , 
ob ta ined w h e n the slicing is parallel t o t h e w o o d rays a n d at r ight angles 
t o the g r o w t h rings. If, o n the o ther h a n d , " f l a t - c u t " veneers * are t o be 

* Flat-cut veneers are made by slicing half-sections of logs. In such a case both 
quarter-grained and flat-grained figures are commonly present in the same sheet. 
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FiQ. 8-6. Slicing a mahogany flitch. (Courtesy The Mahogany Association, Chicago, Illinois.) 

frame. T h e flitch is driven d o w n against a pressure bar and knife, and the 
resulting sheet passes out through a slot in the knife carriage in a manner 
similar t o that of a rotary lathe. On the up stroke of the flitch, the knife 
carriage m o v e s forward and thus is in position to slice off another sheet 
with the next cutt ing stroke. T h e angling slides give the fiitch a slight 
lateral m o v e m e n t as it advances toward the knife. This makes for smoother 
veneers, since the cutting action is somewhat along the grain of the w o o d 
rather than directly across the fibers. Such a shearing action is part ic 
ularly helpful in producing smooth surfaces when w o o d s with curly, wavy , 
or interlocked grain are sliced. Horizontal slicers work on the same prin
ciple except that the flitch travels in a horizontal plane in approaching the 
knife. 

There are also several special types of slicers designed largely for produc -

sliced, no further flitching is ordinarily required. Before the actual slicing 
operation begins it is necessary t o soften the stock in steam or hot-water 
vats in a manner similar t o the treatment of bolts for rotary cutting. 

T h e most c o m m o n l y used sheer in the veneer plants of the United States 
is the vertical type . In practice a flitch is firmly " d o g g e d " t o a heavy 
metal bedplate which is fastened to t w o angling slides set in a heavy metal 
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tion of battery separators and shooks for fruit, vegetable, and cheese boxes 
and crates and similar containers. 

W h e n slicing face veneers, the sheets f rom a given flitch are turned over 
as they c ome from the knife and stacked consecutively, exactly in the order 
cut. Such a bundle is also called a filtck; in subsequent handlings it is re
garded as a unit , and special care is exercised to preserve sheet sequence at 
aU times. T h e reasons for this wfll be explained later. 

Fiu. 8-7 . Battery ui veneer saws. (Courtesy Wood Mosaic Co., L Kc'ducky.) 

As in rotary veneer, the side of a sliced veneer next t o the knife contains 
numerous fine checks. Therefore, whenever possible, care must b e taken 
to spread glue on the open face ; in matched veneers, however , in order t o 
produce a balanced figure, s o m e pieces must b e glued open face u p . 

6. S a w e d Veneers . As previously indicated, little veneer is produced 
by sawing at the present t ime. Ordinarily, sawir^ is restricted to cabinet 
w o o d s that are either highly refractory and unsuitable for slicing (ebony, 
oaks, satinwood, kno t ty eastern red cedar) or that cannot be softened in 
cooking vats without impairing their color. W o o d s with appreciable tannin 
are c o m m o n l y sawed, since h o t tannin extracts coming in contact with a 
knife impart ob ject ionable iron tannate stains to the w o o d . Port Orford 
cedar and basswood slats for Venetian blinds and Spanish cedar (Cedrela 
odorata L . ) shook for the manufacture of cigar boxes are c o m m o n l y sawed. 

T h e modern veneer saw is known as a segment saw. I t consists of a heavy 
metal tapering flange (mounted on an ai'bor) t o which are bolted several 
thin, steel saw segments along its periphery. In this way the kerf is con-
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siderably less than that of a conventional circular saw blade of similar size. 
Despite this, about half of a flitch is reduced to sawdust in the product ion 
of 3-^o-in. veneer. 

6. V e n e e r Th i cknesses . Veneers are cut in a wide variety of thicknesses 
ranging from Hio to in. M o s t of the rotary veneers are either 3- ,̂ i^, 
Ko, He- or }4o in- thick. During the Second W o r l d W a r , rotary-cut 
mahogany veneers in. in thickness were used in the manufacture of 
wing skins for aircraft. Sliced veneers usually range f rom Ho to Ho in., 
but the bulk of face veneers so cut are either Ho or Hs in- in thickness. 
T h e ver j ' thin sheets of Spanish cedar used to wrap fine cigars individually 
and some other specialty veneers are often only Hoo to Hio in. thick. 

Sawed veneers vary f rom H to in. in thickness, with Ho-in. stock 
be ing the m o s t c o m m o n . 

B. V E N E E R D R Y I N G 

Freshly cut veneers are ordinarily very wet and in that condit ion are 
whol ly unsuited for gluing. Moreover , while green they are readily sus
cept ib le t o the attack of mo lds , and of blue-stain and wood -des t roy ing 
fungi. I t is necessary, therefore, that excessive moisture be removed f rom 
them as rapidly as possible, consistent, of course, with good drying prac 
tices. Except i on t o this general rule m a y b e found in the basket industry. 
Since w'ood is much more pliable when it is wet , it m a y b e bent t o much 
sharper curvature without danger of rupture. H e n c e the basket m a n u 
facturer c o m m o n l y works with wet veneers and dries them only after the 
product is fabricated. 

Several methods for drying veneers are in c o m m o n use. T h e selection 
of one of them for any given plant is usually dependent u p o n the ult imate 
use of the stock, and the facilities available t o the manufacturer . 

1. Air Drying. The cheap grades of rotary (and occasionally sliced) 
veneers usctl for fruit and vegetable crates, egg cases, and packing-case 
materials are sometimes dried in the open. In such instances they are 
dried merely enough to prohibit the growth of fungi and to reduce shipping 
weight . W h e n air drying is pract iced, the sheets are laid up between tiers 
of stickers or loosely stacked on end in finger racks in order t o permit free 
circulation of air over their surfaces. 

2. Loft Drying . A loft is a well-ventilated room with or without humid
ity control . W e t sheets of veneer are hung on clips f rom rafters or edge-
stacked in finger racks. Here the j ' remain until the moisture content 
stabilizes at from 12 to 15 per cent. In drying thin sheets of the order of 
3-20 in. in thickness, only a day or two is required to bring the moistuie con
tent down to within these limits. 
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FIG. 8-8. Five-deck conveyer drier. {CouTlesy Mtrritt Engineering and SaUa Company, 
Inc.. Lockport, New York.) 

seasoning w i t h o u t adverse ly af fect ing the sheets. T w o t y p e s of such e q u i p 
m e n t , fiz., c o n v e y e r driers a n d h o t - p l a t e driers, are in c o m m o n use. 

C o n v e y e r driers are c h a m b e r s 50 t o 100 ft . or m o r e in length , fabr i cated 
of sheet m e t a l and su i tab ly p r o v i d e d wi th heat ing e q u i p m e n t a n d t w o t o 
six b a n k s of p o w e r - d r i v e n rolls or be l ts t o m o v e the veneers longituci inally 
t h r o u g h t h e m . T h e rap id i ty with wh i ch veneer passes through driers of 
this sort is d e p e n d e n t u p o n n u m e r o u s var iables such as (1) original mo is ture 
c o n t e n t of the w o o d , ( 2 ) m a n n e r in w h i c h veneers were cut , (3 ) veneer t h i c k 
nesses, (4 ) degree of dryness required , a n d (5 ) efficiency a n d length of the 
drier itself. 

H o t - p l a t e driers cons ist o f a b a n k or b a t t e r y of heated platens . Sheets 
of veneer are p laced o n the u p p e r faces of the p latens and then the p latens 
are b r o u g h t together t o k e e p the sheets flat while dry ing . D u r i n g the 
d r y i n g interval the p latens are in termi t tent ly o p e n e d a n d c losed t o a l low 

3. K i l n D r y i n g . T h e c o n v e n t i o n a l progress ive - type l u m b e r kiln is a lso 
used in d r y i n g veneers ; usual ly several sheets are bu lked b e t w e e n each tier 
of st ickers. O n e p lant in N o r t h Caro l ina p r o d u c i n g }^ - in . r o tary red g u m 
veneer bu lks 10 sheets b e t w e e n st ickers a n d dries t h e m to a 6 per cent m o i s 
ture c o n t e n t in 48 hours. 

4 . V e n e e r D r i e r s . A t the present t i m e m o s t veneers are dr ied in care 
ful ly des igned a n d engineered driers that permi t of rapid a n d u n i f o r m 
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C. T H E V E N E E R INDUSTRY 

A large variety of woods , bo th foreign and domest ic , is utilized in the 
manufacture of veneers, but more than half the total annual Amer i can 
o u t p u t is comprised of red g u m (sweet g u m ) and Doug las fir. In consider
ing the industry as a whole it is necessary to note that a distinction is m a d e 
between the hardwood- and softwood-veneer industries because of the marked 
differences in utilization of their products . In the hardwood-veneer in
dustry a further distinction is made between (1) face veneers, (2) c o m 
mercial veneers, and (3) veneers for containers.* 

1. Face -veneer Manufacturers . These usually limit their activities t o 
the product ion of sliced, sawed, or stay- log fancy face veneers from care
fully selected logs, burls, crotches, and stumps. Such materials are usually 
handsomely flgured and are used as facings for p l y w o o d panels employed 
in the fabrication of furniture and pianos and for interior decorat ive pane l 
ing. 

There are more than 50 manufacturers of face veneers scattered through 
the Ohio and Mississippi river valleys and ad jacent territories, the L a k e 
states, and in large cities along the Atlantic seaboard. 

T h e manufacturer of face veneer cuts his raw materials as received and 
builds up sizable inventories which are stored in well-ventilated ware 
houses. After a flitch is cut and the veneers dried, the sheets are bulked 
in sequence and the flitch is given an identifying number . Samples, n o r 
mally consisting of three sheets, one taken from near the t op of the flitch, 
one from about the middle , and another f rom near tlie b o t t o m , are marked 
with the identification n u m b e r of the flitch, total square-footage content 
of veneer, and the number of pieces included in the package. These samples 
are then sent t o salesmen who sell the entire flitch based upon these samples. 
The importance of preserving sheet sequence of face stocks n o w b e c o m e s 

evident. T h e buyer , u p o n examining the sample sheets, can determine the 

* The disriL'wion of the hard wood-veneer imlustry is ba.M'd in part on "The Veneer 
Industry," Educ. Ser. 2. The Veneer .\ssociation, Chicago, Hi. 

moisture to escape as it is driven f rom the w o o d . Driers of this kind are 
very effective, l)ut they have a smaller capacity than those of the c o n 
veyer t y p e . However , when floor space is at a premium they are t o b e 
preferred. 

Still another type of modern drier combines the use of platens and con 
veyers. In installations of this kind, paired rolls alternate with heated 
platens and the veneers are advanced by the roils t o each succeeding pair 
of platens. G o o d flat veneer is p r o d u c e d in this manner , b u t these driers 
lack the high capaci ty of continuous types . 

file:///ssociation
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degree of uni formity of figure in the entire flitch and its suitability for his 
needs. A uniform figure is essential to the manufacturer w h o matches 
veneers t o produce highly figured panels. A prospect ive buyer can also 
determine length, width, and thickness of sheets, variation in color , and 
smoothness of cut f rom properly selected samples of this kind. 

In normal t imes some 80 or more kinds of face veneers are offered t o the 
trade. Importat i on o f exot i c w o o d s w a s greatly curtailed during the 
Second W o r l d W a r , and m a n y stocks have long since been exhausted; 
several new species, however , have been introduced in the postwar era. 

2 . Commercial-veneer Manufacturers. Commerc ia l veneers, or "u t i l 
i t y " veneers, are those used for cross bands, cores and backs of p l y w o o d 
panels, and concealed parts of furniture such as drawer b o t t o m s , case and 
mirror backs , and dust sealers. These are rotary-cut and are m a d e f rom 
several species of domestic hardwoods . Manufacturers of commercial 
veneers are usually located near adequate supplies of suitable timber. 
Beech , birch, maple , and basswood veneers are produced in large q u a n 
tities in Wisconsin, Michigan, and N e w Y o r k . R e d g u m (including sap 
g u m ) , yel low poplar , c o t t onwood , tupelo , sycamore , and oak veneers are 
made in many Southeastern plants f rom the Ohio River region t o the 
Atlantic and Gulf coastal plains. 

Unlike the manufacturer of face veneers, the manufacturer of c o m 
mercial veneers cuts on order , in which species, thickness, sheet size, and 
grade requirements are specified. A few plants, however , restrict their 
product ion t o sheets of standard size. M o s t commercial veneers are sold 
to furniture, p iano, or radio manufacturers who make their o w n p l y w o o d 
or t o p l y w o o d plants that build stock panels or manufacture panels to 
customer specifications. In several instances a veneer plant is but a part 
of a large mill manufacturing p l y w o o d panels, in which case the entire o u t 
put of veneer is consumed in the fabrication of panels within the mill. 

3. Container-veneer Manufacturers. A wide variety of cheap veneers 
suitable for crates and packing cases, hampers, fruit and vegetable baskets 
and kits, meat , butter, and picnic dishes, cheese boxes, drums and hoops , 
and other similar items are classed as container veneers. Plants m a n u 
facturing them are usually established prox imate t o adequate supplies of 
cheap t imber and suitable markets. 

4. Softwood-veneer Manufacturers. T h e product ion of so f twood v e 
neers is concentrated along the Pacific r im, where a number of large and 
modern plants are engaged in the product ion of Douglas fir, Sitka spruce, 
ponderosa pine, sugar pine, and western white pine veneers. Whi le the 
vast bulk of these veneers is rotary-cut , some quarter-grain Douglas fir 
and Sitka spruce veneers are also made. In the Southeastern United States, 
bald cypress and some of the southern ye l low pines are used t o a very l im-



VENEERS AND PLYWOOD 147 

ited extent in the product ion of core stock for use with h a r d w o o d face v e 
neers. 

M o r e than 80 per cent of all so f twood veneers manufactured in the United 
States are made f rom Douglas fir. T h e Doug las fir industry has m a d e 
tremendous strides during the past decade, and in the year preceding \ ' -E 
D a y had expanded its facilities t o the point where it was capable of pro 
ducing more than seven bil l ion square feet of veneer annually. 

Douglas fir veneer is used almost entirely for the fabrication of structural 
and interior p lywood . Some container veneers are manufactured of Sitka 
spruce and western pines. These find a ready market in the citrus in 
dustries of California and with the hard and soft fruit growers of the 
Pacific Northwest . 

n. PLYWOOD 

A . M A N U F A C T U R E O F FLITVOOD 

T h e manufacture of a p l y w o o d panel consists of (1) preparing faces , 
cross bands, and cores ; (2) edge-gluing narrow pieces t o form large sheets 
when required; (3) lay-up and spreading of adhes ive ; (4) pressing the 
glued lay-up into a panel ; ( 5 ) drying the panel ; and (0) finishing the panel . 

1. Preparation of the Stock for Gluing. Unless veneers are dried to a 
very low moisture content and used immediately , it is customary to redry 
them when they are removed from storage prior t o the gluing operation. 
Hedrying is accomplished ordinarily by means of platen driers, consisting 
of a series of smooth , flat, steam-heated platens which alternately close and 
open to allow moisture t o escape from the surface of the w o o d . M o r e re
cently the progressive platen driers, already described, have also been suc 
cessfully employed for redrying. Veneers are usually redried t o 5 per c e n t 
of moisture or less if liquid glues are used. In the case of fragile veneers 
such as burls and crotch, the moisture content is rarely reduced below 10 
per cent . Wlien sheet glue, such as T e g o film, is used, the moisture c o n t e n t 
of veneer should range f rom 10 to 12 per cent in order t o ensure an adequate 
flow of the resin during the bonding cycle. 

T h e next operation consists in tr imming the veneers t o dimensions s o m e 
what longer and wider than the finished product . W i t h the less expensive 
face veneers, as well as in the case of the core and cross-banding materials, 
the rough ends and edges m a y be most economicafly t r immed with a b a n d 
or a circular saw, using bundles of sheets approximately 1 in. in thickness 
in one tr imming operation. T h e more expensive face and back veneers are 
cut t o dimensions b y means of veneer clippers, in which usually one sheet is 
tr immed at a time. 

T h e clipping operation requires considerable judgment on the part of the 
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operator, since the value of fancy face veneers depends largely on the figure 
they will produce. In cutting face veneers the clipper operator must keep 
in mind six general classifications into which face veneers fall. The one-
piece face consists of a single unmatched sheet of veneer. T h e width of one -
piece face veneer, if sficed or sawed, is limited b y the width of the flitch, 
while in rotary-cut veneer, face veneers of any width can be had. The /wo-
piece, center-matched face (also called book-matching), is produced b y splicing 
t w o pieces of veneer of equal width in such a manner that a bilaterally 
symmetrical figure results. T h e balanced effect of figure is obtained b y 
reversing one sheet of veneer in order t o br ing the corresponding part of 
the design together at the center; this necessitates having one half of the 
veneer loose side u p . Balanced joints, as the term indicates, are veneers cut 
so that when t w o or more sections are joined they will f orm a symmetr i ca l 
figure. Contrasted with that are randorn joints, i.e., pieces which are used 
unbalanced for figure. Faces selected for color are faces in which either light 
or dark colors are desired; the remaining port ions of the veneer sheets are 
either used for backs or wasted. Sap no defect is a term which indicates that 
the lighter colored sapwood in the veneer sheet is allowed in the face. 

For p l y w o o d b a c k s t w o general grades are recognized: ( I ) the sound 
back, i.e., veneers free f rom defects but unselected as t o color and figure; 
( 2 ) the reject back, used in places concealed from view, e.g., the underside 
of table tops. Such backs will include a number of defects , the kind and 
number of which are usually written into the buyer 's specifications. 

The cl ipped sheets of veneer are next put through an edge jointer t o 
ensure perfect ly tight and imperceptible jo ints in the finished p l y w o o d . 
Usually a stack of veneers, 1 t o 8 in. in thickness, is jo inted in one operation. 
T h e usual t y p e of veneer jointer is equipped with a rapidly revolving travel
ing cutterhead, containing up to 16 knives. Some manufacturers prefer 
t o use a combinat ion of jo inter and clippers, which cut all four sides in one 
operation. 

The face veneers are then taken to the matching table. Considerable 
experience and patience, as well as artistic abil ity and imagination, are re
quired to produce the best effect in matched veneers. 

When the matcher selects t w o pieces of veneer to be jo ined, he butts 
them together along their dressed edges and holds them firmly in place 
with gummed tape or with a film of glue spread along the joint. This 
operation is known as splicing and m a y be done manual ly but is a c c o m 
plished more efficiently on specially designed machines known as splicers, 
t w o general types of which are n o w in current use. 

In a tape-splicing machine two sheets of veneer to be spliced are fed 
through a paired series of live rolls, the shafts of which are angled in such a 
manner that the t w o pieces of veneer are butted firmly together as they 
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pass acroas the table. Suspended above the table is a roll of gummed tape. 
This tape is passed over a moistening device and under the rolls to the joint. 
An electrically heated roll sets and dries the tape while it is pressed firmly 
against the veneers. If in the manufacture of a panel three or more pieces 
of veneer are required to attain sheet width, a workman, the off-bearer, 
slides the pair of taped pieces back across the table to the operator who, in 
turn, tapes a third piece to the sheet. In this way sheets of large widths 
consisting of several individual pieces are readily made. Tape may be 
either of cloth or paper. It is invariably applied to the "finish side" of the 
sheet, later to be sanded off the panel during finishing operations. 

The tapeless splicer is a more recent development and permits the join
ing of individual sheets of veneer without the use of tape. Its chief ad
vantage over the tape machine lies in the fact that there is no tape to sand 
off the faces of panels after their manufacture. There is also a notable 
saving in tape costs. Tapeless splicers are very similar in design to the 
conventional tape machines. In one type, the edges to be joined are led 
over a glue spreader just in front of the heating rolls. In another, the edges 
of sheets are precoated with a suitable adhesive prior to joining. When 
fed into the machine the coated edges of the veneers pass over a formalde
hyde wick or one with some other suitable moistening agent and are then 
bonded in the usual manner as they pass through heated pressure rolls. 

A core may he a single sheet of veneer, several sheets of veneer suitably 
bonded together, or lumber. The best core woods are those of moderately 
low density and good dimensional stability. Uniformity of grain and 
ability to take glue are other important considerations. When lumber is 
used in making cores, edge-grained stock, because of its greater stability, 
is to be preferred over flat-grained stock. In high-grade plywood the most 
common woods are yellow poplar, red gum, birches, soft maple, and sound, 
wormy chestnut. 

The stock for lumber cores is usually dried to a moisture content of about 
5 per cent, then surfaced and ripped into strips ^ to 4 in. in m d t h . All 
major defects are removed in the resaw operation. The strips are edge-
glued together and placed in clamping devices until the adhesive has set. 
In some of the more modern plants use is made of continuous core-making 
machines. Machines of this sort have been " o n the j o b " designs, and 
several of them are very efficient and economical to operate. Lumber cores 
usually absorb appreeial)le moisture from adhesives during the lay-up, 
hence must be redried after glue is cured. 

Cross bands are used to balance and equafize stresses in plywood, and 
they play a significant role in reducing wai-page and dimensional changes 
occasioned b y fluctuating atmospheric conditions. Cross bands also min
imize ciu'cking in thin faces which, if they were bonded directly to a thick 
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core, would be unable t o withstand the mechanical stresses developed 
during periods of excessive swelling or shrinkage. Ye l l ow poplar is regarded 
b y m a n y in authority as the best American cross-band material . 

2. Spreadmg. The next phase in p lywood manufacture is the bonding 
together of the various elements t o form a panel. This is accomplished b y 
spreading an adhesive on the faces of core or cross bands or interleaving 

FIG. 8-9. Glue mixer and spreader, (Courtesy Merritt Sngirieerittg atid ScUes Company, 
Inc., Lockport, New York.) 

the individual layers of wood with sheets of d r y glue film and then pressing 
them firmly together with or without heat as required until the glue is cured. 
In small operations, liqviid adhesives m a y b e brushed on by hand, b u t in 
plants of large capacity the operation is mechanical . Figure 8 -9 illustrates 
a modern mechanical glue spreader. Fundamental ly it consists of t w o 
power-dr iven rollers, each of which rotates in a bath of an adhesive. T h e 
rofiers m a y be adjusted t o a c c o m m o d a t e veneers of varying thicknesses. 
T h e supply of glue to the rollers is control led b y means of an adjustable 
pressure bar or doc tor blade, and any liquid adhesive with good spreading 
characteristics m a y be used in machines of this and similar design. A s the 
veneers pass through the spreader they are laid up in conformance with 
g o o d manufacturing procedures, and the resulting assemblies are then 
olaced in presses until ciu'e of the adhesive has been effected. Full exolana-
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tions of lay-up a n d pressing techniques are presented in subsequent sec
tions under cold-pressing and hot-pressing procedures. 

3, Adhes ives , Adhe-sives .suitable for the manufacture of p l y w o o d and 
lammated structures must be of such a nature that they m a y be easily and 
uniformly spread over large surfaces, and if extenders are used, be c o m 
patible with them. T h e y must not impart ob ject ionable stains to veneers, 
particularly to face stocks, nor should they lose their bonding capaci ty with 
age after cure. T h e y must also resist insect attack and the act ion of 
bacteria and fungi. In many instances it is also mandatory that they be 
highly water-resistant. Relat ive costs are also important , and in some in
stances these alone will influence a manufacturer in his choice of an a d 
hesive. Comparat ive ly few adhesives possess all these qualiflcations, b u t 
there are several in any one class that are suitable for particular appl ica
tions. 

Six classes of adhesives are curi-ently used in p lywood-panel cons t ruc 
t ion, viz.., ( 1 ) animal glues, (2) starch glues, (3) vegetable-protein glues, 
(4) blood-all>umen glues, (5) casein glueS; and (6) synthetic-resin adhesives. 
A seventh class, the l iquid fish glues, m a y be added, although their use in 
p l y w o o d manufacture is l imited largely t o repair work. 

Animal and fish glues, and perhaps also b lood-a lbumen glue, are of 
rather ancient origin. In fact , it is only in the past 40 years that serious 
compet i t ion to animal glues has developed in American woodwork ing in
dustries. Starch glues appeared on the market about 1908, while casein 
adhesives were developed on a commercial basis during the First W o r l d 
War . Vegetable-protein glue, a soybean derivative, appeared on the mar 
ket about 1923. B lood -a lbumen glues have been popular in European 
shops, but they have en joyed only limited use in the American industry, 
and then the} ' were restricted largely t o use in the manufacture of water-
resistant panels. T h e first of a large and n o w diversified series of synthet ic -
resin adhesives was placed in American markets about 1935. T h e Second 
Wor ld W a r saw the rapid deve lopment of resins of this type , and in the 
short space of a dozen years their use in the American p l y w o o d indvistry 
has b e c o m e quite general. It would be erroneous to conclude, however , 
that synthetic resins have entirely replaced other types of adhesives, since 
largp quantities of animal, starch, protein, and casein glues are consumed 
aniuially in many p l y w o o d fabrication plants. 

a. Animal Glues. Animal glues are derived f rom the hides, bones, and 
fleshings of cattle , horses, sheep, and other beasts ; they are usually offered 
to the trade in sheet, cake, flake, or powdered form. In preparing animal 
glue for use, the dry glue should be poured slowly into pure cold water, 
using a ratio of glue and water in accordance with the manufacturer 's 
specifications. When possible the mixture should be permitted to stand 
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overnight. After softening in this manner the mass must be heated in a 
double boiler or jacketed gluepot at a temperature not t o exceed 140^F. 
and maintained at this or a shghtly lower heat level during gluing opera
tions. Experience has revealed that best results are obtained when the 
surfaces t o be bonded are preheated or at least the workroom is maintained 
at about 80°F. during the bonding period. Animal glue is essentially an 
all-purpose glue, in spite of certain inherent weaknesses. Joints made of 
animal glues are far f rom being waterproof or heatproof , although under 
normal atmospheric condit ions, joints bonded with a good grade of such 
an adhesive will give many years of satisfactory service. 

h. Starch Glues. Starch glues, known in the trade also as vegetable glues, 
are water-soluble materials made largely f rom starch obtained f rom the 
roots of cassava {Manihot vtilissirna Phol . , et ah), which are also the source 
of commercial tapioca. Stai'ch glues, for the most part, are offered to the 
trade either in the form of a dry powder composed of blended grades of 
cassava flour with incorporated converting chemicals or as a flour or blend 
of flours to which the consumer adds a quant i ty of caustic soda at the time 
of mixing in accordance with the manufacturer 's recommendat ions . W h e n 
dry and properly protected, these glues have an a lmost indefinite storage 
life. T h e y are cheap and very simple t o prepare for use. T h e cured glue 
produces tough, strong jo ints of enduring strength, except when high hu
midities prevail . Under unfavorable condit ions of exposure, starch glues 
are also readily subject to the ravages of insects and fungi. Vegetable glues 
are thick, viscous fluids wholly unsuitable for brush or spray, hence must 
be used with mechanical spreaders. Since they set up quick ly at r o o m 
temperatures, the assembly time * should never exceed 15 minutes if max
imum bond strength is mandatory . G o o d joints are obtained with pres
sures of from 75 to 100 p.s.i. Elevated temperatures are not required 
for curing adhesives of this kind, and the bonded materials m a y be re
m o v e d from press or c lamps in safety after 8 t o 16 hours, depending upon 
the degree of wetness of the adhesive at the t ime of spreading. In most in
stances it is necessary t o redry panels made with starch glues because of 
excessive amounts of water introduced into the w o o d at the glue line in the 
spreading operation. Redry ing m a y be done either in low-temperature 
kilns or b y open-piled air drying until test specimens reveal that the mo is 
ture content of such panels is 6 t o 10 per cent. 

c. Casein Glues. Casein glues, as previously indicated, were developed 
commercial ly during the First W o r l d War , although the use of casein as an 
adhesive has been traced back to the Midd le Ages . Casein, a derivative 
of skimmed milk, is obtained b y adding a quant i ty of acetic or some other 

* The elapsed time between beginning of the spread and application of full pressure 
On the joint. 
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acid t o milk a n d heating the mixture t o about 100°F. T h i s procedure 
sours the milk and permits rapid separating of the curd and whey. T h e 
curd is thoroughly washed and dried and then reduced to the consistency 
of wheat flour. Proprietary casein glues are offered to the trade as dry 
powders consisting of a standardized mixture of casein, hydrated lime, and 
certain alkaline solutions or salts. There are numerous glues of this sort, 
each c o m p o u n d e d for some specific use ; e.g., some will permit of long as
sembly periods, while others m a y be more highly water-resistant. In use 
tliey are merely mixed with water in proport ions recommended by the 
manufacturer. 

A second group of casein adhesives, the wet casein mixes, are made b y the 
p l y w o o d manufacturer b y mixing raw casein powder with water, l ime, and 
other ingredients t o make a satisfactory adhesive for his particular needs. 

T h e casein glues are suitable for many purposes. M a n y formulations 
are highly water-resistant, but jo ints made of them weaken materially if 
subjected t o prolonged immersion in water ; hence this t y p e of adhesive is 
not a suitable bonding agent for boa t hulls or for construction continuously 
exposed to excessively high humidities. Like starch, casein is also an or 
ganic material which will deteriorate in the presence of certain fungi unless 
fortified with suitable toxic agents. Best results are obtained with assembly 
periods of 20 minutes or less. A b o u t 6 t o 8 hours of press or c lamp time and 
pressures of friim 75 to 100 p.s.i. are required to develop g o o d bond strength. 
Casein glues are somewhat more versatile than most wood-bonding ad 
hesives. T h e y m a y be mixed and spread at considerably be low normal 
room temperatures. T h e y also exhibit good gap-filling characteristics and 
therefore are capable of produc ing g o o d b o n d s on rougii surfaces, even when 
the glue line itself is excessively thick. Because of their alkalinity they are 
especially suited for bonding oily woods such as teak and the southern 
yel low pines. 

d. Soybean Glues. Soybean glues made their appearance about 1923, and 
by 1920 manufacturers of structural Douglas fir p l y w o o d were using them 
in ever-increasing quantities. T h e best formulations are very water-
resistant, and their cheapness is another po in t in their favor. Soybean 
glues are supplied as yellowish powders and are comprised of soybean meal 
in admixture with hydrated lime, caustic soda, sodium silicate, and a water 
proofing ingredient. P l y w o o d manufacturers preferring to prepare their 
own liquid mix procure the various ingredients from reputable sources and 
blend them in accordance with schedidcs they themselves have developed. 

St)ybean glues have none of the tacky properties exhibited b y adhesives 
previously menti<med but more nearly resemble wet plaster or cement in 
their flow characteristics. T h e y are readily applied, however , in mechan 
ical spreaders and may be cold-pressed or hot-pressed, at the discretion of 
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the manufacturer. Tli ick, paste-like mixes, Tnastics, are also used if h o t -
pressing is employed . Mast ics may b e spread mechanical ly with char
acteristically grooved rolls which deposit m a n y small, cont inuous beads of 
glue on the surface of the wood . Later these flow together with the a p 
plication of heat and pressure. 

Veneers t o b e bonded with soybean ghies should have a very l o w moisture 
content , preferably be low 5 per cent. If cold-pressed, a m a x i m u m as
sembly period of 25 minutes is permissible; when hot-pressing is employed , 
the al lowable assembly t ime should n o t exceed 15 minutes. I t is r e c o m 
mended that f rom 60 to 70 lb . of liquid glue b e used per 1,000 sq. ft . of glue 
joint in cold-pressing, whereas 50 lb. of glue appears t o be adequate when 
p l y w o o d is hot-pressed. 

e. Blood-alhiimen Glues. B l o o d albumen, or dried b lood , an important 
by -product of abbatoirs , has been used with varying degrees of sut^cess as 

the basic constituent of a highly water-resistant glue and as an extender for 
other adhesives such as soybean, casein, and more recently some of the 
synthetic resins. B lood-a lbumen glues were developed with the advent 
of the First "World W a r in an effort to obtain moJsture-resistant adhesives 
suitable for aircraft fabrication of that period. Comparat ive ly little glue 
of ^his type has ever been used in the United States, although substantia) 
tonnages of dried b lood were being exported to the Scandinavian countries 
and neighboring states prior to the Second W o r l d W a r . 

Blood-a lbumen glues, if properly blended, offer great resistance to both 
hot and cold water but must bo hot-pressed to form satisfactory bontls. 
T h e small number of h o t presses '̂̂  available in the United States prior to 
1935 was probably a pr ime limiting factor in the use of glues of this type-
Inherent disadvantages of glues of this sort are that their b o n d strength is 
appreciably affected in aging and that t o date no suitable means has been 
devised whereby they m a y be mixed dry with other essential chemicals and 
placed on the market as proprietary adhesives that m a y be easily prepared 
for use b y merely mixing with water in the correct proport ions . There are 
numerous mixes for these glues which include, in addit ion t o the dried 
b lood , such chemicals as ammonium hydroxide , paraformaldehyde, and 
hydrated l ime.* Dried b lood used as an extender in casein glues definitely 
improves their water resistance, but when similarly used with phenol -
formaldehyde resins, the bonds , although wholly satisfactory for many 
purposes, are nevertheless somewhat inferior t o those made with un

adulterated resin. 

/. Synthetic-resin Adhesives. Synthetic-resin adhesives were used first 
commercial ly in European p l y w o o d plants, and it was not until 1935 that 

•For details of bloorj-albumen glue formulations see T . D . Perry, Modern Plywood 
Adhesives, Chapter 7, Pitman Publishing Co., New York, 
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T e g o , a phenol - formaldehyde resin in dry sheet form, became available in 
commercial quantities in the United States. This was fol lowed by several 
other types of resin adhesives. During the Second W o r l d W a r the p r o d u c 
tion of synthetic-resin adhesives was greatly expedited, and t o d a y there are 
m a n y formulations of the several basic types available t o the trade. Their 
acceptance and utilization b y the woodworking industries of America has 
become so general that old-line, well-established manufacturer.'^ of animal, 
starch, casein, and soybean glues are now marketing many resin compos i 
t ions under their o w n trade or brand names. 

T h e synthetic-resin adhesives are of either the thermosetting or the thermo
plastic types . Thermoset t ing adhesives are those which, when cured under 
heat and pressure, " s e t " or harden to form films of great tenacity and 
strength. T h e reactions during the curing cycle of such adhesives are ir
reversible, t.e., upon total cure, repeated applications of heat will in n o w a y 
soften the bonding matrix. B y contrast, thermoplastic adhesives are 
those which remain soft until cooled. The reaction is reversible t o the ex
tent that upon reheating the resin will again soften, only t o harden once 
more as it is cooled. 

U p t o the present t ime thermoplastic-resin adhesives have had only a 
l imited application in the p lywood industry, where they have been used 
successfully in making mo lded panels b y the bag-mold ing process. Resin 
adhesives of this sort are chiefly of the polyvinyl butyral and vinyl acetyl 
types. T h e y cure at r oom temperatures and form g o o d bonds with less 
pressure than is usually required for the thermosett ing adhesives. There 
are a number of factors, however , that seriously limit their use. T h e y have 
no great heat resistance, and bonds are materially weakened in situations 
whore atmospheres surrounding them approach 150°F. Some also have 
tendencies t o creep and flou', which make them totally unsuited for many 
p l y w o o d applications. Perry indicates that their use in the fabrication of 
models and mock-ups is very advantageous, since the designer m a y release 
and reset parts or pieces of his creation at will. It appears, however , that 
there is little likelihood of thermoplastic-resin adhesives ever becoming 
serious compet i tors with thermosetting types in the p l y w o o d industry. 

There are t w o very important classes of thermosetting-resin adhesives 
currently employed in the American p lywood industry, viz., (1) the phenol -
formaldehyde series and (2) the urea- formaldehyde group. Resorc inol -
fovmaldehyde and melamine- formaldehyde resins are suitable for bond ing 
w o o d but because of their higher costs are used only in limited quantities 
and then usually for special applications. 

As previously indicated, the first pl ienol - formaldehyde resin used in the 
United States was marketed in dry slieet form. Upon close examination 
one finds that it actually consists of a very thin sheet of tissue-like paper 
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suitably coated on both sides with uncured resin. When it is placed be
tween two layers of wood and hot-pressed, moisture released from the wood 
softens the resin and subsequently facilitates its penetration into the in
terstices of the elements being bonded. Phenol-formaldehyde-resin ad
hesives are now available in either liquid or powder form. The liquid resins 
may be spread as received or diluted with solvents and mixed with extenders 
in accordance with manufacturer's recommendations. The powder forms 
are prepared for use by mixing them with water, alcohol, acetone, or com
binations of these solvents, in proportions recommended by the manu
facturer. Some few formulations call for a catalyst, but usually it is not 
necessary to employ one with resins of this sort. The earliest phenoi-
formaldehyde-vesin adhesives required comparatively high temperatures 
(260 to 3 2 0 ^ . ) to effect their cure in a reasonable period of t ime; later, 
warm-setting phenolics (110 to 240°F.) were placed on the market, and 
even more recently, cold-setting (70 to 110°F.) resins of this type have 
been made available to the consumer. 

It is beyond the scope of this discussion to describe the many types of 
phenol-formaldehyde-resin adhesives on the market today. Some have 
been developed especially for bag-molding work, others to permit of long 
assembly periods necessitated by difficult fabrication, a few have been 
formulated especially for use in radio-frequency bonding, while still others 
have been compounded to resist the corrosive action of sea water. 

Extenders or fillers are used sparingly with these resins. Walnut-shell 
flour or dried blood appear to be more compatible with the phenolics than 
do the amylaceous (starch or flour) types of extenders. 

Temperature, allowable assembly periods, press time, and pressure re
quirements for phenolic-resin adhesives vary with their source. Users 
of such adhesives shovUd adhere strictly to the manufacturer's recom
mendations for best results. Resins of this type are particularl}'- well suited 
for primary gluing operations, i.e., in the production of flat and molded 
plywood. When properly cured in keeping with good manufacturing pro
cedures, they form excellent heat-, water-, and fungi-resistant bonds of 
great strength and endurance. 

Urea-formaldehyde-resin adhesives were developed as the result of in
dustry's insistence on a resin-type adhesive with a wider sphere of useful
ness than the hot-setting phenolics then available and one that would cure 
at a much lower temperature. The earliest formulations of this type re
quired curing temperature of about 200°F., but shortly thereafter the so-
called "cold-sett ing" ureas made their appearance. T o the manufacturer 
unable or unwilling to obtain hot-press equipment, here was an adhesive 
of the resin type that could be used with the physical facilities at his dis
posal. It should be clearly borne in mind, however, that the term "cold-
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sett ing" is a relative term, as, in the restricted sense at least, there is no 
real cold-setting resin. T h e polymerizat ion or total cure of any resin film 
is merely a t ime-temperature relationship; thus those that will cure at 
room temperature in 8 to 16 hours will also complete ly polymerize in a 
matter of minutes at higher levels of heat. 

T h e urea resins are offered to the trade in powder or l iquid form, usually 
with separate catalyst or hardener. In some of the more recently d e 
veloped dry urea resins, the catalyst is incorporated. There are m a n y 
proprietary resins of this kind on the market t oday . Some are c o m -
po imded expressly for use in cold-pressing, while others are specially pre 
pared for hot-press work. As a group, and except in instances where max
imum bond strength is requisite, urea resins are usually extended with 
varying amounts of rye or wheat flour or occasionally with tapioca-starch 
flour. Large quantities of extender will, of course, lessen strength and dur
ability o f bonds , but where they m a y be used with safety they also reduce 
glue-line costs. Straight urea b o n d s are not adversely affected b y cold 
water or the presence of fungi ; however , they deteriorate t o some degree in 
hot water or at high temperatures. It has been determined that the urea 
resins fortified with melamine produce b o n d s of excellent strength and dur 
ability, and a number of such formulations are n o w available t o the c o n 
sumer. 

T h e resorcinol-formaldehyde-resin adhesives were introduced to the p ly 
w o o d industry in 1943. T h e y are usually supplied in liquid form with 
separate catalyst and were first a m o n g phenol i c - type adhesives capable of 
cure at r oom temperatures. These adhesives are considerably more ex
pensive than the straight phenoHc resins. Dur ing the Second W o r l d W a r 
they were used to a l imited extent in secondary gluing in aircraft and water -
craft. Recent ly they have been used in laminating large structural m e m 
bers. Perry 12,13.14 indicates that they are readi ly adaptable for use with 
radio- frequency heat . 

Melamine- formaldehyde-resin adhesives have a limited use in p l y w o o d 
fabrication. T h e y exhibit , except for color , m a n y of the physical char
acteristics of the phenolics, particularly with respect t o heat resistance and 
durabil ity. A t present they are offered t o the trade in d r y p o w d e r form, 
since l iquid mixes have been found to be very unstable. T h e y are readily 
cured at l ow tempei'atures and are compat ib le with most of the c o m m o n 
extenders. A t present their cost, which is higher than that of either the 
urea or phenolic types , is a limiting factor in their use. 

g. Ertenders. These are usually cheap, inert materials c o m m o n l y added 
to certain l iquid resins, particidarly those of the urea t y p e with which they 
are very compat ib le , to increase their bulk. Extended resins m a y be spread 
over significantly larger areas than those that are not extended and not only 
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reduce materially glue-line costs but also, in many instances, stop "b l eed -
t h r o u g h " of the resin as ^vell. T h e c o m m o n extenders are wheat and rye 
flour and walntit-shell flour; tapioca flour is also occasionally used. Sohible 
dried b lood is sometimes added to some of the phenolics to improve their 
flow characteristics. This substance acts not only as an extender but also 
as a supplementary bonding agent when hot-pressed in the conventional 
manner. It has been determined that the stability of powder resins with 
incorporated catalyst m a y be improved if a small quanti ty of extender is 
added t o the mixture. M a n y adhesives extended with 10 parts of flour to 
100 parts of resin appear to develop bonds equal in durability t o the unex-
tended resin. Mixtures containing as much as 100 parts of flour produce 
b o n d s of better-than-average water resistance and strength. Hesins ex
tended with more than 150 parts of flour may be made at great sacrifice in 
water resistance and for purposes of e c o n o m y . N o proprietary resin ad
hesive, however , should b e extended without first consulting the m a n u 
facturer for his recommendations . 

4. Pane l Assembly . T h e amount of an adhesive, i.e., the thickness of 
spread required to produce g o o d p l y w o o d , varies with the t y p e of bonding 
agent employed . In spreading, an adhesive should cover the entire jo int 
area uniformly and completely and be devo id of air bubbles and foreign 
matter. I t is consistent with g o o d gluing practice t o use no more than the 
required min imum of an adhesive in making a jo int . A surplus of glue in 
no w a y improves jo int strength; in fact , thick glue lines should b e avo ided , 
as they are usually more dangerous than glue lines with insufficient spread. 
When starch glues are used, the spreader rollers should b e so adjusted that 
1,000 sq. ft . of glue-line area m a y be spread with 75 lb. of the liquid mix. 
Spreads of 60 to 7 5 lb . are recommended for casein and 60 to 70 lb. for soy 
bean. F r o m 30 t o 40 lb. of straight or extended resin is the usual spread 
for urea-type resins, while 25 to 35 lb. is ample for those of the phenolic 
type . Directions for spreading are furnished by the supplier and should 
be carefully adhered t o for best results. 

T h e elapsed time between the beginning of a spreading operation and the 
application of full pressure u p o n the glue lines of a p lywood panel or batch of 
panels pressed simultaneously is known as the assembly time, or period. 
T h e rapidity with which an adhesive begins t o "set u p , " or cure, is of 
primary importance to the manufacturer of p lywood . If there is an a p 
preciable hardening of the glue on the surfaces of the w o o d before full 
pressure is applied to the jo int , flow of the bonding agent is retarded, thick 
glue films result, and in consequence adhesion is greatly reduced. S im
ilarly, if the glue is too thin and it is not permitted to thicken somewhat 
before pressure is applied, excessive " squeeze -out " and excessive absorption 
of the resin by the w o o d occurs and a starved jo int results. It is readily a p -
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parent that careful control over assembly is mandatory if high-grade ply
wood is t o be produced. Maximum assembly periods for the starch glues 
should never exceed 15 minutes. Casein adhesives have a maximum as
sembly period of about 20 minutes, but better results are obtained in half 
that time. Soybean glues permit of a 15- to 25-minute assembly period if 
cold-pressed, 5 to 15 minutes if hot-pressed. The assembly period for the 
synthetic-resin-type adhesives varies from a few minutes to several days, 
depending upon the characteristics of the resin employed. 

6. Pressing. After the veneers are spread in accordance -with good shop 
practice, the p lywood assemblies are ready for pressing. Depending upon 
the type of adhesive used, pressing may be accomplished at room temper
ature or at raised temperatures. The former is Icnown as cold-pres&ing, the 
latter, hot-pressing. Cold-pressing generally is practiced with starch, 
casein, animal, and most soybean adhesives and with some of the urea-type 
resins. Hot-pressing equipment is used in curing blood-albumen and a few 
soybean glues, several urea-type resins, and the phenolic-type resins. 
While resorcinol-formaldehyde resins will cure at room temperatures, better 
bonds are obtained if they are hot-pressed. 

There are two general types of cold presses, viz., hand-screw presses and 
power presses. Hand-screw presses are used in small shops or (in large 
plants) for special work where production is limited or where the panels 
are of such an irregular size that poiver presses are not practical. Sandbags, 
lead shot, or lead bars are occasionally used for small lots. 

Among the several different power presses to be encountered, the hy 
draulic press, the power-screw press, and the combination power-screw-
hydraulic press are the most common. Hydraulic presses depend upon the 
action of one or more hydraulically operated rams to lift the lower platen, 
thus closing the press and applying the pressure. Power-screw presses are 
equipped with heavy, threaded strain rods upon which the upper platen 
travels to open or close the unit and to apply or release the pressure as may 
be required. The combination power-screw-hydraulic press makes use of 
the mechanical-screw system to open or close it and the hydraulic ram to 
apply pressure. All types are furnished with pressure gauges. In cold-
press p lywood manufacture, pressures range from 100 to 200 p.s.i. or more, 
depending upon the kind of wood and the type and consistency of the ad
hesive employed. 

In charging a press the panels are stacked on a strong retaining board. 
When thick panels are pressed, each assembly is usually placed upon a caul 
board, usually a piece of three-ply, %- in . plywood with waxed surfaces, or a 
sheet of aluminum. If thin panels are made, two to five or occasionally 
more assemblies may be placed between cauls. Caul boards are used to as
sure panel flatness and to guard against injury to the adjacent panel faces 
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while under pressure. A stack of panels large enough to fill the press to 
capaci ty is placed on I-beams resting on the lower platen. A t op retainer 
and second set of I -beams is placed on t op of the stack. As the press is 
c losed, retainer c lamps are adjusted over the beams ' flanges and taken up 
as pressure is applied. Once full pressure is attained the c lamps are given 
a final adjustment, whereupon the press is opened and the bundle removed. 

FiQ. 8-10. Hot-pressing plywood panels. {Courtesy Merritt Engineering and Sales Company, 
Inc.. Lockport. New York.) 

T h e retaining c lamps are left on until the adhesive is thoroughly set up , a 
per iod which m a y vary f r o m 8 t o 24 or more hours, depending u p o n the 
t y p e of bonding agent used. T h e bundle is then broken and the panels 
sent to inspection and finally t o the finishing departments. 

Figure 8 - 1 0 illustrates a modern multiplaten h o t press. T h e press is 
usually hydraulical ly operated and the platens internally heated. W h e n 
hot-pressing is practiced, each panel is laid up between t w o thin cauls 
which are usually made of aluminum. A single panel, or occasionally t w o 
of them with their cauls, is placed upon each platen. As soon as the press 
is charged the platens are closed and full heat and pressure are developed 
as rapidly as possible. Presses of this sort will bond w o o d satisfactorily in 
from 2 to 30 minutes, depending upon the thickness of the stock, the dis
tance of the glue line farthest removed f rom the heat source, the nature of 
the adhesive, and the curing temperature employed . Platen temperatures 
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of from 300 to 350°F. are usually employed, and pressures range from 100 
to 275 p.s.i., depending upon the species used. Mechanical loaders used to 
expedite press charging are standard equipment in most hot-pressing de
partments. 

When a press is opened the hot panels are removed, stacked, and per
mitted to cool and condition for several hours before they are finished. The 
metal cauls, ivhich are also very hot when removed from the press, must be 
cooled before they are used in subsequent operations, since a hot caul would 
cause the bonding agent to precure before full pressure could be applied, 
thus forming a joint of questionable integrity. 

6. Radio-frequency Bonding. In recent years radio-frequency heat has 
i)een used to cure synthetic-resin adhesives. The underlying principles in 
the use of high frequency for bonding wood are comparatively simple. A c 
cording to Berkness,* all matter is composed of molecules, which in turn 
are composed of atom combinations. Atoms consist of electrical particles. 
Each has a positive charge about which negatively charged electrons revolve 
in fixed orbits. When these atoms are subjected to a high-frequency field, 
the electrical particles of the atom are alternately attracted and repelled 
by the rapidly changing dielectrical field. This periodic orbit distortion 
results in friction which manifests itself as heat. 

When a combination of a wood and an adhesive is placed in such a field, 
the adhesive reaches polymerization temperature while the wood is rel
atively cooler than it would be in a conventional hot press. In fact, in high-
frcq\iency gluing, higher tempcratvu-es usually prevail in the glue lines than 
in the wood facing them, since there is no transfer of energy from a hot 
platen across a layer or layers of wood to the glue lines. Thus temperatures 
attained in glue lines are independent of the thickness of stock being 
bonded, and the curing period for a stack of assemblies 4 in. or more in 
thickness will be essentially the same as that of a stack only a fraction of an 
inch thick. In conventional hot-press work, a total thickness not exceeding 
1 in. is considered the practical limit. 

The use of high-frequency heat in gluing plywood is attended with sev
eral advantages. Shorter press times and lower surface temperatures pre
vail. Actual loss of moisture from the panel is slight, hence conditioning 
of panels following bonding is unnecessarj' and there is no necessity for time 
lapses between bonding and the next succeeding operation. Bonding time 
is greatly reduced, since bulky stacks may be pressed with the same facility 
as those containing only two or three panels. Volume production is easier 
to maintain in plants employing high-frequency heat in bonding. 

A numl)er of furniture manufacturers are using high-frequency equip-
* B«'rkness, I. R. The High-frequency Method for the Gluing and Drying of Wood 

Therijial Kngineering Corporation. 1940. 
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m e n t in their p lants . T h e t e n d e n c y for flashover a n d subsequent scorching 
of panels , a serious d r a w b a c k t o the use of this e q u i p m e n t , has been largely 
o v e r c o m e b y recent ly d e v e l o p e d resins, prepared special ly for use in h i g h -
f r e q u e n c y gluing. 

7. M o l d e d P l y w o o d . Panels w i t h single or d o u b l e curva ture , such as 
those used in aircraft skins, hulls of small b o a t s , or in s o m e of the m o s t 

FIG. 8-11. The C - 7 6 airplane, with molded plywood skins. 
poration, Columbus, Ohio.) 

{CouTlusy CuTiiss-Wright Cor-

m o d e r n furniture designs, c a n n o t b e m a d e w i t h o rd inary pressing e q u i p 
m e n t . T h u s m o l d i n g t e chn iques h a v e b e e n dev i sed wh i ch m a k e use of 
thermose t t ing resins a n d of fluid pressures. 

In o n e m o l d i n g process , veneers inter leaved w i t h film glue o r v e n e e r s 
c o a t e d with an uncured resin are f o r m e d o v e r a male m o l d of w o o d , meta l , 
or c e ramic mater ia l a n d t e m p o r a r i l y held in p lace w i t h wire staples , tape , 
o r b y o ther sui table m e a n s . S u c h a n a s s e m b l y is t h e n p laced in a large 
flexible rubber b a g f r o m w h i c h the air is i m m e d i a t e l y expelled. A s the 
v a c u u m is d r a w n , the b a g presses firmly against the veneers , causing t h e m 
t o c o n f o r m t o the c o n t o u r of the die. T h e def lated b a g a n d its c o n t e n t s are 
then p laced in a large steel a u t o c l a v e where s t eam, h o t water , or b o t h are 
a d m i t t e d under pressure. A d e q u a t e fluid pressure is b r o u g h t t o bear in 
th is w a y o v e r the entire assembly a n d the heat cures the resin. A t the 
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complet ion of this cyc le the molded i tem is removed and the operation re
peated. 

A somewhat similar process employs the use of a female mold. In this 
instance veneers are laid up along the inner face of the mo ld and covered 
with a rubber b lanket that is attached to the die. The air is then expelled 
beneath this covering in order to press the veneers firmly into place. T h e 
assembly is then handled in a similar manner t o that described above . 
There are several variations of these t w o methods for mold ing panels of 
unusual shape and contour . In one of these, veneers are laid up in a female 
die and a flexible bag placed within the assembly is inflated to bring the 
veneers into proper contour . H e a t m a y be supplied either from within the 
bag, from some heat ing e lement surrounding the mold , or by the use of 
high-frequency equipment . In recent years m a n y ingenious methods have 
been deve loped at individual plants to m o l d small p l y w o o d panels or parts 
for use in particular products . 

B . P A N E L T K E A T I I E N T F O L L O W I N G P RESSING 

P l y w o o d which is m a d e with aqueous glues a n d then pressed, particularly 
when cold-pressed, absorbs moisture from the glue. Hot-pressing veneers 
with an excessive moisture content should be avoided, since steam will 
form and become trapped in the panel. W h e n the presses are opened, steam 
pressures built up in this manner will cause the panels t o explode. T h e 
amount of moisture so absorbed depends on several factors, viz., (1) original 
dryness of the veneers; (2) thickness of the individual plies; (3) water c on 
tent of the adhes ive ; (4) thickness of the glue l ine ; (5) whether ghie was 
hot or co ld at t ime of spread; and ( 6 ) elapsed time between spreading and 
pressing. 

Other things being equal, the drier the veneer the more water it ivill 
absorb f rom the glue. Thinner plies will absorb a higher percentage of 
water based on the dry weight of the p ly ; however , thicker plies m a y 
actually absorb greater amounts of •water. 

1. R e d r y i n g P lywood . In cold-gluing, except for p l y w o o d made of very 
thin plies, more moisture is ordinarily added to the w o o d adjacent t o the 
glue line. Unless this absorbed moisture is allowed to equalize, subsequent 
drying of the p l y w o o d will result in a number of defects, such as warping, 
checking, open jo ints , and gluc-line failures, I t is therefore necessary that 
the moisture content of p l y w o o d be equalized throughout the panel and also 
be brought t o a level suitable for the subsequent use of the product . I t is 
ordinarily assumed that 10 to 15 per cent moisture in the finished p l y w o o d 
is sjitisfactory for service in the open air, while for interior u.se in heated 
buildings the moisture content of p l y w o o d should be 7 t o 8 per cent, 
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and somewhat lower for the product intended for furniture manufac
ture. 

On the basis of experiments in kiln-drying aircraft panels, the U.S. 
Forest Products Laboratory recommends a constant temperature of about 
120°F. and a constant maximum relative humidity which will permit the 
stock to d i y down to the moisture content desired, with minimum injury 
to the material and the maximum of convenience and economy of opera
tion. Temperatures in excess of 120°F. will decrease the drying time but 
are prone to lower the quality of the plywood b y increasing warping, check
ing, and opening of joints. 

The length of time required to dry plywood depends largely on its mois
ture content and the total thickness of plywood, as well as the number and 
thickness of the constituent plies and the type of wood. Panels dried from 
very high to very low moisture content should be dried more slowly, to 
prevent warping and other drying defects. T h e actual drying time with 
three- and five-ply panels ranges from 8 to 24 hours. In a few instances 
mechanical veneer driers and hot-plate presses have been used for redrying 
thin plywoods with relatively high moisture content. This method has the 
advantage of speed but involves the use of expensive equipment. 

Plywood glued in hot presses does not require redrying after gluing, but 
good practice calls for a conditioning period to provide for equalization of 
moisture content. In some shops it is common practice to sponge or spray 
the panels as they are removed from the press in order to restore surface 
moisture. 

2. Finishing Panels. Unless all plies were trimmed to exact size before 
gluing, the panels are trimmed after redrying. In some mills the first 
straight edge is obtained with a hand jointing machine, the panels then 
passed over a variety saw, set t o produce the desired width, and finally 
through a trim saw for trimming the ends. In a plant equipped with power-
driven sizing saws having two saws for cutting both edges in one operation, 
the hand jointing and the variety-saw operations are eliminated. A power-
driven trim saw may be set at a right angle to the sizing saws, so that sizing 
and trimming of panels are accomplished in one operation. 

The finishing of plywood frequently involves the sanding of faces to re
m o v e tapes, rough spots, and unevenness in thickness. Great care should 
be exercised to sand both faces evenly, as the difference in thickness of the 
faces would destroy the symmetry of construction and lead to distortion 
with changes in moisture content; furthermore, faces sanded too thin will 
not finish well and are likely to show the ghie line. For sanding, either the 
endless belt or the drum type of machine may be used, the final cleaning 
of high-grade p lywood usually being done by means of the belt sander. 

After sanding, the panels undergo a final inspection and grading. The 
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panels containing surface \n\perfections, such as checks, splits, or pitch 
pockets, are sent to the patching room, wfiere these defects are removed and 
sound pieces of veneer inserted. When this is expertly done, such patched 
panels are fully as strong and serviceable as sound, unpatched plywoods. 
The graded plywood is stored piled solid in heated conditioning rooms until 
needed. It is customary to lay the panels \vith the faces toward each other 
when they are crated for shipment. 

C . C U R V E D PLVWOOD 

Ply^vood will bend more satisfactorily than solid lumber of the same 
thickness. In one forming method the veneers are bent before the glue 
hardens. The assembly is clamped tightly over the curved form and pres
sure is maintained until the adhesive sets. A variation of this method is to 
machine the lumber base to any desired curve, using the reverse concave 
form to apply the pressure. This method can be used for production of 
compound curves. 

A different method for bending thin plywood is provided b y the Elliott 
bending machine, in which the p lywood is passed between heated rollers in 
a manner similar to that employed in curving steel plates for cylinders and 
boilers. Finally, plywood may be curved by means of flexible bags; a 
method which is especially suited for production of irregularly shaped 
objects. 

D . SPECIAL PLYWOODS AND LAMINATES 

In addition t o conventional p lywood described in the foregoing pages, 
there are also a number of special plywoods and veneer laminates which 
deserve mention. 

1. High-density W o o d . It has been known for some time that b y com
pressing wooil it is possible to improve many of its physical-mechanical 
properties. Practical apphcation of this principle, however, has only been 
achieved since the development of the thermosetting synthetic-resin ad
hesives. 

Normal pressures used in gluing wood, ranging from 75 to 200 p.s.i., are 
accompanied b y compression not exceeding 10 per cent of the original 
thickness of the plywood assembly. If, however, veneers are impregnated 
with a synthetic resin and then bonded under pressures ranging from 500 
to 2,000 p.s.i., considerable compression results, with, of course, a cor
responding increase in density. Material of this kind (which may be laid 
up u ith either cross or parallel laminations), developed at the U . S . Forest 
Pniducts Laboratory, was originally designated as compregnated wood and 
later as compreg. At present compreg and several closely related materials 
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are manufactured under a variety of trade names such as Piuswood, Super-
pressed Plywood, Improved W o o d , and Tegowood. 

Compreg is made by impregnating thin sheets of dry veneer vnth a water-
soluble, specially prepared, [•esin-forming formulation. Following impreg
nation the sheets are removed from the bath, laid up and hot-pressed. Heat 
has a plasticizing effect upon lignin, and wood treated in this manner will 
compress much more readily, for a given unit pressure, than one untreated. 
B y varying the intensity of pressure, the resin-treated wood will compress 
from ^ to 3^ of its original dimension and increase its specific gravity from 
approximately 1.0 to 1.40. Compreg may be made in thin sheets or heavy 
blocks of considerable thickness. Shrinkage or swelling with atmospheric 
changes is negligible. In fact, tests at the U.S. Forest Products Laboratory 
revealed maximum dimensional change of only 3.6 per cent after a 50-day 
inmiersion in water. It is also highly resistant to mild acids, alcohols, and 
many other solvents and is not permanently spotted by such materials. 
Compreg takes on a high luster from the press platens and needs no further 
finishing. Since the resin permeates the whole panel, surface scratches or 
mars may be sanded or burnished out without additional treatment. C o m 
preg has excellent mechanical properties except for impact strength, as the 
large amount of resin present has some small embrittling effect. 

The full utility to which compreg may be put is yet unknown. As a 
panel it is well suited for bar tops, card tables, furniture, and specialty 
flooring. During the Second World War it was used for airplane propellers, 
bases for parachute flares, radio antennae masts, dies, small tools, jigs, 
and in various parts of aircraft. Recent tests * by the United States N a v y 
have revealed that compreg made of cottonwood is a suitable decking 
material for aircraft. Compreg picker sticks used in place of those made 
from hickory are giving satisfactory service in a number of Southern cotton 
mills. 

Tegowood, another densified product, differs from compreg in that thin 
sheets of veneer are bonded under high pressure with Tego film glue. This 
material does not appear to have such good dimensional stability or strength 
characteristics as compreg but is suitable for many purposes. 

Impreg is another resin-treated wood developed by the U.S. Forest 
Products Laboratory. Like compreg it is made of resin-impregnated ve
neers. After sheet impregnation, the veneers are dried and the resin cures 
within the individual sheets. These are then laid up in the conventional 
manner and hot-pressed with a resin adhesive at normal bonding pres
sures. The resulting product is a superior plywood with good stability and 
greatly improved resistance to fungi, insects, fire, and weathering. 

• Anon. U.S. Navy Installs Newly-developed Dual Purpose Decking. Wood Prod 
62:6, 20-22. June, 1947. 
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Another deve lopment in compressed p l y w o o d construct ion is the dif-
fereiitial density material, in which a p l y w o o d product has difTerent d e n 
sities throughout its length. T h i s is achieved b y using veneer sheets of dif 
ferent lengths and assembling them in such a manner that several more 
veneer sheets are placed at one end or in the middle of the assembly. Since 
the shorter veneer sheets are cut t o different lengths, the number of veneer 
layers, and therefore the actual combined thickness of the veneer sheets, 
varies throughout the length of the p l y w o o d . T h e resulting assembly, c on 
sisting of veneers and synthetic-resin glue, is compressed between parallel 
platens t o exact ly the same thickness, with the result that a p lywood m a 
terial with density varying throughout its length is obtained. Such m a 
terial could b e used in aircraft propellers, where the part nearest t o the 
hub requires high density while the tips must be as light as possible. 

2. Veneer and P lywood Combinat ions . Various p l y w o o d and laminated 
produc ts can be m a d e by combining veneers or p l y w o o d with f iberboard, 
paper, or n o n w o o d materials, such as c loth, asbestos, metal , and foamated 
plastic materials. 

A n example of veneer-paper combinat ion is a product constructed of 
kraft paper and veneer. Kra f t paper is somewhat stronger across the grain 
than thin veneer and therefore m a y be used to reinforce it. T h e paper is 
used either as a core, between layers of veneer, or for outside surfaces. 
Such veneer-paper combinat ions are used for packing cases, mirror backs , 
and cabinet partitions. Papreg and Kimpreg , phenol ic - impregnated 
papers, are also suitable facing material for bo th veneers and p lywood . 
One Southern manufacturer is using a three-ply assembly consisting of a 
M-in . -veneer core and phenol ic -paper faces for draw b o t t o m s and dust -
proof boards in case goods. 

A n y of the pulp fiberboards, such as Masonite or Celotex, can be faced 
with veneers. Veneers used in this manner generally range f rom to 
in. in thickness. Sometimes a face veneer is first combined with a high-
density fiberboard and the resulting assembly is then glued with a more 
porous, low-density fiberboard. 

Veneer combined with asbestos board finds its widest application for 
heat protection in radiator enclosures, covering for hot-air ducts , boat and 
ship partitions, and doors and partitions in s low-combust ion construction. 
Since the primary ob jec t of the asbestos-veneer construct ion is heat re
sistance, only phenol - formaldehyde adhesives should be used. 

A well -known example of the cloth-veneer combinat ion is F lexwood . 
This is a veneer product used for interior wall finish. F lexwood consists 
of a sheet of thin hardwood veneer, M o o to }4 in. thick, laminated under 
heat and pressure with a waterproof adhesive t o a coarse co t ton fabric. 
T h e sheets are then processed in a flexing machine and the result is a flex-
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ible material with a nardwood surface. Flexwood is manufactured in strips 
18 to 24 in. wide and 8 to 10 ft. long; it can be applied to any surface, flat 
or curved, with a permanent adhesive, much as wallpaper is hung. 

Another example of cloth-and-veneer combination is a special type of 
conveyer belt where the woven fabric supplies flexibility while the veneer 
produces the desired surface and a degree of stiffness. A similar product is 
used for guard cages around machinery. 

Another product is woven wood laminate. In this process the veneer is 
coated and impregnated with resin varnishes. It is then cut into strips of 
the desired width and woven into sheets of any size. The woven sheets of 
veneer are then bonded with some stiffening material under heat and pres
sure. The resulting sheets are flexible and can be cut with ordinary shears. 
When mounted on plywood or other solid backing, these panels can be 
used for desk tops, card tables, bars, walls, and ceilings. They have a 
glass-smooth surface, unaffected b y moisture, alcohol, and most common 
acids and are resistant to cigarette burns. Various designs are achieved by 
combination, in weaving, of woods of various color and grain. 

Of the many types of metal-faced plywoods now on the market, two out
standing examples are Bonded Metal and Plymetal. Bonded Metal is a 
bond of wood veneer t o a metal underlay. In this process cotton cloth is 
fused into steel with a zinc solder and then bonded with phenohc-resin 
sheets to the thin wood veneer. The significance of tliis product is that 
although it looks and feels exactly like wood, it can be handled and ma
chined like steel. It is highly fire-resistant. It is believed that Bonded 
Metal has an enormous field wherever the so-called "grained" metals are 
used, i.e., in filing cabinets, radio and air-conditioning cabinets, office 
furniture, automobile dashboards, and the interior of railroad passenger 
cars. Another potential field for this product is for interior finish in ships. 

Plymetal is a lamination of plywood and metal, differing from Bonded 
Metal in that the plywood is covered with a metal-veneer surface. This 
product finds wide application in elevator cabs, soda fountains, restaurants 
and hospitals, truck bodies, boats, and passenger railroad cars. 

Veneers or thin plywood bonded to thick, lightweight cores of foamated 
thermoplastic resins give promise of being suitable materials for insidation 
and acoustical boards and for lightweight panels for many special uses. 

E . UTILIZATION OF PLYWOOD 

In recent years ply^vood has gained such popularity and its use has be
come so varied and diverse that only a general summation of its utilization 
is presented. 
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1. Plywood in Construction. Perhaps the greatest field of application for 
plywood is in construction. The ever-growing popularity of plywood in the 
constniction field is largely due to the advantages it offers in comparison 
with solid lumber. Some of these advantages have already been mentioned, 
but they are repeated here to emphasize their importance in a building 
material. Of particular significance are (1) the equalization of strength 
properties along the length and width of the panel achieved by alternating 
the direction of grain in successive plies; (2) greater resistance to end check
ing and splitting, thus permitting nails and screws to be driven closer to an 
edge than is possible with solid w o o d ; (3) reduction and equalization of 
shrinkage and swelling; (4) lightness, which makes handling of p lywood on 
scaffolding easy; (5) ease of cutting into any desired shape; (6) applicabihty 
for construction of curved surfaces; (7) good nailing and screw-holding 
capacity; (8) availability in large sizes cut to exact dimensions; (9) adapt
ability for sheathing purposes; (10) high range of decorative effects pos
sible. 

Of the species used for structural plywood, Douglas fir is by far the most 
important. Douglas fir plywood suitable for construction purposes is made 
in two types, interior and exterior. The interior-grade type represents the 
larger amount of production and consists of plywood with some degree of 
moisture resistance; it is built to retain its original form and practically all 
its strength when exposed to occasional but thorough wetting and sub
sequent normal drying. The exterior type of Douglas fir plywood is in
tended to retain its original form and strength when wet and dried re
peatedly and otherwise subjected to the elements; it is, therefore, suitable 
for permanent exterior use.* 

Douglas fir plywood is peculiarly suited for concrete forms, and many 
millions of feet of it are consumed annually for this purpose. Plywood con
crete forms are easy to construct and easy to remove; they are strong, yet 
offer a degree of flexibility which allows construction of curved surfaces. 
Plywood forms produce even concrete surfaces that require little labor to 
smooth them oflf. Douglas fir plywood is equally well adapted to small 
concrete forms, such as sidewalks, curves of residence foundations, and to 
gigantic projects such as skyscrapers, dams, or bridges. Finally, the same 
forms may be reused several times, and then when finally dismantled the 
plywood still has a salvage value for rough construction. 

Douglas fir plywood is extensively used as a roof and wall sheathing and 

• Each tyiK?, i.e., interior and exterior, is available in several grades. For complete 
inforniiition consiult the latest Commereial Standards for Douglas fir plywood, available 
through the National Bureau of Standards, U.S. Department of Commerce, Washington 
D.C. 
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for floors and subfloors. Although on the basis of square-foot cost plywood 
is somewhat more expensive than some other forms of construction ma
terials, its availability in large panels cut to exact dimensions allows labor 
savings which tend to equalize the costs. As a sidifloor material plywood 
has the added advantage that large unbroken surfaces minimize the extent 
of cracks; it also offers a good nailing surface for flooring. The same ad
vantages apply to the use of p lywood as sheathing material, but in order to 
secure a greater degree of rigidity and strength, the panels must be properly 
braced and securely nailed to the frame. According to the U.S. Forest 
Products Laboratory, a rigidity far superior to anything possible with nail
ing can be obtained by gluing plywood to a frame. 

Douglas fir plywood, as well as other types of plywood, finds a wide 
range of application in interior construction. Plywood is occasionally used 
as lining to be covered with plaster but more commonly as wallboard used 
as a combination lining and decorative base; the panels are nailed directly 
to the studding and joints. When used as a decorative base, plywood of
fers many finishing possibilities. Panels with hardwood face veneers can 
be selected according to architectural requirements. If desired they may 
be stained, painted or enameled, or covered with wallpaper and fabric by 
first pasting a base of muslin or light paper felt to cover the cracks and take 
care of slight changes in dimensions that may take place in the walls. Ply
wood is very well adapted for the modern wall forms requiring curved 
surfaces and for the fabrication of nooks, partitions, cantilever shelves, 
etc. 

Other household building uses for plywood include the finishing of attics 
and basements, secondary partitions, closets, and storage rooms. Plyn'ood 
finds wide application in garages and farm buildings, such as poultry houses 
and dairy-barn stalls, as well as in office buildings, warehouses, and other 
industrial buildings. Plywood is a favorite construction material for in
terior and exterior sheathing, subflooring and roofing, for exposition biuld-
ings and similar temporary structures which require speed of construction, 
maximum safety, high decorative possibilities, and low costs. 

In connection with constructional uses of plywood, reference must be 
made to its utilization in prefabricated houses. Whether made of wood, 
steel, or other materials, all prefabricated housing systems use a panel as 
the structural unit. The basic idea of all these systems is that the most 
difficult part of construction should be done by factory mass-production 
methods, by which it can be done more cheaply and efficiently, thus offer
ing to the public cheaper and at the same time more scientifically designed 
housing. A number of model prefabricated houses utilizing plywood as the 
principal construction material have recently been built throughout the 
country. 
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Fio. 8-12. A m o d t T i i buffet constructed with plywood puncls. (Courtesy Drexel Furniture 
Company, Drexel, North Carolina.) 

except legs, rungs, frame rockers, and similar solid parts. Furniture ply
wood is usually made to order in accordance with the manufacturer's 
specifications as to matching and size. Some furniture manufacturers 
prefer to buy three-ply panels to be used as a stock on which face veneers 
are glued at the furniture factory, so that any desired matched effect can 
be produced as needed. Cabinet work, such as cupboards, closets, book
cases, and medicine chests, provides another large outlet for plywood. 

3. Industrial Uses . T o meet the engineering requirements of light 
weight with maxinunn strength, there are on the market a number of metal-
faced plywood products. Such panels are used in truck bodies, boats, 
hospitals, and restaurants; more recently such panels have been used in the 
construction of streamlined trains. Plywood covered with heat- and acid-

2. Plywood in Furniture and Cabinetwork. P lywood is widely used in 
furniture and cal)inetmaking;. Some of the principal uses are for tops, table 
leaves, case backs, drawer fronts and bottoms, mirror backs, foot and head 
panels in beds, radio cabinets, piano cases, sewing-machine cabinets, 
fixtures, and seats and backs of auditorium chairs, school and theater 
chairs, and church pews. In fact, p lywood is used in all parts of furniture 



172 WOOD PRODUCTS 

resistant resins is available for use for table tops, office equipment, and ivali 
paneling. Freight-car construction promises an extensive field of use for 
Douglas fir plywood in the form of car lining, while railroad passenger cars 
have long offered a market for plywood, for decorative as well as structural 
purposes. 

Plywood made with water-resistant glues is extensively used in all classes 
of water craft. In small pleasure boats p lywood is used as a structural and 
decorative material, while its use for interior paneling in large ocean liners is 
rapidly increasing. House-trailer building, although a new field for ply
wood , already consumes millions of square feet of this product , largely of 
Douglas fir. The automobile industry still consumes quantities of plywood, 
although much less than formerly, for floor boards, trunk shelves, and up
holstering frames. During the war enormous quantities of plywood were 
used in airplane and glider construction. 

MiUwork is another important outlet for plywood, one of the largest 
items being door panels of all kinds; large volumes of plywood are also used 
in trunks, traveling boxes, packing cases, and fruit and vegetable baskets 
and boxes. 

An unusual but quite extensive market for Douglas fir plywood is in the 
motion-picture industry and on the legitimate stage, for construction of 
stage sets. Toys , woodenware and novelties, bird houses, ping-pong table 
tops, patterns, bulletin boards and signs, educational and industrial exhibits, 
and amusement devices are but a few other items on the rapidly expanding 
list of uses for plywood. 

F . PLYWOOD PRODUCTION; INDUSTRIAL STATUS 

Plywood is manufactured in practically every state in the Union. The 
state currently leading in the production of this commodity is Washington, 
where the Douglas fir p lywood industry is concentrated. Other leading 
states in which p lywood is manufactured in large volumes are Oregon, 
Tennessee, North Carolina, Kentucky, Wisconsin, Indiana, New York, 
Pennsylvania, and Vermont. As in the production of veneers, the plywood 
industry is divided into two main categories, viz., the hardwood plywood 
industry and the softwood plywood industry, in the latter of which Douglas 
fir is the predominating species. 

The Douglas fir p lywood industry is a large-volume, standardized opera
tion confined to Washington, Oregon, California, and British Columbia, 
where there are about 40 mills manufacturing over a billion square feet of 
p lywood annually. In fact, 1,800,000,000 sq. ft. of Douglas fir p lywood 
was purchased in 1942, the peak year of the industry; in 1940, 1,390,000,000 
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sq. ft. was manufactured.* The majority of tlie Douglas fir plants are 
members of the Douglas Fir Plywood Association and operate under trade 
standards established by the Association. About 54 per cent of the plywood 
manufactured in the United States is of Douglas fir. 

The hardwood plywood industry, b y contrast, consists of several hundred 
manufacturers, ranging from large corporations to small shops of very 
limited capacity. Hardwood plywood products, for the most part, are 
c\istom-made. There is no trade association for the industry as a whole, 
but the manufacturers as a group follow the inspection, test, and approved 
methods for plywood fabrication as set forth in the U.S. Department of 
Commerce Hardwood Plywood Commercial Standard CS35-47. 

The aggregate value of American p lywood production for the year 1946 
has been estimated at something over 60 million dollars. 
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W O O D C O N T A I N E R S 

I. COOPERAGE 

Cooperage is a collective term descriptive of a variety of wood containers 
consisting of assemblies of staves and heads securely held together with 
hoops. The term is also used to designate a plant where such containers 
are manufactured. Barrels, casks, and kegs designed to hold liquids or 
products processed in liquids are classified as tight cooperage. In contrast, 
similar containers used for packaging dry commodities such as nails, to 
bacco, chinaware, flour, and a host of other industrial products are called 
slack cooperage. Large tanks and vats made of staves and heads and bound 
together with metal rods or straps are forms of heavy cooperage. W o o d 
pails, tubs, churns, buckets, and other types of container woodenware com
posed of hoops, staves, and heads or with special tops and bot toms are also 
regarded as cooperage products. 

A. HISTORICAL 

The origin of the wooden barrel antedates the recorded history of man, 
and the name of its inventor is shrouded in the haze of time. Archaeologists 
have revealed that barrels were used by both the ancient Babylonians and 
the Egyptians, while numerous passages in the Old Testament attest to 
the fact that barrels of various types were in general use at least several 
hundred years before the birth of Christ. When the barrel first acquired its 
bilge * is also a matter of speculation, although there is evidence that 
curved staves were used in cooperage manufacture at least before 525 B.C. 

Legend has it that the precursor of the stave barrel was a hollowed log 
with animal-skin headings. Containers of this sort were cumbersome and 
of limited capacity and were transported with difficulty; hence one may con
jecture that the ancient cooper, in an attempt to produce a better vessel, 
conceived the idea of fashioning a number of hand-carved staves into a 
cylindrical stmcture of much less bulk and with proportionally greater 
carrying capacity. His hoops, probably thongs, served not only to avert 

* Centrat bulge. 
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leakage along the stave jo ints but also t o close any checks in the staves 
themselves that might have developed in seasoning. 

During the period of the Crusades (1096-1291) the barrel was introduced 
into Europe f rom the H o l y Land , and by the fifteenth century barrels of 
several standard sizes were recognized and subsequently were used as 
imiversal means of measure. In 1423, English lawmakers placed the ca 
pacity of a hogshead at 03 wine gal. Later, b y other imposed statutes, the 
capaci ty of a wine barrel was fixed at 313-^ ga l . ; those for vinegar, eels, and 
herring at 30 gal . ; and those for codfish and honey at 32 gal. Several slack 
barrels were similarly employed . F o r example, a barrel of gunpowder was 
required to weigh 100 l b . ; one of soap, 205 l b . ; and one of candles, 120 lb . 

Early American history is int imately associated with the barrel. C o -
Uimbus, in preparing for his westward v o y a g e i n t o the unknown, p r o 
visioned his ships with food and drink packaged in cooperage. T h e Pur i 
tans, when they founded their co lony at P l y m o u t h in 1020, not only 
b rought m o s t of their suppl ies in coopers ' ware b u t also h a d the foresight 
t o include a m o n g their numbers one John Alden, a j ourneyman cooper , 
hired expressly for the purpose of plying his trade in the N e w W o r l d . 

T r a d e was the very l i feblood of the American colonies , a n d in the years 
fo l lowing their settlement, cargoes of codfish, whale oil, molasses, rum, 
naval stores, t o b a c c o , and other commodi t ies were consigned to L o n d o n 
and many other European ports in wooden barrels. In fact , foreign markets 
were also created for cooperage itself, and large numbers of Amer ican-made 
staves were exported to England, Ireland, Portugal , and Spain. 

T i m e has witnessed m a n y changes in the American cooperage industry. 
In early colonial days , barrels were made by j ourneyman coopers w h o had 
neither shops nor regularly established businesses but traveled f rom place 
t o place in the practice of their trade. T h e cooper fashioned his staves, 
heailings, and hoops by hand ; his work was slow, painstaking, and labori 
ous ; his product ion limited to about t w o barrels daily. T h e deve lopment 
of the Pennsylvania oil fields during the middle of the nineteenth century 
created a tremendous d e m a n d for tight cooperage , and it was during this 
period that the first stave-cutt ing machinery was made available t o the 
maiuifacturer. Thereafter, machinery rapitlly replaced various hand oper 
ations in barrel manufacture, and within a few years the industry was 
mechanized for mass-product ion methods. 

N o historical review of cooperage would be complete , however , without 
brief ment ion of the curved stave. This structure embodies the princii)le 
of the double arch * and, in the more than 2,000 years that it has been 
employed in the construct ion of a barrel, no one has been able to improve 
\il>on its basic design f rom tiie standpoint of its mechanical efficiency. In a 

* Ixingitudiiially and transversely curved. 
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properiy assembled barrel, the projected planes of all stave joints pass 
through its longitudinal center l ine; thus each stave acts as a key. Hence , 
when an external impact load is applied to a vessel of this sort, the shock is 
instantly transmitted to all parts of the structure, tluis greatly minimizing 
its damaging effect at the point of contact . In fact , a blow of sufficient 
magnitude to fracture the staves in a cylindrical barrel ordinarily can be 
absorbed b y a bilge barrel hav ing staves of comparable thickness. 

B . T I G H T COOPERAGE 

Tight barrels are designed primarily for holding liquids such as vinegar, 
fruit juices, sirups, alcohol and alcoholic beverages, mineral and vegetable 
oils, turpentine, paints, and chemical c ompounds and for meats, fruits, and 
vegetables processed in liquids. T h e y are also used for packaging semi
solids like lard and vegetable shortenings, preserved fruits, resins, waxes, 
pastes, and greases and as shipping containers for such dangerous c o m 
modit ies as gunpowder , corrosives, poisons, and highly inflammable 
goods . 

Several k inds of t ight barrels are manufactured ; m o s t of t h e m vary s o m e 
what in the details of construction, as each t y p e is designed for a specific 
use. Those having capacities of less than 30 gal. are known to the trade as 
kegs, whereas those with capacities greater than 60 gal. are called hogsheads. 
T h e terms cask and lierce are descriptive of large barrels c o m m o n l y used for 
packaging wines, fish, lard, and a few other commodit ies . 

1. Manufac ture of T ight Cooperage . T h e c o m p o n e n t parts of a t ight 
barrel are c o m m o n l y manufactured at separate and independent plants and 
in turn are sold t o coopers for assembly in accordance with customers ' 
specifications. A few of the larger cooperage houses, however , operate their 
own stave and heading mills or manufacture their staves and headings at 
the cooperage. Strap-steel hoops are used almost exclusively on tight bar 
rels. 

a. Staves. A t one time a wide variety of w o o d s was used in the m a n u 
facture of tight staves, but today such species as white and red oaks, white 
ash, Douglas fir, ye l l ow birch, sugar maple, and red g u m are principally 
employed . Trees selected for conversion into cooperage are felled and re
duced to flitches suitable for the product ion of quarter-grained staves that 
will not exceed a width of more than 6 in. T o produce staves of uniform 
length the flitches are rough-peeled and then equahzed. A n equalizer 
(Fig. 9 -1 ) is a device for squaring the flitch and cutting it t o the required 
s tave length. It consists of a pair of circular saw blades with a c o m m o n 
drive shaft mounted in a heavy metal frame. Fol lowing the equalizing 
operation the flitches can be reduced to staves. 
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A t o n e t ime t ight s taves were m a d e o n a s tave b u c k e r b y f orc ing r o u g h -
h e w n s t a v e b lanks through a pair of s ta t i onary , h e a v y , c u r v e d knives . 
T h e s e were k n o w n as " b u c k e d " 
s taves , the m a n u f a c t u r e of w h i c h . .̂̂ ^ ..^^.^.^^.^^..^.^^v-.^fm^ym. . — 
was b o t h labor ious a n d waste fu l . 
B e c a u s e of ever - increas ing s t u m p -
age values a n d the need f o r m o r e 
efficient m a n u f a c t u r i n g p r o c e d u r e s , 
the s tave b u c k e r h a s l o n g since 
g i v e n w a y t o t h e drum or barrel saw, 
a n d t o d a y v i r tua l ly all t i ght s taves 
are c u t w i t h such m a c h i n e r y . T h e 
barrel s a w (Fig . 9 - 2 ) is a steel 
cy l inder wi th cu t t ing t ee th o n o n e 
e d g e , m o u n t e d o n a h e a v y p o w e r -
d r i v e n shaft a n d e q u i p p e d w i t h a 
m a n u a l l y o p e r a t e d carr iage . W h e n 
a flitch is p r o p e r l y f ixed o n t h e 
carr iage an o p e r a t o r pushes it f o r 
ward i n t o t h e whir l ing b lade . A t 
the c o m p l e t i o n of t h e f o r w a r d s t roke 

a s tave d r o p s i n t o a c rad le wi th in t h e saw a n d is a u t o m a t i c a l l y e j e c t e d 
wi th the re turn of t h e carr iage t o its original pos i t i on . T h e flitch is then 

KiG. 9 -1 . Stave-bolt equalizer. {Courtesu John 
S. Oram Co., Cleveland, Ohio.) 

Fig. 9-2. Barrel saw. (Saw blade depicted as transparent in order to show position of 
Htave ejector.) (Courtesy Baxter D. Whitney & Sons, Wifichetidon, Maasachusetts.) 
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FIG. 9 - 3 . Cutting pine staves with a bilge saw. Note that in this operation the staves are 
equalized following their ejection from tin; saw. (£/.•$'. Forest Servict.) 

grain wh i ch is invar iab ly present in the reg ion o f the b i lge , t h e y are usual ly 
w e a k e r a n d m o r e readi ly b r o k e n than those of c o m p a r a b l e size m a d e o n a 
barrel saw. T h u s b i lge s taves are s o m e w h a t restr i c ted in their use , and 
their p r o d u c t i o n is largely l imited t o lengths of 24 in. or less, e x c e p t where 
s t rength is n o t a p r i m a r y cons iderat ion (Fig . 9 - 3 ) . 

T h e s taves as t h e y leave t h e saw are green a n d h e n c e m u s t b e t h o r o u g h l y 
seasoned b e f o r e b e i n g used in barrel a s s e m b l y . A t s o m e mi l l s t h e y are 
cr ib -p i led in the o p e n or in o p e n sheds and air-dried for several w e e k s , or 
e v e n m o n t h s , a n d then ki ln-dr ied . A t o ther p lants , s taves are b u l k - s t a c k e d 
f o r a f e w d a y s a n d t h e n seasoned in kilns. Barre l s c a n n o t b e m a d e wi th air -
seasoned w o o d because in s torage t h e y w o u l d cont inue t o d r y out , and 
loose , o p e n j o i n t s w o u l d result . S taves are ord inar i ly dr ied t o a m o i s t u r e 
c o n t e n t of a b o u t 12 per c ent . B e l o w this p o i n t the w o o d b e c o m e s t o o britt le 

p o s i t i o n e d f o r t h e n e x t cu t . Barre l s a w s are m a n u f a c t u r e d in severa l t l iam-
eters , as the s t a v e s c u t o n a n y one of t h e m are essential ly segments of a 
cy l inder equal in d i a m e t e r t o t h a t of the saw used. 

T h e b i lge s a w is a n o t h e r t y p e of s tave s a w b u t dif fers f r o m t h e barre l saw-
in t h a t it has the conf igurat ion of a c o n v e n t i o n a l barrel . S t a v e s cut wi th 
this m a c h i n e h a v e a " b u i l t - i n " bi lge, b u t o w i n g t o the preva lence of short 
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a n d is easi ly fractured in r o u g h hand l ing . U p o n r e m o v a l f r o m the ki ln, 
s taves are ready t o b e j o i n t e d . 

F igure 9 - 4 shows a typ i ca l s t a v e j o in ter . In its opera t i on , a s t a v e is 
c l a m p e d o n a c rad le a n d b r o u g h t into c o n t a c t w i t h t h e j o i n t e r wheel b y 
m e a n s of a m a n u a l l y o p e r a t e d f o o t t read le . T h i s whee l h a s a n u m b e r of 
j o i n t e r kn ives set in a d ished sur face a n d is thus , u p o n be ing r o t a t e d , a b l e 

Fio. 9 -4 . Stave jointing. (Courtesy I , Louisville, Ki-nli'i-l.-y.f 

t o shape a n d beve l s taves t o desired c o n t o u r s . M a c h i n e s of this sort are 
m a n u f a c t u r e d in several sizes in order t o a c c o m m o d a t e s taves of di f ferent 
s tandard lengths . T h e j o in ter whee ls , d e p e n d i n g u p o n d i a m e t e r a n d k i n d 
of s taves t o be j o i n t e d , are furnished wi th four , six or e ight k n i v e s a n d 
d r i v e n at speeds of f r o m 450 t o 650 r .p .m . T h e j o i n t e d s taves are desc r ibed 
in t e rms of the d i f ference in width b e t w e e n their m i d - s e c t i o n a n d ends . 
T h u s hal f -b i lge , three -quarter -b i lge , or seven-e ighths -b i lge s taves are t h o s e 
in wh i ch the w id th of the m i d - s e c t i o n e x c e e d s t h a t of the end b y J/^ in. , 

in . , a n d J^^ in., respec t ive ly . 

6. Ileaditigs. W o o d s vised f o r t h e p r o d u c t i o n o f t i g h t s t a v e s are su i ted 
for the m a n u f a c t u r e of t ight head ings . B o l t s or f l itches of p r o p e r length are 
cut into h e a d b l a n k s I t o I^^ in. th ick o n head ing saws . L ike s taves , these 
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b lanks , t o o , m u s t b e t h o r o u g h l y seasoned be fore they are w o r k e d u p into 
finished g o o d s . F o l l o w i n g their r e m o v a l f r o m the ki ln , the b lanks are 
dressed, then t o n g u e d a n d g r o o v e d or d o w e l - j o i n t e d . A matcher selects a 
n u m b e r of p ieces and assembles t h e m into squares f r o m which the c ircular 
one -p iece head ings are cu t . D r y rush or cattai l leaves , k n o w n as flags, are 
used t o caulk the seams of s o m e d o w e l - j o i n t e d head ings , o thers are e d g e -

Trci. 9 -5 . Turning a head for a tight baiiel. 
Illinois, Chicago, Illinois.) 

(Courtesy Pioneer Cooperage Company of 

glued . Squares should n e v e r b e w ider or longer than is necessary t o cut o u t 
a per fec t c ircular h e a d ; in fac t , it has been a pract i ce at s o m e mills t o p a y a 
b o n u s t o m a t c h e r s w h o k e e p " g o o s e n e c k s " * t o a m i n i m u m . 

F igure 9 - 5 s h o w s a square in the process of be ing c u t in to a c ircular head . 
T h e square is he ld firmly in a vert i ca l pos i t i on as s h o w n and turned rapid ly 
against a c o n c a v e s a w a n d a kni fe . T h e saw cuts the c ircular heading o n a 
b e v e l , a n d the kni fe , w o r k i n g b e h i n d the saw, cuts the second b e v e l t o m e e t 
the first. T h e finished h e a d is a u t o m a t i c a l l y released, a n d the opera to r 
centers in ano ther sqiiare. H e a d i n g s m a d e at mil ls r e m o v e d f r o m c o o p e r 
ages are usual ly m a d e u p i n t o ba les for sh ipment , 20 pairs of heads c o m 
prising a ba le . 

* Trade term applied to waste trimmings of a head-cutting machine. 
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c. Hoops. H o o p s of strap steel are used o n prac t i ca l l y all f o r m s of t ight 
barrels . T h e c o o p e r ordinar i ly purchases his h o o p s t o c k in the f o r m of flat 
str ips a n d m a n u f a c t u r e s his o w n h o o p s , such h o o p s v a r y i n g f r o m IJi t o 
l^i in. in w id th a n d f r o m 16 t o 19 B i r m i n g h a m g a u g e in th ickness . M a 
ch inery is used for coi l ing, r ivet ing , a n d flaring the h o o p s . 

2. Tight-barrel Assembly. T h e initial s tep in barrel assembly is cal led 
raising. A c o o p e r selects e n o u g h s taves ( b u t n o t exceed ing a specif ied n u m -

Fio. 9 - 6 . Raising tight cooperage. {U.S. Forest Service.) 

ber ) of r a n d o m wid th t o f o r m a t ight basal c ircle w h e n p laced in a setup . 
N o t e in Fig . 9 - 6 the t w o h e a v y , t e m p o r a r y , enc irc l ing truss h o o p s that h o l d 
the s taves together . T h i s se tup is then p laced in a tunnel a n d s teamed for 
3 0 minutes a t 200 t o 2 1 0 ° F . T h i s so f tens the w o o d and enables the c o o p e r 
t o d r a w the t o p s of the s taves t oge ther in order t o p lace the t o p a n d q u a r t e r 
truss h o o p s w i t h o u t break ing the staves . T h e s taves are then d r a w n into 
pos i t ion with a steel cab le a n d a windlass ; this o p e r a t i o n is k n o w n as wind-
lassiiig. 

A t this stage of t ight -barre l a s s e m b l y the s taves are fired. F ir ing should 
n o t b e con fused with charring, as it is essential ly a b a k i n g process us ing 
d r y heat . T h i s has a threefo ld purpose . F ir ing dr ives f r o m the s taves 
mo is ture a b s o r b e d dur ing the earlier s teaming t r e a t m e n t ; it stress-rel ieves 
the fibers in tiie region of the b i l g e ; a n d finally, it " s e t s " the s taves so that 
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FIG. 9-7. Charring bourbon whisky barrels. (U.S. Forest Service.) 

and is done mechanical ly . In the trussing operation, a leveled barrel is 
placed on end in a trusser, a machine fitted with several power-driven arms, 
and the temporary truss hoops are forced down over the sides of the barrel, 
thus assuring uniformly t ight joints. 

W h i t e oak barrels t o b e used for agmg bourbon whisky are charred in 
ternally, following their removal f rom the trusser. At one time this was 
done b y building a small fire within the barrel. T o d a y gas or oil flames are 
used b y most coopers, since uniformity and depth of char are more easily 
controlled. Some manufacturers e m p l o y a bung protector during the char
ring operation. T h i s is a water-saturated p ad that is held firmly against 
the mid-po int of the bung stave and is used to prevent excessive char at the 

they will no t spring back appreciably when hoops are removed. As a usual 
practice, a barrel is retained in the firing chamber for about 15 minutes at 
temperatures ranging f rom 400 to 500 ' 'F . S o m e coopers e m p l o y progressive 
firing tunnels through which barrels are m o v e d on conveyer chains at a pre 
determined rate of travel. 

W h e n cooled the barrels are leveled a n d trussed. LeveUng is essentially 
a tamping operation designed t o bring the staves into transverse al ignment 
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p o i n t where the b u n g ho le is t o be dri l led. W h i s k y - b a r r e l heading m u s t be 
charred also , a n d part i cu lar care is exerc ised t o a v o i d burn ing or charr ing 
of the l>eveled edges . H e a d - c h a r r i n g is a separate o p e r a t i o n a c c o m p l i s h e d 
be fore the heads are seated in the barrel . 

B o t h charred and uncharred barrels are then prepared t o rece ive the 
heads . In a series of three operat i ons , w h i c h the c o o p e r s call working off, a 

Fiu. 9 -8 . 
Illxnoig.) 

Headiug-up nmcliine. (.Courtesy Fioiiter Cooperage Company of lUinoia, Chicago. 

barrel is p la ced b e t w e e n t w o ad jus tab le c h u c k rings in a mul t ipurpose d e 
v i c e k n o w n as a koweUng, crozing, and chamfering machine. First , smal l 
kn ives , m u c h l ike a d i m i n u t i v e carpenter ' s g o u g e , c u t a pair of semic ircular 
g r o o v e s , the howets, o n the inside o f the barrel , o n e a t eac h e n d , 1 t o 1 ^ in. 
f r o m the r ims of the s taves . A s e c o n d pair of k n i v e s c u t s a V - s h a p e d g r o o v e , 
the croze, in each of the bowe l s . T h e c roze is so c u t that the beve led e d g e 
of the head m a y be fiimly seated in it t o f o r m a s trong , watert ight j o i n t . A 
third set of k n i v e s then b e v e l s the inner faces of t h e s taves b e t w e e n the 
b o w e l s a n d t h e r ims of the barrel . T h i s b e v e l e d p a r t of the barrel is ca l led 
the chamfer or chime; it great ly faci l i tates h e a d e m p l a c e m e n t and p r e v e n t s 
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leakage that coukl occur shovild small pieces of w o o d b e broken off the s tave 
ends as a result of rough handling of a barrel. 

Heads are inserte<l and seated in the croze, using a heading-up machine, 
after which the barrels are sanded or smoothed o n a special kind of lathe t o 
improve their general appearance. T h e barrels are then placed in a hoop ing 
machine, a device similar t o a trusser, where the temporary truss hoops are 
replaced with permanent ones made of 18- t o 23-gauge steel. Special metal 
h o o p fasteners are also used to keep the hoops in position. 

JOINT BETWEEN 
H£AO SEC TJONS 

CROZE 

HEAD HOOP 

QUARTER HOOP 

BtLGE HOOP 

STAVE JOINT. 

HOOP RIVET 

HOOP PUNCH 

HOOP FASTENER 

STAVE 

BILGE HOOP 

QUARTER HOOP 

Fiu. 9-9. Component parts of an assambled barrel. 

T h e finished barrel usually carries six hoops . T h e medial pair, the bilge 
hoops , are driven first, then the quarter and head, or chime, hoops , in the 
order mentioned. Where max imum strength is of paramount importance , 
barrels are furnished with eight hoops. Nearly all barrels used in export 
trade, where rough handling is virtually inevitable, are fabricated with eight 
h o o p s ; the additional pair, seated between the head and quarter hoops , are 
called eighth hoops because of their relative position on the staves. T h e 
bung hole, if one is required, is driven in the bung stave after hoop ing up. 

T o avo id leakage or to guard against contamination of certain l iquid 
commodit ies , it has been found expedient t o coat the inside of a barrel 
with some inert c ompound such as paraffin, silicate of soda, or glue. C o a t 
ings are not required of all types of cooperage, and the use of any of them is 
governed b y the quality of the barrel used and the nature of the c o m m o d i t y 
t o be packaged. Paraffin linings are used primarily for water-based liquids, 
such as beverages, brine, fruit juices, sirups, and vinegar. Glue is somewhat 
water-soluble, however , and should be used only for products containing 
alcohol so lvents and for shellac, lacquers, paints, and certain chemicals. 
Silicate of soda imparts no taste or odor and makes a suitable linet when 
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packaging lard, molasses, vegetable oils, meats, and sausage casings. It is 
also used with many industrial oil-based products such as waxes, white oil, 
greases, and many chemicals, including caustics. 

3. Kinds of Tight Barrels. The Associated Cooperage Industries of 
America, Inc., recognizes, without respect to capacity, eight standard 
classes of tight barrels, as follows: * 

a. Bourbon Barrel. This is the king of the tight barrels and is used largely 
by distillers for storage of whiskies. When internally charred it is employed 
for aging of bourbon whisky. Bourbon barrels are made of the finest quality 
quarter-sawn white oak heartwood staves t and headings. The staves are 
equalized 34, 35, or 36 in. in length and when thoroughly kiln-dried must be 
a full J^, and 1 in. in thickness, respectively, and cannot exceed a width 
of more than 53^ in. For headings, maximum diameters have been set at 
20j-^ in., and when kiln-dried and dressed they must not be less than 1 in. 
thick. N o multiple-piece head can include more than seven pieces. Cants % 
less than 3 in. in width at their mid-section and middle pieces under 23/2 in. 
in width are not permitted. 

b. White Oak Barrel, Sap Clear. This barrel is also manufactured en
tirely from quarter-sawn white oak heartwood staves and headings, but 
specifications are relaxed slightly to permit the acceptance of minor defects 
which will in no way impair the serviceability of the structure. This type 
of barrel is used without a lining for packaging alcoholic liquids, liquid 
chemicals, vinegar, fruit juices, and wines. 

c. White Oak Barrel, Tight Sap. Barrels in this category are manu
factured from quarter-sawn white oak timber. Sapwood with closed pores 
(tyloses) is allowed. Lined, the barrel is used for such commodities as 
paints, lacquers, shellac, varnish, oils, alcohol, acids, and sirups. Without 
a lining this barrel may be used to package meats, fruit juices, and certain 
beverages. 

d. While Oak Barrel, y^ound Sap. This is another white oak barrel. 
Staves and iieading may include sound sapwood. This barrel is usually 
lined and used for a host of commodities including liquid chemicals, lard, 
vegetable and mineral oils, greases, condensed milk, meats, juices, solvents, 
wines, vinegar, cider, turpentine, and fruit juices. 

e. Red Oak Barrel. Barrels in this classification are manufactured from 
red oak timber. Because many of the red oaks have open-pored wood 
(relatively fme of tyloses), the barrels must be lined with paraffin or some 
other suitable substance, if used for packaging liquid products. Unlined, 

" For compU'fc spceifiralinns of these, barrels, see The Wooden Barrel Manual, As-
sorintiMl CooiKTape luduslries i>f .\meriea, Inc., St. Louis, Mo. 

t Burked stave.»* also [H'miitled. 
X The two outside pieces of multiple-piece headings. 

file:///meriea
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they can be used for lards, greases, and other semisolids; lined, they are 
used for processed fruits, meats, and vegetables, and a wide variety of in
dustrial oils, solvents, soaps, and similar commodities. 

/. Gum Barrel. Barrels in this category are made of red gum staves and 
heads free of defects that will impair the serviceability of the container. 
Black or tupelo gum staves or headings are permitted only if agreed \ipon 
b y the purchaser. Minimum thickness for both staves and head pieces has 
been set at ^ in. Unlined gum barrels are suitable for packaging semi
solids, dry chemicals, powdered dyes, gums, and thick, heavy sirups. When 
lined they are used for many liquid chemicals, industrial oils, processed 
meats, fruits, and vegetables, tanning compoimds, and similar products. 

g. Ash Barrel. The ash barrel is manufactured from staves and heads 
made of one or more of the ashes (pumpkin ash not permitted). Lined ash 
barrels are used for packaging the same general classes of commodities 
described under the red oak barrel. Unlined ash barrels are used for 
processed meats, meat products, and fish. 

h. Douglas Fir Barrel. This barrel is made on the West Coast with 
Douglas fir staves and headings. It is used for packaging salmon, processed 
fruits, and a variety of industrial products. Because this wood readily im
parts objectionable tastes to many foodstuffs, the barrels must be lined if 
used for packaging products destined for human consumption. 

4. Plywood Whisky Barrels. Whisky barrels of 50 gal. capacity made 
of 14 interchangeable laminated staves and with p lywood headings have 
been introduced recently to the trade. The staves are made of four-ply, 
parallel-bonded, rotary-cut white oak veneers; the heads are cut from five-
ply stock of conventional design. 

5. Beer Barrels. The beer barrel is a form of tight cooperage, but 
because the cooper requires machines specifically designed for the produc
tion of staves and heads, it is usually regarded as a separate and distinct 
container. 

The beer barrel, designed as a container for malt beverages, has thicker 
staves and heads and a much more pronounced bilge than the conventional 
tight barrel. B y government statutes, the capacity of this barrel has been 
fixed at 31 gal. Half-, quarter-, and eighth-barrels are also manufactured, 
their capacities being based upon the full 31-gal. container. 

T w o types of beer barrels are currently available, viz., the sofid wooden 
barrel and the laminated stave barrel. 

The solid wooden beer barrel or keg is made with 16 to 21 rived or spfit 
white oak staves and white oak heads. The full barrel (31 gal.) requires 
staves 31 in. in length that must be a full 1% in. in thickness at their ends 
and iMe i"- thick in the region of the bilge. After the staves are dried and 
jointed, the barrels are raised in the usual manner. Heads 1 % in. thick are 

file:///ipon
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used. These thick staves give the barrel excellent strength properties as 
well as acting as an efficient insulation that materially aids in maintaining 
pmper temperature of beer or ale when in transit. Before barrels are filled 
with malt beverages, they are lined with gum rosin. 

Like the whisky barrel, beer kegs are also now available to the consumer 
assembled with p lyuood staves and heads. The staves are dimensioned 
and interchangeable and only nine are required for each barrel. They are 
made of seven plies of )-^-in. rotary-cut hard maple faced with white oak 
venenrs to make a nine-ply structure. The first and fifth maple plies from 
the outside of the staves are laid up like conventional cross bands. 

C . SLACK COOPERAGE 

Slack barrels are used for packaging a great variety of dry commodities 
for both domestic and export trade. Because of their carefully engineered 
configuration, they are capable of withstanding greater abuse than other 
wood containers and are especially suited for overseas shipment where 
rough handling is inevitable. Their sturdy construction permits repeated 
use, and in the event of damage, the broken components are easily replaced. 

Slack barrels are manufactured in a variety of sizes but vary somewhat in 
their details, since each type is designed for a specific purpose. In pack
aging certain foodstuffs, care must be exercised in the selection of the ivood, 
as that of certain species will impart objectionable tastes or discolorations 
to the contents. The weight of the commodity to be packaged also will not 
infrequently govern the selection of stave and head stocks as well as the 
type and number of hoops required. Powdered ingredients such as dried 
milk and eggs, spices, expensive chemicals, and the like call for moisture-
proof, siftproof containers. The best slack barrels are used for such com
modities and are made with top-quality tongued and grooved staves and 
one-piece headings. Plain-jointed staves and multiple-piece headings 
bound with wire, wood, or beaded steel hoops are suitable for packaging 
chinaware, nails, unshclled oysters, dried fish, and many other commodities. 
Used with a paper-bag liner they are suitable containers for many fine, even 
powdered, ingredients. Because of the number of slack-barrel styles avail
able, one shoidd seek the advice of a competent cooper before packaging a 
particular product. The cooper is in a position to recommend the best and 
cheapest container that will meet minimum specifications of the Interstate 
Commerce Commission, as well as those for export trade. 

1. Manufacture of Slack Cooperage. Like tight cooperage, the com
ponent parts of slack barrels arc usually manufactured at separate plants 
and shipped to cooperage houses for assembly. At one time, slack barrels 
were bound exclusively with wooden hoops, but in recent years beaded-
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steel bands or hoops of iron wire have all but replaced the wooden article. 
Wooden hoops are still used on some kinds of slack barrels, however, and 
their manufacture is usually undertaken at plants removed from either 
stave mills or heading plants. Thin splines of wood (head liners) are nailed 
to the chamfer of some barrels after the heads are seated, in order to provide 
greater strength. 

a. Staves. A large variety of woods, including red gum, beech, birch, 
maple, elms, hackberry, ashes, sycamore, cottonwoods, black willow, bass-
wood, oaks, black gum, western hemlock, spruces, Douglas fir, and numer
ous pines, is used in the production of staves. Trees are usually cut into 
bolts in the woods, and the bolts in turn are shipped to stave mills for proc
essing. 

Slack-barrel staves are either sawed or sliced. In the production of sawed 
staves the bolts and flitches are rough-peeled, equalized, and then cut to 
desired thickness on a barrel saw. Sliced staves, on the other hand, are 
made b y driving a flitch laterally against a knife groimd to a circle of pre
determined diameter. Flitches handled in this manner are given a pre
liminary steaming in order to soften the wood and thus expedite the shear
ing action of the knife. Properly softened wood will produce smooth, bright 
staves, but that which is over- or understeamed yields staves of inferior 
quality. In practice, the flitches are stacked on cars and transferred to 
steam tunnels where they are steamed for at least 2 4 hours at pressures 
ranging from 80 to 110 p.s.i. Some manufacturers prefer to boil their stock 
in open tanks for several hours, but the steaming process is favored b y a 
majority of operators. Upon their remo\'aI horn steam tunnel or cooking 
vat, the flitches are barked and equalized. They are then ready for the 
sheer. 

The slicing machine, known as a stare cutter, consists essentially of a 
receptacle to hold a flitch, the tumbler, and a knife. In its operation a 
flitch is placed in the tumbler, which is actuated by an eccentric cam, and 
driven lengthwise across the knife. The flitch is so positioned that staves 
are cut along the quarter. With each forward stroke a stave is sheared 
from the flitch. Machines of this character can make 150 or more strokes 
a minute and are capable of producing 40,000 staves in an 8-hour day, when 
manipulated b y skilled operators. 

Hardwood species are well suited for the production of sliced staves. 
Coniferous woods, on the other hand, not infrequently shatter under the 
knife following their removal from steam tunnels, and the staves commonly 
check and warp excessively in drying. For these reasons, bilge and barrel 
saws are used in the manufacture of softwood staves. When carefully and 
properly seasoned, the staves are jointed and then bundled for transit to a 
cooperage. 
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b. Heads. T h e species enumerated a b o v e used for slack-stave product ion 
are also suitable for slack-barrel headblanks. T h e manufacture of slack-
barrel heads does not differ essentially f rom that of tight headings ; both one -
piece and multiple-piece heads are produced. 

c. Hoops. It was c o m m o n practice years ago t o use only w o o d hoops on 
slack barrels, but when these containers were adopted for packaging a wide 
variety of farm and industrial commodit ies , it was necessary t o improve the 
strength characteristics of some kinds of barrels and to prov ide tighter, even 
siftproof jo ints in several others. This led to the use of iron-wire hoops and 
beaded-steel bands. T o d a y beaded-steel hoops are used exclusively on some 
barrels. Others are made with beaded-steel head hoops and wire bilge 
h o o p s ; still others have w o o d head hoops or wire bilge hoops . Only when 
m a x i m u m strength and tight jo ints are of Httle concern are w o o d hoops 
used without reinforcement. 

E lm, because its mechanical properties are affected but little b y the pro 
longed steaming or boiling that is a necessary step in w o o d - h o o p m a n u 
facture, is preferred a b o v e all o ther woods . H i c k o r y , o a k , black g u m , 
hackberry, and a few other species are used, b u t collectively they represent 
only about 5 per cent of the total w o o d - h o o p output . 

W o o d hoops are made b y sawing or slicing splines from planks of suitable 
length and thickness. T h e splines are fed into a machine which planes 
them, points one end, and laps * the other. Fol lowing this series of opera
tions, the splines are steamed or boiled in open vats for several hours to 
facilitate bending. U p o n their removal f r om the steam b o x or va t , and 
while they are still wet and hot , the splines are fed into a h o o p coiler, an 
ingenious device that bends them into a circle and rivets or staples the 
pointed and lapped ends together t o form a finished h o o p of prescribed d i 
ameter. W h e n dried they are bundled and consigned to an assembly plant. 

Standard w o o d hoops are 1% in. wide and %2 ™- iri thickness at one 
edge and in. at the other. This wedge-l ike cross section gives the h o o p a 
slight flare and insures a snug fit against the tapering sides of a barrel. 
H o o p splines before coiling vary f rom 5 to 8 ft . in length. 

d. Head Liners. Head liners are thin strips of elm }/2 in. b y % 6 in 
cross section and 12, 14, or 18 in. in length. 'These are nailed or stapled to 
the chamfer and are used to keep the heads f rom slipping out of the croze 
and to increase the strength of the barrel. Before setting, the liner strips 
are soaked in water t o increase their pliability. Usually t w o such strips are 
used with each head, one fastened along the edge of each cant. Head liners 
are used on all barrels with wood hoops when the net weight of the contents 
exceeds 250 lli. Barrels furnished with beaded-steel hoops seldom require 

* Makes a iHjK'̂ Crtrfed or feathered end to whirh the pointed end is riveted or stapled 
when roiling t ho hoop. 
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liners unless they exceed 600 lb . capacity. When necessary the liner may 
be made to extend completely around the circumference of the head. 

