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PREFACE

THE present study first took partial form as a doctoral dissertation:
(presented in 1931) upon the aluminum monopoly in the United
States. Thereafter, the scope of the inquiry was widened to in-
clude market control in Europe and international relations in this
industry. It was my hope that study of the industry in Europe,
where producers have at times competed and at times united in
cartel organization, might enable a surer assessment of the market
results here, where there has been but one producer of primary
aluminum, as well as furnish some conclusions about the conse-
quences of cartel control and of “oligopoly,” to use Professor
Chamberlin’s expression for the condition where sellers are few,
which appear to be the practicable alternatives in this industry.
The grant of a traveling fellowship for the year 1931—32 from the
Social Science Research Council gave me the opportunity to study
in Germany, France, and Switzerland, where much of the material
for the analysis of European experience was gathered. Since then
nearly all of the original thesis has been completely revised in ac-
cordance with changes in the conception of some of the problems
involved and in the light of additional material; and an attempt
has been made to unify the analysis of both American and Euro-
. pean experience relating to the fundamental problems presented
by the alternative possible mixtures of competitive and monopolis-
tic elements in this industry.

I have benefited much from conversations with many officials
of companies engaged in producing aluminum or its products in
various countries. In accordance with their wishes, acknowledg-
ment is made anonymously, and the information and ideas which
they have contributed appear without citation. The following
gentlemen have provided me with courteous and valuable assist-
ance: Mr. Richard Whitely, attorney for the Federal Trade Com-
mission; Messrs. Furness and McGrath of the Bureau of Foreign
" and Domestic Commerce; Dr. Martin Doering of the Verein der
deutschen Maschinenbauanstalten in Berlin; Dr. Thews and Dr.
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Regensburg, Berlin journalists; Dr. Josten of the Reichswirt-
schaftsministerium; Dr. Apfelstidt of the Statistisches Reichs-
amt; Dr. Rudolf Schwarzmann of the Statistisches Amt in Bern;
and M. Thibaud of the Ministére des Travaux Publics in Paris.

I owe much to Professors Taussig and Ripley, whose encourage-
ment and guidance were of great aid in carrying the project through
the troublesome early stages. Professors W. L. Crum and A. P.
Usher of the Department of Economics and Professors R. S. Mer-
iam and Samuel S. Stratton of the Graduate School of Business
Administration of Harvard University have aided me with valu-
able criticism. I have also benefited from the suggestions of mem-
bers of two discussion groups at Harvard to whom I presented
in their original form parts of the analysis of Chapters XV, XVI,
and XX. My greatest debts are to Professor Edward Chamberlin,
as will be apparent to all who are familiar with his Theory of Mo-
nopolistic Competition (Cambridge, 1933), and to Professor Ed-
ward Mason, whose thinking upon the sort of problems treated in
this book has exercised an immeasurable influence upon my ideas.
Responsibility for the views expressed in this volume is, of course,
entirely my own.

I am indebted to the Bureau of International Research of Har-
vard University and Radcdliffe College for permission to reproduce
here much of the material contained in my chapter on aluminum
contributed to the study entitled Intermational Control in the
Nonferrous Metals, directed by Professor W. Y