2. Slack-barrel Assembly. The assembly of a slack barrel follows the 
same general pattern as a tight barrel, previously described. A number of 
staves that will completely fill the raiser are set in the form, steamed, and 
windlassed. The assembly is then fired, leveled, trussed, crozed, and 
chamfered. Heads are set and the final hoops driven. Hoops may be of 
wood, iron wire, beaded-steel bands, or combinations of these types. If 
tongued and grooved staves are used, the matching operation is performed 
in machines designed for the purpose and the barrels are raised in the usual 
manner. 

3. Kinds of Slack Barrels. The Associated Cooperage Industries of 
America, Inc., recognizes nine types of standard slack barrels. Each kind 
was designed for specific uses, and all types, when properly constructed, 
meet minimum specifications of the Interstate Commerce Commission and 
regulations pertaining to export-shipping containers. 

a. No. 1 Barrel. This is the finest of the slack barrels, and only No . 1 
grade staves and N o . 1 headings * are used in its assembly. When sift-
proof joints are required or where protection against moisture or contamina
tion is of paramount importance, tongued and grooved staves and heads are 
used; as an abided measure of safety the barrel may be lined with a paper 
bag. When the barrel must "breathe , " plain edge-jointed staves and head
ings may be used. The No . 1 barrel is used principally for packaging dried 
milk and eggs, dry paints, soap chips and powders, sugar, salt, spices, 
chemicals, lime, and similar commodities. 

h. No. 2 Barrel. Barrels in this category are made with No . 2 grade 
staves and headings (see grade rules). They are furnished with either plain 
edge-jointed or tongued and grooved staves, but the heads are usually plain 
edge-jointed only. This is an excellent container, usually made with four 
beaded-steel-band hoops when strength is of primary concern. No . 2 
barrels are used primarily as shipping containers for many kinds of hard
ware, including chains, fittings, and valves, and for a wide selection of low-
grade chemicals. 

c. Meat-and-pouUry Barrel. This is another No . 2 barrel assembled with 
plain edge-jointed staves and one head. It is usually furnished with two 
wood head hoops and four wire hoops, one pair placed below the head hoops, 
the other near the bilge. This barrel makes an excellent shipping container 
for dressed poultry and for cuts of beef, pork, and similar commodities. 

* For grading rules see Grade Rules and Speeifications, The Slack Barrel Group, or 
The Wooden Barrel Manual, both published by the Associated Cooperage Industries of 
America, Inc., St. Louis, Mo. 
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d. Glass-and-pottery Ban-el. Other than the fact that this barrel is sup
plied with two heads, it is identical to the meat-and-poultry barrel described 
above. 

e. Fish Barrel. This barrel is used for shipping fish, crabs, and other 
seafoods. It is made with No . 2 grade plain edge-jointed staves and 
furnished with one or t w o heads in accordance with customers'^ specifications. 
Various combinations of wire and wood hoops are used, depending on the 
consumers' preference. 

/. Potato Barrel. This barrel may be made with dead-cull staves and a 
No . 2 grade head. Either pine or hardwoods may be used. The potato 
barrel is furnished with six hoops in one of the following combinations: (1) 
six wood hoops; (2) four wood hoops and two wire hoops ; or (3) two wood 
hoops and four wire hoops. 

g. Apple Barrel. The apple barrel is also assembled with dead-cull 
staves and one No . 2 grade head made of either pine or hardwood. It is 
usually finished with six wood hoops but rnay be supplied with two wood 
hoops and four of iron wire. 

h. Vegetable Barrel. This is a No . 2 barrel with plain butt-jointed staves 
and heading, assembled with six wood hoops. 

i. Nail-and-spike Kegs. These containers are made in a variety of sizes 
and used for packaging nails, spikes, nuts, bolts, screws, rivets, and similar 
fastenings. Both staves and heads are made of yellow pine. The barrel is 
offered to the trade bound either with fo\ir beaded-steel bands, or with t w o 
such bands and two wire hoops. 

4. Tobacco Hogshead. N o discussion of slack cooperage \Y0uld be c o m 
plete without mention of the tobacco hogshead. This is a large straight-
wall container used for packaging and storing leaf tobaccos of the kinds 
used in cigarettes and pipe blends. Each barrel has a capacity of ap
proximately 1,000 lb. of compressed leaf, and more than 550,000 of them 
are required each fall to handle the tobacco crops of North Carolina and 
South Carolina alone. 

Leaf tobacco purchased in the tobacco belts of the Carolinas, Virginia, 
and Maryland is removed from warehouses packaged in hogsheads * and 
shipped to redrying plants. Upon arrival, the containers are emptied and 
the leaf is dried so that it may be stored for protracted lengths of time with
out deterioration. The leaf is then repackaged and trucked to nearby 
storage slieds where the hogsheads are racked in tiers and the tobacco per
mitted to age for at least 2 years. At the conclusion of the aging cycle the 
tobacco is routed to a stemmery where it is again removed from the barrel, 

• Georgia tobacco is usually baled in burlap. 

file:///Y0uld
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steamed, and stemmed.* The stemmed leaf is returned t o the containers 
and consigned to a manufacturing plant for final processing. 

For years tobacco hogsheads were made with yellow pine or oak staves 
and heads bound together with wood or metal hoops. These containers 
received exceedingly rough handling in their circuitous travels from ware
house floors to final processing plants; many of them virtually had to be re
built each time they were emptied. Damaged staves, heads, and hoops 
were counted in the thousands, and cooperage shops were a major depart
ment in every tobacco factory. Such damage was regarded as inevitable, 
and only after labor and material costs began to rise appreciably did the 
tobacco manufacturers look for a better container. In the late 1930's, a 
prefabricated hogshead of Douglas fir plywood staves and headings made 
its appearance, and its general adoption b y several of the larger manu
facturers suggests that it will one day completely replace the old-style 
container. 

The Douglas fir plywood hogshead is comprised of two interchangeable 
mats that, when properly mated, form the cylindrical wall of the con
tainer. Each mat is made with 15 three-ply staves, each in. thick, 
423^2 in. wide, and 54 in. long. In mat assembly, spacers made of 20-gauge 
metal are placed between the joints and the 15 staves are then bound with 
five galvanized-iron bands IJ/^ in. wide, 7 2 ^ in. long, and 20 gauge in thick
ness. Male hinges are riveted at one end of each band and female hinges 
are similarly attached at the other. Liners (small strips of plywood Kg in. 
thick, I j ^ in. wide, and 4 % in. long) are nailed on the inside of the staves, 
one at each end, and are used to seat the heads. 

T h e heads for the tobacco hogshead are 46 in. in diameter and are made 
of Ke-in. three-ply Douglas fir plywood. An oak spfine ^ in. b y 13<C in. 
by 11 ft. 914 in. is formed into a hoop and nailed on a head piece. This band 
fits snugly against the faces of the liners when the head is properly seated 
and protects the ends of the staves against breakage when the heavy, fully 
packed barrels are upended. 

T o assemble the prefabricated barrel, two mats are placed side b y side 
and steel pins slipped into one set of mating hinges. T h e t w o remaining 
edges of the mats are then dra\vn together and similarly pinned. The shell 
is then upended and the bottom head slipped in at an angle and carefully 
driven into place. When the barrel has been packed with leaf, three top 
pins of one hinge row are removed and the top head inserted. A ratchet 
device is used to draw the hinges together and the pins are replaced. T o 
empty this type of container, it is only necessary to remove the pins from 
one hinge row. 

* Process wherein the tough, fibrous, midrib (stem) of the leaves is stripped from the 
blades. 
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The plywood hogshead has several distinct advantages over the solid 
wood container; (1) since it is only about two-thirds as heavy (about 100 
lb.) as the old-style barrel, there is a material saving in shipping costs; (2) 
because of its engineered design, damage from rough handling is only a 
fraction of that previously experienced; (3) all parts of this hogshead are 
interchangeable, and damaged components are easily and inexpensively 
replaced; (4) finally, it has a long service life, and it may be used time after 
time for storage and shipment of leaf tobacco . Barrels of tobacco consigned 

F i g . 9 - 1 0 . 
two mjits. 

The tobacco hogshead: (a) Loaded barrel ready for storage; (b) Removing the 
(Courtesy A. E. Wackerman.) 

to West Coast cigarette manufacturers can be knocked down and returned 
to the shipper for reuse. The old-style barrel, on the other hand, had little 
salvage value outside the tobacco-producing centers, and its disposal was 
always a problem, since the costs involved in its dismantling, return, and 
reassembly exceeded the costs of new containers. 

D . STATUS OF THE COOPERAGE INDUSTRY 

The wooden barrel, once the nearly universal storage and shipping con
tainer of a variety of dry and wet industrial commodities, is today faced 
with many kinds of competitive containers. N e w and improved methods 
of distribution and selling have had a profound effect on the use of barrels 
in many industries. Cooperage production reached its peak in 1907, and 
since then the use of barrels has been in steady decline. In a few instances 
competitive containers have completely replaced the slack or tight barrel. 

1. Whisky Barrels. About 1,700,000 new white oak barrels have been 
used annually for storage and aging of whiskies since the repeal of the 
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Eighteenth Amendment. In spite of the fact that there are now numerous 
patented processes for expediting the aging of whisky, some of which re
quire no barrels whatsoever, a Federal statute decrees that such beverages 
must be aged in new white oak barrets. Distillers are also forbidden by law 
to reuse them for this purpose. Thus it is apparent that until these laws 
are changed there is little likelihood of competitive containers entering the 
market, or of a major curtailment in whisky-barrel production. 

2. Beer Barrels. Prior to the passage of the Eighteenth Amendment, 
practically all beer and ale was distributed in oak barrels and kegs. When 
the brewing of these beverages was again legalized in 1933, brewers were 
unable to procure a suflficient number of bariels to distribute their products 
and the metal barrel made its appearance. 

Time has since witnessed many changes in the merchandising of malt 
beverages. In 1934 about 25 per cent of the production was distributed 
in cans and bottles, and by 1941 more than 50 per cent was marketed in 
this manner. Today , nearly three-quarters of all barreled beers and ales is 
distributed in metal barrels. Several brewers using laminated barrels have" 
indicated their dissatisfaction with these containers and are discontinuing 
their use. Improperly laminated staves appear to have open joints be
tween the plies, and brew lodging in these recesses becomes sour. This conJ 
dition ultimately renders the entire content of the barrel unfit for con
sumption. In fact, time has shown that metal barrels have a service life 
equal or superior to the wooden container, and in today's markets cost only 
half as much as the wo(xien article. 

3. Wine Barrels. During the past few years the demand for barrels for 
use in storage of wine has increased rather than diminished. On the other 
hand, their use in distributing and marketing such beverages has fallen 
sharply. More wines are now marketed in bottles and jugs, while bulk 
shipments are frequently made in glass-lined tank cars or tank trucks. 

4. Oil Barrels. In the early beginnings of the petroleum industry all 
crudes were shipped to refineries in wooden barrels. About 1865 wooden 
tank cars were put into service, and in 1872 the first pipe lines were in
stalled. More than seven million new barrels, in addition to several mil
lion used ones, were required b y the petroleum industry in 1907, but with 
the rapidly expanding automotive industry, new methods for packaging 
and distributing petroleum products were introduced. In 1934, 6 million 
steel drums, 44 miUion pails and buckets, and 535 million quart and gallon 
sealed tins were required. In the same year only 1.5 million wooden barrels 
were used. Today the wooden oil barrel is employed largely for exporting 
lubricating oils, greases, and waxes. 

5. Pork Barrels. The meat-packing industry used more than 675,000 
pork barrels in 1909, but 30 years later its annual requirements had dropped 
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to 200,000 units, despite the fact that much greater (luantities of meat were 
processed for shipment. T o d a y the wooden case has become the pork 
barrel's principal competitor and may eventually wholly replace the 
barrel. 

6. Slack Barrels. There has been a general decline in the use of slack 
barrels since 1909. Crackers, cement, flour, salt, and sugar, commodities 
that were once almost entirely packaged in wooden barrels, are now dis
tributed in cloth or paper bags, fiber containers, or wooden cases. Wooden 
boxes and cases, fiber containers, and baskets, as weU as open - «eave sacks, 
have partially replaced wooden barrels as shipping containers for such com
modities as tile, glassware, chinaware, pottery, and many fruits and 
vegetables. Metal drums and multiwall paper bags are being used in ever-
increasing quantities by naval-stores producers. Soap chips, while still 
packaged in barrels, are distributed in ever-increasing quantities in paper-
board cartons. 

The wooden barrel is preferred in certain producing areas for apples, 
potatoes, yams, and cabbages. In others, sacks and boxes are preferred. 
Little competition with other containers has as yet been noted for barrels 
and kegs used for fish, poultry, nails, hardware, dry paint, chemicals, 
powdered milk, and corn products. 

E . CoNTAi.VEB W O O D E N W A R E 

Woodenware is a collective term applied to some articles of turnery and 
also to wooden containers such as pails, kits, buckets, tubs, and piggins. 
These products are generally regarded as forms of tight cooperage, since 
they are a-ssembJed with .staves, hoops, and headings and are used for carry
ing many liquid and semisolid commodities. All these containers have 
about the same general configuration, yet each has certain features that 
render it distinctive. A pail, for example, is wider at the top than at the 
bottom. Metal hoops are used in its assembly, and it is furnished with a 
wire bail (handle) and with or without a cover, depending on customer 
specifications. A kit, by contrast, is shaped like an inverted pail, being 
wider at the bo t tom than at the top. Kits are hooped with wire or metal 
straps and supplied with wire bails, and their covers are seated in grooves 
near their upi)er rim much like the croze of a conventional barrel. A bucket 
(or kanakin) is similar to a kit except that both hoops and handle are made 
of woovl and its cover slips over and around the rim. T u b s are large pails 
with two lateral handler. Large straight-walled containers made witli 
.•staves and uooden hoops and used for packaging large round loaves of 
cheese are also designatetl as tubs. A piggin is a wooden pail witli one of its 
staves extending beyond the rim to form a handle. The piggin obtained its 
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name from farmers who used it to cariy feed to their pigs. It is still used 
for this purpose in certain rural areas of the South. 

Production of container woodenware in the United States had its in
ception in N e w England during early colonial times when a demand was 
created for pails and kits for packaging salted fish. The expansion of the 
industry kept pace with the industrial development of the colonies, and 
ultimately containers of this sort were being used for pickles, jellies, salted 
mackerel and herring, butter, lard, printer's ink, candies, maple sirup, and 
many other commodities. By 1850, plants had become established in the 
Lake states, where there was an abundance of white pine and red spruce. 
T h e first plant in. the Pacific Northwest began operation in 1921, producing 
pails and kits of Sitka spruce. 

The manufacture of the component parts of container woodenware and 
their assembly is quite similar to that of tight barrels. Like barrels, the 
general decline in the use of woodenware has been influenced b y new and 
improved methods of commodity distribution, new merchandising prac
tices, and mass production of cheap, serviceable, lightweight containers of 
fiber, glass, and metal. 

F . T A N K S AND V A T S 

Tanks and vats fabricated with staves and headings are designated as 
heavy cooperage. Both staves and the individual pieces comprising the 
heads are made from lumber. The staves are circled to proper contour by 
passing planks or cants of predetermined cross-sectional dimensions through 
a machine that profiles them. Both staves and head pieces are tongue-and-
groove jointed. Unlike barrels or woodenware, which are usually assembled 
at a cooperage, tanks, and often vats, are carefully engineered structures 
that are designed for specific purposes, and their assembly is usually under
taken at that point where they will be permanently located. 

White oak, Douglas fir, bald cypress, and redwood are the woods prin
cipally used in the heavy cooperage industry. Because of the growing 
scarcity of bald cypress, once the prime favorite of tank manufacturers, a 
great many recent installations have been made using redwood. This 
species is readily available in large, clear lengths, and this, coupled with its 
lightness of weight, excellent stability, and natural resistance to decay and 
many chemicals, combines to make redwood an excellent processing or 
storage container for a wide variety of industrial products. 

In the storage of corrosive materials, wood tanks are often more satis
factory than similar containers fabricated of metal. The petroleum in
dustry, for example, has determined that it is much more economical to 
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store corrosive sour oil crudes in redwood tanks than in those made of any 
other structural material; in the pulp and paper industry, wood tanks are 
entirely suited for the storage of sulfite cooking liquor. Brine processing of 
onions, olives, sauerkraut, tomatoes, cauliflower, and pickles is usually done 
in paraffin-lined tanks of from 2,000 to 500,000 gal. capacity. W o o d tanks 
are used for the fermentation and aging of malt beverages and are standard 

Fio. y -U . Battery of redwood tanks used for storage of corrosive sour-oil crudes. 
California Redwood Aaaociatiori.) 

{Courlc&y 

equipment in every brewery. They are also used b y distiflers and in win
eries for storage of ciders, fruit juices, and raw whiskies. Because of the 
better thermal-insulating characteristics of wood, there is less danger of 
water freezing in a wooden tank, one of the reasons for the erection of wood 
tanks for boiler-water storage along railroad right of ways. In tanneries 
may be found batteries of wooden extractor tanks and vats for tanning 
hides, while tanks of wood used for dyeing fabric are general in the textile 
industry. M a n y other uses of the wood tank also might be cited, space 
permitting. 

There are many authentic records attesting to the service life of wooden 
tanks, but perhaps the oldest is that of a battery of redwood wine tanks, 
reputed to have been in continuous service for a period of 87 years. 
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n. BOXES AND CRATES 

The volume of wood consumed annually in the manufacture of boxes 
and crates is exceeded only by that used in general construction. Currently 
about 15 per cent of the nation's annual production of lumber, approx
imately six billion board feet, is needetl to meet the industrial and agri
cultural requirements for box and crating materials of every description. 
There are nearly 700 box-shook * factories in the United States regularly 
engaged in the manufacture of box and crating stocks. The supply of shook 
is further augmented by many of the more progressive sawmill owners who 
have installed box-shook departments within their plants to provide an 
outlet for their low grades of lumber. Slabs, trimmings, and edgings are 
also commonly worked up into battens, cleats, box boards, and crate stock. 

In recent years several types of paper, fiberboard, and metal containers 
have replaced boxes in the packaging of numerous industrial commodities, 
but increased demands for boxes from some quarters have about offset 
losses of markets attributable to the adoption of competitive containers. 

Considerable time and large sums of money have been expended in the 
promulgation of studies leading to improved designs and serviceability of 
boxes and crates. Severe losses of war materiel by the armed services 
during the early phases of the Second Wor ld War resulted in improved de
signs of many containers of this sort, while the expansion of truck- and air
freight lines was largely responsible for the development of sturdy but 
lightweight crates and boxes. 

There are no distinct lines of demarcation between some crates and 
boxes. A crate for light loads, especially agricultural products, is similar 
to a box, the essential difference being that a box has virtually solid faces, 
whereas a crate has open spaces on the various surfaces. Crates for heavy 
loads may consist of an open framework in which the framing members 
carry the load. Other crates for heavy loads may have a framework that is 
fully sheathed to protect the contents and to give added rigidity; in this 
form the crate is box-like in appearance. A box for heavy loads consists 
virtually of solid ends, sides, top, and bottom fastened together without the 
benefit of a structural framework that would carry the load independently 
of the six foregoing box components. 

Cleats and battens may be added to a box for reinforcement or to obtain 
better nailing. Bot tom cleats are often attached to facilitate handling, and 
bolts or interior blocking and bracing may be used to help keep the pack
aged article from shifting. These additional components, however, are not 
regarded as frame members since they cannot carry the load independently 

* Trade term applied to the wooden components of Itnocked-down boxes and crates 
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A. SPECIES U S E D 

Practically all but the very densest and the most valuable of American 
woods are used for box and crating materials. A preference is generally 
shown, however, for cheap, readily available woods with good machining 
characteristics, high strength-weight ratios, resistance t o splitting, and an 
ability to hold nails. Because of better color contrast obtainable with 
multicolored printed or stenciled trademarks, light-colored woods are also 
desired. 

B. CLASSES OF W O O D B O X E S 

There are currently in use three general classes of wood boxes, (1) the 
nailed wood box, (2) the cleated p lywood box, and (3) the wire-bound 
box. 

1, Nailed W o o d Boxes . Boxes in this category are available in hundreds 
of sizes and capacities, but each one of them is an adaptation of one of seven 
standardized styles. They offer maximum resistance to puncturing, crush
ing, and corner mashing but are usually considerably heavier, size for size, 
than either cleated plywood or wire-bound boxes. 

The thickness of boards used in nailed boxes is largely determined by the 
nail-hoKling capacity of the wood employed in fabrication rather than by 
the bending or crushing strength of the wood itself. End-grain nailing is 
only about half as efficient as side-grain nailing, hence corners of boxes may 
be weak unless they are designed for a maximum of side-grain nailing. 

Sinker, cooler, and corker nails with diamond points have been found 
very suitable for box construction. Many other nails with triangular or 
square cross sections or those with barbs or spiral grooves have excellent 
holding power, but their added costs are often unwarranted. The holding 
power of common round box nails may be measurably increased by dipping 
them in a slurry of Portland cement and then drying them thoroughly be
fore they are driven. The cement increases the friction between nail and 
woo(.I, and as a consequence nail-withdrawal resistance may be increased by 
as much as 50 per cent. 

Even better tenacity of common box nails may be procured by etching 
them. The U.S. Forest Products Laboratory reports that nails immersed 
in a 10 per cent aqueous solution of monoammonium sulfate can be suitably 
e td i cd in 7 hours. Cadmium-plated antl galvanized nails show little or no 
increased efficiency over plain untreated nails. 

of the ends, sides, top, and bottom. Interior blocks and bracing often aid 
in distributing the load to two or more box surfaces, but the framing is still 
generally regarded as a box. 
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o. Style 1 Box. T h i s b o x (Fig . 9 - 1 2 ) consists of p lain s ides, ends , t o p , 
a n d b o t t o m a n d is m a d e w i t h o u t c leats or o ther re in forcements . S t r u c 
tural ly it is the weakes t of the six s tandard styles , y e t it is a sat i s factory 

_ _ 
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\ 

i l i l 

FIO. 9-12. Standard box styles: (a) style 1 box; (f») style 2 box; (c> style 2 ^ box; (d) style 3 
box; (e) style 4 box; ( /) style 5 box. 

conta iner for m a n y k inds of merchand ise . I t is exceed ing ly easy t o c o n 
s t ruc t a n d requires less s torage s p a c e t h a n o t h e r b o x e s of similar c o n f i g u r a 
t i on , o w i n g t o the a b s e n c e of cleats. I t s pr inc ipal d i s a d v a n t a g e s are that 
( 1 ) t h e s ides, t o p , a n d b o t t o m c a n n o t b e s tagger -nai led t o t h e e n d s ; ( 2 ) 
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nailing of the sides into end grain of the ends is unavoidable; (3) end split
ting is common because the grain of sides and ends is essentially parallel. 

6. Style 2 Box. This box differs from the one above in that four cleats 
are securely fastened to the ends, and the sides and top and bot tom boards 
are nailed flush with the outer faces of the cleats. The vertical cleats of this 
box are called through cleats, the horizontal pair are fillers. The advantages 
of this box are (1) end cleats permit stagger-nailing of sides, top, and bot 
t o m ; (2) side-grain nailing is effectively increased, thus stronger end joints 
are realized; (3) the cleats make for 
sturdy reinforcement of the ends and 
provide a recess for shipping tickets, 
as well as handholds for lifting. Prop
erly constructed Style 2 boxes can be 
used for merchandise weighing 800 to 
1,0001b. 

c. Style 214. Box. This box is very 
similar to the Style 2 box except that 
the filler cleats are fitted into notches 
in the through cleats. This design is 
3ommonly used with dense woods, 
since the through cleats help carry 
the load when tops and bottoms are 
attached. 

d. Style 3 Box. In this box the filler 
and through cleats are miter-jointed. 
Both the Style 2^/^ and Style 3 boxes have the same advantages as the 
Style 2 boxes, and they are commonly used for the same purposes. 

e. Style 4 Box. This box is constructed with but two through cleats at 
each end. I n its manufacture the nails used are longer than the combined 
thickness of end and cleat and when driven are clinched on the inside. The 
box is of somewhat simpler construction than the three just described but 
shovild never be used for gross weights in excess of 500 lb. The two cleats 
provide protection for shipping tickets and may be used as handholds when 
the box is placed upon its side. 

/. Style 5 Box. This construction differs from the one above in that the 
cleats are nailed at the inside corners. Sometimes cleats with triangular 
cross sections are used. B y placing cleats on the inside there is little like
lihood of their being knocked off in transit. Like the Style 1 box, it requires 
less storage space, but it is more difficult to handle. 

g. Style 6 Box. This box is similar to a Style 1 box except that the sides 
and ends are made with locked corners. The bottom and top are nailed to 
the sides and ends in the usual manner. 

FiQ. 9-13. Diagrammatic sketch of a 
cleated plywood box. 
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2. Cleated Plywood Boxes . Figure 9-13 is a diagrammatic sketch of a 
typical cleated plywood box. Note that the ends, sides, top, and bottom 
are made with one-piece plywood panels reinforced with through and filler 
cleats and that the package, when ready for shipment, is bound with stapled 
steel straps. Boxes of this sort are light in weight and offer excellent re
sistance to mashing at the corners, diagonal distortion, and puncturing. 
They are essentially dustproof, easy to handle, difficult to open in transit; 
they are suitable for air-borne shipping. Boxes of this type can be made to 

FiQ. 9-14. Diagrammatic sketch showing knocked-down wire-bound box. 
of ends used. 

Note four type; 

carry gross loads of 1,000 lb., but usually they are used for much lighter 
loads. This box may be constructed with the interlocking three-way 
corner. 

3. Wire-bound W o o d Boxes. These boxes (Fig. 9-14) are Hghtweight, 
prefabricated shipping containers made of veneer (or thin boards) with re
inforcing cleats and bound together with wire. The two sides, top, and 
bottom, with the cleats attached, are made into a four-piece mat held to
gether with two or more strands of binding wire. The ends are single pieces 
of veneer reinforced with from one to four battens as required. In the as
sembly of these mats, the cleats, which are made with mortised joints, lock 
into place. Before the top is brought into position the two ends are in
serted and nailed to the cleats from the inside. Closure of the box is then 
accomplished by bringing the top into position and twisting the ends of the 
binding wires together. Some boxes are made with loops at the end of the 
binding wires. One of these loops is passed through the other and bent 
backward to close the box. 
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C . W O O D C R A T E S 

There are no general standardized designs for crates such as there are for 
boxes, although m a n y styles of crates have been standardized b y shippers 
of durable goods and b y fruit packers ' associations and cooperatives . T h e 
open, three-way-corner , diagonal ly braced crate (Fig. 9 -15 ) is used in 

il 15. Open three-way corner, diagonally braced crate. 

shipping such products as stoves, glass, refrigerators, furniture, bicycles , 
l)i\unbing fixtures, and a host of other moderately heavy durable goods . 

B o x - t y p e crates are used when supplementary sheathing is necessary to 
protect the merchandise against weathering, salt spray, dust , and other 
i lestructive agencies. T h e y are c o m m o n l y used in shipment of aircraft 
parts, including engines, heavy machinery, and similar products . 

D . W O O D B O X AND C R A T E IN A G R I C U L T U R E 

Boxes and crates have bec-ome nearly universal shipping containers for a 
variety of agricultural prodticts. In some instances they h a v e replaced the 
slack barrel, while in a few others they themselves have been replaced b y 
sacks, baskets, and other types of containers. 

M(»rc than 70 mill ion two - compartment nailed boxes are required an
nually to package the nation 's orange crop , and another 12 million are eon-
siuned in the packaging of other citrus fruits. 

T h e apple prwlucers of the Pacific Northwest were the first t o use w o o d 
l)oxes in the shipment of apples. T h e box , which is n o w standardized at 

This container is very Hght in weight but usually s turdy and m a y be made 
for c o m m o d i t y shipments not exceeding 500 lb . 
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E . INDUSTRIAL B O X E S AND C E A T E S 

Approximately 60 per cent of all boxes and crates manufactured are used 
in shipping industrial commodities. Such containers are made in ac
cordance with thousands of customer specifications and range from large, 
heavy, box-like crates for use in packaging industrial machinery often 
weighing several tons to small, sturdy, compact cases required for delicate 
and sensitive scientific instruments no t infrequently weighing but a few 
ounces. 

W o o d boxes built to certain specifications are acceptable to the Inter
state Commerce Commission for the movement of explosives and dangerous 
chemicals. Because they afford maximum protection in transit against 
pilferage, contamination, breakage, spoilage, or corrosion of their contents, 
wood boxes and crates are used in vast numbers for overseas conmiodity 
shipments. Millions of board feet of crating are required annually in the 
transportation of farm and industrial machinery, aircraft and automotive 
parts, and heavj ' electrical equipment such as motors, generators, trans
formers, and massive insulators. 

The American fishing industries ice-pack much of their catch in wood 
boxes for quick delivery to inland consumers. Some meat packers are again 
using boxes for bulk shipments of pork and lard, while several canneries 
that had discarded the box in favor of fiberboard shipping containers are 
now showing a preference for some of the new lightweight boxes because 
of the added protection afforded their commodities while in transit. 
. Large volumes of low-grade lumber are also used each year in the manu

facture of a number of moderately light but sturdy containers that are col
lectively known as returnable boxes. In this class are such familiar items 
as the bottled-milk crate, carrying and shipping cases for bottled carbonated 
and mineral waters and malt beverages such as beer and ale, and banana 
and bread boxes. Some of these containers are doing yeoman service, and 
the records of one brewery reveal that many of their cases are still service
able after 1,200 round trips. 

2,173.5 cu. in., has since been adopted by prodxicers in several apple-growing 
centers in the United States. Pear boxes similar to the standard apple box 
are used b y Washington, California, and Oregon growers, while many styles 
of wooden boxes are used by Eastern producers. 

Cherries, peaches, plums, prunes, grapes, and other soft fruits are pack
aged in shallow boxes known to the trade as l u ^ . Open-slat crates are 
preferred for lettuce, cauliflower, melons, celery, and tomatoes. 

Cheese, butter, and egg producers are other large consumers of wood 
boxes and crates. 
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F. STATUS OF THE INDUSTRY 

Statistics relating to the nominal yearly consumption of w o o d in boxes 
and crating for the past 10 years indicate the unprecedented demand for 
these items during the Second World War. Current trends, however, sug
gest that the demand for such containers will not diminish appreciably in 
the near future. It is true that competitive containers have forced the box 
out of some fields, yet its increased use in others, coupled with its introduc
tion in still others, has essentially offset such losses. The popularity of the 
box and crate today is due in large measure to the activities of the National 
W o o d Box Association and its numerous regional organizations. These 
agencies, working closely with state and Federal groups, have rendered 
many invaluable services to shippers, carriers, and consumers in c o 
ordinating specifications, improving designs, and promoting the general use 
of boxes and crates through educational and trade-promotion programs. 

m. V E N E E R B A S K E T S 

T h e use of veneers in the mamifacture of baskets^ had its beginning in 
1866 when James Kirby, of Benton Harbor, Michigan, made a 3^-bu. 
basket for the peach growers of southern Michigan. About this time A. 
W . Wells & C O . , of St. Joseph, Michigan, also introduced a Viasket made of 
sliced veneers for use by orchardists in his area. These two products were 
immediate successes, others were soon introduced, and all of them became 
serious competitors of the hand-woven splint baskets then in common use. 
Today veneer baskets and hampers of many kinds and capacities are used 

• throughout the nation b y agriculturalists and orchardists in transporting 
their products from farm to consumer. While the veneer-basket industry 
had its beginning in Michigan, it has long since expanded to other parts of 
the cormtry, and basket plants are now in operation in the vicinity of nearly 
every major vegetable- and fruit-producing area in the United States. 

The first veneer baskets were fashioned by hand, and their production in 
any one plant was limited to a few hundred per day. The inventive genius 
of some of the first manvffacturers, however, soon led to the development of 
numerous mechanical devices that did away with slow, laborious hand 
operations. T o d a y basket factories are highly mechanized, and some of the 
largest have capacities of more than 2,000 dozen units daily. 

A. SPECIES U S E D 

T h e V)ulk of all of the veneer used in the manufacture of baskets is rotary-
cut. \ preference is shown for those woods that are flexible but tough, 
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moderately heavy, odorless, light in color, and able to retain nails, staples, 
and wire stitching. The principal species used in basket manufacture are 
beech, elm, hard and soft maples, black and 3'ellow birches, red gum, black 
and tupelo gums, basswood, northern black cottonwood, yellow poplar, 
and some of the ashes. Quantities of spruce and white pine are also used in 
some areas. 

FIG. 9 -16 . Types of wooden baskets: top row, tub baskets; second row, berry boxes; third 
row. Climax baskets. (U.S. Forest Service.) 

B . CLASSES OF V E N E E R BASKETS 

Six kinds or classes of veneer baskets are currently manufactured, viz., 
(1) berry boxes, (2) till baskets, (3) hampers, (4) round-stave baskets, (5) 
splint or market baskets, and (6) Chmax or grape baskets. 

1. Berry Boxes. These are the famihar containers used in the distribu
tion and marketing of strawberries, raspberries, currants, and similar fruits. 
Several types are in common use, including the American, the metal-rim, 
the Hallock, and the stitched tray. A berry box of heavy paper is c om
monly used in California. The American type is used in greater quantities 
than any of the others. The metal-rim box is made in both Eastern and 
Western United States, and its popularity is exceeded only b y the American. 
The Hallock, which features a raised bottom, is most commonly employed 
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in the Pacific Northwest and in the Lake states regions. The stitched tray 
is largely restricted to Missouri and Utah. Berry boxes are manufactured 
only in dry-moasure capacities of ^ pt . , 1 pt., and 1 qt. 

2. Till Baskets. Till baskets are square or rectangular containers shaped 
like an inverted frustrum of a pyramid. They are principally used for such 
soft fruits as apricots, peaches, plums, and prunes. In their manufacture, 
which today is done largely with fully automatic machines, precut veneers 
are fed into a device that folds them over a form or anvil and staples wooden 
hoops or crips on metal rims in a 
single operation. Till baskets are 
made in 1-, 2-, 3-, and 4-qt. (dry-
measure) capacity. 

3. Hampers. Hampers are flat-
bottomed baskets shaped like an 
inverted frustrum of a cone. They 
are made with a one- or two-piece 
wooden bottom and tapered staves 
securely stapled together with two 
to four hoops, depending upon their 
size. Hampers are available in 
nine standard sizes, viz., %, H. 
%, H, U m, l M . a i i d 2 b u . 

4. Roimd-stave Baskets. Bas
kets in this category are divided 
into two general classes, depending 
on their construction. Both types may be furnished with wire handles 
and, when required, a cover. " R o u n d - b o t t o m " baskets are those in which 
(he sides and bottoms are formed from continuous staves, while baskets 
which are made with noncontinuous staves attached to bottoms of solid 
wood or built-up members are called tubs. When only top and middle 
hoops are used on round-bottom baskets, the bottoms are deflnitely 
rounded; however, when a third basal hoop is attached so that the sides 
are straighter, and the bottoms are relatively flat, such baskets are often 
referred to as bent bottoms. Round-stave baskets are supplied in nine 
sizes corresponding in capacities to the nine hamper sizes indicated above 
and are used for packaging a wide variety of agricultural products from 
many sections of the United States. Figures 9-17 and 9-18 iflustrate two 
phases in the manufacture of those containers. 

6 . Splint or Market Baskets. These are rectilinear structures woven 
into shape with veneer splints and furnished with a rigid handle. In the 
past this basket, made with a diamomi weave, was used extensively for 

FlU. y-17. Barikel IIASEINBLY ijo.sitiuiied to re
ceive basket-forming die. {Courtesy Courtney 
Product Advancement Corp., Benton Harbor, 
Michigan.] 
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many agricultural products. Today it has been largely replaced by baskets 
with square-braid weaves and its use is largely limited to the agricultural 
areas of the Central^states. Splint baskets are made in six standard sizes, 
dry measure, of 4-, 8-, 12-, 16-, 24-, and 32-qt. capacity. 

6. Climax or Grape Baskets. CUmax baskets superficially resemble 
oblong tills but are readily distinguishable from the latter by their rounded 
ends, continuous walls, and solid-wood bottoms. The 1-qt. Climax is re
stricted by Federal statute to the use of mushrooms. Three other sizes, 

2-, 4-, and 12-qt. Climaxes, are 
used for grapes and many other 
fruits and vegetables. 

C. B A S K E T STANDARDIZATION 

Prior to the Standard Container 
Acts of 1916 and 1928, baskets 
were manufactured in many styles, 
shapes, and alleged capacities. 
These acts not only established 
the number of cubic inches capacity 
for each but also reduced the num
ber of containers in each category 
that could be marketed. Thus, 
while there were originally 44 berry 
boxes of various styles and capac
ities on the market prior to the 
passage of the acts, today such 
boxes are limited to three capac

ities. Similarly, the number of till baskets dropped from 44 to 4 standard 
capacities, round-stave baskets from 36 to 6, hampers from 75 to 9, and 
Climax baskets from 30 to 4. 

The acts are administered by the Bureau of Agricultural Economics. 
This bureau has been responsible for the elimination of many odd-sized 
packages and others of deceptive size. 

Basket standardization has resulted in many benefits t o all concerned. 
A consumer now is assured that he is paying for only what he buys. The 
grower benefits from price reductions occasioned b y standard manufactur
ing procedures and products, while the problems of the manufacturer are 
simplified to the extent that he can standardize his production equipment 
and concentrate upon the production of the few standard items he is re
quired to stock. 

FIG, 9-18. Basket being shaped. Note hoops 
to left which will be stapled in place at the 
finish of the foreward travel of the basket die, 
(Courtesy Product AdvancemerU Corp., Benton 
Harbor, Michigan.) 
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SHINGLES A N D S H A K E S 

The origin of shingles is obscured in the beginnings of history. There is 
little doubt that handmade shingles, comparable to present-day shakes, 
were among the first wood products manufactured by man. It has been 
surmised that primitive man probably learned early that certain straight-
grained woods could be split with sharp stones, long before steel implements 
were in use, The earliest European \vritings mention shingles and shakes. 
One definition from an old English dictionary, which is comprehensible in 
modern English, is as follows: "Shyngles, wyche be tyles of woode such as 
churches and steples be covered with. (Huloet . ) " * In terms of modern 
usage, a shingle is a small, thin piece of wood with parallel edges, thinner 
at one end than the other, commonly used for covering the sides and roofs 
of buildings. Present-day shingles are sawed. Shakes are spht or rived 
boards that are the same thickness at both ends, although they may be 
tapered in splitting b y reversing the block each time a shake is split off. 
Modern shakes are sometimes sawed with a taper on one side or machined 
on the top side to simulate a split surface. In early times shingles were 
shaved, rived, or split with a broadax or froe after the logs had been cut 
into bolts of the proper length. Sometimes they were tapered at one end 
with a drawknife so they would lie flat like modern shingles. Thus early 
shingles were more like modern shakes. Early American settlers brought 
the art t o this country, and they found species that were well suited to 
shingle making. Shingles were easy to make compared to the laborious 
methods of manufacturing lumber then in use, and they soon became a 
standard building material. 

The beginnings of the western red cedar shingle industry in the Pacific 
Northwest followed closely after trapping, which was the first industry in 
the region. It has been reported that Hudson's Bay Company trappers 
cut shingles for a living after they became too old for the rigors of the 
trapline. These shingles were shipped to California or around Cape Horn 
to the Eastern states. The following extract quotes an interesting record 
of an early shipment of shingles; 

That shingles were a staple article of commerce along the North Pacific coast over 
a hundred years ago is n'ell established by a reference to the logs of Hudson's Bay 

* Quoted in The Century Dictionary and Cyclopedia. The Century Company, 1911. 
210 
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A. SPECIES U S E D FOR SHINGLES 

The variety of species that have been used for shingles in the United 
States parallels closely the depletion of supplies of suitable timbers as 
lumbering moved westward. The Pilgrims found the heartwood of virgin 
white pine highly durable and of excellent properties for shingles, far 
better than the heartwood of second- and third-growth trees of today. 
The John Howard Payne house, immortalized in the song " H o m e , Sweet 
H o m e , " is a favorite example of the durability of shingles. Built in 1660, 
the siding of white pine shingles is still intact and the roof was only recently 
re-covered with red cedar shingles. Later, northern and southern white 
cedars were used, and in the development of the Middle Western states, 
durable white oak and chestnut shingles and shakes were common. North
ern white cedar, from the Northeastern and Lake states and from Canada, 
is still the source of small quantities of shingles. In the Gulf states it was 
early discovered that cypress possessed the qualities desired for shingles, 
and this species is still used to a limited extent. As population moved 
westward and the large stands of western red cedar and redwood were dis
covered, the national source of shingles moved to the West Coast and red 
cedar soon dominated the shingle market. Redwood, partly because the 
woo<l is more valuable for other uses, has never been developed as a major 
source of shingles, although limited quantities are sold in California and 
occasionally shipped to other states. 

Locally, numerous species have been and are still being used to a ve iy 
limited extent. Southern pine in the South, sugar pine in the Sierra regions 
of California, hemlock and spruce in the East, and occasionally Douglas 
fir in the West are among many that could be mentioned. Port Orford 
cedar possesses ideal properties, but short supplies and more profitable 
uses have limited this species to local consvimption. Alaska yellow cedar 
falls in a somewhat similar category. In some parts of the country, small 
operators are still manufacturing shingles from hardwoods for local use. 

trading schooners, one example of which will suffice. The schooner "Columbia," 
the first vessel launched on the Columbia River, at Vancouver, Washington, was 
dispatched to the Fraser River in 1830, under command of William Ryan. Leaving 
Fort Vancouver on July 9 she arrived at Fort Langley on the Fraser on August 15. 
The captain's entry for August 17 reads: "Received on board 16 casks salmon, 12 
IKIIS. shingles, 13 bales beaver, 16 bales salmon." ^ 

By 1845, shaved shingles were being produced in commercial quantities in 
the Pacific Northwest, but full-scale production did not develop until the 
introduction of the block shingle machine from Canada and the arrival of 
the Great Northern Railroad at Seattle. 
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1. Western Red Cedar. At the present time western red cedar accounts 
for approximately 95 per cent of all shingles produced in the United States. 
The principal commercial stands are located west of the Cascade M o u n 
tains in Washington and Oregon, but the species is also found in com
mercial quantities in some parts of Idaho and Montana and east of the 
Cascades in Washington, Extensive stands are also found in British 
Columbia, Canada. In 1945, total production in the United States was 
3,!56,( j l3 squares *, of which al! but 182,057 squares were manufactured 
from western red cedar. This latter amount represented the total produc
tion of redwood, southern cypress, northern and southern white cedar, 
and small quantities of other species cut for local use. According to the 
Bureau of the Census,^ total shingle production by United States mills in 
1947 was 3,803,286 squares, but this report was not broken down by 
species. Western red cedar dominates the field so completely that this 
chapter will deal primarily with the shingle industry of the Pacific 
Northwest. 

The prewar demand for western red cedar for lumber and shingles was 
between 500 and 650 million board feet of logs per year, which was aug
mented b y the importation of about 20 to 45 million board feet of logs 
from British Columbia. Of the total logs consumed, approximately 80 
per cent were used for shingles and the remainder for cedar lumber, from 
which bevel and rustic siding, finish, dimension, and boards were manu
factured. In a recent estimate, the U.S. Forest Service " indicates an 
annual postwar requirement for shingles alone of between 400 and 500 
million board feet. This represents little change from prewar production, 
and the shingle output can be expected to approximate prewar levels. 
At present, production is lunited by lack of log supplies rather than by 
lack of demand. 

B. QTJAUTIES D E S I R E D IN W O O D U S E D FOR SHINGLES 

W o o d for use in the manufacture of shingles should have the following 
properties: (1) durability, (2) freedom from splitting in nailing, (3) dimen
sional stability, i.e., low ratio of tangential to radial shrinkage and minimum 
shrinkage in all planes, (4) light weight, (5) good insulating properties, 
(6) adequate strength, (7) straight, even grain for ease of manufacture, 
( 8 ) ability to take stains and paint, (9) ability to resist abrasion, and (10) 
pleasing appearance. Availability of sufficient supplies of logs or bolts, 
at a reasonable cost, is also an important factor. 

Western red cedar, redwood, cypress, and northern and southern white 
cedar all possess the desired properties to a high degree when compared 

* For the definition of this term see page 221. 



SHINGLES AND SHAKES 213 

C. T H E M A N U F A C T U R E OF SHINGLES 

Most cedar logs are purchased on a specialized cedar-log market. The 
cost of logs is a dominant factor in the production costs of shingles, but 
prices so fluctuate that specific figures will not be given. Some of the 
reasons for this are differences in log grades and scaling practices in the 
United States and Canada, differences in logging costs, fluctuations in 
Douglas fir production (upon which cedar-log supplies depend to a large 
extent) , log inventories at various times in the year, and government price 
and quota controls. 

A small percentage of logs destined for small shingle mills located away 
from water transportation are bolted by hand in the woods. Shingle 
bolts are split segments of a log, ranging from 48 to 54 in. in length, 
depending on the length of the shingles to be manufactured. B y far the 
greatest number of logs are cut to standard log lengths in the \voods and 
handled with conventional logging equipment prior to delivery to water 
transportation. After arrival at the shingle mill, the logs are usuafiy 
dumped in a log pond for ease of sorting. They are then cut to convenient 
lengths for elevation into the mill, which is usually accomplished b y means 
of a conventional log haul. Most shingle mills are of two-story construc
tion with the shingle machines on the second level. Steam-driven drag 
saws were formerly used to cut the logs in the pond, but power-driven 
chain saws are becoming popidar because of their greater speed and effi
ciency. On reaching the log deck the logs are cut into 16-, 18-, or 24-in. 
lengths, depending on the length of the shingles to be manufactured. 
Deck saws are up to 10 ft. in diameter and are operated at a rate of speed 
that wiU ensure a smooth, accurate cut. These blocks are then quartered, 
either by sawing or splitting, and reduced stiU further, if necessary, to 
make them of suitable size for the shingle machines. Sawing is more 
common than splitting, probably because of the lower cost of sawing 
equipment. Splitting is more desirable because of the saving in saw kerf, 
and since the splits tend to follow the plane of the rays, more true radial 

to other specits commonly used for lumber and other purposes. Western 
red cedar is somewhat superior to the other shingle species on most counts, 
which is one of the reasons for its dominance of the shingle field. The 
availability of larger stands of red cedar has also played an important 
part. As matters now stand, suitable supplies of logs of all shingle species, 
including red cedar, are in short supply. Unless research can develop 
treatments for shingles made from other woods that will make them equal 
or superior to red cedar, this species will continue to be the predominant 
source of wood shingles. 

file:///voods
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surfaces are obtained. This results in a higher proportion of vertical-grain 
shingles. Splitters, operated by either steam or pneumatic power, may be 
either vertical or horizontal and may have three or more knives, Some 
mills use a one-knife splitter and resplit as many times as necessary to 
obtain the desired size of blocks. Multiple-knife splitter heads are more 
common. Some prefer three-knife to four-knife splitters because of the 
larger proportion of wider shingles that can be cut from larger blocks. 
Sawyers working on a piece-work basis prefer large blocks because fewer 
need be placed in the machine and it is, therefore, cutting shingles a greater 
percentage of the time. The blunt, wedge-shaped knives usually enter the 
blocks only about 1 in. The blocks are brought to the splitter by some 
form of mechanical conveyer. Some mills use a plunger with a ball
bearing head to elevate the block above the conveyer chains in preparation 
for splitting. This device permits the operator to turn the block to what
ever position will provide the maximum yield of high-grade material. 
Shadow guides are commonly used to indicate the exact positions that the 
knives will strike when the splitter head is lowered. 

After quartering, in most Canadian and a few American mills, the blocks 
are passed to a specialized saw table, equipped with a vertically oriented 
circular saw called a knee bolter. Here the bark and sapwood and certain 
surface defects are removed. Mos t American mills dispense with this 
operation because the bark and sapwood are removed from each shingle 
at the time it is edged in the normal process of manufacture. The blocks 
are then moved by conveyer from the splitter or the knee bolter to the 
shingle machines (Fig. 10-1 ) , where sufficient quantities are stock-piled 
within convenient reach of the sawyer. Virtually all machines now in 
use in the red cedar shingle industry are of the vertical type, although a 
few of the older horizontal machines are still in use in other regions. The 
vertical design makes it possible for one operator to edge and grade the 
shingles as they are cut from the block. In this way the sawyer is con
stantly aware of the quality of the shingles being produced, which permits 
him to adjust the block when necessary to stay within specification limits 
for edge-grain shingles. It may be necessary to adjust the block several 
times to keep the cutting face as closely as possible in the plane of the wood 
rays, or at right angles to the growth rings. Each such adjustment results 
in the loss of some material, called a spalt-, which is the slice of wood that 
must be removed to reorient the block. 

Shingle machines are equipped with clamping jaws that hold the blocks 
rigidly in place on a reciprocating power-driven carriage (Fig. 10-1) . 
The blocks are placed in the machine in the vertical position and are 
oriented in such a manner that the shingles are cut from the radial surface 
that was exposed by splitting. The carriage, which is actuated b y an 
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eccentric crank from a geared drive, passes the b lock back and forth through 
the saw at the rate of about 35 strokes per minute . On each return stroke 
of the carriage, pawls engage the carriage feed rolls, tilting the carriage, 
so that a tapered shingle is cut on each forward stroke. T h e but t , or thick 
end, of the shingles is cut f rom the t o p of the b lock on one stroke and from 
the b o t t o m on the next stroke. Machines called double-hutting machines 

FIG. 10-1. Shingle machine, showing carriage and setworks. 
Everett, Washiiiylon.) 

{Courtesy Sumner Iron Works, 

make t w o strokes before the carriage is tilted. This gives t w o butts at the 
t o p , then t w o at the b o t t o m , instead of alternating as with single-butting 
machines. T h e saws used are approximate ly 40 in. in diameter, f rom 8 to 
10 gauge at the center, tapering to 16 to 19 gauge at the rims, and have 
about 80 teeth. 

As each shingle comes off the saw the sawyer picks it up and places it on 
a springboard (sometimes called shingle jointer, or knot saw) for edging, or 
jo inting (Fig. 10 -2 ) . T h e springboard is a small hinged table having a 
guide for the butt of the shingle that is at a true right angle with the 
edging saw. After the shingle has been placed in the proper position on 
the springboard, the latter is pushed d o w n , bringing the edge of the shingle 
into contact with a circular saw. This trims away any bark or sapwood 
that may be present or merely jo ints the edge at right angles t o the butt . 
T h e shingle is then turned over and the process repeated in order to make 
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FIG. 10-2, Shingle sawyer trimming edge of a shingle with his right hand as he takes the 
next shingle from the saw with his left hand. {Cotirteay Red Cedar Skingle Bureau.) 

the p r o p e r g r a d e c h u t e where it passes t o the shingle packer , usual ly 
l o c a t e d o n a l o w e r level . R e j e c t e d shingles are k e p t separate . 

P a c k e r s are s tat ioned bes ide b ins f ed b y the s a w y e r wi th a p a c k i n g f rame 
near a t h a n d {Fig . 1 0 - 3 ) . T h e shingles are regraded b y the w e a v e r as 
t h e y are p a c k e d as extra assurance that n o mis takes are m a d e . E n o u g h 
of each g r a d e is p laced in the p a c k i n g f rame t o p r o d u c e a s tandard-s ize 
b u n d l e . O n e hal f o f t h e b u t t s are a t o n e e n d o f t h e b u n d l e and t h e other 
half a t the other , m t h the thin t ips o v e r l a p p i n g in the center . T h e b u n d l e 
is b o u n d b y hand sticks, o n e each at the center o f the b u n d l e a b o v e and 
b e l o w , the ends be ing b o u n d u n d e r pressure w i t h m e t a l straps or bands . 
T h i s m e t h o d of p a c k a g i n g assures flat shingles, e v e n dur ing the d r y i n g 
process . T h e p a c k e r then p laces the bundles o n a c o n v e y e r that takes 
t h e m either t o s torage or t o the d r y kilns. A t this s tage the shingles are 

b o t h e d g e s parallel a n d t o r e m o v e a n y d e f e c t s t h a t m a y b e present o n the 
s e c o n d e d g e . D e f e c t s in t h e center a s wel l as t h e e d g e c a n b e r e m o v e d 
with this saw, m a k i n g o n e or t w o a c c e p t a b l e narrower shingles f r o m a 
larger shingle that w o u l d be re j e c ted or reduced t o a l o w e r grade . W h i l e 
the e d g i n g is in process the s a w y e r grades the shingle , then tosses it in to 
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in the green c o n d i t i o n , w i th the w o o d usual ly well a b o v e t h e fiber sa tura 
t ion po int . Unless c a r g o s h i p m e n t is c o n t e m p l a t e d , the shingles m u s t b e 
dr ied . Repress ing , a c c o m p l i s h e d in a hor izonta l -press f rame , is necessary 
after kiln d r y i n g t o take u p the s lack c a u s e d b y shr inkage . 

1. M a n u f a c t u r i n g M e t h o d s in C a n a d a . Operat ing t e chn iques in C a n a 
d i a n mil ls are similar t o those in t h e U n i t e d States , w i th s o m e m i n o r e x -

FiQ. 10-3. yiiiiiKle psickcr binding off a bundle of sliingies in a pai'king frame. The various 
grades of sliiiiglos fomc from the .sawyer, at the upper level, through the chutes at the rear. 
{Courteay Red Cedar Shingle Bureau.) 

cept i ons . M a c h i n e speeds are l imited b y law t o 3 4 s t rokes per m i n u t e , 
whereas there is n o l imit in this c o u n t r j ' . I t h a s b e e n f o u n d , h o w e v e r , 
t h a t 36 s t rokes per m i n u t e is a b o u t the m a x i m u m t h a t is cons i s tent wi th 
sat is factory grade r e c o v e r y a n d m i n i m u m waste . T h e o u t p u t per m a c h i n e 
in the Un i ted States is a p p r o x i m a t e l y -ij^ squares per h o u r ; in C a n a d a it is 
3J-^ squares per hour . Several o ther fac tors bes ides carr iage speeds are 
i n v o l v e d . Chinese sawyers , c o m m o n l y e m p l o y e d in C a n a d i a n mil ls , w o r k 
less rap id ly than A m e r i c a n workers . A l so , C a n a d i a n mil ls c o n c e n t r a t e o n 
the p r o d u c t i o n of the high grades . T h i s reduces o u t p u t because t h e 
b l o c k s must b e turned m o r e o f t en a n d t h e m a c h i n e s are idle a greater p a r t 
of the t i m e . T h e l ower rate of p r o d u c t i o n has t e n d e d t o offset l ower w a g e 
rates in C a n a d a . R e t u r n s t o the o w n e r s are, h o w e v e r , greater because of 
the larger p r o p o r t i o n of h igher grade shingles p r o d u c e d . T h e average y ie ld 
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of shingles por M bd. ft. log scale is approximately 25 per cent higher in the 
Pacific Northwest than in British Columbia, or 12*^ and 10 squares, re
spectively. 

D . SEASONING AND STORAGE 

Green shingles are usually shipped b y water or b y truck, since freight 
rates on these carriers are based on volume and not on weight. Cargo, or 
water, shipments declined sharply during the Second World War, amount
ing to less than 10 per cent of total shipments in 1944, and this form of 
transportation has still recovered only a small part of its original volume. 
Truck shipments of green shingles between Oregon and California have 
increased since then, but it is doubted if they have offset losses in cargo 
movements. This means that approximately 90 per cent of all red cedar 
shingles are dried before shipment in order to reduce transportation 
charges. Small quantities of shingles are still air-seasoned, but the major 
portion is kiln-dried. Western red cedar requires mild drjdng schedules 
because the wood is subject to collapse and honeycombing. Overdrying 
of shingles to reduce shipping costs was one of the practices that created 
prejudices against wood shingles prior to the establishment of minimum 
standards. Satisfactory drying schedules have been developed through 
research, and most operators now recognize the importance of proper 
seasoning. Savings in freight costs are not the only advantages of drying. 
Properly kiln-dried shingles assure uniform moisture content at the time 
of laying, which equalizes shrinkage and virtually eliminates cupping and 
warping after the shingles are laid. T o preserve these advantages it is 
desirable that shingles be stored under conditions which provide sufficient 
circulation of air and which avoid exposure of outer layers t o rain or the 
direct rays of the sun. 

E. STAINING AND T H E APPLICATION OF W O O D PRESERVATIVES 

The heartwood of red cedar is highly durable, and neither stains nor 
preservatives are required to obtain long, satisfactory service from a roof 
covered with untreated, all-heartwood shingles. Evidence of this is found 
in the fact that by far the largest proportion of shingles is not stained or 
otherwise treated. Color, however, is sometimes desired, and the life of 
shingles containing sapwood can be prolonged b y the use of appropriate 
wood preservatives. Shingles m a y be stained by dipping or b y pressure 
methods in commercial plants or b y hand on the job . They may also be 
stained in place, on roofs or side walls, but the results are less effective. 
Painting, although satisfactory for shingles on sidewalls, is not generally 
recommended for shingled roofs. 
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T h e advantages of stained shingles are (1) they provide a choice of 
colors or combinations of colore; (2) stains of good quality contain hnseed 
oil, which reduces shrinking and swelling during wet and dry periods; 
(3) preservative treatments can be combined with staining to prolong the 
life of shingles that contain sapwood; and (4) stains reduce the rate of 
mechanical wear of the surface of shingles. Mechanical wear is obvious 
only after long periods of time, but shingles eventually become thinner as 
a result of attrition by sand and dust particles and of leaching and mild 
hydrolysis of the surface layers of the wood from exposure to rain. Proper 
prestaining, followed b y restaining of the exposed butts, will help to prevent 
deterioration. The additional cost of stained shingles is small compared 
to the cost of laying the roof. It is highly desirable, therefore, that they 
be bought from a reliable dealer or, in the case of on-the- job applications, 
that only the best ingredients be purchased. Additional information on 
this subject can be obtained in selected references 3 and 12. 

The preservation of shingles is not practiced extensively but will, no 
doubt , become more conxmon now that substitute species that are less 
durable are coming under consideration for use as shingles. For years, 
creosote was the standard preservative for shingles, some companies 
developing "decolor ized" fractions of creosote for use with light-colored 
stains. Some of the newer preservatives, such as pentachlorophenol and 
copper naphthanate, may well find a place in this field. The disadvantage 
of the standard grade of creosote has been the impossibility of using it in 
combination with light colors. 

Preservatives are best applied b y pressure methods, but reasonably 
effective results can be obtained either by dipping or b y the use of the 
conventional hot-and-cold-bath method of applying wood preservatives. 
Preservatives applied to a roof or sidewall after it has been laid cannot be 
expected to be effective in the prevention of decay; the preservative will 
not reach inaccessible areas under and bet^veen the shingles ivhere decay 
is most likely to become established. A more complete discussion of the 
subject of preserving shingles can be found in selected reference 12. 

F. CLASSIFICATION OF SHINGLES 

The establishment in 1931 of quality standards for the manufacture of 
wood shingles by the Bureau of Standards of the Department of Commerce 
marked a turning point in the elimination of earlier practices that had been 
detrimental to the future of wood shingles. The Red Cedar Shingle Bureau 
and ntuny shingle manufacturers gave full support to the project, and 
between 86 and 90 per cent of the shingles now manufactured conform to 
these standards. The standard, as revised, is knoAvn as Commercial Stand-
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ard 3 1 - 3 8 and covers the N o . 1 grades of redwood and cypress shingles, as 
well as those manufactured from red cedar. T h e grade marks of accepted 
association inspection agencies assure conformance to this standard. This 
applies, as well, t o shingles manufactured in Canada for the American 
market. 

1. Length and Width of Shingles. M o s t shingles are packed and sold 
in random widths, ranging f rom 3 to 14 in. This leaves only length and 
thickness as the criteria for classificatiori. Standard lengths are 16, 18, 
and 24 in. T e n per cent of the shingles in any one shipment m a y be 1 in. 
either over or under the specified length. Dimension shingles are an ex
cept ion t o the general nile, since they are jo inted t o definite widths. 

2. Thickness of Shingles. T h e thickness of shingles is measured at the 
butt when green and designated by the number of butts required t o make 
u p a specified dimension. For example, 4 / 2 in. means that four butts are 
required to equal 2 in. W h e n length and'thickness are combined there are 
three standard sizes of shingles: 16 i n . — 5 / 2 in. ; 18 i n . — 5 / 2 ^ ' in . ; and 
24 i n . — 4 / 2 in. Nonstandard specialty items, either thicker or thinner 
than the above , are produced in small quantities. 

3. G r a d e s . Specifications for shingles are given in Commerc ia l Standard 
3 1 - 3 8 * and in the grade rule b o o k s of the various shingle associations.^ 
These should be studied with care b y all prospect ive purchasers and users 
of shingles. T h e grades for the several lengths of shingles are somewhat 
similar. T h e fol lowing summary of the grades of 16-in. shingles is pre
sented as an example : 

No. 1 Shingles. No. 1 red cedar shingles represent the best grade that is manu
factured. These shingles are intended primarily for roof construction, where the 
shingles should lie flat and tight and where there must be complete protection from 
rain u'ater driven by high winds. 

No. 1 shingles must be 100 per cent edge or vertical grain, 100 per cent clear, and 
100 per cent heartwood. None of these shingles should be wider than 14 in. and 
none narrower than 3 in. Tliere should be 20 courses of shingles at each end of the 
bundle. Not more than 10 per cent of the combined mdth of the shingles laid side 
by side (running inches) in any shipment may be less than 4 in. in width. 

No. 2 Shingles. Shingles of No. 2 grade must be clear or free from blemishes for 
three-fourths of their length as measured from the butts. A maximum width of 
only 1 in. of sapwood is permissible in the first 10 in. Mixed vertical and flat grains 
are allowed. No shingles shall be \̂̂ der than 14 in. and none narrower than 3 in. 
Not more than 20 per cent of the running inches in any shipment may be less than 
4 in. 

* U.S. Department of Commerce, Bureau of Standards. Wood Shingles (Red Cedar, 
Tidewater Red Cypress, California Redwood). Commercial Standard, pp. 31-37, 4th 
ed. 
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No. 3 Shijigles. No. 3 shingles must be 8 in. clear or better and may contain sap-
wood. No -shingle shall be wider than 14 in. and none narrower than 2 ^ in., and 
not more than 30 per cent of the running inches in any shipment may be less than 
4 in. wide. Knotholes up to 3 in. in diameter are permitted in the upper ha l f . ' ' 

Undercoursing grade. A fourth grade of shingle, k n o w n unofficially as 
N o . 4 but properly designated Undercoursing grade , is produced b y m a n y 
mills and is recognized b y the industry through the R e d Cedar Shingle 
Bureau. As the name implies, it is intended solely for the undercourse of 
double-coursed shingle sidewalls. Since the undercourse is always c o m 
pletely covered, the grade permits certain defects throughout the area of 
the shingle. M a n y mills mix their N o . 3 grade shingles with their Under 
coursing gratle, producing a grade k n o w n as Special Undercoursing. T h e 
Undercoursing grades were produced as a result of the increased popular i ty 
of double-coursed sidewall construct ion. 

T h e following commerc ia l designations are generally recognized in the 
American shingle market : 

16 in.—5/2 in. Perfects, or X X X X X 
18 in.—5/2 in. Eurekas " 
18 in.—5/2K in. Perfections 
24 in.—1/2 in. Royals 

" Mitnuractured to a. limited extent ID Canada and marketed in small quantities in the United States. 

N o . 2 and N o . 3 shingles are somet imes designated as 8-, 10-, or l6- in . 
clears, based on the number of inches of w o o d , measured f rom the butt , 
that is clear of defects. 

4 . Unit of M e a s u r e , T h e unit of measure used in marketing shingles 
is the sguare, or square pack, which is defined by the Bureau of Standards 
as " A unit providing sufficient shingles for the coverage of an area of 100 
sq. ft. when the shingles are laid at any specified exposure to the weather . " 
For roofing, the specified expt)sures for the 1G-, 18-, and 24-in. lengths are 
5, by-h " n d 7)4, in., respectively, and four bundles are required to equal 
one square. For sidewaUs, exposures m a y be greater, 6 ^ , 7J-^, SJ-^, and 
Wyi in. being specified; consequently , three bundles equal one square. 
Because of the increased popidarity of double-coursed applications, the 
three-lnmdle square is being used less frequently. Bundle sizes are deter 
mined by the number of courses of shingle butts at each end of the bundle . 
W h e n a bundle is designated as 2f) /20, it means that there are 40 layers, 
or coiu'ses, of shingles overlapping imder the band stick, with 20 courses of 

• Effective Sept. 1, 1947, No. 3 16-in. shingles were changed from 8 in. clear to 6 in. 
clear. In view nf this, the wording of the last part of the last Sentence should read "the 
upper portion" instead of "the upper half." 
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butts on each side of the sticks. Dimension shingles are sold by the 
piece, or net count, but one square, when laid according to specified ex
posures, will cover 100 sq. ft. 

G . APPLICATION OF SHINGLES 

T h e application of shingles, although based on a good deal of research 
as well as practical experience, is an industrial art rather than a technical 
subject. Authoritative handbooks are available that give detailed in
structions and information on the proper methods of laying shingles on 
roofs and sidewalls, recommended exposures, special adaptations for hips, 
ridges, valleys and flashings, types and sizes of nails to use, overroofing, 
double-coursing, staining and painting, and numerous other techniques 
essential t o the building trades.' '^ Such information is beyond the scope 
of this text, but it is recommended that everyone who is interested in wood 
utilization obtain a good handbook for ready reference. Some general 
remarks may, however, be of interest. 

No . 1 shingles should always be used for the roofs of primary buildings, 
where maximum protection from the weather and long life are essential. 
The lower grades can be used for the roofs of secondary structures, such as 
home garages and numerous farm buildings, but anything less than the 
best grade of shingle is an unwise investment for the roof of a primary 
structure. The properties of the N o . 1 grade—all-vertical grain to pro
vide greater strength and minimum shrinking and swelling, 100 per cent 
heartwood to provide maximum durability, and freedom from defects - -
assure minimum maintenance costs and maximum fife. No . 2 shingles are 
standard for sidewalls and well suited for roofs of secondary buildings, for 
overroofing over old shingles, and for double-coursing under No . 1 shingles. 
No . 3, the economy grade, gives good service when used in proper loca
tions, such as undercoursing, overroofing of farm buildings, or sidewalls of 
garages, summer cabins, and farm buildings. 

Strict adherence to the recommendations of the accepted trade associa
tions with respect to exposures and spacing, types and sizes of nails, and 
other details, cannot be overemphasized. They are designed to assure 
the user of maximum service. Digressions from these accepted standards 
usually result in false economies. Users of shingles should follow the in
structions proposed by the Red Cedar Shingle Bureau,^ or other reliable 
sources. 

Overroofing, a relatively recent development, has numerous advantages 
over reroofing when a roof is in need of replacement. Among these are 
the following: ( I ) it provides double insulation, with consequent savings 
in fuel and greater comfort in summer; (2) it can be done at any time, in 
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tlie rainy seasun as well as during dry periods ; (3) it is less cosi ly , as it 
eliminates the lahor cost of removing the old shingles; (4) it adds strength 
to the roof without appreciably increasing the dead load (shingles weigh 
less than 2 l b . per sq. f t . ) ; and (5) the litter of o ld shingles, a lways a nuisance 
to remove , is eliminated. In reroofing barns and feed sheds it excludes 
the possibility of nails and other dangerous debris falling into h a y m o w s 
or feed bins. 

Siiingles should not be wetted or soaked prior t o installation. I t was 
long believed that wetting and consequent swelling would ensure that the 
shingles wouhl not be Uud t o o close together. Proper lateral spacing of 
dry shingles will accomplish the same purpose more efhcienlly, and the 
laying of wet shingles is detrimental t o the construction of a g o o d roof. 
Shrinkage stresses between nails often cause splits and checks as a shingle 
dries. T h e equil ibrium moisture c (mtcnt attained in the dealer 's storage 
shed in the area in which the shingles are t o be used is usually the most 
suitable for laying the shingles. It should be remembered that the spacing 
recommendat ions of the appropi-iate trade associations make the proper 
al lowance for shrinking and swelling. 

1. T h e Life of Shingles . N o . 1 shingles, if properly appHed, can b e 
expected to have a life of 35 years under average climatic condit ions on 
steep roo fs ; 25 years on roofs with a one- fourth p i t ch ; and a life in excess 
of the life of the average structure when used as sidewalls. T h e a b o v e 
expectancies can be considered as averages ; there are numerous records of 
roofs tha t h a v e lasted in excess of 7 5 years. A n example is qvioted as 
fo l lows; " 'Lowland , ' the magnif icent mansion of the late George A b b o t 
.lames, at Nahant , Massachusetts , was built and roofed with red cedar 
shingles in 1872 and is found to be in pei-fect state of preservat ion . " * 
T h e life expectancies of N o . 2 and N o . 3 shingles depend to a large extent 
on the proper selection of the uses t o which these lower grades are t o be 
put . N o . 2 shingles, when used on sidewalls, will match or even exceed 
the life of N o . 1 shingles used on the roof of the same building. N o . 3 
shingles will give service commensurate with their cost if used where 
exposure condit ions are not t o o severe. Even flat-grained shingles have 
been k n o w n to last as long as 25 years o n roofs. 

2. Advantages of W o o d Shingles . A m o n g the more important advan
tages of wood shingles are (1) superior insulating properties, (2) long life, 
(3) resistance to wind, snow, and hail damage , (4) suitability in nearly all 
climates, and (5) attractive ap|)curance. W o o d in general has far better 
insulating qtialities tiuin most other l)uilding materials, and western red 
cedar is high in efficiency in this respect when compared to other woods 
used for construction purposes. T h e thermal conduct iv i ty of shingles as 

• The KncycIoiK.'dia Americana. Americana Corporation, N W York. 1947. 
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normally laid up is only about one-third that of asphalt roofing. In other 
words, ^vood shingles, on an average, provide three times as much insula^* 
tion as asphalt shingles. The life of wood shingles compares favorably to, 
and usually exceeds, that of composition roofings. W o o d shingles are less 
subject t o damage b y hail and high winds, and their performance is little 
affected by climatic conditions; they serve equally well in both hot and 
cold climates. T o most people, wood shingles are more attractive in appear
ance than most competitive materials. Weathering and slight variations-
in the natural color of the heartwood of red cedar and the soft texture that 
results from the broken lines of shingles laid in random widths gives a 
harmonious effect not found in the stereotyped patterns of most composi
tion roofings. The colors of stained shingles, since the stains are absorbed 
by the wood, are more soft and natural than the harsh colors of many 
composition materials. 

The outstanding advantage of red cedar shingles is their long life. In a 
questionnaire distributed by the Bureau of Standards to 148 field offices 
of the H o m e Owner's Loan Association and Federal Housing Administra
tion in 48 states and the District of Columbia information was requested 
on the length of life of wood and asphalt shingles. The results showed that 
the average life of wood shingles in all states was approximately 20 years, 
as compared to about 14 for asphalt shingles. It was further shown that 
climate had a marked effect on the life of the asphalt product, whereas it 
made much less difference in the case of wood shingles. In 21 states south 
of a line corresponding roughly to the 40th parallel of latitude, the average 
life of asphalt shingles was only 12 years. North of this line the average 
was 16 years. This was not a scientifically planned experiment, but the 
results are indicative of the relative lives of the two roofing materials. 

Among lesser advantages, it is claimed that damages to shrubbery and 
the dangers attending snow and ice avalanches from roofs is reduced on 
all but the steepest roofs when wood shingles are used, that condensation 
is not a serious problem under shingle coverings, and that noise transmis
sion is far less than with most other roofing and sidewall substitutes. The 
disadvantages of wood shingles are higher initial cost and their inability 
to meet building-code restrictions that have become established through
out the country. 

H. CHARACTER OF THE R E D C EDAR SHINGLE INDUSTRY 

Shingle mills are of two types : "straight" shingle mills and "combina
t ion" mills. The former produce shingles exclusively; the latter, both 
shingles and cedar lumber. N o t many sawmills in the Pacific Northwest 
combine the manufacture of cedar with other species such as Douglas 
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fir a n d h e m l o c k . M o s t c o m p a n i e s prefer t o sell their c edar logs o n the 
o p e n m a r k e t . A f e w large , integrated o p e r a t i o n s re ta in the i r c edar l ogs in 
order t o ob ta in the a d d e d prof i ts t h a t can b e der ived b y c onver t ing the 
logs in their o w n shingle mill or sawmil l . B y a n d large, h o w e v e r , the 
cedar industry is o n e of intens ive spec ia l izat ion . 

Shingle mil ls v a r y in size f r o m 1- t o 2 5 - m a c h i n e instal lat ions. In t h e 
U n i t e d S t a t e s there h a s b e e n a m a r k e d increase in t h e nvimber of smal l 
mil ls in recent y e a r s ; in Brit ish C o l u m b i a the t rend has been in the o p p o s i t e 
d i rec t i on . T h e S e c o n d W o r l d W a r interrupted this t r e n d in the Uni ted 
States . L a r g e n u m b e r s of o n e - a n d t w o - m a c h i n e mil ls were shut d o w n 
for the durat i on , b u t it a p p e a r s l ikely, as can b e seen f r o m T a b l e 1 0 - 1 , 
t h a t the trend will b e resumed . T h i s t a b l e i s a t a b u l a t i o n of t h e n u m b e r of 
mil ls a n d m a c h i n e s in the U n i t e d States for se lected y e a r s f r o m 1936 t o 1947. 

TABLE 1 0 - 1 . TOTAL NUMBER OF SHINGLE MILLS AND SHINGLE MACHINES IN THE 
UNITED STATES FOR SELECTED YEARS, 1936 TO 1947 , INCLUSIVE " 

1 9 3 6 1 9 4 1 1 9 4 4 1 9 4 6 1 9 4 7 
(June) (Sept.) (Jan.) (Sept.) (Jan.) 

Total number of mills 2 8 8 3 2 5 122 2 3 6 2 8 8 
Total number machines 8 6 1 8 0 4 5 8 8 5 5 7 5 8 4 
Average number machines per mill 3 . 0 2 . 5 2 . 8 2 . 4 2 . 0 

" S O U R C E S : U.S. Departiiient of Commerce, Bureau of Census. Facts for Industry, Forest Products: 
1945 Lumber. Lath and Shincle Production. 1945. U.S. Tariff Commission. Red Cedar Shingles. War 
Changes in Industry Series. Report 8. 1945. 

I t shou ld b e n o t e d t h a t an increase in t h e n u m b e r of mi l ls is n o t a c c o m 
panied b y a c o r r e s p o n d i n g increase in the n u m b e r of mach ines . In f a c t , 
t h e t rend towart l increased n u m b e r s of smal l mi l ls h a s b e e n a c c o m p a n i e d 
b y a decrease in the tota l n u m b e r of mach ines . Often , w h e n a large mi l l 
is a b a n d o n e d because of lack of t i m b e r suppl ies , e m p l o y e e s purchase s o m e 
of the mach ines a n d establ ish small units . Smal l uni ts , s ca t tered o v e r 
a large area, h a v e a bet ter c h a n c e of surv iva l in t e r m s of t i m b e r s u p p l y 
than a single large mil l . T h e y require less raw mater ia l a n d can b e m o v e d 
m o r e easi ly t o n e w sources of t i m b e r . Ownersh ip of shingle mil ls is, f o r 
the m o s t par t , in the h a n d s of small ind iv idual operators . C o r p o r a t e 
o w n e r s h i p is re lat ively rare in the Un i ted S t a t e s ; the largest organizat ion 
in ex is tence in 1945 o w n e d f our mil ls h a v i n g 44 mach ines . Shingle brokers 
a n d wholessders finance a small n u m b e r of p lants , a n d a b o u t half a dozen 
are o w n e d a n d o p e r a t e d o n a c o o p e r a t i v e basis b y g r o u p s of workers . 
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I, M A R K E T I N G o r SHINGLES 

The history of marketing shingles is an excellent example of the damage 
to a product that can result from a lack of specifications and inspection 
standards and a strong trade association to enforce them. In the early 
1930's, the quality of shingles in the United States was at a very low level. 
A high proportion of the output consisted of improperly dried, thin, fiat-
grained shingles. I t is generally believed that this condition influenced 
materially the establishment of the asphalt-roofing industry on a competi
tive basis. It may also have had an influence in the establishment of fire 
ordinances and underwriters' codes that are inimical to the interests of 
the wood-shingle industry. Loose, cupped, and warped shingles are known 
to contribute to the ignitibility of roofs and to the spread of fires. The 
first impact of competition from other types of roofing materials caused 
reductions in the prices of shingles; the second result was a marked im
provement in the quality of shingles. During the same period, Canadian 
shingles commanded a premium on the American market because of the 
more rigid inspection to which they were subjected. 

1. Markets. Shingles are used in all parts of the United States, but 
restrictive legislation has played an important part in the pattern of dis
tribution. Consumption is limited to a large extent to rural and urban areas 
where discriminatory legislation has been less severe than in many large 
cities. Consumption is not proportional to density of population, largely 
because of the building-code restrictions just mentioned. In 1940, the dis
tribution of red cedar shingles consumed in the United States was as in
dicated in Table 10-2. The unfavorable position in which shingles had 
been placed was eventually overcome through the establishment of speci
fications and the strengthening of inspection procedures. T h e trade 
associations of the industry were instrumental in these reforms. 

The shingle industry is characterized by instability and intermittency of 
operation. Many of the small operations are insecurely financed, and an 
average of 20 to 30 per cent of all mills are shut down most of the time. 
Idle mills are most numerous from December to March, but a rather large 
number is closed in all months of the year. Unfavorable weather condi
tions in the logging areas cause most of the winter shutdowns. Other 
factors contributing to the unevenness of production are local log shortages, 
insufficient railroad cars, scarcity of labor, competition for labor from more 
stable industries, labor disputes, plant breakdowns, mill fires, slack orders, 
and insolvency caused b y inadequate financing. At no time is production 
up to full capacity even when the demand for shingles is high. The same 
conditions exist in Canada. 
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Information presented in Table 10-2 shows that the bulk of shingles 
manufactured in the United States is used in the northern half of the 
country, while most Canadian imports are consumed in the Middle West 
and Eastern States. At least this was the situation prior t o the Second 
World War and it is expected that distribution will revert to previous 

T A B L E 1 0 - 2 . R E D CEDAR SHINGLES: DISTRIBUTION OF UNITED STATES 
AND CANADIAN SHIPMENTS BY REGIONS, 1 9 4 0 " 

Percentage 

Region United Canadian Total 
States 

shipments 
shipments shipments 

West and East North Cent ral. New 
England, and Middle Atlantic 3 8 . 6 7 2 . 3 4 8 . 7 

South Atlantic, East and West South 
1 6 . 9 2 2 . 6 1 8 . 6 

Rocky Mountain and Pacific Coast 4 3 . 4 5 . 1 3 2 . 0 
1 . 1 0 . 7 1 . 1 0 . 7 

Total 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 

" U.S. Tariff Commission. Report to the United States Senate on Red Cedar Shingles. 
2d ser. 11142. 

Report 149, 

pattern once war-born irregidarities have subsided. Consumption of shingles 
shoidd increase on the West Coast in the near future because of the coin
cidence of large increases in population and proximity to the source of 
supplies. 

The statvis of tariff agreements between the United States and Canada, 
the position of Canada with respect to United Kingdom preferential agree
ments, and the number of shingles reserved for Canadian consumption, all 
have a bearing on the shingle market in the United States. The question 
of tariffs and trade agreements is too lengthy to discuss here, but it cannot 
be ignored in any analysis of shingle markets.^^'^^ 

2. Competitive Factors. In spite of their many advantages, wood shin
gles have lost groimd steadily to asphalt shingles and roll roofing since 
shortly after the First World War . The principal reasons are quoted as 
follows: " A m o n g the factors operating against wood shingles and in favor 
of other roofings are (1) the location of the respective industries in relation 
to markets, and differences in the distribution systems; (2) building regula-
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tions; (3) the relative costs of the several roofings; (4) fire-insurance rates; 
and (5) trade promotion and salesmanship. All these play an important 
part in the ultimate choice of the consumer and tend to create an expanding 
market, particularly for asphalt roofings, and a contracting market for 
wood shingles." 

Competition from other types of roofing materials, such as asbestos shin
gles, some of the older metal roofings, tile, and slate is not a serious threat 
to wood shingles because these products occupy a higher price level or their 
weight results in shipping-cost penalties. Aluminum siding and roofings are 
being sold at competitive prices and are being used rather extensively for 
barns and other farm buildings at the time this is written. Whether or not 
this material will remain in the competitive market when low-cost war sur
plus supplies of aluminum are exhausted is not known. Thin aluminum 
sheeting has certain obvious shortcomings for use as roofing and sidewalls 
but , if sold at a low enough price, it could offer serious competition to wood 
shingles. More serious from the standpoint of competition is a recently 
announced aluminum shingle that provides for a five-inch exposure and 
carries a guarantee of sixty years. It is claimed that these will be available 
in unlimited quantities at a lower cost than wood shingles. Aluminum 
bevel siding, prime-coated for any color of house paint, has also been an
nounced. Plastic shingles of all colors, that are fused to each other and to 
the roof boards or shingles, are to be marketed by a large company in the 
near future. They have an expected life of forty years. 

3. Building Codes. Restrictive building regulations date to the period 
prior to the acceptance of commercial standards and specifications for wood 
shingles. Before and just after 1930, a large part of the domestic shingle 
production consisted of flat-grained shingles that cupped, warped and split, 
thus contributing to fire hazard. Many of these restrictions remain in 
force, even though conformance to Commercial Standard 31-38 and its 
revisions has resulted in a " . . . vastly improved shingle which prac
tically ehminates all danger from brands and sparks on roofs ." " In spite 
of determined efforts, and some success, by the Red Cedar Shingle Bureau 
to combat restrictive codes, the sentiment against wood shingles continues 
to grow in some parts of the country. Even when restrictions are not ex
clusively prohibitive, increased fire-insurance rates are a further handicap 
to wood shingles. Actually, though wood shingles have a lower ignition 
point than mineral-coated asphalt shingles, they do not contribute as much 
fuel to a fire as do asphalt materials when once ignited. Evidence tends to 
show that many restrictive building codes are predicated on prejudices of 
previous years and that many of these objections are not valid in the case 
of wood shingles manufactured in accordance with present-day specifica
tions. 
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4. Future T r e n d s . In discussing the compet i t ion of composi t ion shingles 
with w o o d shingles it should be remembered that this conflict concerns 
only one of the many wood-using industries of the country .* As a matter 
of fact , the composit ion-roof ing industries utilize large quantities of 
w o o d fiber, either in the form of paper or matted fiber, as a base that is 
impregnated with asphalt. Snoke ^ reports that bo th groundwood fiber 
and chemica l -wood fibers are used in the manufacture of felts for a.'^phalt-
prepared roofing. Usually the t w o are used together, the former in amounts 
up t o nearly 19 per cent, the latter up to 14 per cent, depending on the 
formulation. In some formulations the felts m a y contain as much as 32 
per cent of w o o d fibers. The other components , depending on the t y p e of 
roofing being made , consist of rags, up to 75 per cent ; jute , up to about 15 
per c ent ; and woo l , rayon , silk, hair, and kapok in lesser quantities. Recent 
research has shown the w a y to the use of mechanical ly fiberized w o o d res
idue for this purpose, in even larger propor t i ons ; a process that can p lay 
an important part in better and more complete w o o d utilization. Neither 
must it be forgotten that domestic w o o d shingles must face the c o m p e 
tit ion of Canadian importations. T h e exact extent and form of this c o m 
petit ion are unpredictable because of quotas , tariff restrictions, and trade 
agreements that m a y change rather rapidly in the years to come . A t 
present, the Canadian government is reserving a large part of the output 
of red cedar shingles for home use. Canada has its own postwar building 
prob lem, and exports may not assume large proport ions in the immediate 
future imless the demand for Canadian shingles in the United States 
increases materially or the price becomes especially attract ive and present 
Canadian export restrictions are lifted. One thing seems fairly certain: 
the demand for shingles should b e quite act ive for some years t o c o m e 
because of the great need for housing and other construct ion in the post 
war period. In fact, this demand m a y exceed the available supplies of raw 
material . Large segments of the industry are idle at the present t ime, 
some of tliem because of log shortages.^ This m a y eventual ly be the l imit
ing factor. I 'nlcss substitute species can be developed (and acceptance of 
new species is always s low) , it is possible that w o o d shingles will lose even 
m o r e ground t o compet i t ive materials as soon as the rush of postwar con 
struction is over. 

J . T H E MANUFACTtiEE OF S H A K E S 

Shake making, which was an important business in colonial and pioneer 
times, is n o w practiced to only a limited extent. The number of shakes 

* Thore is, however, a definite parallel between the buildinK-eode restrictions govem-
ing tlie use of wood shingles and similar regulations against the use of wood for other 
purposes. 
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now manufactured is difficult to determine, because statistics on shakes 
are combined with those on shingles. Shakes are more costly than shingles 
and are most commonly used for special effects on resort, hunting and 
fishing lodges, and types of architecture that derive beauty and authen
ticity from the duplication of the old-fashioned appearance that shakes 
provide. Homemade shakes are used to some extent in the construction 
of cabins by trappers, hunters, and other persons living in isolated 
places. 

Handmade split shakes are usually 25, 31, or 37 in. long and vary in 
width from 5 to 18 in. They are usually from ]4 to l}4 in. in thickness. 
Some are tapered, but if ease of production or a particularly rough effect is 
desired, they are left the full thickness at both ends. Numerous mechanical 
methods, including both sawing and special machining, have been de 
vised. ' A m o n g these are ( 1 ) resawing thick split shakes from corner to 
corner, resulting in two shakes having a rough, split surface and a flat 
sawed back; (2) running a heavy-sawed shingle through a special machine 
head that imparts to the surface the rough appearance of a split shake; 
and (3) passing a heavy shingle under a heated pressure roll that is e m 
bossed with the impression of a split shake. Various methods of grooving 
shingles have also been devised. A t the present time, the manufacture of 
shakes is alniost entirely limited to the Pacific Coast states and to certain 
areas in the nortliern R o c k y Mountains, Tray shakes, used for fruit 
boxes, once a common commodity in California, have all but disappeared. 
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W O O D FLOUR 

W o o d flour is a term applied to finely ground wood, resembling wheat 
flour in appearance. This product is used extensively in the manufacture 
of linoleum, nitroglycerine explosives, and a variety of plastic and other 
molded products. 

A. W O O D S USED 

As used today, wood flour must be fight in weight and color, fluffy, and 
highly absorptive. These requirements limit the species used to light-
colored types with a low resin content. Any wood that contains excessive 
pitch, gum, resin, or similar substances that may cause mechanical diffi
culties in grinding or produce discoloration in the finished product is not 
suitable for wood-flour manufacture. 

It is estimated that at least 75 per cent of the total wood flour produced 
in this country is made of white pine (eastern, western, and sugar) ; the 
other 25 per cent comes largely from spruce, poplar, maple, birch, and 
hemlock. Probably a number of other light-colored woods could be used, 
although no actual information on this point is available. Some darker 
colored woods, such as willow, yellow poplar, and even redwood have been 
used for special grades of wood flour in which color is not important. 

B . PREPARATION OF M ATERIAL 

In the United States wood flour is made largely from sawdust and 
shavings resulting from the remanufacture of white pine. In addition, 
considerable quantities of solid wood, largely in the form of slabs, edgings, 
and trimmings, are used to supplement the sawdust and shavings. When 
solid wood is used it must be free of bark, dirt, and other foreign matter 
and then be reduced to small chips by means of a chipper, a hog, or a 
hammer mill. The greatest difficulty experienced in utilization of ordinary 
sa\\Tnill residue for wood-flour manufacture is connected with the removal 
of bark and dirt from small pieces of wood such as are usually found in 
such material. The raw material must be seasoned to 8 to 10 per cent 
moisture content, as otherwise the particles of wood flour will tend to 

232 
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C MANUFACTUitE 

S o m e w o o d flour is obta ined b y reclamation, i.e., b y recovery of w o o d 
dust from sunders and b y screening of sawdust. Sander dust is generally 
screened to size, and if sanding abrasive is ob ject ionable this can be elimi
nated b y air separation. T h e screening of sawdust yields small amounts of 
a granular t y p e of wood flour (about 4 per cent of 80 mesh or finer), suit
able for such unexacting uses as fur cleaning. 

T h e bulk of w o o d flour, however , is p roduced b y pulverizing w o o d in 
one of the several types of pulverizing mills. In the United States there 
are three principal types of wood-f lour mills in use, which, on the basis of 
the m e t h o d of pulverization, can b e classed as attriiion mills, impact or 
hammer mills, and roller mills.^-'^ 

T h e oldest t y p e of attrition mill is the stone mill, an adaptat ion of the 
old type burrstone mill used for grinding grain. This mill consists of t w o 
superimposed millstones, 40 to 60 in. in diameter. T h e t op stone is sta
t ionary, but the lower one is power-driven. T h e stones are enclosed in 
a wooden structure, except for an opening on the t op throvigh which an 
intake feed pipe delivers the material into an opening in the upper stone. 
T h e inner surface of the t op stone is somewhat concave in the center and 
shallowly grooved to allow the coarser particles of w o o d to penetrate 
between the grinding surfaces; the oppos ing surface of the lower stone is 
perfectly flat. T h e pulverized material gradually works its w a y out 
toward the periphery of the stones and drops into the casing which sur
rounds them. T h e fineness of the finished product is control led b y the 
spacing of the stones. I n this t y p e of mill the initial size of the raw m a t e 
rial must first be reduced to that of sawdust. T o prevent overheating, 
which may result in charring or even combust ion , small amounts of water 
or s team are introduced be tween the stones. Very fine w o o d flour can be 
produced by this method . Stone mills are c o m m o n abroad, especially in 
Scandinavia, '* but are seldom used in this country because of their rela
tively high power consumption . 

American attrition mills have m a n y improvements over the old stone 
mills and are of t w o general types , double and single attrition mills. T h e 
double attrition mills consist of t w o metal grinding disks, revolving in 
opposite directions, enclosed in an iron housing. T h e lower disk is solid 

pack. T h e material from the chipper, as well as the sawdust, is passed 
through vibrat ing-type screens. T h a t which passes through these screens 
is fed by an automat ic feeder t o the pulverizing equipment , while the coarser 
particles are returned to a hog. 
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and is covered with grinding plates of hard steel provided with numer
ous V-shaped depressions with sharp cutting edges. The upper disk is 
made of spokes to which grinding plates, similar,to those on the lower 
disk, are attached. These plates, however, d o not extend all the way to 
the center of the upper disk, leaving an opening in the center. Wood 
fed into the upper disk gradually finds its way through the spokes to the 
grinding surface, and the wood flour is forced out at the periphery of the 
disks and is deposited at the bot tom of the enclosing case. 

Single attrition mills are equipped with a single revolving disk similar 
to the upper spoke disk of the double attrition mills, and the wood material 
is pulverized b y a rubbing action of this disk against the sides of the hous
ing, which is provided with a suitable grinding surface. Attrition mills are 
generally equipped with a pneumatic collecting system consisting of a 
manifold connected to the suction side of a fan, which blows material to 
the sifting room. 

A hammer mill consists of either an upright or a horizontal metal chamber 
with a revolving steel shaft to which staggered beaters or hammers are 
attached. The interior wall of the cylinder is provided with a grinding 
surface. The wood substance is pulverized by the impact of the rapidly 
swinging hammers against the grinding surface of the cylinder. 

Hammer mills are somewhat lower in first cost but are considerably 
higher in maintenance charges than attrition mills of a corresponding 
capacity. Hammer mills are also objectionable because of their tendency 
to permit slivers of comparatively small diameter but of considerable 
length to escape through their screens. The attrition mills will produce 
a larger tonnage of wood flour with less horsepower. The capacity of 
difi'erent grinding equipment varies greatly with the type, size of the 
grinding surface, power used, fineness of the product desired, and the 
type of wood. 

Some wood flour is also produced by crushing in roller mills. This is 
accomphshed by passing the material between either (1) a moving rofler 
and a stationary metal surface; in this case the pulverization occurs at the 
line of contact between the roller and the stationary surface; or (2) two 
or more steel rollers, made with teeth of varying degree of fineness. In 
the latter instance several pairs of rollers are used, one over the other, the 
material being fed to the top pair and dropped from one pair to the 
next.* 

W o o d flour as it comes from the grinding equipment is of different 

*̂  A patent has recently been issued to Ka.ssay, A. W. , Balz, E. H., and W. D. Williams 
(U.S. Pat. 2,364,721, Dec. 12, 1944) for a process of embrittlement of wood by im
pregnation with urea, as an aid to pulverization. 
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degrees of fineness.* T h e coarser grades of w o o d flour are separated b y 
m e a n s of screen separators , cal led sifters. H o w e v e r , if s t o ck finer than 60 
mesh is des ired , the grading is f r equent ly a c c o m p l i s h e d b y m e a n s of an 
air s eparator o n t h e pr inc ip le t h a t f o r a n y g iven air v e l o c i t y , a p o i n t is 
reached at wh i ch the air resistance of a part ic le of a g iven size is b a l a n c e d 
b y its we ight a n d all larger part ic les settle. T h e speed wi th w h i c h t h e a ir 
passes through the separator therefore de termines the fineness of the 

Solid wood ond shavings Sawdust 

Vibrating screens 

Overs 

Hammer mill.hogorctiipper 

Automatic feeder 

1 
Pulverizing equipment 

I 
Pneumatic collecting system 

\ 
Sifter or air separator 1 

Bagging mochlne 

Storage and shipping 

FiQ. 11-1. Flowsheet shovi-inK wood flour manufacture. (Adapted from an article by J. A, 
Emmett, Machines and Methods for Making Wood Flour. Wood-Worker, 5G:S6'-S8. Feb. 1938.) 

p r o d u c t . F a s t currents will carry larger part ic les , whi le the s lower o n e s 
will p ick u p o n l y fine dust . T h u s , b y regulat ing the speed of the air , t h e 
grade of the result ing p r o d u c t can also b e regulated w i t h o u t the use of 
screen. T h e b ig a d v a n t a g e of an air separator is t h a t e v e n the finest flour 
co l l ec ts in the enclos ing c y c l o n e d u s t co l lec tor , w i th h a r d l y a n y loss . 

F ine ly g r o u n d w o o d flom" will a b s o r b cons iderab le m o i s t u r e (4 t o 6 
per c e n t ) f r o m the a tmosphere . I t is usually n o t redried at the process ing 
p lants , h o w e v e r , b u t b y c o n s u m e r s in a c c o r d a n c e w i t h their part i cu lar 

• The sizes of wood flour most commonly used arc 40, 60, and 80 mesh. The finest 
commercial grade of wood is about 130 mesh, although meshes as fine as 350 to 4Q0 have 
been attained with pulverizing equipment. 
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requirements. W o o d flour is usuafly packed in 100-lb. jute sacks, using 
screw-compression-type packers. 

The presence of air-borne wood dust in ivood-flour manufacturing phmts 
creates a constant fire hazard. Under certain conditions the presence of 
such dust in the air may create conditions favoring explosive combus
tion.^" Such conditions exist when concentration of wood dust is such 
that each particle is surrounded by enough air to allow complete combus
tion and when spacing of the particles is close enough to allow propagation 
of flame from one particle to another. Either greater or lesser concentra
tion of particles will not cause explosion. The fire hazard in wood-flour 
plants can be considerably minimized by the observance of the following 
points: (1) installation of an efficient dust-collecting and air-conditioning 
system, (2) elimination of dust accumulations on rafters, open shelves, 
corners, and other poorly accessible parts of the building, (3) use of c om
pletely enclosed nonsparking motors and switches and elimination of all 
sources of static by proper grounding, (4) installation of sprinkling systems 
and nonsparking floors, and (5) enforcement of nonsmoking rules and all 
other general safety rules. 

D . T Y P E S OF W O O D FLOUR 

There are three principal types of commercial wood flour.** These vary 
in accordance with intended use, fineness, color, and resin content. 

1. Technical Wood Flour. This grade is made principally of white pine 
shavings and sawdust; it must be very fine (at least 60 mesh), light-colored, 
and free from staining ingredients. If species other than white pine are 
used, the wood flour from each species must be kept separately. It is used 
largely as a filler in resinoid plastics. 

2. Nontechnical Wood Flour, This grade is made according to less rigid 
specifications as to color, fineness, resin content, and species of wood used; 
frequently a mixture of softwood and hardwood flour is accepted. This 
grade is used in such molded products as moldings, artificial-wood carvings, 
and commoner grades of linoleum and similar compositions. 

3. Granulated Wood Flour. This is a special grade of technical wood 
flour in which the wood particles must conform to a specific weight as well 
as size. This is the most expensive grade of wood flour. 

E. U S E S OF W O O D F LOUR 

The principal uses of wood flour fall into the following categories: (1) 
fillers, either as an extender to reduce the amount of more expensive ingre-
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dients or as a modifier of physical properties, (2) absorbents, and (3) mild 
abrasives. 

Afl a filler, wood flour finds its greatest application in the manufacture 
of linoleum, particularly of the inlaid type, and to a lesser degree in the 
battleship and printed grades. The linoleum industry normally consumes 
more than 50 per cent of the wood flour used in this country. In addition 
to acting as an extender, wood flour in linoleum also functions as a carrier 
for colors throughout the thickness of the sheet. 

Large quantities of wood flour are utilized as a filler in the manufacture 
of plastics, composition flooring, artificial wood, moldings, insulating 
brick, and similar products. Although the use of wood flour in the plastics 
industry m a y be motivated by considerations of economy, the principal 
reason for its use lies in the ability of this material to modify favorably the 
physical properties of plastic materials by increasing impact strength, 
reducing brittleness and shrinkage, and providing opacity to transparent 
or translucent plastics. W o o d flour is also utilized as an extender in glues 
used in woodworking and plywood plants, especially with the synthetic 
types of adhesives. 

Other examples of the use of wood flour involving modification of physical 
properties include its utilization in fovindries as an antibind agent, in 
ceramics to effect porosity in burned-out materials, in electrical equipment 
to increase insulation, and in special types of paint to obtain sound deaden
ing propei'ties." W o o d flour is used decoratively in " oa tmea l " and " v e l v e t " 
wallpapers, where colored grains of wood flour sprinkled over the surface 
provide desired design and texture. 

The most important use of wood flour as an absorbent is in the manu
facture of dynamite. W o o d flour is added to nitroglycerine together with 
oxidizing agents, such as sodium nitrate and ammonium nitrate, primarily 
to reduce its sensitivity to shock. Wood flour and other vegetable fiber 
have largely replaced Kieselgubr (a fine earth) as an explosive absorbent, 
beca\ise combustion of organic material dviring explosion contributes t o the 
force of the blast. 

^Vood flour is used as a mild abrasive and as an oil absorbent in the 
cleaning of furs and as an abrasive in certain types of soaps, especially 
recommended for use by mechanics. Square-cut, relatively coarse hard
wood wood flour is extensively used in the jewelry trade for cleaning 
silverware.* There are many other minor uses of wood flour; a partial list 

•This ty[)o of wood flour can l ie pro<Iuccd more advantageously with a rotary-knife 
cutter, since such a cultor takes sawdust and shavings equally well and produces sliarp, 
clear-cut particles. .\ 30-in. cutter will produce from 750 to 1,000 lb. of wood flour per 
hour. 
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of products containing wood flour, compiled by the Department of C o m 
merce, includes more than 100 different items. 

F . STATUS OF INDUSTRY 

N e w industrial uses for wood flour are being constantly developed. 
Since, however, it is always used as a secondary material in the manufac
ture of other products, the future of the wood-flour industry will depend 
on the general condition of the consuming industries, particularly those 
engaged in the manufacture of linoleum, nitroglycerine explosives, and 
plastic and molded products. Because of the relatively low cost and high 
technical qualities of the product, it is not expected that wood flour will 
be displaced on a large scale by any other organic material or by mineral 
fillers. 

A more serious threat to the stability of the domestic wood-flour industry 
may be expected from the renewal of European competition and from the 
considerably expanded Canadian production. Prior to 1940, imports 
averaged approximately 20 per cent of the total wood flour used in this 
country. European wood flour, which in the past has been considered 
superior in quality to the domestic product, in normal times was able to 
compete successfully for the United States market, even with an added 
25 per cent ad valorem import duty. During the Second World War 
there were practically no imports, and domestic production was able to 
meet the demand. In 1930 the consumption of wood flour was approxi
mately 35,000 tons; in 1947 more than 75,000 tons was required to meet 
industrial needs. 

The cost of milling and screening depends on the type of mill and the 
grade of flour produced. Equipment capable of producing 1 ton of 40 -
mesh flour per hour costs between $5,000 and $10,000. Though the cost 
of the equipment to produce finer grades of flour is not substantially greater, 
the output of similar pieces of equipment varies inversely with the mesh 
for grades up to 100 mesh (i.e., for 80 mesh, the capacity of the same miU 
is only 3^ ton of flour per hour) and as the square of the ratio of meshes 
for finer grades (i.e., for 200 mesh, the output is only one-fourth that of 
a 100-mesh mill).^^ It is generally considered that the manufacturing 
costs and the overhead comprise about 60 per cent and the raw-material 
costs 40 per cent of the total cost of manufacture of wood flour. 
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S A W D U S T A N D S H A V I N G S * 

Large quantities of sawdust and sliavings are marketed every year for a 
great variety of uses other than fuek Dealers in the Chicago district alone, 
for instance, dispose of about 12,000 carloads, or approximately 260,000 
tons, of sawdust and shavings annually. Nevertheless, the total vo lume of 
these products consumed b y industries represents but a fraction of tlie 
vo lume available at sawmills and woodwork ing plants, f 

It is not u n c o m m o n , however , t o find a shortage of sawdust and shavings 
of the right kind at the time of greatest consumption of these materials. 
T h e main reasons for this are as fo l lows: (1) shaving and sawdust p r o d u c 
tion, as well as their greatest consumpt ion , is seasonal in m a n y localit ies; 
(2) users of sawdust and shavings are becoming increasingly more exacting 
as t o the quality and composit ion of sawdust best suited for their purposes; 
this makes the average run of sawmill and factory stock of little commercial 
va lue ; (3) because of the l ow mai^in of profit on sa\v'dust and shavings it is 
se ldom found profitable to supplement the local output by shipping such 
materials f r om the regions where they are available in large volumes. 

I . S A W D U S T 

Between 10 and 13 per cent of the total content of the log is reduced t o 
sawdust in milling operations. Sawdust is c o m m o n l y classified as sof twood, 
hardwood , mixed so f twood , and mixed softwood and h a r d w o o d ; it m a y be 

' s o l d either green, air-dry or kiln-dry. Green so f twood sawdust is used 
most ly as fuel at or near the point of product ion, and small quantities of 
green hardwood sawdust are used for curing meats ; most of the sawdust sold 
b y dealers for industrial purposes is either air- or kiln-dried. 

* This information is based principally on the United States government publications 
listed at the end of this chapter. 

f T h e U.S. Forest Service estimates that in 1944, 1.3 billion cubic feet of sawdust, 
shavings, and other fine material was produced by the primary wood-manufacturing 
industries and anntlier 500 million cubic feet by the secondary wood-using industries. 
This represents about 24 per cent of the totat amount of wood cut in that year. Nearly 
40 per cent of this waste was not used at all, and 60 per cent was utilized, principally as 
fuel. (Wood Waste in the ITnitcd States. Report 4 from .\ Reappraisal of the Forest 
Situation. U.S. Forest Service. 1947.) 

240 
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D e m a n d for sawdust for industrial uses is becoming so exacting that it is 
usually graded for size. Frequently sawdust is also separated by species, 
since for some uses any woods that may discolor the product with which 
they c ome in contact must b e carefully excluded. For this leason the saw
dust of one species is usually worth more than that of a mixture f rom sev
eral woods . H a r d w o o d sawdust is either sifted or is sold in various a p 
prox imate size grades, designated b y the types of machinery f rom which it 
results, such as sander dust, resaw dust , e tc . Sifted hardwood sawdust is 
designated b y mesh sizes, f rom 8 to 40 mesh. The sifting may be done 
either a t the p lant or by the dealers in their storage places. S o f t w o o d saw
dust is se ldom sifted. 

The sawdust business is so compet i t ive and the margin of profit so small 
that except ing for a few of the m o s t progressive concerns, sawmills and 
woodwork ing plants find it unprofitable t o sell direct t o consumers. T h e 
sawdust, therefore, is usually handled b y dealers w h o contract with the 
prod\ieers for the output of a mill or factory . Small c i ty woodwork ing 
plants are frequently willing t o give their sawdust gratis t o reduce the fire 
hazard and to save the space that it would otherwise o c cupy . In the case 
of larger plants , the dealers usually contrac t for a definite number of cars 
for a stated period of t ime. Dealers in the large cities usually maintain 
storage sheds and screening plants. The sawdust is taken directly from the 
cars t o mechanical screens, bagged automatica l ly , a n d stored b y species 
and grades. 

A . LIMITATIONS IN U TILIZATION OF S A W D U S T 

T h e profitable handling of sawdust is limited t o a large extent b y several 
factors : 

1. Handl ing Charges . T h e margin of profit on sawdust is so small that 
all handling must be reduced t o a m i n i m u m ; this factor prevents m a n y 
.sawmill o[)crators from engaging in the sifting and grading of sawdust 
nece.s.-!ar3- for its direct disposal t o the consumer. 

2. Cost of Transportation. This is the chief limiting factor in the mar 
keting of sawdust. With the low prices which sawdu.st brings on the 
nuirkct. freight rates control the distance from which this product can b e 
profitahly s l i ippcd; ordinarily shipping of sawdust by rail is limited t o a 
radius of al)out 100 miles. 

3. Lack of Uniformity of Product . This factor turns many present and 
prospect ive consumers of sawtlust to other materials. M a n y industrial uses 
rc(|uire sawdu.st of uniform qual ity in regard to species, grade, moisture con-
lent , and freedom fri»m foreign substances; all these requirements can 
seldom be guaranteed either by the producers or b y the distributors. 
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B . U S E S OF S A W D U S T 

For convenience of discussion the uses of sawdust may be grouped as 
follows: (1) sawdust as fuel, (2) sawdust in its natural condition, (3) saw
dust in the manufacture of other products, and (4) sawdust in the manu
facture of chemical products. 

1. Sawdust as Fuel. The utihzation of sawdust as fuel is discussed in 
the chapter on W o o d Fuel (see Chap. 13). 

2. Sawdust in Its Natural Condition. T h e uses of sawdust in its natural 
state are so numerous that only a few major ones can be enumerated. 
M a n y of these uses depend on its high absorptivity. 

a. Stable and Kennd Bedding. Sawdust as well as shavings is extensively 
used as bedding for animals, especially for cattle at large dairy farms. For 
this purpose white pine and spruce are considered the most desirable and 
bring the highest price. In kennels eastern red cedar sawdust and shavings 
are preferred because of their reputed effect as an insect repellent. 

b. Absorbent. Sawdust is widely used in butcher shops, fish markets, 
machine shops, garages, factories, and warehouses as floor covering. Any 
kind of sawdust may be used for this purpose, though clean, light-colored 
material is preferred. 

c. Leather Manufacture. Sawdust is used in the leather industry to the 
extent of more than 1,000 tons annually. Its greatest use at tanneries is in 
the manufacture of patent leathers and uppers, for moistening the hides for 
stretching. The requirements of tanners vary greatly in regard to the 
species and the flneness of sawdust desired. In all cases, however, the re
quirements are very exacting as to freedom of the sawdust from splinters, 
grease, and any foreign material that may impart color to the leather. The 
difficulties experienced in obtaining sawdust of uniform quality and free 
from discoloring substances have caused many leather manufacturers to 
turn from sawdust to other methods of moistening hides. 

d. Conditioning of Furs. Sawdust is used extensively for moi.stening the 
skins when they come to the dressing plant, and also in cleaning the pelts to 

4. Quantity of Sawdust Available. The demand for sawdust is seasonal, 
more of it being required in the fall and the winter, i.e., at the time of least 
activity of sawmills. On the other hand, the use of sawdust for wood flour, 
alcohol, wood briquettes, and other products requires installation of 
specialized equipment which must be kept busy throughout the year. Un
less large and dependable supplies of sawdust of a given quality can be 
guaranteed, the installation of such equipment is not justified. 

5. Physical State of Sawdust. Tfie small size of sawdust particles and its 
bulkiness in large quantities place definite restrictions on its chemical and 
mechanical utilization. 
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remove all grease and dirt, l o give the hair a light, fluffy appearance, and to 
restore luster. The operation is carried on in drums in which the pelts are 
tumbled about with sawdust. Carefully screened, fine hard maple saw
dust is generally used by furriers, though limited quantities of other hard
woods are also used by some fur dressers, who by experience have found 
that a certain kind of sawdust is especially suited for a given type of fur. 
The sawdust used for removing grease and dirt is mixed with some clean
ing ingredient which cuts the grease, while the sawdust absorbs it. 

e. Cleaning, Drying, and Polishing Metals. Several hundred tons of saw
dust are used annually for removing oil and grease from metal and metal 
products such as cutlery, metal objects turned in lathes, and aluminum 
wares. The finished products are first dipped into kerosene or other solvent, 
and the solvent is then dried with sawdust. Sawdust is also used in the 
plating industry for drying and polishing finished products removed from 
the plating solution. Likewise, dry sawdust is frequently used to clean 
heavy machinery from grease and oil. 

/. Packing. Sawdust is frequently used as a packing medium, especially 
in the shipment of grapes and other fruit, as well as in packing fragile 
articles and canned goods. In packing fruit only coarse, granular sawdust 
is utilized; spruce sawdust is preferred because it is light-colored, odorless, 
and tasteless, though redwood, white fir, and even Douglas fir are also used. 
About 4 , 0 0 0 tons of sifted sawdust are consumed annually by the grape 
packers of California alone. 

Other uses of sawdust in the natural state include insulation (see Chap. 
16); curing of freshly poured cement, 1 to 2 in. of wet sawdust from a non-
staining species is spread for a period of 1 0 days to 2 weeks, to allow a slow 
curing of the cement ; in ice houses, though this use is falling off sharply 
owing to electric refrigeration and the manufacture of artificial ice; for 
stuffed toys and pin cushions; in nursery practice for "heeling" the stock for 
a short time prior t o shipment; as a soil conditioner (sometimes in a partly 
charred state) beca\ise of its ability t o absorb and spread fertilizing ma
terials and to increase the porosity of the soil; in insect bait, as a carrier for 
arsenic and other ptjisons t o ctimbat chewing insects, such as cutworms; 
in meat and salt smoking, for which purposes green hickory sawdust is pre
ferred, although maple, oak, walnut, and mahogany are also extensively 
used. 

3. Sawdust in the Manufacture of Other Products. Large quantities of 
sawdust and shavings, principally white pine, are utilized in the manu
facture of wood flour (see Chup. 11) ; sawdust is also an important ingredient 
of a number of composition products, some of which are described below. 

a. Composition Flooring. This is made usually of caustic magnesia ce 
ment, with various amounts of sawdust as a filler. Though different kinds 
of sawdust are used for this purpose, medium fine (20 to 40 mesh) maple 
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sawdust is generally preferred. The dry ingredients, consisting of sawdust 
and pigment, are thoroughly mixed and a solution of magnesium chloride is 
added. The mixture is then spread like cement. Usually two coats are 
used, the top layer containing a larger percentage of fine material, such as 
wood flour. 

b. Stucco and Plasters. Sawdust is added to bind the mass together, 
producing at the same time a lighter and more porous product which can 
be nailed without damage and which has better insidating qualities. 

c. Gypsum Composiiio?is. Saivdust is use<i in a number of gypsum 
products, such as interior partitions, insulation products, and roofing ma
terials. Sawdust makes gypsum products more porous, decreasing their 
weight and increasing their insulating qualities; it also softens the finished 
product to the extent that it can be nailed and sawed; finally, it lessens the 
cost of the finished product. 

d. Clay Products. The use of sawdust in clay products today is prac
tically limited to the manufacture of porous hollow building tiles. Saw
dust is added to make the tiles lighter in weight, more resistant to heat, and 
capable of holding nails. When the clay is fired the sawdust is burned out 
of the tile, leaving it in a porous condition. Sawdust is not used in the 
manufacture of common bricks, flue linings, or clay pipes, because it tends 
to increase the absorptive capacity of these products. 

e. Concrete Products and Artificial Stones. Sawdust is used in the prepara
tion of the so-called "lightweight concretes," which contain as much as one-
third to one-half sawdust. The advantages of such concrete are that the 
product can be sawed, fastened with nails and screws, and polished. 
This product is said to be very fire-resistant and nonconductive of sound. 
This type of concrete is used for floors where it is desired to attach wooden 
members to concrete by means of nails or screws; it has also been suggested 
for construction of floors in cattle barns. 

A number of products called artificial stones are made of different binders 
with sawdust as a flller. They can be colored and when polished resemble 
marble or stone. Such products are widely used for building purposes in the 
form of roof, floor, and panel tiles and building stones. 

/. Artificial Wood. This is a product made of sawdust, paper waste, 
casein glue, and hmestone or chalk. The ingredients are ground together, 
moistened with water, and molded. The finished product is said to possess 
many of the properties of natural wood. 

g. Abrasives. W e t sawdust is mixed with coke, salt, and sand in the 
manufacture of silicon carbide abrasives. When these are fused in an 
electric furnace, the sawdust b u m s out first, leaving the rest of the mass in 
a porous condition, thus providing outlets for escaping gases generated 
during the fusion; if no such provision were made these escaping gases would 
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rupture the fusing mass. Any kind of sawdust, dry or wet, can he 
used. 

k. Floor-sweeping Compounds. In the manufacture of sweeping com
pounds, sawdust is mixed with an antiseptic and cleaning ingredients, such 
as clean, fine sand, to which essential oils, such as oil of eucalyptus or oil 
of sassafras, are added to impart a pleasant odor and to absorb the fine 
particles of dust. Ordinary damp sawdust is probably just as satisfactory, 
and on concrete floors it is preferred, since it prevents excessive dust. 

i. Molded Articles and Plastics. Finely ground sawdust and shavings 
combined with a suitable binder, such as starch, glue, or aluminum sulfate, 
are used in making molded ornaments, dolls, novelties, insulators, and sim
ilar items. 

A relatively low-cost plastic mix, in which a large percentage of the ma
terial consists of hydrolyzed dry sawdust, has recently been developed by 
the U.S. Forest Products Laboratory. A number of other similar products 
have also been announced b y other research organizations (see Plastics, 
page 48G). None of them has as yet reached commercial development on 
an extensive scale. 

j . Wallboard. A number of processes have recently been announced for 
the manufacture of wallboard made entirely of pressed sawdust and other 
granulated wood waste with the addition of a suitable binder; other types 
of wallhoard are made b y combining sawdust with the wood-pulp or other 
type of vegetable fiber. 

It has been estimated that as much as 2,000 sq. ft. of board may be ob 
tained from a ton of sawdust. Extreme simplicity of operation, dispensing 
with the service of skilled technicians, is claimed for one process. In ad
dition to wallboards a variety of other pressed items, such as containers, 
disi^osable dishes, and moldings can be made of any suitable sawdust-
resin mixture. Commercial development of an inexpensive molding process 
for sawdust and similar wood residue will go a long way in solving the 
major wood-waste problems now confronting the wotwl-conversion in
dustries of this country. 

4 . Sawdust in the Manufacture of Chemical Products. The possibilities 
of sawdust utilization in tiio manufacture of chemical products include 
( I ) destructive distillation, (2) steam extraction, (3) production of ethyl 
alcohol and cuttle food, and (4) production of oxalic acid, dyes, and similar 
protlucts. 

a. Destruclire Distillation of Ilardirood Sawdust. Although a possibility, 
thi.s tecimiquo has not achieved commercial success, largely because of the 
Indkiness of the material, which necessitates large quaTitities of it for un-
intcvi\ipteil pro\iuction, and the difficulties encountered in carbonization 
of sawdust (see page 384). 
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b. Steam Extraction. Steam extraction of turpentine and pine oil from 
the sawdust of resinous woods in a manner similar to that employed with 
chipped southern pine stumps is technically quite feasible. I t is, however, 
questionable if at present the yield obtained and the supply of raw ma
terial would justify the cost of operation. 

c. Ethyl Alcohol and Yeast from Wood. T h e production of ethyl alcohol 
and yeast from sawdust and other wood waste is discussed in the section on 
saccharification of wood (see p. 403). 

d. Oxalic Acid. In the past, considerable quantities of oxalic acid were 
produced by fusion of sawdust with a caustic. Though at present oxalic 
acid is made by other processes, opportunities for more efficient fusion 
of sawdust have recently been demonstrated by Othmer and his c o 
workers. This new method yields up to 75 per cent of oxalic acid on the 
basis of dry weight of wood; in addition, considerable quantities of acetic 
and formic acids and methanol are obtained. The approximate yield of 
chemicals in the experimental runs were as fol lows: 

Material used, lb. Product formed, lb. 
100 dry sawdust 45.5 oxalic acid 

9 sodium hydroxide 11.7 acetic acid 
34 .7 lime 2.48 formic acid 
61.1 1 0 0 % suKuric acid 5 .5 methanol 

85 .0 calcium sulfate (waste) 
3 .0 wood oil 

B y carrying out fusions on several different species of wood, it has been 
shown that a constant ratio exists between the yields obtained and the 
amount of cellulose in wood. Since, however, the yields were somewhat 
higher than could be expected from the cellulose alone, it appears that other 
constituents of the w o o d also entered into the reaction. Commercial suc
cess of this treatment depends largely on the efficiency of recovery of caustic 
soda and success in separating the materials resulting from the fusion. 

Oxalic acid is an important organic acid, of which some 10 million pounds 
is used annually in the United States. It is used in large quantities by 
laundries as an acid rinse; also in the production of celluloid and rayon, in 
the manufacture of explosives, leather manufacture and dressing, purifica
tion of glycerol and stearin, bleaching straw, and in the preparation of cer
tain dyes. 

n. SHAVINGS 

On the basis of volume, the most important use of shavings is for fuel, 
either as such or in the form of wood briquettes. Other important uses for 
shavings include packing of such products as canned goods, paint, and 
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building-stone blocks, clean shavings of nonstaining species being pre
ferred; stable and kennel bedding; lime burning; wood flour; insulation; 
wood pulp; and in wallboards made of shavings and resins. White pine 
shavings are in greatest demand; the use of other light-colored woods such 
as spruce, cottonwood, aspen, and basswood is also quite extensive. 

The chief difficulty encountered in the profitable utilization of shavings 
is their bulkiness, which makes long shipping economically prohibitive. 
According to the Department of Commerce, 12 to 15 cents per 100 lb. is 
usually the maximum freight rate that can be absorbed b y the product. 
The shavings are either shipped in carload lots or, to decrease their bulk 
and for convenience of handhng, they may be pressed into bales weighing 
80 to 240 lb. each. 
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W O O D F U E L 

A t one t ime wood was extensively used throughout the country for 
domestic heating and cooking purposes, as well as for generating steam a n d 
later electricity in industrial estabhshments .* Coal and other types of 
fuel have, however, gradually displaced w o o d in most industrial plants, 
with the exception of many woodwork ing industries. T h e use of w o o d fuel 
for domestic purposes in cities has also sharply declined, largely because of 
the introduct ion of central and automatic heating systems which require 
types of fuel better adapted to thermal control . T o d a y , except for certain 
sections of the W e s t and South, the use of w o o d for domestic fuel is con
fined largely t o rural communit ies , where lack of ready cash outweighs con
siderations of convenience. E v e n in rural districts, however , the use of 
fuels other than w o o d is steadily increasing. T h a t the consumption of w o o d 
for fuel in rural communit ies is greatly influenced by financial considera
tions has been shown by the considerable increase in the use of w o o d fuel 
through the Eastern and Central United States during depression years. 
For instance, the Minnesota Forest Survey disclosed the product ion of 
1,744,000 cords of fuel w o o d in that state in 1934 as compared with 1,163,-
000 in 1929, or an increase of 50 per cent. 

In cities the use of w o o d as a fuel t oday is l imited most ly t o fireplaces. 
However , in the sawmilHng districts of Oregon and Washington, fol lowing 
improvements in sawdust-burning equipment , there has been a considerable 
increase in the use of sawdust and hogged w o o d for domest ic heating. T h e 
diversion of solid w o o d residue to other more profitable uses {e.g., w o o d 
saccharification. Chap . 19) m a y curtail further expansion in the use of saw
dust for domest i c heating. 

W o o d fuel in industrial establishments is at present confined largely to 
the utilization of mill residue for generating power in sawmills and w o o d -

* R. V. Reynolds and A. H. Pierson " report that on the basis of timber consumed 
in the 300 years of American history, fuel has accounted for more than half (estimated 
at 1,000 billion cubic feet of standing timber) of the total volume cut from our forests 
and for more than twice as much as lumber; even in 1940 the quantity of timber cut for 
fuel was second only to lumber. They estimate further that about 75 per cent of this 
total was hardwoods, 40 to 50 per cent of which was oak. More than 60 per cent of all 
the wood taken for fuel came from saw-timber trees. At the peak of consumption {1870 
to 1880) the saw-timber component was 64 per cent, decreasing to 46 per cent in the 
period between 1920 and 1929. 

248 
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working plants. In certain sections of the West Coast and in the South, 
where large quantities of such material are available above the require
ments of the producing plants, there is frequently an outlet for such fuel in 
other local industries and municipal establishments. 

In spite of a sharp decline in the use of wood as domestic and industrial 
fuel, wood is consumed in larger quantities for fuel than for any other use 
except lumber. Per capita consumption of wood fuel reached its peak in 
the United States about I860 with an average of 4.5 cords. The peak of 
volume consumption, however, did not occur until the period just before 
1880. In the United States census of 1880 the total wood fuel consumed in 
this country was placed at about 146 million cords. The consumption of 
coal for the same year is given at about 71.5 million short tons. In 1908 the 
U.S. Forest Service estimated the annual consumption of wood fuel at 86 
million cords. The consumption of coal meanwhile increased to about 416 
million short tons. T o d a y the consumption of wood fuel is placed at be 
tween 40 and 50 million cords, while total consumption of coal ranges be
tween 400 and 600 million short tons annvially. T h e above figures d o not 
take into consideration mil! residue used for fuel. N o figures are available 
to indicate the total volume of such material available or utilized for the 
whole country, but some idea of the enormous quantity available may be 
gained from the U.S. Forest Service survey conducted in 1945 for the states 
of Oregon and Washington. According to this survey,'^ solid-wood by-prod
ucts resulting from the manufacture of 1,(X)0 bd. ft. of lumber averaged 64 
cu. ft. in the primary sawmilling operations, or a total of about 680 million 
cubic feet of solid-wood residues for these two states. In addition, an esti
mated 209 million cubic feet of bark was also produced. Of the total 
amount of solid-wood residues developed in Oregon and Washington, 79 
per cent was used or sold b y the sawmills for fuel, 2.5 per cent was sold 
for pulp and other uses, and 18.5 per cent was destroyed. 

In Canada, the Dominion Bureau of Statistics estimates the annual 
consumption of fuel wood at about 10 million cords of cordwood, plus some 
400,000 cords of wood residue. This may be compared to the annual con
sumption of some 32 million short tons of coal. 

I. WOOD COMBUSTION 

A. A D V A N T A G E S AND D I S A D V A N T A G E S OF W O O D AS A F U F X 

One of the advantages of wood as a fuel is that dry w o o d ignites readily 
and gives a quick, hot flame; * this makes wood desirable when quick heat 

• Ignition temperatures vary «ndely, however, depenfUng on duration of heat ap-
pUratiiin. While wtmd may Ix' ignited by.prolonged eontact with steam pipes, it can ftI.>*o 
withstand intense heal for short time intervals without igniting. 
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for a short t ime is wanted . W o o d fuel is clean and leaves a smaU amount 
of ash (about 1 per cent of the o v e n d r y weight of w o o d ) , which has some 
value as a fertilizer. M o r e important , however , are the economic advan
tages of using w o o d fuel. Where locally available and burned in properly 
designed furnaces and stoves, w o o d should be just as economical as, or 
more so than, other types of fuel. In rural communit ies , when w o o d is o b 
tained f rom woodlots owned b y the farmer, its use for domest ic heating 
does away with the necessity of cash out lay for fuel. In addit ion, its sale 
in the outlying communit ies provides an additional and fairly dependable 
income from the farm woodlands . 

Some of the disadvantages of w o o d as a fuel are ( 1 ) w o o d must be 
seasoned, requiring large storage space ; ( 2 ) because of its bulkiness and 
relatively low margin of profit, w o o d can be transported only short dis 
tances ; * ( 3 ) w o o d burns rapidly, necessitating frequent refueling; ( 4 ) wood 
fuel gives a l ow efficiency, if burned in an ordinary furnace; ( 5 ) it is difficvdt 
t o obta in w o o d fuel of uniform quality, especially in so far as its moisture 
content is concerned. 

Some of the a b o v e disadvantages, viz., the inefficiency of burning and 
the necessity for frequent refueling, can b e largely eliminated b y the use 
of equipment expressly designed for burning w o o d . f Examples of such 
improved equipment are the s low-combust ion stoves and furnaces now in 
wide use in European countries ; improved w o o d stoves and furnaces of 
Amer ican design are n o w also available. These improved stoves are d e 
signed to utilize ah the combust ib le elements, which in the ordinary w o o d 
furnace are allowed to escape up the chimney. T o accomplish this the w o o d 
is burned very slowly, with just enough air admitted to allow a s low dis
tillation of w o o d gases, which are then mixed with an air current of high 
temperature and burned under the most favorable condit ions b y being 
passed through a zone of high temperature. Such stoves and furnaces are 

* Cordwood can be transported profitably usually a distance of not more than 5 miles 
if a team is used and not more than 20 to 30 miles by truck. Markets for san'mill refuse 
as fuel are likewise determined largely by the co.st of transportation. In a study made 
in Oregon, it was shown that transportation in some instances may amount to 75 per
cent or more of the total cost of the wood delivered. Of the three principal methods of 
transportation used in that region, barge transportation, whetk available, is the most 
economical means for hauling large quantities of wood fuel; ran transportation is more 
economical than truck on hauls exceeding 40 to 45 miles; the large trucks with trailers 
give a lower per-unit hauling cost than small-size ( I j ^ to 2}/2-ton) trucks and conse
quently ean go out farther from a given center of .supply. 

t The most inefficient way of burning wood in dwellings is in fireplaces. "An experi
ment conducted in Georgia is said to have shown that in order to maintain a prescribed 
temperature in a certain room it was necessary to burn 10 times as much wood in a fire
place as the amount required when using a good wood stove." R. V. Reynolds and A. 
H. Pierson.13 
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said to have much greater efficiency than ordinary burners ; * the s low-
combust ion stoves and furnaces require attention only ever j ' 8 t o 24 
hours. 

T h e efficiency of an ordinary coal-burning furnace also can be greatly in
creased by substituting special w o o d grates for conventional coal grates or 
b y removing the grate bars entirely and laying firebrick on the floor of the 
ashpit.'^ In the latter case the fire is built on the firebrick; the ashpit door 
is kept t ightly closed and the venti lator in the fuel d o o r open. In this w a y 
a w o o d fire can be made to burn very s lowly, with considerable increase in 
the efficiency of w o o d as a fuel. If it is undesirable t o remove the coal 
grates, m()re efficiency can b e obtained f rom w o o d by placing sheet iron or 
firebrick on the grates. Likewise, greater effectiveness can be secured from 
burning w o o d in the ordinary furnace b y combining it with coal. The fire-
hox should be filled with w o o d to about the level of the fire door , and small-
sized coal, such as buckwheat or nut , added on top . Some precaution must 
be taken not to cover the entire surface of w o o d t o o heavily , t o avo id the 
possibility of gas explosions. 

B . C O M B U S T I O N O F W O O D 

T h e processes of wood c ombust i on can be divided into three stages: (1) 
drying, (2) distillation of volati le material , a n d (3) burning of solid, n o n 
volati le , carbonized material ( charcoal ) , with formation of an ash residue. 
T h e distillation of volatile products begins when the internal temperature 
of w o o d rises t o a b o u t 2 7 5 ° C . and the w o o d begins t o d e c o m p o s e with the 
evolut ion of combust ib le and noncombust ib le gases. T h e former consist of 
carbon monox ide , hydrogen, and methane ; and the latter include nitrogen, 
oxygen , and carbon dioxide. If there is an adequate supply of air, ignition 
of combust ib le gases takes place. Once started, combust i on is continued 
exothermically as long as there is a sufficient supply of air and as long as the 
heat of combust ion is great enough to raise the temperatvire in new portions 
of the w o o d to the ignition point . T h e residual substance, after all gases are 
distilled, is charcoal . 

This stage of combust ion is fo l lowed by the second, or endothormic , stage, 
during which ccmibustion is maintained in part b y the heat from residual 
charcoal. If at this stage of burning the outside heat is withdrawn and the 
heat supplied by the charred port ion of the stick is not sufficient t o raise the 
temperature of new port ions of the w o o d to the ignition point , combust ion 

• Hale " found that when hard maple was burned in the ordinary furnace, its heat 
effifiem-y at 20 per cent moisture was 50 to 60 per cent of the gross calorific value of hard 
maple at that moistun> content; white pine had an efficiency of only 50 per cent; and 
anthracito coal burned in the same furnace gave an efficiency of 73 l>er cent. 
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C. A V A I L A B L E HEAT FROM W O O D 

The heat value of a substance is determined by the amount of heat (ex
pressed in British thermal units) produced in burning it to total ash. Since 
different woods are fundamentally alike in the chemical composition of the 
wood substance, at ihe same moisture content, the heat value obtained from 
unit weights of all woods, regardless of the species, is about the same. Ex
ceptions to this are woods containing such combustible materials as resins, 
oils, and gums; these substances have a high calorific value (approximately 
17,500 Btu * per lb. ) , and therefore woods containing appreciable amounts 
of them will have correspondingly high heat values. Tests conducted at 
the Forest Products Laboratories of Canada indicate that the average 
higher calorific value of hardwoods is about 8500 Btu per lb. of ovendry 
wood , t while that of white pine is 9000, Douglas fir 9200, and western red 
cedar 9700 Btu per lb. of ovendry wood.^ By way of comparison, an
thracite coal yields 12,900 Btu per lb . , bituminous coal 13,200, and crude oil 
19,500 per lb. 

The higher calorific value represents the total amount of heat given off 
by wood burned in a calorimeter, or it represents the calculated heat value 
based on a chemical analysis of the wood. In any fuel containing hydrogen, 
the calorific value, as determined in a calorimeter, is higher than that ob 
tainable under most working conditions because of the latent heat of the 
volatilized water formed in the combustion of the hydrogen. This heat is 
released when the vapor is condensed, but in practice the vapor usually 
passes off uncondensed. In estimating the higher calorific value of wood 
on the basis of a chemical analysis, to secure a reasonable degree of ac 
curacy the calculations should be based on an ultimate analysis that re
duces the fuel to its elementary constituents, such as carbon, hydrogen, 
oxygen, nitrogen, ash, and moisture. An ultimate analysis does not reveal 
how these constituents are combined in the fuel. Fuels of almost identical 
ultimate analyses produce different heating values when tested in a cal
orimeter. Although methods other than these t w o have been used to de -

* Btu—British thermal unit: the quantity of heat required to raise one pound of water 
one degree Fahrenheit, at or near its maximum density. 

t The U.S. Forest Products Laboratory uses a figure of 8600 Btu as the average higher 
calorific value for hardwoods. 

ceases. This explains why it is difficult t o maintain combustion in a single 
large stick without other combustible material. When the kindling burns 
out, heat from the layer of charcoal formed on the outside of a large 
stick usually is not sufficient to raise the temperature in the inner portion 
to the point where more combustible gases can evolve, and the fire 
becomes extinguished. 
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termine calorific values, the heat values determined in a calorimeter are 
regarded as the most reliable. 

The lower calorific value, the available heat from the combustion of 
wood , is greatly affected b y several factors, such as (1) the amount of mois
ture in the wood , (2) moisture formed in the burning of hydrogen, (3) the 
amount of air admitted for combustion, (4) heat carried away in dry chim
ney ga.ses, (5) heat loss because of unconsumed gaseous combustible matter 
discharged with flue gases, (6) losses due to unconsumed solid combustible 
matter, and (7) radiation losses from the combustion chamber. Minor 
losses, usually ignored, include (1) heating of water vapor in the air ad
mitted for combustion, (2) heating of wood substance to the ignition tem
perature, and (3) the heat required to separate bound water from wood 
substance.* Table 13-1 , prepared on the basis of certain assumptions, 
shows the effect of moisture on the lower calorific value of wood. 

T A B L E 1 3 - 1 . HEAT AVAILABLE FROM 1 LB. OF MOIST W O O D 

Moisture content of wood 

Available heat, Btu " 
Ovendry basis, % Moist basis, % 

Available heat, Btu " 

0 0 . 0 0 7 0 9 8 
5 4 . 7 6 6 7 0 1 

1 0 9 . 0 9 6 3 4 1 
1 5 1 3 . 0 4 6 0 1 1 
2 0 1 6 . 6 7 5 7 1 0 
2 5 2 0 . 0 0 5 4 3 2 
3 0 2 3 . 0 8 5 1 7 6 
4 0 2 8 . 5 7 4 7 1 8 
5 0 3 3 . 3 3 4 3 2 2 
7 5 4 2 . 8 6 3 5 2 9 

1 0 0 5 0 . 0 0 2 9 3 4 
1 5 0 6 0 . 0 0 2 1 0 1 
2 0 0 6 6 . 6 7 1 5 4 6 
2 5 0 7 1 . 4 3 1 1 4 9 

" Ba8(>d on a hinher calorific value of 8600 Btu, an initial wood temperature ot 62''F., a flue-gaa tenijiera-
ture o( 4aO°F., an initial air t«mperatur« of 62''F., and 50 per cent excess air, 

" For 1 lb, of ovendry wood, the loss due to atmospheric moisture (assuming an initial 
temperature of 6 2 ° F . , a relative humidity of 8 0 per cent, 5 0 per cent excess air, and a 
flue-ga.-! temi>erature of 4 5 0 ^ . ) is about 1 5 Btu, the JoM due to healing the wood \o the 
ignition temfKTature {as.suming that the initial temperature of the wood is 6 2 ° F . and 
that the ignition t e m p i T a t u r e is 4 7 2 ' ' F . ) is about 1 3 4 Btu, and the loss due to the heat 
required to ŝ 'parate water and wood substance is about 3 4 Btu in drjing from the fiber-
saturation point ( 3 0 p i T cent moisture content, ovendry basis) to the ovendry cimdition. 
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h = 
H '[{m-\- 0 . 5 4 ) ( 1 0 8 5 - <^ + OAGt, ) + 0 . 2 4 ( f g - ta)a] 

1 -b m 

where h = heat available from 1 lb. of moist wood, Btu 
H = higher calorific value of 1 lb. of wood, Btu 
m = moisture content (ovendry basis) of wood, expressed decimally 
tjo = initial temperature of wood and its included water, degrees 

Fahrenheit 
tg = temperature of flue gases, degrees Fahrenheit 
a = air required for combustion, pounds. (Theoretically, about 6 

lb. of dry air is required to burn 1 lb. of ovendry wood.) 
ta = initial temperature of air, degrees Fahrenheit 

Sample Calculations 

1. Assume a higher calorific value of 8000 Btu, a wood-moisture content 
(ovendry basis) of 20 per cent, an initial wood temperature of 62°F., a flue-
gas temperature of 450°F., an initial air temperature of 62' 'F., and 50 per 
cent excess air. The approximate available heat is: 

8600 - { (0 .20 -\- 0.54)[1085 - 62 -^ (0.46 X 450)] -^ 0.24(450 - 62 )9 ) 
1 + 0.20 

_ 8600 - [(0.74)(1230) - j - 0.24(388)9] 
1.20 

8600 - (910.20 -b 838.08) _ 6851.72 
1.20 ~ 1.20 

= 5710 Btu 

2. Assume that the wood has a moisture content of 150 per cent (oven
dry basis) and that all other conditions of the above example prevail. The 
approximate heat available is 

8600 - [(1.50 0.54) (1230) + 838.08] 
1 + 1.50 

8600 - (2509.20 + 838.08) 5252.72 
= 5̂  - = — - — = 2101 Btu 

2.50 2.50 

Neglecting all losses other than those due to the moisture content of the 
wood, the burning of hydrogen, the air required for combustion, and cer
tain flue-gas losses, the following formula may be used to determine ap
proximately the available heat from one pound of moist wood : 
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\Voo<l fuel h generally used in the air-<lry condit ion . A compar i son of t h e 
available heat in green and air-dry w o o d and their equivalents in coal is 
g iven in T a b l e 13 -2 . 

TAHI.K 1 3 - 2 . Apf'itoxiMATE W E I G H T AND H E A T I N G V A L U E PKR C O R D ( 8 0 C u . F T . ) 

OF DlfFEHENT WoODS, G R E E N AND AlR -DRT ( 2 0 PER C E N T M O I S T U R E ) " 

W o o d s 

Weight , pounds Available heat, 
million Btu 

Equivalent in 
coal tons 

W o o d s 

Green Air-dry Green Air-dry Green Air-dry 

Ash 3 ,840 3 , 4 4 0 16 .5 2 0 . 0 0 . 7 5 0 .91 
3 ,440 2 ,160 1 0 . 3 12 .5 0 . 4 7 0 . 5 7 

B w c h , American. 4 ,320 3 .760 17 .3 2 1 . 8 0 . 7 9 0 . 9 9 
Birch, yel loiv. . . . 4 , 5 6 0 3 ,6S0 17.3 2 1 . 3 0 . 7 9 0.97 

3 ,200 2 ,400 1 3 . 0 18 .0 0 . 5 9 0 . 8 2 
Ehn, American 4 , 3 2 0 2 ,000 14 .3 17 .2 0 . 6 5 0 . 7 8 
Hickory , shagbark 5 , 0 4 0 4 , 2 4 0 2 0 . 7 2 4 . 6 0 . 9 4 1.12 

4 ,000 3 ,200 1 5 . 0 18.6 0 . 6 8 0 . 8 5 
4 ,480 3 ,680 18 .4 2 1 . 3 0 .84 0 . 9 7 
5 ,120 3 .680 1 7 . 9 2 1 . 3 0 .81 0 . 9 7 
5 ,040 3 ,920 19 .2 2 2 . 7 0 . 8 7 1.04 

Pine, eastern white . , 2 ,880 2 ,080 12.1 13 .3 0 . 5 5 0 . 6 0 
Pine, soul hern ve l low. 4 , 0 0 0 2 ,600 14 .2 2 0 . 5 0 .64 0 . 9 3 

" Data from the U.S. Fore.-t Products Laboratorj-. except for Douglas fir and c.uthern pine. Heat 
value of coa). under similar conditions of combuation, h comadered to be 11,000 Btii.' 

I I . T Y P E S O F W O O D F U E L 

Besides c o r d w o o d cut expressly for use as a fuel, other types of w o o d fuel 
include mill residues, such as edgings, tr immings , slabs and short lengths ; 
sawdust antl shavings ; w o o d br iquettes ; w o o d charcoal ; and w o o d gas. 

A. C O R D W O O D 

W o o d fuel is usually sold b y the cord. T h e standard cord is a pile of wood 
8 ft. long, 4 ft. wide, and 4 ft. high. Wo( )d fuel, however , it̂  usually sold b y 
the .short cord, also called/ar(? cord, rick, or rank, which is a pile of w o o d 8 ft . 
long and 4 ft. high, the width varj ' ing with the length of pieces, usually 12, 
14, U>, \S, 24 , or 3(> in. It is cus tomary t o pile green w o o d 2 or 3 in. higher 
tlian 4 ft. t o al low for settling and shrinkage. 
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Although the space occupied by a standard cord equals 128 cu. ft., the 
solid volume of wood is considerably smaller because of the voids between 
the sticks. It is customary to assume that a well-piled standard cord will 
contain 90 cu. ft. of solid wood. Actually, the volume of wood in the cord 
varies greatly, depending on (1) the care exercised in piling; (2) the size of 
the sticks (the smaller the diameter of the sticks, the smaller the solid-wood 
content of the cord ) ; (3) whether the sticks are round or split (split sticks 
10 in. in diameter and over reduce the solid-wood volume by as much as 
5 cu. ft. or more per cord; however, a cord of split wood generally has a 
greater solid content than a cord of small—less than 10 in. in diameter— 
round w o o d ) ; (4) the number of crooked and limby sticks in the cord; and 
(5) bark thickness. 

Measurements made at the Lake States Forest Experiment Station on 
hard maple and yellow birch cordwood 4 ft. 3 in. long, cut for a hardwood 
distillation plant and piled 4 ft. 4 in. high, gave the figures shown in Table 
13-3. 

TABLP; 13-3 . AMOUNT OF SOLID WOOD PER CORD OF 
STICKS OF DIFFERENT DIAMETERS " 

Middle diameter of 
sticks, outside 

bark, in. 
Number of sticlcs Cu, ft. content 

with bark 

5 93 50 
6 75 59 
7 61 66 
S 50 70 
9 42 74 

10 35 77 
11 30 80 
12 26 82 
14 20 84 
16 15 86 
18 12 87 
20 10 88 

" Lake States Forest Experiment Station, Tech. Note 8. October, 1928. 

The same study showed that if sticks 10 in. in diameter and larger were 
split, the solid content of the cord would be reduced by about 5 cu. ft . ; if 
sticks more than 16 in. in diameter were split, the sofid content of the cord 
would be reduced by 7 cu. ft. 

Since moisture in wood reduces its heat value, fuel wood should be 
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thoroughly air-seasoned, which in the Northeastern United States requires 
9 to 12 months; in the South the time of seasoning is usually about 6 
months. 

The bulk of cordwood comes from woodlots, although considerable 
quantities are also cut, in connection with logging, from trees that will not 
yield other products or from slash remaining after logging. Since, under 
ordinary conditions, firewood is probably one of the least profitable forms 
of disposal of timber from woodlots, only those trees that have no other 
commercial value should be cut for fuel wood. These include species of 
little commercial value for other wood products, thinnings cut in impiove-
ment work, and dead and defective trees that will not yield logs or other 
forest products. In Minnesota, according to the U.S. Forest Survey of 
1934, out of 1,74:4,000 cords of fuel wood, 60 per cent were cut from cull and 
dead trees, 5 per cent from logging and mill residue, 10 per cent from trees 
suited for low-grade lumber, and 25 per cent from sound trees 6 to 8 in. in 
diameter. 

Since cutting wood fuel is largely a farm activity, it may be carried on at 
any time when labor is available; therefore most firewood is cut during the 
slack months of late fall and winter. Unless a saw rig can be lo(^ated right 
in the woods, the trunks, called poles, are skidded or hauled to a roadside 
where they can be reached by wagon or truck. In some sections of the 
country it is customary to cut fuel wood into 4-ft. lengths (usually 4 ft. 3 in. 
to 4 ft. 6 in. to allow for crosscutting into three sticks) and stack it in stand
ard cords for seasoning. 

On the basis of a comprehensive study made in N e w York State, Hoyle ^ 
reports that one experienced man can cut from \}4to7 cords of 14-in. wood 
per 9-hour day, 2 cords a day per man being a representative figure under 
average conditions. This includes all woods operations such as felling, 
8ki<lding, sawing, and splitting when necessary. 

The cutting of fuel wood into shorter lengths is usually done b y means of 
a portable buzzsaw run by a gasoline engine or a farm tractor (Fig. 13-1) . 
If the saw is kept Imsy all the time, two men can cut about 2 cords of stove 
wood per hour. 

The relative importance of wood fuel to producers in some states, when 
compared to other forest products, is frequently underestimated, as shown 
by the analysis made by Hoyle * for New York State. In that state the 
estimated annual cut of fuel wood during the depression years of 1932 to 
1936 was approximately four million standard cords. A t 50 cents a cord 
stumpage, this equals two million dollars, a sum approximating the annual 
value of the stumpage for all other forest products, including lumber and 
pulpwood, cut in the state during the same years. Even in normal times 
fuel wootl in New York State represents nearly one-third of the total stump-
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B. S A W D U S T A N D S H A V I N G S A N D O T H E R M I L L R E S I D U E 

T h e greatest use of sawdust and shavings is for fuel. Because of their 
bulkiness they are consumed largely either at the points of product ion or b y 
industrial plants nearby. T h e use of sawdust for fuel requires specially 

FIG. 13-1. A portable buzzsaw run by a tractor in a Micliigan State College woodlot. 
{Courtesy P. W. Robbins.) 

constructed grates and a proper mixture of sawdust with larger pieces of 
w o o d residue. For better results green sawdust and shavings are frequently 
combined with about 50 per cent of hogged mill residue.^ 

T h e heat value of green sawdust depends largely on its moisture and bark 
content . Since most of it contains 40 to 70 per cent of moisture, the heat 
value of green sawdust when burned is only a b o u t half or less that of o v e n 
dry wood . T h e advantages of sawdust as a fuel for generating power are 
its cheapness, cleanliness, and steadiness of combust ion . T h e principal 
drawback to its use as a fuel is its bulkiness, which necessitates considerable 
handling and a large storage space, the latter being necessary to ensure 
against a shortage of fuel. It is estimated that about 1 cu. ft . of hogged 
w o o d and sawdust is required to develop one horsepower. 

In the Pacific Northwest , sawdust is also extensively used for domest ic 
heating and in hotels. M o s t of the sawdust used for this purpose is un -

age value and two-thirds of the delivered value of all other forest products 
cut in the state. 



WOOD FUEL 
2 5 9 

Gas burned in 
Corr)bustion 
Chamber of 
furnace " ' 

Secondary airport -

fuet burning and converted info 

Lid for hopper 

••_ — —Hopper containing sawdust 

•.; — — ^SfJifrft/s/ fuet feeding by gravity 

— Fuel plate 

_ — — Clean out door 

• —Draft control• primary control 

Auxiliary grates-^ 

Astipif 

Step grates 



260 WOOD PRODUCTS 

seasoned Douglas fir, just as it comes from the saw. It is sold b y the unit, 
which equals 200 cu. ft. of space and contains about 80 cu. ft. of solid wood. 
The use of sawdust in the home requires a special attachment which can 
be installed in any make of coal-burning furnace. A typical attachment 
contains a hopper from which the sawdust is fed by gravity to the grate 
(Fig. 13-2) . A n important feature of such an installation is light feeding of 
sawdust and control of the volume of air admitted, the two ensuring com
plete and continued combustion. 

Jenkins and Guernsey * report that on the Pacific Coast the normal 
\vinter consumption of sawdust ranges from l}4, to 2 units per room. On 
this basis, in Vancouver and vicinity it will cost about $35 to heat a five-
room house for the winter, if sawdust is bought when the summer rates are 
in effect. It is estimated that approximately 50,000 sawdust-burning fur
naces have been installed in Portland, Seattle, Tacoma, and other cities of 
Oregon, Washington, and Idaho. 

C. W O O D B R I Q U E T T E S 

T h e name wood briquette is applied t o sawdust, shavings, and hogged 
wood residue compressed together with or without the aid of a binder for use 
as a fuel. The manufacturing of wood briquettes for fuel has been success
ful in European countries, especially in Germany and France, for many 
years; in the United States, however, briquetting has attained a degree of 
success only in the last 10 or 15 years when equipment was perfected for 
compressing dry sawdust and shavings without artificial binders. 

T h e major deterrent factors for successful development of the wood -
waste briquetting industry in this country are as follows: (1) a large and 
continuous supply of suitable raw material is required to make operation 
profitable; (2) production costs must be kept very low in order to compete 
with other forms of cheap fuel; (3) because of the bulkiness and low margin 
of profit, the product must be sold largely in the vicinity of producing plants 
and therefore requires a dependable local market; (4) with the methods now 
in use, successful briquetting requires dry material, which necessitates 
special equipment for drying wood waste. All these conditions can be met 
in only very few localities, viz., the Pacific Coast region, the Inland Empire, 
and the South. At the present time, however, large-scale production of 
wood briquettes is confined to the Pacific Coast states, Idaho, and north
western Montana, where about 200,000 tons of briquettes are produced 
annually. 

There are a number of systems in use for briquetting w o o d residues; all 
of them, however, depend on its compression in a press. In some systems 
binders such as coal-tar pitch, petroleum refuse, and waste sulfite liquor 

file:///vinter
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are added to the w o o d be fore pressing. A f ew s y s t e m s resort t o m e c h a n i c a l 
b ind ing such as encirc l ing the br iquet tes with wire or the use of a central 
c o re m a d e of wire or rope . 

C o n s i d e r a b l y m o r e promis ing is the i m p r o v e d br iquet t ing m a c h i n e 
which m a k e s the br iquet tes of d r y w o o d residues w i t h o u t b inder , u n d e r a 

ffo/ter : 

Base 
FIG. 13-3. Sectional drawing showing complete details of wood-briquetting niacliine. (By 
permiasion. Wood Briquettes, Inc., Leuiston, Idaho.) 

pressure sufficient t o des t roy the natural e last ic i ty of the w o o d . T h e 
p r o d u c t sold u n d e r the t rade n a m e Pres - t o - l og is in the form of a c y l i n d e r 
•IJ4 in. in d i a m e t e r a n d 123^^ in. l ong , each br iquet te we igh ing a b o u t 8 lb . 
T h e w o o d mater ia l used in the m a n u f a c t u r e of Pres - to - l ogs m u s t b e d r y 
a n d of un i f o rm size. T h e w o o d resitiiie, if green, is first dr ied with fine gases 
t o a mo is ture c o n t e n t of G per cent or less and then g r o u n d be fore it is b l o w n 
through a c o n v e y e r p ipe t o the m a c h i n e . 

T h e pressing m a c h i n e consists o f three principal p a r t s : ^ the press ing 
m e c h a n i s m consist ing of a taper ing screw auger and a c a m - a c t u a t e d pressing 
h e a d ; a largo r e v o l v i n g disk, c on ta in ing a series o f d ies ; and the hydrau l i c 
pressure-hold ing cy l inder (Pigs . 1 3 - 3 a n d 1 3 - 4 ) . T h e raw material is 
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b l o w n into a taper ing spiral c ompress ing screw, a n d as it m o v e s f o rward it 
is c o m p r e s s e d into a c o n s t a n t l y decreas ing space against the rear e n d of the 
pressing head . T h e head is e q u i p p e d wi th a cu t t ing e d g e a n d a s lot . A s 
the head revo lves , the mater ia l c o m p r e s s e d against it is cut in the f o r m of a 
c o n t i n u o u s spiral, w h i c h passes through the s lot t o the front of the h e a d 
a n d is c ompressed t o its final dens i ty in the cy l indr ica l open ing in the d ie 
whee l b y the f o rward m o v e m e n t of the head . T h e pressure exerted b y the 

FIG. 1 3 - 4 . Pres-to-log briquetting machine, back view. Pres-to-Iog briquette is shown in 
the upper right corner. (Courtesy Wood Briquettes, Inc., Lewiston, Idaho.) 

screw-auger extens ion h e a d ranges f r o m 15,000 t o 25 ,000 p.s.i . T h e m a 
terial is pressed against t h e rod of the pressure-hold ing cy l inder which c loses 
t h e d ie open ing o n t h e side o p p o s i t e t o the pressure head . W h e n o n e die 
o p e n i n g is filled, the d ie whee l is ro ta ted so t h a t the next o p e n i n g c o m e s 
against the pressing screw. S ince intense heat , rang ing f r o m 350 t o 4 5 0 ° F . , 
is d e v e l o p e d dur ing the pressing, the d ie wheel is c o o l e d b y m e a n s of an 
internal ly c irculat ing water s y s t e m . 

I t takes a b o u t 21 m i n u t e s for the disk t o b e filled. W h e n the first filled 
d ie returns t o start ing pos i t i on , the b r i q u e t t e is sufficiently coo l t o b e f o r ced 
o u t of the die . T h i s is a c c o m p l i s h e d b y forc ing into the die ho ld ing a c o o l e d 
b r i q u e t t e the raw mater ia l for a n e w br ique t te . T h e pressure o n the r o d of 
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the pressure-holding cylinder, held against the cool end of the briquette, is 
so adjusted that the rod gradually recedes, allowing the cool briquette to 
unload and at the same time exerting sufficient pressure to compress the raw 
material into a briquette. When the entire briquette is out, the pressure 
o n the rod is released, the briquette is allowed t o drop, and the die wheel 
moves forward to the next position. The pressure cylinder forces the piston 
rod against the next opening and the operation is repeated. Such a ma
chine has a capacity of 10 to 11 tons of briquettes in 24 hours of operation. 
A smaller machine capable of producing briquettes of any size from }4 to 

io- in diameter has recently been developed,* 
W o o d briquettes are used for domestic heating in furnaces and fireplaces 

and in heating and cooking stoves. They are also well adapted for use in 
diners and lounge cars, automobile trailers, and similar places. The ad
vantages claimed for wood briquettes are their cleanliness, ease of handling 
and igniting, small volume of smoke, low ash content, and compactness. 
Pound for pound the heat value of wood briquettes equals that of wood at 
the same moisture and resin contents. If resins are used for binding, the 
heat value of briquettes will be correspondingly higher. Since, however, 
wood briquettes are usually drier than firewood, they will generate more 
heat per pound of material than firewood, and therefore when used for 
domestic heating in place of cordwood, a proportionally higher price can 
justifiably be paid for them. 

W o o d briquettes treated with chemicals to produce colored flames 
simulating ohi driftwood have been developed for use in fireplaces and are 
generally found on the market as a novelty during the Christmas season. 
Other special types of wood briquettes include fire lighters and briquettes 
for automobile tourists' use. Such briquettes are impregnated with in
flammable substances to facilitate combustion. Still another type of 
briquette is made of one part of dry sawdust and two parts of coal dust. 

D . CHAHCOAL 

Charcoal is vised for fuel (1) for domestic and institutional purposes, (2) 
in blast furnaces in manufacture of charcoal iron, (3) for metallurgical work 
other than in blast furnaces, and (4) for generation of producer gas. A 
decade ago the largest industrial use for charcoal was as a fuel in connection 
with the manufacture of charcoal iron, when the iron industry consumed 
half the charcoal production. Since 1930 the largest outlet for charcoal has 
l>een for domestic fuel. 

Charcoal is light in weight and easy to handle, produces a quick and hot 

• B<)wling, R. T. Small wood-briquetting machine. Forest Products Research Society 
Preprint. 1!H8. 
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fire, and gives off little smoke or odor. The glowing charcoal is especially 
suitable for broiling and roasting foods in cafes, restaurants, trains, and 
homes. Because of its efficiency as a fuel it is adapted for use by people of 
moderate-to-low incomes, as is shown by the annual consumption of some 
three million bushels (2,000 carloads) of charcoal fuel in the metropolitan 
area of New York City. Another promising field for charcoal fuel is for 
auto campers and recreationists, since glowing charcoal does not blacken 
utensils placed over it, as does a wood fire. 

E . C H A R C O A L B R I Q U E T T E S 

For most uses charcoal in the form in which it is produced is quite satis
factory. However, for heating and for use in producer-gas plants in 
vehicles, charcoal in the form of briquettes is more desirable. 

Charcoal may be briquetted by means of pressure alone; however, a more 
stable briquette is formed when a binder, such as wood tar, pitch, natural 
gums, sulfite liquor, or cassava meal, is added. Of these, tar and pitch are 
unsuitable as binders of briquettes to be used in producer-gas plants. T h e 
advantage of charcoal briquettes over ordinary charcoal as a fuel is that the 
briquettes are more compact, containing approximately four times as much 
fuel as there is in the same volume of charcoal; other advantages are free
dom from dust and ease of handling. 

F. P R O D U C E R G A S 

T h e term -producer gas is applied to a mixture of combustible and non-
combustible gases generated by slow combustion of a fuel in specially de
signed units called producer-gas units. Different types of fuel have been 
successfully used in the manufacture of producer gas, among them wood 
and charcoal. W o o d can be used either in the form of small pieces or as a 
mixture of sawdust with hogged fuel. Sawdust is used green and can be 
added to the extent of about 50 per cent of the mixture. 

The principle of the producer-gas plant involves the conversion of fuel 
into gas by means of retarded combustion. The fuel is burned in a thick 
layer in a specially designed chamber called a generator,* into which just 
enough air is admitted to allow complete combustion only in the portion 
of the fuel bed nearest to the air supply. The oxygen of the air combines 
with the fuel gases at the source of air supply, forming carbon dioxide gas. 
This gas passes through the glowing fuel in the rest of the fuel bed, absorb-

* Some writers call the generator a prodticer while others confine the term producer 
to the entire prodacer-gas unit, including in addition to the generator the cleaning and 
the cooling units. 
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ing carbon and forming carbon monoxide. These reactions can be repre
sented as follows; " 

C + O2 -» CO2 

CO2 + C 2 C 0 

These reactions are exothermic and liberate a certain amount of heat in 
excess of that necessary to maintain the working temperatures of the gen
erator. This excess heat can be utilized for production of more carbon 
monoxide by admitting water into the generator either in the form of steam 
or as a fine jet of water. When steam comes in contact with glowing car
bon at temperatures above 1000°C., hydrogen and carbon monoxide are 
formed, thus: 

H2O + C ^ H2 + C O 

Since this reaction is endothermic, the amount of water admitted into 
the generator must be carefully regulated so as not to lower the effective 
temperature within the generator. 

Carbon monoxide is allowed to mix with air in the mixing valve, forming 
a combustible gas. T h e heating value of wood gas is estimated at 130 to 
150 Btu per cu. ft. of gas. The gas can either be burned directly beneath 
steam boilers or can be utilized in internal-combu-stion engines in place of 
gasoline. If used as a fuel for steam boilers, the gas can be burned without 
further cleaning; if used in internal-combustion engines, it must be passed 
through filters to remove tarry and carbonaceous products. The filtered 
gas is then directed to a mixing valve where it is mixed with air, and the 
mixture is then passed into the manifold. 

Producer gas from wood as well as from other fuels has been used ex
tensively in Europe since 1918, when gasoline shortage did much to promote 
the use of wood gas as a substitute. In Great Britain the use of producer 
gas is largely limited to stationary engines, while in the continental coim-
trios, including the U.S.S.R., and in Australia, wood gas is also used for 
trucks, busses, and passenger automobiles. 

A portable producer-gas plant, suitable for use with internal-combustion 
engines, consists of a generator, a cleaning and cooling apparatus, and a 
mixing valve. The fuel, small pieces of hardwood or charcoal, is fed from 
the hopper into the combustion chamber of the generator.* The gas which 
emerges from the generator is passed through a cleaner, where impurities, 
such as dust, soot, and tarry substances, are removed, and then through a 
cooler to increase its density. 

• Four classes of generators are recognized on the basis of the directions of the draft: 
upiiraft, dovindraft, cross draft, and combination, in which two systems of draft are in 
operation. 
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The producer-gas plants are mounted on running boards or on specially 
built platforms in the rear of cars, busses, or trucks; in models designed for 
producer-gas operation, the plants are built in the body of the vehicle. The 
improved models of the producer-gas plants weigh 450 to 700 lb., or 7 to 15 
lb. per horsepower. Depending on the type of producer plant, the engine 
may be started either on the generated gas or with gasoline. When starting 
is done with producer gas, 2 to 5 minutes must elapse from the time the 
fuel is ignited before enough combustible gas is generated to start the en
gine. 

Either small pieces of dry wood or wood charcoal can be used. The use 
of charcoal as a producer-gas fuel has the advantage over the use of wood in 
that it practically eliminates the necessity for cleaning equipment for re
moving tar and other impurities from the gas. On this account many 
European designers of producer-gas equipment for vehicles prefer charcoal 
as a fuel. 
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M I N O R W O O D P R O D U C T S 

The scope of this text will not allow detailed discussion of many less 
important wood products. The few items described in this chapter will 
serve to illustrate the nature of such industries. 

I. W O O D - C A S E D L E A D P E N C I L S 

A . P E N C I L M A T E R I A L S 

The essential materials in the manufacture of pencils are graphite, clay, 
wood, and glue. Czechoslovakia, Ceylon, Italy, Germany, Korea, M a d a 
gascar, the United States, Mexico , and Canada produce the woi ld 's supply 
of graphite. Ceylon and Mexican graphites are considered best suited to 
pencil manufacture. Graphite comes in the form of tiny silvery flakes 
and also as amorphous graphite, and the t w o kinds frequently are blended 
in making leads. While graphite formerly was used exclusively for pencils, 
at the present time, in this country, only about 7 per cent finds its way 
into pencil factories. Suitable clay for the manufacture of pencils is found 
in N e w Jersey, Austria, and Czechoslovakia; that coming from Czecho
slovakia is reputed to be the best in the world. 

The ideal woods for lead pencils are eastern red cedar and southern red 
cedar, but because of the scarcity of these species, incense cedar now 
accounts for almost 98 per cent of the total amount of wood used in this 
country for pencil making. In Europe, alder is used extensively and is 
supplemented b y imports of African pencil cedar (Juniperus procera 
Hochst . ) . The growth of the Amei'ican industry has had a noticeable 
effect on the supply of the two red cedars. Where these cedars were once 
plentiful, they were used for fence rails, but these, as well as old stumps, 
are rapidly disappearing under the constant demands of pencil factories. 
The use of mechanical sharpeners is, however, widening the range of 
species that may be used for pencils. Redwood and possibly some cedars 
of the genus Thuja are potential pencil woods that have not come into 
general use. 

The preferred woods for pencil manufacture are pleasantly scented, 
reddish in color, rather brittle, easy to cut with a knife (free from annual 
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rings having hard l)ands of sununerwood), and capable of taking a smooth 
finish. When alder and the sapwood of the preferred species are used, 
the wood is often dyed and perfumed so that the final product resembles 
red cedar in color and scent. Brittleness is an undesirable quality in wood 
for most uses, but in pencil manufacture it is a desirable property. B y 
placing the lead, which is rather brittle, in a brittle wood, a flexure of the 
pencil sufficient to break the lead will usually break the case. 

In the United States, in 1940, a total of 29,815,000 bd. ft. of lumber was 
used in the manufacture of pencils and penholders, distributed as follows: 
incense cedar, 29,100,000 bd. f t . ; red cedars, 715,000 bd. ft. 

B. P E N C I L - S L A T M A N U F A C T U R E 

I t was once the custom to place eastern and southern red cedar logs in 
moist and muddy places, and in ponds, in order to decay the sapwood. 
Sapwood was considered unsuitable for pencil cases and this was an easy 
way to dispose of it. Three or four years sutticed to do this, and the heart-
wood was said to become "mel low and brittle—exactly what the pencil 
maker desired." Virtually no rotting is done n o w ; the sapwood is made 
into cheap pencils and penholders. Rejects from pencil stock, such as 
pieces containing flinty streaks, are suitable for penholders; birch, bass-
wood, pine, yellow poplar, and other woods also have been used for this 
purpose. 

Logs for pencil stock are either cut into bolts that are sawed into slats 
^ 1 6 in. thick, wide enough to make two to seven pencils (usually five to 
seven), and 7J-:t in. long; or they are cut into planks about 2% in. thick, 
the planks being cut up into squares from which pencil-slat blocks are 
sawed. These sqmires are cut from the piank by ripping off strips having 
widths equal to the thickness of the plank. The square strips are then 
crosscut to eliminate cross-grained and defective portions and to produce 
pieces 8 in., or multiples of 8 in., in length for the slat saw. 

The grade of each plank for pencil stock is determined by the percentage 
of slat blocks 8 in. in length that it will yield. Three grades of pencil 
plank (No. 1, No . 2, and No . 3) are recognized in incense cedar. No . 1 
pencil stock must contain 50 per cent or more of blocks; No . 2, 25 to 50 
per cent; and No . 3, 12J/^ per cent of blocks. 

Pencil plank is often seasoned before being cut into slats, because the 
slats must be very carefully dried to a moisture content of about 6 per cent. 
Slats are planed to half the thickness of a pencil and are grooved for the 
leads. The planing and grooving are done in one operation, and the grooves 
are just deep enough to cover one-half the diameter of the lead. The slats 
are then ready for sliipment to the factories for pencil assembly. 
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C. P E N C I L A S S E M B L Y AND FINISHING 

Leads are placed into the grooves of one slat that has been brushed with 
an adhesive, and a similar slat is placed on top to form a block. A quantity 
of these built-up blocks is placed in a frame, pressed carefully under 
hydraulic pressure, locked in the frame, and put aside to allow the adhesive 
to set. 

After the glued blocks have set sufficiently, they are ready to be made 
into separate pencils. This is done in either of two ways. In the first 
method, the blocks are run through a one-spindle molder that half-shapes 
the block into pencils; then the blocks are turned over and put through the 
machine again. This method allows the block t o be turned end for end in 
order to get smooth planing, in case there is a slightly cross-grained slat 
on the second side. The other method forms the completely shaped pencil 
(whether it is round, oval , hexagonal, or of other shapes) in one passage 
through a two-spindle molder. Figure 14-1 shows a two-spindle pencil 
molder. 

The shaped pencils are then sandpapered. Higher grade pencils are 
painted, varnished, and burnished. The trimming of the ends is accom
plished b y two large, rapidly revolving, sandpaper-covered drums set 
opposite each other a pencil length apart. An endless belt carries the 
pencils between the two drums. This process removes al) varnish on the 
ends and at the same time reduces the pencils to exactly the same length, 
usually 7 in. 

Fine drawing pencils are made without erasers. A cheap pencil is drilled 
at one end and an eraser glued into the resultant hole. The better pencil 
furnished with an eraser formerly had a metal ferrule to hold the rubber, 
but the use of plastic ferrules is now common. T o attach an eraser with 
a ferrule, several steps are necessary. First a shoulder is cut or pressed 
on one end of the pencil, usually by an automatic machine; the ferrule is 
fitted on and prick-punched to secure it to the wood, and the rubber plug 
is inserted, sometimes by an automatic machine and often partly by hand. 
The eraser is a compound of rubber and an abrasive. T o give maximum 
elasticity and length of life, the rubber erasive material is vulcanized 
with sulfur. 

The last step in the manufacture of a pencil is stamping. Gold leaf, 
sheet aluminum, and bronze powder are usually used to stamp on the 
pencil the manufacturer's name and trade mark and the degree of hardness 

The American pencil-slat industry has been shifting factories from the 
Eastern United States to the Pacific Coast states because of the depletion 
of the red cedars and the increased use of incense cedar. 
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of the lead. T h e steel s t a m p i n g die is general ly e lectr ical ly heated , a n d it 
is app l i ed with s o m e pressure, t h e r e b y pressing the mater ia l into the 
pa in ted surface . B r a n d e d penc i l s , a f ter careful inspec t i on , are n o w r e a d y 
t o b e b o x e d for s h i p m e n t . 

4 ^ 

WOODS 
eoiu-2 

Fiu. 14-1. Two-spindle pencil niolder. {Courtesy S. A. Woods Machine Company.) 

Penci l m a n u f a c t u r e p r o p e r is essential ly an assembl ing process , b u t a 
f ew of the larger c o m p a n i e s p r o d u c e their o w n leads , ferrules, erasers, a n d 
slats. 

n. M A T C H E S 

A m o d e r n m a t c h m a y b e def ined as a p i e ce of in f lammable mater ia l , 
such a s w o o d , c a r d b o a r d , o r w a x e d t h r e a d , * p r o v i d e d with a t i p consist ing 
of a mix ture of chemica l s a n d o ther substances that m a y b e ignited b y 
fr ict ion. S o m e m a t c h e s m a y b e ignited o n a lmos t a n y d r y surface, b u t 
oti iers require a special ly prepared sur face . 

* American matches are generally provided with wood or cardboard splints, but small 
foreign matches called vestas are made with a splint consisting of a cotton thread coated 
with sicarine and paraffin. These splints are sniootlu'd an<l rounded by Ix-ing drawn 
tliruu^h holes in a metal jAau; are cut to length, and are then tij>jx-il with ordinary 
igniting coni[)osition. 
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Present-day matches manufactured in the United States may be classi
fied in two groups: (1) the wood-splint, double-dip, strike-anywhere match, 
and (2) the safety match having either a wood or cardboard splint. The 
head of the former consists of two parts: the larger part, the bulb, and the 
smaller tip. The bulb is made of a slow-burning mixture that is difficult 
to ignite by friction, and the tip is made to ignite easily by the heat of 
friction. These double-dip strike-anywhere matches have been manu
factured in the United States since about 1905. 

The safety, or strike-on-the-box, wood-splint match and paper matches 
have heads that contain large quantities of chlorate of potash with some 
slow combustible. Ignition is accomplished b y striking the match on the 
side of the box or folder, which is coated with a composition containing red 
phosphorus and some abrasive material. 

In order to reduce the fire hazard from discarded matches, splints are 
now impregnated with a weak solution of ammonium phosphate to pre
vent them from becoming glowing embers after the flames are extinguished. 
An impregnated splint turns black immediately after the flame is snuffed 
out. 

Manufacture of matches has been developed to the point where it is 
a continuous mechanical operation requiring comparatively little labor; 
from the time the wood is put into the splint-making machine, the product 
is not touched by human hands until the consumer receives it. 

T w o types of wooden match splints are used in this country: the square 
splint and the round, grooved splint. T h e latter type is more popular 
than the former, and about 97]4 pcr cent of American wood match splints 
are of this kind. The principal species used for the round, grooved splints 
are the white pines, while aspen is the favored wood for square match 
splints. 

Because most American match factories are located in the eastern half 
of the United States, many plants using the pine match splint obtain their 
wood in the form of match blocks from mills located principally in Wash
ington and Idaho. Aspen for square splint matches can usually be obtained 
from points much closer to the match factory. 

A. P I N E M A T C H - B L O C K MANUFACTTTBE 

Sawmills usually produce match plank in two thicknesses, each suffi
ciently heavy so that when air-seasoned or kiln-dried, the lumber will 
surface to thicknesses of 2 and 23^ in., respectively. The bulk of match 
plank is air-seasoned from I to 2 years, and the balance is carefully kiln-
dried. Some prejudice to the use of kiln-dried match blocks exists, based 
on the charge that they produce darker colored and weaker splints. If the 
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kiln-dr>'ing operation is performed properly, these object ions should be 
eliminated. 

Match plank must be sawed parallel to the bark of the log in order to 
obtain straight-grained stock. Match plank is selected on the basis of 
straightness of grain, softness, uniformity of texture, white color, freedom 
from decay, and high yields of match blocks between knots. Mos t match-
block companies require at least a 60 per cent yield of match blocks from 
each plank. 

After the stock is dried to the proper moisture content, the planks are 
taken into the match-block factory, where they are crosscut into lengths 
of 17 ,̂ 2%, and 2 % in.* The resulting blocks are then carefully inspected 
for cross-grained areas and other defects. Blocks not requiring removal of 
defect are known as -picker blocks. Defective blocks are sent to a chopper 
who removes the defects with a hatchet. Acceptable blocks from the 
chopper must be at least 2 in. wide and are known as chopped blocks. 
After a final inspection, the blocks are stored in bins for shipment to 
match factories. 

It is estimated that 20 to 25 per cent of the annual production of western 
white pine lumber is used for match plank. 

B. M A N U F A C T U R E OF R O U N D , G R O O V E D - S P L I N T M A T C H E S 

Both strike-anywhere and safety matches are now being made with the 
" r o u n d , " grooved pine splint. The match blocks are placed, with the end 
grain of the wood up, on a ratchet-driven conveyer that carries them to 
cutting dies. The feed mechanism for the cutting dies is illustrated in 
Fig. 14-2. The dies are of a tubular type, descending vertically into the 
blocks. There are usually 42 or 57 of these dies in one cutting head so 
that, at each descent, this number of match splints can be cut simul
taneously. The head makes about 300 strokes per minute.f On the 
downward stroke, the dies cut the splints; on the upward stroke, the 
splints are implanted into holes in an iron plate that is one of a series 
hinged together to form a continuous belt consisting of 1,600 to 2,400 
plates. The perforated area of each plate is about 4 b y 16 in., containing 
up to 600 or more holes. This belt and the cutting head are geared to
gether in such a fashion that the belt moves forward as the head descends, 
and as the head rises another set of holes is in position to receive the new 

• In tht' Si'oond World War, as a wood-conservation measure, manufacture of 2?-^in. 
niatclie.s w«.s discontinued. 

t To increa."'*' niatch production in the Second World War, cutting heads were speeded 
up to 420 strokes per minute. 
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FiQ. 14 -2 . Splint-cutting section of match machine. (Courtesy Palmer Match Company.) 

^ line of cutting dies -

Match block 

\
. , AAA A - Splint material in position for 

Ttp^ cutting 
BBBB - Splint material that will come 

into cutting position next 
F I G . 14 -3 . Sketch showing method of cutting round, grooved match splints and utilization 
of match blocks. Shaded areas are not used. 
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splints. T h e belt travels over large carrier wheels mounted in a suitable 
framework set o n the floor of the factory . 

B y having the conveyer feeding the match b locks t o the cutt ing dies 
set at an angle with the line of dies, t h e / a c e of the block to be cut m o v e s 
in a c o m b i n e d forward and lateral manner with respect to the dies; the 
block actual ly m o v e s in only the one direction determined b y the conveyer . 
Wi th each intermittent m o v e m e n t 
of the conveyer belt , the cutt ing 
face of the block m o v e s , in a direc
tion at right angles to the line of 
dies, one-half the diameter of a 
match splint. This is sufficient to 
cause the face of the b lock to m o v r 
laterally, with respect t o the dies, 
so that another row of match-spl int 
material is centered under the <Iies. 
B y using tubular cutt ing dies, the 
resulting match splints are not c y 
lindrical, but they have one large 
convex face and three smaller c o n 
cave faces. Occasional splints will 
l iave a flat face because of insuffl-
cient w o o d on those cut f rom the 
edges of the match block. Figure 
14-3 presents a sketch showing 
this method of cutt ing and the 
utilization of w o o d in a match 
block. This method of cutt ing 
(Converts about 90 per cent of the w o o d in a shipment of match b locks into 
splints, and it also provides thin ridges that facilitate igniting of the 
wood . 

A t some plants, t w o Hues of match blocks , separated by a partition 
a b o v e the conveyer , are fed into the splint-cutting machine. This pro 
cedure fills the e n d s of the plates in the match machine belt, leaving an 
unfilled area in the middle of each plate. 

After the splints have been implanted in the belt, the next operation 
performed, us the belt m o v e s forward, is that of brushing. H e r e a revolv ing 
brush strikes the splints and removes broken or weak ones and, in addit ion, 
removes tiny splinters from the remaining sticks. 

Fol lowing the brvishing operation, the be l t is depressed so that the 
sphnts are dipped into a va t containing a m m o n i u m phosphate t o impreg-

FiG. 14-4. Charge end of match 
{Courtesy Palmer Maick Company.) 
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nate them for the prevention of afterglow. The splints are then subjected 
to a blast of warm air for drying. 

When the splints have been dried, the belt again carries them through 
a vat of melted paraffin to provide a flame carrier, the splints being dipped 
about one-fourth to one-third their length. 

The next operation of the process consists of passing the splints over 
a composition roller that carries material for the bulb of the head of the 
strike-anywhere match or, in the case of the safety match, material for 
the complete head. 

The splints are then subjected to a current of properly conditioned air 
for the purpose of setting the composition. In order to give sufficient time 
for drying, the belt is made to travel up and down through a series of huge 
carrier wheels. 

T o complete the heads of strike-anywhere matches, the partially dried 
bulbs pass over a second roller that carries the sensitive composition that 
will form the t ips ; final drying in a properly conditioned atmosphere 
follows. For making matches in a 60-minute cycle, the factory must 
maintain a temperature of about 72'^F. and a relative humidity of 50 per 
cent. A t the termination of the cycle, the completed matches are pushed 
out of the belt plates into a conveyer, to be delivered to automatic packing 
equipment. The time required to make a completed match varies from 
40 to 60 minutes, depending on the individual factory, and the daily 
output per machine is usually between seven and nine million matches, 
based on wartime production rates. 

C . M A N U F A C T U R E O F S Q U A B E - S P L I N T M A T C H E S 

In the manufacture of square-splint matches, short aspen bolts are 
placed in a small lathe and cut into veneer }{Q in. thick. B y means of 
spurs set in a pressure bar, the bolt is scored ahead of the lathe knife and 
the veneer comes off in several strips, each strip being equal in width to 
the length of the matches to be produced. These strips are taken to a 
splint machine that automatically impregnates, dries, cuts the veneer into 
splints, and assembles the splints in trays for the dipping machine. A t 
the dipping machine, a joggling mechanism and plunger insert the splints 
into the plates of the belt that carries them forward for the impregnation 
and tipping operations. Square matches are of the safety type. 

D . M A N U F A C T U R E OP P A P E R M A T C H E S 

Paper matches are made into books or folders usually containing 20 
matches each. Book matches are of the safety type and are made auto-
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matically by a machine that slits and dips the cardboard, puts the com
position on the cover, binds, and cuts the books apart. 

E . M A T C H P A C K A G I N G 

When wood-splint matches are ejected from the plates of the match
making machine, all head.s point in one direction. Matches that are sold 
in small boxes containing about 40 matches are packed with the heads all 
in one direction, but strike-anywhere matches in the larger household 
sizes of boxes are packaged so that the match heads in one layer, contain
ing approximately half of the matches, point in one direction, while the heads 
in the second layer point in the opposite direction. This is done as a safety 
measure. Should the box be thrown on a hard surface, accidentally ignit
ing the matches, only half the contents would be likely to light. 

Small amounts of wood-splint matches of the safety type are encased in 
paper folders with the heads and friction paper concealed. These matches 
are ignited when withdrawn from the folder, and they are particularly 
adapted for use in windy situations. 

F . M A T C H B O X M A N U F A C T U R E 

The making of matchboxes is incidental to match manufacture. Equip
ment for this purpose consists of printing presses and box-making machines. 
Machines for producing household-size boxes make strips, boxes, and 
slides (the outer cases). A shtter takes large rolls of cardboard and cuts 
strips of proper width for the various box parts. Protection strips are 
folded at the proper points; boxes are folded and glued, and the slide 
machine takes the printed box covers and folds, glues, and sands them 
automatically. 

Small boxes, having a capacity of about 40 matches each, are made 
in several ways. Some are made entirely of cardboard, similar to the 
household-size box, and still others are made with paper-covered wood 
slides and boxes. These t w o types are popular in the United States. 
A paper box may be perforated so that it can be torn in two for easy 
attachment to smokers' stands and ash trays. In the manufacture of 
boxes with wood parts, ^-^o-in. veneer is used and the veneer is scored in 
the proper places for subsequent folding before it leaves the lathe. Three 
pieces of veneer are required for each box : one for the bot tom of the inside 
box, one for the rim of this box, and one for the slide or outer case. Very 
thin paper applied with an adhesive holds the parts together. Birch and 
maple are commonly used in the United States for these wood box 
parts. 
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G . W O O D U S E D BY T H E M A T C H INDUSTRY 

It was estimated in 1940 that the match industry used about 81,648,000 
bd. ft. of wood in the manufacture of matches and matchboxes. The 
principal species in order of importance in 1940 were western white pine, 
aspen, birch, spruce, and maple. Western white pine supplied 90.6 per 
cent, aspen 6.9 per cent, birch 2.4 per cent, and spruce and maple 0.1 per 
cent of the w o o d used in that year. 

m . FLAT, ROUND-END W O O D TOOTHPICKS 

It is claimed that one Charles Forster of Strong, Maine, was the first 
American to manufacture wood toothpicks. He learned this art from 
natives of South America, and his first product w'as whittled b y hand. 
The article had become so popular by 1860 that he began producing it 
with machinery. 

This simple article now sustains a prosperous industry that used the 
equivalent of 3,585,000 bd. ft. of white birch in 1940. White birch is the 
favored species for this purpose because of its strength, w^hite color, and 
lack of taste. Toothpicks have been made of birch, maple, gum, and 
aspen. The stock used for white birch toothpicks must be free from knots 
and red heartwood; it also must be straight and at least 8 in. in diameter. 
In other words, only high-grade material is used. Maine, the center of 
the industry, has the largest toothpick mills in the world. 

In modern machine manufacture of flat toothpicks, logs are cut into 
bolts from 1 0 ^ to 24 in. long. These bolts may be peeled and worked in 
the green state, but usually they are placed in hot water or are steamed to 
soften the wood and t o loosen the bark before insertion in a veneer lathe. 
The typical lathe, taking bolts up to 24 in. in length and up to 20 in. in 
diameter, is used for cutting veneer strips that are about 2 }ie in. wide 
and }4o in. thick. The width of these strips is accurately controlled b y 
spurs that are set in milled recesses in a pressure bar; they score the rotat
ing bolt just ahead of the cutting knife. Good bolts may be used to a 
3-in. core. 

Each ribbon of veneer so produced is then fed into a pointing machine 
that bevels or skives the edges to produce the thin ends required in a tooth
p ick ; the veneer is pulled over two knives by means of feed rolls. These 
knives may be adjusted to appropriate angles. 

After passing through the pointing machine, the skived strip is rolled 
on a winding spool. When the spool is filled, the roll of veneer is slipped 
off and is taken to the cutting machine. 

The toothpick-cutting machine is an automatic device of the punch-
press type that cuts and forms the toothpicks. It is operated at a speed 
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of about 2,000 strokes per minute, each stroke forcing two toothpicks 
through dies in tlie bedplate of the machine. The dies are so arranged that 
there is little loss of material, and approximately 154 toothpicks are 
obtained from each lineal foot of veneer. 

The formed toothpicks are dried in trays in a steam-heated box-type 
oven having a recirculating air system or in more modern automatic 
conveyor driers. In the box-type oven, the drying time is about 2 hours. 

When thoroughly dried, the toothpicks are placed in a tumbhng barrel 
or polishing drum with a small amount of powdered chalk or shaved 
parafhn. The tumbling action wears off the sharp corners, and the chalk 
or parafhn gives the toothpicks a glaze. 

Polished toothpicks are placed in an automatic straightening and box -
filling machine. This machine assembles the toothpicks in an orderly 
maimer and places them in small boxes ready for closing. A standard 
packing case holds 1,152 of these small boxes, each of which contains 750 
toothpicks. 

A complete unit of toothpick machines consists of one veneer lathe, one 
pointing machine, one veneer-winding spool, sue toothpick-cutting m a 
chines, one drying oven, and one straightening and bo.x-fiJ]ing machine. 
Such a unit requires only about 15 horsepower for its operation, and its 
hourly output is about 1,440.000 toothpicks. One standard cord of sound 
white birch wood will yiehi from six million to nine million flat toothpicks. 

A second type of toothpick that is circular in cross section and tapered 
from the middle toward both ends is also made, but producing plants have 
refused, on the grounds that its manufacture is a trade secret, to divulge 
the method used. 

IV. W O O D EXCELSIOR 

lOxcelsior is a name formerly applied only to thin strands of wood pro 
duced by the excelsior-shredding machine but now also extended to the 
product made by shredding newspapers and other waste paper. M'ood 
excelsior is said to be an American invention ivhich was placed on the 
market about 1860 under the name of wood fiber. The name "excelsior" 
flrst appeared in the advertisement of an upholstering firm, which used 
shredded wood in place of hair in cushions and mattresses; it was adapted, 
so the story goes, from Longfellow's poem "Excelsior ." 

A. M A N U F A C T U R E O F ExctLsion 

The principal qualities desired in excelsior wood are freedom from objec
tionable odor and staining materials, lightness of weight and color, and 
the ability to produce soft but strong and resilient strands. The excelsior 
stock must bo free from bowing or twisting, straight-grained, and free 
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from decay, knots, and similar defects. The principal species used for 
excelsior are cottonwood, aspen, yellow pines, basswood and yellow poplar. 

1. Preparation of Material. Excelsior wood comes in 36- to 56-in. 
lengths. These bolts are peeled and piled in 
racks 8 ft. long by 4J/^ ft. high for seasoning, 
since before the wood can be satisfactorily 
converted into excelsior it must be dried to 
about 16 to 18 per cent moisture content; this 
takes 12 to 24 months in the North and 6 to 9 
months in the South. When dry, the bolts 

split into pieces about 
5 inches tMck 

F I G . 1 4 - 5 . The recommended 
method of splitting wood blocks 
for excelsior machine. 

FIG. 1 4 - 6 . Two upright excelsior machines 
framed together. (Courtesy Indianapolia Ex
celsior Machinery Co., Indianapolis, Indiana.) 

are cut into 16-in. lengths, and those more than 9 in. (6 in some mills) in 
diameter are split (Fig. 14-5). 

2. Manufacture. The actual manufacture of excelsior is a relatively 
simple process; it consists of shredding the wood in an excelsior-shredding 
machine, of which there are two types—the upright and the horizontal. 

In the upright machine (Fig. 14-6) the stick of wood is placed between 
two corrugated feed rolls, by means of which it is firmly held in position. 
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FIU. 1 4 - 7 . Eight-block horizontal excelsior machine. (Courteau Lewis T. Kline, Alpena, 
Michigan.) 

The horizontal machines (Fig. 14-7) work on the same principle as the 
upright, except that each machine can handle eight blocks of wood at the 
same time. The blocks are fastened directly above the slides equipped 
with oscillating knives or with spurs and knives. T h e shreds of excelsior 
drop on a conveyer belt and are carried to the baler. The capacity of an 
upright machine is 800 to 1,000 lb. of the common grade of excelsior in 
10 hours, while the horizontal machine can produce 8,000 to 10,000 lb. of 
excelsior in the same length of time. 

All residues, includmg the sawdust produced in crosscutting of the 
bolts and also the spalts (the small pieces of bolts that cannot be entirely 
utilized in the excelsior machine), are burned as fuel in generating steam 
for the plant. 

The equipment of a typical excelsior-manufacturing plant consists of 
a barker, cutoff saw, wood splitter, battery of shredding machines, knife 
and spur grinder, baling device, and scales. 

B . G R A D E S OF E X C E L S I O R AND Y I E L D 

F.xcelsior is manufactured in several grades, determined by the thickness 
and width of strands. These grades are ordinarily classified as follows: 

The wood comes into contact with a moving shde, equipped with steel 
spurs and a knife, the cutting edge of which is generally toothed. The spurs 
score the wood and the resulting strands are then cut off by the knife that 
follows the spurs. N o spurs are used in cutting coarse and ribbon-fine 
grades of excelsior. The excelsior drops into a conveyor that dehvers it t o 
the baling press, similar to that used in hay baling, where the excelsior is 
put into bales weighing 00 to 200 lb. each. Several upright shredding 
machines are usually framed together. A typical installation consists of 
several frames, each frame containing six to eight machines in a battery, 
a number that one operator can conveniently attend. 
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(1) coarse excelsior—to 3^o in- in thickness and ^ to in. in width; 
(2) standard or cmimon excelsior—3^o to J^oo i"̂ - thickness, generally 
subdivided into several width classes, viz., fine, in. wide, medium, % in. 
wide, and coarse, li-z in. wide; (3) wood wool—Hoo to i^oo in. in thickness 
and Hz to ^ o o in. in width. The bulk of production, perhaps 80 to 
90 per cent of the total output of excelsior, is of coarse and standard 
grades. 

T h e average yield of excelsior equals about 1 ton for each cord of 5^in. 
wood used. The yield varies somewhat with the grade of excelsior and 
the quality of raw material. 

C . U S E S OF E X C E L S I O R 

Formerly the two principal uses for excelsior were as mattress stuffing 
and as a packing medium. Since 1920, however, the use of excelsior in the 
mattress industry has been largely discontinued in favor of cotton linters. 
T o d a y the common and the coarse excelsior are used principally for pro
tective packing, and to some extent in kennel and stable bedding, and for 
stuffing toys ; the fine grade or wood wool is used largely in cheaper grades 
of upholstered furniture and in automobile seats and cushions. Recently 
an insulating material consisting of excelsior and gypsum has been put on 
the market ; excelsior is also used for reinforcing gypsum-fiber concrete, 
in a certain type of building boards. Such boards are low in density, which 
makes them excellent for heat and sound insulation. At the same time 
they are strong enough to carry part of the load in structural design. Their 
rough surface provides a good base for stucco, plaster, or cement. The ma
terial may be nailed and sawed and may also be impregnated with fire-
resistant chemicals.* These uses are, however, of little importance com
pared to the total production of excelsior. Considerable quantities of 
excelsior are made into paper-covered pads and wrappers used in packing. 
Finer grades of excelsior are used to a limited extent in gas and liquid 
filtering, and the extra fine grades are suitable as absorbent material. 

D . L O C A T I O N A N D S T A T U S O F THE I N D U S T R Y 

There were 53 excelsior plants in the United States in 1939, as c o m 
pared to 66 in 1929 and 95 in 1919. Virginia leads with 18 plants; in the 
South, in addition to Virginia, excelsior plants are also found in North 
Carolina, Georgia, Florida, Arkansas, Alabama, and Mississippi. In the 
North, excelsior plants are located principally in New Hampshire, New 

• Garland, Hereford. Aspen for Excelsior. Lake States Aspen Report No. 16. 
Lake States Forest Exp. Sta., St. Paul, Minnesota. 1949. 
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York, Minnesota, Wisconsin, and Michigan. The Northern plants use 
largely aspen and cottonwood, while in the South excelsior is produced 
chiefly fronr\ southern pine. 

The industry as a whole is on the decline. The beginning of the decline 
in the use of wood excelsior can be traced back to 1920, when large quanti
ties of cot ton linters, stored for war purposes, were put on the market at 
salvage prices. These linters were purchased largely by the mattress 
industry to replace excelsior as a filler; since that time the use of excelsior 
for mattresses, formerly one of its most important uses, has been almost 
entirely discontinued- T w o other factors which caused a still further 
dec^line in the use of wood excelsior were (1 ) the advent of corrugated and 
fiber boxes offered in a variety of sizes made to fit the products—this has 
eliminated in many cases the necessity for a filling medium essential in the 
standard-sized wooden boxes; (2) substitution for wood excelsior of a 
product made b y shredding newspapers and other wastepaper, which 
can be produced at a considerably lower cost, since it requires very simple 
equipment, does away with the necessity for carrying in storage a large 
supply of wood , and has the added advantage that it can be manufactured 
in cities, i.e., near existing markets or by the consumers as needed. Unless 
new users for wood excelsior are found in the near future, it is fully ex
pected that the decline in the use of excelsior will continue still further. 
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P U L P A N D P A P E R 

T h e pulp and paper industry * of the United States ranks t oday a m o n g 
tiie first 10 industries of this country in the vahie of its p r o d u c t s ; it e m 
ploys more than a quarter of a million people, and its capitalization is 
estimated at more than one and one-half billion dollars. 

T h e real beginning of the paper industry of the United States m a y be 
dated from 1827, when H e n r j ' Barclay of Saugerties, N e w Y o r k , imported 
from England the first papermaking machine. B y 1850 all but t w o paper 
mills in the United States were equipped with paper machines. Further 
expansion of the industry, however , was severely hampered by a scarcity 
of rags, the only source of raw fibrous material at that t ime. It was only 
with the introduct ion of w o o d pulp about 1800 that the American pulp 
and paper industry began its rapid deve lopment , more than doubl ing the 
value of its products in the fol lowing 20 years. T h a t expansion of the 
pidp and paper industry will continue for some t ime is indicated b y the 
still growing demand for pulp and pulp p r o d u c t s . ! 

A l though the United States is the largest producer of w o o d pulp and 
products made of it, in the prewar yea'rs the domest ic product ion of pulp 
represented less than 50 per cent of the country ' s total annual require
ments . T h e deficiency in normal t imes was supplied b y imports f rom 
Canada, Sweden, Finland, and N o r w a y , largely in the form of pu lpwood , 
wood pulp , and newsprint paper. Since 1942 the imports of paper, pulp , 
and pu lpwood have declined and the domest ic product ion of p u l p u o o d 
has increased, reachmg a record figure of approximately 25 million cords 
in 1951. This figure represents an increase in domest ic product ion of pulp 
w o o d of a lmost 150 per cent over 1939. T h e study of trends in paper and 
paperl)oard consumpt ion in the United States indicates that the nation 's 
requirements for pulpwood in the immediate years ahead will continue to 
increase. 

' T h e term paper industry is used here to designate the industries engaged in the 
production not only of paper, but also of various types of board and other items made 
of wood pulp. 

t Within recent years the iier-cajiifa consumption of pulp products in the United 
States has ranged friuu 2.50 to 380 lb. a year; it is expected that the development of 
many new wood-pulp products will lead to further increases in pulp consumption. 
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According to the U .S. Forest Service estimates," under proper forest man
agement, these requirements can be easily met from domestic sources with
out impairing the forest resources of the country. 
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FIG. 15-1 . Pulpwood consumption—domestic production and imported. (Courtesy United 

States Pulp Producers Association.) 

I . P U L P M A N U F A C T U R E 

A . P A P E R M A K I N G M A T E R I A L S 

P u l p a n d p a p e r c a n b e m a d e f r o m t h e fiber f o f m a n y d i f f e r e n t k i n d s o f 
p l a n t s . T h e p r i n c i p a l f a c t o r s w h i c h d e t e r m i n e t h e c o m m e r c i a l u t i l i t y o f 
a g i v e n p l a n t f o r p a p e r m a k i n g a r e ( I ) s u i t a b i l i t y o f fibers f o r c o n v e r s i o n 

* For statistics on pulp and paper production, see current issues of Industry Repor t . 
Pulp and Paper, Bureau of Foreign and Domest i c Commerce , Department of C o m 
merce, and W o o d Pulp Statistics, United States Pulp Producers Association, Inc . , N e w 
York-

t T h e term fiber as used in this chapter refers t o any vegetable cell found in paper, 
regardless of its exact technical designation. 
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into pulp, (2) fiber yield per unit volume of raw material, (3) quality of the 
resulting pulp for papermaking purposes, (4) dependability of supply, 
(5) cost of collection, transportation, and conversion, and (6) degree of 
deterioration in storage. 

The three principal materials used in papermaking in the United States 
are wood, old paper stock, and cotton and linen rags. Other papermaking 
materials used in this country are jute, hemp, straw, cornstalks, and sugar 
cane, or bagasse. Of these, wood is by far the most important source of 
pulp on the basis of the quantity produced. Both conifers and hardwoods 
are used; the former, however, are utilized to a much greater extent, be 
cause of the greater average length of their fibers and the larger percentage 
of long fibers per given volume of wood. The average length of fibers in 
a coniferous wood is about 3 mm., that of hardwoods only about 1 mm. 
(Fig. 15-2) . The most important coniferous pulpwood species in this 
country are southern yellow pines, spruces, western and eastern hemlocks, 
jack pine, and several of the balsam firs. T h e most important hardwood 
species are cottonwoods and aspen, beech, birch, maple, red and black 
gums, and yellow poplar. 

Spruces, which until recently were the leading pulpwood on the basis of 
quantity used, were superseded in 1939 by southern yellow pines. The 
consumption of spruce and fir has dropped from a high of 76 per cent 
of the total in 1899 to about 20 per cent in 1947, while that of southern 
yellow pine has increased from less than 5 per cent in 1919 to more than 
42 per cent in 1947 and that of hemlock from less than 13 per cent to 15 
per cent. The increased use of some species and introduction of new ones 
can be attributed to two main factors: (1) advancement in technical 
knowledge permitting broader utilization, and (2) economic pressure 
requiring the use of readily available material. It may be expected that 
the relative importance of spruce will continue to decline, while that of 
southern pines, hemlock, and hardwoods will continue to advance. 

Printed wastepaper, commonly called old-paper stock, is used in this 
co\mtry to the extent that in certain grades of paper and board it surpasses 
new pulp in quantity used. The largest tonnage of wastepaper is remade 
into boards, liners, and newsprint, although the best grades of old paper, 
properly freed from ink and color, are used extensively in book paper and 
even in the manufacture of the finest writing papers. 

Of other papermaking materials, cotton and linen reach the pulp mills 
in the form of rags. Jute, manila, and sisal hemp come in the form of old 
rope, sacking, and burlap. H e m p goes largely into special strong papers 
useti in flour, cement, and other heavy-duty paper sacks. Jute is used in 
the manufacture of wrapping, buff drawing, and similar strong papers. 
Numerous attempts made to utilize cornstalks and sugar cane for paper-
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m a k i n g h a v e m e t wi th scant success in this c o u n t r y , o w i n g pr imari ly t o 
the h igh cos t o f bal ing and de l ivery . Cons iderab le quant i t ies of bagasse 
a n d a l imited q u a n t i t y of cornsta lks are, h o w e v e r , c o n v e r t e d into certain 
t y p e s of bu i ld ing b o a r d and heat - insulat ing materials . 

FIG. 15 -2 . Wood fibers: a. spruce fibers. X 2 0 ; b, poplar fibers, X 2 0 . (From The Manu
facture 0/ Pulp and Paper, McGraw-HiU Book Company, Inc.) 

A n o t h e r i m p o r t a n t source of p a p e r fiber deserv ing special m e n t i o n , 
a l t h o u g h n o t used in the U n i t e d States , is esparto , a grass c o m m o n in 
Spain a n d N o r t h Afr i ca and used in cons iderab le quant i t ies in E u r o p e for 
h igh -grade b o o k a n d print ing papers . V a r i o u s grain straws are i m p o r t a n t 
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as a source of papermaking fibers in some countries, especially Argentina 
and Hungary, where the scarcity of other materials makes them an im
portant source of pulp. In the United States the use of cereal straws Is 
limited largely to the manufacture of corrugated board, boxboard, and 
insulating board, while flax straw is used in the manufacture of cigarette 
papers. 

1. Methods of Obtaining Pulpwood. Pulp mills in the United States 
procure pulpwood (1) from loggers chiefly concerned with cutting saw 
timber, (2) from the lands which they own or control and log specifically 
for pulpwood, (3) from pulpwood dealers,* (4) from small operators and 
farmers, or (5) from importers. Of the total pulpwood consumed in Amer
ican pulp mills, about one-fourth comes from timberlands owned or con
trolled by the pulp-producing concerns. In the Northeastern, Lake, and 
Central states and in the South, the trend in recent years has been toward 
an increase in the proportion of pulp obtained from the properties so owned 
or controlled, while in the Pacific Coast region greater reliance has been 
placed on purchases. 

United States pulp producers own or control more than 14 million acres 
of timberland, of which 3 million are in Canada. Two-thirds of the uncut 
land held by the pulp producers is in the Northeast, one-sixth is in the 
South, and the rest is principally in the Lake and Central states. The 
acreage of uncut timberlands owned by the pulp mills in the Pacific Coast 
region is small, but the stand per acre is about 15 times as large as in any 
other region. The average stand of recoverable pulpwood in the North
eastern, Lake, Central, and Southern regions is about 3}-^ cords per acre 
and in the Pacific Coast region more than 77 cords. The large acreage of 
uncut forest lands owned or controlled b y active pulp concerns in the 
Northeastern, Lake, and Central regions is, to a considerable extent, held 
as a reserve for future use when more urgently needed. This is likely to 
remain so as long as pulp and paper companies can acquire their supply of 
pulpwood from outside sources at a figure lower or not appreciably higher 
than the cost of getting out wood from their own holdings. 

2. Defivery of W o o d to the Mill . The method of delivery of pulpwood 
depends largely on the location of the mill. The most commonly used 
methods of delivery are (1) water transportation, including driving, tow
ing in booms, rafting, and delivery in barges and vessels; and (2) land 
transportation, including rail, trucks, and sleighs. 

Whenever feasible, water transportation is preferred, since it is usually 
t^e cheapest method of delivery. Rail transportation is the most expensive 
and is restricted to hauls not in excess of 600 miles and usually much 

•See p. 341. 
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shorter. In recent years trucking has become an increasingly important 
method of pulpwood delivery; it is usually confined to a radius of about 
30 miles and is frequently limited to dry seasons of the year. Pulpwood, 
depending on the method of transportation, is delivered either in cord
wood lengths of 4 to 8 ft., in log lengths of 12 to 16 ft. or in tree lengths. 

3. Condition of DeUvered Pulpwood. Pulpwood which is floated is 
usually delivered to the mill unbarked. Except in the South, pulpwood 
delivered by rail, truck, or barge, as well as imported pulpwood, is fre
quently barked by the pulpw-ood dealers. In recent years a little more 
than half of the total pulpwood consumed in the United States was pur
chased b y the mills either in a peeled or rossed condition. T h e advantages 
of barking pulpwood in the woods are as follows; (1) barked wood dries 
more rapidly and is less subject to decay and insect attack, (2) when pulp
wood is to be shipped long distances, the shipping charges can be reduced, 
and (3) if pulpwood is cut during the growing seasons, i.e., in the spring 
or early summer, the bark can be pried loose more easily by hand. 

4. Storage of Pulpwood. Whether pulpwood is used immediately upon 
its arrival at the mill or held in storage, and the extent of storage in the 
latter case, depends largely on the method of dehvery, climatic conditions, 
and capacity of the miU. 

When the wood is transported by rail, trucks, or ships, it must be un
loaded immediately t o avoid tying up equipment. If pulpwood is delivered 
faster than it can be used by the mill, the excess is stored in log ponds or, 
if none is available, in storage piles. The mills depending on water trans
portation usually have holding areas or storage ponds for impounding 
pulpwood. In a cold climate or where water driving is confined to certain 
seasons, the mills accumulate their winter supplies of pulpwood during 
the spring and summer months. Pulpwood in that case is ordinarily placed 
in land storage piles. It is recommended that wood be barked before it is 
piled, t o reduce deterioration. Such piles may attain 80 ft. or more in 
height, their size limited chiefly b y the fire risk and the type of equipment 
available for handling pulpwood. 

5. Measurem,ents of Pulpwood. Pulpwood is measured either b̂ "" vo l 
ume or by weight. T h e units of volume measurements are : (1) The cord, 
containing 128 cu. ft. of space, or 75 to 100 cu. ft. of solid pulpwood, 
depending on diameter, crook and knottiness of the sticks, bark thickness, 
and closeness of piling. (2) The cunit, or C-unit,* consisting of 100 cu. ft. 
of solid, unbarked wood. The cunit approximates the actual cubic content 

* Not to be confused with " the unit," a measure commonly employed in the South to 
designate a stack of pulpwood 8 ft. long and 4 ft. high but consisting of bolts greater 
than 4 ft. in lergth. The units may contain from 128 to 160 cu. ft. of stacked wood. 
The term unit is also applied to designate 200 cu. ft. of sawdust and hogged fuel. 
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o f so l id w o o d in t h e c o r d a n d c a n there fore b e t a k e n as the e q u i v a l e n t o f 
a wel l - s tacked c o r d . (3 ) The cubic fool. W h e n the latter measure is used, 
p u l p w o o d is scaled in c u b i c feet a n d then c o n v e r t e d into cunits or c o rds . 
(4 ) The board foot. I t is c u s t o m a r y t o cons ider oOO bd . ft . as a c o rd of w o o d . 

T h e un i t of w e i g h t c o m m o n l y e m p l o y e d is the ton, equ iva lent t o 2 ,000 
lb . o f e i ther a i r -dry or o v e n d r y w o o d . T h e use of this unit necessitates 
m o i s t u r e - c o n t e n t de terminat i ons t o a l l ow a d j u s t m e n t s in weight t o be m a d e 
for the water c o n t e n t of p u l p w o o d . Several Southern p u l p mil ls are b u y 
ing their p u l p w o o d f r o m farmers o n the we ight basis, w i t h o u t tak ing i n t o 
a c c o u n t the mo is ture c o n t e n t . 

B. P R E P A R A T I O N A N D T R E A T M E N T O F W O O D PULP 

W h e n p u l p w o o d is de l ivered t o the mill in log length , it is first r e d u c e d 
t o shorter lengths in the breakdown mill (a lso cal led cutoff mill), w h i c h g e n 
eral ly consists o f a l o g h a u l - u p or a j a c k ladder , a slasher or swing - saw s y s 
t e m , a n d a series of c o n v e y e r s t o carry the b locks a n d refuse f r o m the mil l . 

A slasher is des igned t o cut logs into bo l t s of the desired length. I t is 
m a d e u p of endless cha ins , e q u i p p e d a p p r o x i m a t e l y e v e r y 20 in . w i t h c a s t 
ings or spurs similar t o those used o n hau l -up c h a i n s ; a table wi th an in
cl ined p l a n e ; a n d a series of c ircular saws. T h e chains carry the logs u p 
the incl ined p lane against the saws, wh i ch cut them into the desired lengths . 
T h e pieces , cal led bolts or blocks, usual ly 2 t o 4 ft. l ong , are then c o n v e y e d 
t o the b a r k i n g d r u m s or t o s torage piles. W h e r e logs of v a r y i n g lengths 
and d iameters h a v e t o b e r e d u c e d t o shor t b l o c k s of u n i f o r m length , a 
swing - saw s y s t e m is genera l ly used in p l a c e of a slasher. O n the W e s t 
Coas t , the large western h e m l o c k logs are reduced into cants in a b a n d 
sawmil l . In a n u m b e r of W e s t e r n mil ls this m e t h o d is g iv ing w a y to h y 
draul ic bark ing , f o l l o w e d b y log-s ize ch ipp ing . 

1. B a r k i n g o r R o s s i n g t h e P u l p w o o d . Be fo re the b l o c k s are r e d u c e d t o 
ch ips all the bark must be r e m o v e d , if this has n o t a l r e a d y been d o n e in the 
w o o d s . * T h e m a c h i n e s for r e m o v i n g b a r k are cal led barkers, a n d the process 
of r emov ing bark is referred t o as rossing. T h e reasons for r e m o v i n g bark 
before pulp ing are (1 ) the fiber c o n t e n t of b a r k is v e r y l o w , (2 ) if left on 
the w o o d the bark ivould conmme the chemica l s and s team and o c c u p y 
space w i t h o u t br inging a n y return, (3 ) bark p r o d u c e s d i r ty p u l p and paper , 
( 4 ) b a r k of s o m e spec ies c o n t a i n s t o o m u c h resin. 

* .\ new niPtliod of bark removal designed to prolong the "sap-peeling" season 
(i.r., the period in (he spring and early summer when bark peels off readily with a 
"sptrd" or AN IIXO) WITS introduced in THIS COUNTRY in 1949, This method, generidly 
known a.« "cheinical drbjirking." con?^ists o( applying sodium arsenite (other {hemi-
CHIS are being investigated) to girdled trees. Tliis treatment kilts the trees quickly 
and renders the bark in a satisfactory peeling condition. 
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FIG. 15-3. Barking drums. (Courteay The Newsprint Service Bureau, New York.) 

b y means of an at tachment until all bark is removed . T h e knife barkers 
are v e r y wasteful, since they remove a considerable amount of w o o d with 
the b a r k ; as much as 25 per cent of the w o o d is sometimes lost. For this 
reason, and also because knife barkers are very dangerous to operate, 
they have been largely replaced b y drum and stationary barkers, except 
for removal of pieces of bark still adhering to the barked b locks and in 
mills where exceptionally clean w o o d is desired. 

There are several types of barking drums, but all of them work on the 
same general principle (Fig. 1 5 - 3 ) . T h e drums consist of a large, slightly 
inclined shell up to 12 ft. in diameter and 45 ft. in length, with an inner 
surface made of boiler plate, channel iron, or specially designed corrugated 
bars. T h e b locks of w o o d are fed automatical ly into one end of the drum, 

• For a more complete discussion of bark-removing devices, see: Forbes, E. W . Bark-
Peeling Machines and Methods. U.S. Forest Products Laboratory, Report No. D 1730, 
Madison, Wisconsin. Jan. 1949. 

There are three principal types of barkers : knife barkers, barking drums, 
and stationary barkers; a fourth type , the high-pressure hydraulic barker, 
though of recent origin, is rapidly gaining in favor . * T h e knife barker is 
the oldest t y p e of barking equipment . It consists of a heavy cast-iron 
disk mounted on a shaft and equipped with four t o seven knives. Usually 
only short b locks are barked b y means of knife barkers. T h e b locks are 
held against a rapidly revolving disk and are rotated either b y hand or 
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within which they are tumbled against one another b y a rotational m o t i o n 
of the barrel. This action, assisted b y the streams of water played con 
stantly on the blocks , removes the bark ; clean b locks gradually work their 
way toward the opposite end of the drum where they are discharged on 
the conveyers . 

A variation of the barking drum is the stationary barker. I t consists 
of several trough-shaped pockets equipped along the b o t t o m with several 

FIO. 1 5 - 4 . Isometric drawing of Allis-C'haliners Streambarker. {Courtesy Aliis-Chaimers 
Manu/aciurino Company, MUuaukee, Wisconsin,) 

revolving double -ended cams. T h e cams give a rolling and tilting m o t i o n 
to the logs, resulting in removal of the bark. T h e bark removal is further 
facilitated b y a water spray, which keeps the bark wet . T h e logs travel 
gradually from the first pocket into the last, from which they are dis 
charged o n a conveyer . 

One commercial model of hydraulic barker consists of a chamber 
equipped with t w o bed rollers, one of which is fluted and the other spirally 
threaded (Fig. 1 5 - 4 ) . B o t h rollers revolve in the same direction b u t at 
different speeds, so that the log is revolved and m o v e d forward at the same 
t ime. T h e barking is accomplished b y water streams under a pressure of 
650 p.s.i., issuing f rom three nozzles located parallel with, and directly 
over, the axis of the logs mov ing through the machine. T h e first t w o 
nozzles, placcvl close together at the entering end of the barker, loosen the 
bark, which is then removed b y a steel-wire brush placed in the center of 
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the spiral roll. The thud jet washes the log clean. Barking is facilitated 
by the sharp threads of the rolls which score the bark, thus providing a 
number of points where the water stream can start bark erosion. The 
logs are brought to and carried away from the barker by a conveyer system. 
This barker averages about 10 cords of coniferous wood and 6 cords of 
hardwood an hour. The advantages claimed for this machine are (1) re
duction in loss due to ' ' brooming" of ends and chipping—this amounts to 
a saving of as much as 10 to 20 per cent of the total quantity of pulpwood 
handled; (2) considerable reduction in the man-hours required to handle 
the same quantity of pulpwood; (3) cleaner pulpwood and fewer rejects 
due to imperfectly removed bark; and (4) equal or greater production per 
same power consumption and lower capital investment in equipment. 

A company-built jet debarker installed at the Everett, Washington, 
mill of the Weyerhaeuser Timber Company is an example of successful 
application of hydraulic principles to barking large logs. An increase of 
18 to 20 per cent in the yield of pulp chips and appreciable savings in labor 
costs and steam consumption are claimed for this equipment over the pre
viously used method of debarking. 

In West Coast mills, in which large logs are reduced t o cants in the 
breakdown mill, the bark is removed b y means of a planer equipped with 
revolving curved knives, which plane the bark away. The barked cants 
are then conveyed to a woodworking room where all knots and other u n -
.desirable defects are removed by means of knot-boring machines. Each 
•of these machines consists of a table equipped with mechanical arms for 
holding the cants rigid and a power drill (Fig. 15 -5 ) . 

The bark removed in rossing wood is conveyed with other wood refuse to 
the boilerhouse. If water has been used in barking, it is customary to put 
the bark through a press to squeeze out some of the water. Since pressed 
bark may still contain upward to 40 per cent of water, some plants put 
it also through specially designed bark driers. 

Before the rossed wood is converted into pulp it is usually washed in 
a tumbler type of washing drum and inspected for bark patches, which 
are removed with a knife barker. Larger blocks may be split into smaller 
pieces. Further treatment of the wood depends on whether a mechanical 
or chemical pulp is to be produced. 

C . M E C H A N I C A L P U L P 

Mechanical pulp, otherwise called groundwood pulp, is produced by forc
ing rossed wood laterally against a revolving grindstone. By this means 
the wood is reduced to a fibi'ous mass which, after screening and subsequent 
thickening, is converted into pulp products. The process was perfected in 



FIG. 15-5, Knot-boring machine. In pulping weyterii hemlock , knots and uliu-r l i c lec ls ace 
removed by-means of a knot-boring machine before the wood is chipped. (Courtesy Weyer
haeuser Timber Company.) 

FIG. 15-6, A three-pocket hand-fed pulpwood grinder. The griiidfitone 1 is mounted on a 
shaft 2, clamped between fliinges 3 and supported by bearings 4. fixed to bar-plates 5 . The 
stone is covered by steel plates 6, connected by cross braces 7. Wood is placed in the pocket 
8, supported over the stone by steel bolts 9. A piston, in a hydraulic cylinder 10, mounted 
over each pocket is actuated by the flow of water under pressure from the valve 11. The 
piston rod IS transmits the pressure through the pressure-foot IS on the sticks of wood. The 
stone is cooled by the white water flowing through pipe 14- The pulp collects in the pit 15, 
falls over the dam tti into the stock sewers. The stone is sharpened with a burr mounted on 
a lathe 17. (From thf Manufacture of Pulp and Paper, McGraw-Hill Book Company, Inc.) 

2ffl 
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G e r m a n y b y Keller, who built the first successful wood grinder in 
1840. 

1. W o o d s Used. T h e principal woods used in the manufacture of 
mechanical pu lp are spruces and balsam fir. A m o n g other w o o d s used 
are hemlocks , jack pine, southern yel low pines, and a small amount of 
hardwoods. H a r d w o o d s , however , are not well suited for mechanical 
pulp, since they have very short fibers and produce a very weak ground-
wood pulp. 

2. Gr inders . Mach ines designed for reducing w o o d i n to mechanical 
pulp are called pulp grinders. D e p e n d 
ing on the method of loading, pulp 
grinders may be d ivided into t w o 
major types : hand-fed grinders and 
magazine grinders. 

The hand-fed grinder consists of a 
grindstone mounted on a steel shaft 
(Fig. 1 5 - 6 ) . T h e w o o d is placed into 
pockets , of which there m a y be three 
or four, and pressed against a revo lv 
ing grindstone b y means of hydraul ic 
cylinders. These grinders use 24- t o 
4S-in. sticks of w o o d and are capable 
of producing 5 t o 7 tons of air-dry pulp 
in 24 hours. T h e resulting ground 
mass is washed off the stone b y a 
continuous stream of water, and the 

wet pulp , termed slush, collects in the pit be low the grindstone, whence 
it is conducted to screens. 

T h e main feature of the magazine grinder (Fig. 1 5 - 7 ) , of which there 
are many makes, is a grindstone mounted on a shaft, with a magazine 
holding a quanti ty of w o o d placed over it. T h e sticks of w o o d are forced 
against the stone b y means of hydraulic cylinders. T h e ground pulp is 
washed into the pit b y water, as with the hand-fed grinders. The main 
advantage of the magazine grinder over the hand- fed t y p e is the lower 
cost of grinding achieved b y (1 ) increased holding capaci ty of the m a g a 
zines, requiring less attention, and (2) increased product ion per foot of 
face of stone. T h e size of sticks used in the magazine grinders is usually 48 
in., and their capaci ty is 16 t o 25 tons of air-dry pulp in 24 hours. 

A cont inuous grinder, eliminating hydraulic-pressure-operated pockets , 
is also available. This machine, known as the Roberts grinder, consists of 
a box-l ike cast-iron chamber, in which a massive ring revolves in a n o n -
concentric circle around a standard grindstone. T h e pu lpwood is drawn 

FIG. 1 5 - 7 . rwo-corapartment magazine 
grmder. The wheel W, which turns as the 
wood drops into the magazine, is so cali
brated that the number of turns records 
the number of cords used. (From The 
Manufacture of Pulp and Paper, McGraw-
Hill Book Company, Inc.) 
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into the space between the ring and the stone and is forced against the 
face of the stone at a predetermined pressure. 

Grindstones used in the grinders are either (1) natural sandstones quarried 
in Virginia and Ohio or imported from England, Canada, and Japan or 
(2) artificial grindstones made of artificial abrasives bound together with 
ceramic bonds. Before a new stone can be put into operation, its surface 
must be scarred by a burr. The burr is rotated against the surface of the 
stone, forming grooves of a definite design on the face of the stone. Dur 
ing the grinding of pulpwood the ground fibers collect in these grooves 
and are protected there from regrinding until washed from the surface 
of the stone into the pit. The quality of pulp produced by a grindstone 
is greatly affected by the type of burr used. 

When the stone becomes dulled it must be rehurred, or sharpened. The 
frequency of sharpening depends on the hardness of the stone and the 
quality of pulp desired. The life of a stone varies from a few months to 
about 2 years, depending on the quality of the stone and the frequency 
of sharpening. 

3. Properties and Uses of Mechanical Pulp. The yield of mechanical 
p\ilp is usually abtnit 90 per cent of the dry weight of wood, as compared 
to 40 to 50 per cent in chemical processes. Mechanical pulp is character
ized in general by lack of strength and rapid deterioration and is therefore 
used only in cheaper grades of paper and in boards. T o add strength, 
meclianical pulp is usually mixed with some chemical pulp. The prin
cipal items made of varying amounts of mechanical pulp are newsprint, 
magazine and book paper, towels, cheap box paper and low grades of 
tissue and wrapping papers, wallpaper, box boards, wallboards, and other 
items which do not require strength or are intended t o be used for only 
a short time. Mechanical pulp is also used as an absorbent for explosives 
in the manufacture of dynamite. 

Mechanical pulp possessing a greater strength than groimdwood pulp 
produced by the ordinary method may be obtained by steaming or boiling 
the logs in retorts at a moderate pressure prior to grinding. This treat
ment causes discoloration in the pulp, with the result that pulp produced 
from the steamed wood is brown in color, the product being known as 
brown pulp. Steamed groundwood pulp is somewhat more expensive to 
produce, and its dark color limits its use to container boards and wrapping 
papers simulating kraft paper. The compensation factor, as has been 
noted before, is its greater strength. 

4 . Miscellaneous Mechanical and Semimechanical Pulping Processes. 
Several other types of equipment arc available for production of mechan
ical pulp. An example of such equipment is Allis Chalmer's Defiberizer, 
a machine built to accommodate bolts 3 to 12 in. in diameter and 24 to 
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30 in. in length. The bolts are placed in a hopper which reciprocates over 
a high-speed head equipped with steel needles. The carding action of 
these needles reduces the bolts to fiber. T o assure quality of fiber, the 
wood must have a minimum of 35 per cent of moisture. The resulting 
fiber drops into a suction discharge, from which it passes through an 
expansion chamber to remove slivers. The sliver-free fiber is blown into 
a co]\ector system from which it drops into a bailer. 

The Asplund Defibrator uses wood chips about 1 )4 b y ^ in. in size. 
The chips, fed from a hopper, are first compressed into cylindrical plugs 
and are then subjected t o the action of high-pressure steam (140 t o 170 
lb.) for 45 to 60 seconds. The action of the steam renders the chips soft 
for the grinding operation that follows. From the preheater the chips 
fall through t o a screw-type conveyer which delivers them t o metal grind
ing disks, one stationary and the other rotating. The chips are delivered 
by a screw-type conveyer to the center of the rotating disk and are then 
thrown into the grinding zone b y centrifugal force. T h e fiber thus pro 
duced is blown into a discharge chamber from which it is discharged into 
a cyclone separator. In the separator a water shower forms a fiber-water 
suspension. Asplund Defibrators are rated to produce 12 t o 14 tons of 
ovendry fiber per 24 hours of operation. 

The Asplund Defibrator can be combined with a reaction chamber for 
cooking the pulp. The resulting equipment is called the Chemipulper and 
provides for a combination of continuous cooking under controlled condi
tions of time, pressure, and temperature and controlled refining under 
pressure. T h e chemical treatment can be either alkali, acid, or neutral. 
The reaction chamber, which is interposed between the feed end and the 
Defibrator, is made up in sections; the number of sections provided is 
varied according to the degree of treatment required. 

Fiber produced by these types of equipment is suitable as fill insulation 
for refrigerators and, in admixture \vith standard chemical pulps, for the 
manufacture of insulating board and roofing felts. 

D. C H E M I C A L P U L P 

The object of chemical pulping is to separate wood fibers from each 
other with minimum mechanical damage; this is accomplished by suitable 
chemical action which removes the more soluble cementing materials, 
largely lignin and hemicelluloses, leaving behind a fibrous mass (pulp), 
consisting of more or less pure cellulose. Chemical pulp is made commer
cially either by the acid sulfi-le process, or by one of the two alkaline methods 
known as the soda process and the sulfate process, respectively. 

file:///vith
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1. Chipping. In the manufacture of chemical pulp, bolts are reduced 
to small chips about J.-̂  to 1 in. in length and 3^ to }4G in. in thickness. 
Chipping is accomplished by machines called chippers (Fig. 15-8) . They 
consist of a revolving disk equipped with several heavy knives. T h e 
blocks of wood are fed into a chipper through an inclined chute making 
a 45-degree angle with the horizontal. As a result the chips are sliced on 
an angle presenting a maximum of open fiber ends to the action of chemi
cals. Chippers of commercial size will reduce 5 to 30 cords of wood per 
hour. 

The chips as they come out of a chipper are not uniform in size and con
tain 2 to 5 per cent of wood dust and up to 3 per cent of coarse material. 
In order to separate the fine material and obtain chips of a fairly uniform 
size, the chips are put through a screen of either rotary or shaker type 
(Fig. 15-9) . The dust is blown to the boilcrhouse, and the large slivers 
remaining on the screen are put through chip crushers or rechippers, 
where they are either crushed or cut into smaller sized chips. 

2. Sulfite Pulp. The first man to suggest the use of sulfur dioxide with 
the addition of a base for cooking wood was an American chemist, Benjamin 
Chew Tilghmann, who in 1800 and 1807 was granted English patents on 
a process of cooking wood with a solution of sulfur dioxide with or without 
the addition of the bisulfite of alkali, such as calcium or magnesium bisulfite. 
Extensive experiments were carried on by him and his brother at the mills 
of W . W . Harding & Sons, in Manayunk, Pennsylvania, but his process, 
because of inferior equipment, was never a commercial success, and the 
experiments were finally discontinued. It was the Swedish chemist 
C. D . Ekman who apparently quite independently developed a commer
cially successful sulfite process and established the first sulfite mill at 
Bergvik, Sweden, in 1874. In 1880 a German, A. Mitscherlich, patented 
a sulfite process which, though it differed little from the original Tilghman. 
process, was commercially successful. At about the same time Eugene 
Ritter and Carl Kellner of Austria also patented a sulfite process. I t was 
not until about 1887 that the sulfite process was reintroduced in the 
United States. 

a. Woods I'sed. Since wood resins are only partially eliminated b y the 
sulfite cook, highly resinous woods are not very suitable for pulping by 
this process. The principal species used are spruces, hemlocks, and balsam 
fir, though small amounts of western firs, tamarack, yellow pines, and 
cottonwood are also vitilized; the use of hardwoods is limited by their short 
fibers and the low strength of the resulting pulp. Dr. C. F. Herty and 
others have reported that in southern pine frees xmder 25 years of age there 
is little or no heartwood formed and their wood docs not contain appreciably 
more resin than spruce; they can, therefore, be successfully pulped by the 



302 CHEMICALLY DERIVED PRODUCTS FROM WOOD 

F I G . 1 5 - 8 . Ch ipper . T h e barked p u l p w o o d is reduced t o chips as it is fed against a 7-ft. 
disk, f itted wi th four knives , r e v o l v i n g 300 t imes per minute . {Courtesy HammermUl Paper 
Company, Erie, Pennsylvania.) 

FKi. i - 5 - 9 . Oscil lating screens. These screens al low acceptab le chips to d r o p t o a c o n v e y e r 
b e l o w that carries t h e m t o the storage building. T h e larger pieces are returned t o a crusher. 
{Courtesy Weyerhaeuser Timber Company.) 
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sulfite method. Sulfite pulp from southern yellow pine is now prodticed 
on a commercial scale in at least one pulp mill; such pulpwood is said to 
produce a high percentage of screenings and requires special treatments 
for removal of pitch. 

6. Liquor Preparation. The sulfite process is an acid process, in which 
the active reagents which reduce wood into pulp are an aqueous solution 
of sulfurous acid (H2SO3) and calcium bisulfite [Ca(HS03 ) 2 ] , although 
sometimes sodium and magnesium bisulfites are also used. The cooking 
liquor, as it is called, is produced at the mill by burning sulfur (S) or pyrites 
(FeSa) in a burner or a furnace to form sulfur dioxide (SO2) gas. This 
gas is cooled by passing through a series of lead pipes and then forced into 
the bot tom of a tower, some 10 ft. in diameter and about 100 ft. high, 
filled with limestone ( C a C O s ) ; water is introduced at the t o p of the tower 
to make the solution. Milk of lime [Ca (0H ) 2 j , made b y slaking burned, 
lime with water, is sometimes used instead of limestone. In this case 
svdfur dioxide is passed through the milk of lime in an absorption tank 
which is much smaller than the limestone tower. 

When a tower system is used, two or more interchangeable towers are 
employed. T h e ascending SO2 gas passes into the first tower where it 
forms a strong acid liquor. Between 75 and 95 per cent of S O 3 gas is 
absorbed in this tower, and the remainder passes into the second tower, 
where water is sprayed on the limestone. The water combines with SO2 

gas, forming sulfurous acid ( H 2 S O 3 ) , which reacts with limestone to form 
a weak solution of calcium bisulfite. This solution is pumped to the top 
of the first, or strong, tower. The resulting liquor, consisting of calcium 
bisulfite with excess sulfurous acid, is conducted into a third, or reclaim
ing, tower, where it combines with the unabsorbed portion of SO2 gas, 
liberated from the digesters during the cooking operation. T h e resulting 
fortified, or cooking acid is then stored in tanks until needed for use in the 
digesters. 

In a typical milk of lime absorption system, sulfur dioxide is passed 
through the milk of lime in a high tank divided into several compartments 
by horizontal perforated partitions. The milk of lime is pumped into the 
top compartment in a continuous flow and reacts with the sulfur dioxide 
gas that bubbles up through the perforated false bottom. The weak 
liquor that forms as a result of this reaction passes through an overflow 
pipe to the compartments below, where it is successively fortified b y 
absorbing more gas. From the bot tom of the fourth tank it is pumped 
to the top of a recovery system. Milk of lime systems, though still used to 
some extent in the United States, are being rapidly replaced b y the tower 
systems, which are considered simpler to operate, require less power, and 
cost less for upkeep. 



304 CHEMICALLY DERIVED PRODUCTS FROM WOOD 

The chemical reactions which accompany acid formation may be ex
pressed in a simplified form as follows; 

S + O2 ^ SO2 

H2O -f- SO2 ^ H2SO3 

2H2SO3 -b CaCOa Ca ( H S 0 3 )2 + H2O + CO2 

The carbon dioxide gas (CO2) that forms during this reaction escapes 
through the top of the tower. If, instead of limestone, milk of lime, 
Ca(0II)2, is used, the reaction may be represented as follows: 

Ca(0H)2 + 2H2SO3 Ca(HS03)2 + 2H2O. 

c. Cooking. Cooking subjects the wood chips to the action of acid 
liquor at elevated temperature and pressure long enough to produce pulp, 
i.e., to free the cellulose fiber from the cementing and encrusting sub
stances. During the cooking process lignin combines with SO2 or — I I S O 3 , 
forming a calcium derivative (or other salt derivative if other bisulfites are 
used) of lignosulfonic acid which splits off from the cellulose-lignin complex 
and passes in that form into the waste liquor. Since the sulfite process 
presents conditions favorable for acid hydrolysis, the hemicelluloses which 
are also removed from the wood during cooking are hydrolyzed to simple 
sugars, such as mannose, xylose, and glucose. Other by-products of sulfite 
cooking are acetic and formic acids and methanol. Acetic acid apparently 
results from a partial hydrolysis of the noncellulosic cell-wall constituents, 
while the origin of formic acid is unknown. Methanol arises mostly from 
lignin and to some extent also from the hemicelluloses. Since cellulose is 
relatively stable under conditions prevailing during sulfite cooking, the 
major portion of it remains behind in a more or less unaltered state. 

Sulfite cooking is carried on in large steel vessels, or digesters (Fig. 15-10) . 
A digester consists of a cylindrical shell 10 to 17 ft. in diameter and 40 to 
70 ft. in height, with cone-shaped ends. The shell is lined on the inside 
with acid-resistant brick, laid in an acid-resistant mortar. The upper end 
of the shell is equipped with a detachable head, which is removed every 
time the digester is charged. The head is secured to the rim of the digester 
shell proper with clamps or bolts that hold it firmly against internal pres
sures which develop in the digester during cooking. At the bottom of the 
digester is a large pipe, opened by means of a blow valve, through which 
the contents are forced or blown into a pit at the completion of a cook. 
Some digesters used in the Mitscherlich process have a large manhole 
through which the pulp is washed out or removed with rakes. The digester 
is also fitted with connections to a relief line (usually in the head), coup-
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lings for steam and acid lines, and temperature- and pressure-recording 
and -controlling instruments. 

The usual capacity of the digester is from 12 to 18 tons of fiber, equivalent 
to 20 to 35 cords of wood, although digesters with a capacity as high as 
40 tons are in u.se. Chips are loaded into the digester by gravity from a 
chip bin placed above or, in some of the newer mills, by belt conveyers 

DIGESTER AND BLOW PIT 
Immense digesters, over fifiy feet 
high and lined wilh acid-prool brick, 
are filled nith chips uni/ormlv tfis-
trlbulcd by a chip disiributor. Prc' 
heated acid cooking liqubr, under 
automatically conlrollcd tempera-
Iur<: and pressure, circulates through 
the chips. After l«elvc lo thirteen 
hours these chips are reduced to 
pulpy cellulose hbers nhich are 
"blonn" into the blow pit, "here 
ihey arc washed and made ready 
for purifying operations that follow. 

Fia . 15-10. 
vania.) 

Digc.',<i'(- iuiiJ iiluM pit. (Caiiiit.ny IJammtrmill Paixtr (Jompany. Erie, I'tunaijl-

which carry the chips to the top of the digester from chip bins or silos 
located on the ground floor. Cooking liquor, approximately 2,000 gal. for 
each ton of pulp prod\iced, is added. Then the digester is closed and the 
temperature gradually raised until the pressure builds up to 70 to JIO lb. 

The methods of cooking now in use may be classified as (1) the slow-
cook process, commonly called the indirect, or Mitscherlich, process, and 
(2) the quick-cook processes. The quick-cook processes may be further 
subdivided as (1) the ilirect-cook, sometimes also called the Ritter-Kellner 
process, and (2) modified quick-cook systems. 

(I ) T ^ E MITSCHERLICH PROCESS. In the indirect, or Mitscherlich, 
process, the chips are steamed in the charged digester for several hours at 
temperatures not exceetling lOO^C. The brownish water condensate is 
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discharged as waste. T h e ob ject of this initial steaming is t o obtain better 
penetration of the cooking liquor into the chips. At the end of the steam
ing period the steam valve is turned off and the liquor line is opened. The 
partial vacuum that results from cooling the digester facilitates rapid 
filling of the vessel with cold liquor. 

Heat for cooking in this process is supplied by copper, lead, or stainless-
steel coils placed in the digester. Since steam does not come into direct 
contact with the hquor, more dilute acid is used than is customary with 
a direct cook. The temperature is gradually raised to 110°C., which may 
take 10 t o 12 hours. W h e n this temperature is reached, the pressure is 
reheved b y opening a valve to get rid of the air. The temperature is then 
gradually raised to 125°C., and then held at that level until cooking is 
completed. T h e pressure in the digester is maintained at no t more than 
80 lb. At the end of the cooking period the steam is shut off and the 
pressure gradually reduced by relieving the gas, which is allowed to return 
to the reclamation tower. The waste liquor is drained, and the digester is 
filled with water and drained again. The pulp is not blown out as in the 
direct process but washed out or removed with rakes through the manlxole 
at the b o t t o m of the digester. 

In American mills the actual cooking time consumed in this process 
varies from 20 to 30 hours, depending on the temperature used. The 
complete cooking cycle generally requires from 30 to 40 hours. 

The advantages of the Mitscherlich process are in the high quality and 
superior strength of the resulting pvdp, coupled with a somewhat higher 
yield, when compared to the quality and yield of pulp obtained b y the 
quick-cook processes. These advantages result from the use of weaker 
acid and the lower temperatures and pressures employed. The drawbacks 
of the Mitscherlich process are the length of time required to complete 
the cooking and the high cost of maintaining the steam coils (250 to 500 
ft. in the average digester) in repair. The frequently occurring leaks allow 
cooking acids to get into the steam condensate, making it impossible to 
use it in the boiler plant; this increases the consumption of coal. 

This process is in general use in Europe; in America it has been sup
planted to a considerable degree by the quick-cook processes. 

(2) T H E DIRECT-COOK PROCESS . In the direct-cook process steam is 
introduced directly into the digester; this allows rapid building up of 
temperature m t h resulting reduction in time of cooking. The digesters 
are filled with chips by allowing them to drop loosely into the digester; to 
ensure closer packing, some mills employ mechanical distributors consist
ing of rotating paddles, or blow steam or compressed air. The acid is 
pumped into the bottom of the digester or run into the top before the head 
is secured. Since the steam condenses in the digester and dilutes the cook-
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ing liquor, more concentrated acid must be used in this process than in the 
Mitscherlich. 

The actual cooking procedures vary considerably from mill to mill. 
Under average conditions it takes 12 hours or less t o complete a cook . 
The temperatures are gradually raised to a maximum of 300°F. ( M O ^ C ) , 
the rate of temperature rise being controlled largely by the time necessary 
to obtain full penetration of the chips b y the liquor. If temperatures are 
allowed to rise too rapidly before the chips are completely saturated with 
liquor, the chip centers may become hard and turn reddish or brownish 
in color. The pressure which accompanies the cooking temperatures 
reaches a maximum of 75 lb. Since pressure in direct-cooking procedures 
may be due to a large extent to the pressure of the gas liberated during 
cooking, it cannot be used as a reliable indicator of temperature conditions 
in the digester. Direct temperature readings, therefore, are indispensable 
in this process for the maintenance of proper cooking conditions in the 
digester. Temperatures and pressures are generally controlled automati
cally by operating the relief or the steam valves. In either case, gases formed 
during cooking are blown off (relieved) intermittently or continuously. 
This is done to ensure a safe working pressure in the digester, to aid circu
lation of liquor, and to increase the efficiency of the SO2 recovery. 

(3) T H K MODIFIED QUICK-COOK SYSTEMS . In an attempt to improve 
the uniformity of cooking conditions and to reduce steam consumption, 
a number of modifications in the standard cooking systems have been 
introduced in the sulfite mills. 

In the Decker process the hot relief vapors from one digester are con
ducted into the bottom of another digester being started, thus reducing 
the amount of steam required for cooking. 

In the direct-heating and liquor-circulating system, sometimes called 
the Morterud process, the liquor is continuously circulated through the 
digester and an outside heater. Since boating in this process, as in the 
Mitscherlich method, is accomplished indirectly, the liquor is not diluted 
and hence less acid (and in a less concentrated form) is employed. In addi
tion, more uniform temperature conditions prevail in the digester and a 
c(msiderable reduction in steam consumption is effected. Although widely 
\ised in P^urope, this method of cooking in the United States so far has 
been used more extensively with the alkaline processes than with the sulfite. 

Another frequently used modification of the direct-cook process is the 
Chemipulp liot-acid recovery system. This system requires the use of an 
accumulator, a spherical shell provided with standard digester lining. The 
accumulator has a capacity of from one and one-third to three times the 
vohune of acid required to fill tlie digester. When the digester is filled 
w ith chips and the head is firmly secured, the acid from the accumulator 

file:///ised
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is pumped into the digester. T h e air from the digester is allowed to escape 
into the atmosphere. The air vent is closed and the relief lines leading to 
the accumulator are opened just as soon as the digester is filled with the 
acid. The hot relief gases from the digester are mixed with the acid in 
the accumulator. T h e excess of gases no t absorbed in the accumidator 
is conducted to the absorption tank. After the first few hours of cooking, 
the connecting lines between the digester and the accumulator are closed 
and relief gases are conducted directly t o the absorption tanks. The 
Chemipulp system results in a material saving in steam consumption, 
reduction in cooking time, higher acid strength, and more efficient recovery 
of sulfur dioxide. 

Cooking is continued until the SO2 content in the digester, as determined 
by acid test samplings, reaches a certain point or until the desired quality 
of pulp, determined from samples blown from the digester, is obtained. 
When cooking is completed, the digester is emptied under pressure of 
about 50 lb. through the blow valve at the bottom of the cylinder. The 
contents are forced into a large acid-resistant tank called the blow pit. 
This operation is referred to as blowing the digester. The blow pit is 
equipped with a perforated wood or chrome-nickel-stainless-steel bot tom, 
through which the cooking liquor, containing dissolved lignin and other 
noncellulosic wood components, is drained into a sewer or is conducted to 
a plant for recovery of by-products. The pulp is then washed until the 
water shows no traces of the cooking liquor, leaving a clean, fight-colored 
fibrous pulp which is transferred to a storage tank. This operation gener
ally requires several hours. 

(4) MAGNESIUM O X I D E - S U L F I T E PROCESS . In this new process, as an
nounced by the Weyerhaeuser Timber Company,* magnesium oxide (MgO) 
replaces calcium bisulfite [Ca(HS03)2]- The features of this process are 
the recovery of magnesium oxide dust and sulfur dioxide (SO2) gas, and 
the production of heat that supplies a part of the power for operation of the 
mill. A 100 per cent re-use of the waste cooking liquor is claimed. 

At the Weyerhaeuser miU the digesters are not blown, but instead are 
dumped into large receptacles. When the digesters are ready for dumping, 
they are back-filled with waste liquor. Additional waste liquor is used 
continuously during dumping to dilute the pulp. The diluted pulp is car
ried to the agitated tanks where it ia held at approximately 3 per cent con
sistency. 

The pulp is separated from the liquor b y washing in steel boxes with 
acid-proof lining. The waste liquor, containing 12 to 14 per cent solids, is 
then carried to the evaporators. Before entering these, it is neutralized 

* Morgan, H. W"., and R. E. Baker. A new sulfite liquor cycle. The first MgO plant 
Pidp and Paper. Nov. 1948. 
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with magnesium oxide to prevent loss of sulfur dioxide (SOg) gas during 
the evaporation. 

T h e concentrated liquor is passed t o the burners. T h e sulfur dioxide gas 
which is released is carried off by flues to the Stebbins tile-lined absorption 
towers, built in series of three. The burned magnesium oxide is collected 
in cyclones, redissolved in water, and is fed down from the top of the 
absorption towers in the form of water suspension. The sulfur dioxide gas 
rises in the tower countercurrently to the magnesium oxide slurry. 

The weak acid from the absorption towers is fortified with more sulfur 
dioxide in separate (Jensen) towers. Tliis produces a strong acid, con
sisting of a mixture of magnesium bisulfite and free sulfurous acid, with 
about 3 per cent of free sulfur dioxide gas. The strong acid is pumped back 
to the digester building, where it is further fortified with the digester relief 
and stored in tanks before being fed back into the digesters. 

d. Recovery of Gas. The efficiency of recovery of sulfur dioxide in the 
form of gas is very important from the standpoint of reduction in the 
consumption of sulfur per ton of pulp. In commercial practice it takes 
200 to 300 lb. of sulfur to produce a ton of pulp, depending on the efficiency 
of the recovery system, the quality of pulp, and the species of wood used. 

In the sulfite process the first part of the cooking cycle consists of pene
tration of chips and combination with lignin by the active chemical 
reagent (SO2), without appreciable solution of any cell-wall constituents 
of the wood. This stage is followed by acid hydrolysis and dissolution of 
sulfonated lignin. T o obtain a reasonable rate of chemical reaction, two 
to four times the amount of SO2 actually consumed is added to the cook. 
This excess of SO2 is gradually drawn off as a gas from the top or the side 
of the digester and returned to the acid-making plant to be reused in prepa
ration of fresh sulfite liquor. 

The relief gases frequently contain considerable quantities of liquor. 
These are separated by passing the relief through separators and coolers. 
The gas is piped to the acid storage tanks for absorption, while the separated 
liquor is either discarded or that portion of it which was obtained at digester 
temperatures below 135''C. is mixed with the acid, before it is strengthened 
with relief gases. The relief liquor obtained above 135°C. is not used 
because it contains considerable amounts of decomposed bisulfite. In the 
plants employing the Chemipulp system, appreciable quantities of relief 
are recovered in the pressure accumulator. The so-called "sulfite turpen
t ine" is sometimes recovered from the condensed relief gases in amounts of 
from 0.30 to 1.0 gal. per ton of pulp, 

€. I'tUization of Suljite Liquor. Sulfite waste liquor is one of today's 
greatest industrial wastes. It has been estimated that for every ton of 
pulp, about 2,000 gal. of the liquor is produced, which presents a disposal 
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prob lem. Based on the 1940 product ion of sulfite pu lp in the United 
States, the total quantity of sulfite l iquor for disposal was more than 
5,800,000,000 gal. T h o u g h several hundred patents dealing with utiliza
tion of sulfite l iquor have been issued in this country , commerc ia l utiliza
t ion of the liquor has not y e t been developed on an extensive scale. T h e 
total consumption of sulfite l iquor at the present t ime represents only an 
insignificant amount of the total waste l iquor produced. 

There are t w o main reasons w h y greater utilization of sulfite l iquor is 
essential. ( I ) For every t o n of pu lp produced b y the sulfite m e t h o d . 

TABLE 1 5 - 1 - CHEMICAL ANALYSIS OF COMMERCIAL UNBLEACHED SULFITE PULPS 

(U.S. I-'orest Products Laboratory) 

Cellulose 
Total 

Pulps Lignin, % pentosans. 
Total, % Alpha, % % 

94.6-97.0 81.2-86.13 1.0-2.2 5.1 
80 per cent spruce, 20 

per cent balsam 97.2 85.4 0.8 5.2 
92.4-98.3 72.7-83.8 0.8-3.5 

roughly an equal amount of w o o d substance, containing m a n y valuable 
w o o d constituents which could be utilized if recovered, is discarded with 
the waste l iquor. (2) E v e n more important are the problems arising f rom 
the c o m m o n pract ice of discharging the liquor into streams. T h e trouble 
arises largely from the action of certain microorganisms on the organic 
matter present, causing a decrease in the dissolved o x y g e n content of the 
water and an appreciable increase in the carbon dioxide content , a condi 
t ion which is highly unfavorable t o aquatic organisms. The presence of 
sulfite waste l iquor in water also interferes with coagulation processes in 
municipal water-purification plants. Therefore, although sulfite spent 
l iquor is not taken into consideration in calculating the price of sulfite 
pulp , Federal and state regulations prohibit ing pollution of streams make 
the economical disposjiJ of the waste sulfite l iquor one of the most urgent 
problems facing sulfite mills. 

T h e l iquor as it comes f rom the digesters contains 10 to 12 per cent 
solids- Before it can b e processed it is usually necessary t o concentrate it 
t o 50 per cent total solids or more . This is accomplished either b y prec ipi 
tat ion with calcium hydroxide or b y evaporat ion. 
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When the lime precipitation m e t h o d is used {Howard process) , most of 
the lignin is separated from the waste sulfite l iquor together with the car
bohydrates ; the latter are filtered out and discarded. The carbohy 
drate-free precipitate is then further processed for the product ion of tanning 
extract , cement hardener, and other uses. Since, however , the outlet for 
these materials is l imited, the bulk of the precipitated lignin is mixed 
with wood waste or coal and utilized as a boiler fuel. Spent l iquor from 
1 ton of pulp yields up to 1,250 lb. of l igneous residue with a heating value 
of 8500 Btu per li>. In addit ion , 50 t o 75 l b . of sulfur a n d 80 t o 130 lb. of 
.•alcium oxide per ton of pulp are also recovered. In Sweden, at tempts 
are made to evaporate the waste l iquor and to burn the evaporated product 
either as a concentrated solution or as a powdered drictl fuel for generation 
of steam. 

Sulfite-liquor extracts can be used for tanning leather; these extracts are 
l>n'pan'd l>y neutralization of the liq\ior with lime, concentration, and 
separation of the organic and inorganic materials. Sulfite l iquor has been 
used for the manufacture of sulfur indathrene and similar dyes . T h e 
concentrated l iquor possesses high adhesive properties, which suggest its 
use as a binding agent. A s such it has been widely used in Sweden as a 
dust binder on vmpaved roads. In this country it has been used in N e w 
.Jersey for more than 2 0 years for maintaining dirt roads ; it is also I 'eported 
that in eastern Washington more than 2,000 miles of h ighways and streets 
arc treated with sulfite liquor direct from the digester. T h e adhesive 
properties of the waste sulfite l iquor also revommeTid it for the manufacture 
of plastics, building boards , molded articles, silica bricks, fuel briquettes 
from wood or coal, lacquers and vami.shes, and as a l inoleum c e m e n t ; for 
the last purpose the concentrated l iquor is mixed with a c lay base and a 
preservative. 

In Europe , fermentable sugars resulting from the hydrolysis of hemi
celluloses are converted to ethyl alcohol b y neutralization and subsequent 
fermentation of the spent l iquor: the yield of alcohol usually amounts to 
about 1 per cent by v o l u m e of the waste liquor. Successful recove iy of 
ethyl alcohol from sulfite hquor has also been reported f rom Everett , 
Washington . The product ion of alcohol from the waste l iquor does not 
solve, however , the p r o b l e m of l iquor tlisposal, since the fermentation 
residue m a y be as objecti (mable as the original waste. 

A commercia l ly successful process has been deve loped for utilization of 
sulfite waste l iquor in preparation of baker ' s yeast . A m e t h o d employed 
at Liverpool , N o v a Scotia, involves treating of the hot sulfite spent liquor 
with limestone and soda. T h e resulting liquor is then inoculated with 
the yeast a t suitable fermentat ion temperatures, and filtered air is c ircu
lated t(t protect the yeast from tlie effects of gases formed. T h e yield of 



312 CHEMICALLY DERIVED PRODUCTS FROM WOOD 

yeast varies from 350 to 450 lb. per 2,000 gal. of sulfite waste fiquor. 
This plant reports an output of about 20,000 lb. of yeast per week; equip
ment to double this production is being installed. 

Vanillin, a product exactly hke that obtained from the vanilla bean, is 
another interesting by-product of sulfite pulping. The sulfite liquor from 
coniferous woods is first freed of lime by precipitation with sodium carbon
ate, and the resulting soda liquor is heated under pressure with caustic 
soda, which breaks down the lignin compounds partially into vanillin 
and partially into desulfonated lignin. The vanillin may be separated by 
extraction with butyl alcohol, or the desulfonated lignin may be precipi
tated with acid and the crude vanillin extracted from the filtrate with a 
suitable solvent. The white pure vanifiin crystals are then obtained by 
conventional methods of separation and purification.* 

In Norway and Finland, sulfite liquor is used as a source of printing ink 
for newspapers and of laundry soap. The organic residue of waste sulfite 
liquor has been found t o give beneficial results as a fertilizer. A lime 
sulfur spray, prepared by passing hydrogen sulfide gas into sulfite waste 
liquor, has been suggested for use as an insecticide and fungicide. 

/. Yield, Qmliiy, and Uses of Sulfile Pulp. T h e yield of pulp in the 
sulfite process depends on the species of wood used and on the severity of 
treatment. The average yield is about 50 per cent of the dry weight of 
wood. T h e sulfite process requires an average of 1.8 cords of rough wood 
for each ton of pulp produced. 

The chemical composition of sulfite pulp is influenced by the extent of 
delignification, the species of wood , and to a lesser degree b y variations in 
the quality of wood of a given species. Cooking procedures leading to 
a more complete removal of lignin from the pulp result in a reduction in 
the total yield of pulp and an increase in its alpha-cellulose content. C o n 
sumption of bleach is also reduced with the reduction in lignin content 
of the pulp. 

If strong, unbleached sulfite pulp is required, it is cooked for a shorter 
time than the grades of pulp intended for further purification and bleaching. 
Unbleached sulfite pulp is fairly light in color and can be used for many 
grades of paper without bleaching; it is extensively used with groundwood 
pulp in newsprint and other inexpensive papers. The bleached sulfite 
pulp is used in the higher grades of writing and printing paper and, when 
further purified with an alkali, in the maliufacture of rayon and other 
chemical cellulose products. 

3. Alkaline Pulps. The two principal alkaline processes for the manu
facture of pulp are (1) the soda process, developed by Watt and Burgess 

' The authors are indebted to R. S. Hatch, Weyerhaeuser Timber Company, for the 
description of this process. 
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in England in 1853, and (2) the mljaie process, proposed by C. F. Dahl of 
Germany in 1879. 

In both processes caustic soda ( N a O H ) is the active pulping agent 
responsible for dissolving the noncellulosic components of the wood, and 
in both soda is reclaimed, to be used again. However, since only about 85 
per cent of the soda can be thus recovered, the loss is made up by addition 
of soda ash ( N a 2 C 0 3 ) in the soda process and salt cake (Na2S04) in the 
sulfate process. 

The chemical reactions involving dissolution of the noncellulosic 
components of the wood b y an alkali pulping agent are still poorly under
stood. Alkaline delignification apparently involves three consecutive 
stages: 

1. Absorption of alkali b y the wood , probably b y acidic-phenolic groups 
in the lignin complex. 

2. Chemical combination between the lignin and the absorbed alkali. 
3. Cheniical hydrolysis which causes the alkali-hgnin complex to dis

perse in the liquid. 
The alkaline liquors remove the intercellidar lignin rapidly and before 

any action on the lignin in the secondary wall takes place. This is in 
direct contrast with the sulfite liquor, which removes both types of lignin 
at about the same rate but more slowly than the alkaline pulping agents. 
This difference in selective action may be responsible for less degradation 
and hence stronger fiber resulting from the alkaline cooking, especially 
by the sulfate process. Alkaline cooking also results in removal of a much 
greater per cent of the noncellulosic carbohydrates, which are severely de 
graded and appear in the "b lack l iquor" in the form of sodium salts. 

a. The Sulfate Process. The sulfate process differs from the soda process 
in that, in addition to caustic soda ( N a O H ) , the cooking (white) liquor 
also contains some sodium sulfide (Na2S), as well as small amounts of 
other, relatively inactive, compounds, such as sodium carbonate, sodium 
sulfate, and others. T h e process is called the sulfate process, because 
sodium sulfide is obtained from sodium sulfate [mlt cake (Na2S04)]-

(1) W O O D S USED . Any kind of wood can be pulped by this process. 
It is, however, especially adapted to pulping resinous woods. In this 
covmtry, southern yellow pines provide the bulk of the wood pulped by 
the sv\lfate process, tamarack, spruce, and hemlock contributing 12 t o 15 
per cent each. Of late, jack pine and Douglas fir have also been used in 
increasingly large quantities. 

(2) COOKING . Cooking in the sulfate process is carried on in unlined 
steel digesters. In the older mills, horizontal and vertical rotary digesters 
were frc<iucntly used. Rotary digesters, however, arc expensive to main
tain and produce inferior pulp, and their capacity is limited to not more 
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than 1,500 cu. ft . In the newer mills stationary digesters, from 2,500 to 
4,300 cu. ft. in capacity , are used exclusively. 

Either direct or indirect methods of cooking are employed . In both 
m e t h o d s the liquor is generally recirculated t o obtain m o r e uni form c o o k 
ing condit ions. Direct ly heated digesters are less expensive t o install 
but consume more steam. T h e most c o m m o n l y used system for circulating 
liquor in the indirect cooking is the already described Morterud system 
or one of its numerous modifications. 

T h e cooking cycle in the sulfate process m a y be divided into three 
stages: the Initial, or l iquor-penetration phase, the full-pressure period, 
and the gassing-down period. In the first stage steam pressure is built up 
to about 60 or 70 lb . This stage lasts about 30 minutes, and during this 
t ime the air and all noncondensable gases must be removed f rom the 
digester as fast as they f o r m ; failure t o d o s o results in false pressure 
that interferes with steam penetration and results in incomplete delignifica
t ion (undercooking) of the pulp. During this period turpentine (when 
highly resinous woods are used) begins to distill with the steam. T o w a r d 
the close of this period, when pressure reaches 40 to 60 lb. , the rate of 
delignification is not iceably increased. 

FoUowing the initial stage the pressure is brought up quickly t o 100 
lb . or more (340' 'F. or a b o v e ) . * N o relieving is necessary during this 
stage of cooking, because generation of gases is small, and therefore the 
temperature and pressure will correspond quite closely. T h e full-pressure 
per iod is associated with the removal of more resistant secondary-wal l 
lignin. 

W h e n the cook is completed , which in some mills takes f rom 23^ t o 6 
hours, the pressure is gradually reduced to about 60 l b . ; this is called 
gassing dow/i. T h e digester is then blown b y opening a b low valve at the 
b o t t o m . R o t a r y digesters are emptied b y opening the manhole and re
vo lv ing the digester. 

In the more modern mills, t o conserve as much steam as possible, the 
digesters are b lown into a b l ow tank, a large steel shell elevated a b o v e the 
digester. T h e b l ow tank is connected to the b lowpipe of the digester. 
T h e sudden release of pressure when stock enters the b l o w tank through 
a b lowpipe causes violent evolution of steam and helps in disintegration 
of the cooked chips into a fibrous state. T h e steam is passed through a 
separator t o r e m o v e the turpentine and then is used for heat ing the water 

* Experiments at the U.S. Forest Products Laboratory, Madison, Wisconsin, have 
indicated that in the range of 3 2 0 to SOG^F. there is no critical temperature which is more 
beneficial than others from the standpoint of yield of pulp. Higher temperatures speed 
the reaction and hence decrea.se thy time of cooking; at the same time tliey decrease some
what the strength of the resulting pulp. 

http://decrea.se
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employed in washing the pulp . T h e stock, which at this stage contains 
the fiber, the organic matter dissolved during the cook ing , all the alkali 
added t o the c ook , and considerable quantities of water, is al lowed to 
drop f rom the b l ow tank to the washing equipment . In mills which are 
nut etpiiiiped with blow tanks the stock is dischargeti into a b l ow pit. 

( 3 j W A S H I N G . A thorough washing of pulp is v e i y essential in the alka
line processes, because the efficiency of the washing system determines 
not only the purity of the resulting pulp but also the completeness of 
chemical recovery. Since all the waste l iquor goes t o a recovery system, 
the minimiun dilution of the waste liquor commensurate with g o o d recovery 
of chemicals is aimed at in an efficient washing process. T h e system is 
considered to be efficient xvhen the total washing loss of salt cake per ton 
of fiber is less than 50 lb . and the amount of water used in the removal of 
cb (™ica ls does n o t exceed 2 lb . of water per p o u n d of pulp. 

T h e washing of pulp is carried on in wash pans, in diffusers, or in vacuum 
washers. T h e \oash pans are open steel tanks with false b o t t o m s in which 
washing takes place by gravity displacement of water flooded on the t op 
of the pulp. T h e diffusers are large steel vessels, equal or larger in vo lume 
than the digesters, prov ided with perforated false b o t t o m s through which 
the liquor drains. T h e washing is carried on with hot water under pressure. 
The waslic'd stock is transferred into a storage chest, where the stock is 
kept agitated and further amounts of soda are removed by soaking. T h e 
vacuum washer consists of a wire -wound cyl inder rotating in a va t of pulp . 
The suction draws a layer of pulp to the wire and filters out most of the 
iiluck liquor. Ti ie mat of fibers formed on the wire is drenched with h o t -
water showers, and the wash water is likewise drawn through the wire. 
The pulp is then washed off the cyl inder with a shower of white water into 
a s tock chest, where it is diluted for further washing in the secondary 
vacuimi washer. T h e filtrate from the first cyl inder is conducted to the 
bUu-k-liq\ior storage t o b e treated for the recovery of chemicals ; the filtrate 
from the second washer is usually discarded. 

(4) T H K R K C O V E K Y S Y S T E M . T h e success of operations in a sulfate mill 
depends to a large extent on the efficiency of the recovery system. T h e 
hlnrk liquor separated from the fiber during washing contains most of the 
chemicals originally used in cooking , as well as more than one-half of the 
total dry weight of the original w o o d . 

T h e recovery of chemicals in tlie sulfate process involves the fol lowing 
series of s teps : (1) concentration of liquor t o a consistency at which the 
organic material it contains is in a combust ib le c ond i t i on ; (2) burning o f 
the concentrate with max imum recovery of heat and sodium salts, and 
rc^luction of so<lium .sulfate ( X a ^ S l l j ) into sodium sulfide (Xa2S); (3) c o n 
version of sodium sulfide and sodium carbonate (Na2C03 ) into caustic 

file:///oash
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soda ( N a O H ) ; and (4) separation of impurities (mud) from the sodium 
salts to form the clear white liquor used in cooking. 

When highly resinous conifers such as southern pines are pulped, the 
black liquor contains appreciable amounts of resins and fats. In some 
plants these products, known as sulfate soap, or skimmings, are allowed to 
rise to the surface of the black liquor in storage tanks. The soap is skimmed 
and when treated with an acid or sulfur dioxide yields tall oil, a dark 
oily liquid containing resin and fatty acids, from which rosin and pine oil 
may be recovered (see Chap. 20, Naval Stores, page 449, for details). 
Wliether tall oil is recovered depends on the operational conditions in a 
given plant. 

In modern plants black liquor is passed into a battery of multiple-effect 
evaporators. As the hquor progresses from one cell (called "e f fect " ) to 
another, its boiling point is lowered by reducing the pressure (with a 
vacuum pump) . Wi th this system the only heat from outside sources 
needed is that required to raise the hquor to the boiling point in the first 
effect. Steam evaporating from that cell is sufficient to boil the liquor in 
the second, since this is kept under reduced pressure. Additional effects 
are similarly operated. After the system is placed in operation it is cus
tomary to have the most concentrated hquor in the first effect and the 
fresh liquor in the last; this is because more concentrated liquor is more 
viscous and requires more heat to continue further evaporation of water. 
The concentrated liquor as it is discharged from the evaporators contains 50 
to 60 per cent of solids. In some mills it is further concentrated with high-
pressure steam in a single-cell concentrator to 70 or 80 per cent of solids. 

The concentrated liquor is pumped into a recovery furnace, of which 
there are several different types. In the older, rotary-type furnace, the 
material works gradually from the back of the furnace, which is about 
20 ft. long, to the front end. Some heat is supplied to the end of the furnace 
b y means of a firebox. However, as the concentrate moves along the fur
nace, the organic material becomes concentrated enough to support its 
own combustion. The burned ash, called black ash, is discharged from the 
front end of the furnace; it consists of a mixture of compounds, principally 
sodium carbonate (Na2C03), sodium sulfide (Na2S), and sodium sulfate 
(Na2S04). The black ash is mixed with a sufficient amount of fresh salt 
cake (Na2S04) to replace losses incurred in cooking and washing. The 
fortified black ash is shoveled into the smelters, where some of the sodium 
sulfate is reduced at high temperature to sodium sulfide, thus: 

Na2S04 + 4 C - > NasS + 4 C 0 

In modern mills the rotary furnaces and the smelters are replaced by 
single furnace chambers. In which all the recovery burning is performed. 
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Several such systems are in operation. In all these the black liquor is 
first fortified by addition of fresh salt cake and then sprayed into a furnace, 
where the organic matter is burned and a smelt, consisting of sodium salts, 
is formed. 

Regardless of the method of smelting employed, the red-hot smelt from 
the furnace is allowed to flow into a tank containing water. The resulting 
solution is calle(i green liquor, because it is usually tinted green by ferrous 
hydroxide. Green liquor consists mostly of sodium carbonate and sodium 
sulfide. Some sodium sulfide is converted into caustic soda, thus: 

NaaS + H2O N a O H -b N a S H 

Green liquor is treated with lime [Ca(0H2)], which converts sodium 
carbonate in the green liquor into caustic soda. 

NasCOg -b Ca(0H ) 2 ^ 2 N a O H -f- CaCOa 

This step is known as causticizing of soda ash. In the older mills it is 
carried on as a batch process by agitating green liquor and quicklime in 
a tank. When the reaction is completed the agitation is stopped and the 
siu(Jge, called mud, is allowed to settle out. The clear solution on the top 
of the tank is decanted, forming the white, or cooking, liquor. The precipi
tate (mvulj is then washed out and filtered in order t o recover the residual 
chemicals contained in it. 

In more modern mills the batch method of causticizing has been replaced 
with one of the several continuous systems. In these systems all the steps 
of causticizing and clarification of white liquor and washing of mud are 
carried on as a continuous process. The most widely used continuous 
system is the Dorr process. 

The clear white liquor, consisting principally of caustic soda and sodium 
sulfide, is pumped into a storage tank until needed. In some mills the 
lime left behind in the mud is reburned and used again with fresh lime in 
causticizing further quantities of green liquor. 

A t the outbreak of the Second World War, when the supply of imported 
salt cake was threatened, synthetic salt cake was introduced as a substitute. 
This product consists of an intimate fusion of soda ash and sidfur. Syn
thetic salt cake is added directly to the green liquor, thus making smelting 
unnecessary. The new method, if completely successful, promises con-
siderable reduction in costs, brought about by savings in fuel consumed 
in smelting, higher yield of sulfides, and elimination of some of the equip
ment now required in the sulfate process. Improved control over pulping 
operations, resulting in more uniform quality of pulp, is also claimed to be 
an advantage of using the synthetic product in place of the natural salt cake. 
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The sulfate process is accompanied by a very disagreeable odor, largely 
due to formation of methyl mercaptan (CH3SH). This odor is a sufficiently 
serious nuisance to result in prohibiting use of this process in heavily 
populated regions. The most practical way to reduce odors in the sulfate 
process is to pass the relief gases through a spray condenser and t o collect 
and burn all the noncondensable gases in the recovery furnace. 

(5) PROPERTIES AND U S E S OF SULFATE PULP . Sulfate pulp is a very 
strong pulp, since it is made of coniferous woods with long fibers and since 
the chemicals used in this process do not reduce the strength of fibers as 
much as those used in the acid and soda processes. The yield of pulp is 
about 45 to 48 per cent of the dry weight of wood. 

Sulfate pulp is sometimes called "kra f t " pulp (from the German, mean
ing " s t rength" ) ; the use of this term, however, should be limited to that 
subdivision of the sulfate process in which the pulp is intentionally under
cooked to produce very strong fiber. The chief drawback of sulfate kraft 
pulp is its brownish color, which restricts its use to the manufacture of 
wrapping paper, bags, and various other containers, board, and other 
products where strength is more important than color. Although ki-aft 
pulp can be bleached, the prolonged bleaching results in a reduction of 
fiber strength and is also rather expensive. There are several mills now in 
operation in the South producing bleached sulfate pulp which in some 
respects competes with bleached sulfite pulp from other regions. This 
pulp is cooked slightly softer than ordinary sulfate and is then bleached 
by the multistage bleaching process (see section on bleaching). Bleached 
sulfate pulps of exceptionally high strength are also made from spruce, 
jack pine, and hemlock in the Northern states and from spruce in 
Scandinavia. 

a. Soda Process. The soda process is much older than the sulfate process 
and is also simpler. As in the latter, the success of operations depends on 
the efficiency with which the chemicals are recovered. T h e principle of 
this process is based on the ability of caustic soda to dissolve lignin and to 
hydrolyze the noncellulosic carbohydrate components (hemicelluloses) of 
the wood. 

The active reagent in the soda process is caustic soda (NaOH) . The 
chemical reactions that take place in the formation of cooking liquor may 
be indicated thus: 

CaO + H2O ^ C a ( 0 H ) 2 

C a ( 0 H ) 2 + NaaCOs CaCOs + 2 N a O H 

T h e white lit^uor in the soda process contains also small amounts of 
sodium carbonate (Na2C03). The presence of this chemical is considered 
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undesirable, but its occurrence in white hquor is considered unavoidable 
because of the incomplete reaction between lime and soda during 
causticizing. 

( 1 ) W O O D S U S K D . T h e soda process is practically restricted t o pulping 
of hardwoods , principally aspen, c o t t o n w o o d , beech, birch, maple , red 
gum, and yel low poplar, although almost any other available hardwood 
m a y be used. Somet imes , t o produce long-fibered stock, conifers svich as 
spruce, hemlock , pine, and balsam fir are also used. The conifers require 
more alkali and longer cooking and yield less pulp than d o the hardwoods . 

( 2 ) C'ooKiNG- The stationary digesters used in the soda process are 
similar in design to those used in the sulfite process, except that, as in the 
sulfate process, they are not lined with brick. In the older soda mills, 
rotary digesters, either horizontal or spherical, were extensively used. 

In the soda process, cooking is generally carried on b y the direct-heating 
method and liquor system. M a x i m u m pressures of f rom 1 2 5 to 130 lb. 
and temperatures of from 1 6 5 to 174 °C/ . are reached as quickly as possible 
and are maintained \mtil cook ing is completed . T o d o away wi th the 
effects of false pressure due to accumulat ion of air and gases, the digester 
is relieved several times in the course of cooking. Cook ing is cont inued 
for 2 to 6 hours. 

When cooking is completed the pulp is b lown into a b low pit or a blow 
tank, where the expended cook ing liquor is allowed to drain off. Washing 
of soda pulp is generally carried on in open wash pans, rather than in 
diffusers, as is the case in the sulfate process. It is customary to wash 
the pulp first with the weak liquor f rom the previous wash ; the resulting 
liquor is ctmductcd to the recovery plant. T h e first washing is fo l lowed b y 
il hot -water l insc whi(-h fo ims the weak-l iquor wash used for the following 
cook . T h e final wash, also witii hot water, is discarded. 

( 3 ) RKCOVEUY SYSTEM . The black liquor obtained from the blow pits 
and the first wash of the pu lp contain all the organic matter dissolved in 
pidping wood , as well as most of the alkali used in cooking. This l iquor is 
conducted into a recovery plant, where it is put through multiple-effect 
evaporators similar in design and operation to those employed in the 
sulfate mills. 

T h e concentrated black liquor, containing about 6 0 per cent of solids, is 
put through a furnace, where all organic material is burned. T h e resulting 
black ash, largely a crude form of sodium carbonate (Na2C '03), is combined 
with fresh sodium carbonate t o make up the loss. Unhke the sulfate 
process, no smelting is required in the soda recover^' system. T h e ash is 
liissnlved in water and treateil with quicklime (cuusticized) b y a ba t ch or 
a continuous process similar t o that employetl in the sidfate mills. T h e 
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solution, clarified by settling, forms the white or cooking liquor; it contains 
about 10 per cent caustic soda. The precipitate (mud) is washed to recover 
residual chemicals. 

The loss of chemicals in a modern plant equals about 60 lb. of soda and 
in the older plants two to three times that amount, per ton of fiber. 

(4) YIELDS, CHARACTERISTICS, AND USES OF SODA PULP . The yield of 
soda pulp is about 45 per cent or less of the dry weight of wood. The 
resulting pulp is quite dark in color but is readily bleached to good white. 

Since hardwood fibers are short, the soda pulp produced from hardwoods 
is usually mixed in varying proportions with sulfite pulp made of coniferous 
woods. The short hardwood fibers act as a filler, with the result that paper 
containing soda pulp is more opaque and bulky. Soda pulp is used largely 
in the manufacture of book and magazine stock and in writing and ab 
sorbent papers. 

E . SEMICHEMICAL PULP 

The standard commercial processes of pulping wood result in yields of 
less than 50 per cent of the original wood by weight. In order to increase 
yield, the cooking procedure, i.e., temperature, concentration of chemicals, 
and time of cooking, can be modified so as to prevent the solution of the 
less resistant beta- and gamma-cellulose and of a certain amount of lignin. 
Following a mild cooking, the wood chips can be broken into pulp by me
chanical means in a rod mill, disk fiberizer, or some other attritional device. 
Pulps resulting from such two-stage pulping treatment are called semi-
chemical. 

Although neutral sulfite (sodium sulfite + sodium bicarbonate) is the 
most frequently used pulping agent in the production of semichemical 
pulp, other agents such as acid sulfite and modified soda and sulfate 
liquors are also used. Therefore, the general term semichemical pulp must 
be prefixed with the name of the particular agent used {e.g., neutral sulfite 
semichemical pulp). The principal difficulties in semichemical pulping 
involve adequate control of cooking and satisfactory fiberizing of the semi-
cooked chips. When the cooking is properly controlled, yields of 60 to 
80 per cent, or even higher, of the ovendry weight of the wood can be 
secured. Acid semichemical pulps are dark-colored, resembling kraft, 
while neutral types vary with the color of the wood from fight brown to 
dirty white. In spite of its color, occasioned b y a high lignin content, 
semichemical pulp is seldom bleached because of cost factors. Its principal 
use is found in the production of corrugated board. 

All woods can be reduced to semichemical pulps. The hardwoods, 
however, are considered more suitable than softwoods, because the former 
produce semichemical pulps with higher strength characteristics than would 
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be expected from their fiber lengths, while the reverse is true in the case of 
softwoods. Most of the domestic semichemical pulp is at present produced 
from chestnut wood in connection with the extraction of tannin. Other 
hardwoods, particularly red and black gums in the South and l)irch and 
aspen in the Lake states, are also gaining in importance. The greatest 
potential value of the semichemical processes lies in the opportunities they 
offer for expansion in the utilization of the low-grade hardwoods. 

F . TREATMENT OF P U L P 

Before either mechanical or chemical pulp can be converted into paper or 
shipped as such, it must undergo a series of treatments, first of which is 
screening. 

1. Screening. Screening is necessary- to remove dirt, foreign material, 
knots, and other imcooked or unbroken pieces of wood from the pulp and 
to separate fibers into different grades, based upon their size. This oper
ation is accomplished by means of a series of screens and can be divided 
into two stages: coarse screening and fine screening. 

T h e object of coarse screening in the case of mechanical pulp is to remove 
unground slabs and slivers of wood. This is accomplished by flowing the 
pulp over a grating made of iron bars set on edge, about 1 in. apart. The 
coarse material that fails to pass through the grate is removed and usually 
returned to the grinders. The pulp is then passed over sliver screens con
sisting of perforated steel plates with holes from ^ to ^ 2 1" diameter. 
The screens are either stationary or oscillating. The efficiency of operation 
depends largely on the size of the holes and thickness of the pulp stock; 
the smaller the holes and the thinner the stock, the freer of slivers wifl be 
the accepted stock. On the other hand, fine screening results in a consider
able loss of fibers through clinging of fibers to the slivers. 

The object of coarse screening in chemical pulp is t o remove uncooked 
chips and knots without breaking them into a finer fibrous mass. The 
reason for this is that the uncooked portions of the pulp arc of poor quality 
and color and if allowed to break into fibers wiU adversely affect the quality 
of the pulp. T h e chemical pulp from the storage tanks is first thinned 
with water until the content of the solid matter is about 0.75 per cent or 
less. This stock is then passed through a rotating screen having to 
3^in. perforations, thus removing unbroken pieces. 

After coarse screening, the pulp, in some mills, is passed through a 
riffler, an apparatus where sand, pieces of mineral, particles from the lining 
of the digesters, and other impurities are allowed to settle. This is accom
plished by passing the diluted pidp through a long trough, containing 
pockets of a rough felt fabric at the bottom, into which the impurities 
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settle. The riffler is placed level, the current being produced by a pump 
that draws the stock from the riffler. The velocity of flow is regulated so 
that the fibers will not settle to the bottom with the heavier impurities. 

Different grades of paper require different qualities of pulp. 7"he pur
pose of fine screening, therefore, is to separate the fibers into several 
grades according to their length and diameter. This is brought about by 
controlling (1) the size of the perforations in the screen, (2) the force used 
in passing the fibers through the screen, and (3) the consistency of the 
stock. 

Fine screens are of either the centrifugal or the diaphragm type. Centrif
ugal screens consist of a steel-plate shell containing an impeller (agitator), 
surrounded b y a cylindrical screen plate. T h e rapidly rotating impeller 
throws the pulp stock, which enters at the top or the side of the machine, 
against the screen. The centrifugal force developed by the impeller causes 
the good stock t o pass through the perforations in the screen. The accepted 
stock falls by gravity through the space between the plates and the casing 
and is carried out through a discharge spout. Stock too coarse to pass 
through the screen is thrown off the agitator and discharged at the bot tom 
of the screen. 

Diaphragm screens, also called fiat screens, consist of flat metal plates, 
perforated with slits, which form the top of a shallow box, the bottom of 
which is made of rubber diaphragms. These diaphragms are vibrated hy 
a cam mechanism which causes the diaphragms to rise and fall, thus 
creating a partial vacuum in the space under the screen plates. The oper
ation of a diaphragm screen, therefore, depends on a combination of gravity 
and suction. Enough stock is admitted at one end of the screen to keep 
the upper surface of the screen plates completely flooded. The accepted 
stock, or the fiber that passes through the screen openings, is discharged 
from the flow box under the screen, while the coarse fiber is removed at 
the tail end of the screen or battery of screens. 

2 . Thickening the Stock. The consistency of the stock after fine 
screening is from 0.25 to O.G per cent solid. The process of thickening the 
stock to 3 to 6 per cent is called slushing, deckering, dewatering, or concen
trating. Thickening is accomplished by means of a decker. There are 
many designs of deckers, but a common type consists of a cylinder covered 
with a fine-mesh wire screen, revolving in a vat into which the thin stock 
from fine screens is delivered. The pulp accumulates on the wire mesh, 
while the water runs through it inside the cylinder. T h e water thus re
moved is called white water and usually is reused in thinning the stock for 
screening. 

3 . Bleaching. Pulp as it appears after screening and slushing is off-
color. The color of pulp, at this stage of manufacture, is due to the presence 
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of small a m o u n t s of noncellulosic substances (lignin, hemicelhiloses, and 
various extractives, such as tannins and resins) that remain in pulp after 
cooking. Th('se impurities are chemically combined with the cellulose 
fib<T anrl can be removed from the pulp only by chemical treatments that 
will first dissociate them from the cellulose. T h e operation that a c c o m 
plishes this end is called bleaching. Bleaching not only whitens the pulp 
but also purifies it by removing some of the colorless noncellulosic i m 
purities which, if left in the pulp , would interfere with the subsequent 
manufacturing operations. 

Although a number of bleaching agents c a n b e e m p l o y e d , on ly a few 
are commercial ly important . In bleaching of chemical pulp the most 
imiK>rtant agent is chlorine. L'ntil 1919 it was supplied almost exclusively 
in the form of calcium hypochloriie (CaOCla) - Former ly , calc ium h y p o 
chlorite bleach was made b y agitating bleaching p o w d e r with water in an 
iron tank ; the lime and other impurities were allowed to settle and the 
clear bleach licpior containing the hypochlor i te drawn off and used in 
bleaching. T o d a y practically all the hypochlor i te used is made by al isorb-
ing chlorine in lime and allowing the undissolved lime to settle out. Per 
manganates produce pulp of good brightness, b u t the results obta ined d o 
not justify the higher cost of these chemicals. M o r e recently, chlorites 
have lieen proposed and are now being tried on a conamercial scale. 

There are in general three systems of bleaching chemical p u l p : single-
stage, tw(vstage, and multiple-stage processes. T h e choice of the system 
depenrl.s t o some extent on the process b y which the pulp was produced , 
the degree of whiteness desired, and the size of the ou tput o f the mill . 

Single-stage bleaching consists of adding bleaching liquor t o pulp stock 
in a vat where the stock can be agitated until the desired degree of whiteness 
is attained; the soluble waste products are then washed f rom the pulp . 
In tlie case of the sulfite and soda pulps the chief drawbacks of the single-
stage bleaching are the excessive consumption of bleach required to bring 
the tU'sircd results and the deterioration of the fiber that may result if b leach
ing is prolonged. Sulfate pulp can be bleached only t o a l ight-brown 
shade by the single-stage procedure. 

T h e excessive consumption of bleach in the single-stage m e t h o d can be 
considerably reduced b y employ ing two-stage bleaching. When pulp is 
bleached, some of the oxidation products dissolve long before the desired 
whiteness is attainetl; these dissolved prmlucts, however , continue to c o n 
sume bleacli. In the two-stage method the oxidation products are re-
move<l by an intermediate washing of the p\ilp, and therefore less bleach 
is required. Some improvement in the strength of pulp m a y also result 
because tif the lower concentration of the bleach used. Although in some 
phuits calcium hypuchioritc is employed in both stages, a more c o m m o n 
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procedure calls for chlorine-hypochlorile bleaching. In this method, in 
the first stage, chlorine gas is injected into the pulp suspension and is 
allowed to act until exhausted- The pulp is then neutralized with caustic 
soda and washed; this treatment removes nearly all residua! lignin and 
most of the color. It is then subjected to the second stage of bleaching, 
consisting of treatment with a weak solution of calcium hypochlorite. 
It has been found by experience that up to a certain point more color can 
be removed per pound of chlorine used if chlorine gas is employed in place 
of bleaching powder. However, to obtain satisfactory whiteness the pulp 
must be subjected to a final treatment with the calcium hypochlorite. 
In the case of sulfate pulp, when whiteness comparable to the bleached 
sulfite pulp is required, caustic extraction is substituted for neutralization 
with lime, following the first-stage chlorination. This treatment serves to 
extract tannin-base dyes which are not affected by chlorination. 

The multiple-stage procedure was devised to replace the single-stage 
technique, using calcium hypochlorite as the active bleaching agent. 
Multiple-stage bleaching did not bring about any marked improvement 
in the properties of pulp, but it did result in considerable economy in the 
consumption of bleaching agent. In this country this process has been 
largely abandoned in favor of the two-stage method. 

The bleaching of groimdwood presents considerable difficidty because 
groundwood contains nearly all the original cell-wall constituents. In the 
past a considerable tonnage of groundwood was brightened with calcium 
and sodium bisulfite, sulfur dioxide, and similar reducing agents. The 
color of mechanical pulp so bleached gradually darkens, due to atmos
pheric oxidation. More recently a more satisfactory bleach of ground-
wood has been obtained with sodium peroxide. Bleached groundwood is 
used chiefly in lightweight paper t o increase opacity without appreciably 
decreasing the tensile strength of the paper. 

4. Lapping. If the pulp is not used immediately at the mill but prepared 
for shipment or storage, it is necessary to extract most of the water from 
the screened stock and make the pulp into sheets which can be placed in 
bundles, or laps. This further extraction of water is called lapping. The 
machine b y means of which pulp is lapped is called the wet press. It con
sists of a cylinder and a vat similar to that used in a decker. The pulp 
formed on the cylinder is picked up by an endless felt belt and is passed 
through a series of squeeze rolls. A smooth roll atop the felt collects pulp 
from the felt. When sufficient pulp thickness is built u p upon the roll, 
the pulp is cut so that it comes off the roll as a rectangular sheet. This 
sheet is placed on a table in front of the press roll and folded to make a 
sheet of pulp about 18 by 24 in. The folded sheets of pulp are called laps; 
they contain 55 to 70 per cent water by weight, based on the air-dry 
weight of the pulp. 
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G . U S E O F O L D P A P E R I N PAPER\L\.KING 

Several mill ion tons of old paper (about nine million in 1951) are used 
annually in the manufacture of pulp and paper in this country . T h e 
reasons for the extensive use of o ld-paper stock are (1) the immense supply 
available, (2) the low cost of material , (3) the low cost of convert ing the 
stock into pulp , and (4) the high quality of the resulting product . 

T h e largest tonnage of o ld-paper material is remade into board , such 
as container box and wallboard, also into roofing, wrapping, and bag papers 
and newsprint. T h e old-paper stock used for these products consists 
chiefly of paper containing mechanical pulp such as newsprint, old box 
boards, also wrapping paper and other grades of paper unsuited for eon-
version into better grades of paper. T h e best grades of old paper, free 
from mechanical pulp, are carefully sorted out and are used in the m a n u -
fufdure of book , printing, and WTiting paper. T h e percentage of old stock 
paper in these papers m a y range f rom 10 t o 8 0 per cent of the total pu lp 
content . 

In convert ing old paper into boards and roofing material, the stock is 
fiberized by beating it with white water * in a breaker-beater system 
consisting of a large concrete tub containing a revolving roll equipped with 
bars. In another system old papers are cooked with white water in a 
rotary boiler for 2 t o 3 hours at 3 0 - t o 40-lb. steam pressure. Often no 
j i t l cmpt is niade to remove ink from old papers, since the color of the pulp 
is of secondary importance in these products . 

Old paper stock used in the manufacture of better grades of papers is 
converted into pulp either b y chemical methods or more frequently b y 
a combinat ion of chemical and mechanical methods ; only papers made of 
chemical pulp are used for this purpose. In the chemical method old paper 
is shredded and c o o k e d with caustic soda or s oda ash solutions, in either 
open or close<l stationary tanks. This treatment breaks up the ink, which 
iji then removed by washing. In the systems employ ing combined chemical 
and mechanical actions, shredded o ld-paper stock is also c ooked with 

• Wiifh wiiter roturiu'd in^m other parts of the mill, aft«r most of the fibers are strained 
out of it. 

K further reduction in the water content of the lap is desired, the wet 
pulp is piled on a truck and run through a hydraulic press, where it is 
subjected to a pressure up to 3,000 p.s.i. T h e pressed lap contains 40 to 
50 per cent water by weight. W h e n pulp with less than 40 per cent is 
desired it is put through a drier, of which there are t w o types in general 
use: ( I ) the cyl inder t y p e and (2) the Fourdrinier. These machines are 
similar to those used in papermaking and are described in the section 
dealing with paper manufacture . 
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n. PAPER MANUFACTURE 

A. BEATING 

Paper manufacture begins with the operation called heating. In this 
operation the fibrous material (pulp) suspended in water is given a me
chanical treatment which results in cutting, splitting, and crushing of 
the fibers. The beaten stock acquires a characteristic slimy feel and is 
transformed into a compact and uniform mass of pulp which can be spread 
into sheets of desired characteristics; its ability to retain water when 
allowed to drain is considerably increased, and the fibers develop a property 
of strong adhesion when alloired to dry in contact with each other. Some 
chemists hold the opinion that in addition to purely physical changes, 
beating also produces a chemical change which results in the formation of 
a certain amount of "hydrated" cellulose, a gelatinous mass which acts 
somewhat as a binding material and tends to increase the tensile and 
bursting strengths of the paper by cementing the crushed fibers together. 
This latter view has not been substantiated by any experimental evidence. 
C l a r k e , i n an attempt to reconcile all the known phenomena resulting 
from "beat ing" of the stock, has postulated a composite hypothesis which 
recognizes (1) loosening of the primary wall and "fuzzing" of the under
lying cell-wall structures, thus enabling the wood elements to interlock, 
(2) deformation of the fiber, allowing better fit among the neighboring 
fibers, and (3) the creation of smaller bodies which can fit in the spaces 
between the fibers, thereby further increasing contact between them. The 
actual adhesion of the modified fibrillar structure of the pulp may be 
regarded as a chemical bond between the molecules of the \vater and the 
fiber surfaces which they contact. 

1, The Beater, Beating is done in a beater, of which there are many 
types. The most prevalent is the Hollander or its numerous modifications 
(also called the breaker beaters, or pulpers, when used for breaking dried 
sheets of pulp) . A typical beater of the Hollander type (Fig. 15-11) con
sists of a large open tub, 15 to 25 ft. long or more, 6 to 11 ft. wide, and 2 } ^ 
to 5 ft. deep, built of wood, concrete, or cast iron. A central partition, 
called the mid-feather, extends to within 2 or 3 ft. of each end of the tub ; 
this partition allows a continuous flow of the pulp around the tub in one 
direction. On one side of the tub, between the partition and the wall of 
the tub, is a roll mounted on a shaft. Beneath the roll is a metal bedplate; 

caustic soda or soda ash solutions but in closed rotary boilers. It is claimed 
that this method is more economical, removes ink more completely, and 
produces a more uniform grade of pulp. 

file:///vater
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b o t h are equipped with metal bars or knives. An integral part of the 
lieater is tlie hnrkfaU, shaped on one side t o conform to the curve o f the 
(jeater roll and .sloping steeply on the other side. As the roll revolves, the 
pulp passes between the roll and the plate and is throwTi over t h e back
fall, forming a head and causing the stujf to travel away from the roll, 
around the tub, and back to the roll again. 

'l"he Hollander beater is criticized o n a number of points, chief among 
which are large power consumption per ton of product, poor and uneven 

I-10. 15 -11 . Ueiiter. To ti'iJuee tlio libeis in size so they will form a close, firm sheet, the 
pulp is iiiixed with water uiid beaten for lioiirs between metal bar.s. Sizing and color are 
added here. (.Courttsi/ Hamnurmill Paper ('omjmny. Erie. Perinsylvauia.) 

mixing of stuff, lack of ready contro] over the beating action, and necessity 
for large floor space. Attempts to correct these defects have resulted in 
numerous variations of the Hollander type, as well as in a number of 
sptM'ial types of beaters, radically departing in design from that of the 
breaker beaters. At present, various modifications of the Hollander still 
constitvite tlie greater number of beaters. 

One special t>'pe of beater used for beating dried pulp is known as the 
knetiiiing pulper. In this machine, breaking is accompii.shwl by .some form 
of a kneader, adopted from the breadmaking industry. The kneading 
pulpcr is sometimes combined with an open tub to provide a soaking 
jK 'riod; (his moiiel is known as ' 'Tugboat Annie . " When combined with 
u refiner the machine is called "Barnacle B i l l " by the manufacturer. 
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2. Loading and Sizing. At this stage of paper manufacture various 
products are added to the stock in the beater in order to reduce the absorb
ent quahties of the pulp and to produce a smooth-finished paper surface. 
Paper made of pure fiber would be so soft and absorbent that it could not 
be used for writing or printing. An example of such a paper is filter paper. 
A thin sheet of such paper would also be so transparent that writing or 
printing covdd be read from the other side of the sheet. T h e various 
materials which are added to pulp stock in the beater are called fillers 
and sizing. 

Fillers are mineral substances, of which the most common are clay, 
talc, agalite, crown filler, and pearl filler, the last two being proprietary 
compounds the main constituent of which is calcium sulfate. More 
expensive fillers include titanium dioxide, zinc sulfide, and similar highly 
opaque materials. The fine particles of the filler occupy the spaces between 
the fibers, making the resulting paper smooth and opaque. The addition 
of a filler to pulp is called loading, or filling; the latter term is preferred 
because the former suggests adulteration. Although this was true to some 
extent in the past, in modern papermaking, fillers are added because they 
improve the opacity of the paper, prevent "show- and strike-through" and 
give more " b o d y " to the sheet. T o o much filler tends to decrease the 
strength and to increase the softness of the paper, while too little results in 
formation of paper with a poor surface and with excessive hardness. If 
fillers are not properly "anchored" in the paper, they will cause dusting.^^-^^ 

In addition to fiUmg, most papers are sized, to make them less absorbent 
to ink and moisture. This is accomplished by adding some water-repellent 
material which will coat the fibers and fill in the spaces between with a 
varnish-like substance. An example of paper that has not been sized is 
blotting paper, which is entirely unsuited for writing. The most common 
materials used in sizing are rosin and wax. Rosin is first added to a hot 
soda ash (NaaCOa) solution and the mixture cooked for 4 t o 6 hours with 
constant stirring. This causes the rosin to saponify, the resulting product 
being a thick fluid called rosin soap. The rosin soap is then diluted until 
an emulsion is formed. This emulsion is introduced into the beater, and 
a certain amount of alum (aluminum sulfate) is added. The chemical 
reaction which follows produces curdling of the rosin size, which is then 
deposited on the fibers in the form of very small particles. Of the wax 
sizes, paraffin is the most commonly used; it is introduced into the beater 
in the form of a water emulsion. 

Some types of paper, in place of the internal sizing just described, are 
given surface sizing. The term surface sizing includes any treatment 
given to the web after its formation on the wet end of the paper machine; 
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it is designed to improve the surface characteristics and t o reduce the a b 
sorptive properties of the paper. A secondary effect of surface sizing is 
the increase in bursting strength of a paper. The most widely used mate 
rials in surface sizing are gelatine glues and starch. 

3. W e t Strength. One of the most characteristic properties of ordinary 
paper is loss of strength when a sheet of paper is wetted. Complete ly wet 
paper c a n b e disintegrated into pulp b y little mechanical act ion. If we t 
paper is al lowed to dry without being disintegrated, it will regain much 
of its original strength. T h e proport ion of original strength that a paper 
retains when complete ly wet is termed its wet strength. 

Papers retaining a high per cent of their dry strength when wet are called 
wet-strength papers. A clear distinction should be made between the wet 
strength and the water repellency of a paper. True wet strength is exempli 
fied by highly absorl^ent papers which permanent ly retain much of their 
dry strength when completely saturated. In contrast , water-repellent 
sheets m a y resist initial penetration of water but will retain their strength 
only for as long a t ime as is required for moisture t o permeate the entire 
fibrous structure of the sheet. Of course, paper with high w'et strength 
and also good water-repellent characteristics could be produced . 

Vegetable parchment is the o ldest t y p e o f wet-strength paper . Parch
ments are produced by treating sheets of paper with strong sulfuric acid 
for a brief period of time. T h e paper is then washed and the acid neutral
ized. T h e resulting sheet is resistant t o boiling in water and h o t acid and 
alkali solutions. Other wet-st iength processes in use for m a n y years are 
(1) tub sizing of paper with glue or gelatine, fol lowed b y a hardening action 
with alum or formaldehyde, and (2) the incorporation into a paper of 
regenerated cellulose made b y the viscose method . 

T h e advent of synthetic resins and their introduct ion into papermaking 
has resulted in the product ion of papers with vastly improved wet-strength 
characteristics. T h e new processes have to a large extent replaced the 
older methods and have resulted in the extension of the use of wet-strength 
papers into a variety of new products . 

Of a large number of synthetic resins proposed for use in the manufac 
ture of wet-strength papers, the urea and melamine resins are considered 
outstanding. As described in U.S. Patent 2,325,302, the mechanism of 
producing the wet-strength papers consists in introducing 

. . . into the (•ellulose structure rcsin-forming ingredients either in the unreacted, 
the un polymerized, or the partially reacted state, and thereafter the reaction or 
completion of the reaction between these ingredients is effected to produce the de
sired result. The materinls from which the fin.il resin is formed should enter the 
cellulose structure in the form of a water solution, and for this condition to be ful-

http://fin.il
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Fio, 15-12. Jordan. (Courtesy Shartle Bros. Machine Co., Middletown, Ohio.) 

the p a p e r m a c h i n e . T h e resins are a d d e d in a m o u n t s of less than 5 per 
cent , s ince larger quant i t ies d o n o t increase the wet s trength a n y further , 
a n d in the case of urea resins, result in apprec iab le loss in tearing strength 
a n d increase in britt leness . 

M e l a m i n e - t r e a t e d p a p e r retains its wet s trength wi th age l onger t h a n 
papers t reated wi th urea resins. T h i s is d u e t o t h e greater resistance of 
m e l a m i n e resins t o hydro lys i s . 

4 . C o l o r i n g . S ince the natural c o l o r of paper p r o d u c e d e v e n f r o m 
b l e a c h e d p u l p is ye l lowish , m o s t papers are c o l o red . W h i t e p a p e r is 
p r o d u c e d b y a d d i n g blue t o neutral ize the y e l l o w , and o ther shades are 
o b t a i n e d b y a d d i n g an a p p r o p r i a t e d y e or p i g m e n t t o the p u l p in t h e 
b e a t e r or b y a p p l y i n g it d i rec t ly as a c oa t ing t o p a p e r surfaces . 

P i g m e n t s inc lude all co lor mater ia ls w h i c h are insoluble in w a t e r ; t h e y 
are d e p o s i t e d o n the surface of the fiber b u t d o n o t penetra te into the cell 
wal l and are he ld in the p a p e r b y m e c h a n i c a l m e a n s wi th the aid of size 
a n d a l u m . M o s t of the p igments are mineral co lors . P i g m e n t s are fast 
t o l ight b u t p r o d u c e a dull surface . T h e d y e s penetra te into the cel l -wall 

fiUeil. the materials should be in the form of compounds of relatively low molecular 
weight. . . . These materials having penetrated the cellulose structure are caused 
to undergo a condensation or polymerization . . . as a result of the application of 
heat in the presence of a catalyst, and this reaction results in the fornuition within 
the cellulose structure of a water-insolvible rerin, the presence of which, particularly 
in that part of the cellulose structure where two fibers have been dried in contact 
with each other, has the result of rendering the cellulose bond substantially tio-
affected by water. 

S y n t h e t i c resin m a y he a d d e d t o p u l p e ither in the beater or in the t u b , 
or the sheets of p a p e r m a y be i m p r e g n a t e d dur ing their passage t h r o u g h 
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s t ruc ture of the fiber. M o s t of the p a p e r m a k i n g d y e s b e l o n g t o the anil ine 
g r o u p of d y e s a n d are c lassed as direct d y e s , basic d y e s , a n d ac id d y e s . 
T h e d i rec t d y e s m a y be used w i t h o u t tiio a id of m o r d a n t s ; the basic co l o rs 
are p r e c i p i t a t e d f rom so lut ion b y the a d d i t i o n o f an a lkal i ; while a c i d 
co l o rs require a d d i t i o n of an ac id m o r d a n t . In general , the d irect co l o rs 
h a v e less t inctor ia l p o w e r , b u t t h e y are faster t o light than e i ther the b a s i c 
or the ac id co lors . 

I-tesults o b t a i n e d b y co l o r ing are great ly a f fected b y a n u m b e r of f a c tors , 
inc luding the t y p e of p u l p t o b e c o l o r e d , the degree of beat ing , sizing a n d 

I M G . 15-i;i . Jordan plug, {(.'oiirlcs!/ HfMrtle Bms. Machine Co., Middlelown, Ohio.) 

filling, and the c l iaracterist ics of the water . C o l o r m a t c h i n g is, therefore , 
o n e of the m o s t e x a c t i n g opera t i ons , requir ing a t h o r o u g h unders tand ing 
of c o l o r react ions a n d consit lerable ingenu i ty o n the part of the co lor 
tec l inic ian. 

5. Re f in ing . W h e n p u l p ha.s been beaten a n d all the ingredients t h a t 
g o into the m a k i n g of p a p e r a d d e d , the beater furnish is usually passed t o 
a refining m a c h i n e called a Jordan (F ig . 1 5 - 1 2 ) . T h i s m a c h i n e cons is ts 
of a ct)ne-.shaped shell bear ing bars o n the interior surface a n d a c o n e -
shaped , revo lv ing phig (Fig . 1 5 - 1 3 ) , wh i ch fits into the shell a n d is also 
e q u i p p e d wi th bars . T h e p u l p is f ed into the J o r d a n in t h e f o r m of a 
very d i lute suspens ion a n d , as it passes be tween the t w o sets of bars , is 
g iven a refining t r ea tment . T h e s t o c k is then ready for fabr i ca t i on i n t o 
paper . 
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B. T H E FOURDRINIER PAPER M A C H I N E 

T h e modern papermaking machine (Figs. 15-14 and 15-15) , frequently 
called the Fourdrinier, may be divided into four parts for convenience of 
description: (1) the Fourdrinier, or wet end, (2) the press section, (3) the 
drier section, and (4) the calender end. 

In the Fourdrinier end the prepared pulp stock, consisting of about 
}4tol per cent fiber and the rest water, is conducted from a flow box onto 
an endless fine-mesh wire screen. The moving screen is given a sidewise 
shaking motion, and as the stock travels along it some water drains through 
the mesh, leaving on the wire screen a felt of interlocked fibers called the 
web. In order to remove more water from the wet stock, the Fourdrinier 
end is equipped with suction boxes or rolls, in which a vacuum is created 
by means of suction pumps. This removes enough water to ensure the 
paper against being crushed by the press rolls. 

When a watermark is desired on the paper, this is usually accomplished 
in the Fourdrinier part of the paper machine by means of a dandy roll. 
A dandy roll is a skeleton roll 7 to 24 in. in diameter, covered with wire 
cloth, upon which the design is worked in fine wire or to which brass letters 
are attached. The dandy roll runs freely on the surface of the wet paper, 
exerting pressure equal to its own weight. The raised design on the roll 
makes the wet paper thinner in places where the design comes in contact 
with it. The outline left on the paper shows clearly when the finished 
paper is held against the light. 

Next the wet sheet of paper is carried on a woolen belt, commonly called 
feU, through the press section of the machine. T h e press consists of a series 
of rolls through which the paper passes. Before entering the presses the 
sheet of paper contains about 90 per cent water. The object of the presses 
is t o squeeze out as much water as possible without injury to the wet 
sheet. As the paper leaves the presses it contains 60 to 70 per cent water. 

The wet paper is then carried over the surface of steam-heated, cast-iron 
cylinders called driers. In the course of the passage of the paper over the 
driers the water content is reduced to from 7 to 10 per cent of moisture 
based on dry weight. The size and number of driers and their arrange
ment depend on the speed of the machine and the product manufactured. 
It is customary to allow one 48-in. drier for every 20 ft. per minute of 
paper speed for newsprint stock. Better grades of paper require more 
drying surface. 

The remainder of the paper machine is comprised of calenders, slitters, 
and winders. T h e calenders consist of a set of very smooth and heavy 
rolls, between which the paper is passed. The weight and friction of these 
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rolls imparts t o the paper a smooth finish, which varies according to the 
pressure exerted. As the paper leaves the calenders it is wound on a reel. 
When one reel is full, the sheet is broken and led to a second empty reel, 
where winding is continued. The paper from a full reel is then rewound 
on winders. As it passes from the reel, the original wide sheet of paper is 

Fia. 15 15. .Mudcni Fourdrinier paper r.iacliiin', {<.\>inlt»i, Thi Sursprud tiervict- Bureau 
\ew York.) 

slit into strips of the desired width by means of revolving disks, or slitters. 
The paper rolls from the winders are then wrapped and ready for shipment. * 

C. T H E C Y L I N D E R P A P E R M A C H I N E 

Another standard paper machine is known as the cylinder paper machine. 
It was invented by John Dickinson of Germantown, Pennsylvania, in 
1809. The essential feature of this machine is a perforated, hollow brass 
cylinder covered with wire mesh. There may be one or several cylinders, 
depending on the product manufactured. The cylinders are partially 
submerged in vats which contain diluted paper stock. As they revolve, 
a thin film of paper stock forms on the wire mesh. The water, draining 
from the stock through the wire surface, is removed through hollow trun-

• A modern newsprint paper machine produces a sheet of paper a httle more than 300 
in. wide at a rate of 1,200 ft. per minute, or about 30,000 sq. ft. of paper a minute. A 
modem kraft-board machine produces lining board for corruRated cartons at a rate of 
about 2oO sq. ft. a second, or 15,000 sq. ft. a minute and 25 million square feet in 24 hours 
of operation, an equivalent of about 525 tons of produce a day. .At the other end of the 
scale are the tissue-paiH-r machines, which produce a sheet of paper 72 in. wide at a rate 
of 100 ft. a minute, or alxiut 2 tons of paper a day. 
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nions in the axis of the roll. The wet stock is picked off the mesh by the 
underside of an endless felt which passes over the unimmersed portion of 
the cylinders. The ability of the felt to pick up the wet pulp is due to 
the fact that wet stock, ivhen in contact with two surfaces, always sticks 
to the smoother surface, in this case that of the felt. 

If there is more than one cylinder, the felt continues to travel, and passing 
over the second cylinder picks up another layer of wet pulp, which sticks 
to the first layer. The number of laminations thus formed is limited only 
by the number of cylinders used. The first and the last layers formed are 
called the liners and are usually composed of a better grade of paper stock, 
which may contain coloring matter; the interior layers, or the fillers, are 
usually made of a poorer grade of stock. The paper or board is then 
ipassed through a number of pressure rolls and drying cylinders and through 
,a calender, similar to those of the Fourdrinier paper machine. 

The one-cylinder machine is exceptionally well adapted to the making 
of tissue papers and the multieylinder machines to the manufacture of 
laminated products such as boards and bristols. 

D . SPECIAL P A P E R M A C H I N E S 

There are two other papermaking machines used for special purposes. 
They are the Harper Fourdrinier and the Yankee machine. The Harper 
Fourdrinier is used for making lightweight papers, especially tissue, crepe, 
and cigarette papers. It differs from the standard Fourdrinier machine in 
that the Fourdrinier, or wet, end of the machine is I'eversed end for end, 
so that the flow box is between the Fourdrinier and the press rolls. This 
arrangement allows a longer r\m of felts carrying wet paper before the 
latter enters the presses. 

The Yankee machine is designed for making machine-glazed papers, 
with a glossy finish on one side only. This machine has a wet end of either 
the cylinder or the Fourdrinier type. It differs from the standard machines 
in the method of drying. The Yankee machine employs only one large 
drier, 9 to 15 ft. in diameter, with a highly polished surface. Pressing of 
the wet paper b y means of rolls against the surface of the drier imparts 
a fine-glazed surface to one side of the paper. 

E . CLASSIFICATION OF PAPER PRODUCTS 

There are many different types of paper and board, but for statistical 
purposes these are usually combined in several general groups. * 

* For complete classification and definitions of papt-r and paper products, see: The 
Dictionary of Paper. .American Paper and Pulp Association. New York. 1940. 
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1. Papers . Absorbent papers is a term applied to papers with a high 
absorbent qual i ty , such as blott ing and filter papers and paper toweling. 
These papers are spongy , loosely fitted, and unsized. Higher grades of 
absorbent papers are m a d e of soft rags; the lower grades contain most ly 
w o o d fifjer. 

Book paper is coated or uncoated printing paper for books , magazines, 
catalogues, etc . T h i s grade of paper is made of a mixture of bleached 
sulfite and bleached soda pulp , used in various proportions. 

Building papers is a general term appUed to thick paper made of old 
stock consisting of rags, wool , old papers, etc . , sometimes mixed with 
asbestos. Building papers include sheathing papers used in house con 
struction a.nd felt papers used either as such for heat insulation or saturated 
with tar or asphalt as a roofing material. 

Hanging or wuKpaper is used for papering walls and ceilings. I t is m a d e 
in the same way as newsprint but in heavier sheets. M o s t grades consist 
of 75 to 89 per cent g roundwood and the remainder unbleaclted sulfite. 

Newsprint is a class of paper developed for neuspapcrs and other print 
purpo.ses where permanency is not required. It is made of 80 to 90 per 
cent g roundwood and 10 to 20 per cent unbleached sulfite. 

Tissue is a geneml term used to indicate a class of papers made in weights 
lighter than 15 lb. per ream, containing 480 sheets, measuring 24 by 36 in. ; 
it inclutlcs such papers as carbon (rag and bleached chemical pu lp ) , cig
arette (flax), and toi let papers (groundwood a n d chemical pu lp ) . 

Wrapping papers is a term applied to s t iong papers used for wrapping, 
paper bags, liners, etc . Depending on the grade, they are made of ground-
w o o d , semichemical , sulfite, or sulfate pulp, also jute , old rags, and waste-
paper. Kraft paper is a wrapping paper made whol ly or principally of 
sulfate, or kraft, pulp . 

Writing paper is a class of papers with a good writing surface; includes 
bonds, ledgers, envelopes, drawing, and similar types of paper. Depending 
on the grade, it varies f rom all rag, or combinat ion of rag, bleached sulfate, 
and kraft, in the best grades, t o sulfite and soda or o ld paper in the poorer. 

2. Boards . Box board is made largely of old paper and u.'̂ ed for the 
manufacture of paper boxes . 

Bri.-itol boa?-d is paperboard used for di-awing puiposes , index and playing 
cards, etc . I t is made of a mixture of sulfite and soda pa lp , or in the higher 
grades, of 100 per cent rag. 

Fell is a group of thick, soft boards possessing high absorbent qualities, 
made of rags and old paper. I 'sed for insulation, especially in refrigerators 
and refrigerating cars. 

Fiber bnilding boards is a term applied to a group of building materials 
which includes (1) wallboards and (2) insulating boards. Wal lboards are 
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nions in the axis of the roll. The wet stock is picked off the mesh by the 
underside of an endless felt which passes over the unimmersed portion of 
the cyhnders. The ability of the felt to pick up the wet pulp is due to 
the fact that wet stock, when in contact with two surfaces, always sticks 
to the smoother surface, in this case that of the felt. 

If there is more than one cylinder, the felt continues to travel, and passing 
over the second cylinder picks up another layer of wet pulp, which sticks 
to the first layer. The number of laminations thus formed is limited only 
by the number of cylinders used. Tiie first and the last layers formed are 
called the liners and are usually composed of a better grade of paper stock, 
which may contain coloring matter; the interior layers, or the fillers, are 
usually made of a poorer grade of stock. The paper or board is then 
:passed through a number of pressure rolls and drying cylinders and through 
a calender, similar to those of the Fourdrinier paper machine. 

The one-cylinder machine is exceptionally well adapted to the making 
of tissue papers and the multieylinder machines to the manufacture of 
laminated products such as boards and bristols. 

D . SPECIAL P A P E R M A C H I N E S 

There are two other papermaking machines used for special purposes. 
They are the Harper Fourdrinier and the Yankee machine. The Harper 
Fourdrinier is used for making lightweight papers, especially tissue, crepe, 
and cigarette papers. It differs from the standard Fourdrinier machine in 
that the Fourdrinier, or wet, end of the machine is reversed end for end, 
so that the flow box is between the Fourdrinier and the press rolls. This 
arrangement allows a longer run of felts carrying wet paper before the 
latter enters the presses. 

The Yankee machine is designed for making machine-glazed papers, 
with a glossy finish on one side only. This machine has a wet end of either 
the cylinder or the Fourdrinier type. It differs from the standard machines 
in the method of drying. The Yankee machine employs only one large 
drier, 9 to 15 ft. in diameter, with a highly polished surface. Pressing of 
the wet paper b y means of rolls against the surface of the drier imparts 
a fine-glazed surface to one side of the paper. 

E . CLASSIFICATION OF PAPER PRODUCTS 

There are many different types of paper and board, but for statistical 
purposes these are usually combined in several general groups.* 

* For complete classification and definitions of paper and paper products, see: The 
Dictionary of Paper. .-Vmerican Paper and Pulp Association. New York. 1940. 
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1. Papers . Absorbent papers is a terra appUed t o papers with a high 
absorbent qnaUty, such as bUjtting and filter papers and paper toweling. 
These papers are spongy , loosely fitted, and unsized. Higher grades of 
absorbent papers are made of soft rags; the lower grades contain most ly 
w o o d fiber. 

Book paper is coated or uncoated printing paper for books , magazines, 
catalogues, etc . This grade of paper is made of a mixture of bleached 
sulfite and bleached soda pulp , vised in various proport ions . 

Building papers is a general term applied to thick paper made of o ld 
stock consisting of rags, wool , old papers, etc . , sometimes mixed with 
asbestos. Building papers include sheathing papers used in house con 
struction and felt papers used either as such for heat insulation or saturated 
with tar or asphalt as a roofing material. 

Hanging or wallpaper is used for papering walls and ceilings. It is made 
in the same w a y as newsprint but in heavier sheets. M o s t grades consist 
of 75 to 89 per cent g roundwood and the remainder unbleaclicd sulfite. 

Newsprint is a class of paper developed for newspapers and other print 
purposes where permanency is not required. It is made of 80 to 90 per 
cent g roumlwood and 10 t o 20 per cent unbleached sulfite. 

Tissue is a general t erm used to indicate a class of papers made in weights 
lighter than 15 lb. per ream, containing 480 sheets, measuring 24 by 36 in. ; 
it includes such papers as carbon {rag and bleached chemical pu lp ) , cig
arette (flax), and toilet papers (groundwood and chemical pu lp ) . 

Wrappitig papers is a term applied to strong papers used for wrapping, 
paper bags, liners, etc . Depending on the grade, they are made of ground-
woo<l, semichemical , sulfite, or sulfate pulp, also jute , o ld rags, and waste -
paper. Kraft paper is a wrapping paper made whol ly or principally of 
sulfate, or kraft, pu lp . 

Writing paper is a class of papers with a g o o d writing surface; includes 
bonds , ledgers, envelopes, drawing, and similar types of paper. Depending 
on the grade, it varies from all rag, or combinat ion of rag, bleached sulfate, 
an<l kraft, in the best grades, t o sulfite and soda or old paper in the poorer. 

2. Boards , Box board is made largely of old paper and used for the 
mamilacturc of pai)er boxes. 

Bristol board is paperboard used for drawing purposes, index and playing 
curds, etc . It is made of a mixture of sulfite and soda pulp , or in the higher 
grades, of 100 per cent rag. 

Felt is a group of thick, soft boards possessing high absorbent qualities, 
made of rags arul old paper. Used for insulation, especially in refrigerators 
and refrigerating curs. 

Fiber building boarda is a term applied to a group of building materials 
which includes (1) wallboards and (2) insulating boards. Wal lboards are 
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used in place of lath and plaster for wall, ceiling, and partition finish in the 
interior of houses. The primary characteristics of building boards are 
rigidity, nonwarping with changes in atmospheric moisture, light weight, 
and good finishing surface, but they may also have high insulating value. 
Insulating boards are made largely for heat and sound insulation of build
ings; however, they may also have a surface suitable for interior finish. 

The composition of building boards varies with the type of board but 
may include groundwood, unbleached sulfite, old-paper stock, lumber 
residue, straw, cornstalks, bagasse, and other materials. One type of 
wallboard is made by laminating several plies of heavy paper, using sodium 
silicate as an adhesive, and waterproofing the outside layers. In addition 
to wallboard, the trade recognizes plasterboard, which is unsized wallboard 
covered with regular wall plaster, and gypsum board, made by rolling plaster 
of paris between sheets of heavy wrapping paper. 

• m. PXJLP AND PAPER INDUSTRY 

The location of a pulp and paper plant is determined mainly by four 
considerations: availabihty of raw material, power, water, and the prox
imity to markets for the finished products. The ideal location would be 
where all of these factors are favorable. Since this is seldom possible, 
the tendency is to locate the plant close to the source of the raw material, 
because it is more profitable to ship a smaller bulk of finished products 
than to bring in a much larger bulk of raw materials over long distances. 
This situation exists in Canada, in the South, and to a lesser degree in the 
Far West. In all these regions, though pulp and paper plants are located 
close to the vast wood resources, they are far removed from the main con
sumers of their finished products. On the other hand, there are numerous 
paper mills in this country, especially in the Central states, that are located 
far from any source of raw material. The original locations of these plants 
may have been determined years ago by availability of labor and power, 
proximity of markets, or personal preferences of the owners. It is impor
tant to remember that because of high investment in fixed a.ssets,* pulp 
and paper plants cannot be dismantled and moved to another location. 
This explains why in the older regions, particularly in New England, 
there are numerous plants originally built close to the local sources of 
raw material but now operating almost exclusively on pulpwood or pulp 
imported from other regions of the United States or from abroad. 

The selection of a site for a pulp and paper mill is governed to a large 
extent by consideration of the accessibility to means of transportation 

• A self-containing pulp mill requires aa initial investment of more than $60,000 per 
ton of daily output, exclusive of forest \ajids-

file:///ajids-
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and the availabjhty of an adequate water supply of good quality; the 
latter consideration is particularly important because of the large volume 
of pure water required in pulp and paper manufacture. The quantity of 
water used varies with the kind of pulp and paper made, ranging from 
20,000 gal. per ton of groundwood to 150,000 gal. per ton of bleached 
sulfite, and from l5,(XKi gal. per ton of book paper, where white water is 
efficiently reused, to as high as 200,000 gal. per ton of paper in mills using 
large quantities of rags. The average paper mill requires 30,000 to 50,000 
gal. of water per ton of finished paper. Jn the case of the sulfite pulp mills, 
an added reason for locating plants near a body of water was the universal 
practice of uater disposal of the vast quantities of sulfite waste liquor. 
With passage of antipollution regulations in many sections of the country, 
this practice is, however, being gradually discontinued. 

A . REGIONAL DISTRIBUTION OF P U L P AND P A P E R INDUSTRIES IN THE 

U N I T E D STATES 

Pulp and paper industries in the United States are concentraxed in four 
regions: (1) the Northeastern, including New England, New York , Penn
sylvania, and New Jersey; (2) the Lake states and Central region; (3) the 
Southern; (4) the Pacific Coast (Fig. 15-16) . These regions vary greatly 
as to the species of wood used, the supply of pulpwood available, the 
principal types of pulp manufactured, and the problems of conversion and 
distribution of pidp and pidp products. 

1. Northeastern Region. Pulp and paper production in this region is 
concentrated mainly in New York, Maine, Pennsylvania, Vermont, New 
Hampshire, and Massachusetts. This region is characterized by large 
consumption of all grades of paper and other pulp products, due to the 
concentration of population and large number of printing industries. 
F>en though the original concentration of pulp and paper mills in this re
gion was logical, owing to the considerable areas of original spruce-fir for
ests, abundance of cheap power, low transportation costs, and nearness of 
markets, today the situation in regard to local supply of pulpwood is 
becoming progressively more acute. In the past decade the available 
supply of pulpwood in the region has shown a steady downward trend, 
while the demand of industries for pulp is still increasing. The regional 
deficiency in pulp is being met by importation of large quantities of pulp
wood, various types of pulp, newsprint, and other finished pulp products 
from Canada and the Scandinavian countries, as well as by substantial ship
ments of sulfite pulp from the Pacific Coast. In recent years the total 
pulp converted into paper and board within the region was divided as 
follows: 38 per cent from wood originating in the region, 15 per cent im-
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ported w o o d , and 47 per cent the pu lpwood equivalent of pulp brought 
into the region. 

Al though the pulp and paper industries of the Northeast will probably 
never become self-sufficient again, the situation in regard to foreign im
ports m a y be somewhat relieved in the future b y adopt ion of a stable 
po l i cy f or management of spruce-fir forests in the region for future pulp 

1950 1955 ' l9E0 1925 1930 1935 iq40 1 9 4 5 laau laoo 
FiQ. 15-16. Tlegional w o o d - p u l p p r o d M C t i o n , 1920 t o 1946. (CovHesy United States Pulp 
Producers Association.) 

product ion, more extensive utilization of hardwoods , and increased ship
ments of domestic pulp f rom the Pacific Coast and the South. 

T h e principal pulpwood species in the Northeastern region are eastern 
spruce and balsam fir, although hardwoods are also being used in increasing 
amounts . G r o u n d w o o d pulp constitutes the largest tonnage of the output 
of this region, with sulfite pulp making up the bulk of the remainder. 
T h e greatest part of the pulp produced within this region is converted 
into paper and board in paper mills integrated with the pulp mills. 

2. T h e Lake States and Central Reg ion . Practically all the wood-pulp 
product ion of this region is concentrated in Wisconsin, Mich igan , and 
Minnesota , although paper and board are made in all states of the region 



PULP AND PAPER 339 

f r o m O h i o t o I o w a a n d K a n s a s . T h i s region s h o w s character is t i cs s imilar 
t o those o f the N o r t h e a s t e r n reg ion in that it exhib i ts a s t e a d y d o w n w a r d 
trend in the prtxluct ion of d o m e s t i c pu lp , while c o n s u m i n g quant i t i es of 
p u l p in its pai jer and b o a r d industries fur m excess of that p r o d u c e d l oca l ly . 
T h e defic iencies in p u l p w o o d a n d p u l p are suppl ied b y i m p o r t a t i o n s f r o m 
C a n a d a a n d E u r o p e , a n d t o a m u c h smal ler ex tent b y s h i p m e n t s of sulfite 
p u l p f r o m the Paci f i c C o a s t . In recent y e a r s the p u l p c o n s u m e d in t h e 
p a p e r a n d b o a r d p r o d u c t i o n of the reg ion or ig inated as f o l l o w s : 37 per 
c e n t f r o m w o o d of regional g r o w t h , 8 per cent i m p o r t e d w o o d , a n d 55 per 
c e n t the p u l p w o o d e q u i v a l e n t of p u l p b r o u g h t i n t o the region. 

T h e pr inc ipal p u l p w o o d species of this reg ion are a s p e n , * spruces , b a l s a m 
fir, lu 'mlock , c o t t o n w o o d , a n d j a c k p ine . T h e m o s t i m p o r t a n t t y p e of 
p u l p p r o d u c e d hjcal ly is sulfite p u l p , foUoived b y gl•ound^^^ood and sul fate 
pu lp . T h e bulk of the p u l p p r o d u c e d w i th in this reg ion is c o n v e r t e d i n t o 
p a p e r p r o d u c t s at p a p e r mil ls integrated wi th the p u l p mills. 

3. T h e S o u t h e r n R e g i o n . Th is region compr i ses the area s o u t h of the 
O h i o and P o t o m a c R i v e r s a n d inc ludes a lso Louis iana , A r k a n s a s , a n d 
T e x a s . T h e p u l p a n d p a p e r industry of t h e S o u t h is b a s e d largely o n 
ut i l izat ion of s e c o n d - g r o w t h p ine s tands a n d t o s o m e ex tent o n w o r k e d - o u t 
naval - s tores t imber . C o n s i d e r a b l e quant i t i es of h a r d w o o d s are also ava i l 
ab le for p u l p . Al l p u l p w o o d used in th is reg ion is o f l oca l or ig in . 

D u e t o the res inous nature of s outhern pines , unti l v e r y recent ly p u l p 
p r o d u c e d in the S o u t h was a l m o s t ent ire ly of the sulfate t y p e . f T h i s 
p u l p , k n o w n a lso as kra f t p u l p , is u s e d in t h e m a n u f a c t u r e o f s t r o n g b r o w n 
wra|)ping a n d conta iner papers a n d for p a p e r b o a r d s . V e r y h t t l e Southern 
p u l p has so far been sh ipped f r o m this reg ion , t h e b u l k be ing c o n v e r t e d 
i n t o p a p e r o r b o a r d a t integrated p a p e r mil ls . H o w e v e r , w h e n kra f t 
mills n o w i m d e r c o n s t r u c t i o n are c o m p l e t e d , it is e x p e c t e d t h a t this region 
will b e ab le t o s u p p l y m u c h of the d e m a n d for kraft p u l p in the N o r t h 
eastern a n d L a k e states a n d Centra l regions . 

M o r e recent ly it has been s h o w n t h a t g o o d g r o u n d w o o d a n d h igh -grade 
sulfite p u l p s c a n b e ob ta ined f r o m y o u n g southern pines, if these are p r o 
tec ted f r o m injuries a n d c u t be fore h e a r t w o o d f o r m a t i o n beg ins . S u c h 
pines, accort l ing t o the late D r . H e r t y of the P u l p a n d P a p e r L a b o r a t o r y 
at Savantiuh, G e o r g i a , d o not c onta in a n y m o r e p i t c h than nor thern 
spruce . W i t h t h e c o n s t r u c t i o n of a newspr in t mil l in T e x a s , ! it a p p e a r s 

• 111 l!)4tj aspen accounted for about one-third of the total rc>;ional puljjwood produc
tion und for the first time on record became the principal pulpwood species of the region. 

t The South produces about 80 per cent of the United States requirements for sulfate 
pulp. 

J In 1940 two new pulp mills Ix-gan operation, one producing new-iiprint and the other 
purified sulfite pulp for rayon, lM)th using southern pine. In addiliun, a numl)cr of mills 
pnxluce white paper by mixing Imrdwood and bleached sulfate pulps. 
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that production of newsprint from southern pines may become a com
mercial reahty. T o eliminate, as far as possible, " p i t c h " trouble in manu
facture of newsprint from southern yellow pine, the U.S. Forest Products 
Laboratory advocates use of semibleached sulfate pulp in place of sulfite 
pulp. Under this procedure light-colored wood of low resin content will 
be necessary only for the groundwood component of newsprint. It is 
quite likely that with the higher prices currently prevailing for Canadian 
newsprint and with further improvements in bleaching sulfate pulp, the 
production of newsprint in the South will be greatly extended. It is also 
predicted that soon Southern mills will be able to produce highly purified 
sulfite pulp suitable for rayon manufacture.* Today the Southern rayon 
industries consume more than 150,000 tons of high-grade sulfite pulp, 
purchased outside the South. 

Mos t of the mills in the South are located in the coastal plain from North 
Carolina to Texas, though progressively more pulp mills are being con
structed farther inland. I t is expected that these mills will provide e m 
ployment to about 50,000 men in the mills and in the woods. A great 
majority of these mills use southern yellow pine as their chief source of 
pulpwood; one located in Mississippi uses largely cottonwood and willow; 
a few located in North Carolina and Tennessee at the present time operate 
mainly on chestnut. 

Some of the advantages of the South as an increasingly important center 
of the pulp and paper industries in this country may be briefly summarized 
as follows: the South has an abundant supply of relatively cheap pulp
wood, which is produced by rapidly growing species, the future supply of 
which could be assured. This provides the basis for stability, a factor 
of great importance in the pulp and paper industries, in which capital 
investments in building and machinery make it prohibitive for the indus
tries to change locations. T o this may be added lower construction and 
operation costs, due to ample supply of cheap labor, f tax exemptions, easy 
logging, and more favorable climatic conditions, which result in lower 
carrying charges compared to the Northeastern and Lake states regions. 
Finally, the multiple-use forestry idea, which looks to a closer coordina
tion between logging for lumber and wood products, including pulpwood, 
and the naval-stores industries, promises important advantages for the 
pulp and paper industries of the South. 

There is, however, a distinct danger in a too rapid expansion of the pulp 
and paper industries of the South without careful consideration of the 

* In 1940 two new pulp mills began operation, one producing newsprint and the other 
purified sulfite pulp for rayon, both using southern pine. In addition, a number of mills 
produce white paper by mixing hardwood and bleached sulfate pulps. 

t There is, however, a tendency to eliminate by legislative acts the wage differential 
which favors the South. 
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available pu lpwood supply . It is estimated that when in full operation, 
Southern pulp mills will require six t o seven million standard cords of 
rough wood annually. Although the South, as a whole , can easily meet 
this requirement, many new mills, as pointed out , are concentrated in 
a narrow coastal strip 125 t o 150 miles wide, where compet i t ion for raw 
materials with established lumber , wood-using, and naval-stores industries 
is very keen.* 

T h e pulp mills, which use largely southern pines, own or have cutting 
rights o n approximately five mill ion acres of t imberland and are still 
rapidly increasing their holdings. T h e c o m p a n y - o w n e d and -control led 
lands could supply about one-third of the yearly demand for pine pu lp 
w o o d . H o w e v e r , the general po l i cy of the pulp and paper companies n o w 
operating in the South has been to reserve their own t imber and to b u y 
pu lpwood in the open market. M o s t of the pu lpwood is n o w purchased 
under the contractor s j ' s tem.f Under this system the wood-produc ing 
territory from which a mill procures its pu lpwood is divided into districts, 
eacli o f which is assigned t o a contractor , gene]"ally k n o w n as a pu lpwood 
dealer. T h e mill will buy w o o d only through its dealer, w h o is paid an 
agreed sum per unit or per cord for all w o o d f .o .b . shipping point . T h e 
dealer obtains his w o o d from producers. A producer m a y be a farmer 
cutt ing his o w n t imber or squads of men cutt ing on contract f rom timber 
owners . 

Realizing the danger of further overcutt ing, the American P u l p w o o d 
Association, with the full cooperat ion of state and Federal forestry agen
cies, has launched a program point ing toward adopt ion of sustained yie ld 
as a basis for handling of all the p u l p w o o d lands of the South . f It is felt 
that in most regions of the South it is still quite feasible t o restock the 
t imbcr lands and t o increase the rate of growth to a po int where they will 
take care of the needs of the existing wood-us ing industries on a permanent 
basis. T o accomplish this it is necessary ( I ) t o place the Southern forests 
under intensive management , pointing toward integrated use as an ulti
mate ob jec t , and to restrict p u l p w o o d procurements , whenever feasible, t o 

• The Forest survey conducted by the Southern Forest Experiment Station indicates 
tlial in the naval-stores n^gion, ('(msiciering both sawmill and pulpwood sizes of southern 
yellow pine, the drain is J41 per cent, while in the shortleaf-loblolly pine region it is 
only 84 pvr cent of the Increment-

t Canterbury, N. D. Developments in the Pulpwood Situation in the South. Jour. 
Forestry, 36(t)):55&-550. 1938. 

t Interest in conservation of pulpwood in the South is also fostered by the Southern 
I*ulpwjod Conservation .Association, organized in 1039. The members of this Associa
tion represent about three-quarters of the Southern pulp production. 



342 CHEMICALLY DERIVED PRODUCTS FROM WOOD 

improvement cuttings; (2) to assure an adequate return to the lando^vne^s 
by deaHng, whenever possible, directly with the owners, to the exclusion 
of middlemen. 

4. Pacific Region. Practically all pulpwood used in this region is of 
domestic origin. The principal pulpwood species used are western hem
lock, western firs, Douglas fir, and Sitka spruce. The present forest growth 
is estimated at 3,070,000 cords a year, while potential forest growth under 
intensive forest management with 75 per cent of normal stocking of all 
forest lands has been estimated by the Northwest Forest Experiment 
Station at 9,907,000 cords a year, of uhich one-half should be available 
for pulpwood. 

Of the total quantity of pulp produced in this region, approximately 
70 to 75 per cent is manufactured in the state of Washington and the 
remainder in Oregon. The principal type of pulp produced in the Pacific 
region is sulfite pulp, followed in importance by groundwood and sulfate 
types. 

Although most of the pulp produced on the West Coast is consumed by 
the paper and board mills of Washington, Oregon, and California, the 
Pacific Coast is the only region at the present time which manufactures 
considerable quantities of pulp, principally sulfite, in excess of the needs 
of the local paper industries. Some sulfite pulp mills of this region produce 
pulp largely for sale in other sections of the country, as well as for export. 
Large quantities of bleached sulfite pulp are shipped from this region by 
water and rail to rayon-manufacturing regions of the Eastern, Central, 
and Southern United States. 

The present trend on the West Coast is toward expansion of the sulfite-
pulp mill capacity, with emphasis on bleached pulp to supply outside 
market demand. M o s t of this expansion is taking place in the Puget 
Sound and Grays Harbor-Olympic Peninsula areas. This expansion will 
probably continue as long as the demand for bleached sulfite continues 
to increase in the rayon plants and paper-converting miUs of the East. 
Expansion in kraft and newsprint capacity, on the other hand, depends 
almost entirely upon increased demand of local consumers in the Western 
markets, owing to the advantages held by Southern kraft and imported 
newsprint in ease of reaching the Central and Atlantic Coast mar
kets. 

In California more than 90 per cent of the total output of paper mills is 
paperboard and building papers, the balance being largely fruit wraps and 
tissue paper. The production of Washington and Oregon mills is, on the 
other hand, greatly diversified. More than 50 per cent of the paper and 
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Umnl c a p a c i t y o f W a s h i n g t o n , O r e g o n , C a l i f o r n i a , a n d B r i t i s h C o l u m b i a 
is o w n e d o r c o n t r o l l e d b y t h e C r o w n Z e l l e r b a e h C o r p o r a t i o n . 

T h e o u t l e t for Pac i f i c C o a s t p a p e r is p r i n c i p a l l y in t h r e e P a c i f i c C o a s t 
a n d e i g h t M o u n t a i n s t a t e s , w h i c h o f fer a m a r k e t f o r a b o u t 1 ,000,000 t o 
1 ,200,000 s h o r t t o n s o f all k i n d s o f p a p e r a n d p a p e r b o a r d y e a r l y . 

1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 

Fui. 1517. rnitoii States prodiK'tion of wood pulp and paper and new supply, consumption, 
iiiipiirta. mid exports of wood pulp. (Courlcsy United States Pulp Producers Associalion.) 

5. Canada. C a n a d a is s e c o n d o n l y t o t h e U n i t e d S t a t e s in t h e q u a n t i t y 
o f w o o d p u l p p r o d u c e d ; * it l eads t h e w o r l d in t h e p r o d u c t i o n o f n e w s p r i n t 
a n d e x p o r t s m o r e n e w s p r i n t t h a n all o t h e r c o u n t r i e s c o m b i n e d . T h e 
C a n a d i j i n w o o i l - p u l p inihi.<try is o f spec ia l i m p o r t a n c e t o t h e U n i t e d S t a t e s 
b e c a u s e C a n a d a is the c h i e f .supplier o f this c o u n t r 3 ' ' s i m p o r t s o f n e w s -

* I I I I'.lol Canada produced 15 million cords of pulpwood, of wliicli 2.8 million cords 
Were exported, und more than '.) million tons of pulp, of which 2.3 million tons were 
exixirted. .\boul 57 per cent of the total pulp production was groundwood. 
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print, as well as one of the leading sources of imported pulp. Taking the 
combined output of ivood pulp and newsprint, the United States absorbs 
70 to 75 per cent of the total Canadian production. Furthermore, a con
siderable portion of Canadian pulp and paper capacity is either owned or 
controlled by United States interests. 

The principal pulpwood species in Canada are spruce and balsam, which 
comprise the bulk of the estimated 100 bilUon cubic feet of potential pulp
wood in that country. The principal types of pulp produced in Canada 
are groundwood and unbleached sulfite; considerable quantities of bleached 
sulfite, bleached and unbleached sulfate, and soda are also produced. 

The Canadian pulp and paper industry is characterized by large and 
modern plant facilities. An important recent trend in the Canadian pulp 
and paper industry is the rapid increase in domestic conversion of pulp 
into manufactured products ; this is particularly true of newsprint manu
facture. As a result of restrictive legislation, exports of pulpwood from 
Canada to the United States have been steadily decreasing. 
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T H E R M A L - A N D SOUND-INSULATION M A T E R I A L S 

The use of various materials for thermal insulation is not new by any 
means, for man has tried, since time immemorial, to protect himself and 
his perishable goods from excessive heat or cold. Sound control, also, has 
long been recognized as a problem in dealing with the acoustics of buildings, 
particularly theaters and auditoriums. Recent emphasis on sound control 
is the result of attempts to escape the clatter and din associated with 
modern living conditions and of the necessity for sound control in radio 
broadcasting as well as in the production and showing of sound films. 
Some materials can be used sviccessfully for thermal insulation and sound 
control, some may serve one purpose better than the other, and some may 
be suitable for only one type of use. Manufacturers are striving to in
crease the effectiveness of their products by modifying them for applica
tion to thermal insulation or sound-control problems, as the case may be. 

I. THERMAL-INSULATION MATERIALS AND METHODS 

The primary purpose of thermal-insulating materials in house con
struction, for example, is to retard heat transfer, either from within a build
ing to the outside or from the outside to within a building. Use of thermal-
insulating materials reduces fuel consumption, lessens the load on heating 
systems, and promotes greater comfort for the occupants of a building, not 
only in winter, but also in summer. 

A . G E N E R A L T Y P E S OF INSULATION 

T h e hundreds of insulating materials on the market may b e divided 
arbitrarily into five principal classes: rigid boards, flexible insulation, fill 
insulation, reflective insulation, and miscellaneous types. With the ex
ception of reflective insulation, virtually all other classes derive their in
sulating values from the numerous minute dead-air pockets they contain. 

1. Rigid Boards. Rigid boards are usuafiy made from plant fibers. 
Bagasse, cornstalks, wheat straw, wood fiber (including bark in some in
stances), screenings from paper pulp mills, and old paper are among the 
materials used in rigid boards. These boards m a y be more or less homo-

3 4 6 
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2 made in widths that fit spaces between wall studs and in thicknesses of , „ 
to 3 in.; such insulation is usually sold in rolls. Batts, composed of similar 
materials, are made in widths that will permit insertion between framing 
members in a building. They are sold in four-foot lengths, most commonly 
in thicknesses of 2 or 3p^ in., and with or without a covering envelope. 

3. Fill Insulation. As the name implies, fill insulation includes material 
in bulk form for filling spaces in wall, floor, ceiling, and roof constructions. 
Such insulation can be poured or blown into place, or it may be packed 
into the desired spaces by hand. Products that have been used as fill in
sulation include granulated cork, shredded vegetable fiber, chemically 
treated shredded paper, charcoal, bark, sawdust, shavings, hulls of various 
kinds, vermiculite, mineral wool, diatomaceous earth, and many other ma
terials. 

4 . Reflective Insulation. Reflective insulation consists of materials that 
have high iicat-reflecting properties and low abilities to radiate heat en
ergy. Among the materials having these characteristics are aluminum foil, 
ahnninum-foil-surfaced plasterboard, treatetl sheet steel, and flexible in
sulation encused in paper having reflective materials on one or both ex
posed surfaces. T o be effective, the reflective material must be exposed to 
at least a •'4-iu. air space and preferably u wider one. 

5. MisceUaneous Insulating Materials. Many types of insulation do 
not fall into the foregoing groups. Insulating plaster materials, cork and 

geneous, or they may be laminated. Boards 1 in. or less in thickness are 
u.sually homogeneous, but nonlaminated boards of greater thickness are 
sometimes available. Rigid boards are usually made in widths of 4 ft. and 
lengths of 6 to 12 ft. Some rigid boards are suitable only for retarding heat 
transfer, but many are considered to be structural material. 

Stmctural fiber insulating board is divided into five classes: (1) building 
board, (2) lath (for plaster base), (3) roof insulation board, (4) interior 
boards (factory finished), and (5) sheathing. Such boards must meet require
ments for maximum thermal conductivity, maximum transverse load at 
rupture, minimum deflection at i"upture, maximimi tensile strength, max
imum deflection at minimum specifled transverse strength, maximum water 
absorption, and maximum hnear hygroexpansion.^^ 

Nonstructural, homogeneous fiber wallboard requirements include tensile 
strength, water absorption, bending strength, deflection, and linear hygro-
expansion limitations, but no specific requirement for thermal conduc
tivity.-* 

2. Flexible Insulation. Flexible insulation is manufactured in two gen
eral forms: ( I ) blankets or quilts and (2) batts. Blanket or quilt insulation 
consists of loosely felted mats of wood fiber, hair, grass, kapok, cotton, or 
mineral wool, covered on one or both sides with paper or fabric. It is often 
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mineral wool blocks for cold-storage installations, lightweight aggregates 
that are used in cement and concrete blocks, and fibrous material mixed 
with an adhesive so that it will adhere to a surface to be insulated when 
blown against that surface are some examples of materials in this miscel
laneous group. 

B . MANUFACTITRE OF WOOD-FIBER INSULATION MATERIALS 

Most of the wood-fiber insulating materials on the market at the present 
time are in the form of boards. The manufacture of fiberboards and 
flexible insulation rather closely parallels the manufacture of paper. It 
naturally follows that the species used in paper manufacture are also used 
in the manufacture of insulation materials. Southern pine, Douglas fir, 
cottonwood, red gum, spruce, northern white pine, and hemlock are among 
the woods used for thermal-insulating materials. Improved methods of 
pulping and refining are extending the list of species to include little-used or 
heretofore unused southern hardwoods. Chestnut fiber from the spent 
chips resulting from tannin extraction and southern pine fiber from the 
spent chips remaining after the extraction of naval stores have been used 
for the manufacture of insulating boards when sufficient quantities were 
available. 

1. Pulping Methods . Virtually every known method of reducing wood 
to fiber has been used at some time for pulping wood for insulation manu
facture, and new methods are constantly being developed. The present 
trends are toward semichemical pulping and mechanical methods that re
quire a minimum of pretreatment for separation and refining of wood fibers. 

a. Separation of Wood Fibers by Explosion. In this process no chemicals 
are employed; the separation of wood fibers depends on the explosive force 
of steam. This process was developed on a commercial scale b y W . H. 
Mason for the manufacture of fiberboards. Round wood, sawmill edgings, 
or other mill residue may be used. The wood is reduced to chips, and these 
are screened to sizes ranging from % to 1 in. in length. 

Screened chips are placed in the explosion chamber, or " g u n , " originally 
a cyhnder about 20 in. in diameter and 5 ft. high with a capacity of about 
10 cu. ft. Larger guns are now reported to be in use. The gun is tightly 
closed, and steam at 350 p.s.i. is introduced. The temperature is raised to 
about 375 "F. and maintained for 30 to 40 seconds. High-pressure steam 
at 1,000 to 1,200 p.s.i. is then admitted for 5 seconds to raise the temper
ature to about 540"F. 

A quick-acting hydraulic exhaust valve at the bottom of the gun is then 
opened, and the chips are discharged into the exhaust port and piping at 
atmospheric pressure; the chips explode immediately because of the high 
internal pressure. During the exploding operation, full boiler pressure is 
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kept on the gun to force all the wood through the exhaust port and piping 
to a eyclone separator where the steam escapes to the atmosphere, and the 
exploded fibrous mass, consisting of individual and xmbroken fibrous bun
dles, drops into water that is maintained at a temperature of about IfiO^F. 
The material is screened, and particles that d o not pass through the screen 
ar<' refined. T o the screened pulp, petrolatum or paraffin is next added, 
and the material is ready for felting into boards on machines similar to the 
Fourdrinier used in papermaking. 

6. Groundwood Method. This method uses the same type of pocket 
grinders as are used in making groimdwootl paper pulp. 

c. Disk-pulping Methods. T w o disk-pulping principles are employed in 
reducing wood to fiber. In one method, two motors are mounted on a 
single base with the rotor shafts aligned. One end of each rotor shaft is 
etpiipped with a disk to which segments of corrugated grinding plates are 
attached; the opposed disks are rotated in opposite directions by their 
separate motors. Steamed or chemically treated chips are fed into the gap 
between the two rotating disks that reduce the wood to fibers. The gap 
between the disks and the corrugations of the grinding plates are varied to 
produce different grades of pulp. Other disk-pulping processes use one 
stationary plate and one rotating disk. In each method, the resultant pulpy 
mass is discharged directly into a stock pit. 

d. Rejining of Excelsior-like Material. This method first reduces the 
wood to an excelsior-like product by scoring the wood with saws. W o o d 
is placed in a reciprocating frame that rests on a table through winch the 
saws protrude to a given height. This rough fiber is carried away from the 
table by a blower system to a hammer mill. After passing through the 
hammer mill, the fibers are put through a J'efiner similar to the Jordan ma
chine used in refining paper pulp. 

2. Fabrication of Insulating Materials. Several methods of fabricating 
insulating materials are interesting enough to merit description. 

((. Hoard Formation. Boards may be made of homogeneous or laminated 
construction. Some of the so-called "homogeneous" boards may be con-
sitlered semilaminated, especially those of unusual thickness. Early fiber-
boards were made by cementing several layers of paperboard or pulp t o 
gether with sodium silicate, asphaltum, tar, gypsum, or other materials. 
Homogeneous boards may be considered to be structures consisting of inter
lacing fibers. Mos t wood-fiber insulating boards are of the homogeneous 
type. 

Homogeneous boards are formed on a cylinder machine, on a Fourdrin
ier screen, or in a mold. The first two methods permit a continuous flow of 
material and consequently are the most used. They are adaptations of 
similar machines used in the manufacture of paper. The cylinder machine 
consist.s of a drum covered uith uire sci-een. The drum rotates in a vat 
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and, b y the act ion of a vacuum drawn through the hol low shaft (trunnion) 
supporting the drum, picks up a thick layer of pulp that has been furnished 
with alum, sizing, or other materials. This pu lp layer is subjected to pres
sure b y press rolls and a felt belt before it is taken off the d rum in a con
tinuous sheet t o g o through a press that squeezes out some of the water 
before the sheet goes through the drier. T h e press also equalizes the thick
ness of the sheet. 

One type of press consists of a series of rolls that gradually increase in 
size, the smallest first coming in contact with the newly formed sheet. 
These rolls exert increasing pressure on the sheet as it goes through the 
press. Another type of press uses the caterpillar-tread principle. T h e 
sheet passes between t w o steel plates that gradually converge from the 
entering end, and then n m parallel for a distance to form the thickness of 
the board. 

After the pressing process has taken place , the sheet is cut into the desired 
lengths and these are dried, usually in a drier similar to that used in veneer 
manufacture. T h e dried boards are then cut to exact lengths and widths, 
and, depending on the use for which they are intended, they m a y b e 
beveled on the edges, tongued and grooved , shiplapped, given decorat ive 
effects, sanded, or made into tiles. 

T h e Fourdrinier screen, in insulating-board manufacture, operates on the 
same principle as in paper manufacture except that it is designed to make a 
much thicker sheet. Semilaminated boards have been made b y using two 
Foiirdrinier \\ires, one a b o v e the other, each forming a sheet. The t w o 
sheets are then brought into contact with each other before the pressing 
operation. 

Board formation f rom exploded w o o d deserves special mention. T h e 
w o o d fibers, after treatment with petro latum or paraffin,* are ready for 
format ion into boards. Fourdrinier machines used for this purpose are so 
designed that they make a wet sheet ^ in. thick. These wet sheets m a y 
b e sprayed with dyes , and they are cut b y an automatic cutoff knife into 
lengths of 1 2 H f t . while the Fourdrinier wire is in mot ion . T h e sheets pass 
on to movab le racks that, when full, are taken to hydraulic hot presses. 
T h e amount of pressure applied and the platen surfaces determine the 
nature of the board produced .* 

* If the pressure is 200 to 400 p.s.i. and the platens have a highly polished chrome sur
face, the resulting boards are 3̂  to ^ is in. thick, hard and dense, with one surface smooth 
and the other showing me.sh marks. Materials other than petrolatum and paraffin may 
be incorporated to produce boards with special properties. This type of hard board is 
not used for insulating purposes, but it finds wide apphcation in concrete forms, auto
mobiles, house trailers, speedboats, and building construction. Many hard boards are 
now being produced by other methods, by binding the fibrous materials with resins. 

file:////ires
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The Hghtest and most porous boards are about in. thick and are used 
for thermal insulation and sound control. Complete drying of the.se boards 
takes place in the presses, but the boards are subsequently humidified to 
bring them to the proper moisture content for their intended purposes. 

b. Flexible and Fill Materials. While most wood-fiber insulating ma
terials are made in the form of boards, there are a few others that deserve 
consideration. First is a flexible material that consists of northern white 
pine fibers in the form of a loosely aggregated mat covered on both sides 
with paper or covered with fabric on one side and paper on the other. Saw
mill refuse is chipped, and the chips are cooked in a solution of sodium 
sulfite for six hours at 100 p.s.i. steam pressure. After digestion, the 
cooked chips are washed and reduced to fibers in attrition mills. The fibers 
are refined, dried, and then blown as a fluffy, woolly product onto a moving 
apron where sprays coat the fibers with a sizing solution and an adhesive. 
The thickness of the resulting mat is controlled by regulating the speed of 
the screen on which the fibers are deposited. The mat is dried and encased 
in paper or fabric. These mats may be encased with smooth paper, but 
heavy thicknesses are made flexible by using fabric or crepe paper. 

Of the flll insulations, shredded redwood bark is notable. The bark is 
shreflded into a fibrous mass that is sold in bales. Redwood produces a 
very thick fibrous bark that lends itself well to this treatment. It is not so 
easy to apply to existing walls as some competing materials that can be 
blown into openings, but it is excellent when it can be applied during the 
process of con.stniction. 

3. Production of Insulatmg Materials and Wallboard. The first insu
lating board was produced on a commercial scale in 1912, and since that 
time, many other types of fiberboard have made their appearance. This 
has created rather intense competition, and research is being carried on to 
find new uses and to extend markets. Exports to foreign countries may be 
expected to increase as the properties of these materials become better 
known; but on the other hand, American manufacturers have established 
insulation-board plants utilizing wood as a raw material in Sweden and 
Finland. These plants are wefl qualified to supply the European market. 
As yet, insulating boards have not been used to any great extent in the 
tropics for protection from excessive heat, probably because of their vul
nerability to termite attack. With proper treatment to remedy this, the 
tlemand may increase. 

Structural fiber wallboard used in building construction is composed of 
layers of chipboard or pulpboard molded or pasted together and usually 
sizeil on the surface or throughout. Nonlaminated wallboard is also 
matie, and some wallboard is manufactured with a solid wood core covered 
with papi*r liners. 

http://the.se
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C . SOME ELEMENTARY PRINCIPLES OF THERMAL INSULATION 

Thermal insulation deals with the problem of reducing heat transfer 
from one region to another. A few of the principles involved in reducing 
heat transfer, particularly in buildings, are presented in order that the 
reader may better understand the factors involved in choosing thermal-
insulating materials. 

1. M e t h o d s of H e a t Transfer. Transmission of heat is accomplished in 
three ways: by radiation, by convection, and by conductioUj each of which 
may take place separately or in combination in an ordinary house wall. 

a. Radiation. Examples of heat transfer by radiation, such as the 
transfer of heat from the sun to the earth and the radiation of heat from an 
open fire, are familiar to everyone. While transfer of heat b y radiation is 
generally known to exist at elevated temperatures, it also exists at ordinary 
temperatures. The usual places in which heat is lost, because of radiation 
within a wall, are in the air spaces between wall surfaces and their frame 
members. Here some of the heat conducted through one wall surface is 
transferred to the other wall surface by direct radiation. Reflective in
sulation is often used to reduce .such heat transfer. 

T o be effective, reflective insulation must be associated with an air 
space; reflective insulation is not very effective if appfied so that it acts as 
a heat conductor. 

b. Convection. Convection, as used here, refers to the transfer of heat by 
currents in a gas or liquid. Air convection currents within a wall aid in 
transferring heat from one surface to the other. Some convection probably 
always exists in the air spaces within walls; the air in contact with a cooler 
surface sinks and the air in contact with a warmer one rises. This circula
tion of air carries heat from the warmer surface to the cooler one. Con
vection currents m a y be produced by temperature differences, as in the in
stance cited, or they may be forced b y blowing or stirring. Heat loss from 
the outside surface of a building to the air on a windy day is an example of 
heat transfer by forced convection. 

c. Conduction. In solid materials, for example, heat is transferred by 
means of conduction. This is well illustrated by holding one end of a short 
metal rod in a flame; heat will soon travel from the end in the flame to the 
opposite end. T h e amount of heat transmitted b y this method is directly 
proportional to the temperature difference between two points. Metals, in 
general, are better heat conductors than nonmetals. The thermal con
ductivity for a given material increases with density, roughly linearly. 

2. Concepts Basic to Calculation of Heat-transmission Rates. The most 
accurate method of determining the rate of heat transfer through a wall 
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section, for example, is to test it according to the Standard Method of Test 
for Thermal Conductivity of Materials by Means of the Guarded H o t 
Plate.* Such testing is not feasible for every possible type of construction, 
but reasonable accuracy can be attained, in most instances, by calculating 
heat-transmission rates on the basis of certain properties of the materials 
used in the structure and a few concepts analogous to those applied t o the 
flow of electricity. Over-all heat-transmission coefficients for a structure 
can be calculated from the individual thermal conductivities and conduct
ances of the different elements affecting the movement of heat through the 
structure. 

a. Thermal Conductivity. Thermal conductivity, the rate of heat transfer 
through a homogeneous substance under steady flow conditions, is expressed 
as the amount of heat, in British thermal units (Btu) , transmitted in one 
hour through one square foot of a layer one inch thick when the temperature 
difference between the two sides is maintained at one degree Fahrenlieit. 
Thermal conductivity is a property of a material, independent of size and 

shape, and it is an inverse measure of the "insulating value" of the m a 
terial; the lower the thermal conductivity, the better the insulating valu-^. 
Thermal-conductivity values determined for a given substance vary with 
several factors; these values usually increase with increases in density, 
moisture content, and the average temperatures at which the values are 
determined. 

6. Internal Resistivity. T o express, as a property, the opposition offered 
by a homogeneous substance to the transmission of heat, the reciprocal of 
the thermal-conductivity value can be used. The reciprocal of thermal 
conductivity may be called internal resistivity, and it may be considered to 
be the temperature difference in degrees Fahrenheit that will have to be 
maintained between the two sides of a layer of the material one inch thick 
to cause one Btu of heat to flow through one square foot in one hour. The 
greater the internal resistivity, the better is the insulating value of the ma
terial. 

c. Thermal Condux^iance. Thermal conductance, the rate of heat transfer 
from one surface to another surface through a material or construction 
under steady flow conditions, is expressed as the amount of heat, in British 
thermal units, transmitted in one hour from surface to surface through one 
square foot of a material or construction, whatever its thickness, when the 
temperature difference between the two surfaces is I'^F. Thermal conduct
ance, per square foot of a flat slab of homogeneous material, is directly 
proportional to the thermal conductivity and inversely proportional to the 
Iliickness of the material. Comluctance usually is used to designate the 

• ApprovtHl as a tentative code by the American Society of Heating and Ventilating 
I'̂ ngineens and the American Society for Testing MateriaLi in 1942. 
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heat transmission through i tems such as hol iow c lay tile, hol low concrete 
blocks, shingles, and surface films. 

d. Thermal Resistance. T h e reciprocal of conductance is known as 
thermal resistance. For a flat slab of homogeneous material, the resistance 
to heat transmission varies direct ly as the slab thickness a n d inversely as 
the thermal conduct iv i ty . The resistance of a flat slab of homogeneous 
material also can be determined b y mult iplying its resistivity b y its thick
ness in inches. 

e. Heat Transmission Analogous to Flow of Electricity. A steady flow of 
heat through a structure, such as a wall composed of several materials, can 
b e likened t o the flow of electricity through several resistances. In an 
analogous application of O h m ' s law in electricity, the heat flow through the 
wall is directly proportional t o the thermal potential (temperature dif
ference between the t w o sides) and inversely proportional t o the total 
thermal resistance of the wall. Continuing the electrical analogy, when 
heat flows parallel t o the floor and through several individual wall re
sistances in series (plaster and lath, air space, sheathing, building paper, and 
siding, for example ) , the sum of the resistances of the individual wall c o m 
ponents , including that of the air space, equals the thermal resistance f rom 
inside wall surface to outside wall surface. Since conductance * is the re
ciprocal of resistance, the surface-to-surface conductance of the wall section 
under discussion is eq\]al t o the reciprocal of the surface-to-surface thermal 
resistance. 

3. Air Spaces and Surface Fi lms. Still air is a rather poor conductor of 
heat , b u t still air is rarely m e t in ordinary building construction. Still air 
is, however , the basis for the efficiency of most insulating materials. In 
an insulating board, for example , millions of t iny pockets of still air exist 
between the fibers that were rather loosely aggregated in forming the 
board . 

a. Enclosed Air Spaces. In ordinary air spaces within walls, the resist
ance t o heat transmission is greatly reduced by radiation and convect ion . 
I t has been estimated that f rom 50 to 80 per cent of the heat transfer 
across air spaces of ordinary size, bounded b y w o o d , plaster, a n d similar 
materials, is the result of radiation. T h e conductances of enclosed air 
spaces are affected b y several factors, such as the width of the space, the 

* When heat flows through several resistances in parallel, then and only then can con
ductances be added. In most instances involving heat transfer through a structure, the 
resistances are in series. An appropriate case in which conductances can be added would 
be met when one is determining the amount of heat transferred through a wall, taking 
into account the proportion of the wall area in which heat is transmitted through studs. 
In this instance, separate calculations would be made for conductances between studs 
and through studs. Adjusting these conductances on the basis of the proportion of the 
wall area affected by each, the resultant conductances could then be added. 



THERMAL- AND SOUND-INSULATION MATERIALS 355 

orientation of the space (whether vertical or horizontal), the difference in 
temperatures of the boimding surfaces, the character of the bounding sur
faces with respect to reflectivity, and the direction of heat flow (horizontal, 
upward, or downward) . 

Thermal conductances of vertical air spaces of various widths, having 
horizontal flow of heat, have been found to decrease considerably as 
widths increase to ^ in., b u t conductances for widths greater than ^ in. d o 
not decrease appreciably. For practical purposes, the conductances of 
vertical air spaces ^ in. and wider are assumed to be a constant of 1.10 at a 
mean air-space temperature of 40°F. in ordinary buildings, Thermal con
ductances of horizontal air spaces, where the heat flow may be upward or 
downward depending on outside temperature, are somewhat greater than 
1.10 for upward heat flow and somewhat lower than 1.10 for downward 
heat flow. Air, like other substances, has greater conductances as its mean 
temperature is increased, and for precise work this factor may be taken into 
account. Nonreflective surfaces bounding an air space promote the higher 
conductances, while highly reflective bounding surfaces reduce air-space 
conductances. 

b. Surface Films. The thin films of air in inunediate contact with the 
two external surfaces of a wall, for example, contribute some heat-trans
mission resistance to that of the wall components and any included air 
spaces. These surface films of air, when disturbed by convection currents, 
become thinner and less effective in reducing heat flow. Other factors that 
influence the conductances of surface films include differences in air and 
wall temperatures, reflectivity of surface, orientation of surface, direction 
of heat flow, and roughness of surface; the effects of the flrst four of these 
five factors on surface-film conductances are very similar to their effects on 
enclosed air spaces. The relationship between wind velocity and rough
ness of an outdoor wall surface is such that, for any given wind velocity, 
surface-film conductances increase with roughness of surface. Increased 
air velocities, of course, increase outdoor surface-film conductances on all 
types of surfaces. For a wind velocity of 15 miles per hour and an average 
outside wall surface, it is common practice to assume a surface-film con
ductance of 0.00. It is also common practice to assume that rooms contain 
still air, and on the basis of this assumption, a nonreflective interior wall 
surfa<*e is assigned a surface-film conductance of 1.65. 

4 . Application of Principles. In calculating the total heat loss from 
witliin a l)uilding, losses from many sources, such as foundations, floors, 
walls, roofs, doors, windows, and infiltrated air must be taken into account. 
It is not within the scope of this chapter to discuss this problem, but an 
interested render is referred to the latest issue of the "Heating, Ventilat
ing, and Air Conditioning G u i d e " ' for authoritative information. 
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Application of the principles previously discussed can best be illustrated 
by shoM'ing the calculation of an over-all heat-transmission coefficient. The 
over-all heat-transmission coefficient indicates the rate of heat flow from the 
air on one side of a material or construction to the air on the other side of 
the material or construction under consideration. I t is expressed as the 
amount of heat, in British thermal units, transmitted in one hour through 
one sqvuire foot of a material or construction for a temperature difference 
of one degree Fahrenheit. I t is the reciprocal of the total resistance of a 
material or construction. 

a. Heat-transfer Symbols. The symbols used in the heat>transfer cal
culations to be presented are: 

a = thermal conductance between boundary surfaces of an air space 
C = thermal conductance from one surface to another surface through a material or 

construction 
/,• = thermal conductance of the surface film on the inside of a structure 
fo =« thermal conductance of the surface film on the outside of a structure 
k = thermal conductivity of a homogeneous material 
it! = thermal resistivity or resistance, which may represent any of the following: 

Air space resistance 1/a 
Surface-to-surface resistance of a material 1/C 
Inside surface-film resistance 1/fi 
Outside surface-film resistance ! / / „ 
Resistivity or resistance pcr unit thickness 1/k 
Resistance for a given thickness of a material x/k 
Over-all air-to-air resistance of a material or construc t i on . . . . 1/U 

Rl = total resistance 
U = over-all heat-transmission coefficient 
X = thickness, inches 

b. Problem. Assume still air on the room side and a wind of 15 miles per 
hour on the outside. Calculate the over-all heat-transmission coefficient for 
the between-stud section of a wall constructed as follows, starting from the 
room side. 

Wood lath and plaster 
Air space 1.56 in- wide 
Blanket insulation 0.50 in. thick 
Air space 1.56 in. (ride 
Wood sheathing 25/32 in. thick and building paper 
Wood siding 25/32 in. thick and weighing 35 lb. per cu. ft. at 12 per cent moisture 

content 

Table 16-1 showing resistivities and resistances for a few building ma
terials has been prepared in order t o avoid the necessity of calculating these 
values from thermal-conductivity and thermal-conductance data. 
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M A T E R I A L S I N V O L V E D I N B U I L D I N G C O N S T R U C T I O N 

Material 

Air sijacee, in. or wider 
Air surface films: 

Inside, still air, nonreflective surfaci^, heat 
flow horizontal 

OutNide, 15-mile-per-lvour wind, average 
nonreflective surface 

Brick, common 
Brick, face 
Concrete, sand and gravel aggregate 
Concrete blocks, 8-in., hollow, sand and gravel 

aggregate 
Concrete blocks, 12-in., hollow, sand and 

gravel aggregate 
Insulation materials: 

Filw-rboard, plant fiber 
Flexible, blankets or batts, mineral or plant 

fiber, covered or uncovered 
Afiiieral wool of rock, slag, or glass 
Sawdust and shavings 

I..ath, metal and plaster 
l.ath, wood and plaster 
Sheathing: 

Insulating fiberboanl, ^;'?^2"' 'i 
Wood, ^s^a-in. plus building pajJer 

Shingles: 

Asbestos 
Asphalt 
Wood 

Tile, 8-in., hollow, clay 
Title, 12-in. hollow, clay 
W o o d ' at 12 per cent moisture content, 

weighing: 
25 lb. per cu. ft. 
30 lb. per cu. ft 
35 lb. per cu. ft 
40 lb. per cu. ft 
45 lb. per cu. ft 
5 0 lb. per fu . ft 

Internal 
resistivity 

1 
k 

0 . 2 0 
0 . 1 1 
0 . 0 8 

3 . 0 3 

3 . 7 0 
3 . 7 0 
2 . 4 4 

1 .27 
1 .10 
0 . 9 7 
0 . 8 7 
0 . 7 8 
0 .71 

Resistance * 

1 1 1 1 
or 

0 .91 

0 . 6 1 

0 . 1 7 

1 .00 

1.25 

0 . 2 3 
0 . 4 0 

2 . 3 7 
1 .16 

0 . 1 7 
0 . 1 5 
0 . 7 8 
1 .67 
2 . 5 0 

" To uht«in reniBtaiipe for any nivi-n thickneiui. nmltivb' mtcmal resistivity by thickne»>.<< i" inches. 
Heaiiilancf-s arc for iiiat«riaU as used or for dimensiom and i-om posit inns indicatwl. 

' CalculatMl by I'.S. ForcAt Produptn Ijihoratory formula. 
357 
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D . SOME CoNsinERATroNs IN CHOosr>fG INSULATING M A T E R I A L S 

The choice of a thermal-insulating material from the hundreds available 
is difficult for the layman. Claims and counterclaims merely serve to con
fuse the prospective buyer. A few considerations, such as the type of in
sulation and method of installation, choice of thickness, condensation within 
walls, durability, and structural value deserve mention. 

1. Type of Insulation and Method of Installation. In general, a good 
measure of the economy of an insulation material is its installed cost per 
unit of thermal resistance. The effectiveness of flexible and rigid-board 
insulation depends somewhat on the method of application. Flexible in
sulation may be packed into wall spaces, it may be nailed to studding before 
wall surfaces are applied, or it may be stretched between studding and, by 
the use of nailing strips, fastened to the sides of the studs. The most ef
fective method, perhaps, is the last named, provided the insulation is 
spaced midway between the two inner surfaces of the wall to gain the added 
thermal resistance of an extra air space. Care must be taken to have the 
insulation touch the top and bottom wall plates in order to prevent con
vection currents around the material. 

Rigid-board insulation allows greater freedom in application because of 
the fact that it can be used as a plaster base, and its effectiveness may also 

c. Solution to Problem. Since the construction in question is a wall, the 
heat flow will be horizontal and through several resistances in series. The 
total resistance of the wall will be the sum of all individual resistances of 
the wall components, air spaces, and surface films. Applying data from 
Table 16-1, we will have the foUowing resistances: 

Inside surface film 0.61 
Wood lath and plaster 0.40 
Air space 0.91 
Blanket insulation (0.5 X 3.70) . 1.85 
Air space 0.91 
Wood sheathing and building paper 1.16 
Wood siding {^Hz X 0.97) 0 .76 
Outside surface film 0.17 

Total resistance, 6 .77 

The over-all heat-transmission coefficient is the reciprocal of the total 
resistance; therefore, U = i/Rt = 1/6.77 = 0.15. Each square foot of 
this wall, neglecting any difference in heat transfer through studs, will 
transmit 0.15 Btu of heat per hour for each degree difference in temperature 
between that of the room and the outside wind. 
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be increased by placing it midway in an enclosed air space. In order to ac 
complish this easily and economically, grooved framing members may be 
used to hold the insulation in place. Both flexible and rigid insulations are 
largely free from the objection that they may reduce tlie sound-insulating 
value of a partition as sometimes happens when fill insidations are used. 
In fact, flexible and board insulations are sometimes used to provide sound 
insulation as well as heat insulation. 

Fill insulation materials may be packed or blown into waW spaces, or 
they may be of a hydrated mix in wet condition, the ccl!\i!ar nature of the 
material being produced by the effervescent process that takes place. 
Objections to fill insulations have been made on the grounds that (1) they 
may not fill the spaces entirely because of the difficulty of tamping them so 
that they reach the bot tom pUite of the wall, (2) settling takes place, 
thereby increasing their densities and reducing their thermal resistances 
in the lower parts of the waU, (3) openings may result at the top of the waU 
because of settling, and (4) ventilation is lacking for removing moisture 
condense(.l within the wall- On the other hand, most of the fill insulations 
have high efficiencies in retarding heat transmission. When applied above 
ceilings, the weight of the material should receive consideration. 

2. Choice of Thickness. Although a given material may have a low 
thermal conductivity, its effectiveness is also controlled by the thickness 
applied. Thickness is more important than small variations in thermal 
conductivity. A higher-thermal-conductivity material of a given thickness 
may prove to be a better insulator than a slightly thinner low-thermal-
conductivity material. For accurate comparis<ms of materials, the thick
ness, thermal conductivity, and installed cost must be known for each 
material. 

The thickness of fill insulation is often governed b y the width of the space 
in which it is placed, but other insulations usually may be purchased in 
seveial thicknesses. A limiting factor for the latter materials lies in the 
law of diminishing returns. The first fraction of an Inch of the thickness of 
insulating material gives the greatest effectiveness for the amount of money 
spent. Kach succeeding fraction of an inch of thickness added reduces heat 
transmission, but it does so at an increasingly higher cost per unit of 
thermal resistance. For house construction, it is \isually most economical 
to use thicknesses not exceeding \ ] ^ in. 

3. Condensation. Well-constructed and well-insulated m o d e m buildings 
have walls that are much tighter than those in most old houses. These 
tighter walls and more general use of weather stripping and tight storm 
sash and doors liave reduced air infiltration and ventilation in modern 
houses. Kelative humidities, as a result, are generally higher in such 

file:///isually
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houses. These high humidities have, in many instances, produced a serious 
problem of moisture condensation within walls and in attics. 

Water vapor from within a building penetrates the inner wall surface and, 
upon meeting a temperature corresponding to its dew point, is condensed 
within the wall. Freezing may then take place. This condensation in
creases the moisture content of the insulating material and may cavise its 
deterioration. The thermal resistance of the insulation, at least, will be 
lowered, because water is a much better conductor of heat than the insula
tion. T h e difficulty does not stop here, b\it the accumulated moisture or 
the moisture resulting from melting ice is retained in the wall for protracted 
periods because of lack of ventilation. This, of course, provides conditions 
favorable t o wood-destroying fungi and often causes damage to plastered 
inside wall surfaces and to painted outside wall surfaces. The irony of the 
situation lies in the fact that such conditions result from construction that 
is intended to lower heating costs by reducing air infiltration and by ef
fectively lessening heat transmission. 

Several things may be done, however, t o alleviate or dispose of such a 
problem. These solutions are more easily effected in new construction than 
in completed houses; but fortunately, the problem can be solved in any 
house. The satisfactory remedy is the installation of a mpor barrier. In 
new construction, a 50-lb. asphalt-impregnated building paper with a glazed 
surface, a foil-covered paper, or a good grade of duplex paper will act as 
an effective vapor barrier if nailed on the room (warm) side of wall studs 
and ceiling joists. Papers should be lapped, tightly nailed to framing mem
bers, and loosely stretched so that sufficient space is left for the plaster 
keys that are necessary if the room is t o be finished with lath and plaster. 
Great care should be taken to see that tight joints are secured around 
windows, doors, and dormers in order to prevent water vapor from entering 
the walls at these points. 

In old houses, effective vapor barriers can be made by painting the inside 
wall surfaces with two coats of moisture-retardant paint or by using mois
ture-resistant wallpaper. 

Another type of treatment that will help to prevent the disastrous re
sults of condensation on the lower sides of roofs in attics provides ventila
tion by the installation of louvers in the house gables. The use of small 
openings, concealed by moldings, at the top and bot tom of each stud area 
to vent off vapor has proved to be less satisfactory than vapor barriers in 
preventing condensation within walls. 

Condensation is likely to occur in any insulated wall; the more efficient 
the insulation, the more serious may be the problem. Unjust criticism has 
been leveled at certain types of insulation for "drawing moisture," but 
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n . SOUND-CONTROL MATERIALS AND METHODS 

Professor W . C. Sabine of Harvard I'niversity, in 1895, undertook the 
task of improving the acoustics of the auditorium in the Fogg Art Museum 
that had just been built at that institution. His investigations were the 
pioneer quantitative scientific work in this field; so fundamental was this 
work that little has been added to the theoretical basis of the subject. 
Other workers have added mainly by extending knowledge of the acoustic 
properties of materials commonly used in building construction, by mod
ifying his formula for calculating reverberation time, and by developing 
better equipment and methods for the study of sound. 

these materials are not in themselves at fault. The fault lies in the failure 
to prevent water vapor from getting to them. 

4 . Durability, Most rigid boards and many flexible materials used for 
insulation are of vegetable fiber of one kind or other. These are subject t o 
the action of termites and wood-destroying fungi. An insulation shoidd 
be as durable as the structure to which it is applied, and some insulation 
manufacturers are treating their materials with preservatives to prevent 
destrtiction by vermin, termites, and decay. 

6. Structiu'al Strength. Some structural insulation products are being 
used to reijlacc materials commonly used in construction, particularly wood 
and steel lath and wood sheathing. It must not be forgotten that m a 
terials such as sheathing contribute to the thermal resistance of the wall, 
and that if they are replaced, the insulation has to be effective enough to 
over(!ome this loss in addition to supplying the extra thermal resistance 
sought. 

Strength and stiffness tests have been made on panels of rigid fiber-
boards, horizontal wood sheathing, and diagonal wood sheathing of equal 
thicknesses. In general, it has been foiuid that, in regard to strength, the 
fiberboards occupy an intermediate place between horizontal and diagonal 
wood sheathing, horizontal wood sheathing giving the lowest values. These 
residts are based on static tests and do not include resistance to puncture. 
Panels tested for rigidity showed that those sheathed with fiberboard o c 
cupied an intermediate position between horizontal and diagonal wood 
sheathing when no openings were present in the panel, horizontal sheathing 
giving the least rigidity. Fiberboard sheathing gave somewhat more 
rigidity than tliagonal wood sheathing when panels containing window and 
door openings were tested. The effectiveness of the fiberboard was found 
to increase with an increase in the number of nails used, and its effective
ness also depended on the method of applying it around window and door 
openings.'" 
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A. ACOUSTICAL DEFECTS 

The usual defects^' in auditoriums are stated to be : echo, dead spots, 
sound focuses, and reverberation. 

1. Echo, Dead Spots, and Sound Focuses. Echo, in the usual sense, 
means a definite or articulate repetition of a sound after an interval at least 
equal t o the total duration of the sound that is being repeated. Dead spots 
and sound foci occur as a result of echo-producing conditions. Echo arises 
by regular reflection of sound from walls, ceilings, or arches without scatter
ing it. Echo and sound foci often are the result of structural features of the 
room, and their removal may require changes in construction. 

2. Reverberation. Reverberation means a confused or inarticulate pro
longation of a sound, and it is produced by walls and ceilings that have ir
regular surfaces. In this instance, the reflected sound is diffused in all 
directions so that its articulate character is destroyed. A sound produced 
in a room is reflected back and forth from walls, floor, and ceiling, a 
certain portion being absorbed at each reflection until its intensity is 
so reduced that the sound becomes inaudible. Because of the speed 
of sound, there may be many such reflections in the course of a single 
second in a room of ordinary size. The greater the dimensions of the 
room, the more prolonged will be the reverberation. B y lining the walls 
and ceiling with sound-absorbent materials, many of which are wood-fiber 
products, only a few reflections may be required to destroy the sound. 
T o o much of such material can produce an "acoustically dead" room, 
which is undesirable because it does not satisfy estabhshed tastes and 
auditory habit. 

T h e time in seconds taken for a sound of specified energy t o die away to 
inaudibility is termed reverberation time. Excessive reverberation time 
prolongs each syllable or music note so as to cause it to interfere with the 
next one. Ideally, each syllable or note should die away before the next 
arrives, and the sound should always be loud enough to be heard. The 
first of these two conditions can be obtained b y providing enough sound-
absorbing material in the room, and the latter can often be secured by in
creasing the amount of reverberation through a reduction in the amount of 
sound-absorbing material. T o adjust for these two conditions, it is often 
desirable to have walls with variable sound absorption. Smooth-plastered 
walls covered with heavy curtains, which can be pulled back to expose more 
or spread out to expose less wall surface, may effect the necessary c o m 
promise between reverIteration and loudness of sound. 

Acceptable reverberation times ^̂ -̂ ^ for speaking and musical per
formances for rooms of different volumes have been worked out. Rever-
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B. So UND-ABSORPTION CO E m CIENTS 

A square foot of material having a sound-absorption coefficient of 1.00 
will absorb all incident sound energy; a square foot of a material having a 
sound-absorption coefhcient of 0.30 will absorb three-tenths as much sound 
as a square foot of material that absorbs all incident sound energy. Sound-
absorption coefficients vary, more or less, with the frequency of the in
cident sound. Although a frequency of 512 cycles per second is considered 
to be the standard in calculating reverberation time, it is advisable to cal
culate the reverberation times for other frequencies in order that a room 
may be made acoustically satisfactory for var>'ing conditions. Although 
there are some exceptions, sound-absorption coefficients of most materials 
increase as the frequencies of the incident sound increase. For a frequency 
of 512 cycles, sound-absorption coefficients may be as low as 0.27 and as 
high as 0.61 for sound-control materials made of plant fiber. 

^Materials having the greatest coefficients are not necessarily the most 
advantageous. When space is not limited, a greater quantity of low-
coefficient material will give the same result. From the standpoint of 
economy, the installed cost per unit of sound absorption may favor a low-
coefficient material. 

The National Bureau of Standards has measured the total sound absorp
tion of individual objects at a frequency of 512 cycles per second. The 
numerical value corresponding to each object indicates the number of 
square feet of a material having a sound-absorption coefficient of 1.00 that 
would be necessary to absorb the same amount of sound energy as that 
absorbed by the object. 

Sound 
Object absorption 

Audience, per person 4.00 
Church pews, per wat 0.40 
Seats, upholstered, deix-nding on material and lining, per s e a t . . . 1 . 0 0 - 4 . 5 0 
Wood seats, for auditoriums, per seat 0.25 

• Sabine's formula for reverberation time is / = 0.05V/.4, where / is the time in sec
onds, V is the volume of the rotmi in cubic feet, and A is the total sound absorption by 
walls, floors, ceiling, room contents, and audience. 

beration time varies directly with the volume of the room and inversely 
with the total sound absorption of the walls, ceiling, floor, furnishings, and 
occupants of the rooms. W\ C. Sabine * and others have developed 
simple formulas for calculating reverberation times. Use of these formulas 
enables one to estimate the amount of sound-absorption materials neces
sary to accomplish desired results. 
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C . SOUND INSULATION 

Sound insulation, as considered here, refers to the reduction of sound 
transmission through homogeneous substances and ivalJs made up of sev
eral materials. While sound-absorbing material within a room that is re
ceiving sound from an outside source m a y be considered a means of soimd 
insulation, it can be depended on for only a very limited amount of sound 
reduction. Sound insulation, therefore, must deal primarily with the re
duction of sound transmission through a given material or composite of 
materials. In general, sources of sound can be put into two classes: air
borne and solid-borne. 

1. Transmission of Air-bome Sound. The principal means for the trans
mission of air-borne sound are ( 1 ) refraction through the wall or insulating 
medium; ( 2 ) through openings, such as unclosed windows, cracks around 
doors, ventilators, etc . ; ( 3 ) by means of the diaphragm action of partitions. 

When a wave of sound strikes a vibrationless, homogeneous partition, a 
portion of the incident sound is reflected from the partition, a portion of it is 
absorbed b y the partition, and a third portion of it is refracted through the 
partition in a manner analogous to the refraction of light through a pane of 
glass. The greatest percentage of the incident sound is reflected from the 
partition, and an insignificant part is refracted through to the other side 
and need not, ordinarily, be considered in buildings. 

Openings of any sort that permit a free flow of air transmit sound readily 
and present a serious problem in sound insulation. Frequently, the best 
sound-insulated wall may be rendered ineffective because of open windows, 
cracks around doors, ventilators, heating ducts, or shrinkage cracks de 
veloping in wood partitions. 

T h e greatest amount of air -bome sound is transmitted from one room t o 
another by the diaphragm action of the separating wall. Soimd waves in 
air consist of alternate compressions and rarefactions, and if there are no 
holes or cracks t o provide free passage for the waves, the transmission is 
accomplished by setting the wall in vibration. The wall yields a little to 
the pressure of each sound wave that strikes it, and it is thrown into a state 
of vibration. The vibrating wall then sets the air on the opposite side in 
motion to produce sound waves. The amount of energy transmitted de 
pends largely on the initial energy striking the wall, the mass of the wall, 
the stiffness of the wall, and the composition of the wall. Occasionally, 
when the sound is mainly of a single frequency, the wall may be in resonance 
with the sound frequency; but as a rule the resonance frequencies of build
ing waUs are so much lower than the frequencies of ordinary sounds that 
this condition rarely presents itself. 
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2. Reduc ing Air-borae Sound Transmiss ion . For homogeneous walls 
of any type,^ the weight per unit of area is the most important factor in de 
termining the sound insulation. T h e sound-insulation factor for h o m o 
geneous walls is not directly proportional t o the weight per unit of area; it is 
virtually proportional t o the logarithm of the weight per unit of area. As 
a result, a high degree of sound insulation can be obtained in this w a y only 
by making the wall exceedingly heavy. Walls of this type , t o obta in ef
ficient sound insulation, m a y have t o b e so thick that they are n o t feasible 
because of cost and weight of building. 

It is usually more economical and practicable t o make lighter weight 
walls of greater stiffness; t o break the w^all u p into t w o or more layers and 
to apply , in addit ion, sound-absorbing blankets or felts between the layers; 
or t o m a k e a wall of a composite of materials. W h e n a wall is broken up in 
this manner, however , it becomes impossible to prtjdict its sound-insulation 
value. Panels must be constructed and tested* ' ' * before the sound- in
sulating values of nonhomogeneous walls and floors can be determined. 

Some of the methods that have been tried, with more or less success, t o 
obtain so imd insulation in wall, ceiling, and floor partit ions follow. 

a. Increasing iStiffness of Conventional Walls. Stiffening of walls whose 
t w o surfaces are applied t o the same studs m a y be accomplished through 
the use of larger or more studding. Each section of wall surface between 
t w o ad jacent s tuds acts as a flexible panel held more or less firmly b y the 
studs. W h e n one surface of the panel is thrown into vibration, it sets up 
corresponding waves in the enclosed air; these air waves throw the o p 
posite betwecn-stud wall surface into vibration, and this surface, in turn, 
produces sound waves in the air on the farther side of the wall. Air en
closed within a wall acts like an elastic crosstie between the t w o surfaces, 
but it cannot cause the second surface t o v ibrate so much as the surface 
receiving the initial sound waves. Such enclosed air has a low transmission 
and is, in reality, a g o o d insulator. In addit ion to the vibration of these 
between-stud panels, the entire first wall surface is thrown into vibrat ion 
by the initial sound ; and, because of physical connect ion by the same studs, 
the t w o entire wall surfaces are obl iged t o m o v e in unison. T h i s condit ion 
is responsible for the greatest amount of air-borne sound transmission from 
one room to another. A stiffer wall will vibrate less, thereby reducing 
transmission of so imd. Since wall stiffness is control led largely b y the 
studs, it is possible t o increase waU stiffness b y increasing the size or the 
nund>er of studs or both. 

b. Separation of Wall Surfaces. A wall may be d iv ided into t w o parts 
by using t w o sets of studs staggered from a straight line, each wall surface 
being applie<I t o half the total number of studs. Occasionally t w o sets of 
smaller studs set opposite each other may be used, with or without an in-
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sulating material between them. These types of wall construction are d e 
signed to utilize the sound-insulation value of a continuous air space by 
eliminating physical connection of the t w o opposing wall surfaces. T h e 
full effectiveness of the air space is not attained because the studs have 
common connecting plates at the ceiling and floor. 

c. Use of Composite Materials for Wall Surfaces. In wall partitions, 
fiberboard and plaster have been substituted for lath and plaster; sheet-
metal lath has been substituted for wood lath; and many combinations of 
t w o or more layers (often of different materials on the same wall surface) 
of fiberboards, felts, etc., have been tried. The problem of sound insulation 
in partitions that must meet requirements of reduced fire hazard, at a 
reasonable cost and weight, is not easy to solve, but apphcation of some of 
these methods has proved to be effective. When furring strips are appfied 
to masonry for the holding of lath and plaster, care must be taken to see 
that the plaster keys on the reverse side of the lath do not protrude far 
enough to form a physical bond with the masonry. 

d. Use of Insulation Materials in Air Spaces. Generally speaking, the 
introduction of felts, fill-type insulation, sawdust, slag, and other materials 
into air spaces between wall studs has met with indifferent success. In 
some instances this procedure has decreased sound transmission; in others, 
sound transmission actually has been increased. Much depends on the 
material chosen and the particular wall to which it is applied. If the ma
terial packs down, it may act as a tie to transmit sound, but if it does not 
exert pressure against the surface to aid in damping out vibrations, it is of 
little value. When the wall surfaces are very thin, proper application of 
appropriate fillers seems to be definitely beneficial. 

3. Solid-borne Sound Transmission. Sound that arises from vibration 
because of impact or contact, when conducted through solid members of a 
structure, is known as solid-borne sound. Types of impact that produce 
solid-borne sound include hammering on walls or floors, footfalls, moving 
of furniture, direct vibration from machinery and musical instruments, and 
dropping of objects. Solid-borne sound, resulting from contact, is typified 
by that of water running in pipes that are in contact with solid members of 
walls. 

4. Reduction of Solid-borne Sound Transmission. IiLsulation against 
air-borne sounds in all kinds of partitions seems not too difficult, but in
sulation against impact-produced sounds is a much harder task. In fact, 
it might be said that efficient insulation against impact sound is yet to be 
discovered. The logical starting point for reduction of impact noises is 
probably to prevent most of the sound energy from being carried to the 
structure. This can be accomplished b y covering floors with rugs; b y put
ting legs of pianos in caster cups that have rubber or felt bases; by using 
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One of the most effective methods for reducing these noises is to introduce 
discontinuities in tlie paths of the conducted sounds comprised of m a 
terials as loosely connected as possible. Appropriate materials should 
differ greatly in density and elasticity from the solid s tmcture of the build
ing. Things that have been done include the building of floating floors on 
flexible pads such as cork, flberboard, felts, or other elastic material ; the 
use of ceilings suspended b y flexible or elastic ties; and the separation of the 
entire room surface from the main structure (a room within a room) b y 
the least rigid ties that will suffice. 
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C E L L U L O S E F I L A M E N T S A N D F I L M 

H i g h l y purif ied celhilose is u s e d extens ive ly as a basic mater ia l in the 
m a n u f a c t u r e of a n u m b e r of d e r i v e d p r o d u c t s such as r a y o n , t ransparent 
films ( C e l l o p h a n e ) , p h o t o g r a p h i c films, artificial sponges , sausage casings, 
a n d lacquers . T h e t w o pr inc ipa l sources of cel lulose suitable for the m a n u 
fac ture of these p r o d u c t s are w o o d p u l p a n d c o t t o n . * A t the present t i m e 
ut i l izat ion of w o o d p u l p in the m a n u f a c t u r e of cel lulose der iva t i ves is c o n 
fined pr inc ipa l ly t o the p r o d u c t i o n of r a y o n b y t h e v iscose m e t h o d . 

T h e pr inc ipal t y p e of p u l p used is a b l e a c h e d sulfite wi th a h igh a l p h a -
cel lulose t c o n t e n t , o b t a i n e d m a i n l y f rom spruce and western h e m l o c k . J 

T h e a lpha-ce l lu lose c o n t e n t o f w o o d p u l p sui table for r a y o n m a n u f a c t u r e 
ranges f r o m 85 t o 96 per cent , d e p e n d i n g o n the m a n u f a c t u r e r ' s require 
ments . § T h e m a j o r p r o b l e m in the puri f icat ion of w o o d p u l p is the r e m o v a l 
of all c a r b o h y d r a t e s o ther than alpha-ce l lu lose {i.e., b e t a - a n d g a m m a -
cel luloses a n d hemice l lu loses ) a n d the residual n o n c a r b o h y d r a t e c o m p o u n d s 
( traces of l ignin, resins, fats , waxes , tannins , e t c . ) that are left beh ind after 
b leach ing operat i ons . I n the p r o d u c t i o n of purif ied w o o d p u l p , these 
prodvicts are r e m o v e d b y an alkal ine t r ea tment . T h e t w o m o s t general ly 
used m e t h o d s are (1 ) t r e a t m e n t of p u l p w i t h di lute alkaU (0.5 t o 2 per c e n t 
caust i c s o d a a t e l e v a t e d t e m p e r a t u r e s rang ing f r o m 100 t o M O ° C . ) a n d 
(2) co ld alkali t r e a t m e n t at r o o m t e m p e r a t u r e a n d with alkali c o n c e n t r a 
t ions ranging f r o m 4 per cent t o as high as 20 per cent . 

R a y o n , a l so k n o w n as artificial silk, is a t rade n a m e a d o p t e d in 1924 t o 
des ignate a class of synthet i c filaments and texti les m a d e of t h e m , the pr in 
c ipal c ons t i tuent of wh i ch is cel lulose. M o r e specif ically the t e rm rayon 
refers t o artif icial silk m a d e b y the v i s cose process . 

• In 1051 the rayon industry in the United States consumed 515,500 tons of bleached 
sulfite pulp, compared to 100,8tX) tons of cotton-lintei-s pulp. It is expected that the 
utihzation of wood pulp by the industries engaged in the manufacturing of cellulose 
derivatives will continue to increase. 

t .Mpha-cellulose is generally defined as the more stable portion of cellulose that fails 
to di.-v«ilve in 17.5 i>er cent of caustic soda, at 2 0 ^ 0 . 

I Satisfactory pulp for rayon manufacture can also be produced from southern pines 
and even from hardwoods; in fact, the sjx'cies used is of secondary importance to the 
method of isolation and (he purity of the pulp. 

% In coutriist, cotton Unters contain about 0 8 per cent of alpha-cellulose. 
369 
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Of the four methods for the manufacture of artificial silk (see T a b h 
17-1) only two, the acetate and the viscose processes, are commercially 
important today. Cellulose acetate is a cellulose derivative produced by 
treating cellulose with a mixture of acetic anhydi-ide and glacial acetic 

TABLE I7-J. FLOW CHART OF RAYOPJ MANUFACTURE BY FOUR PROCESSES" 

Viscoste Acetate Cuprammoniuin Nitrocellulose 

W'ood pulp and cotton Cotton linters and Purified cotton linters Purified cotton linters 
linters wood pulp Treated with basic cop Dissolved in nitric acid 

Caustic steeping Treated with acetic an
hydride, acetic acid, 
and catalyst 

per sulfate and am
monium tartrate 

and sulfuric acid 

1. Alkali colluloae; I. Primary cellulose 1. Dissolved in (!u- 1. Cellulose nitrate: 
Press! ng acetate; prammonium sol Precipitation 
Grinding Hydrolysis vent: Washing 
Aging Precipitation Mixing Extracting 
Treating with CSj Washing Diluting Dissolving in alco

2. Cellulose xanthate: 
Extracting Maturing hol-ether 

2. Cellulose xanthate: Drying Filtration Filtration 
Dissolved in caustic Deaerating Deaerating 

soda 2. Secondary cellulose 
Deaerating 

Filtering 
Deae rating 

acetate: 
Filtering 

2. C u p r a m m o n i u m 
spinning solution: 

2. Nitrate spinning so
lution: 

Ripening Deaerating Wet-spinning into Dry-spinning into 
water warm air 

3. Vfacose spinning solu 3. Acetate spinning so Stretching 
tion: lution: 3. Deiiitrating: 

Wet-spinning through Dry-spinning into 3. Copper removal: Washing 
spinnerets into acid warm air Acid wash Bleaching 

Scouring bath Twisting Rinsing 
Bleaching 
Scouring 

Spinning Drying Soaping 
Washing 4. Acetate yarn Twisting Twisting 

4. Desulfuring 4. C u p r a m m o n i u m 4. Nitrocellulose yarn 
Washing yam 

4. Nitrocellulose yarn 

Bleacli ing 
yam 

Drying 
Twisting 

5. Viscose yarn 

" Adapted from RayoD and Synthetic Yarn Handbook, 2d ed., The Viscose Cocupany, New York. 1936. 

acid, in the presence of a catalyst. The resulting product, cellulose tri
acetate, when partially hydrolyzed, is soluble in acetone and may be 
formed into filaments and films. Artificial silk made by the viscose method, 
on the other hand, is practically pure cellulose. In its production certain 
chemicals are used to convert the ceihdoso into a fluid. "UTien in this form 
cellulose can be precipitated (regenerated) under controlled conditions to 
form solid cellulose filaments or films. 
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A . VISCOSE PROCESS 

Since in this country the utihzation of wood pulp for manufacture of 
artificial silk is largely confined to the viscose process, a more detailed de
scription of this process is presented. 

The viscose method of producing rayon is based on the discovery in 1892 
by Cross, Bevan, and Beadle that when cellulose is treated with a strong 
sodium hydroxide solution an alkali cellulose is formed. When this is 
treated with carbon disulfide, it forms an alkali-soluble cellulose xanthate 

(sodium cellulose salt of dithiocarbonic acid) . Cellulose xanthate itself is 
an intermediate product and is of interest only because it is a practical and 
inexpensive means of bringing the original raw cellulose into a solution from 
which it can be reprecipitated (regenerated) in a number of phj'sical forms, 
such as filaments suitable for spinning, films, or sponge-like masses. The 
process derives its name from the high viscosity of the cellulose xanthate 
solution in dilute sodium hydroxide ( "v iscose" ) . 

The steps in the manufacture of viscose rayon include the preparation of 
alkali cclhdose by steeping, pressing, and shredding cellulose material. In 
steeping, raw^ celhdose is treated with 17.5 to 18 per cent caustic solution 
for about an hour at temperatures of 18 to 20°C. The object of this treat
ment is to remove all the hemicellulose and impurities from the cellulose 
and to cause it to swell and to absorb sodium hydroxide {i.e., t o form alkali 
cellulose). When wood pulp is used, sheets of pulp approximately 12 by 
18 in. are placed on edge in a rectangular tank. Each sheet of pulp is 
separated by perforated steel plates. The tank is filled with a caustic soda 
solution and the pulp is allowed to soak in this solution for about an 
hour at a definite temperature. When this treatment is completed, the 
caustic solution is drained and the pulp is squeezed b y means of a ram 
until the wet weight of the pulp is about three times that of its original dry 
weight. Pulp treated with caustic soda in this manner is called alkali cel
lulose. The wet sheets of alkali cellulose are then reduced to small particles, 
called crumbs, by means of a shredder. This machine consists of a castr 
ij-on trough, equipped m t h two rotating horizontal steel arms fitted 
with steel-toothed shoes. The shredder not only breaks up the wet pulp 
sheets into small particles, but also blends and mixes the crumbs, equalizing 
the caustic soda content. 

The next phase of manufacture consists of aging the crumbs. The crumbs 
are discfmrged from the shredder into large cans, which are placed in tem
perature-controlled rooms. There they remain for about 48 hours, while 
tlie alkali cellulose im<,lergoes important physical and chemical changes that 
alter its molecular structure, decrease its viscosity, and increase its solu-
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bility. The aged alkali cellulose is then treated with carbon disulfide (CS2), 

which transforms it into an alkali-soluble cellulose derivative known as 
cellulose xanthate. This operation is carried on in a rotating steel drum 
called a churn. During this reaction the cellulose changes its color from 
white to orange; at the same time the fluffy crumbs collect into tight balls 
ranging in size from marbles to baseballs. At the end of the xanthation 
reaction the excess of carbon disulfide is allowed to drain and the cellulose 
xanthate is transferred into a mixer equipped with a stirring apparatus, 
where a known quantity of dilute caustic soda is added. The caustic soda 
gradually dissolves the cellulose xanthate, the resulting orange-colored 
viscous solution being the viscose, a complex mixture containing cellulose 
xanthate, caustic, carbon disulflde, and compounds formed by their inter
action. The viscose is filtered through several thicknesses of cotton batting 
and the filtrate allowed to ripen for several days, until all the air bubbles 
escape, leaving a clear, air-free solution that is now ready for spinning 
(Fig. 17-1) . 

Ripening of viscose is accompanied by chemical and physical changes; 
the former consist of the spontaneous decomposition of the cellulose xan
thate, by splitting off of the carbon disulfide and regeneration of the cel
lulose, and the latter results in improvement in the coagulation prop
erties of the product. This spontaneous decomposition of the ceUulose 
xanthate is too slow for industrial purposes; the regeneration of the cellulose 
can be made instantaneous, however, by treating the xanthate with mineral 
acids and acid salts. Such treatment, carried on in the coagulation baths, 
causes simultaneous regeneration and coagulation of cellulose in the de 
sired physical forms. 

More recently several continuous processes have come into use to replace 
the multiple-stage batch operations just described. In one continuous 
system, pulp sheets are passed through all the stages of operations on a 
conveyer, while in another, bulk pulp is treated in vats equipped with 
agitators and press rolls, or in a centrifuge, for removing the excess of 
caustic. 

1. Rayon Y a m . R a y o n filaments are produced b y forcing the "vdscose 
through holes 0.002 to 0.005 in. in diameter in small cups or spinnerets made 
of precious metal, usually platinum. The spinnerets are immersed in an 
acid coagulating bath containing warm water, sulfuric acid, sodium sulfate, 
zinc sulfate, and usuafly some glucose or magnesium sulfate. This acid 
bath neutraHzes the caustic soda, causing the breakdown of ceUulose xan
thate and regeneration of solid cellulose in the form of filaments, each hole 
in the spinneret forming a filament of pure cellulose. These filaments are 
passed to a spinning b o x ; its rotation causes a group of filaments t o be 
twisted into a thread of the desired twist. In another type of spinning 
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machine, the thread as it leaves the hardening bath is wound without a 
twist, the twisting being done as a separate operation. 

The yarn as it comes from the spinning machine still contains more than 
70 per cent of bath liquids; these are washed out with water. I t is then 
treated with an alkahne sulfide solution, which dissolves the sulfur de
posited on the yarn, and is passed through heated driers. The yarn which Is 
intended for weaving is bleached with a hypochlorite solution and then re-
dried. This treatment restores the bright color to rayon which, when it 
comes from the spinning machine, is a dull yellow. Yarn intended for 
knitting is bleached after it has been woven into cloth. Rayon yarns have 
a high luster that is frequently objectionable in a finished product. Today , 
rayon yarns of normal, semidull, and very dull lusters are offered. Deluster-
ing is accomplished by incorporating insoluble pigments into the rayon 
threads. Colored rayons are produced by spinning a solution of viscose 
to which a dye has been added. Rayon y a m is used in practically all 
textile products, either alone or in combination with silk, wool, or cotton. 

2. Staple Fiber. A far-reaching development in the rayon industry is the 
invention of the so-called staple fiber, made by cutting rayon yarn into short 
lengths and then spinning it into a fiber; it promises a considerable increase 
in the amount of wood cellulose converted to textiles. The production of 
staple fiber in this country in 1935 amounted to only slightly more than 2 
per cent of the total rayon fiber made in the United States, but by 194{) 
it had increased to more than 20 per cent of the total rayon production. 
The staple fiber is used largely as a substitute for cotton; the goods made 
of it are said to cost only about one-third as much as cotton materials. 
The staple fiber is, however, much less water-resistant than cotton and on 
this account is unsatisfactory when used alone. The advantages claimed 
for this product over that of rayon filaments are that it mixes well with cot
ton, silk, or wool, is less subject to crushing, and adds body to fabrics; it is 
also claimed that dirt does not adhere so much to the staple fiber as to other 
fabrics. When used in admixture (25 per cent in Germany) with cotton 
and other natural-fiber materials, the resulting fabrics are said to be of good 
strength and of fair water-resistant capacity. 

B . TRANSPARENT CELLULOSE FILMS AND CASINGS 

Transparent cellulose films, sold under a variety of trade names such as 
Cellophane, Kodapak, and Protectoid, are produced either by the viscose 
or cellulose acetate method. The manufacturing process is identical to that 
employed in yarn manufacture, except that cellulose-containing solutions 
are forced through long slits instead of spinnerets. The solidified sheets 
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are then bleached, washed, and dipped into a bath of a softening agent, 
such as glycerol , and finally passed through a pair of squeeze rolls into a 
drier, where they arc dried under tension. T h e entire operat ion is c o n 
tinuous. 

T o render cellulose films moistureproof , some manufacturers coat them 
with a thin film of cellulose nitrate lacquer. T h e cellulose films can b e 
dyed in any desired color or can be embossed b y means of pressure rolls. 
These films find wide application as a wrapping material for f ood products , 
textiles, confect ionery , and other merchandise. T h e y are also used in the 
manufacture of artificial flowers, bandages, and similar products . 

Sausage casings, bands, and similar items are made by extruding viscose 
through annular slots into a coagulating bath. T h e film is coagulated in 
the form of a tube and then put through the various purification stages in a 
continuous operation. 

C . D E V E L O P M E N T OF T H E R A Y O N I N D U S T R Y IN T H E U N I T E D S T A T E S 

T h e American rights t o the viscose process were acquired b y the Central 
Artificial Silk C o m p a n y of Landsdowne , Pennsylvania, in 1905. These 
rights were later purchased b y S. W . Pett i t , under whose direct ion p r o d u c 
tion reached some 300 lb. of rayon a day . W h e n Pettit died in 1909, his 
son sold the American rights t o a c o m p a n y which, under the name of the 
Viscose C o m p a n y of America , established a commercial p lant at M a r c u s 
H o o k , Pennsjdvania, in J910. The next year 365,000 lb. of artificial silk 
were produced at that plant. 

From that t ime on the American rayon industry began to expand 
rapidly, reaching product ion of more than 10 million lb. in the year 1920 
and of more than 750 million lb. in 1946. T h e production of rayon and 
staple fiber continues to increase at a rate of more than 50 million lb. a 
year . 

Until 1936 the United States led in the product ion of rayon, with Japan 
a close second ; in 1936 Japan displaced the United States as the world 's 
largest producer of rayon, and in 1937 the United States went into third 
place , with G e r m a n y o c cupy ing second place and I ta ly fourth. T h e sen-
Siitionally rapid deve lopment of rayon industries in Japan, Germany , and 
Italy was due in large extent t o a rapid increase in consumption of rayon 
staple fiber. T h e <lemand for textiles generated b y the Second W o r l d W a r , 
together with the difficulties of securing adequate supplies of natural fiber, 
gave impetus to the expansion of rayon product ion. A first world record 
of rayon filaments anil staple fiber protluction was established in 1941. 
From then on however , a growing scarcity of coal and chemicals and a 
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* For instance, the total production of rayon in Germany after the conclusion of the 
Second World War dropped from a peak of 400,000 tons to less than 49,000, that of 
Italy from 144,000 tons to 43,000, and that of Japan from 245,000 to about 14,000 tons. 

In 1951 the post-war recovery of trade brought production of rayon and acetate up 
to a new record of 3,957,470 tons. Of these, the United States accounted for about 33 
per cent, Germany for 14 per cent, the United Kingdom and Japan for 9 per cent each, 
and Italy for 7 per cent. 

disorganizat ion of p r o d u c t i o n t e m p o r a r i l y reversed the w o r l d t r e n d . * 
T h e A m e r i c a n r a y o n industry is l o c a t e d m a i n l y in t h e E a s t e r n a n d 

Southeas tern states, w i th the largest p r o d u c t i o n c o n c e n t r a t e d in P e n n 
sy lvan ia , M a r y l a n d , W e s t Virg inia , Virginia , and Tennessee . A b o u t 65 
per cent of the d o m e s t i c r a y o n is m a n u f a c t u r e d b y the v iscose process and 
35 per cent b y the ace ta te process . Successful o p e r a t i o n of a mill p r o d u c i n g 
r a y o n i n v o l v e s a large capi ta l izat ion . A da i ly c a p a c i t y of 1 t o n is c o n 
s idered the m i n i m u m scale of e c o n o m i c a l operat ion . T h e c a p a c i t y of A m e r -
ical p lants ranges f r o m 800 ,000 t o a b o u t 35 mi l l ion p o u n d s a year . A n 
average p lant will c os t a b o u t $2 ,000 ,000 , inc lud ing w o r k i n g capi ta l . T h e 
p r o d u c t i o n cos t s are a b o u t equa l ly d i v i d e d a m o n g labor , r a w mater ia l , and 
deprec ia t i on a n d o v e r h e a d , a l t h o u g h labor m a y s o m e t i m e s a c c o u n t for as 
m u c h as 50 per c e n t of the t o ta l c o s t . 
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C A R B O N I Z A T I O N A N D D E S T R U C T I V E D I S T I L L A T I O N O F W O O D 

This chapter deals with the manufacture of charcoal in kilns and portable 
ovens and with the dry or destructive distillation of hardwoods and soft^ 
woods. The steam and solvent distillation of pine wood for the production 
of naval stores is discussed in the chapter on Naval Stores (Chap. 20). 

The term carbonization is used to denote the production of charcoal ir
respective of the method employed, while the term destructive distillation 
implies the recovery of distillates. Thus destructive distillation, as prac
ticed, can be thought of as involving two classes of operations, carboniza
tion and the collection and refining of distillates. 

Destructive distillation of wood consists, primarily, of heating wood in a 
retort or oven in the absence of air (or in the presence of a limited amount of 
air) to form products of commercial value. The wood is decomposed, and 
the properties of its components are changed. The chemical changes in
volve the breaking down, by elevated temperature, of the more complex 
molecules into simpler ones. W o o d has a complex structure, and it is not 
surprising that its thermal decomposition results in the production of a 
large number of compounds, some simple in structure and others highly 
complex. The crude products of destructive distillation may be classed as 
( 1 ) noncondensable gases; (2) condensable vapors that yield crude pyro -
ligneous acid and soluble and insoluble tars; and (3) the residue, charcoal. 
The manufacture of charcoal in kilns and portable ovens is simply carbon
ization, with no attempt matle to recover the gases and vapors. 

There is no record of the beginning of the wood-distillation industry, but 
there are numerous references to the manufacture of charcoal hundreds of 
years ago. American progress in developing the modern equipment of 
today has been gradual and has followed rather definite stages: ( I ) oliarcoal 
heaps or pit kilns without recovery of volatile products, (2) beehive kilns 
without and with recovery of some of the volatile products, (3) iron or steel 
retorts with recovery of volatile products, (4) modern steel ovens with 
emphasis on recovery of volatile products, and (5) retorts that operate con 
tinuously on chips and other small wood, with recovery of volatile ma
terials. 

Of the crude products of distillation, charcoal is usually the only one 
that is directly marketable. The gases are often used for fuel at the plant, 
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and the vapors are condensed. These condensates must be refined to yield 
salable products. The hardwood distillation industry has been undergoing 
great changes in refining methods, and much research effort is being spent 
in the direction of improved refining processes to produce various chemicals. 
The decline in the use of charcoal for the manufacture of iron and the in
troduction of synthetic products to compete with those obtainable from 
wood distifiation have been responsible for this activity. 

I. CHARCOAL PRODUCTION WITHOUT RECOVERY OF BY-PRODUCTS 

Although most of the charcoal manufactured in the United States comes 
from the destructive distillation of wood, a small amount is still produced 
in charcoal pit kilns and portable ovens. A bushel of charcoal as defined 
by the industry weighs 20 lb. 

A. CHARCOAL PRODUCTION IN P I T K I L N S 

T h e simplest and most commonly used type of charcoal kiln in this 
country is the pit or dirt kiln. In this method, a central chimney 1 to 2 ft. 
in diameter is formed by driving several poles into the ground. W o o d , in 
the form of pieces 3 to 4 ft. long, is stacked against the chimney; the sticks 
in the first layer are placed on end, leaning slightly toward the center. 
Then another layer of wood is laid flat on top of the first, and the stack is 
built in the form of a beehive. As the building of the pile progresses, the 
central chimney is filled with kindling, twigs, and other combustible ma
terial. 

The entire mound, with the exception of the central opening, is then cov 
ered with a layer of twigs, on top of which several inches of sod, turf, or 
clay are placed. The fire is started b y dropping embers down the central 
chimney or b y pouring kerosene on the kindling material and lighting with 
a torch. 

Successful carbonization depends on the admission of air in quantities 
just sufficient to start combustion. After combustion is proceeding at an 
even rate, air vents at the bot tom of the pile are closed in order that car
bonization m a y take place without allowing the charcoal formed to burn 
to ashes. When carbonization has been completed, the pile is allowed to 
cool one to several days, depending on the size of the pile. 

The capacities of pit kilns vary from about 2 to 50 cords of wood. The 
carbonization time depends on the size of kiln, the moisture content of the 
wood, the species, and weather conditions; it may take from 2 to 5 days for 
a 2- to 5-cord pile and as much as 2 weeks for a large pile containing 30 to 
50 cords. For best results, the wood must be at least partially air-seasoned. 
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T o facilitate cooling, water is poured into the chimney. When the kiln is 
completely cooled, it is opened and the charcoal is raked from the mound. 
This operation should not be carried on if there is a strong wind, because 
there is always danger that the charcoal will ignite. 

The yield of charcoal from such woods as maple, beech, and oak is about 
30 to 40 bu- per cord of wood. This method is very wasteful when compared 
to the yields of charcoal obtained from destructive distillation, and, of 
course, no volatile products are recovered. In some instances, accumulated 
tar may be salvaged. 

B . T H E B E E H I V E K I L N 

T h e beehive kiln was a special type formerly used to a great extent, es
pecially in Michigan, to produce charcoal for iron manufacture. These 
kilns, usually built in the shape of a beehive, were constructed of brick or 
stone, with air holes provided at the base and an iron trap door on the top . 
The charge was introduced through this top opening, and the operation was 
started by igniting the wood at the bottom. The charging door was then 
closed or, in some instances, was left open until part of the moisture in the 
wood was driven off. The carbonization was accomplished by the heat 
generated from the combustion of a part of the charge, air being admitted 
through ports near the base of the kiln. Such kilns had capacities of from 
20 to 90 cords of wood. 

The beehive kiln gave a somewhat higher yield of charcoal, was easy to 
operate, and saved the labor involved in the construction of a new kiln for 
each charge. At first no attempts were made to save the volatile products, 
but later some were recovered and converted to methyl alcohol and acetate 
of lime. 

Other nonportable types of ovens and kilns for the production of char
coal have been developed in Europe. These have been somewhat on the 
order of the American beehive kiln but differing fundamentally in one re
spect: they are equipped with furnaces that supply the heat for carboniza
tion. The gases from the furnaces are led b y means of flues through the 
wood to be carbonized. These European ovens are made of brick or cast 
iron. 

C . PORTABLE CHARCOAL O V E N S 

The portable charcoal oven was developed in Europe, and one type is 
described by Holsoe.^* This kiln, octagonal in shape and tapered toward 
the top, is made of 10-gauge sheet metal riveted together and built in three 
sections: the lower, the upper, and the lid. The lid is provided with an 
8-in. hole into which a length of stovepipe is inserted. 

Kindling is placed in the center, and the wood, in cordwood lengths, is 
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n.̂ DESTRUCTIVE DISTILLATION OF HARDWOODS 

As stated previously, distillation denotes carbonization plus the re
covery of distillates. M a n y methods of carbonizing the wood in hardwood 
distillation have been developed, and they may be placed in two arbitrary 
groups, based on the size of wood used. 

A . CARBONIZATION PROCESSES U SING W o o n OF L A B G E S I Z E 

In these processes the wood used ranges from small blocks up to cordwood 
63 in. long, in contrast to sawdust, chips, and similar small forms of wood. 
Development of equipment for handling these larger sized pieces has fol
lowed a rather definite pattern, 

1. Cast-iron and Steel Retorts. While destructive distillation on a 
rather small scale was carried on in some beehive ovens, the first high yields 
of volatile products came with the adoption of cast-iron retorts. These 
retorts were horizontal cylinders about 42 in. in diameter and 8 ft. long, 
having a capacity of about five-eighths of a cord of wood. Later, steel re
torts having a capacity of 2 to 3 cords came into use. These retorts were 
charged by hand, and they were usually set in pairs, with a firebox beneath 
for heating. The gases and vapors evolved from the carbonizing wood were 
led through condensers. The condensed vapors yielded pyrofigneous acid 

stacked in the same manner as in the dirt kiln. When the first layer is c om
pleted, the two sections of the kiln are placed over the wood, and the second 
layer of wood is placed on top of the first. When the kiln is filled, the lid 
is put in place, and several holes are dug under the sides of the bot tom 
section into which 8-in. stovepipe elbows are inserted to provide air inlets. 
T h e charge is ignited b y lighting the kindling in the center, and when the 
fire is well started, the chimney on the top of the lid is closed. The air in
take is then controlled b y placing extra sections of stovepipe on alternate 
elbows, causing them to act as chimneys while the other elbows act as in
takes. At intervals, these stovepipe sections are changed around to pro
m o t e equal carbonization. When the carbonization is completed, all holes 
are closed and the oven is allowed to cool. Then the sections of the kiln are 
lifted. The capacity of this kiln is about 2 cords of wood. 

Advantages claimed for this oven over a pit kiln of the same capacity are 
( I ) much lower unit cost in producing charcoal, (2) greater yield of char
coal per cord, (3) shorter carbonization time, (4) shorter cooling periods, 
and (5) much less time and labor for the setting-up and dismantling oper
ations. 
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and tar, and the pyroligneous acid was refined to produce methyl alcohol 
and acetate of lime. The residue, charcoal, was raked out of the retort after 
it had been allowed to cool for a sufficient length of time to prevent c o m 
bustion in air. These retorts, especially in hardwood distillation, were 
superseded by the steel ovens cvirrently in use. 

2. Ovens . The m o d e m steel oven is rectangular in cross section, a p 
proximately 6 ft. wide and 8 ft. high. The ovens vary in length, usually 
from 26 to 54 ft., and have a capacity of 5 to 10 cords of wood. The steel of 
the oven is about ^ to in. thick. Such ovens are set in brick chambers 
and, to allow for expansion and contraction, are suspended from steel beams 
supported by the surrounding brickwork. One firebox is provided under 
each short oven, but on long ovens a firebox is used under each end to get 
more uniform heating. Hot gases from the furnace pass along the under
side of the oven, around its sides, and over the top. The better ovens are 
eqinpped with doors at each end; others have doors only at one end. An 
oven with doors on both ends permits more rapid charging and discharging; 
therefore it is more efficient from the standpoint of heat consumption, be
cause it does not cool so much in charging and discharging processes. 
Virtually gastight inner doors are wedged onto the oven, and, in order to 
prevent condensation on their inner surfaces, they are protected by outer 
storm doors. 

The bot tom of the oven proper is set at the ground level in order to 
facilitate charging and discharging, and rails are provided for carrying the 
stecl-alat buggies that hold the wood and retain the charcoal after distilla
tion is completed. Each of these buggies has a capacity of 2 to 2}/2 cords 
of wood. An oven 54 ft. long holds four of these buggies, giving it a capacity 
of 8 to 10 cords. 

Ovens are provided with one or two outlets to which condensers are at
tached. The condensers are usually of the upright tubular type, containing 
numerous copper tubes expanded into brass heads. The heads and tubes 
are enclosed in a steel shell. Water enters the condenser at the bottom and 
flows through an outlet at the top. The vapors and gases from the oven 
pass through the copper tubes, and the vapors are condensed. The con
densate is collected in a basin at the bo t tom of the condenser, the basin 
being equipped " i t h a trap that permits the comlensatc to escape but not 
the noncondensable gases. These gases are generally used for fuel and are 
led into mains that feed the oven furnaces, or they may be allowed to escape 
to the atmosphere when they cannot be used as fuel. 

The time recpiired to distill a charge of wood varies with the moisture 
content of the wood, the rate of heating, and other factors. The cycle may 
be completed in as few as 14 hours, or it may require 30 or more hours 
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a. Wood for Oven Distillation. Methods of handUng wood prior to oven 
carbonization vary. Some large plants operate sawmills to recover salable 
lumber and utilize the low-grade material, slabs, and edgings for distillation 
purposes; other plants have mills especially for the purpose of cutting and 
splitting crooked logs and large limbs into the proper sizes for the ovens; 
and some plants buy wood in cordwood and slab forms. 

It was once universal practice to use wood in cordwood lengths and to 
air-season this stock for a period of 1 to 2 years. This required a large in
vestment in raw material, and, as competitive conditions became more 
severe, many plants installed predriers built of ceramic tile or similar ma
terial. These predriers are usually heated by the flue gases from the oven 
furnaces. The flue gases enter the predrier at the end nearer the oven, the 
end containing the driest wood. When predriers are used, green wood can 
be dried in 48 hours to a moisture content of about 25 to 30 per cent. 
Plants operating on an 18-hour carbonization schedule may have enough 
wood for three oven charges in the predrier at one time. In these instances, 
the wood may be dried to a moisture content of 20 per cent, or less, in 54 
hours. Each oven has its own predrier. In order to facilitate predrying, 
some plants cut the wood into about 1-ft. lengths. Even at plants with mills 
and predriers, it is not uncommon to see a storage yard containing cordwood 
sufficient to keep the plant in operation for 3 to 4 months. 

The principal species used in hardwood distillation are sugar maple, 
beech, birch, oak, hickory, black cherry, ash, and elm. Other species, such 
as poplar, basswood, hop-hornbeam, sourwood, black walnut, and dogwood 
are also used in some plants. In general, the lighter weight hardwoods are 
little used, because of low yields of products, but in some instances the 
heavier ones are little used because of inadequate supplies. Other species, 
such as black willow, are sometimes used to make charcoal for special pur
poses. Bark is not removed from the wood , pieces of greater diameter than 
6 or 7 in. are usually split, unsound wood is rejected, and when purchased by 
the cord, the lengths vary from 48 to 63 in., depending on locality. One 
plant is now purchasing wood on a weight basis, making adjustments for 
excessively green stock. Another plant samples each load of wood for 
moisture content and pays for the calculated amount of dry wood sub
stance. 

It is generally believed that heartwood gives greater yields of products 
than sapwood and that wood from old-groivth timber gives higher yields 
than wood from second-growth trees. Small-scale tests made by Hawiey 
and Palmer gave rather variable results for heartwood, sapwood, slab-
wood, limbs, and bark. 

b. Treatment of Charcoal. The distillation of hardwood yields three 
immediate products; noncondensable gases; an aqueous condensate, pyro-
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ligneous acid and tar, commonly called "green Hquor/ ' which is collected 
from the condensers; and charcoal as a residue in the retort. 

As soon as the distillation is completed, the charcoal is taken from the 
oven and placed in almost airtight, uninsulated steel coolers in order to 
prevent the charcoal from burning to ashes when it strikes the air. When 
taken from the oven, the chaix^oal is glowing, and immediately upon con
tact with air, it blazes with almost explosive violence, although the trans
fer time from oven to cooler is only a few seconds. The charcoal must re
main in these closed coolers for a period of about 48 hours in order that it 
will be cooled sufficiently to prevent spontaneous combustion when finally 
exposed to air. Plants operating on a 16- to 18-hour schedule must, there
fore, have three of these steel coolers; those operating on longer schedules 
need fewer. 

When the charcoal is taken from these coolers, it must remain out in the 
open for at least another 48 hours before it can be safely placed in storage 
bins. In large plants, the several buggies from a complete charge are 
hauled up an inclined track above the storage bin and placed in a rotary 
dumper, or tipple, that has the appearance of a cylindrical hollow cage with 
a rectangular opening just slightly larger than the cross section of a buggy. 
The tipple, mounted on rollers, is then rotated 180 degrees, and the buggies 
are completely emptied in this one operation. The charcoal remains in the 
bins for another 48 hours before screening, grading, and bagging in paper 
for shipment. Freight cars loaded with charcoal are held on a side track for 
another 24 hours as a precautionary measure, for spontaneous combustion 
is still to be feared. Fine charcoal screenings are held in storage at one 
plant for a minimum of 21 days before shipment. 

Some plants pulverize all or part of the charcoal produced, mix it with a 
binder such as starch or wood tar, and compress the mixture into briquettes 
for domestic and campers' fuel. Others pulverize a part of the charcoal 
produced and pass steam through it at a temperature of approximately 
1000°C. to form adirated carbon that has a high adsorptire capacity. Act i 
vated carbon is becoming increasingly important in the treatment of munic
ipal water supplies and sewage sludge beds and for the removal of objection
able odors, tastes, and colors from foods, medicinal products, and other sub
stances. 

c. Utilization of Noncondensable Gases. These gases are generally used 
for fviel under the ovens and, on the average, have a calorific value of 300 
to 325 Btvi pcr cu. ft. These gases have been used to supply carbon mon
oxide in the manufacture of benzaldehyde and propiophenone. One cord of 
hardwood prodvices al)out 7.01)0 cu. ft. of noncondensable gas. 

3. Retorts Heated by Inert Gases . As early as 1921, a patent for car
bonizing green wood by circuJatizig heated inert gases through the wood in a 
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retort had been granted in this country. Several modifications and im
provements on this type of carbonization were made in Germany, Belgium, 
and France, and commercial operations were established in those countries. 
The most publicized of these is the Reichert process developed in Germany. 
N o American installations of the Reichert process have materialized, al
though at least one company gave it consideration about 10 years ago and 
others have considered it more recently-

W o o d , in the form of chunks of 1 cu. ft. or less in volume, is placed in the 
top of an insulated steel retort, and the retort lid is fastened. Hot gases 
are then admitted at the t o p of the retort. These hot gases flow downward, 
dry the wood, and supply enough heat to cause the exothermic reaction in 
the dried wood. Gases containing the by-products of distillation leave the 
bot tom of the retort, as does the charcoal residue. A bin at the bot tom of 
the retort provides for the reduction of charcoal temperature by means of 
cool gases. These retorts may be operated continuously or discontinuously. 

The inert, continuously circulating gases entering the top of the retort 
for drying and heating the wood to the carbonization temperature are the 
flue gases that are produced when the noncondensable gases from the dis
tillation process are burned in a special furnace. These flue gases are pre
heated before entering the retort. W h e n a battery of such retorts is oper
ated, it is possible to keep the distillation process going without the use of 
other fuel. The temperature of these inert circulating gases and the heat 
generated in the distillation process can be controlled, and it is reported 
that the yields of charcoal and distillation by-products from the Reichert 
process exceed those obtainable in the conventional oven. 

B. CARBONIZATION PROCESSES U SING W O O D IN SMALL SIZES 

The destructive distillation of wood of small sizes, particularly sawdust, 
is rather difficult. Solid wood is a poor conductor of heat, and a bulk of 
sawdust is even poorer in this respect because of the small air spaces be 
tween the particles in the mass. It is, therefore, extremely difficult t o 
transfer heat t o the center of a stationary mass of sawdust. In distillation, 
the sawdust must be agitated in one way or another, either b y a stirrer or 
b y a rotary retort. The stirrer or the rotary retort must have gastight 
connections with the stationary parts of the equipment, and if such a 
process is t o be continuous, the sawdust must be introduced and the char
coal must be removed through virtually gastight arrangements. Although 
many methods of distilling sawdust have been proposed, none is in 
commercial operation. The distillation of wood chips is not as difficult 
as the distillation of sawdust. One commercial method for distilling 
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chips and one noncommerc ia l m e t h o d for distilling sawdust will be 
described.* 

1. T h e Badger-Staf ford Process . O n e process, the Badger-Stafford, n o w 
in commercial operation at one plant f in the United States, was deve loped 
to utilize small pieces of w o o d , t o take full advantage of the exo 
thermic reaction in w o o d distillation, and t o m a k e the operat ion of car 
bonization a continuous one. Sawmill scrapwood is reduced to chips that 
are predried in sloping, rotary steel driers 10 ft. in diameter and 100 ft. long. 
Flue gases f r o m the sawmill powerhouse enter the driers a t a b o u t 3 1 5 ° C . 
and flow countercurrent t o the w o o d . 

T h e w o o d requires 3 hours t o traverse the length of the driers, and the 
capaci ty of each drier is about 3 tons of w o o d delivered at a moisture con 
tent of about 3^ per cent . T h e dried w o o d , while still hot , is then conveyed 
t o stationary, cyl indrical -vert ical -type retorts 10 ft. in diameter and 4 0 ft. 
high, having insulated walls 18 in. thick composed of firebrick, d i a t o m a -
ceous earth, and insulating brick within the steel outside shell. 

T h e dried chips are fed into the t ops of these retorts cont inuously b y 
means of barrel valves that are virtually airtight. T h e rate of feeding is 
controlled so that the heat liberated b y the exothermic reaction will be 
sufficient t o bring the incoming w o o d to the distillation point , thereby 
eliminating the application of external heat, once the process is started. 
T h e gases a n d vapors are led through a condenser on the side of each retort, 
and a constant pressure, equivalent t o 0.1 in. of water, is maintained in each 
retort t o control the rate of removal of noncondensable gaaes f rom the 
condensers. Charcoa l passes through grates in the b o t t o m of the retort, is 
withdrawn through a barrel valve , and is reduced in temperature in c on 
tinuous coolers that are sprayed on the outside with water. It is then sent 
thvivugh condit ioners that are similar t o the coolers t o r emove the heat de 
veloped when the charcoal takes up oxygen from the air, in order t o prevent 
combust ion in storage. Temperatures in the retort varj^ from about 255 ' 'C . 
at the walls t o 515'^C. in the center. 

Advantages of the Badger-Stafford process are that (1) fuel costs are 
saved by el imination of cont inuous external heat ing ; (2) the operation is 

• .\ fluidizntinn technique enabling the production of (1) chnrroftl from sawdust, (2) 
activated carbon from charcoal, or (3) activated carbon directly from sawdust in one-
step npiTation is under investigation on the West Coast by the Stanford Research In
stitute and the Oregon I'orcst Proclucts Laboratory, Carbonization and activation are 
attiune<l by kiH.'ping the sawdust in suspension in an upward flow of a hot, gaseous me
dium. .A<lvantages <tf the process include continuous operation, low mechanical energy 
requirement.s, simple equipment construction, speed of carbonization, and better con
trol of the resultant carbon and chemical products. 

t Ford Motor Company plant located at Kingsford, Michigan. 
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continuous; (3) the material is handled mechanically; (4) the process uti
lizes chipped wood ; and (5) the distillation takes place under automatically 
controlled conditions. On the other hand, this process requires (1) that the 
wood be reduced to small sizes, (2) that the wood be quite dry before enter
ing the retort, so much so that it is considered imeconomical to hog and 
dry green cordwood, and (3) that there be a market for charcoal in small 
sizes. 

2. Internally Heated Rotary Retort. The Oregon Forest Products Lab
oratory, in 1943, inaugurated a research program to determine the feasi
bility of producing charcoal from sawdust. The equipment now in use is 
of a rather large laboratory size, and it is suitable for the carbonization of 
hardwood or softwood sawdust. The unit consists of an internally heated 
rotary retort, some by-product-recovery facilities, and milling and pressing 
machinery for the making of charcoal briquettes. The nearly horizontal 
retort is 17 in. in diameter and 20 ft. long, and slopes J^Q in. per foot of 
length. Sawdust of 15 per cent moisture content or less, wet basis, is fed 
from a hopper into the high end of the retort by a screw conveyer. The re
tort is heated by a tube 6 in. in diameter, extending lengthwise through the 
center of the retort shell. A gas burner fires into the low end of the tube, 
and stack gases are discharged through outlets at the high end of the retort 
in such a manner that they do not come in contact with the wood gas pro
duced in the carbonization process. The temperature is highest at the dis
charge (low) end of the retort and becomes progressively lower toward the 
feed (high) end. 

W o o d gas from the carbonizing sawdust is exhausted from the feed end 
of the retort and is passed through a small primary cooler where it is washed 
with a water spray. Some of the tars are condensed b y the water spray. 
The washed gas then passes into a scrubbing tower 14 in. in diameter and 
10 ft. high, where it is further cooled and where virtually all of the tars are 
removed. This tower contains baffles that provide large cooling surfaces 
as the gas passes upward countercurrent to the wash liquor. Settled tars 
are collected from a 50-cu. ft. vat where the wash liquor is accumulated and 
recirculated. Currently no attempt is made to recover the distillation b y 
products other than the settled tar. The water-soluble products are al
lowed to collect and to recirculate as wash liquor. After washing, the gas is 
conducted to the discharge end of the retort, to be used as fuel for the saw
dust-charring process. The retort first is brought up to the required tem
perature b y utility gas; after the charring reaction starts, sufficient wood 
gas is generated to more than supply the fuel required to maintain oper
ation. 

Charcoal is discharged through a double valve arrangement at the low 
end of the retort. The charcoal is cooled in airtight metal containers for 
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several days , until it can safely be put into burlap bags. For briquetting, 
the loose char is pulverized in a pan mill and mixed with a binder, either 
recovered w o o d tar or petroleum tar, then briquetted in a press. Green 
briquettes are then dried or calcined, depending on their proposed use. 

C. S T A G E S IN T H E D ISTILLATION PROCESS 

In the distillation of w o o d , several phases are noted. These are best 
seen in the kind and amount of gas and vapors evo lved (the vapors being 
measuretl by the distillate produced ) a n d the temperatures of the w o o d and 
oven. In the first stage little gas is produced , and the distillate consists of 
water and very volatile oils. As the temperature of the oven rises t o about 
280°C . , the interior of the w o o d rises on ly t o a b o u t 100°C. , the boil ing po in t 
of water. Even at the end of this stage the a m o u n t of gas evo lved is still 
small, but the amo imt of distillate dc(^reases abrupt ly , signifying that the 
\v<Mn\ is b e c o m i n g dry . In the second stage, the interior of the charge b e 
gins to rise rapidly from about 100°C. t o about 275'^C., and the oven t e m 
perature is near 300*C. T h e yield of distillate, consisting of tar and 
pyrol igneous acid, increases rapidly , and s o does the yie ld of gas. In the 
thinl stage, when the interior of the charge has reached about 275 to 280 ' 'C. , 
the heat of the reaction is sufficient t o carry on the distillation without the 
appl icat ion of external heat , a n d the temperature of the interior of the 
charge rises a b o v e that of the exterior. In other words, the reaction b e 
comes exothermic at a temperature of about 275°C. It is in this stage that 
the bulk of the pyrol igneous acid, gas, and tar is produced . A t a t empera 
ture of about 350°C . , the exothermic reaction is finished and the temper
ature decreases. In the fourth stage, t o complete the distillation, additional 
external heat is applied to rid the charcoal, as much as possil)le, of tarry 
bodies. The heat is usually increased to about 400°C . , but very little dis 
tillate is produced . It is erroneous t o say that charcoal is pure carbon, for 
analysis shows that charcoal contains only about 82 per cent carbon. 

T h e gases * evo lved in w o o d carbonization contain a great deal of carbon 
dioxide, and the percentage of combust ib le gases (carbon monox ide , m e t h -

•Thc avi'ragc cnmpnsition of the total gas evolved in hardwood carbonization, 
omitting nitrogen (Na) and the first 5 per cent and last 5 per cent of the gas, is as follows" 

Constituent Per cent 
Carbon dioxide, CO2 60.74 
Carbon monoxide, CO 27.88 
Methane, C\U 11.36 
Hydrogen, Hi 4.21 
Ktlrnne, CjHs 3.09 
liisaturated hydrocarbons, such as ethylene, CjH* 2.72 
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ane, hydrogen, etc.) exceeds that of carbon dioxide only when the inside 
temperature of the wood and the temperature of the oven are above 350°C. 

D . SOME FACTORS AFFECTING PRODUCTS 

Klason and his associates contributed much to our knowledge of the 
exothermic reaction in wood distillation. They distilled wood under 
vacuum in a short time and also at increased pressures and increased time. 
In short-time (2- to 3-day) vacuum distillation, it was found that no exo
thermic reaction occurred, that the amount of tar was materially greater 
than that obtained under ordinary atmospheric distillation, and that the 
charcoal yield was materially reduced. In longtime (14-day) distillation 
under atmospheric pressure, wherein maximum secondary reactions could 
occur, the amount of tar obtained was very low and the yield of charcoal 
was high. The tar obtained in vacuum distillation was hghter in color, 
more transparent, and harder than that obtained in ordinary distillation. 

It was therefore concluded that the exothermic reaction of wood distilled 
at atmospheric pressure occurred not because of the primary reaction, but 
as the result of a secondary reaction in which the primary tar decomposed 
into secondary tar, tar coke, and other products. The higher yield of char
coal under atmospheric-pressure distillation is thought to be the result of a 
combination of primary charcoal and tar coke to form ordinary charcoal. 

Klason also found that the yields of methyl alcohol and acetic acid were 
affected b\it little b y the various methods of distillation. With increasing 
time, a slight decrease in acetic acid was noted, but the yield of acetone was 
increased to offset this. Alcohol and acetic acid are considered to be, from 
these results, primary products, and acetone a secondary product obtained 
at the expense of the acetic acid. 

In commercial operations, the conditions of firing may affect the yield 
and types of various products. While this behavior is not noted in small-
scale laboratory experiments, where the oven is uniformly heated and 
precise control of temperature is possible, commercial experience indicates 
that the yields * of alcohol and acetic acid may be increased by careful 
firing over a longer period than is customarily used in the distillation cycle. 
This discrepancy is explained by the fact that the wood may be super
heated, causing additional secondary reactions, such as the decomposition 
of methyl alcohol and acetic acid. Increased speed of distillation can be 
obtained only by employing higher temperatures, and as a result of higher 
temperature, secondary reactions are increased. 

* In commercial practice, the yield of acetic acid varies greatly, depending on the 
amount of control exercised over the conditions governing carbonization; alcohol yield 
is more constant with varying conditions. 



CARBONIZATION AND DESTRUCTIVE DISTILLATION OF WOOD 389 

The species of w o o d used has a p r o n o u n c e d effect o n t h e p r o d u c t s re 
c o v e r e d a n d t h e y i e lds o b t a i n e d . F o r e x a m p l e , v e r y l i tt le a ce t i c a c i d a n d 
a l coho l are carried in the p y r o l i g n e o u s ac id f r o m s o f t w o o d d is t i l lat ion ; the 
y ie lds are so small that little or n o a t t e m p t ia m a d e t o r e cover t h e m . 
S imi lar ly , p ine oil a n d turpent ine are p r o d u c e d in the d e s t r u c t i v e dist i l la
t ion of southern pine b u t n o t in h a r d w o o d dist i l lat ion. C h e s t n u t g ives a 
l o w y ie ld of a l coho l a n d a h igh y ie ld of acet i c a c i d ; h i c k o r y g i v e s a high 
y ie ld of a l c oho l , b u t it is l o w in ace t i c ac id . 

E. R E F I N I N G H A R D W O O D P Y R O L I G N E O U S A C I D A N D TAR 

F o r m e r l y it was universal prac t i ce t o separate tar a n d oils f r o m the raw 
p y r o l i g n e o u s a c i d dist i l late a n d t o neutral ize the t a r - a n d oil- free a c i d w i t h 
l ime. A f e w p lants still f o l l ow this p rocedure . T h e ace t i c ac id a n d l ime 
unite t o f o r m ca l c ium ace ta te . T h e c o m b i n a t i o n is then dist i l led in iron 
stills t o free the a ce ta te l iquor of a lcohol a n d a n y oils it c onta ins . T h e 
residue is then p u t in sett l ing tanks . T h e c a l c i u m ace ta te l i quor is d r a w n 
off, c o n c e n t r a t e d , a n d d r i e d t o f o r m a c r u d e c a l c i u m a c e t a t e t h a t c a n b e 
sh ipped in bags . A c e t i c ac id is r e c o v e r e d b y the purchaser b y mix ing the 
crude c a l c i u m ace ta te with sulfuric ac id a n d distil l ing, t o ge t an 82 per c e n t 
p r o d u c t . S u b s e q u e n t dist i l lat ion m u s t b e p e r f o r m e d t o ge t glacial a ce t i c 
ac id . T h e w e a k a l coho l f r o m the i ron still m u s t b e p u t i n t o a f rac t i onat ing 
c o l u m n * t o y i e ld a 92 t o 95 per cent m e t h a n o l . S o m e p lants mere ly re 
m o v e the water t o g e t a b o u t an 8 2 p e r cent c rude m e t h a n o l , necess i tat ing a 
subsequent dist i l lat ion. 

1. D i r e c t A c e t i c A c i d - r e c o v e r y M e t h o d s . W h i l e t h e a c e t a t e of l ime 
m e t h o d is still used t o s o m e extent , increased p r o d u c t i o n of synthet i c acet i c 
ac id a n d synthet i c m e t h a n o l has p r o m p t e d m a n y operators t o r e c o v e r ace t i c 

• Fractionating columns used in the distillation industry are made of copper and are 
of tlie plate and buhblc-cap type, with the plates bolted between flanged sections. Short 
pipes on tht; upper surface of a plate extend upwartl far enough into the dome-shaped 
bubble caps, which are slotted at their bases, so that vapors entering the cap from the 
compartment l>elow must pasa through accumulated condensate on the lower plate of 
the upper compartment. Vapors of constituents having the highest boiling points are 
condensed first in the lower compartments. 

Part of the hot vapors coming from a lower compartment are cooled and condensed on 
the lower plate of the next higher compartment, and the vapor with lower-boiling con
stituents pair's upward to repeat the process. Also, the hot vapors coming from a lower 
compartment cause the condensate in the upper compartment to boil, vaporizing any 
lower-lxnling constituents, so that they go on up to the next compartment. If the con
densate is not withdrawn from a compartment, an excess forms and overflows through 
specially pnivided pipes called downcomers to the ne.Yt lower compartment to repeat the 
cycle. The downcomers are long enough to extend from the lower plate of an upper 
MHnpartmenl into the condensate on the lower plate of the compartment directly below 
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acid directly from pyroligneous acid liquor. The conversion of acetic acid 
to acetate of lime and then back again is too costly to compete with the 
synthetic product. The competition of synthetic products has been so 
keen that the hardwood distillation industry has suffered great expense in 
converting plants from the traditional acetate of lime method to the direct 
acetic acid-recovery method. 

Several methods of producing acetic acid directly are now in use, and 
others have been devised. Direct acetic acid recovery follows two general 
methods: (1) the use of a solvent for extracting the acid and (2) the use of 
an azeotropic mixture and distillation to remove water from the acetic acid. 
A combination of these two principles might be called a third method. The 
solvent extraction method may be divided again into two classes: (1) where 
the extracting solvent rises through the acid-containing liquor, picking up 
the acetic acid; and (2) where the solvent extracts the acetic acid from the 
vapors of the liquid containing the acid. 

a. Extraction of Acetic Acid from Liquor. Examples of solvent extraction 
processes, using the solvent in contact with the acid-containing liquor in a 
fractionating column, are (1) the Brewster, using ethyl ether as the solvent, 
and (2) the modified Brewster, using a mixture of isopropyl ether and ethyl 
acetate. In these methods, the alcohol, oils, and tars are removed from the 
raw pyroligneous acid before the acetic acid is removed from the remaining 
liquor. The solvent is recovered from the acetic acid by distillation. 

h. Extraction of Acetic Acid from Vapor. The Suida process, using a 
high-boiling-point wood-tar oil as the solvent, is typical of solvent extrac
tion of acetic acid from pyroligneous acid vapor. Heavy tar is first re
moved from the raw pyroligneous acid in settling tanks. The raw liquor^ 
free from settled tar, is then evaporated in a primary still above w'hich is a 
scrubbing column. The vapors from the primary still enter the scrubbing 
column. The wood-oil solvent enters the top of the scrubbing column and 
flows downward countercurrent to the vapors, from which it absorbs the 
acetic acid. The solvent permits alcohol, water, and some of the wood oils 
present in the raw liquor to pass on to the top of the scrubbing column, but 
it absorbs virtually all the acetic acid. 

The acid-oil combination in the lower part of the scrubbing column is 
dehydrated b y passing over steam coils, and it is then fed directly to the 
lower part of a vacuum unit, where the acid is flashed off and is rectified 
in an upper vacuum column. The product, containing 90 to 92 per cent 
acetic acid, is drawn off and stored in aluminum storage tanks to await 
shipment. After the last traces of acetic acid are removed from the wood -
oil solvent, the solvent is returned t o the oil feed tank for reuse. 

Evaporation of the pyroligneous acid in the primary stills leaves a residue 
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of soluble tar that is used as fuel after being steam-distilled to recover any 
acetic acid it might contain. 

The weak alcohol mixture from the top of the scrubbing column is rec
tified in a continuous still to about a 90 per cent methanol that is then re
fined by chemical treatment and redistillation. 

The fact that the wood-oil solvent in the Suida process is obtained from 
distillation of wood tar makes such a plant self-contained. Plants using 
other solvents must go to outside sources or else install special equipment 
for their production. 

c. Azeotropic Distillation. Azeotropic distillation methods rely on the 
fact that many compounds form constant-boiling-point mixtures with 
water and alc()hol and that the boiling points of these mixtures are lower 
than the boiling point of water alone. The compounds added to produce 
such mixtures are popularly referred to as "withdrawing agents." Ex
amples of azeotropic distillation processes are the Othmer, using butyl ace
tate as the withdrawing agent; the Clamecy, originally using a low-boiling-
point, light wood oil; and the Piron, using benzene or toluene. These 
m(rthods are applied to the liquor remaining after tar, alcohol, and oils are 
removed from the pyroligneous acid. This liquid is placed in a fraction
ating column with the withdrawing agent and is distilled t o remove the 
water. The water goes to the top of the column, and the water-free acetic 
acid is collected lower down. The acetic acid is then refined by distillation 
into glacial acetic acid and a fraction of higher-boiling acids. The with
drawing agent is recovered from the water for reuse. 

d. Solvent Extraction and Azeotropic Distillation. T h e Melle process 
may be cited as one method of recovering acetic acid by using a combina
tion of solvent extraction and azeotropic distillation. Ethyl acetate, which 
has azeotropic properties, is used as a solvent that has direct contact with 
the liquor. 

e. Other Solvents and Withdrawing Agents. Solvents and withdrawing 
agents other than those cited may be used to extract acetic acid. One 
plant, for example, uses a mixture of ethyl and methyl acetates as a solvent, 
and it is possible t o use as withdrawing agents benzol, xylol, ethylene 
dichloride, projtvl acetate, and many other compounds. 

2. Steps in the Refining of Pyroligneous Acid and Tar. The flow sheet 
in Fig. 18-1 shows the direct recovery of acetic acid by the solvent method, 
and it gives a general view of the conventional hardwood distillation proc
ess. The major products recovered, in addition to charcoal, are methanol 
and acetic acid. Minor products include allyl alcohol; methyl acetone (a 
mixture of methanol, methyl acetate, and acetone) ; wood tar, and alcohol 
oils; hardwood pitch; and formic, butyric, and propionic acids. N o t all 
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FIG. 18-1 . Flow sheet for direct recovery of acetic acid b y solvent method from destructive 
distillation of liardwoods. 
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distillation plants attempt to recover this list of products; but on the other 
hand, some recover products not named. The flow sheet, therefore, should 
not be regarded as directly applicable to every plant; procedures also vary. 
T o cite only one example, many plants send the pyroligneous acid to settling 
tanks to remove heavy tar before extracting the alcohol. 

A brief description of the refining of condensates from the oven, as in
dicated by the flow sheet, follows. The oven condensate, pyroligneous 
acid, is fed directly into a continuous dealcoholizing column, consisting of 
a rectifying and an exhausting section, which separates the pyroligneous 
vapors into a crude methanol and light oils. The oils are burned as fuel or 
may be sold when markets are available. The crude alcohol is taken to a 
four-column continuous still, and, by treatment with caustic and acid, a 
water-white, pure methanol that can be sold directly is obtained. This 
column also yields alcohol oils, allyl alcohol, and methyl acetone. Methyl 
acetone and allyl alcohol undergo further distillation at some plants, al
though this is not indicated on the flow sheet. The alljd alcohol may be 
concentrated in a discontinuous still and the methyl acetone may be 
treated In the same type of still to get various combinations of acetone, 
methyl acetate, and methanol. 

The dealcoholized hquor and tar are discharged from the dealcoholizing 
column into settling tanks, where heavy tar settles to the bottom. The 
settled tar is taken t o a steam tar still, where acid liquor is removed. The 
resultant dehydrated tar may be distilled under vacuum or at atmospheric 
pressure to yield hardwood pitch and tar oils. These tar oils can be further 
separated into " l i g h t " and " h e a v y " oils. Dehydrated tar also may be sub-
je(;ted to a sodium bicarbonate extraction to separate acids from phenols 
and neutrals. Separation of phenols and neutrals can be accomplished by 
a sodium hydroxide extraction. 

The acid liquor from the settling tanks is fed into a multiple-effect 
evaporator to free it of soluble tar. The soluble-tar residue from the 
evaporator is usually used as fuel under the oven. The tar-free acid liquor 
from the tar still is combined with the tar-free acid liquor of the evaporator, 
and the two are fed into the top of a continuous extraction column. The 
solvent used in this case is injected at the base of the extractor, and the two 
liquors are countercurrent. 

From the extraction column, a water solution containing some solvent ia 
taken to a continuous still, where the solvent is recovered and the w-ater is 
discharged to the sewer. 

From the top of the extraction column, the solvent containing the acetic 
acid in solution is fed into a continuous still to obtain cnide acetic acid and 
solvent. This solvent and the solvent recovered from the water solution 
are sent to a tank for reuse in the extraction column. 
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The crude acid solution goes t o a discontinuous still * and is separated 
into formic acid, glacial acetic acid, and a residue of higher acids that m a y 
b e fractioned in a v a c u u m still with a proper rectifying co lumn to produce 
butyric and propionic acids. 

F. YIELDS OF HARDWOOD DISTILLATION PRODUCTS 

D a t a regarding yie lds of hardwood distillation products are highly 
variable ; yields are usually expressed on the cord basis. It is reasonable t o 
expect these variations because of differences in plant equipment and oper 
ation, products recovered, and the fact that the gross vo lume of the cord, 
as purchased, varies f rom 128 to 160 cu. ft . , depending on the individual 
operation. T h e range of y ie lds quoted o n the cord basis are : 

Product Quantity 

Noncondensable gas 7,000 -11,500 cu. ft 
Charcoal 900 - 1,080 lb. 
Uaw pyroligneous acid 200 - 276 gal. 
Acetate of lime 180 - 220 lb. 
Acetic acid equivalent for acetate of lime. 103 - 125 lb. 
Crude metlmnol 9 . 5 - 1 1 gal. 
Refined methanol equivalent for crude methanol 7.25- 8.5 gal. 
Wood tar and oils 22 - 25 gat 

In arriving at the acetic acid equivalent for acetate of l ime, it is assumed 
that 100 l b . of acetate of l ime yields 57 l b . of glacial acetic ac id ; to get the 
refined methanol equivalent for crude methanol , it is assumed that it takes 
about 1.3 gal. of crude methanol t o produce 1 gal. of refined methanol . 

Under present condit ions, an average yield of the three principal prod 
ucts , for a standard cord of 128 cu. ft . , would be approximately 50 bu . of 
charcoal , weighing 1,000 l b . ; 114 lb. of glacial acetic ac id ; and 8}-4 gal. of 
refined methanol . T h e high yield of refined methanol is accounted for b y 
improvements in modern plants; one modern plant reports a consistent 
y ie ld of 10 gal. of refined methanol and 125 lb . of glacial acetic acid. 

One report giving yields for the Badger-Stafford process quotes the 
fol lowing on the basis of 1 ton of dry hardwood chips: 

Noncondensable gases 5,000 cu. ft. 
Charcoal 600 lb. 
Pyroligneous acid I l l gal. 

* Because of the high rate of corrosion and other disadvantages of batch systems, much 
work is now being done to develop methods for refining crude acetic acid in continuous 
columns. 
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nr. DESTRUCTIVE DISTILLATION OF SOFTWOODS 

Destruct ive distillation of so f twoods , at the present t ime, is confined to 
the resinous w o o d of southern pines, particularly longleaf pine. Ordinary 
southern pine w o o d , including longleaf pine, does not contain enough resin 
for distillation purposes ; only extremely p i tchy pieces are suitable. The 
principal source of material for this industry is the resinous heartwood from 
fallen trees, logs, and s tumps that are so old that the sapwood has rotted 
away. Such material is called lighiwood or fatwood. Other sources of m a 
terial are the resinous, conical bases of l imbs, known as pine knots, from 
which the stemwooti of the tree has rotted entirely away , and slabs from 
logs cut from trees that have been tapped for naval stores. This branch of 
the distillation industry is not very large, but it is important because it 
utilizes material that otherwise has value only as fuel. 

T h e process of so f twood d e s t m c t i v e distillation is similar in principle to 
that outlined for hardwoods , but differences exist in the products obtained 
and in the m e t h o d of refining distillates. T h e principal products recovered 
are charcoal, turpentine, pine oil, dipentene, pine tar, tar oils, and pitch. 
So f twood pyrol igneous acid contains such small amotmts of alcohol and 
aci'tic ac id that no a t tempt is made to recover t h e m ; the oily fractions of the 
distillate yield the prothicts of value. 

There seems t o be little standardization in preparing final products from 
cnido oily distillate. M a n y plants have deve loped special products for 

T h e pyrol igneous acid is reported to yield, in addit ion to 22 gal. of soluble 
tar a n d 66 lb . of pitch, the fo l lowing : 

Product GalUms 
Ethyl acetate 14.650 
Creosote oil 3.250 
Chemically pure methanol 3.118 
Ethyl formate 1.270 
Methyl acetate 0.945 
Methyl acetone 0.653 
Ketones 0.226 
Allyl alcohol 0.048 

In this instance acetic acid, as such, was not produced , but it was con
verted principally into ethyl acetate. T h e yield of glacial acetic ac id per 
ton of dry w o o d was reported to be 101.0 lb. 

T h e average c o r d of w o o d purchased b y northern h a r d w o o d distillation 
plants contains approximately 2,750 lb. of dry w o o d substance. There 
fore, to convert the above yields t o an average cord basis, they should be 
multiplied b y 1.375. 
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particular markets, and some of the products obtained depend on the tem
peratures to which the wood is subjected. The following description and 
the flow sheet shown in Fig. 18-2 are based on one method only. 

Resinous pine wood is loaded into one-door, cyhndrical steel retorts 
about 5 ft. in diameter and 16 ft. long. T w o such retorts are heated by a 
brick furnace burning natural gas and the noncondensable gases given off 
during the carbonization period. The oven is heated for 16 hours and is 
allowed to cool for 8 hours before the charcoal is withdrawn. 

T h e condensate is collected in an open tub, and that of the first half of 
the run is taken separately from the tub. It consists of the lighter oils. 
Pynjiigneous acid produced in this period settles to the bottom of the tub 
and is drained off. Heavy oils are produced in the second half of the run, 
and they, with the pyroligneous acid, are put into settling tanks. Here the 
heavy oils settle to the bot tom and the pyroligneous acid comes to the top. 

After settling, the heavy and light oils are filtered and put into a pot still 
having a capacity of 110 bbl. Light crude oils and a residue of pine tar are 
obtained in this distillation. The pine tar is pumped into tank cars, to the 
barreling warehouse, or to storage. The light crude oils are agitated with 
sulfuric acid for bleaching, and the acid is permitted to settle out. 

The oils are then put into a pot still having a fractionating column for 
another distillation in the presence of caustic soda. The fractionating 
column yields finished pine oil, crude turpentine, crude dipentene, and a 
fraction to be redistilled to produce a lacquer solvent. The residue in the 
still is a creosote, containing caustic soda. The creosote is neutralized by 
the addition of pyroligneous acid and may be sold as a wood preservative. 
The crude turpentine, crude dipentene, and crude lacquer solvent are 
pumped into separate storage tanks. These crudes are redistilled, one at a 
time, in a pot still with a fractionating column.* The crude turpentine 
yields refined turpentine and crude dip<>nt('nc; crude dipentene yields re
fined dipentene and pine oil ; and the crutle lacquer solvent, distilled in the 
presence of caustic soda, yields refined lacquer solvent and crude turpentine. 

Yields from the destructive distillation of sovithem pine are extremely 
variable because of the lack of standardized methods and equipment in this 
branch of the wood-distillation industry. The variation in resin content 
of the wood also plays a major role in the amount of products recovered. 
One report gives the following yields for a cord of fatwood: 12 gal. refined 
turpentine, I H g îl- piue oil, 50 gal. tar, and 800 to 900 lb. charcoal. A n 
other report shows yields of 4 gal. "wootl spirits," 7 gal- turpentine, 4 gal. 
pine oil, 12 gal. tar oil, 50 gal. tar, and 960 lb. charcoal. 

• In order to show on the flow sheet the eomplete disposition of products in the re
fining of ihe turpentine, dipentene, and lacquer-solvent crudes, three fractionating 
columns are shown, whereas only one is actually used for each crude in its turn. 
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IV. USES OF SOME DESTRUCTIVE-DISTILLATION PRODUCTS 

It is not feasible to list all products and the uses for each product derived 
from the destructive distillation of wood, but it is hoped that the following 
examples will serve to indicate the wide range and utility of distillation 
products. 

Examples of hardwood distillation products are charcoal, acetic acid, 
acetone, methanol, tar oils, and hardwood pitch. The list of uses for char
coal is a long one that includes manufacture of charcoal iron in blast fur
naces, domestic fuel, charcoal briquettes for domestic and campers' fuels, 
black-powder explosives, metal casehardening compounds and other met
allurgical uses, water filtration, chemical manufacture, producer gas, de 
colorizing, stock and poultry foods, medicines, and activated carbon for gas 
adsorption. 

Acetic acid, a most important organic compound, is used in making in
organic acetates, such as lead, copper, iron, and sodium acetates; white 
lead pigments; methyl , ethyl, and amy! acetate solvents; and ceUulose 
acetate for rayon, motion picture and photographic films, lacquers, plastics, 
and transparent wrapping sheets. It is also used for coagulating plantation-
rubber latex, for perfumes, and as a mordant in textile dyeing. 

Acetone from wood distillation was formerly used as a solvent for air
plane " d o p e s " (protective coatings for airplane wings), acetylene, and the 
explosive, cordite. Acetone from synthetic and fermentation processes has 
now displaced wood-distillation acetone. 

Methanol is used in the manufacture of other chemical compounds, shel
lac, dry-cleaning agents, formaldehyde, pyroxylin products, paints, var
nishes, antifreeze, and textile-finishing agents. I t is also used as a dena-
turant for ethyl alcohol. 

Tar-oil products may be used for flotation oils, solvent oils, oils for paints 
and stains, wood creosote preservatives, and inhibitor oUs for stabilizing 
gasoline. 

Hardwood pitch is used for insulating purposes in electric transformers 
and as a fiUer in rubber. 

Some products from the refining of the condensates in the destructive dis-
tUlation of southern pine are wood turpentine, pine oil, dipentene, lacquer 
solvent, pine tar, tar oils, and creosote oils, all taken from the oily fractions. 
The oil-free pyroligneous acid is combined with the creosote oils to produce 
a wood preservative. Small amounts of pyroligneous acid derivatives have 
been used to give hquid and salt meat cures a " smoked" flavor, especially 
in France. 

W o o d turpentine from destructively distilled pine must be labeled as 
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V. THE WOOD-DISTILLATION INDUSTRY 

The wood-distillation industry in the United States is faced with the 
twin problems of diminishing supplies of available raw material and shrink
ing markets for its products. Observations of the U.S. Forest Products 
Laboratory ' indicate that, despite the utilization of heretofore-unused 
species, it is becoming increasingly difficult t o stipply wood-distillation 
plants with raw material that will permit profitable operation. The fact 
that the wood-distillation industry, as a whole, can and does utilize wood 
in the forms of tops, large limbs, low-grade logs, broken and crooked ma
terial, stumps, knots, and sawmill leavings makes it an important factor 
furthering integrated utilization of our forest resources. Mos t of the larger 
sizes of wood used by this industry are unsuited for sawlog material. A few 
plants use wood from thrifty second-growth stands, and many purchase 
cordwood from nearby farm woodlands. The managements of large dis
tillation companies are keenly aware of the need for future raw material, 
and the trend in the management of their forest properties is toward sus
tained yield. Such an industry should be perpetuated and given o p 
portunity for expansion by enlarging the markets for its products. 

The supply of raw material has determined the locations of plants and 
also the types of products recovered. T h e industry, therefore, may be 
divided into two branches: hardwood distillation and softwood distillation. 

A . T H E HARDWOOD-DISTILLATION B R A N C H 

Plants for the destructive distillation of hardwoods have been located in 
the following general areas in tlie United States: (1) the Northeastern 
states, (2) the Lake states district, comprising Michigan and Wisconsin, 
and (3) the South Central states of Arkansas, Missouri, and Tennessee. 
At the beginning of tlie 20-year period 1928 to 1948, 52 plants, with a rated 
annual capacity of about 950,000 cords, were operating; at the end of this 

such, and it is used by paint and varnish manufacturers. It is also used in 
the manufacture of synthetic camphor, employed in the making of celluloid. 

Pine oil is used for paints, flotation oils, disinfectants, and in the treats 
meat of fabrics before dyeing. Dipentene is used as a solvent in reclauning 
old rubber. Pine tar has a large number of uses, the most important of 
which are in the compounding of rubber and the manufacture of cordage, 
oakum, soaps, coating and binding materials, medicines, and disinfectants. 
Tar oils are used in reclaiming rubber and for paints, stains, disinfectants, 
soaps, and flotation oils. 

The uses of southern pine charcoal are about the same as those of hard
wood charcoal, but the most important use is for domestic fuel. 
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period, only 20 plants, with a rated annual capacity of about 425,000 cords, 
were active. Of the 20 active plants, the daily capacities vary from less 
than 30 cords to 200 cords of wood. Direct recovery of acetic acid is 
practiced in eight plants, five having a daily capacity of about 60 cords 
each and three having a daily capacity of approximately 200 cords each. 
These eight plants consume somewhat more than half of the annual wood 
requirements of this branch of the wood-distillation industry. 

The larger units of the hardwood-distillation branch, because of the 
competition of synthesized products, greater raw-material costs, and 
higher labor costs, have made strenuous efforts to place the distillation of 
hardwoods on a scientific basis. The " a r t " of wood distillation is giving 
way to new methods for obtaining maximum yields, lower costs, and greater 
refinement of products. This is most strikingly shown by the diminution 
of acetate of lime production because of the application of direct methods 
for extracting acetic acid. Adoption of continuous carbonization processes 
and development of new mechanical wood-handling devices m a y increase 
efficiency and further reduce production costs. 

Although large tonnages of charcoal have been replaced by coke in the 
metaUurgical field and by other carbons in the chemical industries, char
coal remains the most valuable product of hardwood distillation. Recent 
estimates indicate that the largest tonnages of charcoal will be used for 
domestic and campers' fuel and for specialty uses, Some observers feel 
that the hardwood-distillation industry is limited more by charcoal-market 
conditions than by the competition of synthetic methanol and synthetic 
and fermented acetic acids. The principal income of the industry is de 
pendent on markets for the three primary products, charcoal, acetic acid, 
and methanol, but the operating rate seems to be determined b y the volume 
of the charcoal sold. These three products are derived in a fairly constant 
proportion that cannot be altered. T o expand production under such con 
ditions, an enlarged charcoal market is necessary. Specialized uses may 
provide expanded markets. Imports of foreign charcoal, principally from 
Mex i co and Canada, amount to only about 1 per cent of our total produc
tion and do not compete seriously in our domestic markets. If present 
markets for charcoal can be maintained or expanded somewhat, it is 
estimated that the hardwood-distillation industry will consume about 
500,000 cords of wood annually. 

B . T H E SOFTWOOD-DISTILLATION BRANCH 

The status of the softwood-distillation branch of the industry virtually 
parallels that of the hardwood-distillation branch with respect to available 
supplies of wood, higher chemical-wood costs, higher labor costs, and 
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c o m p e t i t i o n in t h e m a r k e t i n g o f its p r o d u c t s . S u p p l i e s o f o l d - g r o w t h , 
h i g h l y r e s i n o u s s t u m p s a n d o t h e r p i n e w o o d are b e c o m i n g less a b u n d a n t , 
a n d s e c o n d - g r o w t h t r e e s l a c k t h e n e c e s s a r y res in c o n t e n t f o r s u c c e s s f u l 
d i s t i l l a t i o n b y c u r r e n t m e t h o d s . D e s p i t e d w i n d l i n g s u p p l i e s o f s u i t a b l e 
w o o d , t h e a n n u a l w o o d c o n s u m p t i o n , o n a c o r d bas i s , h a s r e m a i n e d re l 
a t i v e l y c o n s t a n t in t h e l a s t 15 t o 20 y e a r s . T h e a v e r a g e a n n u a l c o n 
s u m p t i o n o f w o o d is a b o u t 120,000 c o r d s . 

T h e n u m b e r o f d i s t i l l a t i on p l a n t s o p e r a t i n g in t h e las t 15 o r m o r e y e a r s 
b u s a l s o r e m a i n e d fj i irly c o n s l a n t . O f t h e five p l a n t s n o w o p e r a t i n g , t w o 
are in L o u i s i a n a a n d t h r e e in F l o r i d a . 
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W O O D S A C C H A R I F I C A T I O N 

Stated simply, " sac fhar i f i cat lon" means " convert ing to sugar . " W o o d 
saccharification is the acid hydrolysis of the cellulosic constituents of w o o d 
to produce simple sugars. T h e sugars thus formed m a y then be used for 
the propagation of yeasts t o be used as stock feed and as a high-protein 
food for human consumption , or they m a y be fermented to produce indus
trial ethyl alcohol . T h e sugar wort * m a y also be concentrated b y e v a p o 
ration to form molasses, which can be substituted for most of the uses of 
cane molasses. It is not suited for human consumption because of the 
presence of pentose sugars. 

Commerc ia l ly , saccharification is accomplished with dilute sulfuric or 
sulfurous acid (Scholler process) or with concentrated hydrochlor ic ac id 
(Bergius process) . Limited hydrolysis can be accompl ished with super
heated steam and some organic acids, such as acetic acid. T h e pr imary 
act ion of acid hydrolj 's is consists of convert ing the w o o d into its major 
c o m p o n e n t parts, its., carbohydrates and lignin. The carbohydrates in 
w o o d , c omposed for the most part of cellulose and hemicelluloses, c o m 
prise roughly three-fourths of the w o o d and are the source of w o o d sugars. 
T h e lignin, being insoluble, is left as a residue. 

T h e celluloses and hemicelluloses are po lymers made up of long chains 
of sugar molecules jo ined together chemically. Alpha-cellulose, which is 
the most stable carbohydrate constituent of w o o d , is c o m p o s e d largely of 
molecules of glucose, a sugar having 6 carbon atoms. T h e hemicelluloses 
contain molecules having bo th 5 and 6 carbon atoms. Only the 0-carbon 
sugars (hexoses, CeHi-iOg) f are readily fermented to a lcohol b y brewer ' s 
yeast , the 5-carbon s\igars (pentoses, C5H10O5) remaining in solution in 
the beer after the hexose sugars are converted to alcohol . T h e pentose 
sugars are fermentable b y various organisms, b u t the t ime required t o 
convert them to alcohol is t o o long to be commercia l ly feasible. T h e y 
can, however , be used for the harvest of yeasts suitalile for protein f oods . ' 

Dur ing the early stages of experimentation a n d deve lopment , the 

• A sugar solution, nfutralizivi and ready for fermentation. 
f Galactose is fermentable witU brewer's yeast, but the process is too slow to be com

mercially tvasiblc. 
403 
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I. THE MADISON WOOD-SUGAR PROCESS 

With the entry of the United States into the Second World War, re
quirements for industrial ethyl alcohol jumped from 155 million wine 
gallons * in 1941 to nearly 600 million wine gallons in 1944. Early in 
1942, government agencies foresaw that existing sources might be unable 
to supply the ever-increasing demands, particularly in the event of possible 
grain shortages. Consequently, steps were taken to explore the possi-
bUities of using wood as a source of industrial alcohol. After many delays 
and much urging b y the U.S. Forest Service, the lumber industry, and other 
interested organizations, the program was finally implemented. Invaluable 
technical assistance was given by several German scientists who had been 
associated with wood-sugar operations in Germany prior to the Second 
World War. 

The purpose of preliminary studies conducted at the U.S. Forest Products 
Laboratory was to determine the applicabifity of the SchoUer process to 
indigenous wood species and to acquire the engineering knowledge required 
for the construction of a wood-sugar plant capable of producing alcohol 
from wood. Initial experiments were made in an existing pilot plant at 
Marquette, Michigan, where major commercial species growing in the 
United States were tested for their suitabihty as a source of wood sugar. 

* X wine gallon is one U.S. standard gallon of 190 proof alcohol, which is the equivalent 
of one U.S. standard gallon of 95 per cent alcohol by volume. 

processes using concentrated hydrochloric and dilute sulfuric acids re
ceived the most attention. A t the present time the SchoUer process, 
which employs dilute sulfuric acid, is used most widely in Europe and is 
the one that was introduced into the United States during the Second 
World War. Briefly, the SchoUer process consists of hydrolyzing wood 
chips under pressure with dilute sulfuric acid and steam, removing the 
hydrolyzate as rapidly as possible, neutralizing the excess acid, and fer
menting the resulting sugar solution with yeast to produce ethyl alcohol. 
Improvements in this process, developed for incorporation into the fed
erally sponsored plant at Springfield, Oregon, will be discussed in some 
detail in subsequent paragraphs. 

It is worthy of mention that the SchoUer process was evaluated in this 
coimtry in 1935 b y the Cliffs Iron Company, which acquired the American 
rights to the SchoUer process. Based on pilot-plant studies conducted at 
Marquette, Michigan, at that time, it was decided that the process could 
not compete with alcohol produced from cheap imported molasses, and 
both the patent rights and the investigations were abandoned. 
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Efforts were c o n c e n t r a t e d o n D o u g l a s fir a n d southern y e l l o w p ines , h o w 
ever , because of the avai lab i l i ty o f large c o n c e n t r a t i o n s of sawmil l residues 
horn these species . Studies o f D o u g l a s fir d isc losed that sugar y ie lds o f 
a b o u t 50 per cent o f the d r y we ight o f w o o d c o u l d b e o b t a i n e d us ing an 0.5 
per cent c oncent ra t i on of sulfuric ac id at a w a t e r - w o o d rat io o f 8 t o 1. C o n 
sistent y ie lds o f a p p r o x i m a t e l y 50 gal . o f a l coho l per t o n of d ry w o o d were 
o b t a i n e d , a n d the adaptab iUty of the process t o use wi th southern y e l l o w 
pines w a s also d e m o n s t r a t e d , a l though y i e lds were s o m e w h a t l ower . 

O n the basis of these studies , the Springf ie ld , O r e g o n , p l a n t w a s des igned 
b y the Vu l can C o p p e r a n d S u p p l y C o m p a n y of C inc innat i , O h i o , f or a 
dai ly p r o d u c t i o n of 11,500 gal . of 9 5 per c e n t a l c o h o l f r o m 2 2 0 t o n s of d r y , 
substant ia l ly bark- free , D o u g l a s fir mi l l res idues ; a p p r o x i m a t e l y 52 gal . per 
t o n of w o o d . 

L a t e r studies , c o n d u c t e d w h i l e t h e p l a n t a t Spr ingf ie ld w a s u n d e r c o n 
s truct ion , d isc losed t h a t c o n t i n u o u s p e r c o l a t i o n was m o r e efficient than 
the b a t c h process e m p l o y e d b y Schol ler . T h e i m p r o v e d process is d e 
s c r i b e d in a U.S. F o r e s t S e r v i c e P u b l i c a t i o n " a s f o l l o w s . 

A process known as the Madison wood-sugar process has been developed by the 
Forest Products laboratory for hydrolyzing mixtures of wood waste oonsi.sting of 
chipped slabs and edgings, sawdust and shavings, with 0.5 to 0.6 per cent sulfuric 
acid at temperatures of 150 to 180°C. by allowing the dilute acid to flow contin
uously through the charge of wood. 

Compared with the German Scholler process, hydrolysis was accomplished in 
less time, because the sugars produced b y the hydrolysis wove removed more 
rapidly. Heating was at a lower rate, and more efficient use could be made of the 
he;it gii-en off by tlie liquors Ijeing removed from the hydrolyzer, resulting in a 
lower steam requirement. Decomposition was less, because the sug.-irs were in 
contact with the acid for a shorter period of time and, consequently, yields of sugar 
and alcohol were higher. Fewer by-products inhibitory to fermentation were pro
duced, resulting in more rapid fermentations. Life of valves and other equipment 
wa.s increased l)ecause they were set once for the run and not changed until the end 
of the run. The sugar produced in 2.8 hours from a ton of dry, bark-free Douglas 
fir wood waste yielded 64.5 gal. of 95 per cent alcohol as compared to 3.2 hours for 
58 gal. by tlie rapid-cycle method developed earlier, and 13 to 20 hours for 55 gai. 
by the Scholler process as practiced in Germany. 

T h e pred i c t i on of increased y i e lds ind i cated in t h e a b o v e r e p o r t w a s 
based o n laboratory - s ca le p i lot -p lant studies . A s y e t , there are n o t suffi
c ient d a t a t o conf i rm those pred ic ted y ie lds , nor is it k n o w n pos i t ive ly 
that t h e original des ign of the plant c a n e c o n o m i c a l l y b e a l tered t o i n 
c o r p o r a t e all the new features that w o u l d be required . T h e s e n e w d e v e l o p 
m e n t s , h o w e v e r , ho ld promise for the future . 
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Based on the original design, yields of alcohol , raw-materials require
ments , and by -produc t output would be approximately as fo l lows: 

Daily production of alcohol (95 per cent) 11,500 gal. 
Annual production of alcohol (95 per cent) 4 ,150 ,000 gal. 
Sawmill residues (dry wood, hark-free) 220 tons 
Sawmill residues (dry wood, with bark) * 300 tons 
Ijignin residue (dry basis) 65 -70 tons 
Calcium sulfate dihydrate (gypsum, or land plaster) 20 tons 
Still-bottom liquors 1,600 tons 

or, approximately, 400,000 gal. 

T h e lignin, calc ium sulfate, and st i l l -bottom liquors are separated in the 
normal operation of the plant. I n addit ion, furfural, methanol , fusel oil, 
pentose sugars, carbon dioxide, and small amounts of acetic acid can b e 
recovered. T h e pentose sugars, nonfermentable in the alcohol- fermenta
t ion process, a m o u n t t o approximately 12 tons per day , or 0.6 per cent by 
weight of the still bo t toms . T h e yield of carbon dioxide would be between 
40 and 50 tons daily. 

Since the original pi lot-plant results described a b o v e showed promise of 
ready translation to commercial-scale operations, the Vulcan Copper and 
Supply C o m p a n y prepared a detailed plan for the construct ion of a modern 
plant, embody ing the original improvements and modifications of the 
SchoUer process which the studies had shown to be desirable. After care
ful consideration of available supplies of sawmill residues, which t o o k into 
account the other uses of such materials in various milling centers, the area 
surrounding Eugene , Oregon, was chosen as being the most suitable. A c 
cordingly, an operating c o m p a n y was fornaed, and plant construction was 
commenced early in_1944 at a site near Springfield, Oregon (Fig. 1 9 - 1 ) . 

n. T H E W O O D - S U G A R ALCOHOL PLANT AT SPRINGFIELD, OREGON 

A t the t ime this is wTitten, the wood-sugar alcohol plant at Springfield, 
Oregon, is shut d o w n while the government decides its disposition, f A 
s tudy of the fac ts leading t o the initiation of the pro jec t is necessary if an 
understanding of the present status is t o be reached. 

T h e urgency of wartime requirements inspired the erection of the p lant ; 
consequently plans were based on more meager data than is customary in 
the commercial deve lopment of new processes during normal times. Cost 

* Normal; or average, Douglas fir mill residue contains about 25 per cent bark, which 
yields little sugar. 

t Since this chapter was written, the War Assets Administration has leased the plant 
to an operating company. It is understood that the company intends to place major 
emphasis on the production of wood-sugar molasses and yeast. 
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F i d . l O - I . G o n v M i \ M l r h r wood-,mig!ir alcohol plant at Springfield. Oresotr. ' T h e three 
larne chip conveyers in the f a r c K i n u n d are. in order, unloading facilities t o screening section 
sereening section to chip storajie. and storage to the perctil«fT57r^e?ti©n: T h e remaining 
conveyers, at the left, are the fuel conveyer.s to the p ^ a ^ p l s i i t . T h e large unit at the center 
rear in the distillation section. 
and fernienters. (Cnurlcsi/ of 

^ T h e tanks in the center plant are wort storage, beer wella, 
Vulcan Copprr and Supply <'om/HjUy:)——..,^ 

have been provided for the minor clumges (minor in terms of the total 
cnst of 100,000) which proved necessary. As it happened, the small 
c()ntingency margin originally provided was soon depleted as a restilt of 
several majo i ' factors tlint could not l)e foreseen at the time the project 
wjus p la iHied and financed. Construction was delayed through slow de
liveries of vital equipment. Construction, labor, and materials costs rose 
sharply after the War. Changes based on concurrent research were made 
while the plant was tmder construction. At one stage, in the latter part 

won no object at the time, yet the plan of financing provided little margin 
for the engineering changes invariably encountered in the development 
of a new process from the pilot-plant stage to full-scale production. Had 
the Second World War continued, there is no doubt that funds would 
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of 1946, the plant was closed, labor laid off, and materials removed from 
the job . 

Despite these handicaps, the plant was completed in M a y of 1947 under 
the sponsorship of the U.S. Department of Agriculture, which assumed 
responsibility for the project from the War Production Board at the end 
of the Second World War. The first shipment of alcohol, 8,000 gal., left 
the plant for a Middle Western destination in the latter part of M a y . 
Operations of the plant on a one- and two-percolator basis, however, dis
closed engineering problems and operational difficulties that indicated 
a need for completion of some essential parts of the plant that had been 
eliminated in the interests of economy. The need for minor changes in 
both equipment and operating techniques was also indicated. The need 
for these changes arose in part from extreme variations in the amount of 
sawdust and bark contained in the wood supply and in part because of 
process characteristics that could not be predicted in designing a full-scale 
plant on the basis of laboratory-scale pilot-plant studies. Although the 
estimated cost of correcting the faults was not great, the Willamette 
Valley W o o d Chemical Company, the lessee, composed of a group of 
Oregon lumbermen, decided to accept a lease termination pending a final 
determination by the government of the permanent status of the plant. 

In spite of this setback, the trial percolations demonstrated rather 
conclusively that the plant can be made to function. Specialists in the 
field are in rather general agreement that the incorporation of relatively 
minor changes will prove the commercial feasibility of producing alcohol 
from wood. In fact, the prospects arc becoming increasingly promising 
because of continuing demands for industrial alcohol, improved prospects 
for obtaining additional returns from by-products, current economic de
velopments, and other factors. 

The Springfield plant may play an important part in the future of wood 
utilization and in the over-all forest economy of the nation. A description 
of the plant and a discussion of operating practices, in so far as they are 
known at present, should be of interest. 

A. WOOD-HANDLING EQITIPMENT 

Chips may be brought to the plant b y either railroad cars or trucks and 
are deposited on an unloading conveyer that discharges on an inclined-belt 
conveyer leading to an elevated revolving screen. This screen is designed 
to separate enough of the coarse chips (about 10 per cent) from the in
coming wood for use as a filter bed in the bottoms of the percolators. 
Long splinters are rejected and routed to a hammer mill, where they are 
reduced and then returned to the wood supply. 
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TTie coarser chips, which are to be used as a filter bed in the percolators, 
are transferred to a separate bin b y an inclined conveyer, the main body 
of the wood being conveyed by another inclined belt to u distributing 
conveyer mounted above the chip-storage bins that have a capacity of 
a l-<lay supply of wood. The wood storage is divided into bins, each of 
which converges to accommodate a variable-speed, apron-type feeder. 
Any or all of the feeders may be operated to discharge at the same t ime 
in order to deliver chips to a belt collector-conveyer at any desired rate. 
The latter belt is equipped with a recording and integrating conveyer 
scale that weighs the wood as the percolators are charged. The collector-
conveyer delivers the weighed chips to an inclined belt that elevates them 
to a horizontal delivery belt over the five percolators. Actuation of a 
movable automatic tripper permits discharging chips from the conveyer 
into any one of the percolators. An interesting feature of the conveyer 
system is the installation of interlocking drives that prevent the belts from 
being started or stoppe<i in other than their proper sequence. 

B . HYDROLYSIS 

The percolators, lined with an acid-resisting alloy, are approximately 
8 ft. in diameter b y 50 ft. high, 2,100 cu. ft. in volume, and capable of 
liolding about 27 tons of wood at 40 per cent moisture content, which is 
the average for mill residues received at the plant (Fig. 19-2) . Charging is 
accomplished by "shocking" successive additions of chips with steam to 
secure the desired degree of packing, which is approximately 16 lb. of dry 
wood substance per cubic foot. Following removal of air through a vent 
at the top of the percolator by the introduction of steam at the bottom, 
the charge is preheated until a pressure of 60 p.s.i. is attained. This 
corresponds to a temperature of 153°C. 

When the plant was designed, hydrolysis was to be accomplished by a 
batch process. Water batches were t o be metered by time-cycle controllers. 
It was planned to add the sulfuric acid in the water line between the water 
tanks and the percolator at a pressure slightly higher than the maximum 
attained in the percolators, the amount of acid added for each batch being 
controlled at the proper concentration by a proportioning flow controller. 
During construction of the plant, however, experiments disclosed that 
the hydrolysis could be accomplished more efficiently by a continuous 
method, and the controls were altered to incorporate the necessary changes. 

As soon as the charge has been preheated, dilute (0.5 to 0.6 per cent) 
sulfuric acid at 150°C. is added, and the sugar-bearing acid solution is 
removed continuously. The steam pressure is raised gradually in order 
to increase the temperature of the charge an average of about 0.5°C. per 
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FiG. I'.) 2. Ofiei-atiuK floor of the perculiUiun ,-iTtion, showing the chip conveyers above , 
a n d the l o p s of the five ptTcolators with their n)o tor-opera ted valves al the floor level. (Cour
teay of Vulcan Copper and Supply Company.) 

colator , while the pressed lignin is transferred by conveyer t o the fuel bin. 
Operating cycles that can be obtained after the plant is modified are not 
k n o w n , b u t experimental results indicate that 6 -hour cycles, including 
charging, percolat ion, and discharging, are possible. 

T h e hquor from the percolators and also that recovered in the lignin 
presses is discharged into a flash tank that is maintained at a pressure of 
4 0 p.s.i. by an automatic pressure-relief valve. Here steam, furfural, 
methanol , and acetic acid flash off until the l iquor has reached the proper 
temperature for neutralization, the vapors being passed through heat 
exchangers t o preheat the water for the percolators. T h e chemicals m e n 
t ioned m a y be recovered as by -produc ts and thus reduce the cost of alcohol , 
a l though the process has n o t reached this stage of deve l opment at the 
present t ime. 

While the sugar concentration of the first acid solution to pass through 
the percolator m a y b e as high as 10 per cent and of the last as l ow as 1 per 

minute until the m a x i m u m temperature of 185°C. is attained. W h e n 
hydrolysis has progressed to the desired limit and all the hydro lyzate has 
been removed , the wood residue, consisting most ly of lignin, is discharged. 
T h e lignin is then conveyed to a continuous dewatering press that reduces 
the moisture content t o 50 per cent or less and recovers the expressed 
l iquid. T h e latter is returned to the main body of l iquor from the per -
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cent, the liquor leaving the flash tank has an average concentration of 
about 5 per cent. This is discharged from the flash tank (controlled by 
an automatic level controller) by pumps through a system of pipes, where 
neutralization to a p H of 5.2 is accomplished by the addition of milk of 
lime. The neutralization treatment produces an insoluble calcium sulfate 
that is removed by pumping the sugar solution through fllter presses. 
.\11 the foregoing operations are conducted at pressures of 35 to 40 p.^i.'i. 
The calcium sulfate filter cake is discharged after being washed with a 
small amount of water. The filtered liquor then passes through a series 
of four flash tanks, where sufficient heat is removed to lower the temper
ature t o that requirctl for fermentation. This heat is used to preheat 
water for the percolators. Finally, the filtered liquor is discharged from 
the fourth discharge tank through a barometric seal into the cloutly-
liquor storage tanks. 

C . FERMENTATION 

The transfer from the last stage of the hydrolysis operation to the first 
step of the fermentation process consists of pumping the cooled liquor 
from the cloudy-liquor storage tanks to clarifying filters. Nutrients re
quired to promote growth of the yeasts are injected into the line leading 
to the filters. 

The fermentation equipment has been designed so that either a batch 
<}v a continuous procedure may be used—it is possible to use the fermenters 
either indiviiiually for the batch process or in series for continuous fer
mentation. It seems likely, however, that the latter will be used, since it 
has been learned that less labor is required and that greater yeast efficiency 
is obtained, because the most actively fermenting yeast is always in con
tact with the highest concentration of sugar solution. As originally de
signed, four fermenters wifl accommodate the dailj ' liquor output of the 
plant on the basis of a 20-hour fermentation cycle, but, as a result of 
recent imi)r()vements in technique, it is expected that the cycle will be 
reduced materially. 

Following fermentation, the beer is pumped to a " w e a k " tank from 
which it flows to centrifuges, where the yeast is separated for return to 
the fermenters, the clear beer being collected in a beer well that acts as 
a surge tank between the fermentation and distillation operations. Facili
ties are also available for propagating fresh yeast, when needed, on molasses 
or wood-sugar wort. 

D . DISTILLATION 

^^^lile distillation of the beer is an important step in the production of 
alcoh<)l frnm wootl sugars, the process will not be described in this text. 
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m . WOOD-SUGAR MOLASSES 

Experiments conducted at the U.S. Forest Products Laboratory indi
cated that wood-sugar molasses can be produced in one-percolator plants 
capable of producing approximately 50 tons of 50 per cent sugar-content 
molasses per day from 50 to 60 tons of wood.^'^ This is equivalent to 
about 8,000 to 9,000 gal. of molasses per day. The molasses can be shipped 
to a central distillery to be fermented to alcohol, used as a preservative 
for grass silage, fed as a carbohydrate ration for livestock, or used for the 
propagation of yeast. The yeast, in turn, is an excellent source of high 
protein for livestock and poultry. Costs have been estimated at 6.5 to 
8.9 cents per gallon, or 1 to l}^ cents per pound of sugar contained in the 
molasses. 

This process holds a great deal of promise. Mos t livestock-raising areas, 
particularly in the West, are deficient in carbohydrate- and protein-
containing feeds. This prevents the proper finishing, or fattening, of 
meat animals for the market. Consequently they must be shipped to 
areas where suitable feeds are available. Ample supplies of wood-sugar 
molasses and yeast, produced in the West, would, therefore, be a boon 
to the Western livestock industry. The cause of forestry would also be 
furthered, since unused wood and little-used species would be the logical 
raw material. Both wood-sugar molasses and yeast can also be fed to 
dairy cattle, swine, and poultry. The exact amounts and other details 

since conventional fractional-distillation stills used in distilling grain, 
cane, and other molasses may l>e used. The Vulcan vapor-i-euse process of 
distillation is ideally suited to distilling the weak beer produced, which con
tains only 2.0 per cent b y weight of alcohol. 

E. T H E F U T U B E OF W O O D HYDROLYSIS 

The hydrolysis of wood to produce sugars or molasses, the subsequent 
propagation of feeding yeasts, or the production of ethyl alcohol by fer
mentation of the resulting sugar wort is technically feasible. Commercial 
success will depend, however, on a number of economic factors. There 
has been an ever-increasing demand for industrial alcohol, and it appears 
likely that additional sources will be required in the near future to satisfy 
the needs of the nation. Numerous factors, including limitations of c om
petitive processes, the high cost of grain, and curtailments in importation 
of molasses, indicate that the use of wood for the production of sugars 
has a chance of success, particularly if profitable uses can be found for the 
by-products, notably the residual lignin. 
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of feeding have not yet been determined. T o this end, numerous agri
cultural experiment stations throughout the country are now conducting 
feeding and nutrition tests.* 

While high hopes are held out for this new development, it must be 
remembered that current predictions have been based on experimental 
data. Pilot-plant and commercial operations may alter these estimates. 
It should also be borne in mind that plant costs would be considerable, 
filters, evaporators, fermenters, separators, and yeast driers being required 
in addition to the percolator. Nevertheless, the process has good chances 
of success. The fact that it is well suited to the utilization of residues from 
relatively small sawmills makes it particularly attractive from the stand
point of the aims of all who are interested in more complete wood utilization. 
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NAVAL S T O R E S 

Naval stores are rosin, turpentine, oils, tar, and pitch produced from 
oleoresins obtainable from various species of pine. The term naial stores 
originally was applied to tar and pitch procured by destructively distilling 
the wood of Scotch pine (Pinus sylvestris L.) and appears to have originated 
with European shipbuilders of the late sixteenth century. These materials 
were indispensable in the era of wooden ships and were used in enormous 
quantities for sealing hulls and decks of new vessels as well as for main
taining the seaworthiness of those in service. Time has witnessed great 
changes in the maritime industry, however, and in this day of merchant
men and naval ships of steel, the demand for these particular commodities 
in the shipbuilding industry is virtually nonexistent. 

The products of the modern naval-stores industry, by contrast, are 
principally turpentine and rosin. When derived from the gum or oleoresin 
ble<l from living trees, they are designated as gu7n naval stores. Turpentine 
and rosin obtained by the destructive distillation of pine wood or b y the 
action of suitable solvents on chipped or macerated wood are referred to 
as wood naval stores. 

In recent years, operators of several of the large Southern sulfate mills 
engaged in pulping wood of the yellow pines have found it profitable to 
recover turpentine fractions in relief gases expelled from digesters during 
early cooking stages. This material is marketed under the name of sulfate 
turpentine. Another by-product of the industry is a fiquid rosin, tall oil 
{or tallol), recovered from spent sulfate cooking liquor. 

A. HiSTOItlCAL 

The practice of using tar and pitch derived from wood may be traced 
to very ancient times. It is recorded in Gen, 6:14 that Noah, in building 
the ark, was instructed to "pitch it within and without with pitch." 
Archeologists have found that the early I'gyptiuns used a nattu'al oleoresin 
to make water-repellent varnishes and mummy lacquers that lasted for 
centuries. 

[n the Middle Ages production of tar and pitch centered in the region 
of the Baltic Sea; and Sweden, with her vast unbroken forests of pine, 

417 
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developed a great export trade in these commodities. Near the end of 
the seventeenth centviry, however, the Swedish shippers endeavored t o 
gain control of the movement of these materials by prohibiting their 
export except in ships of Swedish registry. Fear of monopolies and short
ages which might result from this action and their devastating effect upon 
the economy of a maritime country such as England led the British gov
ernment to encourage naval-stores production in the American colonies. 

Naval-stores production on the North American continent had its 
beginning in the year 1605, when the French colonists of N o v a Scotia 
distilled a crude turpentine from the oleoresin of white pine. In 1608 the 
first exports of tar and pitch were made by settlers of coastal Virginia to 
England, and b y 1700, chipping pine for g\im was a well-established prac
tice in North Carohna. Tapping operations were conducted in the prox
imity of navigable streams, where the crude gum was gathered, barreled, 
and shipped to New York , Philadelphia, or Wilmington, from which ports 
it was sent to England for processing. Later, distilling centers were estab
lished in the colony, and b y the middle of the eighteenth century exports 
exceeded 60,000 bbl . of pitch, 12,000 bbl. of tar, and 10,000 bbl. of turpen
tine annually. Peak production in North Carolina was attained in 1880, 
when there were more than 1,500 turpentine stills in operation within her 
borders. With the approach of the twentieth century, however, that 
state's industry was in rapid decline and today is practically a non-entity. 
The history of the industry in South Carolina followed a similar pattern. 
Only in 1880 did her production ever exceed that of her sister state to 
the north, and today less than 2 per cent of the annual output of the South 
is of South Carolina origin. 

T h e year 1875 witnessed the beginning of naval-stores activities in 
Georgia. By 1880 it had become the state's principal industry, and shortly 
thereafter Georgia became a world leader in naval-stores production. 
T o d a y she supplies over 72 per cent of the domestic output and more than 
one-third of the world's requirements. 

From the year 1905 to 1923, Florida led the South annually in the 
production of rosin and turpentine. In recent years, however, her output 
has declined, and currently she is producing only about 18 per cent of the 
total domestic supply. 

Small naval-stores-producing centers are currently operating in Alabama, 
Mississippi, Louisiana, and eastern Texas. The annual production from 
these states combined with that from the Carolinas comprises about 10 
per cent of the total for the mdustry. T h e peak year of naval-stores 
production in the United States was 1909, when 750,000 bbl. of turpentine 
and more than 2,500,000 bbl, of rosin were produced. 

For the past several years the United States has been supplying about 
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one -ha l f o f t h e w o r l d ' s n a v a l - s t o r e s requ i rements . F r a n c e is t h e s e c o n d -
largest p r o d u c i n g nat i on a n d c o n t r i b u t e s a b o u t 15 per cent of the tota l 
s u p p l y . T h e U.S .S .K. p r o d u c t i o n is a b o u t 8 p e r cent , whi le t h a t of Por tuga l 
is a b o u t 7 per c ent . M o s t of the residual 20 per c e n t c o m e s f r o m Spain , 
G r e e c e , M e x i c o , P o l a n d , G e r m a n y , a n d India . 

M e t h o d s for the m a n u f a c t u r e of turpent ine a n d rosin were first descr ibed 
ful ly in 1783, b u t unt i l 1820 turpent ine h a d little industr ia l v a l u e a n d its 
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p r o d u c t i o n w a s e x t r e m e l y l imited , while rosin was essential ly a waste 
p r o d u c t that c reated a d isposal p r o b l e m . T h e r e p l a c e m e n t of the c rude 
o ld iron retorts with c o p p e r stills, beg inn ing a b o u t 1834, d id m u c h to i m 
p r o v e t h e q u a n t i t y ami q u a l i t y of b o t h p r o d u c t s . T u r p e n t i n e p r o d u c t i o n 
was gradual ly s t imulated through its increased usage in the m a n u f a c t u r e 
of varnishes a n d pa ints a n d later as a s o lvent for ru b b e r , a n d as an i l lumi-
nant in m i x t u r e wi th a l coho l . B y 1850 the d e m a n d s for rosin were rising 
s teadi ly . Increas ing ly large quant i t i es were be ing c o n s u m e d b y soap a n d 
p a p e r industr ies , a n d finally i ts use in t h e m a n u f a c t u r e of o i l c lo th , l ino leum, 
a n d coat ings for electric wir ing created signif icant pr ice rises. T h u s 
rosin, a was te p r o d u c t for m a n y years , is n o w a c o m m o d i t y o f n u m e r o u s 
BND d iverse uses a n d current ly is in m u c h greater d e m a n d than turpent ine . 

http://ORLEAHS.ua
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I. GUM NAVAL STORES 

The gum-naval-stores industry in the United States is confined to the 
Atlantic and Gulf coastal plains from North Carofina to eastern Texas. 
It ranks among the major enterprises of the South, with an annual income 
of more than 35 million dollars, and provides employment to more than 
45,000 wage earners. Unlike many forest operations, the production of 
naval stores is essentially a year-round undertaking. A normal season 
begins in March and ends in November and provides a cash income every 
3 weeks during this period. Daily markets are available throughout the 
year, and any quantity of resin or its refined products is readily marketable 
at all times. Unique, too , is the fact that when market conditions are 
unfavorable and production costs exceed sale prices, operations may be 
temporarily suspended without damage to the producing trees, to be 
renewed with the return of more favorable economic conditions. 

While the industry, at the present time, is restricted to the South, ex
periments have revealed that some of the western pines are potential 
sources of naval stores and, with favorable market conditions, could be 
worked at a profit. 

A . GuM-PRODUcixG SPECIES 

Of the several yellow pines indigenous to the South, only the longleaf 
pine and the slash pine are exploited commercially. In the past, loblolly 
and shortleaf pines have been worked, but the chipping frequency of these 
two species has to be increased materially to assure a sustained flow of gum. 

Slash and longleaf pine forests comprise an area of approximately 30 
million acres, largely second-growth. Nearly one-fourth of this acreage is 
currently being worked for naval stores. A second acreage of nearly equal 
magnitude is in resting or worked-out timber, while the remainder is in 
reserve as round, i.e., untapped trees. 

From the standpoint of gum production, slash pine is regarded as the 
more desirable of the two, especially in second-growth forests. Longleaf 
pine must attain an age of from 25 to 45 years before tapping becomes 
profitable, whereas good yields of gum are obtainable from slash pine 
trees only 15 to 25 years of age. 

Slash pine is becoming manifestly more abundant, and in addition to 
the milhons of trees that have been planted in the past several years, this 
species, under favorable conditions, preempts cutover lands formerly 
occupied exclusively by longleaf pine and now occurs naturally north of 
its original range in the pine belt. Longleaf pine, on the -other hand, is 
the hardier of the two trees and is much more capable of survival following 
fire or excessive chipping without becoming permanently unproductive. 
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B. T H E OCCURRENCE AND N A T U R E OF G U M 

The gum or oleoresin from which turpentine and rosin are obtained 
exudes from a tree when a cut is made through the bark into outer layers 
of the sapwood. These exudations flow from intercellular spaces in the 
wood known as resin canals or resin ducts. Resin canals are normal anatom
ical features of pine wood and occur in longitudinal and radial systems 
which periodically intersect, forming a continuous network of passages 
throughout the woody portions of the tree. Formation of a canal is occa
sioned by the early postcambial separation of growing cells in such a 
manner that a central opening, or passage, is formed. A t maturity these 
pass:xges are enveloped by a layer of secretory tissue, epithelium, from which 
the gum is secreted. Oleoresin from sapwood is a viscous liquid that 
flows readily from the canal when exposed by wounding. The gum from 
heartwood, on the other hand, is not fluid and does not flow from newly 
opened canals. 

Following the intitial tapping operation many new canals, known as 
traunmtic canals or ducts, are formed by the cambium layer in wood immedi
ately above the wound, their presence being manifested by attendant 
increases in gum flow. Investigations of Gerry indicate that increase in 
the number of traumatic canals formed in response to wounding is most 
noticeable for a distance of approximately 18 in. above a wound. 

The initial flow of gum in the spring during the first year of turpentining 
is traceable to the normal resinous systems present in the trees. However, 
as new wood is formed, the flow of gum from the preexisting canals is 
augmenteil by that from traumatic ducts newly developed above the 

Although none of the western pines is worked for naval stores at the 
present time, some of them are potential sources of turpentine and rosin 
and are worthy of brief mention. An excellent yield of gum is obtainable 
from ponderosa pine. The turpentine and rosin derived from this species 
differ little from those of the two southern yellow pines in their physical 
and chemical properties and may be similarly used. Experimental tapping 
of ponderosa pine has revealed that weekly yields of oleoresin actually 
exceed those of southern pines from trees of similar size. T h e yearly 
average is much less, however, because of the shorter growing season. 

Gums derived from Jeffrey pine and digger pine yield he|>tano (CyHig), 
a hydrocarbon also found in petroleum. These two pines have been worked 
on a limited scale in California, and the crude distillates of their gums 
have been used locally in the preparation of pharmaceutical compounds, 
insecticides, and chewing gum. 
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wound. Thus the yield of gum from wood formed after facing is greater 
tfian that from old wood. 

Oleoresin obtained by tapping should not be confused with " s a p , " a 
watery solution containing sugars and other compounds utilized in the 
metabolism of the tree. The exact process of oleoresin formation is as 
yet not fully understood. It is possible that the precursors of the oleoresin-
yielding materials undergo transformation in the ray and epithelial paren
chyma cells ensheathing resin canals from which the elaborated gum is 
exuded. 

C. NAVAL-STORES PRODUCERS 

Turpentine woodlands, either owned or leased, are referred to as turpen
tine farms or orchards. An individual working his own or leased timber, 
but selling his crude gum or having it custom-distilled prior to sale, is 
called a gum producer. A person who works turpentine timber and distills 
the accrued gum at his own plant is called an operator. A company or an 
individual dependent, either in part or entirely, upon a gum producer to 
provide crude gum for distillation is known as a gum buyer. 

There are more than 13,000 turpentine orchards in the southern pine 
belt, about 1,200 of which are controlled by operators. On a crop basis 
(10,000 faces), however, nearly four-fifths of the working trees are in
cluded in these 1,200 operations. G u m producers are usually farmers with 
small timber holdings who work 1,500 to 2,000 trees annually. 

D . L E A S E S 

The leasing of timber for turpentine rights is usually handled in one of 
two ways. In a cash-lease contract, the timber is ordinarily leased for a 
specific sum of cash for a predetermined number of months. Lease prices 
fluctuate considerably from time to time and are usually dependent upon 
prevailing prices being paid for naval stores, the quality of the trees t o be 
worked, and competitive demands for timber rights. In the past few 
years an arrangement of this sort has cost the lessee about 3 cents per 
face, per year of operation. The percentage-work basis lease provides that 
the producer or operator pay the timber owner a specifled per cent of the 
gross sales, usually 15 to 25 per cent, as rental for the timber. 

E . FACTORAGE SYSTEM 

Naval-stores operators have a method of flnancing which is unique in 
industrial circles. Since banks are loath to loan money on intangible 
assets, factorage houses, or factors, provide the operators with needed 
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financial support . These agencies will finance leases a n d labor a n d c o m 
monly act as wholesale dealers. T h e y are prepared to furnish the oper 
ators and their workers with all necessary equipment , commissary supplies, 
and other essential goods at reasonable prices. I n the event of poor m a n 
agement or upon default of payments , however , a factor may take over 
the actual operation of an orchard or distilling center. A factor may also 
a c t as a n operator ' s agent a n d supervise the transportation a n d sale of 
his products t o dealers. For these services he receives a commission of 
2 H per cent of the net return. It has been estimated that 90 per cent of 
the entire naval-stores product ion is financed and marketed through the 
11 factorage houses operating in the turpentine belt . 

As previously indicated, a factor disposes of an operator 's or a producer 's 
ou tput b y selling it t o a naval-stores dealer. Dealers b u y f rom factors b y 
lot and build up large inventories of the m a n y different grades of rosin 
and turpentine. B y operating agencies in the principal cities of the United 
States and in m a n y foreign countries, a dealer keeps in constant c o n t a c t 
with consumers and is able t o supply the kind and grade of naval stores 
peculiar t o their needs. 

F. W O O D L A N D O P E R A T I O N S 

M a n y points must be considered in the selection of a stand of t imber for 
a turpentining operation. Of these, the density of stocking and the general 
v igor of the trees are of paramount importance . A fully stocked stand 
suitable for turpentining will contain 100 to 200 trees to the acre. Stands 
with but 50 turpentine trees t o the acre are regarded as g o o d , and when 
better market condit ions prevail, orchards hav ing only 10 workable trees 
t o the acre m a y be operated at a profit. In fact , at the present t ime , the 
average for the entire turpentine belt is about 15 faces per acre. 

Ideal naval-stores trees, i.e., those which produce large quantities of 
gum, are vigorously growing specimens characterized by wide annual 
rings, large vo lumes of s.'ipi\'ood, and full-rounded crowns that clothe the 
boles for one-third to one-half of their length. Trees with small, short 
crowns, narrow annual rings, and narrow bands of sapwood are invariably 
poor producers of gum. Yotmg, thrifty trees will produce more g u m than 
older trees of the same diameter, but no tree under 9 in. d.b.h. should be 
worked. 

Large turpentine orchards are divided into standard units known as 
crops. T h e standard crop comprises 10,000 turpentine faces. In the early 
days of the Industry, operators commcmly worked t w o and occasionally 
three faces on the larger trees of dense, virgin-forest growth. Under such 
condit ions a worker could chip about 10,000 faces each week during the 
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FIG. 20-2. Typical scene in a naval-stores orchard. (U.S. ForeaC Service.) 

locations, constitute a ride. This term merely refers to an area which may 
be adequately supervised by a mounted overseer. 

Before actual turpentine operations are initiated in untapped stands, it 
is desirable to select and mark in advance the trees to be worked. It is 
customary to place the mark, usually a blaze, on the side of the tree where 
the cup is to be hung. Shortly thereafter the rough outer bark is removed 
for a distance of from 12 to 20 in. above the ground where the turpentine 
face will be made. This is done in order to seat properly the cups and 
gutters and to enable the chipper to make a clean advance streak when 
starting the face. 

1. Hanging the Cups. Prior to 1904, the initial operation in the tur
pentining of a new orchard consisted of cutting a deep cavity in the trunk 
of each tree near the base in which to collect the subsequent flow of gum. 
This cavity was called a box, and the cutting operation was known as 
boxing. These boxes, shaped like distended pockets and having a capacity 

tapping season. In the second-growth stands of today, however, the 
trees are smaller and somewhat more scattered and rarely large enough to 
stand double facing. As a result the operating crop seldom exceeds 8,000 
faces and is commonly somewhat smaller. For the convenience of oper
ators, crops are divided into drifts. A drift may have clearly mari^ed 
boundaries, or it may be delineated by natural limits such as streams, 
burns, or old fields or by roads and firebreaks. Ordinarily a drift consists 
of from 2,000 to 5 ,000 faces. Four to eleven crops, depending upon their 
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of a b o u t 3 p ints , were c u t dur ing the winter m o n t h s b y exper ienced N e g r o 
crews . T w o or three weeks be fore the c o m m e n c e m e n t of the c h i p p i n g 
season the boxes were c o rnered , i .e., a tr iangular ch ip of bark a n d w o o d 
was r e m o v e d f r o m the b o l e i m m e d i a t e l y a b o v e the t w o extremit ies of the 
b o x . T h i s p r o v i d e d a lead l ine for fu ture c h i p p i n g o p e r a t i o n s and channe l s 
f o r g u i d i n g t h e f lowing resin i n t o t h e Ijasal receptac le . T h i s sor t of p r a c 
t i ce was e x t r e m e l y wasteful a n d resulted n o t o n l y in large losses of resin 
b u t also in p e r m a n e n t d a m a g e t o the trees. T h e hazard o f fire was p r e v 
alent at all t imes , w i n d t h r o w was a c o m m o n a f t e rmath , and c o n d i t i o n s for 

i'n;. HtTti- ctip-and-gutter 
(Courteay of A. R. Shirley.) 

.Note advance streak in the tree to the right. 

d e c a y or insect in festat ion were great ly e n h a n c e d . T o d a y , fired c e r a m i c 
or m e t a l conta iners h a v e replaced the b o x e s , a n d res inous e x u d a t i o n s f r o m 
the a c t i v a t e d faces are g u i d e d into these receptac les b y strategical ly p laced 
m e t a l g u t t e r s o r aprons . Severa l t y p e s of c u p s a n d gut ter s y s t e m s are 
current ly e m p l o y e d , the f our m o s t c o m m o n of wh i ch are descr ibed . 

a. The Herty System. T h i s i s t h e o ldes t of the c u p - a n d - g u t t e r s y s t e m s 
a n d was d e v e l o p e d b y the late D r . Char les F. H e r t y , a p ioneer in t h e 
m o d e r n i z a t i o n of the naval - s tores industry . A c l a y , glass, o r m e t a l c u p , 
shaped m u c h like a c o m m o n flowerpot, a n d t w o \ ' -shaped gutters ( one 
al)out 2 in. longer than the o t h e r ) , m a d e of ga lvan ized iron o r a l u m i n u m , 
are used (Fig . 2 0 - 3 ) . 

F o l l o w i n g the r e m o v a l o f the r o u g h outer bark , the first s tep in fa c ing 
a tree, a basal incision is m a d e at an angle of a b o u t 2 0 degrees wi th the 
g r o u n d b y dr iv ing a b r o a d a x into the t i u n k to a depth of a b o u t ^ in. 
T h e shorter of t h e t w o gut te r s is t h e n inserted i n t o th is slit b y s l ipp ing it 
a l ong the b lade of the ax as the b l a d e itself is be ing s lowly w i t h d r a w n . 
A s e c o n d incision is m a d e a t the s a m e he ight o n t h e o p p o s i t e side o f the 
face , and the s e c o n d gut ter s imilarly installed. T h e s e gutters are m a d e 



426 DERIVED AND MISCELLANEOUS FOREST PRODUCTS 

FIG. 2 0 - 4 . Left, Bali system. {Courtesy of A. R. Shirley.) Right, One-piece apron system. 
{U.S. Forest Serviai.) 

tree with a small, usually eightpenny, and commonly cement-coated, 
finishing nail. 

The principal advantage of the Herty system appears to be in the 
exceedingly small amounts of resin lost where the gutters are properly 
inserted. Installation costs, however, are slightly higher than in other 
systems, and because of the shape of the cup, the face is started higher 
on the tree than when other systems are employed. 

b. The Ball System. This is merely a modification of the Herty system. 
T h e shorter gutter is replaced b y a flat, horizontally disposed metal apron 
with upturned corners, and the resin-2'eceiving receptacle is a flat-bottomed, 
box-shaped cup which is seated under the apron (Fig. 20 -4 ) . 

c. One-piece Apron System. As the name suggests, a single apron is 
used. This consists of a strip of metal about 2}/2 i"̂ - wide and about 2 in. 
longer than the width of the face. The apron is inserted near the base of 
the tree in the usual way, the ends are then bent upward and the lip pressed 
down toward the cup. The cup is similar to that used in the Ball system. 
While this is the cheapest and easiest installation t o make, gum losses are 
often appreciable, owing to improper seating of the aprons, particularly 
at the shoulders (Fig. 20 -4 ) . 

from metal strips about 2H in. wide and crimped to form a trough. The 
first is usually 6 to 8 in. long, the second 8 to 10 in. in length and, when 
properly seated, extending below the first in order t o divert the flow of 
gum into the cup. The length of the gutters used is dependent upon the 
width of the working face. Gutters are installed as close to the ground as 
possible, with only sufficient clearance to permit proper seating of the 
cup. The cup is centered under the longer gutter and is fastened to the 
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d. Two-piece Apron System. T h i s s y s t e m differs f r o m t h e p r e v i o u s o n e 
in that t w o tapered a p r o n s are used . T w o coa lescent inc is ions are m a d e 
w i t h a b r o a d a x a f ew inches a b o v e a n d parallel t o t h e g r o u n d . T h e a p r o n s 
are inserted into the c u t s in such a m a n n e r t h a t the t w o t a p e r e d ends 
o v e r l a p o n e ano th er . T h e e n d s of the a p r o n s are t h e n b e n t u p w a r d t o 
f o r m the shoulders a n d their o u t e r edges d r a w n d o w n w a r d t o w a r d the 
b o x - l i k e c u p . 

In each of these sys tems , as an alternate m e t h o d , the gut ters or a p r o n s 
m a y b e na i led in shal low streaks m a d e wi th a h a c k . T h i s p r o c e d u r e is 

CAMBIUM 
WOOD I BA/ff( 

CAMBIUM 
i^OOD ]3Afiff 
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SHADE STREAK SQUARE STREAK SLAB OR SUN STREAK 

Fm. 20-6 . Profile of turpentine faces showing three types of atreaks. {U.S. Foreal Service.) 

iavored b y s o m e opcratoi-s w h o wish to a v o i d the danger o f ujuieeessari ly 
d e e p incis ions m a d e b y inexper ienced or careless w o r k m e n . C u p s a n d 
tins are h u n g b y cupping or hanging crews dur ing the winter f r o m D e c e m b e r 
t o F e b r u a r y , or a t least 6 t o 8 weeks in a d v a n c e of the w o r k i n g season, 
w h i c h usual ly b e g i n s a b o u t t h e first o f Apr i l . T h e trees are first r o u g h -
faced and then the a p r o n s or gl i tters are inserted. A laborer then cuts an 
initial str ip o f w o o d a n d b a r k , cal led a streak, jus t a b o v e the inserted t ins. 
T h i s is k n o w n as an advance or healing s treak. It is held b y those in 
author i ty that an a d v a n c e s treak n o t only s t imulates the f o r m a t i o n o f 
g u m in the n o r m a l passages , b u t also induces f o r m a t i o n of t r a u m a t i c 
resin d u c t s in the w o o d u p o n the renewal o f g r o w t h a c t i v i t y . Pre l iminary 
o p e r a t i o n s are c o m p l e t e d with the instal lation of the c u p . 

2. Chipping. Hcgular turpent in ing operat ions c o m m e n c e the last o f 
M a r c h or early in Apr i l , d e p e n d i n g u p o n prevai l ing weather cond i t i ons , 
a n d consist of r e m o v i n g per iod ica l ly a narrow strip of b a r k a n d w o o d a b o v e 
the a d v a n c e streak. T h i s operat i on is kno ivn as chipping. C h i p p i n g is 
necessary t o assure a m o r e or less cont inuous flow of g u m , because of the 
t e n d e n c y o f the d u c t s t o c log w h e n exposed t o the air for pro t rac ted lengths 
of t ime . I t is c u s t o m a r y in A m e r i c a n pract i ce t o r e m o v e t w o ccmverging 
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FIG . 20-6 . Naval-stores woods tools: 1, broadax, used to remove the bark in preparing a 
place for hanging the cup and aho for making the incision to hold apron; 2, gutter chisel or 
Pringle ax, used for making incisions for inserting aprons; 3, maul, used to drive broadax 
into the tree to cut incisions for aprons; 4 . hogal, used for removing the rough bark and fre
quently for cutting the first streak; 5 . hack, for cutting streaks on low faces; 6, puller, for 
cutting streaks on high faces; 7, push-down scraper, for removing scrape from low faces; 
8, pull-down scraper, for use on high or low faces; 9, apron and gutter puller; 10, dip iron 
for removing gum from the cups. (U.S. Forest Service.) 

the n e w l y e x p o s e d w o o d , t h e r e b y induc ing the f low of g u m . T h e square 
streak, w h i c h is a d v o c a t e d b y the U . S . Fores t Serv i ce , is a c o m p r o m i s e 
b e t w e e n the t w o . 

T h e angle of the streaks var ies at dif ferent heights a long the b o l e of the 
tree. O n l o w e r p o r t i o n s o f t h e t r u n k t h e y f o r m a w i d e o b t u s e angle . T h e 
angle b e c o m e s m o r e a c u t e as t h e ch ipper has t o reach farther u p the tree 
w h e n c u t t i n g a n e w streak. T h e base of these angular streaks is t e r m e d 
t h e peak; whi le t h e e n d s w h i c h de l ineate t h e sides of t h e f a c e are cal led 
shoulders. 

C h i p p i n g is a c c o m p l i s h e d wi th either a hack or a puller (F ig . 2 0 - 6 ) . 
A h a c k is a steel U-shaped b l a d e c a p a b l e o f c u t t i n g a streak f r o m % t o 
a b o u t in. in w i d t h . I t is m o u n t e d o n a s tout h a n d l e 10 t o 30 in. long, 

str ips wh i ch m e e t at the center of the face t o f o r m a V . T h e r e m o v a l of 
t w o such strips const i tutes a streak. T h r e e t y p e s of s treaks are c o m m o n l y 
recogn ized , viz., the shade streak, the square streak, a n d the sun, o r slab, 
streak (F ig . 2 0 - 5 ) . T h e shade streak is f avored in h o t weather , s ince it 
retards the d r y i n g o f n e w l y e x p o s e d w o o d ; the sun streak, o n the o ther 
h a n d , is pre ferred in c o o l weather , s ince it permits the sun 's rays t o strike 
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to the end of which is attached a 4- to 7-Ib. weight. The puller is a tool 
resembling a hack, except that the blade is closed; it is mounted on a handle 
3 t o 7 ft. in length. When the puller is used, the streak is made by a sharp, 
quick pull, as contrasted to the quick chopping motion used with the 
hack. Faces are said to he turned when they reach such a height (usually 
about 5 ft. above the ground) that in subsequent chippings the puller 
must be substituted for the hack. 

a. Recommended Method of Chipping. For many years it was customary 
to cut streaks to I in. high and 1 to IJ/^ in. deep, thus removing 24 in. 
or more of wood in a single season's work. The work of the U.S. Forest 
Service has conclusively demonstrated, however, that during the life of 
one face, much better yields of gum are secured if lower and shallower 
chipping is practiced. Moreover, with low chipping, the same tree may be 
worked for longer periods, since less wood is removed each year. The ill 
effects from too deep chipping include (1) mechanical injuries resulting in 
wind-throwing of smaller trees, (2) dry facing, a condition wherein gum 
ceases t o flow even when a fresh cut is made, an<l which renders the trees 
more susceptible to attack by insects and decay, and (3) permanent damage 
to phloem and cambium layers, eventually resulting in the death of the 
trees. 

Frequency of chipping depends upon the length of time gum continues 
to flow from a new cut and upon the cost of chipping. In general, a new 
cut should not be made so long as there is an adequate flow of gum from the 
preceding streak. The flow of gum, in turn, fluctuates with changes in 
air and soil temperature and with atmospheric conditions. The flow of 
gum is greatest during the first 24 to 48 hours following chipping, after 
which it diminishes gradually. The amount of gum exuded the first day 
following chipping, however, largely depends upon atmospheric temper
ature. Harper and Wyman report that in the hottest weather longleaf 
pine may produce al)Out 83 per cent and slash pine about 64 per cent of 
their weekly flow in the first 24 hours. With an average air temperature 
of only 52°F,, however, it takes both slash and longleaf pines 6 days to 
produce 90 pcr cent of their weekly yield. Frequency of chipping, there
fore, could be determined largely by the average air temperature. Harper 
and Wyman,"" on the basis of their experiments, recommend semiweekly 
chipping (hiring the months of .July and August, weekly chipping from 
Mari'h to .luly and from September to November , and if winter chipping 
is carried on, semimonthly chipping from November to March. In general, 
slightly longer chipping intervals may be used for slash pine. 

3. T h e Working Face. The wounded area on the trunk of a tree re
sulting from periodic chipping is known as a face. The American face 
results from many superposed \'-shape streaks, usually beginning 7 to 12 
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FIG. 20-7 . Tree with virgin, 
yearling, buck, and pulling 
faces. Note raised cup. (Pho
tograph by A. R. Shirley.) 

FIG . 20-8 . Tj-pical French face. (U.S. Forest 
Service.) 

Buck faces are p r o d u c e d dur ing the th ird year of operat ion , whi le those 
m a d e in the next succeed ing seasons are cal led high, or pulling, faces. 

T h e n u m b e r of f a ces t h a t m a y b e w o r k e d a t t h e same t i m e o n a n y o n e 
tree d e p e n d s u p o n its d iameter . C o n s e r v a t i v e operators will w o r k o n l y 
o n e face a t a t i m e regardless of d iameter , a l though trees 15 in. or m o r e 
d .b .h . m a y b e safely d o u b l e - f a c e d . W h e n a face is d i s cont inued because 
of i ts he ight , the t ree is usual ly g i v e n a rest per iod of f r o m 1 t o 4 y e a r s 
b e f o r e a n e w face is s tarted . T h e first face t o be w o r k e d on a tree is cal led 
a front face; faces cut after the f ront face has been d i s cont inued are cal led 

in. f r o m the g r o u n d . Sucfi faces will increase in he ight f r o m 9 t o 24 in, 
or m o r e annual ly for the 2 t o 8 years the trees are w o r k e d . If the tree is 
a g o o d p r o d u c e r , c h i p p i n g is c on t inued until the face at ta ins such he ight 
t h a t the operat i on is n o longer prac t i cab le . 

T h e face m a d e dur ing the initial season of o r c h a r d operat i on is k n o w n 
as a virgin face; that m a d e in the s e c o n d year , a yearling face (F ig . 2 0 - 7 ) . 
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bark faces. A s many as three faces m a y be worked successfnlly, prov ided 
the width of the first face (ioes not exceed one-third of the circumference 
of the tree. If turpentining operations are initiated when trees are about 
9 in. d.b.h. , t w o faces couhl b e w o r k e d over a period of 10 years, allowing 
5 years for each face. However , if the trees are permitted to rest until 
they attain a d.b.h. of 11 in., three faces could be worked through a 15-
year interval. T h e 11-in. trees a t the end of 15 years of turpentining 
should be large enough to produce poles or sawlogs, but the 9-in. trees at 
the end of their turpentining cycle would be suitable only for pu lpwood . 
W h e n back facing is i>egun, it is also customary to front- face all the round 
t imber in the orchard which m a y have attained workable size in the 5 t o 
7 years that have elapsed since the original cupping operations were started. 

A t t e m p t s t o introduce the French face in this country have never gone 
b e y o n d experimental stages. This type of face is in the form of an inverted 
U, 3 H to 4 in. in width. T h e initial streak is about 1 ^ in. high and ^14 
in. wide . Successive chippings are accompl ished with an adze-like tool . 
In practice it is customary to increase the height of the face about }/2 in. 
with each new streak. Wi th the cutt ing of a new streak, the w o o d f rom 
4 to 6 in. immediately be low is also carefully shaved off in order to reopen 
the myriad of minute horizontal resin canals that e m p t y into the wound . 
A s a result of this practice, the face soon takes on a di.sh-Iike aspect and is 
approx imate ly 3/2 in. deep along its vertical, medial axis. 

lOxperiments conducted at the Southern Forest Experiment Station 
have revealed that during the first 2 years of operation, French faces p r o 
duced more g u m than did American faces <)f the same width. T h e yie ld 
f rom French faces during the third and fourtli years, on the other hand, 
w âs less than that f rom American faces for the same period. This was 
attributed primarily to the fact that proper types of tools were not avai l 
able when chipping the high French faces. For the 4-year period, h o w 
ever, the French system produced 7 per cent more gum. It is possible 
t o work t w o French faces on trees t o o small for more than a single face of 
the Americ-tn t j 'pe and thus secure appreciably higher yields of gum. T h e 
rapidity with which the French face heals is rather startling. T w o 4-in. 
faces of this sort will c o m m o i d y d o s e in 8 or 9 years, while 15 to 16 or more 
years i;̂  n'()uir(>d to heal an 8-in. American face. 

4. Dipping. T h e practice of empty ing the cups aa they b e c o m e filled 
with gum is known as dipping; the gum itself is c o m m o n l y referred to as 
dip. These terms originated in the days when gum was collected in bo.ves, 
later to be dipped out with a trowel-shaped ladle. 

Tl ie current meth<HiK of col lecting resin are much simpler. A cup is 
men' ly detached from its supporting nail, inverted over a bucket , and the 
gum pushed out with a trowel-shaped dip-iron or wooden paddle, after 
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first decanting any rain water that may have accumulated. T h e buckets 
in turn are emptied into large wooden barrels or steel drums placed at 
convenient points throughout the orchard. When these receptacles are 
filled they are sealed and hauled or trucked to the still. T h e frequency of 
dipping depends on the capacity of the cups, weather, periodicity of 
chipping, and productive capacity of the trees, but the average operator 
dips about every fourth week. 

Some of the oleoresin, as it runs dovrn the face, solidifies before reaching 
the cup to form a hardened gum called scrape. The hardening action prob
ably results from evaporation of some of the more volatile constituents in 
the resin and oxidation of others. Some operators remove this scrape 
with each dipping and require their dippers to punch the recently hardened 
resin off the face into the cup along with the liquid dip. In this way the 
scrape is removed from the face several times during the season. Better 
yields of turpentine and higher grades of rosin are obtainable from the 
scrape collected in this manner. Other gum producers await the end of 
the turpentine season before removing the scrape, then take it all in one 
operation. DuU-bladed tools that remove the scrape without chipping or 
gouging the wood are the most practicable. Scrape collected at the end 
of the season is usually dirty and ordinarily produces less turpentine and 
a lower quality of rosin. In a normal season, 5 to 10 per cent of the yield 
of slash pine gum is in the form of scrape, while in longleaf pine, scrape 
constitutes 20 to 30 per cent of the total gum yield. 

5. Raising Cups. As a turpentine face grows in height, the distance that 
the gum must travel before reaching the cup also increases. This results 
in the formation of more scrape with proportionate losses in liquid resin. 
Because of this and other reasons to be noted presently, it is customary to 
raise the cups and tins to the top of the face before the beginning of another 
working season. Probably the most important raise is that made between 
the first and second seasons. As previously indicated, cups on virgin faces 
are close to the ground, where they are easily knocked off b y livestock 
grazing in the area and the liquid gum is more readily contaminated with 
wind-blown soil and sand, forest litter such as pine straw and bark, and 
with insects. A second or third raise is usually left t o the discretion of 
the operator, since the additional expense involved is unwarranted when 
market conditions are unfavorable or when there is but little price differ
ential among various grades of rosin. 

N e w tins should be used with at least every other raise if rosin grades of 
better quality are to be maintained. If rustproof tins are employed, they 
may be used as long as they are serviceable. 

There are at least three methods in current use for raising cups. 
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a. Jump Streak. This method is especially recommended where turpen
tine operations are at a standstill during the winter months. The chipper, 
in making an advance streak for the yearling (or buck) faces, leaves a 
horizontal strip of bark 14 to l}4 in. wide between this streak and the old 
face. In this way the new face is started above any Hghtwood * that 
may have formed under the last streak of the previous season. The streak 
itself serves as a lip upon which the tins may be securely tacked. The 
cup is then hung immediately in the customary manner. 

b. Hack or Puller Streak. Here a hack or puller is used to cut shallow 
grooves in the wood near the top of the old face. These grooves serve as 
a seat upon which the tins are tacked in place and as a shelf to direct the 
flow of resin onto the tins and into the cup below. 

c. Broadax Incision. The broadax method is the least desirable of the 
three, since there is a tendency among woods crews to make incisions 
much deeper than the depth of }4 in. which is regarded as the allowable 
maximvim. Deep cuts in the boles of trees are largely responsible for the 
breakage occasioned during periods of high wind. 

G. ACID STIMULATION PRACTICES 

As an aftermath of the First World War, the Germans, and later the 
Russians, as a part of their national programs toward self-sufficiency in 
the production of raw materials for essential industries, sought ways and 
means to enlarge their naval-stores indvistries. In 1933, both the Germans 
and the Russians began exploratory studies in the use of chemit-als to stimu
late the flow of gum in Scotch pine. M a n y chipping techniques were 
devised, and a variety of chemicals, including acids, bases, and salts, were 
tried. From the wealth of resulting data, it was determined that certain 
chemicals actually retarded the flow of gum as much as 40 per cent, but 
several others stimulated flow from 5 to more than 200 per cent. 

The first work on chemical stimulation in the United States was begun 
in 193(i at the Ohistee Kxperimental Forest, Lake City, Florida, as a cooper
ative project between the Southern Forest Experiment Station and the 
Bureau of Agricultural and Industrial Chemistry. Unfortunately, this 
study was undertaken at a time when there were large inventories of both 
turpentine and rosin; and because of low prices prevailing at the time, 
little interest in the project was evidenced by the industry itself. More 
over, the results were rather inconclusive. Additional studies were con-
ducte<i from 1938 to 1941 that indicated chemical stimulation was prac-

• Pitch-eoaked wood. 
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tical, and in 1942 and 1943, recommended procedures for woods opera
tions were released t o the industry. While the use of chemical stimulants 
is still somewhat in its infancy, the U . S . Forest Service strongly recom
mends acid stimulation practices, and operators who are using them are 
greatly pleased with the results. Although many chemicals give similar 
results, it has been found that a 40 per cent aqueous solution of sidfuric 
acid is an effective stimulant for slash pine, while for longleaf pine best 
resvdts are attained with a 60 per cent solution of sulfuric acid. 

1. Recommended Procedures. When acid stimulation is practiced, 
better yields of gum are obtainable by modifying the usual chipping pro-

FiG. 20-9. a, bark hack developed for aci'd-stimulation practice; b, conventional wood -hack. 
{U.S. Forest Service.) 

cedures. Advance or conditioning streaks are unnecessary, and in making 
the face a bark hack should be used in place of the conventional chipping 
tool. The bark hack is so designed that it will remove a strip of bark about 
3^ in. in width without molesting the wood. Chippings of this sort do not 
cut into the sapwood, require less effort to make, and leave the boles 
essentially full-rounded at the completion of tapping operations (Fig. 2 0 -
9) . 

Acid should be applied over the freshly cut streak in the form of a fine 
mist. Either the Florida lung gun (Fig. 20 -10) or the more recently d e 
veloped combination bark hack and spray gun are suitable tools for this 
purpose. Especial care should be exercised to assure a light but uniform 
spray over the streak. An excess of acid should be avoided at all times, 
as it serves no useful purpose and can be detrimental to the efficiency of 
the working face. 

In working virgin faces, each of the first six to eight streaks should be 
treated with acid immediately following the chipping operation. Weekly 
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chipping, but biweekly acid spraying, is satisfactory once the face is well 
started; yearling and older faces m a y be treated similarly. 

2. Y ie lds . Ac id stimulation treatment on \irgin faces will increase sea
sonal yields over the older conventional method b y 50 to 100 per cent . 
T imber chipped weekly and treated on alternate weeks with acid will 

Fin. 2 0 10, a. Schematic sketch showing details of the Kloridu lung gun. {Photograph by 
Niiriiuin Hoiirke.) I>, I'loiidii lung gun in use, {U.S. Forest Servux.) 

yield 30 to 40 per cent more g u m than trees of comparable size where acid 
stimulation is not practiced. 

There is nothing in the behavior of acid-treated trees that suggests that 
such treatment is in any way detrimental t o their cont inued health or 
vigor. Faces not infrcffuently acquire the a.spect of d r y face, but upon 
examinat ion it has been determined that l ightwood is b u t poor ly deve loped , 
either behind the wound or a b o v e it. 

H . EFFECT OF TURPENTINING UPON TREE GROWTH 

Annual growth increments of trees worked for turpentine are less than 
those of untapped trees exhibiting similar physical characteristics. I t has 
been estimated t h a t conservative turpentining with one face will reduce 
wood formation 25 to 33 per cent , and if t w o faces are worked simultane
ously, vo lumetr i c reductions of as much as 4 0 per cent m a y b e expected 
during the ivorking cycle . Such retardations in growth are due to (1) 
diversion of photosynthet ic pHniucts t o g\mi ratlier than t o w o o d substance 
and (2) the interniption of translocation and flow of solutes by the face. 

file:///irgin


438 DERIVED AND MISCELLANEOUS FOREST PRODUCTS 

copper retort or kettle of from 10- to 30-bbI. capacity and a condenser. 
The kettle is mounted on a stone or brick furnace, fired with oil or more 
commonly with wood, and so constructed that the basal portions of the 
kettle may be heated uniformly. A coiled copper pipe, the worm, sub
merged in a tank of water comprises the condenser. Connecting the kettle 
and the worm is a removable kettle head or cap and extension arm. 

In charging a still, fires are drawn, and as soon as the rosin is turned 
out from the previous run and the tailgate is closed, the cap is removed 

FIG, 20-11. Typical fire still in Florida naval-stores region, (U.S. Forest Service.) 

and 2 to 3 gal. of cold water are run into the kettle for each barrel of gum 
to be distilled. This water not only materially aids in cooling the kettle, 
but as will be indicated later, it has a part also in the actual distillation 
process. Cooling of the kettle reduces both the hazard of fire and the 
loss of turpentine through vaporization at the time of charging. There is 
also much less chance for the residual rosin in the kettle to scorch or burn 
and take on objectionable colors that would lower its grade. 

Dip is dumped into the kettle immediately after the prescribed amount 
of water has been delivered. In practice a kettle is filled to about two-fifths 
of its capacity when liquid gum is to be distilled, but if scrape is used, the 
still is charged to one-third of its capacity. Overcharging of a still is a 
dangerous practice, for should it boil over, a disastrous fire is inevitable. 
Following the charging operation, the cap is set into place, sealed with 
clay, and the fire started. As the temperature inside the kettle rises, 
water and turpentine vapors begin to pass out through the cap and arm 
into the worm, where they are cooled and liquefied. The resulting conden-
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sate flows out through the tailpipe of the worm into a separator, usvially 
nothing nnjre than a common wooden barrel, but since water and turpen
tine are immiscible liquids they are readily separated by gravity. The 
turpentine, which is the lighter of the two , rises t o the t o p and is periodically 
decanted into a receiving barrel. The water, or low wine, a waste product, 
is run into a sump or sewer. In some operations the turpentine fraction of 
the distillate is passed through salt dehydrators in order to remove the last 

FiU. 2 0 - 1 2 . Listening for the "call for water." (U.S. Forest .^LI< IO. .J 

traces of water which may be present. Turpentine may be pumped from 
the receiving tank to storage tanks or to tank cars, or it may be graded and 
packaged immediately for shipment to consumers. 

During distillation of a charge, which requires about 2 houi-s, the temper
ature inside the kettle must be regulated within certain predetermined 
limits. This is accomplished by periodically adding water to the kettle 
to replace that lost through vaporization. Some distillers add water by 
the so-called "sound method . " In such instances the distiller listens at 
the tail pipe of the worm for a pecidiar rumbling sound made by boiling 
resin ivhen most of the water has been expelled from the kettle. This 
sound or "rail for water" (Fig. 20-12J is his signal that tempcratiu'es are 
rising and that water should be added to the boiling mass. This is not a 
reliable means for determining kettle temperatures, and better grades of 
rosin are made in stills equipped with recording thermometers. 
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FIG. 2 0 - 1 3 . Modern fire still and rosin-storage yard. (U.S. Forest Service.) 

turpentine. A t this point the kettle temperature should be between 275 
and 290°F . If the turpentine fraction is n o t noticeably discolored, dis
tillation is continued until the condensate contains b u t 5 per cent of turpen
tine. The temperature of the kettle at this point should not exceed 305°F . 
Here distillation ceases, b u t cooking continues until the temperature rises 
t o 315 to 330°F . T h e h o t residual rosin is then turned out. 

In turning out rosin, a tail gate at the b o t t o m of the kettle is opened and 
the hot fluid rosin is run into strainers in order t o remove extraneous 
material . 

The strainers, usually in batteries of three, are m a d e of w o v e n wire. 
T h e first and coarsest merely screens out large chips of bark and w o o d , 
pine straw, and other refuse which m a y have fallen into the cups prior to 
dipping. These screenings are k n o w n as chip dross. T h e second strainer 
is prov ided with a m u c h finer screen and retains sand and other fine particles 

A t the beginning of a run, turpentine and water start coming over in 
equal portions soon after the kettle attains a temperature of about 212°F . 
After 3 0 or 40 minutes , m o s t of the water in the still has c o m e over a n d 
the temperature has risen to about 240°F. At this point more water is 
added until the distillate runs approximate ly 60 per cent water and 40 
per cent turpentine. Disti l lation is cont inued and water is added as 
required until the distillate is about 90 per cent water and 10 per cent 
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of trash not caught on the first screen. These retentions are termed rock 
dross. The third wire is covered with a layer of cotton batting and with
holds all foreign materials passing throvigh the first two screens. The 
residual screenings from this strainer are known as batU'ng dross. Since 
there is an appreciable amount of rosin in dross, such screening rejects 
represent a sizeable industrial loss which may be as much as 150 lb. or 
more of rosin per charge. Expressed in terms of a lO-crop orchard, rosin 
losses to the extent of 70 bbl. or more per year may be anticipated. During 
periods when high prices prevail, dross may be reworked at a profit. 

Rosin losses resulting from dross, particularly chip dross, may be re
duced materially by keeping cups covered during chipping operations or 
by compelling chippers to remove any trash that may have fallen into the 
cups while they are engaged in putting on new streaks. 

2. Central Processing Plants. The first central processing plant was 
erected in 1932 near Savannah, Georgia, but its operation was unsuccessful, 
largely because of strong opposition on the part of factors and dealers. 
Today , however, there are at least 29 plants of this sort throughout the 
pine belt, the success of which is due largely to the development by the 
Southern Naval Stores Experiment Station of an efficient method for 
washing and cleaning gum prior to distillation. The majority of the 
central processing plants are owned and operated by gum buyers, each 
representing an initial capital expenditure of from $20,000 to $250,000. 

The cleaning process consists of two separate operations. Dip or scrape, 
or a mixture of the two, is melted in hot turpentine (200°F.) , sufficient 
turpentine being added to bring the specific gravity of the resulting solu
tion to approximately 0.95. All solid materials are removed in filter presses, 
and the water-soluble constituents are then removed b y washing the hot 
filtered gum with hot water (150°F.) and allowing this mixture t o settle 
out by gravity. Following separation, the wash waters are drained to a 
sump or sewer and the gum is pumped to a still. 

The still is usually much larger than the one previously described and is 
heated with internal steam coils. Live steam may be admitted also to 
expedite distillation. Operation of the still follows the same general 
pattern of the fire still, except that much more efficient condensers are 
employed. The rosin, when turned out, needs no straining and is ready 
for packaging. 

The principal advantages of these modern plants over the older fire 
stills are (1) greater capacity; (2) uniformity of product ; (3) higher yields 
of rosin; (4) better grades of rosin; (5) economical operation; (0) better 
prices for the small gum farmer. 

3. Continuous Still. Recently, a continuous still of pilot-plant pro])or-
tions was erected and operated by the Naval Stores Experiment Station 
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F IG. 2 0 - 1 4 . Diagrammatic sketch of continuous still for pine gum. {Courtesy Naval Stores 
Research Division. Bureau of Agricultural and Industrial Chemistry.) 

m o u n t i n g a 15-ft. s t e a m - j a c k e t e d c o l u m n . T h e g u m enters the flash 
c h a m b e r t h r o u g h a small nozz le where a b o u t 80 per c e n t of the turpent ine 
is r e m o v e d . T h e r e m a i n i n g 20 per cent is released, whi le the resin settles 
t o the b o t t o m of the c o l u m n . T u r p e n t i n e v a p o r s are d r a w n off t h r o u g h 
a condenser a n d the rosin is r e m o v e d f r o m the b o t t o m of the c o l u m n as 
required . N o further process ing is needed , a n d b o t h rosin a n d turpent ine 
are ready for packag ing . 

L. TURPENTINE 

A s ind i cated p r e v i o u s l y , turpent ine is n o t a s imple chemica l c o m p o u n d 
b u t is rather a mix ture of essential oils o f the terpene series. T u r p e n t i n e 
of A m e r i c a n origin is c o m p o s e d of several terpenes , o f wh i ch a lpha-p inene 

at Olustee , F lor ida . Resu l t s h a v e been m o s t grat i fy ing a n d g ive ind i ca 
t i on that the general use of such appara tus m a y readi ly render o bs o l e t e 
the b a t c h - t y p e stills, s ince instal lat ion and m a i n t e n a n c e costs are a p p r e 
c iab ly l ower than those of the larger stills in current use. 

In t h e o p e r a t i o n o f a c o n t i n u o u s still , c lean g u m is p u m p e d i n t o c o n c e n 
tric p reheated p ipes {345 t o 3 5 0 ° F . ) which lead i n t o a flash c h a m b e r sur -
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comprises about 80 per cent of the complex . T h e residual components 
include beta-pinene, champene , sylvestrene, and dipentene in varying q u a n 
tities. 

Statistics reveal that 5 bbl . of d ip are required t o produce one 50-gaI. 
drum of turpentine. Nine to ten barrels of scrape are necessary to produce 
a d r u m of turpentine, since m o s t of its terpene constituents were lost on 
the face through volatil ization. It is est imated that about one-fifth of the 
terpenes present in fresh g u m are lost before distillation is possible. A 
final loss m a y occur (2 t o 5 gal. per charge) when open separators or re
ceiving barrels are employed . 

T h e bulk of the turpentine produced t o d a y is marketed in tank - car lots 
of from 6,000 to 10,000 gal. M a n y of the smaller producers package 
turpentine in 5 0 - or 55-gal. m e t a l d r u m s or wooden barrels for <lelivery to 
dealers or for export traile. Dur ing the past few years large quantities of 
turpentine have been packaged in small tins of f rom 4-o7,. t o 5-gal. capac i ty 
and retailed under a variety of trade names or brands . 

G u m spirits of turpentine is offered to the trade in four grades, Hz., 
water white, standard, one shade off, and two shades off. Prices are usually 
quoted on the basis of the standard grade. G o v e r n m e n t specifications for 
the standard grade require that not less than 90 per cent of the complex 
shall distill over at 170°C. and that t h e l iquid be clear of suspended matter 
a n d water a n d have a mi ld aromat ic odor . 

Turpent ine consumpt ion in the United States amounts t o about 500,000 
bbl. annually, the bulk of which is used in the manufacture of paints , 
varnishes, lacquers, pharmaceuticals , and chemicals .* 

M. Rosiv 

Rosin, also known as colophony, is a britt le and friable solid with a faint 
aromatic odor , the major constituent of which is abietic acid. Abiet ic ac id 
reacts readily with metall ic salts t o form soaps and with alcohols t o form 
esters. It is insohdile in water but is readily dissolved in ether, benzene, 
and chloroform. 

Ros in varies in color from a pale-yellow hue through shades of amber to 
dark red. Co lor is dependent upon the source of g u m , the nature of metallic 
equipment used in its collection, and the m e t h o d of cleaning and m a n u 
facture. Thirteen grades of rosin have been established by the F o o d and 
D r u g Administration imder the Federal Nava l Stores Act . The lightest 
shades bring the best prices, but it is not a lways possible t o obtain them 
in prtMluction for the reasons already noted. These grades, beginning 

' Kor complete atail-;lirs on the annuiil consumption of turpentine, sec Gamble's 
International Naval Stores Vcarbook, Savannah, Georgia. 
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with the hghtest, are X , WW (water white) , WG (window glass), A^, M, K, 
I, H, G, F, E, D, and B. A large portion of the rosin offered for sale falls 
between the M and G grades. T y p e color standards for each grade, in 
the form of tinted glass cubes, are deposited in the offices of the Depart
ment of Agriculture. A limited number of duplicate sets are available for 
use by inspectors, distributors, and consumers. * 

Mos t of the rosin from fire-still operations is packaged in wooden barrels 
or metal drums of from 515 to 530 lb. of rosin (net) per container. Filtered 
rosin is not infrequently pumped directly into insulated tank cars which 
are so routed as to deliver hot rosin directly to the consumer. A small 
percentage of the filtered rosin is also packaged in multiwall paper bags 
of 100 lb. capacity. 

M o r e than one million drums of rosin are used annually b } ' American 
industries. Heavy consumers include the manufacturers of soaps, paints, 
varnishes, lacquers, paper, adhesives, plastics, rubber, synthetic resins, 
chemicals, and pharmaceuticals, f 

N . BUSINESS ASPECTS OP THE INDUSTRT 

Financial returns from turpentine operations, like those from other 
consumer goods, fluctuate with business cycles, although until very re
cently there has been a definite downward price trend since 1930. The 
average price per unit X for 1925-1926 w-as $89.00 on the Savannah market. 
B y 1932-1933 the unit price had dropped to $30.65. A rise in price in 
1937-1938 to $54.31 per unit was occasioned b y the better prices offered 
for rosin, offsetting the low prices of turpentine which then prevailed. 
With the removal of price controls during the latter part of 1946, naval-
stores prices skyrocketed. Turpentine was $1.26 a gallon in 100-gal. lots 
at the end of the year, and rosin sold for $8.06 per hundredweight from X 
through F grades. At these prices, a unit was valued at nearly $170.00. 

Fluctuations in cash returns from the sale of naval stores are traceable 
to volume production, large inventories, and changes in business activity. 
Increased production is usually accompanied b y lower prices. Prices also 
are usually depressed when large inventories are at hand. The carry-over 
on Apr. 1, 1945, the beginning of a new turpentine season, was 202,546 bbl. 
of turpentine and 388,266 bbl . of rosin. On Mar. 31, 1946, the carry-over 
was but 100,749 and 388,682 bbl . respectively. This represents a decrease 

• Type samples made from rosin are available for purchase through H. II. King, 
Savannah, Georgia. 

t For complete statistics on the annual consumption of rosin, see Gamble's Inter
national Naval Stores Yearbook, Savannah, Georgia. 

X One unit equals one 50 gal. barrel of turpentine and bbl. of rosin. 
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n. WOOD NAVAL STORES 

Large quantities of naval stores are also obtained by the action of steam 
and suitable solvents on chipped or macerated heartwood from the stumps 
and boles of longleaf pine trees. Turpentine and rosin oils, together with 
tar, pitch, and charcoal, are obtained in the destructive distillation of 
similar materials (see Chap. 18). 

Sulfate turpentine is obtained from digester relief gases when wood of 
the various southern yellow pines is pulped by the sulfate process. Sulfate 
turpentine is a potential by-product from sulfate cooks of spruce wood, 
but there Is little or no attempt to recover it at the present time because of 
production costs and limited markets. It is estimated that the sulfite 
mills of the United States and Canada could produce from 1,500,000 to 
2,000,000 gal. of sulfite turpentine annually, should occasion demand. 
Turpentine obtained from spruce wood differs somewhat in its terpene 
complex from that derived from gum of the southern yellow pines. 

A. STEAM AND SOLVENT PROCESS 

Recovery of turpentine, rosin, and pine oils * from the wood of old pine 
stumps was begun in 1909, when Homer T . Yaryan built the first steam 
and solvent extraction plant at Gulfport, Mississippi. This plant had 
a daily capacity of 100 tons of wood and in its initial year of operation 
prmiuced 14,307 round barrels of wood rosin, 1,700 bbl. of turpentine, and 
25,000 gal. of pine oil. Today there are 14 modern steam and solvent 
extraction plants operating in the states of Florida, Georgia, Alabama, 
Mississippi, and Louisiana. These represent a capital investment of about 
15 million dollars and currently account for about 51 per cent of all the 
rosin and nearly 30 per cent of all the turpentine produced in the United 
States. 

• Pino oils arc not found in gum f n i i n living tnt -s , and it is believed that their forma
tion results from the gradual oxidation of pinenes and other terpenes over a protracted 
length of time. 

of 101,797 bbl . of turpentine and only a small and insignificant increase 
of 416 bbl. of rosin available for purchase at the beginning of the 1946 
season. In the years before the Second World War carry-overs often 
exceeded 1,600,000 bbl. of rosin. Invariably such inventories adversely 
affect market prices. Other factors influencing the market value of gum 
turpentine and rosin are (1) increased gum-naval-stores production abroad, 
(2) increased production of wood and sulfate turpentine, and (3) expanded 
competition of petroleum solvents and synthetic resins. 
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R a w materials for the steam and solvent process consist of stumps and 
heartwood of slash and longleaf pines which is left after logging. Heart-
wood from the stumps of old trees will yield as much as 25 per cent of oleo
resin; that from the bole, 7 to 10 per cent. Sapwood, b y contrast, contains 
only about 2 per cent of oleoresin. Accordingly, operators prefer wood that 
has been in or on the ground for 10 to 15 years, with bark and sapwood 
well rotted away. 

Stumps are removed in various ways. Blasting is commonly practiced, 
but powder often merely shatters the stump, and much rich, resin-yielding 
wood is left in the ground. In recent years several mechanical devices, 
including tractors, have been used in stump-removal operations. One 
specially devised stump puller consists of a boom crane fitted w'ith a nut
cracker jaw and mounted on a tractor of the crawler type. T h e jaw, 
when dropped over a stump, grasps it firmly at or near the ground and then 
pulls it from its anchorage nmch as a dentist would handle a troublesome 
bicuspid. The stumps and any suitable slash are transported t o concen
tration centers, where they are split and trimmed. The stumps, roots, 
and bole wood are then loaded either on trucks or on gondolas for ship
ment to the extraction plant. The larger companies work their own woods 
crews, who clear cutover lands on a lease arrangement with the land 
owners. At other plants wood is purchased from farmers upon its delivery 
at the yard. 

1. Raw-material Supply. It has been estimated that the annual require
ments of existing steam and solvent plants are between 300,000 and 350,000 
tons of wood, 75 per cent of which is stump ^vood. A partial inventory of 
available stump wood, made b y the Southern Forest Survey in 1934-1935 
on 20 million acres of cutover land in South Carolina, Georgia, and Florida, 
indicated that the supply of merchantable stumps in the surveyed regions 
alone was approximately 21 million tons and that there was a potential 
reserve of another 9 million. 

2, Manufacturing Procedures. The high quality of the products derived 
from steam and solvent extraction plants is the result of long years of 
chemical research and engineering skill, and the modern plant bears little 
resemblance to the original Y a i y a n installation. In the early daj 's , steam-
distilled wood turpentine was a strong, ill-scented distillate of uncertain 
physical and chemical properties. M a n y consumers of gum turpentine 
refused to use it, and others who did regarded it merely as a turpentine 
substitute. W o o d rosin, too , was a consumer's nightmare. Although 
characteristically dark red, the color also varied. It was a product of 
questionable solubility and melting point and tended to crystallize and 
precipitate when blended with many petroleum and vegetable oils. When 
heated, it darkened appreciably and was generally considered to be inferior 
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to g u m rosin of similar grade. Pine oil in those early days was a straight-
run distillate with limited use and a limited market. 

Like the modern pulp mill, a s team and solvent extraction plant carries 
large w o o d inventories in the yard as a safeguard against the possible 
interruption of wood deliveries. Before the w o o d is suitable for t reatment , 
it must be chipped or physically macerated in order to assure efhcient 
extraction. Accord ing ly , the stumps are passed through a hog, or shredder, 
that reduces them to chips approximately l]4 in. long and }4 in. in width. 
Better rosin recovery is possii)le if w o o d is chipped or shaved across the 
grain, since larger numbers <»f resin d u c t s m a y b e exposed in this w a y , b u t 
because of increased hamiling costs this is se ldom done . W o o d so milled 
is not screened, so bo th slivers and w o o d dust a c c o m p a n y the chips t o the 
extractor. An extractor is a vertical steel tower l b t o 24 ft. tall with a 
capaci ty of h-om 10 to 13 tons of shre<Jded wood . T h e first phase of the 
extract ion process is steaming. L ive steam is admit ted at the b o t t o m of the 
vessel through sparging rings or perforated coils. T h e steaming phase 
requires from 3 to 4 hours , thuing which interval m o s t of the volatile oi ls 
are removed. T h e condensate , which includes turpentine and other oils, 
is known as cnide turpentine. 

D r y steam is then turned into the extractor in order t o dry the chips 
before treatment with solvent. T h e solvent, a hot petroleum naphtha, is 
used t o extract the residual rosin. Rosin extraction e m p l o y s the counter -
flow principle; hence several extractors are treated as a battery . C o n c e n 
trated rosin e.vtract removed from the last e.\tra(^tor is subjected to a p r e 
liminary refining operation during which oxidized resins and w o o d dust 
are removed . F r o m this point the solvent-rosin extract is handled in 
diverse ways , depending u p o n the degrees of refinement desired. 

In some instances the extract is pumped into evaporators under reduced 
pressvire, where the so lvent and some pine oil are removed . T h e residual 
rosin, ruby-red in color , is then packaged for shipment and distributed as 
fF w o o d rosin. Some plants treat the hot l iquid rosin with fuller's earth, 
an absorbent that removes much of the pigmentation present. In recent 
years furfural, an oily liquid obtained from oat hulls, has been found very 
useful in the refinement of w o o d rosin. Solvent-rosin extract is mixed 
with furfural, and the t w o liquids are agitated. Since the t w o are immis
cible, they separate into t w o layers when at rest. T h e furfural layer in-
chules essentially all the pigment, and the solvent contains the clear 
yellowi.sh-wliite rosin. Rosin obtained in this manner will yieUI grades 
from / t o X and may b e used in a manner similar to g u m rosin of identical 
grades. 

In a recent deve lopment , the steaming o f chips has been el iminated a n d 
turj5«*ntine, pine oils, and rosin are all extracted simultaneously with a 
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suitable solvent. This complex is then fractionally distilled in order to 
separate the turpentine, various terpenes of higher boiling point such as 
dipentene, terpinene, and terpinalene, and finally pine oil. The residual 
component in the still is crude wood rosin. 

The resin-free chips in the extractor (irrespective of process used) are 
steamed in order to recover any solvent. This recovery, together with 
that from the evaporators, is used in subsequent extraction cycles. The 
resin-free chips are then discharged and the extractors are recharged with 
fresh wood. 

Attempts to use resin-free chips for kraft pulp have so far been un
successful. A plant at Pensacola, Florida, however, converts them into 
mechanical pulp which is used to manufacture an insulation board offered 
to the trade under the name of Temlock. 

3. Yields. The yield of wood turpentine, pine oil, and rosin depends 
upon the resin content of the wood and the efficiency of the extraction. 
Average recovery per ton of air-seasoned wood amounts to about 6 gal. of 
turpentine, 1.5 gal. of intermediate oil (high-boiling terpenes), 4.5 gal. of 
pine oil, and 350 to 400 lb. of grade FF wood rosin. 

The refined turpentine has the same general properties as gum turpen
tine and is used for the same purposes. Refined rosin is now a competitor 
of gum rosin, grade for grade. 

Pine oil is a mixture of terpene alcohols and some few terpenes of high 
boiling points. The production of pine oil now stands at about five million 
gallons annually. About 40 per cent of the output is used as a frothing 
agent in the separation of metal b y flotation. Large quantities are con
sumed in laundries and in dyeing cotton, wool, silk, and rayon textiles. 
It is also employed in the manufacture of soaps, polishing compounds, 
paint, varnish remover, germicides, insecticides and pharmacetitical prep
arations. The intermediate oils are used largely as solvents for special 
purposes. 

B . SULFATE T U R P E N T I N E 

T h e condensate of relief gases from sulfate pulp-mill digesters contains 
appreciable quantities of turpentine. Cooks of jack pine and eastern 
white pine yield from 1.5 to 3.1 gal. of turpentine per ton of air-dry pulp; 
loblolly, shortleaf, and Virginia pine from 1.5 to 2.7 gal. ; and longleaf 
and slash pines from 2.8 to 4.3 gal. Yields of more than 2.0 gal. of turpen
tine per ton of pulp are, however, exceptional for species other than slash 
and longleaf pines. Figure 20-15 depicts a typical recovery system. 

Crude sulfate turpentine has an extremely disagreeable odor because 
of the presence of mercaptan, an inevitable product of all sulfate cooks. 
Mercaptan is usually removed by treating the crude with an oxidizing 
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agent such as hypochlorite . T h e refined product , representing a yield of 
about 80 per cent of the original crude, sells for about 10 cents less per 
gallon than the prevailing price for g u m turpentine. 

Relief valve 

Digester 

Separator 

to waste' 

Turpentine 
to storage 

FIG. 20-15. Schematic diagram illustrating turpentine recovery in sulfate pulping process 
(Courtesy of the Technical Association of the Pulp and Paper Industry.) 

Some pine oil is also recovered, but it is inferior t o that obtained from 
the steam and solvent process and is used only for flotation in ore separa
t ion and in the manufacture of certain floor-cleaning compounds . 

C. TALL OIL 

Increased interest is be ing manifested b y sulfate pulp-mil l operators in 
the recovery of liquid rosin from spent cooking liquor. A s indicated else
where (see sulfate method of pulp manufacture , page 316) , the spent 
cook ing l iquor or b lack l iquor is reprocessed in order t o obta in valuable 
chemicals. Associated with the black liquor is a frothy mass that m a y be 
readily skimmed from its svu'face. This is " s o a p , " crude tall oil, or liquid 
rosin. T h e acidification of this soap liberates fa t ty a n d resin ac ids which 
comprise tiill oil and which constitute about 45 per cent of the original 
crude. 
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Refined tall oil is light yellow in color and free from obnoxious odors. 
It is used in the manufacture of both hard and soft soaps, or it is processed 
into solid fatty acids that are suitable substitutes for the more expensive 
vegetable and animal fats. A product similar to linseed oil and suitable 
for the manufacture of varnish, is produced by esterification with glycerine. 

In the 1945-1946 naval-stores year, 200,130 tons of black-liquor soap 
were produced, from which 94,814 tons of refined tall oil were obtained. 
For the past few years crude soap has sold at 2 cents per pound and refined 
tall oil at 4.5 cents per pound. 

Solid rosin and pitch are also obtainable from the crude soap. The 
former is similar to gum rosin, but it has a slightly higher melting point. 
The pitch is used in the manufacture of lac-varnishes, printer's ink, and 
as a substitute for asphalt in road construction. 

m. NAVAL-STORES PRODUCTION ABROAD 

Tlie most significant change in the world's production of naval stores 
has been the comparative decline in American output since 1907. In that 
year the United States supplied 79 per cent of all consumers' requirements; 
since then, however, production elsewhere throughout the world has 
increased steadily, and today only about 50 per cent of the total annual 
output of naval-stores commodities is of American origin. 

A. F R A N C E 

France is the second-largest producer of naval-stores products. The 
French industry is based upon the exploitation of the maritime pine [Pinus 
•pinaster Solander (P. maritima L . ) ] , and to a lesser extent the Aleppo pine 
(Pinus halepensis Mill ) . 

The French turpentine region is an area of approximately two million 
acres adjacent to the Bay of Biscay in the departments of Gironde and 
Landes. On this small area, which is no larger than a few of Georgia's 
coastal-plain counties, is produced about 15 per cent of the world's output 
of turpentine and rosin. One hundred years ago this area was virtually 
uninhabitable. A dearth of vegetation, poor drainage, and migratory 
sands made the area worthless, but far-sighted French authorities of the 
nineteenth century began the stupendous task of reclaiming these waste
lands through the establishment of extensive pine forests. 

Only about 20 per cent of the acreage in the French turpentine belt is 
government owned, although a degree of governmental control is exercised 
over the entire region. France regards her naval-stores industry as a 
permanent enterprise upon ^vhich the welfare of the region is largely de-
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pendent. The forests are therefore managed in such a way that a sub
stantial and continuous yield of gum and a variety of wood products may 
be secured. 

B. U.S.S.R. 

Prior to I02G only a negligible quantity of naval stores was produced in 
the U.S.S.R. The products of her industry were low in quality and were 
produced largely from dried gum and destmctive distillation of wood. In 
1926, however, a small area of pine forest was set aside for turpentining 
experiments. The original area has sin<;e been increased, and today it is 
believed to exceed some two million acres. It is estimated that the U.S.S.R. 
has some 225 million acres of pine forest available for naval-stores operar 
tions, thus giving her an opportunity for almost unlimited industrial ex
pansion, provided labor continues to be cheap under direct governmental 
control. 

Pine forests of the U.S.S.R. are composed largely of Scotch pine [P. 
sylvestris L . ) , a poor oleoresin producer. Low yields coupled with a short 
wcirking season * are major obstacles to expansion. On the other hand, 
significant increases in the yield of g\im through chemical stimulation 
practices m a y more than offset these difficulties. 

Statistics relating to Rii.ssian production are both fragmentary and 
inconclusive. Hpr output of crtide gum in 1920 was only 413 metric tons, 
but 10 years later she was producing about 89,000 metric tons annually. 
As a direct result of her expanded industry, American shipments of rosin 
to Russia, amounting to from 50,000 to 100,000 bbl. annually, ended 
abruptly in 1934. A London report in 1935 indicated that under the 5-
year plan Russian producti(m would be stepped up from 80,000 units to 
240,000 units annually. Since 1931 Russia has been an exporter of both 
turpentine and rosin. Her peak year appears to have been 1934, when 
approximately 40,000 drums of rosin antl 60,000 bbl. of turpentine were 
rt'lca.<!ed to export trade. The bulk of the.se stocks was purchased by 
the United Kingdom, Germany, and Italy. It is significant to note that 
Russian exports of rosin virtually ceased after 193^, thus suggesting that 
her total production was consumed by her own expanding manufacturing 
industries. 

C. PORTUGAL 

Portugal's turpentine fore.sts comprise an area of approximately three 
million acres, largely' of maritime i>ine. The industry operates under 
government control, and a considerable ])ortion of her output is exported. 

• The I'.S.S.R. pine belt is found in northern European Russia, the Ural Mountains 
and Siberia. 

http://the.se
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Prices for Portuguese commodities on the London market have been 
consistently below American prices for similar grade; as a result the Portu
guese producers have made significant inroads on European markets 
formerly held by the United States. 

D . OTHER COUNTRIES 

In recent years considerable progress has also been made in the naval-
stores industries of Greece, Poland, and Mexico . Prior to the Second 
World War, each of these countries was producing about 3 per cent of the 
world 's output of rosin and turpentine. India accounts for about 1 per 
cent of the world's production. 
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M A P L E S I R U P A N D S U G A R 

T h e product ion of maple sirup and sugar is a typical ly Nor th American 
industry, confined to the Northeastern regions of the United States and to 
the provinces of Quebec and Ontario in Canada. 

In the Uni ted States the importance of the industry rests in the fac t that 
it is largely a farm activity . Sugar bushes are owned and operated most ly 
b y farmers, who have c ome to rely on maple products as a source of small 
but regular income from their woodlots . 

T h e six states leading in product ion of maple products are Vermont , 
N e w Y o r k , Ohio , Pennsylvania, N e w Hampshire , and M i c h i g a n ; V e r m o n t 
and N e w Y o r k account for more than 70 per cent of the total domest ic o u t 
put . In Canada more than 70 per cent of the product ion is in the prov ince 
of Q u e b e c * 

In colonial days , because of the prohibit ive price of cane sugar, maple 
sugar and sirup were classed as staple products . M o s t of the maple sugar 
was for h o m e use, though considerable quantities of it were also used to 
adulterate cane sugar. This remained true until about 1875, when lower 
prices of cane sugar placed it within the reach of a lmost everyone . Since 
then the relative position of maple products and cane sugar has been re 
versed, and maple sugar and sirup have become articles of luxury, valued 
for their dist inctive flavor. Prior t o 1900 more maple sugar than sirup was 
made . T o d a y , however , as the demand for sirup is increasing, more than 
90 per cent of the total product ion in this country leaves the farms in the 
form of sirup (Fig. 2 1 - 1 ) . 

I. W O O D S OPERATIONS 

A. SPECIES OF M A P L E T A P P E D 

Although all native maples have sweet sap, practically the entire c o m 
mercial product ion of maple products comes from the sugar maple and 
its variety, the b lack maple. The red maple , the silver maple , and the big-
leaf maple are also tapped locally, but it is generally felt that the amount of 

* Since 1938 Canada's production of maple sugar and sirup has exceeded that of the 
United States. 
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F I G . 2 1 - 1 . Maplo -s i r i ip and maplo -sugar p r o d u c t i o n in the United States , l'J16 to 1946. 
{ B U R E A U OF AGRICULTURAL E C O N O M I C S , U.S. DEPARTMENT OF AGRICULTURE.) 

sap they yield and its low sugar content will not allow profitable commercial 
production of sirup and sugar. A comparison between the average sap 
flow of sugar maple and soft maple in Somerset ('ounty, Pennsylvania, was 
made by iNbdntyre " (Tal)le 21 -1) . 

TABLE 21 -1 . THE AVERAGE FLOW OF SAP IN SUGAK AND SOFT MAPLE" 

Dia meter 
elnss, in. 

Average 
number 
buckets 

hung 

Sugar maple Soft maple 

Dia meter 
elnss, in. 

Average 
number 
buckets 

hung Number of 
trees 

Aver, flow, 
qt. 

Number of 
trees 

Aver, flow, 
qt. 

9 -16 1.0 14 8 .9 14 5.5 
17-23 1.5 19 15.1 15 7 .4 
24 -28 2 . 2 42 17.7 23 12 .5 
2lt 33 2 . 8 50 22.4 20 13.4 
34 3t> 3 .0 18 27 .7 4 2 0 . 3 
37 45 3 . 8 28 31 .7 (i 18 .9 

' .Mclntyre, A. C . Th r .Maple Products InduatO" of PennBylvuuB. P A . Agr. Eipl. .Sla. Bull. 2 S 0 . \HS2 
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H e also repor t s t h a t the sugar c o n t e n t of sap f r o m soft map les was a p 
p r o x i m a t e l y 34 per cent less t h a n that of the sugar map le , a n d the sirup a n d 
sugar were darker . 

B . S U G A R B U S H 

W o o d l a n d s conta in ing a sufficient n u m b e r of sugar m a p l e trees f o r c o m 
mercial tapp ing are c o m m o n l y des ignated as a sugar bush or sugar grove 
(Fig . 2 1 - 2 ) . A t least three t y p e s of sugar g roves c a n b e d i f ferent iated ; (1 ) 

F IG. 21-2. 
Vermont.) 

Sugar bush. (Pfwtograph by VeTmorit Department of Agriculture, Montpelier, 

those that are m e r e l y a p a r t of a m a t u r e m i x e d - h a r d w o o d forest wi th a 
large n u m b e r of sugar m a p l e s in the m i x t u r e , (2) m o r e or less o p e n a n d 
usual ly o v e r g r a z e d groves consist ing o f o l d a n d f requent ly o v e r m a t u r e d 
m a p l e trees remain ing f r o m the or ig inal forest , a n d (3 ) s e c o n d - g r o w t h 
m i x e d - h a r d w o o d stands , f r o m whi ch a sugar bush c a n b e easi ly d e v e l o p e d 
b y j u d i c i o u s th inn ing and l iberal cut t ing , w o r k i n g t o w a r d the e l iminat ion of 
species o ther than hard m a p l e . 

Since the y ie ld of sap f r o m the m a p l e tree is in d i rec t relat ion t o the size 
of its c r o w n , * the ideal g r o v e is c ons idered t o b e o n e t h a t c onta ins the m a x -

* In a recent study conducted at the Pennsylvania State Forest School,'^ it was 
found that the average sugar eont<^nt of the sap from the roadside trees with large, 
spreading crowns wa.s 3.72 ± 0.047 per cent, as compared with that of the open-grown 
trees (crown length averaging 75 per cent of the total height) of 3.34 ± 0.034 per cent and 
the forest-grown tre<'S (crown length averaging less than 50 per cent of the total height) 
of only 2.25 ± 0.21 per cent. 
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C . S A P F L O W 

Sap flow begins f rom the middle of February in the southern section of 
the commercial range and the middle of March toward its northern limits. 
It lasts an average of 4 to 6 weeks, although under extremely favorable c o n 
ditions it m a y continue for 8 t o 9 weeks. T h e length of the season depends 
entirely upon weather condit ions. Ideal "sugar weather " consists of 
alternate freezing and thawing, as represented b y w a r m d a y s when the 
temperature m a y rise t o 40 or SO^'F. and co ld nights with temperatures b e 
l ow freezing. T h e run of sap m a y stop if weather condit ions are unfavor -
ai)le and begin again when suitable condit ions prevail . During a season 
there are usually several such runs of a few days ' duration each. 

D . M A P L E S A P 

M a p l e sap at the t ime of flow consists of 90 to 98 per cent water and 0.5 
t o 10 per cent solids, roughly 90 per cent of which is sucrose; small amounts 
of invert sugar are also present. T h e average sucrose content of sap is 
usually between 2 and 3 per cent. T h e sugar content of sap ordinarily d e 
creases with the advance of the season; it increases slightly during the day 
and not infrequently varies even in the sap taken from different taps on the 
same tree. ' " 

T o w a r d the end of the season sap frequently acquires a greenish co lor and 
a peculiar taste. This colored sap, known as biuidy sap, is attributed to 
physiological changes within the tree connected with the swelling of buds ; 
the tentlency for microorganisms to mult iply rapidly at higher temperatures 
may also be a contr ibuting cause to formation of buddy sap. '* Other dis -
colorations in the maple SJip, known as red sap and milky sap, also called 
sour snp, are likewise cuusc<l b y bacterial action. T h e souring of maple s a p 
may be largely eliminated by washing the spouts and buckets clean fre-

imiim number of trees per acre, consistent with full c rown development . 
Other requirements of a good sugar bush include provision for ample re
product ion to take the place of overmature or diseased trees and to provide 
adequate shade for the forest floor. When possible, grazing should not be 
allowed in the grove , since cattle not only destroy the reproduct ion b u t a lso 
tend to harden the soil by tramping. 

T h e ideal mature stand of sugar maple should contain 50 to 60 trees per 
acre, b u t the average number of trees is usually 3 0 or Jess. Y o u n g e r stands 
of 60 years and under may contain as m a n y as 300 or 400 stems per acre ; 
however , not more than 25 maples per acre will be of tapping size; in still 
younger stands only 10 or 15 trees m a y be tapped. 
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quently with hot water, collecting sap often and boiling it as soon as pos
sible, and boring new tap holes if the old ones become infected. 

E. 'JAPPING 

Before tapping a tree, that portion of the trunk where the tap hole is to 
be located should be brushed with a stiff broom so as to remove all dirt and 
loose bark. Tapping itself consists of drilling holes into the ivood with a 
bit. T o insure a hole with clean-cut sides, the bit should be sharp, since a 
dull cutting edge will cut a hole with uneven, feathered sides that will ma
terially reduce the amount and duration of tlie sap flow. All shavings 
should be carefidly removed. The holes are drilled with a slight upward 
slant to facilitate drainage of sap. 

Time spent in tapping,may be reduced considerably by using a portable 
power tapping machine, weighing approximately 30 lb. These machines 
are operated by a lightiveight gasoline engine which drives a tapping bit 
inserted at the end of a flexible shaft. One man can tap with this machine 
as many as 3,500 holes in 12 hours. 

Experiments in Vermont and Michigan clearly indicate that about 80 
per cent of the sap flows from the sapwood portion of the trunk. It is there
fore generally recommended that the hole be drilled only through the width 
of the sapwood. The width of sapwood in the hard maple generally ranges 
from 1 to 3 in., depending largely on the size and age of the tree. 

The right diameter of tap hole is still very much a matter of personal 
preference. Mos t operators agree that the size of the hole should be such 
that it will heal over in one or, at the most, two growing seasons. The gen
eral practice is to use bits to in. in diameter. It is customary as 
the season progresses to freshen up the holes b y reaming them. It is rec
ommended that reamers }4 in. larger than the original hole be used. If a 
reamer of lesser diameter is used, difficulty is encountered in centering the 
tool, with the result that only one side of the hole is freshened. Some oper
ators prefer to drill new holes when old ones have dried. This, however, is 
considered a more wasteful practice than reaming. The holes are usually 
located about waist high for convenience in drilling. 

Murphey reports that "each tap hole bored into a maple dries out and 
kills a strip of sapwood equal to the depth of the hole, a little wider than 
its diameter, and from 2 t o 5 ft. u p and down the tree (usually much more 
above than below the hole) [Fig. 21-3 ] . This wood remains permanently 
dry, and a tap hole bored into it later will not yield sap . " This dead wood 
will start decaying unless the tap hole is grown over within a few years. 
Some operators plug the tap holes with sticks or corks. This practice is no 
longer recommended, as the \vedging of plugs tends to inflict additional 

file:///vedging


MAPLE SIRVP AXD Sl'GAR 4 5 9 

in jury t o the bark a n d w o o d tissues a n d t o interfere with the natural heal ing 
process . 

T h e r e is l ittle d i f ference in regard t o w h i c h side of the tree is t a p p e d . If 
o p e r a t i o n s are carr ied o n e a c h year , e v e n t u a l l y all s ides o f t h e tree will b e 
tapped . O n the larger trees, b ig e n o u g h for several t a p holes , s o m e o p e r 
ators prefer t o start t a p p i n g o n the 
s o u t h aide , where earl ier r u n s of 
sap can be secured , and then p r o 
ceed a r o i m d the t runk as the sea
s o n progresses . I t h a s b e e n s h o w n , 
h o w e v e r , t h a t the average y ie ld of 
sap a n d the we ight of sugar c o n 
ta ined in it for t h e ent i re season 
is a b o u t the s a m e , regardless of 
the d i rec t i on in which the b u c k e t 
is h\ing.'^'^* 

T r e e s under 8 in. in d iameter 
c a n n o t usual ly be t a p p e d at a 
prof it . T r e e s m o r e than 12 in. in 
d iameter m a y h a v e t w o t a p holes 
and those m o r e than 20 in, three 
t a p holes . H e a v i e r t a p p i n g is a p 
parent ly n o t just i f iable , s ince the 
slight increase in the y ie ld o f sap 
is nmre than offset b y the rap id i ty 
with wh i ch the tree is c o m p l e t e l y 
i 'ncircled b y t a p holes , w i th a 
resulting decrease in the n u m b e r 
of years a tree c a n b o t a p p e d . 
M o r e o v e r , the danger of d e c a y is 
great ly increased b y excess ive tapp ing . A n e w t a p ho le shou ld b e p laced 
at least 10 in. a w a y f r o m the p r e v i o u s ho le . T h e prac t i ce of p lac ing t w o 
holes in such a w a y that they will drain in o n e b u c k e t is cons idered 
unwise , s ince it def initely impairs the health of the tree. 

FIG, 2[ ii. liijiiruiu.-- ( 'ni ' i i^ iji r\ri',-.-.i v uip-
piUK. Note ui'fUM of ili.sfolorcd (dead' s!ii,w()(id 
ivbovc and lielow the tap hoJe.s, (from The 
Maple Products huiitnlri/ of Pcnnst/hania, by 
A. C. McIiUyre. The Pennsylvania State College 
Bidletin 280.) 

F. SPOUTS 

T h e spouts, or spiles, are t u b e s inserted into t a p ho les t o c o n d u c t the 
flow of Siip in to the b u c k e t . T o d a y the s p o u t s are m a d e of meta l , a l though 
in s o m e p laces l io l low reeds a n d elder and s u m a c s tems f r o m which the pith 
has l)c<'n r e m o v e d are still used. W o o d e n s p o u t s arc tlifficult t o c lean, tenil 
t o sour q u i c k l y , break easi ly, a n d c a n n o t b e used t o s u p p o r t the sap bucke t s . 
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There are many forms of metal spouts on the market. A good metal spout 
should be round in cross section, of even taper, and smooth, so that it ean 
be inserted or removed easily without inflicting injury to the surrounding 
tissue. Other points to be considered in selection of a spout are as follows: 
a good spout should no t project into the hole t o such a depth that it may 
interfere with free flow of sap; it should be so constructed as to prevent 
drying out of the hole; it should fit the hole after reaming; it should lend 
itself to easy cleaning; finally, it should be provided with hooks to hold a 
sap bucket and be strong enough to support it when it is filled with sap. 

G . SAP BUCKETS 

Sap buckets are containers hung on the tree to catch sap; they are of two 
general types, wooden and metal. Formerly wooden buckets were uni
versally used, and even today they are still found in some sections. Wooden 
buckets have a number of disadvantages, however. They are very heavy 
and do not hang well from the spout, frequently necessitating driving nails 
into the tree; they are difficult t o keep clean, and in warm weather they 
tend to become sour; they must be painted in order to prevent sap leakage 
and decay. For this purpose red iron oxide paint is most commonly em
ployed. Bakelite, enamel, and aluminum paints have also been found very 
satisfactory. Lead paints were also formerly used quite extensively; it has 
been found, however, that lead may get into the sap in quantities sufficient 
to be injurious to health. In consequence of this finding, the U . S . Food and 
Drug Administration ruled that beginning Jan. 1, 1937, any maple product 
found to contain lead would be classed as adulterated and its sale pro
hibited.* 

Met«,l buckets have the advantages of being hght, strong and easy to 
clean, and requiring less space in storage. A good metal bucket should be 
rustproof. Aluminum would be the best metal for sap buckets but is too 
expensive. Tin plate and galvanized iron, in the order of preference, make 
satisfactory and inexpensive buckets. The only objection to galvanized 
buckets is that after a time they begin to peel, permitting the iron surface 
to rust. 

Buckets with a gentle slope or with straight sides are preferred to the 
widely flaring type , because with the former better contact with the tree 
surface is obtained; an offset rim is also considered highly desirable, as this 
feature facilitates stacking and prolongs the Hfe of buckets, eliminating 
pounding in separating them at the beginning of each sap season. A metal 

* Further details in regard to satisfactory paints for sap buckets (wooden and metal) 
ean be obtained by writing to the New York State Agricultural Experiment Station, 
Geneva, New York. 
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bucket is suspended on the spout by means of a hole made in the side of 
the bucket under the rim or by a wire loop through it. 

More recently sap buckets have been equipped with metal covers, either 
hinged on the spout or provided with a crimped edge by which the cover is 
fastened to the top of the bucket. In no case should the cover fit tightly 
over the bucket, since the sap tends to sour quickly in a tightly closed con
tainer. The main reason for the cover is t o keep rain and snow from diluting 
the sap and to keep bark, twigs, insects, and dirt from falling into it. The 
only objection made to the use of covers is that it takes a longer time to 
empty the buckets. However, considering the sjiving in time needed for 
boiling the rain water and the higher quality of sirup obtained when the 
buckets are covered, this objection is not very serious. It is said that some 
operators paint the covers with contrasting colors, turning the covers when 
the buckets are emptied. In this way they can keep an easy check on the 
containers which need attention. 

The sap is emptied periodically into gathering pails, large galvanized-
iron pails with a capacity of 15 to 20 qt . These should preferably have 
broad bottoms and tapering sides, to prevent tipping. 

H . H A U L I N G AND STOKAGE T A N K S 

When only a few trees are tapped, the sap may be carried away in the 
pails. In most sugar groves, however, some means for transporting the sap 
is rcquued. This is usually provided by various hauling tanks mounted on 
wagons or sleds. Smaller operators use open barrels with a faucet fixed 
near the bot tom for draining sap. In larger groves wooden tanks with a 
capacity of 4 to 5 bbl. may be used. The same objections apply to the use 
of wootlen tanks as to the wooden buckets, the most serious of which is the 
tendency of sap to sour if left standing in the tank. In place of wooden 
tanks, many types of metal tanks with a capacity of 2 to 6 bbl. are avail
able. These are equipped with a drain pipe at the bo t tom of the tank. 
The chief advantage claimed for metal tanks is the ease with which they 
can be thoroughly washed. All the tanks should be equipped with strainers 
of metal and flannel or cheesecloth to remove debris. 

In woodlots with a favorable slope, gathering tanks have occasionally 
been replaced by a pipe-line system extending to elevated points through
out the grove (Fig. 21—1). The ends of the lines are provided with funnels 
into which gathering pails are emptied. The sap flows by gravity to the 
storage tank near the boiling house. Still more recent is the pipe system 
which connects each tree. The pipe is made of tin tubing in sections, which 
arc gr<toved together so that they wiU fit well. The pipes are suspended by 
wires, s tnmg on trees, or supported by stakes. Such a pipe system entails 
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a high initial a n d a s s e m b l y cos t . H o w e v e r , s o m e of the o p e r a t o r s w h o h a v e 
tr ied it feel t h a t t h e y are repaid b y the labor s a v e d in gather ing the sap 
a n d the h igher y ie ld of sap secured b y a v o i d i n g cos t ly o v e r r u n n i n g of the 
b u c k e t s . A n i m p r o v e d q u a l i t y of sirup m a y also b e secured b y p r o m p t 
bo i l ing of fresh sap wh i ch h a s n o t ime t o sour in b u c k e t s or tanks . T h e chief 

FIG. 21 -4 . Maple sap-gathering pipeline. (Photograph hy Vermont Department of Agricul
ture, Montpelier, Vermont.) 

difficulties e n c o u n t e r e d in this s y s t e m are that of c leaning the p ipes and 
the danger of p ipes be ing d i sp laced b y w i n d a n d fall ing l imbs . 

II. PROCESSING OF SIRUP 

A . B O I L I N G H O U S E S 

W h e n on ly a f ew trees are w o r k e d a n d the y ie ld of sap is smal l , the sap 
m a y b e bo i led o n the k i t chen s t o v e , in a shed o v e n , or o v e r an o p e n fire. 
H o w e v e r , where 200 or m o r e trees are t a p p e d it is necessary t o h a v e a 
separate bui ld ing t o house the e v a p o r a t i n g e q u i p m e n t . In select ing a 
l o ca t i on for the sugar c a m p , part i cu lar a t t en t i on should b e pa id t o an a d e 
q u a t e s u p p l y of g o o d water . T h e bu i ld ing should b e l o ca ted , if poss ib le , 
so that the sap can b e h a n d l e d f r o m t h e gather ing t a n k s b y g rav i ty . 

T h e size of the house is d e t e r m i n e d b y the size of the e v a p o r a t i n g e q u i p 
m e n t , wh i ch in turn is d e t e r m i n e d b y the n u m b e r of trees t o b e tapped . 
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I'H.. I'l 5. A iiioderii evaporator eapalile o f evaporating l 3 4 toii.-i o f water an l i o u r . (From 
The Maple Products Industry of Pennst/lvariia, hy A. V. Mclntyre, The Fennsyhania Slate 
VoUegc BuUcUii :iSU.\ 

sheet - i ron o r s t o n e w o r k s tructure k n o w n as an arch. A s descr ibed in U.S. 
Department of Agriculture Farmers' Bulletin 1366,^ the arch is 

. . . 3 or 4 ft. wide and from 8 to 15 ft. long, inside measurements. The sides are 
usually to 3 ft. high. lietween these two walls the bottom is bricked or ce 
mented, and the walls are held together and in place by iron stays, which also sup
port the pivus. At tlie back the arch etids in ;i flue and a brick or metal t'hiuuiey ex 
tending through the roof. In tlie front, grate bars may be provided and an ex
cavation made for an ashpit. 

I ' sua l ly t w o pan.-^ are usc<I; w h e n part ia l ly c o n c e n t r a t e d , t h e s a p is t rans -
ferreil into the secontl pan for f inishing. 

A n u m b e r of we l l - construc ted , p a t e n t e d e v a p o r a t o r s are n o w ava i lab le 
o n the market (Fig . 2 1 - 5 ) ; these usual ly c o m e with m e t a l , br ick- l ined 
arches . T h e pans are c o m m o n l y m a d e of sheet iron coa ted with tin, ga l 
vanized iron, or c o p p e r . C o p p e r pans , a l though they cos t twice as m u c h 

T h e house should h a v e sides high e n o u g h t o insure g o o d vent i la t i on , a n d a 
weli -s lanting, gab led w o o d e n roof is cons idered m o r e sat i s fac tory than a 
m e t a l o n e , because it causes less c o n d e n s a t i o n . T h e r e s h o u l d a lso b e a 
w o o d s h e d t o s tore the necessary s u p p l y of w o o d t o b e b u r n e d in the e v a p 
orator . 

T h e eq\i ipment of a bo i l ing house inc ludes evaporcUors a n d sugaring-off 
puns. T h e s implest t y p e of e v a p o r a t i n g e q u i p m e n t cons is ts of a h o m e - m a d e 
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as galvanized iron, will last much longer and will generally produce a 
lighter colored sirup. The pans are partitioned to give a zigzag course to 
the sap. In the modern evaporators the sap enters automatically at one 
end and progresses through the pan with a speed regulated b y the heat 
under the pan. The sap is drawn off continuously at the other end of the 
pan either in the form of finished sirup of a standard weight or as a partially 
condensed sap which is brought t o the standard concentration in the 
sugaring-off pans. 

Where steam boilers are available, evaporation by means of steam is 
recommended. I t is claimed that if the condensed steam is returned t o the 
boiler while hot, a considerable saving in fuel and labor will result. Other 
advantages claimed for steam evaporation are the uniformity of flavor and 
good color of the resulting products. 

The size of evaporators is governed b y the amount of sap handled. The 
patented evaporators come in sizes from 2 by 7 up to 6 b y 24 ft. It is 
usually considered that the modern evaporator will evaporate about 2 gal. 
of sap an hour for each square foot of bottom. Another rough estimate is 
that about 10 sq. ft. of bo t tom are necessary for every 100 buckets set out 
in the orchard. It takes 1 cord of w o o d to produce 8 to 10 gal. of sirup. 

B . SUGARING-OFF EQUIPMENT 

The evaporating pans used for further concentration of sap, especially 
in the manufacture of maple sugar, are called sugaring-off pans. These are 
much shorter but deeper pans than the evaporators, set on separate arches 
and provided with faucets for drawing off the sirup. The usual sizes of 
patented sugaring-off pans range from 2 to 2 ^ ft. in width, 3 to 6 ft. in 
length and 12 to 14 in. in depth. 

C. T H E BOILING PROCESS 

The best grades of sirup and sugar, in terms of good flavor and light color, 
are obtained when the sap is boiled quickly but at as low a temperature as 
possible and when a batch of sap is reduced to the finished product without 
the addition of fresh sap. Long boiling and high temperatures tend to de 
compose the sugar and destroy the flavor of the sirup. Rapid concentra
tion can be best accomplished when the depth of sap in the evaporator does 
not exceed l}4 

When the sap is heated, scum forms on the surface; this should be con
tinuously removed. As the concentration of the sap increases, its mineral 
contents begin to precipitate in the form of a fine sediment. Some of it is 
deposited on the pan, and some remains in suspension in the sirup. This 
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sediment is variously known aa stigar sand, niter, or silica. T h e main c o n 
stituent of sugar sand is calcium malate , but the calcium salts of a number 
of other organic acids (d-malic, d-tartaric, citric, and others) are also pres
ent. It is believed that more mineral matter appears in tlie sap as the 
season progresses. T h e presence of sugar sand in the s i m p , although n o t 
harmful, detracts from the appearance of the product . T h e sugar sand can 
be removed by filtering the sirup through flannel. This should be done b e 
fore boiling is completed , since the flne particles of sugar sand settle more 
readily in the less concentrated sirup. After filtering, the sap is reboiled 
t o the standard concentration. W h i t e of egg, whole milk, butter, or lard 
can also be used to r emove sugar sand. These substances cause floccula-
t ion of suspended material , which can then b e r e m o v e d b y skimming. 
Baking soda is also used, but its use is not recommended since it darkens 
the sirup and alters its flavor. 

Accord ing to regulations of the Federal F o o d and Drugs Act , maple sirup 
must contain not less than 65 per cent total sohds (of which about 95 per 
cent is sucrose) and weigh not less than 11 lb. per gal. Standard maple 
sirup will then contain 65 per cent solids and 35 per cent water. A sirup 
containing more water will sour, and a m o r e concentrated p r o d u c t will tend 
t o crystallize. Therefore , in order t o secure sirup of standard quality, it is 
necessary to determine its density. T h e Vermont Agricultural Fxper iment 
Station has found that maple sirup of standard density, i.e., weighing 11 lb . 
per gal., is obtained when a boiling point of 219°F. is reached. T h e boiling 
point is lowered 1° for each 500 ft. a b o v e sea level. A variation of 1 to 2 ° 
may also occur , depending on the run of the sap. It is therefore necessary 
tt) check the density of sirup b y weighing a quanti ty of s irup after it has 
cooled. 

T h e density of the maple s i m p m a y also be determined b y means of a 
hydrometer . T h e hydrometer usually used is that of Baum^, gratluatcd 
from 0 to 50° and standardized at 60°F . Sirup of standard density, when 
cooled to tiO^F., should have a Baum6 reading of 35 .6° . If determination of 
density is made at a temperature other than 60°F. , a correction is neces
sary. T h i s correct ion is obta ined b y subtract ing 6 0 f rom the number of 
degrees at which the sirup is tested, mult iplying the difference b y 0.0265, 
and adding the result to the hydrometer reading if the temperature is a b o v e 
GO'^F. and subtract ing if it is below. 

A direct determination of sugar content in hot or cold s i m p can be m a d e 
with a hand refractometer. Wi th this instrument accurate and direct read
ings can be obtained using only one drop of s i m p . This instrument has a 
range f rom 40 t o 85 per cent of sugar and is, therefore, useful in making n o t 
only sirup, but also maple sugar and candy . 

The color of maple sirup varies from light straw to a very dark reddish 
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brown. In most states sirup is graded on the basis of color as fancy, grade 
A, grade B, and grade C, fancy being the Hghtest. The flavor of maple sirup 
is usually described as fine, mild, strong, woodsy , buddy , and molasses
like. The differences in flavor of maple products are due mainly to the 
methods of handling rather than to any specific characteristics peculiar t o a 
region. The color of maple sirup depends to a great extent on the alkalinity 
of the sap and its invert-sugar content. The growth of bacteria causes in
creased alkalinity and inversion of sugar; these changes result in a darker 
colored sirup.^ Lighter colored simp therefore results when equipment is 
kept free from contamination and the sap is kept at a low temperature and 
processed as rapidly as possible. 

After the sirup is properly strained, it is put into various containers: glass, 
tin cans, or, if produced on a large scale, barrels. T o prevent fermentation 
the containers must be carefully sterihzed by boiling. Operators disagree 
as to whether the sirup should be canned hot or cold. It is claimed that 
hot-canning causes crystallization. Cold-canning, on the other hand, in
creases the danger of souring. 

When sirup is contaminated with lead, the lead can be precipitated as 
lead phosphate and then removed b y filtration. This method is adapted 
only to large-scale handling of sirup. The farmer-producer can achieve 
good results b y deleading the sirup with milk.^^ Whole , skinomed, or dried 
milk can be used. Five to ten per cent of milk is added in the sirup pan, 
and the sirup is allowed to boil until the desired density is obtained. The 
lead is precipitated with the milk curd and is filtered out through a felt 
strainer when the sirup is withdrawn. 

Some maple sirup is also made b y dissolving maple sugar in water. This 
is usually described as maple-sugar sirup to distinguish it from maple-sap 
sirup made by evaporating maple sap. 

D . M A P L E SUGAR 

Maple sugar is produced b y further concentration of the sirup. T h e 
process is known as sugaring off and is conducted either in ordinary iron 
pots on the kitchen stove or, on a large scale, in sugaring-off pans. On the 
basis of hardness of the resulting product, maple sugar is differentiated as 
soft and hard sugar. Soft sugar is produced by boiling sirup until a tem
perature of 238 to 240°F. is reached and then stirring continuously during 
cooling. It is then put in tubs, tins, or glass containers. Hard sugar is 
made b y boihng sirup to a higher concentration, until the thermometer 
reaches 242 to 245°r., and stirring it rapidly while cooling. Hard sugar is 
molded into cakes, the sizes ranging from 1 oz. to 5 lb. The cake sugar is 
also called maple concrete and brick sugar. Formerly maple sugar was pro-
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E. OTHER MAPLE PRODUCTS 

A m o n g o t h e r m a p l e p r o d u c t s is maple cream, m a d e b y b o i l i n g s i r u p t o 
t h e c o n c e n t r a t i o n o f s o f t m a p l e s u g a r a n d t h e n r a p i d l y c o o l i n g i t , s t i r r ing i t 
v i g o r o u s l y all t h e t i m e . A l i g h t - c o l o r e d s i r u p b o i l e d t o t h e d e n s i t y o f 
s t r a i n e d h o n e y is so ld u n d e r t h e n a m e of maple honey. Maple vinegar is 
m a d e o f m a p l e - s i r u p s k i m m i n g s a n d s l i gh t ly s c o r c h e d o r s l i gh t ly s o u r e d 
s i r u p , b y a d d i n g smal l a m o u n t s o f a m m o n i u m a n d s o d i u m p h o s p h a t e a n d 
i n o c u l a t i n g t h e s i r u p w i t h v i n e g a r - m a k i n g m i c r o b e s . 

F. YIELDS 

A t r e e will p r o d u c e 5 t o 4 0 gal . o f s a p a season,^ w i t h a n a v e r a g e o f 10 t o 
20 ga l . T h e s u g a r c o n t e n t o f s a p r a n g e s f r o m 0 .5 t o 10 p e r c e n t , w i t h a n 
a v e r a g e o f 2 t o 8 p e r c e n t ; h e n c e o n e t r e e wi l l p r o d u c e f r o m 1 p t . t o 1 ga l . o f 
s i r u p , o r 1 t o 7 l b . o f s u g a r in a s e a s o n . T h e a v e r a g e y i e l d f r o m y e a r t o 
y e a r is a b o u t 3 p t . o f s i r u p a n d 3 l b . o f sugar . I n a n o r m a l y e a r it t a k e s 
a i ) o u t 4 0 t o 5 0 gal . o f s a p to m a k e J gal . o f s i rup . O n e g a l l o n o f s i r u p u i l l 
p r o d u c e O}/^ t o 0 l b . of s u g a r , w i t h a n a v e r a g e of 7^2 ft) 8 l b . * 
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T A N N I N S A N D D Y E S 

Tannins a n d dyes are extractives, used principally in the leather and tex
tile industries, obtained from the w o o d , bark, leaves, or other parts of many 
plants in forest vegetation. It is kno\™ that about SO per cent of the seed-
plant families contain tannin in substantial quantit ies , but the number of 
tannin-bearing plants, having commercial value is small. In only one in
stance has tannin been recorded in the animal k i n g d o m ; the granary weevil 
[Sitophilus granarius ( L . ) ] produces a substance possessing the properties 
of a tannin. 

Prior t o the middle of the nineteenth century , dyers had to be content with 
less than half a dozen natural dyes of qual i ty , but since th a t t ime artificial 
dyes have b e c o m e available t o such an extent that they virtually replaced 
the natural ones. T w o red dyes are secured from the bodies of the females of 
the insects kermes (Kermes ilicis L. ) and cochineal {Dadylopius coccus 
f ' o s ta ) . Ivermes is obtained from southern Europe , and cocJiineal comes 
from M e x i c o . Another natural d y e , Tyr ian purple, known to the ancients, 
is extracted from two Mediterranean shellfish, the straight-spine murex 
(Murex brandaris L. ) and the banded murex ( M . trunculus L . ) . 

1. TANNINS 

Tannins are amorphous (or in rare cases crystall ine) , more or less uater -
sohd)le substances, characterized b y an astringent taste and un abil ity to 
form colored solutions and precipitates with iron and other metals , and 
capable of combining with proteins t o form rather insoluble substances. 
Tannins can be precipitated from solution b y a lbumen, gelatin, other 
proteins, and certain alkaloids. T h e y are widely distributed in the veg 
etable k ingdom and m a y occur in any plant part . Tannin exists in the 
vacuoles of the cell (particularly in parenchyma) , and for a g iven plant, it 
may be most plentifid in the bark or its exudations, the w o o d , leaves, roots, 
rhizomes, fruit, or insect galls. Hear twood usually contains more tannin 
than sapwood , and the living cells of the bark contain a greater amount 
than the older layers. 

469 
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A. CLASSIFICATION OF TANNINS 

T h e chemical structures of tanniDS are very complex, and many are not 
too well understood. A s a result, several systems of classification have been 
devised. Table 2 2 - 1 presents a list of tannins classified according to the 

T A B L E 2 2 - 1 . A P A R T I A L L I S T O F I M P O R T A N T T A N N I N S 

Kind uf tannin Botanical name Sou rec Part used 
Tannin, 

% 

Hydrolyzable: 
AJ/jarobiUa Caesalpinia brenifuUa Bn.'lJ. Chile Pods 43-157 
Divi-divi Caesntpinia coriaria Willd. Central America Pods 30-59 
Chestnut Castanea dentala (Marsii) Borkh. Eastern U. S. Wood 6-10 

Queixus aegilops L. Mediterranean Acorn cups 17-40 
Quercus cerris L. S, Europe • Acorn galls 35 
Qriercus infeeloria Olivier Turkey Galls 24--60 

Sumac likus coriaria L. Sicily L e a v ^ 25-32 
Chinese galla Rhus semialata Murr. Asia Leaf galls 70 
Myrobalans Terminalia chebuia Betz. India Fruit 3 0 - 4 0 

Condensed: 
3 0 - 4 0 

Malleto Ewalyptus orcidentatis Endl. Australia Bark 20-26 
Eucalyptus s/jp. Australia Gummy exuda 28-73 

tions of bark 
QuercUB montana Willd. United States Bark 9-12 

Black oak Qvercus peltttina Lajiiarck Vaitsd States Bark G-12 
Rhizophora mangle L. Tropical coasts Bark 15-42 

Quebracho 
Lea%'es 22 

Quebracho Sckinopsis lorentzii Engl. S. -Anierifa Wood 20-30 
Eastern hemlock., . Tsuga canadensis (L.) Carr. United States Bitrk 7-12 

H e divided tannins into two main groups system devised by Freudenberg.'* 
as follows: 

1. Hydrolyzable tannins: those that can be hydrolyzed b y acids and 
enzymes and whose nuclei are held together by oxygen atoms 

2. Condensed tannins: those that cannot be hydrolyzed by acids and 
enzymes and whose nuclei are held together by carbon linkages 

Each of Freudenberg's groups is further divided into three specific classes 
that need not be considered here. 

B. USES OP TANNIN 

T h e greatest use for tannin, from the standpoint of quantity at least, is 
in the manufacture of leather. Its ability to combine with proteins to 
form insoluble substances renders skins unalterable by those agents that 
tend to decompose them in their natural state. This is the basis of the 
tannin process in which animal fiber is converted into leather. 



TANNINS AND DYES 471 

A b o u t 4 0 per cent o f t h e to ta l tannin used for all purposes in the U n i t e d 
States is c o n s u m e d b y the p e t r o l e u m industry as a d ispersant t o contro l 
t h e v iscos i ty o f mvid in o i l -wel l dri l l ing. T a n n i n is a lso u s e d in t h e m a n u 
fac ture of iron ga l lo tannate ink, b y c o m b i n i n g iron a n d t a n n i n ; this k i n d 
of ink is used in larger q u a n t i t y than a n y o ther . A l imited a m o u n t of 
tannin is u s e d as an astr ingent in m e d i c i n e in pre ference t o mineral as 
tr ingents because it is siiid t o be free f r o m irritant a n d p o i s o n o u s ac t i on . 
N o t a f ew tannins m a y he used as d y e s d i rec t ly , a n d quant i t i es of certain 
tannins are used as m o r d a n t s for fixing d y e s . 

C. P R I N ' C I P A L T A K N I N S USED B Y T H E A M E R I C A N T A N N I N G I N D U S T R Y 

T h e A m e r i c a n tanning indus t ry is m o r e h i g h l y d e v e l o p e d than that of 
a n y o t h e r c o u n t r y . C o n s e r v a t i v e es t imates ind icate t h a t p r o d u c t i o n of 
leather in the United States is equal t o the tota l p r o d u c t i o n of F,urope, in 
c lud ing the Uni ted King<lom, a n d that , o n the basis of p r o d u c t i v e c a p a c i t y , 
the U n i t e d States c o u l d p r o d u c e v i r tua l ly as m u c h leather as t h e rest o f t h e 
world . I t natural ly fo l lows t h a t the Uni ted States uses a p p r o x i m a t e l y o n e -
half of the w o r l d ' s c o n s u m p t i o n of tannin . 

W h i l e m o s t tanneries are n o w using ex t rac ts in l iquid , sol id, or p o w d e r e d 
f o rms , a few still purchase raw mater ia ls a n d m a k e their o w n extrac t ions . 
T h e var ia t i ons in tannin c o n t e n t o f r a w a n d e x t r a c t e d mater ia l s m a k e i t 
v e r y con fus ing t o interpret d a t a as t o the ac tua l a m o u n t of tannin c o n -
.'^umed when the usual stat ist ics , in t e rms of t o n s of raw mater ia l , l iquid 
ex t rac t , so l id extract , a n d p o w d e r , are g i v e n ; our ac tua l tannin c o n s u m p 
t i on in this c o u n t r y averages a b o u t 150,000 shor t t o n s annual ly . 

T h e t w o outs tand ing sources o f tannin used in this c o u n t r y arc f r o m the 
w o o d s of ches tnut and q u e b r a c h o . T h e s e t w o sources a c c o u n t for a b o u t 
65 per c e n t o f the total a m o u n t of tannin c o n s u m e d . T h e t w o sources next 
in o r d e r are eastern h e m l o c k b a r k a n d ches tnut o a k b a r k , w h i c h s u p p l y 
a b o u t 20 per cent o f the total . Of the four m a i n sources o f tannin , three are 
ind igenous t o the Uni ted States , while q u e b r a c h o is i m p o r t e d f r o m A r 
gent ina and P a r a g u a y . D o m e s t i c s o u r c e s h a v e p r o v i d e d a b o u t 55 p e r c e n t 
of o u r total c o n s u m p t i o n of fannins , b u t i m p o r t s o f fore ign tannin are in
creasing s teadi ly . 

ID c o m p a r i n g the costs o f var ious tannin extracts , t h e user is n o t so c o n 
cerned a b o u t the price per unit o f ex t rac t as sold as he is a b o u t the cost per 
p o u n d of ava i lab le tannin , or , in o ther w o r d s , the cos t p e r tannin unit. For 
e x a m p l e , ches tnut ex t rac t conta in ing 25 per cent tannin , current ly selling 
for 4.65 cents a p o u n d , m e a n s a tannin -uni t cos t o f 18.6 cents , whereas 
q u e b r a c h o e x t r a c t c on ta in ing 3 5 per c e n t tannin , cvirrently sel l ing for 9 .5 
Cents a o o u n d , indicates a tannin -uni t cos t o f 27.14 cents . 
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D . HARVESTING OF R A W MATERIALS 

Prior to the introduction of the vacuum pan for concentrating tannin 
extractions, bark was the principal raw material used in tanneries. It was 
customary for tanners to buy bark, store it under cover, and then, as re
quired, make extracts by leaching crushed bark in hot water. This practice 
still exists, but only on a small scale. 

Bark for tanning-extract manufacture is usually peeled in the woods, cut 
into 4-ft. lengths, piled, and air-dried before sale. The process is simple; 
before the tree is felled, two girdling rings are cut around the butt of the 
tree, one near the ground and the other one 4 ft. higher. The bark is split 
vertically, and then it is pried off with axes or spuds. This first " c o i l " of 
bark is removed from the standing tree because its removal prevents loss of 
valuable bark when making the undercut for felling and because it is more 
easily removed while the tree is erect. If the coil is very large, it may be 
split into several narrower pieces to facilitate seasoning and to permit 
better piling, for the bark when drying has a tendency to roll up. After 
the tree has been felled, girdling rings are cut at 4-ft. intervals along the 
bole and the remaining bark is taken off. 

The first step in seasoning is to expose the inner, or "fiesh," side of the 
bark to sun and wind by standing it against the log or by laying it on the 
ground with the inner face upward to obtain rapid drying for mold preven
tion. This preliminary drying is allowed to continue for several days, 
after which time the bark is gathered and piled on pole skids to keep it off 
the ground. The outer, or " ross , " side of the bark is placed upward as a 
protection against leaching b y rain. The seasoning period ranges from 2 
to 3 months. 

In eastern hemlock and oak stands, two men can fell trees and peel 2 or 
3 cords of bark per day, while in the tanoak region on the Pacific Coast, 
because of larger sized trees, expert men have peeled 4 t o 5 cords in one 
day, although the average is about the same as in the East. 

The peeling season usually begins in M a y and ends in August for all 
regions. Peeling, in general, can be started after the sap begins to flow 
actively. The ease of peeling seems to be influenced b y iveather con
ditions; the bark will adhere, or "b ind d o w n , " on cold days and on hot, dry 
days. Workers do not attempt to peel a tree unless they can complete the 
bark removal during the day ; the bark may bind down overnight. Peeling 
is also affected b y injury from fire and other causes. 

The usual unit of sale for bark is the cord, which is occasionally on the 
basis of volume but usually in terms of weight. The volume cord varies 
from 4 to 41^ ft. high, 8 ft. long, and 4 ft. wide; the weight cord varies from 
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2,000 to 2,600 lb., the average being between 2,250 and 2,400 lb. In Cal
ifornia, tanoak bark that has been seasoned a year is sold on a 2,300-lb.-
cord basis. The moisture content of the bark should be the determining 
factor in defining the weight of a cord. Well-seasoned bark should have a 
moi-sture content of 20 per cent or less, ovendry basis; bark of higher mois
ture content cannot be stored in bulk without deterioration. 

K. W o O D S - P E E L E D V E R S U S D E C K - P E E L E D B A R K 

Some sawmills and paper mills are interested in a more profitable dis
posal of bark from logs and wood \ised in their plants, notably those using 
hemlock. Smoot and Prey " reported the results of a study made on west
ern hemlock as a potential source of tannin. They concluded that, under 
curr(>nt mechanical methods of bark removal and water log storage at 
manufacturing plants, woods-peeled bark is superior t o deck-peeled bark. 
Deck-peeled bark may contain low-tannin-content wood particles and salt 
{where logs are stored in tidewater), and it is subject to tannin leaching be
cause of water storage. They indicated, however, that western hemlock 
bark may be suitable if stored in fresh water for a period of not more than 
7 days and if bark-removal methods are modified to eliminate the presence 
of \voo<l on the bark. They stressed the necessity for immediate artificial 
drying at the plant and indicated that this can be done in 2 t o 3 hours at a 
temperature of 250 to 280 "^F., provided the air flow is adequate to keep the 
relative humidity below 40 per cent. Experiments have shown that the 
quantity and quality of the tannin are not materially altered under these 
conditions. Bark from logs stored in salt water was considered to be defi
nitely unsuitable for tannin extraction. 

Smoot and Frey also concluded that western hemlock bark peeling wifl 
have to be seasonal because of the fluctuation in tannin content. Data 
quoted from a study made by Clark and Andrews ^ show that the tannin-
content variation is from 9 to 15.5 per cent throughout the year, with an 
average of 14.69 per cent from February to July and an average of 10.73 
per cent from August t o January. Fortunately, the highest tannin content 
occurs during the months when peeling is easiest. 

F. M E T H O D S OF EXTRACTING T A N N I N FROM B A R K 

The two general methods of extracting tannin from bark are the open-
tank diffusion and percokUton methods. In the open-tank diffusion method, 
shredded bark is put into a series of large, open-top wooden tanks and sub
jected to water that is heated by steam coils or perforated steampipea 
located under the false bottoms of the tanks. Not all tanks are filled at 
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the same time; tanks are filled in rotation so as to get a countercurrent 
operation in which the fresh water first comes in contact with the bark that 
is the moat leached. The resulting liquor is pumped successively through 
the series of filled tanks so that the strongest liquor comes in contact with 
the freshest bark in the tank at the end of the series. The temperature of 
the water in the tank containing fresh bark is usually kept at about 140°F., 
and at some plants the liquor in the last, or " ta i l , " tank is heated to a tem
perature of about 180°F. For barks yielding condensed tannins, it is 
especially desirable to keep the temperature of the water belou' the boiling 
point, because boiling facilitates the formation of "insoluble reds," with a 
consequent loss of tannin and a darkening of color. The open-tank dif
fusion process usually requires about 3 to 4 days for an extraction. 

In the percolation method, the bark in a filled tank is steamed from per
forated pipes underneath the false bottom. This is done to cause the bark 
particles to settle uniformly. Then hot water is sprayed on the bark from 
the top, and the resulting liquor is drawn off at the bottom of the tank. 
This method requires about half the time needed for an extraction by 
open-tank diffusion. The tannin-free, or "spent , " bark from these methods 
may be squeezed between rolls to remove excess water or dried and then 
used for fuel, covering of floors in stock pavilions, etc. 

G . M E T H O D S OF EXTRACTING T A N N I N FROM W O O D 

In extracting tannin from wood, the wood must be reduced to small 
particles. This is accomplished by using chippers similar to those used in 
paper-pulp manufacture or those of the hog type used to convert wood into 
chips for fuel. Because these chips are too large for extraction, they are 
further reduced in shredding mills. In addition to open-tank diffusion and 
percolation, two other methods are generally employed to extract tannin 
from the shredded wood. These are the decoction and autoclave methods. 

T h e decoction method consists of boiling the wood in wooden or copper 
tanks at atmospheric pressure. These tanks, also, are often arranged in a 
series, or battery. In practice, a tank is filled with nearly saturated Hquor, 
immersing the wood. This is heated until the strongest fiquor possible is 
attained. The liquor is then drawn off, and the tank is filled with weaker 
liquor from a preceding tank; that is, the liquor from the first tank goes to 
the second, and the liquor from the second goes t o the third, and so on to 
the final tank. The extraction time for this method is about 1 day. 

As mentioned previously, boiling has the facility to produce water-
insoluble reds from condensed tannins. Quebracho wood is extracted by 
the decoction method, and the liquor is treated in the last stage of extrac-



TANNINS AND DYES 475 

tion with sodium sulfite, sodium bisulfite, or other sulfites. These sulfites 
di.ssolve the refls and difficultly soluble tannins, keep them soluble in cold 
water and in the acitlulated liquor of the tanning vat , and prevent their 
precipitation in sour liquors, thereby saving and utilizing tannins that 
otherwise would be precipitated and regarded as waste. T w o Italian c h e m 
ists, Lepitit and Tagliana, were responsible for this valuable d i s covery ; 
because of it, quebracho extract so treated has b e c o m e one of our cheapest 
and also one of the best tanning materials for special types of leather. 

Sod ium bisulfite treatment is also given to the Australian kino from the 
bark of marri (Eucalyptus calophylla R . Br . ) t o yield Uqviors that can !>e 
concentrated into clear extracts of good color . 

T h e extraction of tannin f rom w o o d of the American chestnut at t e m 
peratures a b o v e the boiling point of water, in copper autoclaves which 
operate at pressures up to 30 p.s.i., is c o m m o n at the larger plants. The 
autoc laves are c o m m o n l y in a battery of eight units, each of which holds 
about \]4 cords of shredded wood . M o d e r n autoc laves are fitted with drop 
b o t t o m s operated by hydraulic cylinders, thereby reducing the discharging 
and filling cyc le t o about 3 minutes. Autoc laves are economical , becaiise 
less water is required for an extraction and the diffusion time is only 45 
minutes. T h e spent w o o d of chestnut has been used in the manufacture 
of paper and fiberboard, and as fuel. 

H . C O N C E N T R A T I O N O F E X T R A C T I O N S 

T h e tan liquor resulting f rom any of the extraction methods ment ioned is 
often concentrated to reduce transportation costs, especially if the material 
is t o be shippctl any great distance. T h e usual concentrat ions fall into 
three classes: l iquid, containing 25 or 35 per cent tannin; solid, containing 
40 to 65 per cent tannin; and powdered, containing 55 to 70 per cent tannin. 
Before the original l iquor is concentrated it is at least strained to remove 
particles of bark or wood , and frequently it is clarified t o produce a better 
color . 

In the product ion of liquid extracts, the l iquor is evaporated, usually in 
a vacuum evaporator , until it reaches the proper consistency. T h e v a c u u m 
evaporators may i)e single, double , triple, or even quadruple effect; i.e., the 
liquor is evaporated by passing through one, t w o , three, or four v a c u u m 
chambers . In a quadruple-effect evaporator for che.st nut-ex tract m a n u -
iucUive, the temperatures and vacuums considered as satisfactory are as 
fo l lows: first etfect, no vacuum, 227°F. , as a m a x i m u m ; second effect, 7 in. 
vacuum. 109°F. ; th in ! effect, 17 in. vacuum, 172°F. ; fourth effect, 24 in. 
vacuum. 114°F. ; fourth effect t o condenser, 28 in. vacuum, 116°F. In 
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order to avoid using the first vacuum chamber as a heater, the liquid is 
heated prior to entering that chamber. The value of vacuum evaporation 
lies in the low fuel consumption for supplying heat and in the lower tem
peratures to which the liquor is subjected. 

The liquid is circulated through the system continuously until it has 
reached the proper consistency. If a liquid extract is desired, evaporation 
is not carried so far and the concentrate is pumped into settling tanks. 
After cooling and settling, the liquid extract may be decanted and pumped 
into tank cars or drums for shipment. Tank cars are lined with a paste of 
red lead and linseed oil or with special varnishes or lacquers to protect the 
iron from corrosion and to prevent extract discoloration that results from 
contact with iron. 

If solid extract is desired, the evaporation is continued until the con
centrate is thick enough to be run into paper-lined gunny sacks or into 
casks, where, upon cooling, it sohdifies into an amorphous and brittle 
product containing about 20 per cent moisture. T h e evaporation time re
quired for the production of solid extract is roughly I day. 

Powdered extract is made in several ways. One method is t o concentrate 
the original extraction in a vacuum evaporator to a point w^here it contains 
about 45 per cent sohds and then to place this concentrate in a vacuum 
drum drier to reduce it to a powder containing about 5 per cent moisture. 
A second method of making powdered extract consists essentially of atom
izing preheated tan liquor into a drying chamber, where the excess water is 
evaporated by a circulating air stream. The powder is collected by a blower 
system. This method formerly found little favor because of danger from 
dust explosions and the rather high cost of operation, but recent improve
ments, which increase efficiency and eliminate or greatly minimize the 
possibility of explosions, may be responsible for its adoption in future in
stallations. It is said that spray drying gives a better product of excellent 
uniformity, 

I. SYNTHETIC T A N N I N G M A T E R I A L S : SYNTANS 

Many synthetic tanning materials are sulfonated * products of benzene, 
toluene, phenol, naphthalene, and cresylic acid. Nonsulfonated products 
possessing tanning properties may be obtained from resorcinol and pyro-
gallol b y condensation with formaldehyde or acetaldehyde. These have 
been found to possess hide-filling properties greater than the sulfonated 
products mentioned, and they are capable of producing a good quality of 
leather for some purposes. 

* Sulfonation is the process of introducing the sulfonic group, —SO3H, into an organic 
compound, in which it attaches to a carbon or nitrogen atom. 
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K . POSSIBLE FUTURE SOURCES OF TANNIN 

The American chestnut is at the present time our most valuable native 
tanning material- Its existentie, however, is virtually doomed because of 
the chestnut blight [Endothia parasitica (Murr. ) A . & A . ] . E v e n if blights 
resistant species can be introduced, the present supply of chestnut is in
sufficient to bridge the gap between its extinction and the growth of a new 
crop of a blight-resistant species, the search for which still continues. The 
death of a chestnut stand does not, however, spell the immediate end of 
the extract indvistry, because the wood loses its tannin slowly. Trees that 
hiivc })een dead for 25 to 30 years contain tannin in quantities not materially 
lower than those in living trees. If the wood is sound it can be used for 
extract manufacture, but it is said that wood from trees that have been 
dead for a Jong time gives some difficulty in the extraction process. 

J. USE OF SULFITE CELLULOSE EXTRACT AS A TANNING MATERIAL 

Sulfite cellulose extracts are prepared from the waste liquors discharged 
from mills manufacturing sulfite paper pulp. A study made by the N a 
tional Bureau of Standards " indicates that sulfite cefiulose extract can be 
used for tanning leather, especially when blended with other vegetable ex
tracts. Tanning tests on light skins showed sulfite cellulose to be satis
factory from the standpoint of color, and tests with hide powder showed 
that the tanning materials in this extract are firmly held by hide substance. 
The chemical, physical, and aging properties of the tanned leathers compare 
favorably with those of leathers prepared without the use of sulfite cel
lulose. Their use as a pretannage or in blend reduces the time required 
to produce leather of the same degree of tannage that is obtained by the use 
of vegetul)le tanning materials alone. 

Sulfite cellulose extract offers a cheap and quick-acting material to tan
ners, and it is of direct advantage to the paper-pulp manufacturer in 
helping to solve a liquor-disposal problem as well as increasing the utiliza
tion of a forest product. Sulfite cellulose extract has also been suggested as 
a mordant in the textile and leather industries. 

T o produce sulfite cellulose extracts suitable for use in leather manu
facture, the sulfite waste liquor, which is acid, is neutralized with a slight 
excess of dolomite lime. T h e excess lime is precipitated by svilfuric acid, 
and the precipitate is filtered out. The resulting liquor is then concentrated 
to the desired density, usually about 30° Baum^. The e.xact characteri-stics 
of the constituents that have tanning properties (materials absorbable by 
hide) are not kno\vn, but they are termed Ugnosulfonic acids. 



478 DERIVED AND MISCELLANEOUS FOREST PRODUCTS 

The inevitable depletion of chestnut and our dependence on foreign 
tanning materials have caused a search for other native materials. In the 
event of a national emergency, in "which our foreign sources might be cut 
off, it is even more imperative that our tannin requirements be met from 
domestic sources. Among the man j ' possible tannin sources that have been 
investigated, western hemlock and second-growth Douglas fir bark * on the 
Pacific Coast, mangrove bark (Rhizophora mangle L.) from Florida, sumac 
leaves of Rhus copallina L., R. glabra L . , and R. fyphina L. from the Eastern 
states, and canaigre root (Rumex hymenosepalus Torr.) from the South
western states offer abundant supplies in an emergency or at a time when 
American costs of manufacture and transportation can compete with for
eign materials. In certain instances, however, these materials are inferior 
to imported products. American sumac produces a leather of inferior color 
to Sicilian sumac, and western hemlock tannin, when used alone, produces 
leather of a deeper color than is now considered desirable; but when used 
in a blend of chestnut and quebracho, it is satisfactory. 

In order to offset these disadvantages, it has been suggested that the 
United States should try to cultivate Sicilian sumac {Rhus coriaria L.) and 
some of the wattles. The wattles are indigenous to Australia but are now 
cultivated in Africa, where such cultivation has assumed the proportions of 
a large industry. Golden wattle {Acacia pycnantha Benth.) produces the 
richest bark, but the black wattles {Acacia decurrens Willd. and A. millis-
sima Wil ld . ) , while yielding sHghtly less tannin, have the advantages of 
being larger, hardier, and better bark producers. Silver w^attle [Acacia 
dealhata Link) is the poorest in tannin content. 

Wattle has not been gro^vn in the United States on a commercial scale, 
but experimental plantations have been grown successfully in California. 
It is probable that areas in Arizona, N e w Mexico , and Florida possess the 
characteristics necessary for wattle culture. Of the species producing the 
best results in Africa, the two black wattles are the most outstanding; 
California experience seems to indicate the same thing. 

Wattle bark has been grown on a commercial scale in South Africa foi' 

more than 50 years, and some plantations have reached their fifth rotation. 
The trees are fast-growing and comparatively short-lived and reach ma-

* Research at the Oregon Forest Products Laboratory has revealed that Douglas Fir 
bark contains from 8 to 18 per cent (based on ovendry weight of bark) of a condensed 
tannin, that produces a hghter-colored leather than hemlock bark tannin. Thin bark 
from young trees and tops of old trees yields the highest percentages of tannin. Potential 
annual production of Douglas fir tannin in Oregon and Washington, from sawlogs alone, 
exceeds the total quantity of vegetable tannins consumed yearly by the domestic leather 
industry. 
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n. DYES 

T h e first authentic records of dyeing are found in the t o m b s of ancient 
h'.gypt in the paintings depict ing every phase of contemporary life, including 
the operation of the textile and dyeing industries of five t o six thousand 
years ago. T h e origin of dyes used in the earlier days is unknown. Later, 
however , such familiar organic dyestuffs as indigo and madder made their 
appearance. F r o m that t ime until the middle of the nineteenth century, 
natural dyestuffs remained the only source of dyes for co lor ing fabrics-

Tiie whole art and pract ice of dyeing was complete ly revolutionized in 
1856, when a y o u n g student of chemistry, Wil l iam H e n r y Perkin, of 
London , accidentally oxidized a coal-tar derivative, aniline. T h e resultant 
product was the first artificial d y e , mauve , or mauvine . This d iscovery 
was fol lowed b y others, leading to rapid deve lopment of a new aniline-dye 
industry. T o d a y , the cheap and varied aniline dyes have almost c o m 
pletely supplanted natural dyes . Only a small group of the latter still re
tain a place in the world market . A m o n g them, several are products of the 
forest. T h e few examples described in the paragraphs that fol low will 
serve to illustrate this type of forest product . 

A. L O G W O O D 

L o g w o o d , also k n o w n as campechy wood, is a product of Jlaematoxylon 
cainpecliianum L., a member of the legume family. This tree is iniligenous 
to the West Fmiies, Central America , and the warmer parts of South A m e r 
ica. T h e best commercial stock is now obtained f rom M e x i c o , Hondvuas 
Santo D o m i n g o , Jamaica, and Haiti . 

turity f or bark in 8 t o 12 years. T h e average bark exported has a tannin 
content of 35 per cent or more , often reacliing almost 50 per cent for choice 
lots. T h e British have a m o n o p o l y on the world 's supply of wattle, and 
strict government regulations protect the sale and growing of wattle bark. 
As an indication of the rapidity of bark product ion, 1 acre of wattle trees, 
7 t o 10 years of age , will yield 6 tons of bark, c ompared t o 4 t o n s of oak bark 
and 8 tons of hemlock bark at an age of 80 years. 

T h e heartwood of redwood and the leaves of mounta in misery (Ckam-
aebatia foliolosa Benth . ) , a low evergreen shrub growing on the Sierra 
Nevadas in California, are other possible native sources of tannin. T h e 
ievelopment of new domest ic supplies of tannin, preferably in the form of 

new farm crops , has received some attention b y various government 
agencies. 



480 DERIVED AND MISCELLANEOUS FOREST PRODUCTS 

C. QUERCITRON 

Quercitron is obtained from the inner bark of the native black oak. T h e 
bark is removed from the tree, dried, and ground between millstones. It 
often comes into the market as a mixture of wood fiber and fine powder of a 
yellow or buff color. As a rule, the more fine powder present, the greater 
the value of the sample, because the fibrous portion contains little coloring 
matter. A freshly made decoction of quercitron bark is transparent and 

The coloring principle of logwood is a compound called kaetnatoxylin. 
This substance is not, however, the dyestuff but only its progenitor. When 
oxidized, haematoxylin yields the actual dye, haemaiine. Since haematine 
is an adjective dye, it can be applied to material only through the medium 
of a second substance known as a mordant. Some of the more common 
mordants used with haematine are the salts of ammonium, iron, copper, 
and tin. Depending on the type of mordant applied, the color imparted to 
fabrics ranges from blue to black. 

Logwood is used by dyers either in the form of chips or as an extract; the 
former method has largely been abandoned in favor of the latter. The 
principal products dyed with haematine are silk, wool, cotton, leather, and 
straw. It is also used for staining thin sections of biological materials, 
particularly wood, prepared for examination with a microscope. 

B . FUSTIC 

Old fustic, otherwise known as Cuba or yel lowwood, is the product of 
Chlorophora tinctoria Gaudich., a tree belonging to the Moraceae family, 
native to Brazil, Mexico , and the West Indies. Old fustic is an important 
natural yellow dyestuff. It produces fast olive-yellow and old-gold shades 
with chromium, iron, and copper mordants; when used with logwood ex
tracts, it will form black and various compound shades of brown and olive. 

A t present, old fustic is used principally for dyeing leather and wool and 
t o some extent for producing green silks. The ohve shades produced by old 
fustic are particularly adapted for dyeing khaki cloth, and for this reason, 
the fustic is able to retain a place of some importance in the world's dye -
stuff commerce. 

A dyestuff very closely related to old fustic is produced by native osage 
orange, another member of the Moraceae. Investigations by the U.S. 
Forest Service indicate that the same dyeing principles found in old fustic 
are present in extracts of osage orange and that the latter could very well 
be used as its substitute in the textile and leather industries. 
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of a dull orange-red color, but in a short time it becomes turbid and de 
posits a yellow cr^'stalline mass. It should, consequently, be prepared only 
as required for immediate use. 

A much stronger preparation of quercitron bark comes under the name of 
flavin. It yields brighter shades than the original bark ami is foimd on the 
market in the form of a very fine powder of a buff or brown color. There are 
several methods of prejiaring flavin, but most of them are secret. One 
method of preparation consists of boiling 100 parts of ground quercitron 
bark with 300 parts of water and 15 parts of sulfuric acid for several hours. 
After cooling, the resvdtant mixture is run through woolen filters and the 
paste is washed until free from acid. I t is then dried and ground. The 
coloring properties of good flavin are 12 to 20 times as great as that of 
quercitron bark. 

Quercitron is applied with the aid of chromium, aluminum, and tin 
mordants; the resulting shades are very similar to those produced by old 
fustic. Bark extracts of quercitron are used t o a considerable extent in c o t 
ton and woolen printing. Flavin is used principally in wool and silk dyeing. 
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W O O D I N T H E P L A S T I C S I N D U S T R Y 

The term plaatic, as used in industry today, is applied to numerous c o m 
pounds or mixtures of compounds that may be given definite form with the 
application of heat or pressure (commonly both) and which will preserve 
su{!h form when removed from press or mold. 

Plastics may be either thermosetting in character or thermoplastic. 
Thermosetting plastics are those in which the binding matrix, under heat 
and pressure, polymerizes to form hard, infusible substances that can 
neither be remeltcd nor remolded at the completion of the polymerization 
reaction. By contrast, thermoplastic binding materials can be softened 
by reheating them following complete polymerization and hence may be 
reworked or even remolded at will. N o t all thermosetting plastics are 
heat-resistant, however, and several of them char badly and eventually 
decompose completely at only moderately high levels of heat. On the 
other hand, thermoplastic materials which are normally softened by heat 
often have good heat resistance, and a number of them can withstand 
temperatures as high as 200°F. 

The b\ilk of plastic materials on the market today is derived from syn
thetic resins, protein complexes, wood and cotton cellulose, and some of 
the natural resins. 

A. COMPOUNDING INGREDIENTS 

Chemically, a marketable plastic product is composed of several organic * 
compounds, each one of which plays an important role either in the mold
ing or casting processes, or by imparting certain desirable physical or 
chemical properties to the finished product. The basic ingredients of 
plastics are classified as binders, fillers, plasticizers, solvents, lubricants, 
and coloring materials. 

1. Binders. The binder is the principal constituent of a plastic; in fact, 
in some cases it may be the only substance used in the mamifacture of 
a particular product. Most plastic materials today are classified according 

* In snnip plastics, inorganic materials such as asbestoa, mica, or color pigments &re 
inrorpo rated. 

483 
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to the binder used; e.g., a plastic made with a cellulose acetate binder is 
called a cellulose acetate plastic. The principal binders used in the plastic 
industry are thermosetting and thermoplastic synthetic resins, derivatives 
of cellulose, casein and soybean proteins, and, to a lesser extent, Jignin 
complexes. Among the important synthetic-resin binders, mention should 
be made of phenolic- and urea-formaldehydes, acrylates, indenes, styrenes, 
and vinyl resins. The principal cellulose binders are cellulose acetate, 
cellulose acetate butyrate, and cellulose nitrate, all cellulose esters; and 
the ether, ethyl ceUulose. These are prepared using either highly purified 
wood pulp manufactured by the sulfite process (see pages 301 to 311) or 
cotton linters. 

2. Fillers. Fillers play a major role in plastic-products manufacture, 
particularly in the phenolic types, where they are used in quantity to 
increase the bulk of the molding matrix and to impart many desirable 
physical and chemical properties to finished articles. Fillers may be of 
either organic or inorganic origin, the choice of one being largely dependent 
upon the properties it will impart to the product. 

T h e essential requirements of a good filler are cheapness and availability, 
good strength properties (particularly under impact and tension loads), 
low rate of moisture absorption, ease of wetting by resins and dyes, low 
specific gravity, and nonabrasiveness. WTien the specific use of the finished 
product is carefully considered, other desirable properties such as high 
dielectric strength, heat resistance, machinability, nonflammability, chem
ical inertness, particle size, color, and odor also become important. 

W o o d flour, walnut-shell flour, cotton linters, alpha-cellullose (see page 
48), paper, asbestos, mica, graphite, diatomaceous silica, and glass fiber 
are among the filler materials most commonly used. 

a. Wood-flour Filler. Because of its cheapness, availability, and reason
ably good over-aU physical properties, wood flour is used in much greater 
quantity than other plastic fillers. The lighter colored woods of low 
density such as white pine, basswood, cottonwood, yellow poplar, balsam 
fir, and spruce are preferred, but quantities of flour made of heavier woods 
Such as maple, oak, birch, and red gum are also used. 

W o o d flour suitable for fiUer stock must be made in an attrition mill. 
W o o d reduction b y grinding is more a matter of fiberization, and the 
resulting particles retain much more of the strength characteristics of the 
original fibers than do flours made in ball or rod mills where impact dis
integration is employed. Particle size is, of course, variable, and the 
freshly ground stock must be screened to obtain a material of reasonably 
uniform texture. Nothing coarser than 60-mesh screenings is usually 
acceptable. 

Moisture absorption b y wood flour is higher than that of many other 
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fillers but lower than that of straight cellulose types . N u m e r o u s substi 
tutes have been tried, but most of them are either t o o heavy or fail to 
impart sufficient mechanical strength to molded articles. 

b. Walnui-shell Flour. Walnut-shell flour is a suitable filler for many 
applications in both cast and molded phenolic plastics. T h e shells are 
obtained from walnut processors and shipped to mills where they are 
retluced t o flour. 

Walnut-shell flour contains appreciable amounts of bo th cutin and lignin. 
T h e cutin, being waxy and highly impervious t o water, causes the filler 
t o resist t h e absorption of t h e binder, although the flour itself has g o o d 
absorbent properties. The lignin acts as a binder as well as a filler. 

Plastics made with walnut-shell filler are smooth and glossy and possess 
g o o d bending and impact strength, but only fair tension a n d compression 
resistance. T h e y are superior t o wood-flour - f i l led plastics in bo th heat 
and water resistance and in diclc(^tric properties. 

3. Other Constituents of Plastics . Although not derivatives of w o o d , 
o ther materials used in c o m p o u n d i n g plastics are ment ioned briefly here 
in order that tlie reader may have a better appreciation of the composi t ion 
of a plastic product . 

a. Plastkizers. Plasticizers are mult ipurpose materials added to plastic 
formulations to increase their flow characteristics during molding processes 
and to render finished products less brittle or more flexible. Plasticizers 
are organic liquids or solids with l ow melting points t h a t must be c o m 
patible with other constituents in the formulat ion, y e t chemical ly stable 
and essentially nonvolati le . C a m p h o r is nearly a uni^'eisal plasticizer 
for t h e cellulose nitrate-type phistics. M e t h y l and ethyl phthalates are 
most generally used with the cellulose acetate a n d cellulose acetate -buty -
rate c ompounds . These and many others are used with the ethyl cellulose-
type plastics. A mixture of aniline and furfural is a suitable lignin plas-
ticizer. A whole host of com [ ) ounds is used to plasticize the various 
synthetic-resin plastics, b u t space ttoes not permit of their inclusion here. 

b. Coloring Materials. A few finished plastic products are black or 
nearly so, but on t h e other hand, m a n y of them are colorless or essentially 
so , and their general appearance and " e y e appea l " m a y he materially 
improved by addition of dyes , lakes, or pigments f o the mold ing matiix.^ 

c. Lubricants. Materials are occasionally added to plastic mixes t o 
increase flow during the molding operation and to prevent t h e cured 
plastic articles f rom sticking t o t!ve molds . Such materials are called 
lubricants, the most c o m m o n of which are waxes, stearic acid, or metallic 
stearate Sidts. 

d. Solretds. Several solvents, including numerous alcohols, acetone, 
and blends of ether alcohol , are used in the manufactvire of plastics. M a n y 
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B . L I G N I N PLASTICS 

Under certain conditions it is possible to plasticize lignin and use it as 
a binder in the manufacture of a number of plastic materials. Some 
lignin-plastic materials, although suited for several industrial purposes, 
have never been developed beyond the pilot-plant stage, as they offer no 
special advantages over well-established competitive materials. On the 
other hand, there are a few of them that are now produced commercially. 

Lignin per se is a very brittle substance, and unless used as a binder 
with fiber, sawdust, or wood-flour fillers, it has Httle utility in the plastics 
field. Lignin-plastic materials are available in powder form for molding, 
in sheets suitable for the manufacture of laminates, and as hardboard. 

1. Hydroxylin. This is the name appHed to Hgnin-plastic materials 
developed at the U.S. Forest Products Laboratory. Hydroxylin is made 
from mill-run hardwood residue.* The wood, in whatever form, is hydro
lyzed with a dilute acid or with aniline in order to convert a considerable 
portion of the carbohydrate constituents present to water-soluble sugars, 
which may be subsequently removed by repeated washings. In effect this 
increases the ratio of lignin to cellulose in the hydrolyzed product. Maples, 
red gum, oaks, hickories and cottonwoods are species commonly used. 

a. Acid^hydrolysis Method. Furnishes to digesters have been variable 
during experimental work, but a typical charge consists of a mixture con
sisting of 100 parts b y weight of dry wood residue, 250 parts of water, and 
3 parts of concentrated sulfuric acid. These are placed in a rotary digester 
and cooked with direct steam for a period of 30 minutes at a pressure of 
135 p.s.i. The acid cooking liquor and its hydrolysis products are then 
drained off, and the residual lignocellulose complex is water-washed until 
neutral t o litmus, then dried, and finally milled to a particle size ranging 
from 40 to 100 mesh. The powder, which in effect is a lignin binder with 
cellulose filler, may be molded at 190°C. with the mere addition of water. 
A product with better properties is obtainable, however, if a plasticizer 
such as a mixture of aniline and furfural is used. 

One such molding mixture consists of 100 parts of the powdered lignin-
cellulose complex, 8 parts of aniline and an equal amount of furfural, 
0.5 part of zinc stearate, and 2 parts of water. This mixture, when pres-

" Recent work has revealed that softwoods may be similarly utilized. 

of them are used as carriers for plastic coatings especially prepared for 
metal finishing. Cellulose nitrate dissolved in ether alcohol is the familiar 
pharmaceutical preparation known as "new skin." "Plast icwood" is cellu
lose nitrate dissolved in acetone with a wood-flour fiUer. 
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FIG. 23-1. A lignin plastic from wood. (.Courtesy Forest Products LnhoraXoru. Madison, 
Wi8CO}tein.) 

mixture is cooked for 3 hours with live steam at 160 p.s.i. T h e spent 
cooking liquor is then removed and the residual w o o d washed until neutral, 
dried, and then milled to powder having a particle size ranging f rom 40 
to 80 mesh. 

.\ suitable molding formulation is comprised of 100 parts of powder , 
8 parts of furfural. 2 parts of water and 0.5 part of zinc stearate. When 
pressure-moldetl for 3 minutes at 155°C. under 3.500 to 4,000 p.s.i., a 
product similar in color and density t o that made with acid-hydrolysis 
molding powder is obtained. 

Although black in color , the hydroxyl in plastics m a y b e coated readily 
with enamels of nearly every hue, laccpiers. paints, or finishes with in-
i-orporated metallic thists. T h e y are easily machined and practicall\' 
indostnict iblc under normal usage, Hydroxy l in plastics have been found 
suitable for the manufacture of storagc-batter j ' boxes , distributor heads 

sure-molded for 3 minutes a t ISO'C. under 3,000 to 4,000 p.s.i. , produces 
a lustrous, jet-hlack plastic with a specific gravity of about 1.40. 

b. Aniline-hydrobjHis Method. As an alternate m e t h o d of hydrolysis , 
aniline may be substituted for acid. Plastics made b y this method exhibit 
greater mechanical superiority a n d better water resistance than those 
made b y the acid-hydrolysis method . A typical furnish consists of 100 
parts of d r y w o o d residue, 100 parts of water, and 21 parts of aniUne. T h i s 
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in the ignition systems of gasoline engines, many parts for electrical appli
ances, knobs, ash trays, and similar items. 

While these plastics have created considerable interest, they are as yet 
not manufactured in any commercial quantity. 

c. Hydroxylin Laminate Sheet. If wood chips similar in size to those 
used in the manufacture of wood pulp are used instead of mill-run wood 
residue, it is possible to produce a sheet of hydrolyzed wood suitable for 
the production of high-strength laminates. 

Following acid hydrolysis of the chips, the residual wood is washed until 
neutral and then reduced to pulp in a disk mill. The pulp is then screened 
and the accepted stock made into a sheet on a Fourdrinier paper machine. 
When dried, the sheets may be laid up and pressed at 2,000 p.s.i. and 
175°C. to form laminates of desired thickness. 

T o increase water resistance and dimensional stability and to minunize 
delamination, the hydrolyzed wood sheets may be impregnated with a 
phenolic-type resin before laminating. While better physical properties 
for the laminate are obtained in this way, its mechanical properties are 
only slightly improved. 

d. Hydroxylin Hardboard. In making hardboard, hydrolyzed chips are 
run through a disk mill or beating engine, then passed through coarse 
screens, and finally made into mats 1}4 or more in thickness. The 
mats are placed between platens and pressed at from 300 to 500 p.s.i. in 
order to remove excess water. Following this, the pressure is reduced to 
65 to 75 p.s.i. and the platens heated to a temperature of 185°C. Polymeri
zation of the lignin is complete in about 20 minutes, and a hardboard 
about ^ in. thick and having a specific gravity of about 1.00 results. 
This hardboard is similar to other hardboards now on the market and may 
be used for the same purposes. 

2. Benalite. This is a lignin-plastic hardboard manufactured b y the 
Masonite Corporation and has the distinction of being the first American 
lignin-plastic material ever to be produced commercially. In the manu
facture of Benalite, wood chips are placed in " g u n s " having a capacity of 
about 12 cu. ft. and subjected to live steam at pressures ranging up to 
1,200 p.s.i. During the short interval of from 30 to 45 seconds, acetic and 
formic acids developed from wood substance itself under such heat and 
pressure bring about a rapid hydrolysis of the hemicellulosic constituents 
present. T h e gun is then quickly opened, and upon their sudden return 
to normal-atmosphere conditions, the hydrolyzed chips with their highly 
developed internal pressure explode into fiber masses and bundles. The 
products of hydrolysis are then removed, and the residual wood, consisting 
largely of reactivated lignin and hydrated but otherwise unchanged cellu
lose, is ready for rebonding into panel form. 
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A L I G N I N P L A S T I C 
F P O M W O O D 

K m . 2 3 - 2 . GeiiPrai rhararter of liRnin-plastic material , adaptable to m a n y forms and prod-
uita . {.Courtetu horeat Producta Laboraiary. Maduon, WitconHn.) 
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In panel manufacture the fiber masses are formed into mats and placed 
in multiplaten presses capable of producing boards 4 ft. wide, 1 2 ft. long, 
and from to 1 iî - ii^ thickness. The press platens are fitted with heat
ing and chilling devices and are carefully machined to assure a uniform 
pressure across their faces. Wlien charged, the presses may be adjusted 
to exert a unit pressure of from 5 0 to 1 , 5 0 0 p.s.i. or more, depending upon 
density and thicknesses of the panel required. As platen temperatures 
rise, the reactivated hgnin begins to flow, and by the time temperatures 
have reached 1 7 5 to 1 8 0 ° C . , the fibers have been recoated with the binder 
and full cure has been effected. In practice, the platens are chilled before 
the panels are removed. 

Benalite has many applications as a sheathing material and wallboard. 
It may be finished to simulate tiling, and a considerable quantity with 
enameled surfaces is used as a wallboard in bathrooms. Because of its 
dimensional stability it is also suitable for template stock. 

Mos t of the early uses of the resinboard were for reinforcing around 
lugs and sections of molded pieces that required extra impact strength. 
It is believed that in the future this product may find wide application in 
the manufacture of refrigerator doors, sewing-machine cases, and many 
other products. 

C. UREA-PLASTICIZED W O O D 

W o o d soaked with a solution of urea and then dried may be easily bent 
when reheated to temperatures ranging from 2 1 2 t o 2 2 0 ° F . This discovery 
has led to the development of a plastic material made of urea-impregnated 
sawdust. In this process sawdust is mixed with 2 5 per cent b y weight of 
dry urea. Enough water is added to make a paste, after which the mix is 
dried to 2 or 3 per cent moisture. One to five per cent zinc stearate is 
added as a lubricant, and the mix is placed in a mold and subjected to 
pressures of from 1 , 0 0 0 to 1 , 5 0 0 p.s.i. and temperatures ranging from 1 8 0 
to 1 8 5 ^ C . for from 3 t o 5 minutes. T h e mold is then cooled to about 
6 0 ° C . and the product removed. This urea-plasticized wood material is 
gray to nearly black, noncorrosive, and possesses machining character
istics and strength properties comparable to many other plastics. It 
exhibits poor water resistance, which is to be expected, since urea is known 
to increase the hygroscopicity of wood. 

D . CELLULOSE PLASTICS 

As previously pointed out, cellulose plastics are manufactured from 
esters such as cellulose nitrate, cellulose acetate, and cellulose ace tate -
butyrate and from the ether, ethyl cellulose. The bulk of these plastic 
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materials is made from cotton linters, although highly purified wood 
cellulose has been used in ever-increasing quantities during the past few 
years. All these plastics are of the thermoplastic type. 

1. Cellulose Nitrate Plastics. Celluloid, a cellulose nitrate derivative, 
was the first successful plastic material ever to be manufactured. Cellulose 
nitrate plastics are prepared by treating cotton linters with nitric acid in 
the presence of sulfuric acid, which acts as a catalyst. The Germans have 
developed wood-pulp nitrocellulose, but in the United States, linters are 
still preferred. Recently "dense cellulose," partially nitrated wood pulp 
in sheet form, has found favor with several manufacturers. 

In processing, the nitrocellulose, of whatever origin, is dehydrated and 
plasticized with camphor in the presence of alcohol until a stiff dough-like 
mass is formed. At this point the mixture is filtered and dyed or pigmented 
as required and finally rolled into sheets. The sheets are usually laid up 
and pressed into billets or blocks in order to facilitate their handling. 
These blocks contain appreciable qviantities of water and alcohol and must 
be seasoned before they are suitable for marketing. Seasoning rooms are 
usually equipped with temperature and humidity controls in order that 
the seasoning process may progress at a slow and uniform rate. 

Cellulose nitrate plastics are inflammable and have a tendency to become 
brittle with prolonged exposure. On the other hand, they are among the 
cheapest to produce and they lend themselves to many interesting and 
diverse uses. Enormous quantities are used in the manufacture of liners 
for safety glass. Another major outlet is in tlie production of photographic 
film. Among other large users are the maruifacturers of fountain pens and 
mechanical pencils, combs, brush and mirror backs, hairpins, ping-pong 
balls, dolls and toys of every description, piano keys, organ stops, and 
slide fasteners. The 1946 production of cellulose nitrate products has 
been unofficially estimated at more than 110 million pounds. 

2. CeUulose Acetate Plastics. Cellulose acetate binders are made by 
treating cellulose with glacial acetic acid and acetic anhydride in the 
presence of a catalyst such as sulfuric acid. Such a mixture, when thor
oughly aged, has the consistency of molasses and is composed largely of 
cellulose triacetate. At this point water is added to the mixture. This 
dilution effects a partial hydrolysis or deacetylation of the triacetate, and 
cellulose acetate settles out of solution as a white precipitate. This is 
permitted to mature for several days in a constant-temperature bath held 
at 86^F., after which the precipitate is filtered and dried. 

Cellulose acetate in the hands of a skilled chemist is a versatile mate
rial, and with carefully selected plasticizers it may be molded into many 
useful products with desirable physical properties. Because of the large 
number of useful plasticizers and the various properties each of them im-
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parts to the plastic matrix, many cellulose acetate formulations are avail
able to industry. 

Once a plasticizer or plasticizers have been selected, they are suitably 
blended with the cellulose acetate in a mixing machine, usually in the 
presence of solvents such as acetone and alcohol. Dyes or color pigments 
are added if needed. When intimately mixed, the batch is run through 
warm rolls and sheeted. The sheets may be cut into molding-powder 
pellets, block-pressed, fed into extruders t o form rods or tubes, or pressed 
through slots to form thinner sheets. 

A complete list of all the cellulose acetate molding-powder compounds 
and the many and diverse articles made from them would occupy a space 
of several hundred pages. Cellulose acetate plastic materials are common
place in our daily Hves. The steering wheel of our automobile, cases of 
small table radios, housing for motors of electric shavers, our favorite 
bass and salmon plugs, knobs, handles, name plates, grommets, toilet 
articles, and flashlight cases are but a few of the many cellulose acetate 
products that we now use in going about our daily chores and pleasures. 

I t has been estimated that more than 90 million pounds of cellulose 
acetate were used in 1946. 

3. Cellulose Acetate-Butyrate Plastics. This cellulose ester is made b y 
treating cellulose with a mixture of butyric and acetic acids and anhydrides 
in much the same manner as cellulose acetate is prepared. The molding 
compounds are very similar to those of the cellulose acetates and are used 
for the fabrication of similar products. As a group, the acetate-butyrate 
plastics exhibit better dimensional stability, as they are more moisture-
resistant and less affected b y temperature than the straight acetates. 

4. Ethyl Cellulose Plastics. These are the most recent additions to the 
family of cellulose plastics. They have been on the market for a compara
tively short time, but because of their many superior properties they have 
become firmly established in industrial circles. 

Ethyl cellulose is an ether of cellulose. In its preparation, cotton finters 
or purified wood pulp is treated with a strong base such as sodium hydrox
ide. Under carefully controlled conditions this alkali cellulose complex 
is then treated with ethylating agents such as ethyl sulfate or ethyl chloride, 
which introduce ethyl groups into the cellulose molecule. The ether thus 
formed is washed; when dried it is a white granular residue. With suitable 
plasticizers it may be molded, extruded, or cast. Like other cellulose 
derivatives, it is compatible with many briUiant dyes and color pigments. 

Ethyl cellulose plastics have many outstanding properties. T h e y are 
the hghtest (specific gravity of 1.07 to 1.18) of the cellulose plastics and 
exhibit excellent resistance to heat, cold, water, alkalis, and weathering. 
Their dimensional stability leaves little to be desired, and from machin-
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a b i l i t y a n d m e c h a n i c a l s t a n d p o i n t s t h e y c o m p a r e f a v o r a b l y w i t h a n y of 
t h e t h e r m o p l a s t i c m a t e r i a l s . 

E t h y l c e l l u l o s e is availaVile in p o w d e r f o r m f o r e x t r u s i o n , i n j e c t i o n , a n d 
c o m p r e s s i o n p r o c e s s i n g , in s h e e t s u p t o 0 . 0 2 0 in. t h i c k , in t h i n films a m i 
fo i l s , o r u n c o m p o u n d e d f o r use in l a c q u e r c o a t i n g s o r p r o t e c t i v e films o n 
m e t a l s . T h e v a r i o u s c o m p o s i t i o n s of th i s m a t e r i a l e n j o y m a n y o f t h e s a m e 
uses a s o t h e r ce l lu l ose p l a s t i c d e r i v a t i v e s . 

E . PLASTICS INDUSTRY 

A l t h o u g h n o figures are a v a i l a b l e t o i n d i c a t e t h e t o t a l c o n s u m p t i o n of 
w o o d in t h e p las t i c s i n d u s t r y , s o m e idea of t h e r a p i d g r o w t h a n d p r e s e n t 
s ize o f t h e i n d u s t r y as a w h o l e m a y b e g a i n e d f r o m t h e f a c t t h a t in 1933 
t h e r e w e r e o n l y 101 e s t a b l i s h m e n t s e n g a g e d in t h e m a n u f a c t u r e of finished 
p l a s t i c a r t i c l e s f r o m ce l lu l ose e t h e r s a n d es ters , v u l c a n i z e d fiber p r o d u c t s , 
a n d p r e s s e d p u l p s , w h i l e t o d a y t h e r e a r e m o r e t h a n 5 0 0 firms e n g a g e d in 
s u c h p r o d u c t i o n . 
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C H A P T E R 24 

M I N O R F O R E S T P R O D U C T S 

In a<l(iition t o the forest p r o d u c t s des(Til)ed in tiie preced ing chapters , 
there are n u m e r o u s o t h e r c o m m e r c i a l l y valuai)Ie p r o d u c t s d e r i v e d f r o m 
forest vege ta t i on . It is b e y o n d the s c o p e of this b o o k t o a t t e m p t t o deal 
with all of t h e m , b u t a f ew representat ive examples h a v e been selected t o 
il lustrate the wide v a r i e t y of o ther p r o d u c t s that c o m e f r o m forests . In 
this c o n n e c t i o n it m u s t b e r e m e m b e r e d that m a n y i m p o r t a n t art i c les of 
c o m m e r c e , such as r u b b e r , c o c o a , a n d quin ine , a l though or ig inal ly p r o d u c t s 
of forests , are t o d a y o b t a i n e d a lmos t exc lus ive ly f r o m p l a n t a t i o n - g r o w n 
trees . I t is o n l y logical t o e x p e c t , t h a t as o u r k n o w l e d g e of t h e w o r l d ' s 
forest v e g e t a t i o n e x p a n d s a n d increasingly larger n u m b e r s of o ther p r o d 
u c t s such as drugs , f o o d s , a n d oils b e c o m e k n o w n , o t h e r p lants also will b e 
g r o w n u n d e r in tens ive c u l t i v a t i o n in o rder t o i m p r o v e q u a l i t y a n d y i e l d 
of the desired p r o d u c t s . 

I. BARK 

A . CASCAliA B A H K 

C a s c a r a b a r k is the t rade n a m e for the b a r k of t h e cascara tree, Rhamnus 
purshiana D C . , * a small tree 20 t o 4 0 f t . in he ight a n d u n d e r 15 in. in 
diameter . Th is tree is f ound in the Paci f ic N o r t h w e s t states and in a d -
ja(^ent C a n a d a . ' I ts c o m m e r c i a l range , as repor ted b y Starker a n d 
Wilcox , -* is con f ined t o nor thwestern Cal i fornia , wes tern O r e g o n a n d 
W a s h i n g t o n , a n d southern Brit ish C o l u m b i a . 

C a s c a r a b a r k is c ons idered o n e of the m o s t i m p o r t a n t natural d rugs 
p r o d u c e d in N o r t h A m e r i c a a n d is w i d e l y used for l axat ive p repara t i ons 
a n d as a t o n i c , b o t h a t h o m e a n d a b r o a d , u n d e r the n a m e o f cascara sa^grada 
( f r o m the Spanish " c a s c a r a " m e a n i n g " b a r k " a n d " s a g r a d a " m e a n i n g 
" s a c r e d " ) . T h e bark is co l l e c ted dur ing the g r o w i n g season , f r o m early 
spr ing a n d a s l o n g as the b a r k will s l ip off, which is usual ly f r o m a b o u t 
the m i d d l e of Apri l until the end of A u g u s t . T h e co l lec t ing season var ies 
great ly , h o w e v e r , with weather a n d loca l i ty . 

• Other species of Rhammis are found on other continents; of these R. ralhartira L. 
and R. fraiigula L., native to Europe, northern .\friea, and .Vsia, are the most ini|>or-
tant. Neither of the.^- two species, however, has attained the popularity of R. pur
shiana since its acwptance by the medical profession in 1877. 

495 
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T h e trees are first girdled near the ground, and then the bark is peeled 
off in large pieces as far up the trunk as possible. The tree is then felled 
and the bark peeled from the remaining portion of the trunk and from 
branches up to about 2 in. in diameter. Ordinarily, before the bark is 
peeled, all moss and lichens are removed, because clean bark commands 
a better price. The peeling tools used are an ax and a spud, the latter 
being usually devised by the collector. 

The peeled bark is placed on a canvas or a wooden platform to dry. 
At the end of the summer the dried bark is broken into small pieces and 
placed in burlap sacks, each of which contains from 50 to 75 lb. of bark. 
T h e United States Pharmacopoeia states that cascara bark must be cured 
for at least 1 year before it can be used as a drug. This further aging is 
usually done by dealers in crude bark rather than by collectors. 

T h e collection of cascara bark is usually carried on b y ranchers, woods 
workers, and Indians, entire families frequently setting up a camp in the 
woods for the summer. The average earnings for adults are said to be 
about $4 a day ; under exceptionally good conditions, i.e., with a good 
stand of cascara trees and good prices for bark, daily wages may equal 
two or three times that figure. 

The total annual collection of cascara bark is very difficult to estimate 
but apparently ranges between 2,000 and 3,000 tons, representing a col
lectors' income of about one million dollars. 

The collectors* prices for cascara bark since 1931 have ranged from a low 
of 3 ) ^ cents a pound for the period of 1933 t o 1935 to a high of about 39 
cents a pound in 1947. Several hundred tons of ca.=!cara bark are exported, 
the largest consumer being the United Kingdom. 

A survey of the remaining cascara stands leads Starker and Wilcox to 
conclude that the available supply of cascara is being rapidly exhausted, 
and they estimate the residual merchantable cascara bark on the Pacific 
Coast, including British Columbia, at about 150,000 tons. However, the 
tree reproduces itself well by seed or by sprouting and grows rapidly. 
With proper protection from fire and more conservative methods of peel
ing, such as placing definite restriction on the minimum diameter of trees 
that may be peeled and insisting that all trees be felled after peeling (this 
to encourage coppicing), the present stands of cascara may suffice to meet 
the demand for some time. 

T h e possibility of growing cascara trees under cultivation, either as 
fillers in existing coniferous forests of the Pacific Northwest or in planta
tions, should also be considered. Several successful plantations have 
already been established in Oregon, with the owners optimistically esti
mating a return at the end of 10 to 15 years of $1,000 to $2,000 per acre, 
at prevailing prices for bark. At that age the average tree should be 5 to 
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6 in. in diameter and should yield 12 t o 15 lb. of bark. T h e coppice growth 
which wiJl result from cutting the trees should be thinned during the first 
year to the three or four most vigorous stems; these may be allowed to 
mature into crop trees. A second crop should be ready for harvesting in 
10 to 12 years, if sprouts are properly trimmed. Since the vigor of the 
coppice will gradually diminish, new seedlings should eventually be 
introduced.* 

B. C O R K 

Commercial cork is obtained from the outer bark (phellem) of the cork 
oak {Quercus suber L . ) , a small to medium-sized forest tree widely dis
tributed through countries bordering on and adjacent to the western 
Mediterranean. 

It is estimated that the forests containing cork oak comprise an area of 
five million acres and that the annual production of cork bark is from 
200,000 to 260,000 metric tons. Portugal, the leading cork-producing 
country, has an annual output of about 100,000 metric tons, or nearly 
50 per cent of the world's production. Other important production 
centers include, in their order of importance, Spain, Algeria, French 
Morocco , France, Italy, Tunis, and Spanish Morocco . The largest areas 
of unexploited cork forest.s, aggregating about two million acres, are found 
in Algeria and in French and Spanish Morocco , 

1. Cork Fonnation. Young woody stems are protected against desic
cation by an outer layer of cells, the epidermis. In the majority of woody 
plants this layer is ruptured us the tree increases its girth, becau,se there is 
no provision in the epidermal layer for further cell division. 

Before the epidermis is ruptured, a new protective layer, the first peri
derm, is formed underneath it. This layer originates from mature living 
parenchyma cells in the primary tissues (epidermis, cortex, or pericycle). 
The new tissue completely surrounds the stem and is composed of cork 
cambium (phellogen) and the layers of cells formed by it; the phellem on 
the outside, composed of layers of cork cells, and the phelloderm on the 
inside, consisting of a few layers of thin-walled, nonsuberized cells. 

As the tree continues to increase in girth, the primury tissues ahead of 
the cork cambium die and the resulting desiccation induces the death of 
the first phellogen. New lines of cork cambium are then formed deeper 
in the bark tissues, eventually reaching the secondary phloem. This 
invasion of the secondary phloem by lines of cork cambium {secondary 
phellogen) marks the beginning of deep cork formation in trees and is 
manifested by roughening of the outer surface of the bark. In most 
woody plants the secondan,- phellogen does not form a continuous layer 
of cells around the tree trunk but exists in discontinuous or anastomos-
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ing layers. The result is an outer shell consisting of alternating cork 
and dead inner-bark (secondary phloem) tissue. Such cork is of no c o m 
mercial value. 

In the cork oak, the secondary phellogen forms a continuous layer over 
the entire trunk. This layer produces each year a great number of cork 
cells toward the outside. If the cork trees were not stripped, this initial 
layer of cork cambium would persist for a long time, forming cork of con
siderable thickness. When, however, the first stripping is performed, the 
initial layer of cork, known as virgin cork, is removed, exposing a deeper 
cork-cambium layer. This layer dies, but a new one is formed in the bark 
behind it. This growth phenomenon is repeated at each successive strip
ping, with the result that new phellogen layers are developed in the inner 
bark (secondary phloem). 

2. Collection of Cork. Portuguese laws require that cork trees should 
be at least 5 in. in diameter at breast height before the first stripping can 
be performed. A t this size the trees are about 20 years old. The first, or 
virgin, cork is very coarse and rough and of very minor commercial value. 
Subsequent strippings are performed at intervals of about 9 years. The 
cork from the second stripping is finer in texture and hence of better 
quality, but the best grades of cork are obtained only beginning with the 
third stripping. 

The average productive age of cork oak trees is about 100 years. The 
amount of cork produced varies with the size and age of the tree, site, 
local climatic conditions, rate of growth, and the intervening time between 
strippings. On the basis of a 9-year rotation, 40 to 200 lb. of cork per 
tree is t o be expected; however, individual trees have been known to yield 
as much as 500 lb. The thickness of cork removed at each stripping ranges 
from }/2 to about 3 in. 

The stripping operations are conducted from M a y to August, except 
for days when a hot wind, known as the sirocco, is prevalent. Stripping is 
avoided on such days to prevent the desiccation of newly exposed cork 
cambium. In Spain and Portugal cork is stripped with a long-handled 
hatchet (Fig. 24 -1 ) . In other places, especially in Algeria, crescent-shaped 
saws are sometimes employed. T w o cuts are made around the tree, one 
near the ground and the other below the main branches. This is followed 
by two vertical cuts. Care is taken to cut only through the cork region 
without injuring the last-formed phellogen. The bark ia pried loose with 
the wedge-shaped handles of the hatchet. 

Frequently cork is also removed from the larger branches; this is of fine 
texture, although normally not very thick. In French government-
controlled forests, however, stripping of branches is prohibited, and the 
minimum diameter of the trunk for stripping is limited to 6 in. 
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In general , trees g r o w n at higher a l t i tudes p r o d u c e cork of a finer q u a l i t y 
than t h o s e in the l o w l a n d s , b u t the q u a l i t y of c o r k is n e v e r un i f o rm e v e n 
wi th in the s a m e loca l i ty . Usual ly o n l y a b o u t 60 per cent of a n y s t r ipp ing 
can b e used for bo t t l e s toppers a n d o ther natural cork products. T h e 
r e m a i n i n g 4 0 per cent , k n o w n as refuge, is g o o d o n l y for c o m p o s i t i o n 

FIO. 2 4 - 1 . The uiethud ot stripping eoj kwood. ourUsi/ Ar/'iniionu Cork Company.') 

p r o d u c t s , in the m a n u f a c t u r e of which the c o r k is g ranula ted or r e d u c e d 
t o flour. 

A f ter the c o r k is r e m o v e d f r o m the trees, it is left in the w o o d s t o d r y 
for a few d a y s . It is then transferred t o a central s tat ion , w h e r e it is 
bo i l ed in large o p e n v a t s . T h e o b j e c t o f bo i l ing is t o r e m o v e tannins , a s 
well as t o m a k e the cork m o r e pl iable, fac i l i tat ing the s tra ightening of 
pieces . A t the siime t ime the rough o u t e r layers arc s c raped off, thus 
reduc ing the weight of the cork b y a b o u t 20 per c ent . T h e scraped sheets 
are flattened, dr ied , a n d m a d e u p into rough bund les . T h e s e bund les are 
t ransported o n the b a c k s of burros t o m a n u f a c t u r i n g o r sh ipp ing centers . 
In the latter instance , bund les of c o rk intended for e x p o r t are o p e n e d . 
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graded according to quality in about 25 groups, trimmed, and baled for 
shipment. 

When cork finally reaches the manufacturer, it is re-sorted into as many 
as 80 different grades. Aside from defects caused by such natural agents 
as insects, the basis for grading is porosity as expressed by the number 
and size of air passages (lenticels), and the presence of lignified tissues. 
The former decrease the impermeability of cork, and the latter account 
for a decrease in its elasticity. Specifications for some of the finer grades 

FIG. 2 4 - 2 . Photomicrograph of cork, tangential view. (Courtesy Armstrong Cork Company.) 

are so exacting that it takes a specialist with many years of experience to 
grade cork for industrial uses. 

3. The Properties of Cork. Cork possesses a combination of many valu
able properties which accounts for its wide industrial use. The chief prop
erties of cork are resistance to hquid penetration, compressibility, resilience, 
high frictional qualities, buoyancy, low thermal conductivity, chemical 
inertness, and stability.^'^-^^ Most of these characteristics are traceable 
directly to its cellular structure. 

Cork, as it appears under a microscope, consists of innumerable small 
cells which are more or less rectangular in the transverse and radial sec
tions and polygonal in the tangential section (Fig. 24 -2 ) . These cells 
are so compact ly grouped that an average cork cell is in contact with 14 
other cells. The only breaks between the cells are due to the lenticels, 
small intercellular air passages surrounded by loosely arranged cells; 
these intercellular passages extend from the surface of the bark to the last-
formed cork cambium. There is, however, no connection between these 
open spaces and the surrounding cells; therefore neither air nor moisture 
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can penetrate into the adjacent cells, but can travel only along these 
open channels. 

Cork cells possess very thin but strong wails of cellulose, heavily im
pregnated with a moisture-resistant substance called sxiberin. From 50 
to 85 per cent of the total volume of cork is occupied by the cell cavities 
filled with air. The resistance of cork to liquid penetration is due to the 
compactness of its box-like cells with closed ends and the impenetrability 
of their suberin-coated walls. This property accounts for its universal 
use for bottle stoppers. The only leakage possible in a cork stopper is 
through the lenticels. This, however, is avoided by stamping out the 
corks in such a way that the lenticels run crosswise through the tissue. 

Since more than 50 per cent of the volume of cork is occupied by air, it 
is very light (specific gravity 0.15 to 0.25). The lightness of cork, coupled 
with its impenetrability to water, accounts for its buoyancy, a property 
which adapts it for use as floats. When under a load, the air in the cells 
is compressed, and since the cells are airtight, cork tends to resume its 
original size and shape as soon as pressure is released. Moreover, when 
compressed, cork does not spread laterally; the only dimension that changes 
is the thickness of the block. This ability to resist permanent deformation 
under a load, or its resiliency, accounts for many industrial uses of cork, 
e.g., gaskets, machinery isolation for absorption of shock and vibration, 
and seals and closures of many kinds. 

Because of its myriads of air-filled cells, cork reacts very slowly to 
changes in temperature and to passage of sovmd; on this score it is used 
extensively for insulation. Moreover, because of its low thermal conduc
tivity and chemical composition, cork will not burn or maintain combus
tion, except in direct contact with flame. 

Cork is a highly frictional material, and this property is retained even 
when it is w êt or coated with oil or grease. Because of this it is used in 
pouer transmission, in friction drives, and in feed rolls, especially in the 
textile and paper industries. Finally, cork is very resistant to the action 
of many chemicals, except alkalis and strong acid solutions. Under ordi
nary conditions cork is practically indestructible. It is not affected by 
atmospheric conditions and shows no signs of deterioration with the passage 
of time. 

4 . Cork Uses. Cork is used either in its natural, or unmodified, state 
or in the form of compositions, achieved by grinding and mixing it with 
various binders. The uses of natural cork are more or less restricted by 
the size and lack of uniformity of the raw product. The most important 
articles made of natural cork are bottle and jar stoppers (Fig. 2 4 - 3 ) , 
insulating materials,-^ gaskets and washers, life preservers, and tool handles. 
On the other hand, cork compositions, while retaining many desirable 
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qualities of natural cork, are characterized by uniformity of structure 
and the readiness «'ith which they lend themselves to manufacture in any 
size. Of cork composition materials, linoleum is the most important; 
others include cork carpet, cork bricks, shoe pads, and bottle crowns. 

FIG. 24-3. Cork slaba and cork-punching mauhiue. {Courtesy Armstrong Cork Company.) 

5. Possibilities of Cork Production in the United States. The first re
corded attempt to introduce the cork oak tree into the United States was 
made by the agricultural division of the Patent Office in 1858, when a 
large shipment of acorns was received in San Francisco from Spain. A 
number of other attempts have since been made t o estabhsh cork oak in 
various sections of California and the Southeast. According to Metcalf 
and others,^" "most of the trees from those early plantings occur as in
dividual specimens or small groups, some of which have reached a large 
size and great beauty . " There are about 2,000 cork oak trees growing in 
California today, the larger trees measuring more than 40 in. in diameter. 

In 1940, experimental stripping of cork oak trees was undertaken as 
a cooperative project between the Agricultural Extension Service of the 
University of California and the Crown Cork and Seal Company. In the 
course of these operations, 248 trees with a d.b.h. of more than 8 in. were 
stripped the first year, and more than 240 additional trees w^ere stripped 
in subsequent years. A total of more than 25,000 lb. of cork was removed. 
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C. DOUGLAS F ra BARK 

T h e S e c o n d W o r l d \\'ar e m e r g e n c y , wh i ch b r o u g h t a b o u t the poss ib i l i ty 
o f a drast i c cur ta i lment of c o rk i m p o r t s f r o m the M e d i t e r r a n e a n region, 
p r o m p t e d a s u r v e y of t e m p o r a r y d o m e s t i c sources of c o rk . A n u m b e r of 
c on i f e rous spec ies were inves t i ga ted , " ' ^ ' b u t o n l y the bark of D o u g l a s fir 
uttered s o m e c o m m e r c i a l poss ib i l i t ies a s a s o u r c e of g ranula ted c o r k . 

In D o u g l a s fir the c o r k y layers c o m m e n c e t o f o r m w h e n the s tem reaches 

• The promotion of cork oak planting is aided hy the cork project originated by the 
late Charles K. McManu.-;, former president of the Crown Cork an<l S -̂al Company, 
rnder this pntject the company assunie.s the cost of collecting acorits, growing seedlings, 
and <listributing acorns and s<H'dlings, in coopi-ration with state and Federal agencies. 
After planting, the trees Ix-eome the property of the planter. 

A s e c o n d str ipping, c o n d u c t e d in 1946, indicated sat i s fac tory regenerat ion 
of c o rk a m o u n t i n g t o a lmos t 1 in. in a <>-year per iod . S u b s e q u e n t c o m 
merc ia l tests o n virgin a n d s e c o n d - g r o w t h cork ind i ca ted that d o m e s t i c 
c o r k is equa l in q u a l i t y in e v e r y respect t o i m p o r t e d c o r k of the s a m e grade . 

O n t h e s t rength of t h e s h o w i n g m a d e b y t h e s ca t t e red p lant ings of cork 
o a k trees, it is felt that a f lourishing cork industry c o u l d b e establ ished in 
Cal i forn ia , where there are t h o u s a n d s of acres of hi l ly land be l i eved t o b e 
sui table for g r o w i n g cork oak trees t h a t are n o w used o n l y for graz ing . 

A l t h o u g h earlier a t t e m p t s t o p lant cork trees in the S o u t h e a s t were 
genera l ly unsuccessful , H o p p , ' ^ o n the basis of p lant ing records , c o n c l u d e d 
that the failure of the p lant ings was d u e largely t o i m f a v o r a b l e local c o n d i 
t i ons , n o t representat ive of t h e S o u t h a s a who le . H e fur ther c o n c l u d e d 
t h a t the southeastern coas t , f r o m Virginia t o Louis iana , offers def inite 
possibi l i t ies for g r o w i n g cork o a k as a hi l l - c idture c r o p for s lop ing f a r m 
l a n d s ; further k n o w l e d g e of the p r o p a g a t i o n requ i rements a n d of the 
g r o w t h hab i t s of this spec ies is required b e f o r e large-scale p lant ing of the 
c o r k o a k in the S o u t h e a s t c a n b e r e c o m m e n d e d . 

A s a restdt of the interest aroused b y the exper imenta l s tr ipping of c o rk 
o a k t rees in Cal i forn ia , ex tens ive p l a n t i n g s of a c o r n s are n o w b e i n g m a d e 
annua l ly in Cal i fornia a n d A r i z o n a a n d in the S o u t h a n d S o u t h w e s t e r n 
s tates . Star t ing with less t h a n 500 lb . of a c o r n s in the 1940-1941 season, 
t h e d i s t r ibut ion of a c o r n s e x c e e d e d 10,000 lb . in the 1 9 4 5 - 1 9 4 6 season. 
M o s t of the acorns used in p lant ing were co l lec ted f r o m Ca l i f o rn ia -g rown 
trees . Genera l l y g o o d results h a v e been o b t a i n e d , as ind i cated b y 50 t o 
80 per c e n t a c o r n g e r m i n a t i o n in the field p lant ings . N m s e r y - r a i s e d c o r k 
o a k seedl ings , w h e n s h i p p e d wi th earth in p a p e r p o t s , s l iow a be t te r t h a n 
90 per c e n t surv iva l . H a n d l i n g of b a r e - r o o t seedl ings , o n the o ther h a n d , 
results in a h igh degree of m o r t a l i t y . * 
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5 to 6 in. in diameter. The first cork layer is formed about }4 in. from the 
outer surface of the bark, but as the tree grows, other cork cambia are 
initiated deeper in the bark and form discontinuous lenticular-shaped 
layers, separated by masses of dark-brown phloem cells. 

Because of this discontinuity of the cork layers, Douglas fir cork can be 
salvaged only in granulated form, which, if it meets manufacturers' re
quirements, may be suitable for such items as stopper disks, linoleum, and 
insulation products. Though it has been suggested that the Douglas fir 
cork may be obtained as a by-product of lumbering and milling operations, 
it is extremely doubtful that this product could compete with the oak 
cork, except in time of dire emergency. 

A number of products suitable as a plastic filler, an absorbent for ex
plosives, a magnesium floor ingredient, and an active ingredient in phenolic 
adhesives have been developed from Douglas fir bark by the Weyerhaeuser 
Timber Company. These products are marketed under the trade name 
of Silvacon. 

Under the Weyerhaeuser process, Douglas fir bark is separated, by 
grinding and screening, into cork flakes, "tissue powder , " short fiber, 
cork-fiber combination, and a cork-fibev-powder combination. 

The first of these products consists of flake-like particles of cork, similar 
in their physical properties to commercial cork, and ranging upward to 
14 iu. in size. This product is suitable as a soil conditioner ami is said to 
be an acceptable ingredient in phenoHc-resin manufacture. This fraction 
represents approximately 20 per cent of the total Silvacon production. 

"Tissue powder" is a finely powdered, amorphous material, obtained 
primarily from the highly friable parenchymatous tissue of the bark. I t 
represents about 10 per cent of the Silvacon production. The material is 
thermoplastic in nature and can be used as a conditioning agent in insecti
cide dusts and in match-igniting comp(mn<ls. The average size of particles 
in this fraction is 5.5 microns, with 90 per cent of the dust passing through 
325-mesh screens. 

T h e remaining 70 per cent of the plant's output is suitable for a filler in 
compovxnding plastics, as an extender in phenol-type adhesives, and as an 
absorbent filler in explosives. This material is separated into three frac
tions, viz. ( I ) A fiber product consisting almost entirely of spindle-shaped 
bast fibers; about 53 per cent of the particles are small enough to pass 
through a 100-mesh sieve and 44 per cent through a 200-mesh screen. 
(2) A combination of 20 per cent cork particles, 40 per cent lignified fiber, 
and 40 per cent powder. The product is dark brown in color and repre
sents 45 per cent of Silvacon production. Nearly 95 per cent of the particles 
pass through a 200-mesh screen. (3) A mixture of 25 per cent particles 
and 75 per cent lignified fiber. About 55 per cent of the particles in this 
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fmrt ion will pa«s through a 05-mesh screen and another 34 per cent through 
a 100-mesh screen. 

D. OTHEH BAJIKS 

T h e hark of many other trees is used in medicine or for the extraction 
of tannin, dyes , and other materials. A m o n g the native barks, mention 
should be made of the s tem bark of the northern white pine, which is used 
in the preparation of cold medicines, usually together » i t h the bark of 
black cherry and the buds of Balm-of -Gi lead. T h e barks of eastern and 
western hemlocks and Douglas Fir contain extractable tannins, while 
flavin, a dye , is obtained from the bark of black oak. T h e bark of redwood 
is used as an insulation material and as a textile fiber (see page 517) . 

II. OILS, OLEORESINS, AND RELATED PRODUCTS 

Oils, resins, g u m , and related substances are widely distributed in both 
the animal and vegetable k i n g d o m s ; those of vegetable origin are obta ined 
from various parts of plants, including seeds, fruits, leaves, trunks, and 
roots. T h e origin of the.se substances in the plant is not well understood. 
In general they are by -products of the metabol ic processes of life; s ome 
arise as a result of injury and hence are the result of pathological processes. 
A m o n g thes(^ plant products there are a number of commercia l ly valuable 
substances derived from forest vegetat ion. 

A. OILS 

1. Tung O i l . ' - ' T h e tung oil of c ommerce , otherwise known as China 
wood oil, is expressed f rom the seeds of the tung-oil tree, Aleurites fordii 
Hemsl . , a native of central ami western C'hina; another species, A. montana 
(Lour . ) Wilson, native t o southwestern China, also produces oil practically 
identical in composit ion and properties with tung oil. This species, h o w 
ever, is less i iardy and less widely distributed than A. fordii. 

T u n g oil has been used in China for m a n y centuries, but its important 
properties were not fully appreciated until the second half of the nineteenth 
century . T h e first large shipment of this conmiod i ty reached the I 'nited 
States in 18()9, the year which marks the beginning of world trade in this 
valuable protluct. Ever since, the world 's consvmiption of tung oil has 
increased annual ly ; the United States consumes more than 70 per cent 
of the total product ion. 

T h e increasing importance of tung oil in the paint and varnish industries 
a n d the uncertainty of s\ipply and qual ity of oil f r om C h i n a led t o extensive 
experimental plantings of tung trees in the United States. T h e first success-

http://the.se
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ful planting of tung seeds was made in 1905 by the Division of Foreign 
Plant Introduction of the United States Department of Agriculture, at 
Chico, California. The seeds were supplied by the American Consul 
General, L. S. Wilcox, at Hankow, China. T h e seedlings raised at Chico 
were set out in experiment stations, parks, cemeteries, and private holdings 
throughout the Southern and Pacific Coast regions. 

It is estimated that there are now more than 75,000 acres of planted 
tung-oil trees. The greatest acreage is in Mississippi, followed closely by 
Florida. Experimental evidence has indicated that the area most suitable 
for growing tung-oil trees is a belt of land about 100 miles wide along the 
Gulf Coast. 

The importance of establishing a native tung-oil industry must not be 
measured only in terms of the saving in money now spent in China for 
this commodity . Planting of tung-oil trees in the South is expected to 
solve some of its agricultural problems, as the establishment of any new 
industrial crop will help to introduce the desired diversification into agri
cultural activities of that region. It may also partially solve the wasteland 
and erosion problems in the Gulf coastal region. Moreover, since tung oil, 
turpentine, and rosin are essential raw materials in paint and varnish manu
facture, the development of the tung-oil industry in the South may lead 
eventually to the development of a paint and varnish industry in that 
part of the country. 

The production of native tung oil had reached five million pounds in 
1942, and as more plantations come into bearing age, production will 
steadily increase. Much of the present crop of nuts is used for further 
planting. Domestic tung oil obtained b y expression with modern m a 
chinery is considered superior in quality to that imported from China and 
commands a premium of a few cents above the price paid for the im
ported oil. 

A considerable amount of experimental work on the tung tree is now 
being carried on at the Floi'ida Experiment Station at Gainesville, Florida. 
Some superior strains of tung trees have been developed, and these are 
extensively propagated by grafting and budding. The tung trees are 
planted much like orchard trees (Fig. 24 -4 ) . They begin to bear fruit at 
the age of 3 or 4 years, and after the eighth year an acre containing about 
100 well-cared-for trees should produce about 2,000 to 2,500 lb , of nuts, 
from which may be obtained 400 to 500 lb. of oil. 

Tung oil is expressed from the seeds, four to seven (usually five) of 
which are contained in the spheroid fruit, with a pulpy exterior and a nut
like shell (Fig. 24 -5 ) . The fruit matures in September or October and is 
allowed to fall t o the ground. In China the fruit is allowed to remain on 
the ground until the outer husk deteriorates, after which the seed is picked 
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by hand. T o facihtate the breaking d o u n of the husk, the fruit is fre
quently gathered in heaps and covered with straw or grass, inducing rapid 
fermentation. Decortication may be conveniently accomplished with a 
mechanical disk huUer and separator, as has been demonstrated in Florida. 

In China the seeds are roasted in large wooden tubs with iron bottoms 
and pulverized in primitive mills by means of stone wheels. The pulverized 
seed is then steamed in large wooden vats. The hot mixture is formed 
into cakes and the cakes placed in hand presses consisting of hollowed 
logs, in which pressure is exerted by means of wooden wedges. A con
siderable amount of oil is wasted in this way, since much of it remains in 
the residue. The expressed oil is strained and then carried to concentra
tion centers, from which it is transported to the coast. A t first oil was 
shipped in barrels and 5-gal. kerosene tins. However, with the increase 
in the tung-oil trade, tank steamers and tank cars were adopted. 

Formerly much of the tung oil of Chinese origin was adulterated with 
soybean, sesame, peanut and other cheaper oils. In recent years, however, 
the Chinese government, realizing that continuation of this practice would 
lead to adoption of other oils or the establishment of tung-oil plantations 
elsewhere, has inaugurated compulsory examination of tung oil at the 
shipping centers. 

In the United States, the oil is expressed in modern mills, which are 
equipped with a decorticator and an expeller press. Analysis of the oil 
content of American-grown tung fruits indicates that about 20 per cent by 
weight of the whole dry ripened fruit is oil. I t therefore takes about 5 
lb. of dry fruit to produce 1 lb. of oil. 

Tung oil is pale yellow to dark brown in color. It dries very rapidly t o 
form a hard, glossy film. In addition this oil possesses preservative and 
waterproofing qualities which add to the durability of the finished product. 
Tung oil is used principally in the manufacture of waterproof or spar 
varnishes, enamel and other paints, and in paint driers. In this country 
tung oil has largely replaced copal and other natural gums in paint and 
varnish manufacture. Large quantities are used in the manufacture of 
linoleum and oilcloth and in the waterproofing of cloth and other manu
factured articles. I t is also used in insulating compounds in the electrical 
industries, in brake lining, and as an undercoat for body finishing in the 
automobile industries. Other uses include printing and drawing inks, 
dressing for leather, and soap manufacture. In some sections of the South 
the tung meal remaining after the milling process has been utilized as a 
fertilizer. 

2. Wahiut Oil. This oil is obtained from the kernels of the English 
walnut, Juglans regia L. The production of walnut oil In the United 
States, as a by-product of shelling plants, has been estimated at about 
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50,000 lb . a year . Crude walnut oi! is used largely in the manufacture of 
aoaps, in enamel paints, oil colors, and printing inks. T h e refined oil is 
used in foods. Pulverized walnut shells, called walnut-shell flour, are o m -
ploycfl in plastics (see Chap . 23) and in the extending of synthetic-resin 
adiiesivos. 

3- Turpent ine . Oil of turpentine is by far the most important volatile 
oil {irodwod in the United States. Its product ion and uses are discussed 
in the chapter on Naval Stores (Chap . 20 ) . 

4 . Conifer- leaf Oil . Conifer-leaf oil is obtained largely f rom black 
spruce, white spruce, eastern hemlock , red juniper, and arborvitae. T h e 
oils of black and white spruce and those of eastern hemlock are very 
similar in compos i t ion and are visually sold in mixture ; cetlar oils are sold 
either separately or mixed. T h e conifer-lcaf oils as a group have pleasant 
odors and chemical ly are composed mainly of terpenes and their derivatives. 

T h e conifer-leaf oils are usually distilled in small (piantities b y farmers 
during the winter months . T h e average yield of oil is said t o be up to I 
per cent of the weight of the green material. T h e yield is greatest f rom 
neetlles col lected in January, February, and M a r c h . In northern N e w 
Y o r k the distillers of white cedar are said t o gross a b o u t $25 t o $30 a week. 

T h e distillation plants are usually small h o m e m a d e affairs, consisting of 
a low-pressiu'c boiler from which steam is piped to a large tub htted with 
a t ight cover . T h e cover is weighted d o w n \vith pieces of iron or stone to 
press upon the boughs packed in the tub . F r o m this tub a pipe leads to 
a barrel of water hy means of which the steam and loaf oils are condensed. 
T h e oi ! floats to the t o p , f rom whence it is skimmed off. 

S p n i c e - and hemlock-needle oils are used in perfuming greases and shoe 
blacking, also in liniments and other medicinal preparations. Cedar oil 
from Juniperus virginiana L. is used mainly in insecticides, while the oil 
from Thuja occidenialis L. is blended in liniments, insecticides, furniture 
polish, and floor oils. 

6. C e d a r - w o o d Oi l . This oil is obtained from the heartwood of eastern 
red cedar by steam distillation of sawdust and other wood residues procured 
f rom mills making pencil slats, cedar-closet liners, chests, and other red 
cedar articles. The yield of oil is f rom 1 to about 3 H Pcr cent b y weight, 
depending on the relative percentage of heartwood, since sapwood contains 
essentially no oil. 

Cei lar-wood oil has a fragrant aroma and is used extensively in the m a n u 
facture of soap , deodorants , furniture polish, sweeping compounds , and 
perfumes. It is also used in the preparati(m of l iniments and finds a wide 
ni)l>li(*ation in the mamifacture of in.scctiridcs bei*ause of its reputation as 
a moth repellent. Because of its high index of refraction, refined cedar-
wootl oil is used as a clearing agent in preparing ob jects for the microscope. 

file:///vith


510 DERIVED AND MISCELLANEOUS FOREST PRODUCTS 

Finally, cedar oil is used to extend sandalwood, geranium, and other more 
expensive oils. Some of the heaviest fractions are suitable for mineral 
flotation. The annual production of red cedar oil is estimated at 150,0001b.* 

6. Oil of Sassafras. Sassafras oil is obtained from the roots and stumps 
of the sassafras tree by steam distillation. The oil is primarily obtained 
from stumps that are removed in clearing ground for agricultural purposes. 
The stumps are cut into smaU chips, which are placed in large retorts with 
a capacity of as much as 20,000 lb. 

The root bark contains 0 to 9 per cent of oil and the root-wood only 
about 1 per cent. T h e average yield per ton of material is about 20 lb. of 
oil. Sassafras oil is used in medicine, in the manufacture of soft drinks, and 
in soaps and perfumes. The industry is confined to the South and is best 
developed in Tennessee, Maryland, and Virginia. 

7. Birch Oil. Birch oil is obtained from the bark of sweet birch. This 
oil is identical with wintergreen oil, and since it is more abundant in birch 
bark than in the wintergreen plant, the former has largely replaced the 
latter as a source of natural wintergreen, 

Wintergreen oil is not found as such in birch bark but is formed b y the 
cJiemica! reaction between a glucoside present in the bark and an enzyme, 
when the bark is treated with water. Some operators utilize only bark 
that is peeled from the trunk and the larger branches in the late summer. 
Such bark is cut into small pieces and placed in a copper still, then satu
rated with water and kept warm overnight. T h e more c o m m o n practice, 
however, is to utilize entire stems, limbs, and twigs. The stem wood is 
cut into 5- to 8-ft. lengths, while branches /ire tied into bundles, and the 
material is then packed into the still, with the heavier wood on top. One 
cord of such material will yield approximately 4 lb. of oil, while 1 ton of 
bark will produce about 5 lb. of birch oil. 

Stills are ordinarily located on cutover areas where sweet birch is 
the dominant second-growth species. The site is located near a good 
supply of water. A crew of two men is required to operate one still, while 
three men ean cut and skid enough wood and tend two stills located near
by . A horse or a mule is generally used to skid green material and draw 
away the spent wood. 

According to Ritter,^^ 

The distillery is generally built of 2- or 3-ii). dimension material in the form of a 
6-ft. cubical vat. Sometimes it is completely lined with copper, but usually this 
high-priced material is placed only on the bottom. The walls are made vaportight 
by tongue-and-groove construction lield together by adjustable bolts. The cover, 

• E. H. Bonberger and L. F. Baker, Oil Extraction from Texas Cedar. South. Forest 
Expt. Sta. Note 41, September, 1941, report that both foliage and wood of Mexican 
cedar are also used on a commercial scale for extraction of cedar oil. 
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operated by block and tackle, is sealed with clamps and wire; old automobile inner 
tubes are stretched along the edges as gaskets. 

One and sfimetinies two outlets hir vapor, d to S in. in diameter, are placed near 
the upper part of one vat wall. From these vents the vapor is passed through a 
funnel into a series of copper condensers which parallel each other in a water-filled 
trough. The cold water in the trough chills the copper tubing sufficiently to con-
den.se the v;ii)or. Both crude oil and condensed vapor trickle through the pipes into 
a jar pla('e<l l)eneath the outlet. The oil, which is heavier than the water, sinks to 
the bottom. Thin milky water, often called " low wine," overflows the jar ii\tu a l)ar-
rel or tub and is eventually returned to the vat to be used again. 

Each run takes about 8 to 12 hours. T h e distillation is generally c on 
tinued on a 24-hour basis. The still is unloaded while it is hot . A b o u t 
3^ cord of " s t i l l ed " w o o d , which can be used n i t h o u t additional seasoning, 
is burned each d a y in the firebox; the remainder is generally c u t for house
hold fuel. 

T h i s industry is scattered through N e w England, Pennsylvania, and 
the southern Appalachian region, with the larger centers of distribution 
in Connect i cut and Tennessee. T h e Northern oil brings $3.()0 to $3.75 
per pound as compared to $1.05 to $2.00 per pound for the Southern 
product . 

Oil of wintergreen is used extensively in niedicinal preparations, for 
flavoring confect ionery and che^ ing g u m , in soft drinks, a n d in the m a n u 
facture of disinfei'tants and insect powders . A t the present t ime the 
natural wintergreen oil is being rapidly supplanted b y a synthetic product 
der ived f rom coal tar. 

B. OLEORESINS 

T h e most important native oleoresins are crude piue gum and Canada 
and Oregon bahama. Crude pine gum, which is an exudation f rom the 
stems of several species of pines, is discussed imder Nava l Stores (see 
C h a p . 20 ) . 

1. Canada Ba lsam. Canada balsam is an oleoresin of the turpentine 
group, oV)tained f rom blisters in the bark of balsam fir, a coniferous tree 
indigenous to Canada and Eastern United States. T h e term balsain is 
incorrectly applied to this oleoresin, since the true balsams are character
ized b y the presence of benzoic and c innamic acids, both of which are 
absent in Canada balsam. A more correct term would be Canada turpen
tine, the name imder which this substance is listed in materia medica and 
in pharmacy . 

This oleoresin is secreted normally in canals formed by the separations 
of the cells in the bark of the tree. I t col lects in small cavit ies under the 
epidermis, the cavities appearing as prominent blisters on the smooth 
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bark of young trees and branches. Canada balsam is collected by punctur
ing and draining the blisters with a hollow metal tube or spout projecting 
from the rim of a can, into which the balsam flows. A better tool, producing 
cleaner balsam, consists of a steel-pointed glass syringe with a rubber 
bulb. The collection of balsam is made from June 15 until snowfall. 
I t should be collected only during dry weather, since moisture getting 
into the balsam causes cloudiness, which decreases its market value. 

Canada balsam is largely collected in the province of Quebec by the 
inhabitants of small villages. Whole families of balsam gatherers camp in 
the woods for 2 or 3 summer months while making collections. The 
average yield of oleoresin per tree is about 8 oz. , and it takes an average 
of 150 blisters to yield a pint. A man working alone can draw about 
]4 gal. of oleoresin a day, but with the assistance of two boys to climb the 
trees, the output may be increased to about 1 gal. a day. 

When enough resin is collected, the balsam is strained and put into 5-gal. 
cans and transported to the nearest village; there it is exchanged for pro
visions or sold to a wholesale dealer. 

Canada balsam is a transparent, viscid oleoresin, yellowish in color, 
with a distinct greenish fluorescence and pleasant turpentine aroma. 
"Wlien exposed to the air it loses its volatile oil and thickens, ultimately 
drying into a transparent resinous substance. When used in thin films it 
is colorless. Canada balsam has an index of refraction of 1.518 to 1.521 
at 20°C. ; it is soluble in ether, chloroform, xylol, benzol, and other sub
stances but only partiafly soluble in alcohol. 

Canada balsam is used to some extent in medicine as an antiseptic 
dressing for cuts and wounds; it is also used in the preparation of flexible 
coUoidion, ointments, and plasters. When mixed with wax it is used to 
bind the component parts of pills and as a sealing wax to prevent deliques
cent constituents from attracting moisture. The chief use for Canada 
balsam, however, is in the mounting of specimens for examination with a 
microscope and as a cement for glass in optical apparatus, for which pur
poses it has no equal. 

Canada balsam is sometimes adulterated by the addition of rosin and 
t\irpentine. Such adulteration can be detected by determination of the 
acid value of the dry resin, which is 120 to 124 for pure Canada balsam. 
If the acid value is more than 130, the presence of extraneous rosin or 
turpentine can usually be s\ispected. 

2. Oregon Balsam. This is an oleoresin, similar to Canada balsam, 
obtained from Douglas fir and found in bole cavities of wind-shaken trees. 
These cavities, in time, fill with oleoresin, and when an opening is cut into 
such a pocket, the oleoresin flows out. Trees containing such pockets 
can frequently be spotted by the one-sided crowns and bent trunks. As 
much as 1 to 3 gal. is frequently obtained from a single pocket. 
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Oregon balsam is less viscous than Canada balsam, completely soluble 
in alcohol , and very slow in drj ' ing. I t can b e distinguished from Canada 
balsam by its higher ac id value, which is a b o u t 150, and by a slightly 
different odor . Oregon balsam can b e used for the same purposes as 
Cana<la balsam except for microscopic work, since its refractory index is 
dist incl ly lower. 

3. Spruce G u m . Spruce gum is an external oleoresinous exudation from 
normal resin ducts and develops as a result of injury to the s a p w o o d of 
red, black, and white spruces, all native t o Canada and the Lniteil States. 
T h e injuries which pnuluce these exudations m a y be caused by animals 
sm-h as porcupines or b y windbreaks, frost, or lightning. 

T h e flow of oleoresin c o m m e n c e s in the early spring and is stimulated 
by h o t summer weather. Fresh exudations gradually harden with the 
advent of cold weather but remain light-colored anil somewhat st icky for 
at least a year. After that the g u m begins t o turn darker in co lor ; it has 
little vitility unless it is al lowed t o remain on the tree for a t least 3 years. 
When col lected, the g u m is chipped off the tree with an ax. Somet imes 
the tree is c l imbed or even cut down , if good lumps are out of reach. 

T h e g u m is cleaned b y steaming and straining. T h e strained g u m is 
put through rollers, the last one having dies cut in the face t o d iv ide 
the g u m into small sticks. T h e g u m sticks are wrapped in paper for 
marketing. Spruce gum is used in such medicinal preparations as cough 
sirup and was ffirmerly used as a chewing g u m . 

(, 'rude g u m brings collec'tors from 5 0 cents to $1.50 a pound , with the 
best grades (medicinal) bringing as much as $4 to $7 a pound. In the past 
the product ion of spruce gum in Maine , N e w Hampshire , and Vermont 
reached consitlerable proportions. However , since the advent of chewing 
g u m made of chicle, the importance of this minor industry has declined 
a lmost t o the vanishing point . In M a i n e the annual prodviction has 
declined from a high of 150 tons a year, valued at $;J00,000, t o a mere 4 
t o t> tons. 

C. TRUE BALSAMS 

T h e term true halmm is applied to a group of resins and oleoresins 
whose fragrant aroma and pvmgent taste are due to the presence of benzoic 
or c innamic acid, or both . T h e best known of these arc storax, gum 
benjamin, balsam of Peru, and V>alsam of Toh i . 

1. Storax. Storax is a balsam obtained from Liquidamhar orienialis of 
Asia Minor as an exudation from resin passages developed in the w o o d 
as a result of wovmding. A similar substance may also be obtained f rom 
our native red gum. Storax is obtained b y wounding the trees so as t o 
expose new w o o d ; when the bals;im begins t o flow it is col lected in a cup . 
T h e imported storax is a semitransparent, brownish-yel low liquid of honey -
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like consistency, with a strong aromatic odor and taste. It is used for 
perfuming soap and talcum powder and flavoring tobacco, also in the 
preparation of adhesives and for medical purposes. 

The possibilities of developing a native storax industry were first in
vestigated by Dr. Eloise Gerry, who pointed out that it should be possible 
to obtain additional revenue through storax production. The production 
of storax from red gum was stimulated during the Second World War 
by the high prices for the oriental product. This industry is now centered 
in Clark County, Alabama, where the estimated yearly value of storax 
is around $250,000. 

Operation gets under way in the spring, when the leaves reach full size. 
Production is started by removing a ring of outer bark about 2 ft. from 
the ground and peeling the bark down to the ground. A bar of bark 4 to 
6 in. is left undisturbed. The exuded gum is scraped from the face every 
2 or 3 weeks. When the upper edge of the face forms a new ring of bark 
or callus, a thin slice }4 iii- to in. is cut off to stimulate the flow of resin. 
The yearly yield is J/̂  to 1 lb. of storax per tree. A tree will continue to 
produce for 3 to 5 years. Following tapping operations, young healthy 
trees will then develop a new layer of bark over the face.* 

m . FRUIT 

A . PECANS 

Pecans are a product of a forest tree native to the South Central states, 
where pecan trees are found growing abundantly in the alluvial flood 
plains and delta lands of the lower Mississippi River and its tributaries 
and along the banks of all west Gulf rivers. In the last decade selected 
varieties of pecans have been planted in large numbers throughout the 
South, and today pecan nuts are an important source of farm income in 
many sections of the South. 

The main productive belt of pecans from forest trees includes the South
ern states west of the Mississippi, with Texas accoimting for more than 
one-half and Oklahoma about one-quarter of the total production. The 
improved varieties, however, come largely from the states east of the 
river, with Georgia producing about 35 per cent of the crop. The most 
popular improved varieties are the Stuart and the Schley. 

Pecan trees begin to bear when about 10 years old. The improved 
varieties are largely marketed and distributed to consumers unshclled, 
while the unimproved varieties are mostly shelled commercially and used 

* Charles R. Ross. Storax from American Red Gum. Amer. Forests, 53(9);404^05, 
432. 1947. 
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IV. VEGETABLE FIBER 

A . S P A N I S H M O S S 

Spanish moss , TUlandsia usneoides L . , w h i c h g r o w s in l ong , hair - l ike 
s t rands suspended f r o m forest trees (F ig . 2 4 - 6 ) , is a seed- l )earing e p i p h y t e 
of the p ineapp le fami ly . I ts natural range e x t e n d s a l ong the coastal 
plains f r o m \'irginia t o T e x a s . L ike all t rue e p i p h y t e s , Spanisl i m o s s 
der ives its f o o d f r o m rain a n d dust in the air, us ing its host o n l y for s u p p o r t . 
I t is rarely p r o p a g a t e d b y seed, b u t rather b y f r a g m e n t s of f e s toons b l o w n 
b y wind or b y birds wh i ch uti l ize the s t rands in bu i ld ing their nests . 

T h e c o m m e r c i a l va lue o f Spanish m o s s is based o n t h e ut i l i zat ion of the 
central hair- l ike s trand of f ibrovascular tissue which is left w h e n the outer 
cort i ca l cells are r e m o v e d . * T h e moss is ga thered b y farmers , w h o col lect 
a n d sell it t o s u p p l e m e n t their farm income . ' * T h e p i ck ing season beg ins 
in N o v e m i ) e r and lasts until Apri l . Several t o n s of green m o s s are pile<l 
in s t a c k s o r p l a c e d in t r e n c h e s or p i t s a n d w e t d o w n \mtil thoro\ighly 
soaked . T h i s is d o n e t o rot off the outer layers of t issue wh i ch c o v e r the 
elastic inner fiber that f o r m s the c o r e ; a t the s a m e t i m e the chemica l s in 
the bark are said t o tan a n d t oughen the fibrous c o r d . T h e green m o s s is 

• Aside fn>in its o<inuni>rcifll and aosthetir value, Spanish moss is a wintering place 
for ihe cotton boll W(H-\IL. The I'.S. Burt'au uf Kntomology re|H>rts that on an avi-rage 
SfiS weevils winter in a ton <tl moss. 

in con fec t i oner ies , b a k e d g o o d s , a n d ice c r e a m . P e c a n h o l d i n g s range 
f rom a few trees t o o r chards conta in ing 2,000 or m o r e frees. P e c a n orc i iards 
in general are d e v e l o p e d in c o n n e c t i o n with s o m e interplanted cash or 
f eed c r o p f o r h a r v e s t ; this pract i ce is usual ly c o n t i n u e d unt i l t h e o r c h a r d s 
reach bear ing age . 

B. PiNON OR PINE " N U T S " 

Pif ion or p ine " n u t s " are the seeds of several spec ies of p ine n a t i v e t o 
t h e S o u t h w e s t e r n Uni ted States . T h e s e inc lude the M e x i c a n pif ion, the 
single- leaf p i n o n , the Parry p i h o n , a n d the n u t p ine . A n n u a l p r o d u c t i t m 
ranges f r o m less than a mil l ion p o u n d s t o b u m p e r c r o p s of m o r e than six 
mil l ion p o u n d s . T h e pi f ion p ines are f o u n d o v e r an area of s o m e 4 2 mil l ion 
acres in Ar i zona a n d N e w M e x i c o a l o n e , w i t h large areas a lso present in 
C o l o r a d o a n d Utah . 

T h e p ine " n u t s " are co l l e c ted b y Indians , M e x i c a n s , a n d w h i t e sett lers , 
ent ire famil ies o f ten tak ing p a r t in t h e harves t ing . T h e h a r v e s t beg ins 
late in S e p t e m b e r a n d is c o n t i n u e d until the first s n o w . T h e average m a r 
ket va lue of the " n u t s " is e s t imated at a b o u t $500 ,000 a year . 

file:///mtil
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FIG. 2i-*J. ypanish mosa on ouk trees. (Courtesy V. H. Sondereffger, Louisiana Division of 
Forestry.) 

vegetable fiber. One short ton of swamp-cured moss , or 5 short tons of 
green moss , are required t o p roduce 1,000 lb . of ginned moss . Spanish 
moss is used for stuffing mattresses, upholstered furniture, pil lows, and 
dolls , as a substitute for hair. 

Accord ing t o V . H . Sonderegger, formerly state forester of Louisiana, an 
average picker can gather about 500 lb. of moss a day . H e also reports 
tha t one fami ly of five gathered a n d sold in one year 100,000 lb . of green 
moss and 20,000 lb. of cured moss , at an average price of 2}4 cents per 
p o u n d for the former and 3 cents per pound for the latter. Prices for green 
moss fluctuate from year to year, ranging f rom about 1 ^ cents a pound 
for the lowest grade to 3 cents for the highest. T h e average price for ginned 
moss is a b o u t $9 per hundred pounds . 

iVIr. Sonderegger estimates the annual revenue f rom the Spanish moss 
industry in Louis iana at o n e and one-half t o three mill ion dollars, depend
ing on supply and demand, most of this money going to the gin operators 

left piled for 4 t o 6 months , during which t ime it is watered frequently t o 
prevent heating. 

W h e n curing is completed , the t op layer of the pile is discarded and the 
rest is spread or hung upon lines to dry. W h e n thoroughly dry, the product 
is sold b y the col lectors t o a gin operator. T h e rotted outer surface a n d 
all impurities are c o m b e d out b y means of a too thed drum revolving against 
t oo thed concaves . T h e pure fiber that is left is pressed into bales weighing 
60 to 150 lb. or more and shipped to the factories under the name of 



MINOR FOREST PRODUCTS 517 

and pickers. Probab ly an equal revenue ia obtained f rom moss gathering 
in Florida and smaller amounts in other Southern states. In spite of the 
large quant i ty of Spanish moss gathered every year, there seems to be no 
danger of destroying the supply , because of its prolific growth. 

There are three main grades of Spanish moss p r o d u c e d : 2 - X (light 
b r o w n ) , .3-X (dark b r o w n ) , and 4 - X (b lack) . Tlie 4 - X is more thoroughly 
cured and somewhat better cleaned than the other t w o grades and costs 
a few cents a pound more . T h e difference in qual ity and price between 
the three grades results f rom the selection of raw material and the extent 
of curing, rather than from the processing of the moss subsequent to curing. 

B. R E D W O O D - B A H K F I B E R ^ 

T h e fibrous bark of r edwood yields a number of commercia l ly valuable 
j)ro(luct.s, the principal of which are ( 1 ) loosc-fiU insulation, (2 ) bark fiber 
used for mattress filling in combinat ion with cot ton , and (3) textile fiber 
for use with wool . Large residual quantities of bark dust , residting f rom 
shrechling of the crude bark, are used also as a soil condit ioner t o increase 
the moisture-holding capaci ty of the soil and to permit better aeration. 

T h e bark of mature redwood trees ranges f rom 2 to 3 in. in thickness in 
the upper part of the stem to 6 t o 12 in. in a basal log. T h e outer bark, 
which constitutes the greater proportion of the total bark present, is 
reddish in color and contains 5 to 10 per cent of long (up to 7 m m . in length) 
and very strong fiber, while the thinner layer of the inner bark is whitish 
in color and contains 10 t o 18 per cent of the fiber. Because of its th ick
ness and its fibrous nature, the bark is peeled before the logs are placed on 
the sawmill carriage; otherwise it impedes the efficiency of the sawmill 
operation and affects adversely the quality of lumber b y dulling saws. 

In the procedure as developed at the Pacific L u m b e r C o m p a n y mill, 
bark is pried loase with chi.-^el-head crowbars. T h e long bark slabs are 
carried by a ccniveyer t o a large circular swing saw, where they are cut into 
5-ft. lengths. These slal)s are then delivered to a hammer-mil l shredder 
b y an overhead crane bucket . T h e shredded bark is put through a series 
of screening and textile-picker operations, in the course of which the finer 
fiber and bark dust are separated from the coarser bark . T h e coarse fiber 
is dried in a tnnnel-Iike conveyer drier and baled in a hydraulic press into 
300- lb . packages ; these are sawed into three sections for convenient han
dl ing. T h i s product const i tutes the " w o o l " insulation o f the trade and 
finds considerable favor as loose-fill insulation in places where low temper 
atures are involve<l, such as cold-storage, locker, and ice plants, as well as 
a loose fill for h o m e insulation. 

T h e fiber and the dust col lected in screening and refining operations are 
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C . P I N E N E E D L E S 

Locally pine needles, called "pine straw," are used extensively in the 
South for mulching strawberry beds. A patented process * has recently 
been developed in Harrison County, Mississippi, for the use of longleaf 
pine needles as litter for poultry houses. In this process dry pine needles 
are fed, together with a few cones, into a mill which cuts the needles into 
pieces about 1 in. long. Shorter pieces and debris are blown out by a 
fanning mill, and the remaining litter is sprayed with disinfectant oil. 
It is claimed that such pine litter, when used in poultry houses, absorbs 
moisture without becoming matted, while the pine odor of the chopped 
green cones tends to overcome unpleasant odors. After the litter has been 
used for a week or two it is discarded; when allowed to decompose, it 
makes a suitable fertilizer, equivalent in value to commercial fertilizer at 
$10 a ton. Needles are delivered at the mill by the local farmers for $5 
a ton, while the mill sells sacked litter locally at $15 a ton. Attempts have 
also been made in recent years to use longleaf pine needles for mattress 
stuffing. 

V, CHRISTMAS TREES AND GREENS 

A. CHRISTMAS T R E E S ^ 

The custom of bringing green boughs into the house during religious 
festivals is very ancient. The Egyptians, for instance, celebrated the 
shortest day of the year by bringing into their homes green date palms as 
a symbol of the triumph of life over death; in Norse mythology, green 
boughs symbolized the revival of Balder, the sun god. It could, therefore, 
be said that the Christmas-tree custom is a heritage of the sun-god religions, 
in which trees symbolized the revival of Nature. The custom of deco
rating and lighting the trees apparently came from Germany. It is believed 
that it was first introduced into the United States b y Hessian soldiers at 
the time of the American Revolution. 

' See A. L. Shepard, in South. Forestry Notes, 34, Southern Forest Experiment Station, 
New Orleans, La. 1940. 

fed into a mechanical air separator, in which the fiber is separated from the 
granulated material (the dust) . The highly refined fiber recovered in this 
operation comprises textile redwood fiber. Since this fiber is reddish 
brown in color, it can be used only in material having a dark shade. Blended 
with wool in amounts up to 50 per cent, redwood fiber produces a satis
factory material for inexpensive men's suits, overcoats, and mackinaws, 
low-priced blankets, and similar items. 
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T o d a y the decorated Christmas tree has become an indispensable part 
of the Christmas celebration in most American homes. It is variously 
estimated that the United States now consumes between 8 and 12 million 
trees and Canada about 1 milhon trees each year.* One-third to one-half 
of the trees used in the United States (or three to five and one-half milhon) 
come from Canada, including N o v a Scotia and Newfoundland. In the 
United States, Maine, Washington, Minnesota, Montana, Vermont, and 
New Hampshire each supply a million or more trees for out-of-state 
markets, while Wisconsin, Michigan, New York, and Pennsylvania also 
produce large quantities for local markets. 

It is estimated that about 70 to 75 per cent of the total number of trees 
offered for sale are shipped to market in carload lots by large-scale pro
ducers; the remaining 25 to 30 per cent are divided fairly evenly among 
farmers, small-scale producers who retail in truck-load lots, and individuals 
who cut trees for their own use. In answer to a questionnaire, two large 
producers reported shipments of three million and two million trees, 
respectively, for the 1939 season, or roughly half of the total consumption 
for that year. These companies operate both in the Eastern and the 
Western United States, cuttuig their ti'ees in the Canadian piovinces, as 
well as in the United States. In general, the Illinois-Indiana line serves 
as a dividing line between the distribution of Eastern and Western trees, 
although occasionally trees from the Northwest are shipped as far east 
as Pittsburgh and even to New York City. The center of Christmas-tree 
consumption lies in the big cities of the East and the Middle West. 

Christmas trees are cut between October and mid-December, depending 
upon the distance t o markets and the anticipated demand. Trees for 
outside markets are usually graded roughly by size and appearance and 
tied in bundles of from two to a dozen trees, depending on their size and 
facilities for hauling. Trees are shipped by truck, rail, and boat. Trucks 
are used for short hauls; a 3-ton truck will carry about 600 trees of average 
size. Flatcars or boxcars used for longer hauls will carry 500 to 550 bundles, 
or from 1,000 to 5,000 trees per car. Shipments from the West generally 
contain 4,000 t o 5,000 trees, while those from the Eastern states and 
Canada contain 2,000 to 3,000 trees per car. 

The principal native species used as Christmas trees in the East and 
Middle West are balsam fir, spruce, and jack and scotch pines; in the A^'est, 
Douglas fir, true firs, and Colorado blue spruce; and in the South, several 
species of pine and eastern red cedar. 

The largest number of Christmas trees in the East and Canada come 

• The number of trees cut every year for Christmas trees is considerably higher, ranging 
perliaps bt'twwn 12 ami 16 million, thus resulting in waste estimated at about 4 milhon 
tret's annually. 
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from forest stock, although in New England and New York State many 
trees are also harvested from pasture lands. The trees from pasture 
lands are very bushy in appearance and if allowed to grow to maturity 
will produce knotty lumber, but as Christmas trees they are highly desir
able. In Minnesota the majority of trees come from the northern black 
spruce swamps. Because of unfavorable growing conditions, the trees are 
stunted and of considerable age; a tree 4 to 6 ft. in height is frequently 60 
to 100 or more years old. The exceedingly slow-growing wood from these 
trees is unsuitable for pulp and other wood uses, but their bushy appear
ance makes them very desirable for Christmas trees. A number of com
panies in Minnesota specialize in trees 30 to 36 in. in height for the table 
trade. These trees are placed in cartons or crated and kept in cold-storage 
rooms until shipped. A recent survey of the black spruce swamps in 
Minnesota indicates that even with the present rate of cut of more than 
a million trees a year, the supply of stock suitable for Christmas trees is 
practically inexhaustible. In the R o c k y Mountain and North Pacific 
states, Christmas trees, principally Douglas fir, are either removed in 
improvement cuttings on national forests or produced in carload lots by 
private forest owners. 

The practice of removing young, well-formed trees for Christmas trees 
from forest stock has caused considerable concern to some conservationists, 
who visualize wholesale devastation of our forests. I t has even been 
suggested that the production of all Christmas trees be limited to thinnings 
from young stands and to tops and branches from logged trees. However, 
trees removed in thinning operations are as a rule of poor f o rm; moreover, 
stands needing thinning are usually located at a considerable distance from 
markets and are often incapable of supplying the demand. 

Many states recognize the necessity of protecting young stock and 
reducing waste resulting from indiscriminate cutting. Only a few states, 
however, have actually attempted to regulate the cutting of trees for the 
Christmas trade b y licensing the operators. Laws requiring some type of 
state license are now in operation in Minnesota, Wisconsin, Washington, 
and Oregon. In Minnesota a law enacted in 1935 and amended in 1937 
gives the Conservation Commission complete control over the Christmas-
tree industry. Under the act, the sale of Christmas trees is subject to 
licensing, tagging, or both, under two classifications: 

1. A d\i!y licensed dealer may secure a license for which he pays $200 
and which entitles him to sell within or outside the state. 

2. The license fee is waived but the dealer is required to buy and attach 
a 2-cent tag on each tree sold or transported within or outside the state. 

All trees within the state must have a tag attached, regardless of whether 
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they were cut in the state or imported. T h e m o n e y thus collected goes 
toward policing the black spruce territories against improper cutting. 

A somewhat similar law requiring a 1-cent tag for each tree shipped 
outside the state was recently enacted in the state of Washington but has 
been declared unconstitutional b y a state court. 

T h e planting of Christmas trees as a c rop has also been advocated . It is 
po inted out that raising conifers for the express purpose of selling them at 
ChrLstmaa t ime should p r o v e a very attract ive investment t o farmers 
near cities that are somewhat removed f rom a source of natural-grown 
trees. Stock grown in plantations makes ideal Christmas trees, because 
even spacing favors the deve lopment of a c o m p a c t , symmetrical crown. 
Such plantations can be handled entirely as a cash crop ami the cut trees 
replaced by seedlings, or growing of Christmas trees can be c o m b i n e d with 
t imber product ion , b y judic ious selection of a number of stems to b e left 
as c rop trees. 

T h e species best suited for such plantings are N o r w a y spruce, Picea 
abies (L . ) Karst . , white spnice , jack and scotch pines and balsam fir; other 
suitable species, where the cl imate is not t o o severe, are white fir, b lue 
spruce, Douglas fir, and eastern red cedar. Because the demand for Christ
mas trees is not l imited to any one size and there is an ever-increasing call 
for table trees, a l imited number of trees could be harvested from a plan
tation of N o r w a y spruce 4 t o 5 years old. H o w e v e r , since the greatest d e 
mand is for trees 4 t o 7 ft. tall, N o r w a y spruce should be ready to harvest 
in 7 t o 10 years and other species in 10 to 15 years. T o d a y there are a n u m 
ber of such plantations in N e w England, N e w Y o r k , Pennsylvania, and 
the L a k e states. 

T h e sale price for Christmas trees varies greatly with locality, species, 
size, appearance, and tfie demand and supply. Ordinarily, trees 5 to 6 ft. 
tall have been sold for 25 to 50 cents in city markets ; trees 6 t o 10 ft. tall 
bring $1 or more , according to s y m m e t r y . * In the large cities, such as N e w 
Y o r k , larger trees m a y bring f rom $5 t o $30 apiece. T h e r e is v e r y little 
profit for those who furnish trees for large-city markets. In normal times 
wood lo t owners get from 1 to 5 cents for trees which retail at 25 cents each 
and 25 cents for those sold for more than $1. In small towns, where the 
demand is supplied direct ly b y the farmers, a considerable profit m a y be 
realized f rom Christmas-tree sales. Since at present there is n o possibility 
of controlling the vo lume of shipments into the larger markets, profit t o 
the retailers is uncertain; when the markets are not glutted, g o o d profits 
m a y be antic ipated, but when the supply exceeds the demand , losses are 
almost inevitable. For example , in 1936 the Chicago market was short 
because heavy snowstorms in eastern C a n a d a and the L a k e states m a t e -

• Pre Second World War prices. 
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rially reduced the volume of trees shipped to that city; as a result the trees 
brought a very good price. The following year, however, the market was 
flooded b y small producers shipping from one to three cars apiece. T h e 
market was oversupplied, and during the last week before Christmas, 
trees sold for considerably less than the freight charges and many were 
burned. 

An interesting instance of organized effort in cutting and marketing of 
Christmas trees is found in the activities of the Forest Products Associa
tion, Inc., of Groveton, N e w Hampshire. This is a cooperative marketing 
organization of about 1,000 forest-land owners and dairy farmers in a 
region controlling more than 25,000 acres of land from which Christmas 
trees can be harvested as needed. T h e number of producers participating 
in the cutting of trees is from 150 to 200. The selection of stands and the 
cutting are carried on under the supervision of competent men and in coop 
eration with the State Forest Extension Service. The trees are carefully 
graded into fancy, standard, and ungraded selected grades, and each tree 
bears an Association tag designating its grade. In addition to these three 
selected grades, the Association will also supply pasture-grown trees, but 
in carload lots only. All the trees are carefully bundled and shipped in 
flatcars, mostly to Ohio, Pennsylvania, and northern New York . During 
the last few years the Association has averaged about 10 cars each year. 

In addition to Christmas trees, there is also an extensive market for 
evergreen boughs, which are obtained either from trees of poor form or 
from lopped branches. R. H . Butler reports that in the 1936 Christmas 
season, 50 tons of boughs was sold from the Pike National Forest, bringing 
$1 a ton if picked from slash b y the purchasers and $12 a ton if delivered 
by the U.S. Forest Service. The Forest Product Association of Groveton, 
New Hampshire, markets many wreaths of northern conifers made b y the 
families of the Association members. These wreaths are shipped b y 
express or freight. 

B . EVERGREEN H O L L Y 

Growing holly for Christmas greens offers farmers in some sections of 
the Southeastern United States an opportunity to supplement their farm 
income. The American holly, valued for its rich green leaves and persistent 
round scarlet berries, formerly had a natural range from Massachusetts to 
Missouri, thence south to Florida and Texas.* Destructive harvesting 
has, however, practically eliminated this tree from Massachusetts to 

* The English holly, Ilex aquifolia L., and its many varieties, bears fruit more plenti
fully than the American species. The English holly is now successfully propagated in 
the Pacific Northwest. Holly farms have paid good dividends. 
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centra l N e w Jersey . T h e r e g i o n m o s t f a v o r a b l e f o r g r o w i n g this species 
c o m m e r c i a l l y e x t e n d s in a str ip 50 t o 60 mi les wide f r o m N o r f o l k , Virg in ia , 
s outh t o F lor ida , a n d w e s t w a r d in the Gul f reg ion t o Louis iana . M o s t of 
the ho l ly used in the E a s t e r n United S t a t e s c o m e s f r o m the D e l m a r v a 
Peninsu la , east of C h e s a p e a k e B a y . 

H o l l y m a y b e p r o p a g a t e d b y seed , cu t t ings , layer ing , a n d graf t ing . 
P r o p a g a t i o n b y layer ing or cu t t ings h a s a d i s t inc t a d v a n t a g e o v e r repro 
d u c t i o n b y seed , b e c a u s e p lants r e p r o d u c e d vegetnt ivo ly run true t o t y p e . 

F I G . 2 4 - 7 . Destructive harvesting of liolly: a, a tree being completely stripped; h, a stripped 
tree; c, a ."tripped tree starting to come back. (.I'holographa courtesy N. H. Fritz, Maryland 
Department of Forestry.) 

P u r e p lanta t i ons of ho l l y o n o p e n lands are r e c o m m e n d e d in pre ference t o 
underp lant ing in woodlands.^^ In the East m o s t ho l ly , h o w e v e r , c o m e s 
f r o m f o res t -g rown trees. 

H a r v e s t i n g of h o l l y c o m m e n c e s w h e n t h e t rees are 12 t o 2 0 y e a r s o ld . 
Pearly in the fall , dealers s c o u t the c o u n t r y s i d e a n d b u y f r o m the w o o d l a n d 
o w n e r s their ho l ly c rops . H a r v e s t i n g beg ins a b o u t D e c e m b e r first a n d 
c o n t i n u e s unti l C h r i s t m a s t ime. T h e branches are c u t off with a h a t c h e t 
o r a c o r n kn i f e , 6 in. o r m o r e f r o m t h e t runk . N o t in f requent ly e v e n t h e 
t o p of the t ree is s a w e d off. T h e branches are co l l e c ted e i ther o n a c a n v a s 
or in large b u c k e t s . S o m e of the sprays are then m a d e into wreaths , 
whi le l oose sprays are p a c k e d into s tandard crates 2 b y 2 b y 4 ft . T h e 
d e s t r u c t i v e m e t h o d s used in harves t ing ho l l y , a p p r o p r i a t e l y k n o w n a s 
" b r e a k i n g of h o l l y , " lead t o serious d a m a g e t o the trees (Fig. 2 4 - 7 ) . 
Severe ly prunetl trees will n o t p r o d u c e ano ther ho l ly c r o p for the next 15 
or m o r e years and m a y die. 

T h e a v e r a g e pr i ce p a i d t o w o o d l a n d o w n e r s b y h o l l y dea lers is a b o u t 
50 c e n t s a c r a t e ; ho l l y c r o p s f r o m large areas of f r o m 50 t o 500 acres of 
w o o d l a n d are purchased for as little as $5 t o $25 , while s o m e dealers b u y 
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holly on a percentage basis, paying the owner a certain percentage of the 
profit , 1 t o 3 mont hs after the Christmas season. Accord ing t o Fritz, 
the dealers resell t o a commission merchant for $2 to $5 per crate. T h e 
commission dealers sell t o florists and other retailers for $8 to $10 per crate, 
w h o in turn sell t o consumers at the usual margin of profit of a b o u t 100 
per cent. Thus holly usually changes hands four t imes, returning a g o o d 
profit t o all except the wood land owners. 

T h e r e is little information t o indicate the total i n c o m e to farmers f rom 
this source. Some idea of the local importance of this industry can be 

FIG. 2 4 - 8 . Proper way of harvesting holly; a. olipping lower branches; b, clipping branch«a 
higher up the tree; c, clipping branches from the top of the tree. (Photographs courtesy N. H. 
Fritz, Maryland Department of Frrrestry.) 

gained f rom the estimate that in an average year some 10,000 people in 
southern M a y l a n d alone are engaged in harvesting hol ly , obtaining an 
income of about $150,000. A survey conducted in De laware in 1927 
disclosed that holly products valued at approximately $400,000 were 
shipped annually and that about $100,000 of this sum was received b y the 
farmers w h o gathered holly and made wreaths. T h e annual shipment was 
estimated at 7,000 cases containing one and a half million wreaths and 
some 600 cases of loose sprays. 

T o reduce the destruction of naturally grown hol ly and t o increase 
the cash returns to forest owners, the Mary land Department of Forestry 
is n o w sponsoring the product ion of "certi f ied h o l l y . " T h e department 
holds harvesting demonstrat ions in the various parts of the state where 
hol ly grows naturally. At these demonstrations the proper method for 
pruning trees is demonstrated, and it is shown that large quantities of 
hol ly sprays can be obtained, still leaving the trees in a product ive state 
(Fig. 2 4 - 8 ) . Individuals interested in these m e t h o d s of harvesting sign 
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Up as c o o p e r a t o r s in the product i i jn of " cert i f ied h o l l y . " T h e d e p a r t m e n t 
a t t e m p t s t o secure orders for ho l ly f r o m retailers a n d indiv iduals , a n d 
these are d i s t r i b u t e d a m o n g t h e c o o p e r a t o r s ; t h e d e p a r t m e n t a lso suppl ies 
the c a r d b o a r d p a c k i n g bo.xes. T h e holl^' is p a c k e d in b o x e s of three s izes : 
b o x e s 12 b y 12 b y 24 in. h o l d e n o u g h hol ly t o d e c o r a t e a small h o u s e : a 
16 b y 16 b y 24- in . p a c k a g e , sufficient f o r a large h o u s e ; a n d a 2 b y 2 b y 2 -
f t . b o x is used f o r ho l ly d i s t r ibut ion t o florists a n d o ther retailers. B e f o r e 
t h e S e c o n d W o r l d W a r , b o x e s w e r e so ld for $1 .75 , $ 2 . 5 0 a n d $4 ,50 , respec 
t i v e l y , p lus sh ipp ing charges . E a c h b o x conta ins o n l y N o . 1 grade ho l l y , 
p r u n e d f r o m trees in a c c o r d a n c e wi th instruct ions f r o m the d e p a r t m e n t . 
E a c h b o x is inspec ted a t des ignated stat ions , a n d if the ho l ly m e e t s all 
r e q u i r e m e n t s , the inspec tor p a y s the c o o p e r a t o r cash for his mater ia ls , the 
e q u i v a l e n t o f a b o u t $ 6 . 0 0 a c ra te . T h e b o x e s are t h e n sca led a n d a cert i f i 
c a t i o n t a g a t t a c h e d b y t h e inspec tor . T h e m i d d l e m a n is t h u s e l iminated 
a n d the sav ings passed t o the forest owners , as the d e p a r t m e n t m a k e s n o 
charge for its services . T h e dif ference b e t w e e n the selling pr i ce a n d t h a t 
paid t o the c o o p e r a t o r p a y s for b o x e s , inspect ion , and clerical he lp . T h e 
s t u m b l i n g b l o c k t o fvirthev d e v e l o p m e n t of th is c o n s e r v a t i o n m o v e m e n t a t 
present is the small n u m b e r of orders t h a t the d e p a r t m e n t is a b l e t o secure 
f o r the large n u m b e r of c o o p e r a t o r s . I t is e s t imated t h a t 99 per cent of 
t h e A m e r i c a n ho l ly so ld e a c h y e a r is still p r o d u c e d b y d e s t r u c t i v e harves t ing 
m e t h o d s . 
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Abiet ic acid, 437 
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extraction of, 86 
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Barrel, bourbon {see Bourbon barrel) 
components of, 184 
Dougla.^ fir, 186 
fish, 191 
glass-and-pottery, 191 
gum, 186 
leveling of, operation of, 182 
meat-and-poultry, 190 
No . 1, 190 
No. 2, 190 
oil, 194 
plywood beer, 186, 194 
plywood whisky, 186 
pork, 194 
potato, 191 
red oak, 185 
slack (see Slack barrels) 
tight (see Tight barrels) 
trussing of, 182 
vegetable, 191 
whisky, 193-194 
white oak (see White oak barrel) 
windlassing of, 181 
wine, 195 
working off, procedures for, 183 

Barrel saw, 177, 188 
Basket standardization, 208 
Baskets, climax, 206, 208 

grape, 206, 208 
market, 206, 207 
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till, 206-207 
veneer (see Veneer baskets) 
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280, 382, 484 

Battery separators, 44 
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326 
Beech, 76, 99, 107, 109, 111, 145, 188, 206, 

255, 289, 319, 382 
Beer barrel, 186-187, 195 
Benalite, 488 

uses of, 490 
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127 
Bentwood furniture, 114 
Berry boxes, 206 
Beta-cellulose, 48, 369 
Bilge saw, 178, 188 

Birch, 76, 79, 109, l U , 145, 149, 188, 206, 
232, 255, 277, 278, 289, 319, 382, 
484, 510 

yellow, 107, 176, 256 
Birch oil, 510-511 

procurement of, 510 
sources of, 511 
uses of, 511 

Bird's-eye maple, 138 
Black cherry bark, use of, 505 
Black gum, 76, 186, 188, 189, 289 
Black liquor, soda process, 319 

sulfate process, 315 
Black maple, 454 
Black wattle, 478 
Bleached sulfate pulp, 318 
Bleached sulfite pulp, consumption of, in 

rayon industry, 369 
use of, in manufacture of fihn and fila

ments, 369 
Bleaching, multiple-stage, 324 

single-stage, 323 
two-stage, 323 

Bleaching agents for wood pulp, 323 
Block shingle machine, introduction of, 

211 
Blood-albumen glues, 151 

properties of, 154 
source of, 154 
uses of, 154 

Blow pit, 305, 308 
Blow tank, 314 
Blue sap stain, in poles, 61 
Bonded metal, 168 
Book-matching, 148 
Borax furniture, 129 
Bourbon barrel, 185 

charring of headings of, 183 
staves of, 182 

Box ends, 33 
Box-and-crate industry, 34 

status of, 205 
Boxes, classes of, 199-202 

cleated plywood, 202 
and crates, 198-205 

industrial, 204 
species used in manufacture of, 199 
timber requirements for, 198 

physical features of, 198 
wire-bound, 202 

Brashness in mine timbers, 90 
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Breakpr-beatera, 325-326 
Brick sugar, 466 
Itri'lge ties, 104 
liriquettc'S, 246 
Briquetting of w o o d residues, systems of, 

260 -261 
Bristol hoard, 335 
B r o o m handles, 33 
Brown puJp, 299 
B u c k e d »taves, 177 
Buddy sap, 457 
Building boards , composit ion of, 336 
Building materials, compet i t ive , 3-4 
Burr for facing pulpwood grindstones, 299 
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444-445 
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Cabinet planer, 122 
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Cage niine, definition of, 84 
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Campeel iy wood , 479 
Canada balsam, 511-512 

collection of, 512 
properties of, 512 
source of , 512 
uses of, 512 

Canada turpentine, 511 
Cunaigre, 478 
Carbonization of wood , 377 
Carbonization processes, with large-size 

w o o d , 390 -384 
with small-size wood , 384 -387 

Carving department in furniture plant, 126 
Cascara, 495 

cultivation of, 496 
remaining stands of, 496 

Cascara bark, 495-497 
collection of, 495 

cost for, 496 
curing of, 496 
total annual product ion of, 496 
uses of, 495 
yield of, from small trcea, 497 

Cascara sagrada, 495 
Cast-in glues, 151-153 

properties of, 153 

Casein glues, source of, 152 
uses of, 153 

Cask, definition of, 176 
Castanea dentata, 470 
Catalpa, 56, 76, 109-111 
Causticizing of soda ash, 317 
Cedar, African pencil, 268 

Alaska yellow, 211 
Atlantic white, 56 
eastern red, 142, 242, 268, 519, 521 
northern white, 56, 64, 211 
Port Orford, 44, 142, 211 
southern red, 268 
southern white, 211 
Spanish, 142-143 
western red, 56, 64, 70, 210 

Cedar-log market. 213 
Cedarwood oil, procurement and uses of, 

509-510 
CeUophane, 369, 374 
Cellulose, 47 -48 

cotton, 483 
dense, 491 
filaments of, 369 
pla,stics of, 4 9 0 ^ 9 3 
regenerated, 370, 371 
wood (see W o o d cellulose) 
xanthate, 371-372 

Cellulose acetate, 484, 490 
plastics of, 491 -492 

comp<iunding and uses of, 492 
Cellulose acefate-butyrate , 490 

plast ICS of, 492 
Cellulose films, 369 

and casings, t riinsparcnt, 374- 375 
mnistureproofing of, 375 

Cellulose nitrate, 484, 486, 490 
plastics of, 491-492 

properties and uses of, 491 
Cement-coated nails, 199 
Central processing plants in nuval-stores 

industry, 441 
Cereal straws for papermaking, 291 
Chair bot toms and spindles, 33 
Chamaebalia foliolosa, 479 
Chamfer in barn'ls, 183 
Charcoal, 263-264 , 377-380 

beehive kilns for, 377 
briquettes of, 264 
handling of, 3 8 2 - 3 8 3 
manufacture of, 377 
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Charcoal, pit kilns for, 377 
production of, 378-380 

in beehive ovens, 379 
in pit kilns, 378 
in portable ovens, 379 

use of, as fuel, 263-264 
Chemical methods for manufacture of 

wood pulp, 300-320 
Chemical processes, wood lost in, 35-36 
Chemical pulp, 300-^20 

bleaching of, 323 
Chemical reactions, in production of sul

fite cooking liquor, 304 
in soda process recovery system, 318 
in sulfate process recovery system, 3 1 6 -

317 
Chemipulp, hot-acid recovery system of, 

307 
Chemipulper, 300 
Cherry, 109, 111, 116, 382, 505 
Chestnut, 44, 56, 70, 74, 76, 99, 107, 109-

111, 149, 211, 348, 470, 475, 477 
Chestnut blight, 477 
Chestnut tannin, future of, 477 
Chime in barrel, 183 
China wood oil, 505 
Chinese galls, tannin from, 470 
Chippers, portable, 32 

pulpwood, 301, 302 
whole-log, 35 

Chipping, frequency of, 429 
in naval-stores woods operations, 4 2 7 -

429 
reasons for, 427 
recommended method of, 429 

Chips, spent, profitable uses for, 35 
Chlorophora tinctora, 480 
Chopper match blocks, 273 
Christmas greens, 518 
Christmas trees, 518-522 

as crop tree, 521 
cutting of, 519 
cutting regulations for, 520 
first introduced into United States, 522 
grading of, 519 
handling of, 522 
licensing of sales of, 520 
producing areas of, 519 
species used for, 519-520 

Circular toothpicks, 279 
Clamecy process, 391 

Clark-McNary Act , 436 
Class T ties, 111 
Class U ties, 110 
Cleated plywood boxes, 202 
CUmax baskets, 206, 208 
Clipper veneer waste reduced to fiber, 

35 
Coal-burning furnaces modified for burn

ing wood, 251 
Cochineal, 469 
Cocoa, 495 
Cold-cut veneer, 137 
Coloring materials, use of, in paper, 330 

in plastics, 485 
Combustion of wood, 251-252 

three stages in, 251 
Commercial Standard, CS31-3S, 219-220 

C S 3 5 ^ 7 , 173 
Commercial veneer, 138 

manufacturers of, 146 
Commodity drain, definition of, 22 
Compreg, 165 

properties of, 166 
Concentrated tannin extract, 475-476 

methods of shipment of, 476 
Concrete in mines, use of, 92 
Conifer-leaf oil, 509 
Coniferous woods, importance of, as pulp

wood species, 289 
Container-veneer, manufacturers of, 146 
Container-woodenware, 195 
Containers of wood, 174-208 
Continuous still for the naval-stores indus

try, 4 4 W 4 2 
Conveyer driers, veneer, 144 
Cooperage, 174^197 

definition of, 174 
historical account of, 174-176 
slack {see Slack cooperage^ 
stock, 6, 27-28 
tight {see Tight cooperage) 

Cooperage industry, status of, 193-195 
Cord, definition of, 292 

short, concept of, 255 
Cordwood, 255 

sources of, 257 
Cores, lumber, for plywood panels, 149 

in manufacture of plywood, 35, 134-135 
volume of, 35 

Cork, 497-503 
annual production of, 497 
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Cork, collection of, 498 

French restrictions in, 498 
Portuguese restrictions in, 498 

commercial , sources of, 497 
density of , 501 
domestic sources of, 503 
formation of, 497-198 
grades of, 500 
processing of, 499 -500 
properties of, 500-501 
quality of, 499 
stripping, 4 9 8 ^ 9 9 
uses of, 501-502 
virgin, 498 

C o r k oak trees, product ive age of, 498 
Cork-prudueing centers, 497 
Cork production in United States, possi

bilities of, 5 0 2 - 5 0 3 
Cork refuge, 499 
Cornstalks, use of, for making paper, 289 
C o t t o n rags, use of, ft>r making p u i K T , 289 
C o t t o n w o o d , 44, 5b, 107, 137, 14b, 188, 

247, 280, 283, 289, 301, 319, 339, 340, 
a 4 8 . 484 

northern black, 206 
Crates, diagonally braced, open three-way 

corner on, 203 
physical features of, 198 

(iSee also Boxes and crates) 
Creosote , decolorized fractions of, 219 
Crin vegetal , 118 
Crook in poles, short, definition of, 61 
Crop, turpentine orchard, unit of, 423 
Cross bands, definition of, 134 

in p lywood construction, purpose of, 149 
species used for, 146 

Crossbar in mines, 84 
Crosscuts, in mines, 84 

t imU'ring of, 86 
Crosstie nmterials other than wood , 104 
Crossties, 104 

hewed, 104 
in maintained tracks, 104 
recommended procedures for piling of, 

108 
required, per mile of track, U 3 
salvage of, JOS 
sawed, 104 
species u«'<l for, 107, 109 
treated, 109 

cost of, 105 

Crossties, untreated, cost of, 105 
Croze in barrel, 183 
Crude turpentine, 447 
Crushing mills for wood , 233 
Cunit (C-unit) , 292 
Cup-and-gutter systems for collecting pine 

gum, 4 2 5 ^ 2 7 
Ball, 426 
Herty, 425 
one-piece apron, 426 
two-piece apron, 427 

Cupping crews, 427 
Curved p lywood , methods of manufacture 

of, 165 
Cutin in walnut-shell flour, 485 
Cylinder paper machine, 333-334 

products produced on, 334 
Cypress , bald, 56, 70 , 74, 76, 107, 109-111, 

116, 196, 211 

D 

Dactylopius coccus, 469 
D a n d y roll, on paper machine, 332 
Decayed wood , combustibi l i ty of, 96 
Decker , use of, 322 
Deckering, purpose of, 322 
Delignification of wood, 47 

(iS'ee also Chemical methods for manu
facture of wood pulp) 

Destruct ive distillation, definition of, 377 
of hardwoods, 6, 380 -395 

stages in, 387-388 
products derived frt>m, 377, 389-396 
of softwoods, 395-397 
o f southern pine, 396 

Dewatering pulp, 322 
Diaphragm pulp screens, operation of, 322 
Differential density p lywood construction, 

167 
Diffusers in sulfate process, use of, 315 
Digester, blowing of, 308 

use of, in soda process, 319 
in sulfate process, 313, 314 
in sulfite process. 304 

Digger pine, as source of heptane, 421 
Dimension shingk-s, 220, 222 
Dimension stock, blanks for, 33 
Dip , definition and nature of, 431 
Divi -divi , 470 
D o g w o o d , 44, 382 
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Door cores and rails, 33 
Double-butting machines, 215 
Double-dip strike-anywhere matches, 272 
Douglas fir, 18, 23, 41, 44, 56, 64, 70, yO, 

93,07, 99, 100-111, 137, 145, Ufi, 153, 
169, 170, 172, 176, 186, 188, 192, 196, 
211, 213, 243, 252, 255, 260, 313, 342, 
348, 478, 503-505, 512, 519, 521 

bark of, 503-505 
ply^vood used in construction of, 169-

170 
poles of, 69 

life expectancy of, 69 
unit of sawdust in, 260 

uses of, 504 
Douglas fir barrel, 186 
Douglas fir cork flakes, 504 
Douglas fir plywood tobacco hogshead, 

192-193 
advantages of, 193 

Douglas fir tissue powder, 604 
Drawing pencils, 270 
Drift, in mines, 84 

timbering, 86 
as unit of naval-stores crop, 424 

Drift sets, three-piece, 86 
Dross, batting, 441 

chip, 440 
rock, 441 

Drum saw, 177 
Dry distillation of wood, 377 
Durability, of mine timbers, 90, 93 

of poles, 66, 67, 69 
of railway crossties, 107 

Dyes, 47, 479-481, 505 

E 

Eastern hemlock bark, collection of, 472 
Eastern larch, 70 
Ebony, 142 
Elm, American, 107, 255 
Elms, 56, 109, 111 , 114, 188, 189, 382 
Endothia parasitica, 477 
Engelmann spruce, 99 
Equalizer, stave-bolt, 177 
Esparto, 290 
Etched nails, 199 
Ethyl alcohol, industrial, 31 
Ethyl cellulose, 484, 490 

plastics of, 492-493 

Eucalyptus calophylla, 475 
Eucalyptus occidentatis, 470 
Evergreen holly, 522-625 

destructive harvesting of, 522, 525 
harvesting of, 523 
prices paid for, 523-525 
principal producing areas of, 523 
propagation of, 523 

Excelsior, 279-283 
grades of, 281-283 
manufacture of, 279-281 
preparation of wood for, 280 
species used in, 280 
uses of, 282 
yields of, per cord ot 56-inch wood, 282 

Excelsior industry, location and status of, 
282-283 

Excelsior machines, horizontal, 281 
upright, 280 

Excelsior woods, principal qualities desired 
in, 279 

Extenders, for resin adhesives, 156 
use of, 157 

Extraction, tannin (s«e Tannin extraction) 
Extractives in wood, removal of, 36 

P 

Face cord, explanation of, 255 
Face veneer, 145-146 

manufacturers of, 145 
matching of, 148 
one-piece, 148 
selling procedures for, 145 
two-piece center-matched, 148 

Factors, affecting products of hardwood 
destructive distillation, 388-389 

determining suitability of vegetable ma
terials for papermaking, 288 

prolonging life of wood ties, 106 
Farm woodlands, need of regeneration of-

38 
Federal Food and Drug Act , 465 
Federal Naval Stores Act , 443 
Fiber building boards, 335 
Fiber insulation boards, 336 
Fiberboard, losses in manufacture of, 26 

volume of, 34 
Fiberization, 484 
Fibrils, 46 
FUlers, 156 
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Fillers, paper, physical characteristics in, 

328 
for pulp stock, 328 
for resin adhesives, 156 
uflL- of, in plastics, re((uirement3 of, 484 

Fir, balsam, 44, 109. I l l , 289, 298, 301, 
310, 339, 384, 511, 519 

DnuKlas (see Dougias fir) 
western, 342 
white, 243, 521 

Fire, control of, in naval-stores orchards, 
436 

prevention of, in mines, 96 
Firing of barrel, procedure and reasons for, 

181 
Fish barrel, 191 
Fish glue, 151 
Flavin, 481, 505 

preparation and uses of, 481 
Flexwood, 167 
Flitch, uses o f term, 141-142 
Flooring, composition of, 243 
Florida lung gun, 434 
Flour , wood (see W o o d flour) 
Fluctuations in (annjn content o f western 

hemlock bark, 473 
Foamated (hermoplastic resins, 167, 168 
Forest management for balanced produc

tion, 38 
Forest materials used by furniture indus

tries, JJ5 
Forest products, minor, 495-525 
Forest Products Association, Inc., 522 
Forests, stabilizing influences of, 10-11 

values obffiined from, 10 
Four<lrinier pafjer machine, 332-334 

8p('ed of, 333 
web-forming wire of, 332 

French naval-stores industry, 450-451 
Fuel, w o o d as a (ser W o o d , as a fuel) 
Furniture, 33, 114-131 

assembly of, 127 
b e n t w o o d , 114 
borax, 129 
completely machined parts of, 119 
con8truct i<m of, 128-129 
definition of, 114 
houseliold (see Household furniture) 
8<.'as(tning of lumlxT used for. 120 
seminmehined parts of, 119 
ventured vs. solid, 130 

Furniture, wood, 114-132. 
Furniture plant, bending department in, 

127 
carving department in, 126 
sanding department in, 127 
turning department in, 126 

Fustic, 480 

G 

Gamma-cellulose, 48, 369 
Gas recovery in sulfite process, 309 
Gases evolved in wood carbonization, 387 
Glactose , 48 
Glass-and-pottery barrel, 191 
Glucose, 304 
Glue spreaders, use of, in p lywood assem

bly, 150 
G o b , definition of, 85 
Golden wattle, 478 
Grade standards, revision of, 34 
Granary weevil, as source of dye, 469 
Granulated cork from Douglas fir bark 

503-504 
Grape baskets, 206, 208 
Graphite, source of, 268 
Grazing in sugar bushes, efEerls of, 457 
Green liquor in sulfate process, 317 
Ground supports in mines, 83 
Groundwood pulp, bleaching of, 324 

definition of, 296 
means of producing, 298 -299 
species u^ed for, 298 
uses cif, 298 

Gum, 109, 111, 185, 206, 278, 421, 422 
G u m barrel, 186 
G u m buyer, definition of, 422 
G u m flow, factors affecting, 429 

from tapped pine trees, 421 
G u m naval stores, 417, 420 -445 

productivity zones of, 419 
Gum-naval-stores industry, 420 
G u m producer, definition of, 422 
G u m rosin, grades of, 443-444 

packaging of, 444 
properties of, 443 
uses of, 444 

G u m turpentine, 442-443 
composition of, 442 
consumption of, 443 
dip necessary for one barrel of, 443 
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Gum turpentine, grades of, 443 
marketing of, 443 
uses of, 443 

Guniting in mines, 96 

H 

Haematine, 480 
Haematoxylin, 480 
Haematoxylon campechianum, 479 
Hammer mills, 233-235 
Hampere, 206, 207 
Handmade shakes, 230 

sizes of, 230 
Hardwood, dimension stoek, 119 
Hardwood distillation products, 394-395 
Hardwoods, grades of, used in furniture 

production, 119 
important species of, for pulp manufac

ture, 289 
low-quality growth of, 99 

Harper Fourdrinier machine, 334 
Headings for tight cooperage, 179-180 
Healing streak in naval-stores practices, 

427 
Heart ties, 110 

for untreated use, 110 
Heat, available, from moist wood, 253 

from wood, determination ot, 254 
Heat loss, total, from buildings, calcula

tions of, 355-356, 358 
Heat transfer, methods of, 352 
Heat transmission, 354 

calculation of rate of, 352-354 
Heat value of green sawdust, 258 
Heating value per cord of different woods, 

255 
Heavy cooperage, definition of, 174 
Hemicelluloses, 48-49 
Hemlock, 44, 76, 99, 107, 109, 111, 232, 

289, 298, 301, 310, 313, 339, 348 
eastern, 470-472. 509 
pulpwood, consumption of, 289 

. western, 188, 342, 478 
Hemlock-needle oil, 509 
Hemp, 289 
Herty, C. F., 301 
Herty cup-and-gutter system, 425-427 
Hewed ties, advantages of, 113 
Hickory, 44, 70, 99, 107, 109, 111, 114, 189, 

243, 382 

Hickory, shagbark, 255 
High-density wood, 165 
High-grade pencils, finishing of 270 
Hogged wood, 23 
Hogshead, 176 

tobacco (see Tobacco hogshead) 
Hollander machine, 326 
Holly, 116, 522 

certified, 524 
dealers in, 523 
evergreen (see Evergreen holly) 

Hoops, use of, in cooperage, 181, 189, 192 
Hophornbeam, 382 
Hot-plate drier, 144 
Household furniture, classification of, 114 

production control of, by states, 118-119 
wood, manufacture of, 118 

Howard process, 311 
Howet in barrels, 183 
Hydrauhc barkers, 35 
Hydrolysis of wood in wood-sugar alcohol 

plant, 409-411 
Hydroxylin, 486-488 

acid-hydrolysis method of manufacture, 
486 

aniUne-hydrolysis method of manufac
ture, 487 

hardboard, 488 
laminate sheet of, 488 

Indigo dye, 479 
Industrial boxes and crates, 204 
Industrial groups, ten major United States, 

comparative importance of, 9 
Inert gases for heating wood distillation 

retorts, 383-384 
Insoluble reds, 474 
Insulation, fiU, 437 

flexible, 437 
miscellaneous materials for, 437 
reflective, 437 
sawdust used in, 243 
solid board, 436 

Insulation materials, considerations in 
choosing, 358-361 

fabrication of, board formation, 349-351 
flexible and fill used in, 351 

Intercellular substance, 46 
Internal resistivity, 353 
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IroninR bonrda, 3 3 , 
Ironfi, antichecking, 108 

Jeffrey pine, as source of heptane, 421 
John H o w a r d Payne house, 211 
Joint, rocker 4 - 8 - 1 2 . in mines, 88 

s tep-down, in mines, 88 
Jointing staves, 179 
Joints, use of, in construction o f square 

sets in mines, 88 
Jordan, description and function of, 3 3 ! 
Juglans regia, 508 
J u m p streak m naval-stores practices, 432 
Juniperus procera, 268 
Juniperua Virginia, 509 

needle-oil from, 509 
Jute, 289 

K 

Keg , concept of, 176 
nail-and-spike, 191 

Kermes ilicis, 469 
Kiln drying of veneer, 144 
Kimpreg , 167 
Kino , 470 
Kitchenware, 33 
Kneading pulper, 327 
Knoppcrs , taimin from, 470 
Knot -bor ing machines for pulpwood, 296, 

297 
K n o t saw, 215 
Kraft pulp, 318 

Ijcveling of barrel, operation of, 182 
Liaison betwt«n public and industrial re 

search, 37 
Lightwood, 433, 436 
Lignin, 18, 30, 49, 486 

unused. 18 
uses of, 49, 486-490 
in walnut-shell flour, 485 

Lignin-plastic hardboard, 488—190 
Lignin-plastic materials, 486 
Lignin plasties, 486-490 
Linen rags for papermaking, 280 
Liquidaiiihar orienialis, 513 
Loading pulp, 328 
Locust , black, 56, 76, 110 

honey. 111 
Lodgepole pine, 56, 64, 99 

poles of, 69 
Loft drying o f veneer, 143 
Logging, damage in, in Douglaa fir region, 

22 
wood residues generated by , 27 

Logs for pencil stock, 269 
Logttood, 479, 480 

coloring principle in, 480 
geographical distribution of, 479 
use of, in dyeing, 480 

I^tngleaf pine, g u m product ion of, 420 
Lubricants, Use of, in plasties, 485 
Lumber , 5, 6, 27, 28 

cores of, for p lywood panels, 149 
improvements in quality of, 20 
per capita consumption of, 19 
use of, in pencil manufacture, 260 

Lung gun, Florida, 434 

Laburnum wood, 133 
Ladder stock, 98 
Lagging in mines, 85 

plank for, 98 
working floor, 86 

Laminates , 30 
definition of, 135 
special, 165-168 

Trapping pulp, 324 -325 
Larch, l O l K l l l 

western, 90, 97, 99 
Laurel, California, 116 
Level in mines, 85 

Madison wood-sugar process, 404—V06 
Magnesium oxide-sulfite process, 308 
Mahogany , 141, 143, 243 
MuIIeto, 470 
Management , mull iple-purpose, of slaah 

pine and longleaf pine stands, 437 
s\ist ained-vield {see Sustained-yield 

management) 
multiple-use, 11 

Mangrove , 470, 478 
Mannose , 48, 304 
Manufacturing plants, primary, wood resi

dues generated by, 27 
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Manufacturing plants , residual w o o d at , 
33 -35 

Manufacturing waste, primary, 23 
secondary, 25 

Maple , 76, 99. 109, 145, 188, 232, 243, 277, 
278, 289, 319, 484 

bigleaf, 116, 454 
bird's-eye, 138 
concrete, 467 
cream, 467 
h o o e y , 467 
sap flow in, 457 
soft, 107, 149, 255, 454 
sugar, 107, 116, 176, 255, 256, 382, 454 
vinegar, 467 

Maple products , producing regions of, 454 
production of, in colonial times, 454 

in United States, 455 
species of maples tapped for, 454-^57 

Maple sap, boiling houses for, 462-464 
boiling process for, 464 -466 
contents of, 457 
evaporators for, 463 

capacity of, 464 
hauling of, 461 
processing of, 462 
storage of, 461 
sugaring-off pans for, 463 
yields of, 467 

Maple sap-gathering, buckets for, 460 
pipelines for, 461, 462 

Maple sirup, 454r-467 
calcium malate in, 465 
contaminat ion of, 466 
deleading of, 466 
grades of, 466 
manufacture of, regidated by Federal 

Food and Drug Act , 465 
packing of, 466 
specific gravity of, 465 

Maple sugar, product ion of, 466-467 
Maple-sugar products , quality standards 

for, 465 
Market baskets, 206, 207 
Marri, 475 
Masonite process, 348-349 
M a t c h blocks, 273 

definition of, 271 
packaging of, 277 
Picker, 273 
pine, manufacture of, 272 

M a t c h blocks, plank for, selection of, 272, 
273 

M a t c h industry, woods used by, 278 
Matchbox manufacture, 277 
Matchboxes , cardboard and paper-covered 

wood, 277 
Matches , 271 -278 

cardboard sphnt safety, 272 
classification of, 272 
double-dip strike-anywhere, 272 
r o u n d g r o o v e d - s p l i n t ( see R o u n d 

grooved-splint matches) 
safety, 272 
species used for, 272 
square splint, 272 

Meat-and-poultry barrel, 190 
Mechanical pulp, manufacture of, 296-300 

uses of, 299 
yields of, 299 

Melamine-formaldehyde resins, 155 
properties of, 157 

Melle process for acetic-acid recovery, 391 
Middle lamella, in wo o d y tissue, 46 
Milk of lime absorption system for prepa

ration of sulfite cooking liquor, 303 
M i l k y sap, 457 
Min , attrition, 233, 234, 484 

breakdown of, 293 
crushing, 233 
cut-off, 293 
hammer, 233 -235 
residues of, 14 

use of, for fuel, 258 
roller, 235 
stone, 233 

Mine guides, laminated, 102 
Mine stulls, selection of, 94 
Mine ties, 85, 98 
Mine timbers, 6, 27, 28, 83-103 

advantages of « ' o od for, 91 -93 
annual requirements and trends of, 99 
eaps of, 85 
cause of deterioration in, 95 
classes of, 89 
classification and characteristics of, 8 9 -

102 
consumption of, 83 
costs of, 99 
decay of, 95 
definition of, 8 3 
Douglas fir, 90 
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Mine timbers, durability of, 93 
fire losses of, 95 
fire-retardant treatment of, 96 
framing of, 98 
headboanis of, 85 
importance of, 83 
improper storage of, 95 
improvements in fastenings of, 102 
lack of standard specifications for, 99 
maintenance costs of, 90 
mechanical wear of, 95 
normal reijuiremerits of, between 1938 

and 1945, 100 
peeling of, 94 
posts of, 85 
preservation of, 93-96 
preservative trejitnient of, 90, 91, 95 
production of, 96-99 
props of, 85 
pur|)ose of, 83-84 
qualities desiretl in, 89-91 
salvage of, 91, 101 
seasoning of, 94 
sills for, 85 
storage of, 95 
substitute nmterijds for, 91-93 
substitution of steel and concrete for, 

101 
treated, average life of, 94 
untreated, average life of, 93 
uses of, 83-88 

above ground, 100 
underground, 100 

western larch, 90 
Mines, fires in, 96 

floor timbers in. 84 
permanent timber installations in, 89 
pressures in, 84 
temporary timbering in, 89 
tyiJos of, 85 

Mining methods, 85-88 
Mining terminology, 84-85 
Mitscherlich pulping process, 305-306 
Mtxiified woods, use of, in funutun', 118 
Molded plywood, 162-163 
Moldings, 33 
Mordants, use of, with logwood, 480 
Mountain m i N e r y , 479 
Mouse traps, 33 
MulU'rry, red, 56, 76, 109, 110 

Multiple-stage bleaching, 324 
Murex brandarh, 469 
Murex truTiculus, 469 
Myrobalans, 470 
Myrtle, Oregon, 116 

N 

Nail-and-spike keg, 191 
Nailed wooden boxes, 199 

classes of, 199 
Nails, cement-coated, 199 

etched, 199 
National foR'stry problems, 4 
National timber resources, expected iJrain 

on, 7 
National Wood Box Association, 205 
Naval stores, 417-452 

in Biblical times, 417 
current world trends in production of, 

419^20 
definition of, 417 
development of industry' in the South, 

418 
factorage syslem employed by the indus

try, 422-423 
fire still, tlescription and ojwiration of, 

437-441 
Fn>nch, 450-451 
gum-producing species, 420-421 
history of, 417-420 
initial production of, in North America, 

418 
in the middle ages, 417 
Portuguese, 451—452 
producers of, 422 
production of, abroad, 450-452 

minor, 452 
by American colonies, 418 

tapping trees for, preparations for, 424-
427 

wood {see Wood naval stores) 
woodland operations of, 422-433 
woods tools of, 428 

Naval-stores trees, ideal, characteristics of, 
423 

Neutral sulfite, use of, as pulping agent 
320 

New skin, 486 
Northern white cedar poles, 68-69 
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Oak, 56, 70, 98, 109, 114, 142, 188, 189, 
192, 243, 382, 472, 484 

black, 74, 470, 480, 505 
bun-, 74 
chestnut, 470-471 
cork, 497 
pin, 74, 107 
post, 74 
red, 43, 74, 99, 107, 109, 111, 185, 255 
white, 43, 74, 76, 93, 98, 107, 110, 111, 

182, 185, 186, 193, 196, 211, 255 
willow, 74 

Oil, of sassafras, source and uses of, 510 
of turpentine, 437 
of wintergreen, 510 

Oil barrels, 195 
Oils, essential, 47 
Oleoresin, 421 

from southern pines, 437 
yields of, through acid stimulation, 435 

Olive, European, 60 
One-piece face veneer, 148 
One-spindle pencil motder, 270 
O p e n t h r e e - w a y corner on d i a g o n a l l y 

braced crate, 203 
Operations, integrated, 19 
Oregon balsam, 512-513 
Osage orangft, 56, 76, 480 
Othmer process, 391 
Ovens, Use of, in destructive distillation of 

hardwoods, 381 

Panel-assembly procedures in plywood, 
158, 169 

Paper, 5, 27, 28, 326-334 
board, 5, 335-33(i 
coloring of, 330-331 
kinds of, 335 
loading of, 328 
manufacture of, 326-334 
old, annual consumption of, 325 

in board manufacture, 325 
in papermakuig, 325 

si2ing of, 328 
watermark in, 332 
wet strength of, 329 

Paper driers, 332 

Paper machines, 322-334 
Paper products, classification of, 334-336 
Paper stock, old, 289 
Papermaking materials, 288-293 
Papreg, 167 
Pecan, 514-615 
Pencil materials, 268-269 
Pencil molder, one-spindle, 270 

two-spindle, 270 
Pencil plank, grades for, 269 

seasoning of, 269 
Pencil slats, 269 
Pencils, assembly and finishing of, 270-271 

drawing, 270 
fitting eraser on, 270 
lead, Wood-cased, 268-271 
required properties of wood for, 269 
types of, 270 
woods used in manufacture of, 268 

Penholders, 269 
Persimmon, 44 
Phenol-formaldehyde resins, properties of, 

156 
Phenol-formaldehyde sheet resin, 155 
Picker match blocks, 273 
Piles, 70 -75 

cedar, 74 
chestnut, 74 
Class A, 71 

general requirement for, 72 
Class B, 71 

general requirement for, 72 
Class C, 71 

general requirement for, 75 
classification for, 71 
cypress, 74 
diameters of three classes of, 74 
Douglas fir, 74 
kinds of wood used for, 71 
oak, 74 
preservation of, 70 
round timber, standard specifications 

for, 71 
southern pine, 74 

Pillar, definition of, 85 
Pine, Aleppo, 450 

Digger, 421 
jack, 289, 298, 313, 339, 519 
Jeffrey, 421 
loblolly, 56, 107 
lodgepole, 56, 64, 99 
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Pine, longleaf, 56, 395, 420, 429, 437, 446, 
518 

maritime, 450 
pijnd, 56 
ponderosa, 23, 146 
Scotch, 417, 433, 451, 519 
shortleaf, 56 
sla«h, 56, 420, 429, 437, 446 
southern yellow (see Southern yellow 

pine) 
sugar, 146, 211, 232 
western white, 146, 232, 278 
western yellow, 99 
white, 206, 232, 236, 242, 247, 252, 255, 

272, 348, 418, 484, 505 
Pine-forest crops, integrated utilization of, 

437 
Pine match-block manufacture, 272 
Pine needles, uses of, 518 
Pine oils, 448, 449 
Pine straw, uses of, 518 
Pinon nuts, 515 
Pinons, species of, 515 
Pinus halepensis, 450 
Pinus rnaritinia, 450 
Pinus pinaster, 450 
Pinm si/lvestris, 417, 451 
Piron process, 391 
Planning, multjple-use, 11 
Plasterboard, 336 
Plastic, definition of, 483 
Plasticizers, use of, in plastics, 485 
Plastics, application of, in furniture manu

facture, 118 
binders used in, 483—484 
compounding ingredients of, 483—486 
fillers used in, 484 
molding of, lubricants used in, 485 
physical features of, 483 
plasticizers used in, 4S5 
use of solvents in, 485 

Phistics industry, 493 
Pla:sticwood, 486 
Piuswood, 166 
Plymetal, 168 
Plywood, advuntagea of, over solid wood, 

135 
in construction, 169-170 
core stock, 149 
definition of, 134 
Douglas fir, 153 

Plywood, industrial uses of, 171-172 
manufacture of, 147-163 
molded, 162-163 
preparation of slock for gluing, 147 
production of, 172 
redrying of, 163 
srxjcial, 165-168 
superpressed, 166 
whisky barrels of, 186 

Plywood boxes, cleated, 202 
Plywood industry, status of, 172-173 
Plywood panels, cold-pressing of, 159 

dimensiimal stability in, 135 
finishing of, 164 
hot-pressing of, 160 

Plywood staves for beer barrels, 187 
Polo industry, development of, 55 

future of, 69 
Poles, 3, 6, 55-69 

classes of, 62, 64 
definition of terms used in specifications 

of, 61 
dimensions of, 59, 62, 64 
Douglas fir, 64, 69 
factors governing selection of, 55-56 
limited defects in, 58-59 
lodgepole pine, 64, 69 
manufacturing requirements of, f<ir 

southern yellow pine, 60 
measurement of sweep and short crook 

in, 63 
northern white cedar, 64, 68-69 
permitted defects in, 57-58 
preservat ion of, 66-69 
prohibited defects in, 57 
short crook in, definition of, 61 
southern pine {see Southern pine poles) 
species used for, 56 
specifications and dimensions of, for 

southern pine, 57-63 
steel (see Steel poles) 
storage and handling of, 60 
substitutes for, 69 
sweep in, definition of, 62 
western red cedar (see Western red cedar 

poles) 
Ponderosa pine, as potential naval-stores 

tree, 421 
Poplar, 111, 382 

yellow {st'c Yellow poplar) 
Pork barrel, 194 
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Portable producer gas plant, 265 
Portuguese naval-stores industry, 4 5 1 -

452 
Post barkers, drum, 77 -78 

hammer, 78 -79 
mechanical, 77 -80 

Post peeling machines, 79-80 
Posts, 3, 6, 27, 28, 75 -82 

annual domestic consumption of, 75 
cost considerations of, 81 
harvesting of, 76 
lathe peeled, 80 
methods for treating, 80 
peeling of, 77 -80 
preservation of, 80 
sawed, 77 
seasoning of, 80 
species used in product ion of, 76 
substitutes for, 82 

Po ta to barrel, 191 
Powdered tannin extract, preparation, 

methods of, 476 
Prelogging, 33 
Press section, Fourdrinier machine, 332 
Press-to-logs, 261, 262 
Producer gas, 264 -267 

charcoal used in production of, 266 
generation of, 264 -265 
uses of, 265, 266 
woods used for product ion of, 266 

Product ion control, 20 
of household furniture by states, 1 1 8 -

119 
Properties, c o m m o n to all woods , 41 

of different species of wood, 4 3 - 4 4 
Protectoid , 374 
Pulp, 3, 5, 27, 28 

boating of, 326 -328 
bleaching of, 322 -324 
chemical, 300-320 
dewatering, 322 
groundwood, 296 
inferior species for, 35 
lapping, 324-325 
loading, 328 
manufacture of, 288-326 
mechanical (see Mechanical pulp) 
refinement of, 331 
screening of, 321, 322 
semichemical (see Semichemical pulp) 
semimechanical, 299-300 

Pulp, slushing, 322 
soda, 318, 320 
steamed groundwood, 299 
sulfate, 313 
sulfite, 301 
washing of, 321 

Pulp screens, 321, 322 
coarse, 321 
fine, 322 

centrifugal type, 322 
diaphragm type , 322 

Pulpers, 326 
Pulpwood , 5 

barkmg of, 293 
barking machines for, 293 
consumption of, 287, 288 
dealers in, 291 
delivery t o mill, condition of, 292 

methods of, 291 -292 
importations of, 287 
log length of, 293 
measurements of, 2 9 2 - 2 9 3 
methods of obtaining, 291 
requirements of, 287 
rossing of, 293 
storage of, 292 

Pulpwood grinders, continuous, 298 
grindstones used in, 299 
hand-fed, 297, 298 
magazine, 298 
Roberts , 298 

Pulpwood grindstones, life of, 299 
Pyroligneous acid, from hardwoods. 377 

380, 381 
refinement of, 389-394 
f rom soft woods , 397 

Q 

Quebracho, 470, 471, 478 
source of, 471 

Quercitron, 480-481 
uses of, 481 

Quercus aegilops, 470 
Quercus cerris, 470 
Quercus infectoria, 470 
Quercus montana, 470 
Quercus suber, 497 
Quercus velutina, 470 
Quinine, 495 
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R 

Radio- frequency bonding, 161-162 
RafJio-frequency dieJetiric heating, 30 
lUi l road ties, 102, 104-113 

classification of, 104 
(See aUo Crossties; Ties) 

Rail -seat areas, 110 
Raise, 85 
Raising, of barrel, I S ! 

of cups in turpt^^ntining operations, 4 3 2 -
433 

reasons for, 432 
Rattan , 118 
R a y o n , 369 

colon;d, 374 
manufact uring of, processes used for, 370 
staple filKT fn jm, 374 

R a y o n indaslry , in Germany, 375 
in Japan, 375 
in United States, 375-376 

Recovery of chemicals, in soda process, 319 
in sulfate process, 315 -317 

lU'd Cedar Shingle Bureau, 219 
R e d ce«hir shitigh! in<lustry, chaiacter <if, 

224 
Rtid cedar shingles, distribution of. 227 
R e d gum, 107, 117, 145, 146, 149, 176, 187, 

289, 319, 348, 484 
R e d heart, definition of, 61 
R e d oak barrel, 185 
Red sap in sugar bush, 457 
R e d w o o d , 56, 76, 109-111, 196, 211, 232, 

243, 268, 479, 505, 517 
bark of, 505 

R e d w o o d - b a r k fiber, 517 -518 
characteristics of, 517 
product ion of, 517 
source of, 517 
uses of, 518 

in clothing, 518 
Refuse burner, 38 
Regional distribution of pulp and paper 

industries in United States, 337-343 
Re jec t back, 148 
Relief gases in sulfite process, 309 
Relogging, 33 
Research, for better wood utihzation, 2 8 -

36 
shingle, 2 1 3 

Ri^sidual wood , in logging, 22 

Residual wood, at manufacturing plants, 
32 

Residues, from excelsior machines, 281 
wood (see W o o d residues) 

Resin canals, formation of, 421 
traumatic , 421 

Resorcinol- formaldehyde resins, 155 
properties of, 157 

Retorts , for destructive distillation of 
w o o d , 377 

use of, in destructive distillation of hard
woods , 380 

Rhamnus purshiana, 495 
Rhizophora mangle, 470, 478 
Rhus copallina, 478 
Rhus coriaria, 470, 478 
Rhus glabra, 478 
Rhus semialata, 470 
Rhus typhina, 478 
Riffler, use of, in puJp mills, 321 
Roller mills, 235 
Rolls for addiiig-machine tape, 33 
Rosin, 118, 443-444 

early uses of , 419 
grades of, 443-444, 447 
losst's of, resulting from dross, 441 
physical properties of, 443 
soap, 328 
uses of, 444 

R o t a r y retorts, internally heated, for wood 
distillation, 386-387 

Round grooved-splint m a t c h c . 273 -276 
brushing of, 275 
dipping heads of, 276 
drying of, 276 
manufacture of, 273-276 
method of cutting, 274 
treatment for prevention of afterglow in, 

275 
Round-s tave baskets, 206 -207 
R o u n d timljcrs, 5 5 - 8 2 
Rublwr, 495 

Salt cake, 317 
synthetic , 317 

Salt water effect on western hemlock bark, 
473 

Salvage logging, 15 
Sanding department in furniture plant, 127 
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Sap buckets, use of, in sugar bush, 460-461 
Sap Bow, in soft maple, 455 

in sugar maple, 455 
Sap ties, 110 
Sapwood in shingles, 218 
Sassafras, 76, 109-111, 510 
Satinwood, 142 
Saw, barrel, 177, 188 

bilge, 178, 188 
drum, 177 
segment, 142 

Sawdust, 240-246 
in abrasives, 244 
in artificial wood, 244 
available, quantity of, 242 
in clay products, 244 
for cleaning, drying, and polishing met

als, 243 
in composition flooring, 243 
in concrete products and artificial stones, 

244 
for conditioning firs, 242 
cost of transportation of, 241 
for domestic heating plants, 258 
in floor-sweeping compounds, 245 
in gypsum compositions, 244 
handling charges of, 241 
hardwood, 240 

destructive distillation of, 245 
hardwood sifted, 241 
in ice houses, 243 
in insect bait, 243 
lack of uniformity of, 241 
limitations in utihzation of, 241-242 
mixed hardwood and softwood, 240 
mixed softwood, 240 
physical state of, 242 
piles of, 18 
saccharification of, 246 
and shavings used for fuel, 258-260 
for smoking meat, 243 
softwood, 240 
as soil conditioner, 243 
for stable and kennel bedding, 242 
steam extraction of, 246 
in stucco and plaster, 244 
in toys, 243 
use of, as absorbent, 242 

in curing cement, 243 
for insulation, 243 
in leather manufacture, 242 

Sawdust, use of, in manufacture of chem
ical products, 245-246 

in molded articles, 245 
as a packing medium, 243 
in plastics, 245 

in wallboard, 245 
for wood flour, 243 

Sawdust burner for domestic use, 259 
Sawdust burning furnaces, domestic use of, 

260 
Sawed ties, advantages of, 112 
Sawed veneers, 142-143 
Saw-mill machinery, improvement of, 20 
Schinopsis lorentzii, 470 
Scrape, coUection of, in turpentine orchard, 

432 
definition of, 432 
from longleaf pine, 432 
from slash pine, 432 

Segment saw, use of, 142 
Selling procedures for face veneers, 145 
Semichemical pulp, 35, 320-321 

woods used in processes of, 321 
Semimechanical pulping processes, 299^ 

300 
Shade streak on turpentine face, 427. 

428 
Shaft in mines, 85 
Shaft-guides, 98 
Shakes, characteristics of, 210, 230 

definition of, 210 
handmade, 230 
manufacture of, 229-230 
mechanically produced, 230 
tray, 230 

Shavings, 240, 246-247 
for fuel, 246 
as packing medium, 246 
profitable utilization of, 247 
for stable and kennel bedding, 247 

Shingle broker, 225 
Shingle defects, removal of, 216 
Shingle industry, characteristics of, 226 

future trends in, 229 
Shingle jointer, 215 
Shingle machines, 213 

operation of, 214 
output of, 217 
in United States, 225 

Shingle mitl-s, 213, 224 
combination, 224 
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Shingle milla, ownership of, 225 
size of, 225 
in United States, 225 

Shingle packer, 216 
Shingle sawyer, 215 
Shingles, 27, 28, 21(K231 

aluminum, 228 
application of, 222-223 
asphalt, 227 
in building codes, 228 
Canadian, manufacture of, 217-218 
cargo shipments of, 217 
claawifieation of, 219-222 
cypress, 220 
definition of, 210 
depletion of supphes of suitable timber 

for, 211 
dimensions of, 220 
double-coursed appUcations of, 221 
drying of, 216 
edge-grain, 214 
fire hazard of, 228 
grades of, 220-221 
grading of, 216 
green, 218 
life of, 223. 224 
manufacture of, 213-218 
marketing of, 226 
markets for, 226 
noiBe transmission of, 224 
No. 1 grade, 220 
No. 2 grade, 220 
No. 3 grade, 221 
origin of, 210 
packaging of, 216 
placement of. in service, 222-223 
plastic, 228 

postwar requirements for, 212 
preservation of, 219 
qualities de.sired in woods for, 212 
quaUty of, 214 
redwood, 220 
repressing of, 217 
rived, 210 
sapwood in, 218 
8ea.soning of, 218 
shrtved, 210 
epecies used for, 211 
split, 210 
staining of, 218 

Shingles, staining of, additional costs of 
219 

advantages of, 219 
storage of, 218 
thermal conductivity of, 223 
transportation of, 218 
undercourse grade of, 221 
unit of measurement for, 221 
untreated, all heartwood, 218 
use of wood preservatives on, 218 
vertical grain, 214 
western red cedar, 212 
wood (see Wood shingles) 
yield of, per M.B.M, log scale, 217 

Short cord, concept of, 255 
Short crook in poles, definition of, 61 
Sicilian sumac, 478 
Silvacon, 504 
Silver wattle. 478 
Single-stage bleaching, 323 
Sitophilus granarius, 469 
Sizing, added to pulp, 328 

internal, 328 
materials used for, 328 
reasons for use of, 328 
surface, 328 

Skin, new, 486 
Slab streak on turpentine face, 427-428 
Slack barrels, 195 

assembly of, 190 
headliners for, 189 
hoops used on, 189 
kinds of, 190-191 
species used in headings for, 189 

Slack cooperage, 187-193 
definition of, 174 
manufacture of, 187-190 

{See also Slack barrels) 
Slack staves, manufacture of, 188 

plain-jointed, 187 
species us<'d for, 188 
tongued and grooved, 187 

Sleepers, 104 
Sficed veneers, 139-142 
Sheers, high-speed, 34 
Slushing pulp, 322 
Soda ash, causticizing of, 317 
Soda process, 300, 312, 318-320 

digesfere used in, 319 
ingredients in white liquor of, 318 
methods of cooking v.'ith, 319 
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Soda process, recovery system in, 319 
w o o d s used in, 319 

Soda pulp. 318 
characteristics of, 320 
uses of, 320 
yields of, 320 

Softwood veneers, manufacture of, 146 
Softwoods, destructive distillation of, 3 9 5 -

397 
products derived from. 397 
species used in, 397 
yields from, 397 

Solid-borne sound transmission, 366 
reduction of, 366-367 

Sohd extract, tannin, 476 
Solid wood per cord from sticks of different 

diameters, 256 
Solvent extraction, 391 
Solvent seasoning process, 36 
Solvents, use of, in plastics, 485 
Sound-absorption coefficients, 363 
Sound back, veneer, 148 
Sound control, materials and methods of, 

361-367 
Sound insulation, 364-367 
Sour sap in sugar bush, 457 
Sourwood, 382 
Southern pine poles, 64 -66 

preservative treatment of, 66 
seasoning of, 65 
shaving of, 65 

Southern yellow pine, 41 , 44, 56, 64, 70, 76, 
93, 97, 99, 146, 191, 192, 211, 255, 280, 
283, 289, 298, 301, 313, 316, 339-341 , 
348, 445 

sulfite pulp from, 301, 303 
Soybean glues, 151 

properties of, 153 
use of, 153 

Soybean mastics, 214 
Spalt, 214 
Spanish moss, 118, 515-517 

distribution of, 515 
grades of, 517 
processing of, 515-516 
uses of, 516 

Spent chips, profitable uses for, 35 
Spiles, use of, in tapping sugar maple, 458 
Splint baskets, 206 -207 
Splitters, shingle bolts , 214 

types of, 214 

Sponge rubber, l l S 
Spouts, use of, in tapping sugar maple, 458 
Spruce. 41, 44, 56. 76, 99, 109, 111, 137, 

188, 206, 232, 242, 278, 289, 298, 301, 
310, 339, 348, 484, 519 

black, 509, 513 
Colorado blue, 519 , 521 
Norway, 521 
red, 513 
Sitka, 146, 342 
white, 509, 513 

Spruce gum, sources and uses of, 513 
Spruce needle-oil, 509 
Sprues pulpwood, consumption of, 289 
Square or square pack of shingles, 221 
Square-set in mines, 86 
Square-set method of t imbering stopes, 86 
Square-set stope. 8 7 
Square-set t imbering, 86 • 
Square-sphnt matches, manufacture of, 

276 

Square streak on turpentine face, 427, 428 
Stakes, 33 
Stand density in naval-stores producing 

areas, 423 
Standard Container Acts of 1916 and 1928, 

20S 
Staple fiber f rom rayon, 374 
Starch glues, 151 

properties, sources, and uses of, 152 
Stave cutter, 188 
Stave jointer, 179 
Staves, beer barrel, 186 

p lywood, 186-187 
slack, 188 
tight, 176-179 

species used for, 176 
t o b a c c o hogshead, 192 
tongued and grooved, 187 

Stay-log cutting, 138-139 
Steamed groundwood pulp, 299 
Steel poles, 6 9 

used in mines, 92 
Stone mill, 233 
Stope, definition of, 85 
Storax, possibilities of, in American indus

try, 514 
properties, source, and uses of, 513 -514 

Straight-spine murex, 469 
Stream pollution, 26 , 310 
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Structural fiber inaulation board , classes 

of, 347 
Stull choppers, professional, 98 
Sluii t imbers, 86 
Stulls, definition of, 85 

peeling of, 98 
from thinnings and improvement cu t 

tings, 96 
Style 1 box , 2 0 0 
Style 2 box, 201 
Style 2^2 box, 201 
Style 3 box, 201 
Style 4 lx;x, 201 
Style 5 box , 201 
Style 6 box, 201 
Sul)erin, 501 
Sugar bush, 456-457 

ideal, 457 
tapping oiwrations in, 458-459 

Sugar riiinp, selection o f site for, 462 
Sugar groves, types of, 456 
Sugar maple, 456 

lapping machines for, 458 
Sugar sand, 465 
Sugar weather, 457 
Sugaring-off, 466 

eciuipmcnt for , 464 
Suitla pnicess, 390, 391 
Sulfate black ash, 316 
Sulfate b lack hcjuor, evaporators for, 316 
Sulfate black smelters, 316 
Sulfate c<i<ikinK procedures, 313 -314 
Sulfate dige^lers, 313 -314 

rotary, 313 
stiitionary, 314 

Sulfate process, cooking cycle , 314 
liquor making, 317 
priricipiil ingredients of cooking liquor, 

313 
for pulping w o o d , 300. 3 1 2 - 3 1 8 
wi>ods used in, 313 

Sulfafe pulp, properties of, 3IS 
U.SI-S of, 318 
washing of, 315 

Sulfate soap, 316 
Sulfate turpentine. 417, 445, 44S-449 
Sulfite cellulose extract, use of, in tanning 

leather, 477 
Sulfite Decker process, 307 
Sulfite dir\'ct-c<K»king process, 300-307 
Sulfite liquor extracts, use of, 3J1 

Sulfite modified quick-cook systems, 3 0 7 -
308 

Sulfite process, 300 -312 
digesters used in, 304 -305 
methods of cooking used in, 305 -309 
Morterud, 307 
preparation of cooking liquor for, 303 
pulp yields, 312 
woods used in, 301 

Sulfite pulp, quality of, 312 
from southern yel low pines, 301, 303 
unbleached, chemical analysis of, 310 
uses of, 312 

Sulfile pulping process, development of, 
301 

Sulfile turpentine, 445 
Sulfite-waste hquors, baker's yeast from, 

311 
fermentable sugars from, 311 
utilization of, 309, 310 

Sumac, 470, 478 
Sicilian, 478 

Sun streak on turpentine face, 427, 428 
Superpressed p lywood , 166 
Sustained-yield management, 3, 12, 21, 437 
Sustained-yield unit, 20 
Sweep in poles, definition of, 62 
Switch ties, 104 
Sycamore, 107, 109, 111, 146, 188 
Syntans, 476 
Synthetic-resin adhesives, 151, 154-157 
Synthetic resins, 483 

tanning materials of, 476 

Tall oil , 316, 417, 449-450 
Tallol, 417 
Tamarack , 56, 99, 107, 301, 313 
T a m o , 138 
Tanks , 196-197 

in food-proce!5,«ing industries, 197 
in petroleum industry. 196 
use of, in breiveries, 197 

b y distillers in wineries, 197 
in textile industries, 197 

Tannin content, of deck-jK-eled bark, 473 
of woods-peeled bark, 473 

Tannin extract, clarification of, 475 
c<mcentration of, 475-476 

Tannin extractions, from bark, 473-474 
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Tannin extractions, from bark, open-tank 
diffusion method for, 473 

percolation method of, 474 
from chestnut wood, 475 

preparation of wood for, 474 
from wood, 474-475 

autoclave method of, 474-475 
decoction method for, 474 

Tannin-free bark, disposal of, 474 
Tannins, 47, 469-179, 505 

classification of, 470 
condensed, 470, 474 
consumption of, in United States, 471 
distribution of, in plant tissues, 469 
in Douglas fir bark, 478 
forms of, used in tarmerics, 471 
harvesting of, 4 7 2 ^ 7 3 
hydrolyzable, 470 
physical properties of, 469 
possible future sources of, 477-479 
uses of, 470 

in petroleum industry, 471 
in tanning industry, 471 

Tanoak bark, collection of, 472 
Tapc-splieing machine, 148 
Tapeless splicer, 149 
Tapping machines, use of, in sugar bush, 

458 
Tego film, 147, 155 
Tegowood, 166, 222 
Tenninalia chebuia, 470 
Terpene alcohols, 448 
Terpenes, 437 
Thermal conductance, 353 
Thermal conductivity, 353 
Thermal insulation, elementary principles 

of, 352 
enclosed air spaces in, 354-355 
general types of, 346-347 
materials for, 346-361 
purpose of, 436 
surface films, 355 

Thermal resistance, 354 
of some materials used in building con

struction, 357 
Thermoplastic adhesives, 155 
Thuja ocddentalis, needle oil from, 509 
Tie material, wood as, advantages of, 104-

105 
disadvantages of, 105 

Ties, bridge, 104 
class T , 111 

Ties, class U, 110 
hewed, advantages of, 113 
mine, 85, 98 
preservation of, 106 
railroad, 3, 6, 27, 28 

(See also Crossties) 
sawed, advantages of, 112 
standard lengths of, 112 
standard sizes of, 112 
for treating, 111 
untreated, average life of, 106 

and treated, average life of, compari
son of, 107 

Tight barrels, 176 
kinds of, 185-186 
species used in headings for, 178 

Tight coopt-rage, 176-187 
definition of, 174 
headings for, 179-180 
hoops for, 181 
manufacture of, 176-181 
staves for, 176-179 

Till baskets, 206-207 
Timber, abandoned in mines, 88 

avoiding waste of, in mines, 88 
future requirements of, 5-7 
leasing of, for turpentine rights, 422 
resources of, in United States, 3 -4 
round (see Round timbers) 
scarcity of, 14 

Timbering framework, of mine tunnels, 86 
in mines, definition of, 83 
of open rooms in mines, 85 

Tobacco hogshead, 191-193 
Douglas fir plywood, 192-193 

T o o l handles, 33 
Toothpicks, circular, 279 

drying of, 279 
flat, round-end, 278-279 
machines for, 279 
methods of manufacture of, 278 
polishing of, 279 
species used for, 278 

Tower system for preparation of sulfite 
cooking liquor, 303 

Toxics, use of, in treating ties, 106 
Toys , 33 
True balsams, 513 
Tsuga canadensis, 470 
T u b sizing, 329 
Tung oil, 505-508 

physical properties of, 508 
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Tung oil, procurement of, 506-.507 
production of, in United States, 506 
source of, 505 
United States consumption of, 505 
usee of, 508 

Tung-oil industry in United States, 506 
Tung-oil tree. United States plantations of, 

506 
Tunnel sets, one-piece, 86 

steel, 92 
Tunnels, timbering in, 86 
Tupelo gum, 107, 146, 186 
Turning department in furniture plant, 

126 
Turpentine, 118, 417, 442-443, 609 

box, 424 
early use of, 419 
farms of, 422 
fire hazards of, 424 
recovery of, in sulfate process, 314 
sulfate, 417, 445 

Turpentine face, 429 
American, 429 
back. 431 
buck, 430 
French, 430, 431 
front, 430 
high. 430 
pulling, 430 
virgin, 430 
yearling, 430 

Turpentining, effect of, on tree growth, 
435-436 

Two-piece eimter-matched face veneer, 148 
Two-spindle pi*nril molder, 270 
Two-etage bleaching, 323 
Tyrian purple, 469 

U 

Unbleached sulfite pulps, chemical analysis 
of, 310 

Units, integrated, 20 
Urea-formaldehyde resins, 155 

properties of, 156 
Urea-plasticized wood, 490 
I'.S.S.U. naval-stores industry, 451 

Vacuum evaporators for concentration of 
tannin extracts, 475—176 

Vacuum pulp washers, 315 
Valonia, 470 
Values obtained for forests, 10 
Vanillin, by-product of sulfite pulping, 312 
Vapor barrier, 360 
Variability of wood, pmperties within a 

species, 44-46 
Vats, 196 
Vegetable barrel, 191 
Vegetable fiber, 516 
Vegetable parchment, 329 
Veneer, 27, 28, 133-147 

back-cut, 139 
cold-cut, 137 
commercial, 138 
cone-cutting, 139 
definition of, 134 
Douglas fir, 147 
drying of, 145 
face (see Face veneer) 
gluing of, 122, 150 
half-rovmd cut, 139 
kiln drying of, 144 
lathe, 136 
loft drying of, 143 
loose-cut, 138 
manufacture of, 135-143 
one-face, 137 
redrying of, 147 
reels of, 138 
rotary-cut, 136-138 
sawed, 142-143 
sliced, 139-142 
softwood, manufacture of, 146 
splicing of, 148 
thickness of, 143 
tight-cut, 138 
winding of, 138 

Veneer baskets, classes of, 206 
origin of, 205 
species used in manufacture of, 205-206 

Veneer bolts, preparation of, 137 
Veneer clippers, 147 
Veneer conveyer driers, 144 
Veneer core, definition of, 134 
Veneer driers, 144 
Veneer logs, 6, 136 

preparation of, for slicing, 140-141 
Veneer sheer, 139, 141-142 
Veneer splicers, 148 
Veneered vs. solid furniture, 130 
Veneering, art of, hi^lo^y of, 133-134 
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Veneering, reasons for, 135 
Veneers, and plywood, 133-173 

moisture content for gluing, 147 
Viscose, 372 

extrusion of, 375 
precipitation of, 372 

Viscose process, 3G9-374 
processing cellulose for, 371 
products of, 371 

Viscose y a m , spinning of, 372, 374 

W 

Wall, primary, concept of, 46 
secondary, concept of, in woody tissue, 

46 
Wallboards, 335 
Walnut, black, 109-111,138,140,232,243, 

383 
English, 506 
satin, 117 

Walnut oil, 508-509 
production and uses of, 509 

Walnut-shell flour, 484, 485, 509 
Waste, residual and wood, sources of, 21 

wood (see W o o d waste) 
Waste liquor, sulfite, 308 
Water requirements for pulp and paper 

manufacture, 337 
Wattle, British monopoly of, 479 
Wedges, 98 

oak, 33 
Western hemlock bark, salt water effect 

on, 473 
Western red cedar poles, 64, 66-68 

life of, 67 
preservative trf^atment of, 67 
source of, 66 

Western red cedar shingle industry, begin
ning of, 210 

Western red cedar sliingles, prewar de 
mand for, 212 

production of, in 1945, 212 
Western white pine match plank produc

tion, 273 
Wet-strength papers, 329 
Weyerhaeuser Timber Co. , 308 
Wheel figure, cone-cut veneer, 139 
Whisky barrels, 193-194 
White oak barrel, sap clear, 185 

sound sap, 185 

White oak barrel, tight sap, 185 
White water, definition of, 322 

in pulp mill, 315 
WiUow, black, 118, 188, 340, 382 
Windlassing of barrel, 181 
Wine barrels, 195 
Wintergreen oil, 510-511 
Wire-bound boxes, 202 
Withdrawing agents, use of, in azeotropic 

distillation, 391 
Wood, available heat from, 252-255 

chemical properties of, 46-51 
common defects in, 45 
consumption of, in mines per ton of coal 

produced, 100 
containers of, 174-208 
corrosive resistance of, 42 
delignification of, 47 

(See also Pulping processes) 
destructive distillation of, 30, 47, 377 -

402 
detection of defects in, 42 
excelsior, 279 
extractable materials of, 46-47, 50 

(See also Dyes ; Tannins) 
extraneous components of, 50 
fiber felts of, 335 
as a fuel, 3, 6, 27, 28, 248-266 

advantages and disadvantages of, 
249-251 

types of, 255-266 
use of, 248-249 

high-density, 165 
higher calorific value of, 252 
hogged, 23 
hydrogenation of, 29 
hydrolysis of, 15 
improved, 166 
inorganic components of, 50-51 
insulation properties of, 41 
limitations in use of, 42—43 
lost in chemical processes, 35-36 
lower calorific heat Value of, 253 
major uses of, 4 
nail- and screw-holding capacity of, 41 
now left in forests, 32 
ornamental value of, 42 
paint-holding ability of, 41 
in plastics industry, use of, 483-493 
proper selection of species of, for use, 40 
properties of different species of, 43-44 
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W o o d , wilvage value of, 4 2 
nhork resistance of, 4 2 
shrinkage of, 4 5 
Htrength of, 4 1 
for structures, 4 2 
swelling of, 4 5 
thermal expansion of, 4 1 
unsatisfactory i>erformance of, 4 0 
variability of properties within species 

f)f, 4 4 - 4 6 
weight of, 4 1 
wool , 2 8 2 
workabil ity of, 4 1 

W<pod alcohol ( M e t h a n o l ) , 1 1 8 , 3 8 9 - 3 0 2 
W o o d brigUcttcH. 2 6 0 - 2 6 3 
Wood-br iquett ing industry, 2 6 0 
Wood-br iquet t ing machines, 2 6 1 - 2 6 2 
Wood-cased lead [lencils, 2 6 8 - 2 7 1 
W o o d cellulose, 4 8 , 4 8 3 

hydrolysis of, 3 1 
purification of, 3 6 9 

W(K»d-distiUation industry, 3 9 9 - 4 0 1 
development of, 3 7 7 
hardwood branch of, 3 9 9 - 4 0 0 
so f twood branch of, 4 0 0 ^ 0 1 

Woo(i-fil« 'r insulation materials, manufac
ture of, 3 4 8 - 3 5 2 

W o o d filx-rs, 2 W 
W o o d flour, 2 3 2 - 2 3 9 , 2 4 3 , 4 8 4 

a-s al>rii.'*ive, 2 3 7 
as absnrb<mt, 2 3 7 
consumption of, 2 3 8 
as filler, 2 3 7 
granulated, 2 3 6 
iiumufjicture of, 2 3 3 - 2 3 6 
nont('i'hni<'al, 2 3 6 
terhnicid, 2 3 6 
types of, 2 3 6 
us^'s of. 2 3 6 2 3 8 

WOIKIS u.se<l in manufacture of, 2 3 2 
Wood - f lour indiLslry, slattts of, 2 3 9 
W o o d furnituR', 1 1 4 - 1 3 2 
W o o d hoo|»4, miinufaclure of, 1 8 9 
W{K»d hydrolysis, futun* of, 4 1 2 
U ' o o d tnateh splitK-making machines, 2 7 2 
W o o d moliLsses, 3 1 , 4 0 3 
W o o d naval stores, 4 1 7 , 4 4 5 - 4 5 0 

s l e s m ami solvent process in, 4 4 5 - 4 4 8 
W(K>d preservatives, inflamniabiUty of, 9 6 
W(KK1 products , minor . 2 6 8 - 2 8 3 
Woo<i pulp, bleaching of, 3 2 2 - 3 2 4 

W o o d pulp, bleaching of, reasons for, 3 2 3 
manufacture of, chemical methods for, 

3 0 0 - 3 2 0 
W o o d residues, 1 4 , 2 8 , 3 3 , 3 8 

definition of, 1 4 , 1 6 
generated by logging, 2 7 
generated by primary manufacturing, 2 7 
long-range research goals in utilization 

of, 2 9 
f rom softwoods, 2 2 
source of, 2 1 - 2 6 
in United States, 2 6 

W o o d rosin, 4 4 7 
saccharification of, 4 0 3 - 4 1 3 

W o o d shingles, advantages of, 2 2 3 
competit ive products of, 2 2 7 - 2 2 8 
future demands for, 2 2 9 

Wood-sugar alcohol plant, 4 0 6 - 4 1 2 
Wood-sugar fermentation, 4 1 1 
Wood-sugar molasses, 4 0 3 
W o o d sugars, 4 8 

from sulfite waste liquors, 3 5 
W o o d supplies, stability of, 3 2 
W o o d tar, refinement of, 3 8 9 
Wood-us ing industries, futurt> w o o d re

quirements for, 5 
integration of, 3 7 
relative importance of, 8 
stabilizing influence of, 11 

W o o d utilization, ini])rovement of, 2 8 
integrated, 8 , 3 3 

W o o d waste, 1 4 , 1 5 
definition of, 1 5 , 1 6 
in forests, 3 2 
on logging operations, 1 5 
sources of, 2 1 - 2 6 
in United States, 2 6 

Wooden Box Institute, 3 4 
W o o d e n w a r e , 1 9 5 
W o v e n wood laminates, 1 6 8 

Xy lose , 3 0 4 

Yankee jiaiwr machine, 3 3 4 
\e l low pine pulpwood , consumption of 

2 8 9 

Yellow poplar, 9 9 , 1 0 7 , 1 4 6 , 1 4 9 , 1 5 0 , 2 0 6 
2 3 2 , 2 8 0 , 2 8 9 , 3 1 9 , 4 8 4 
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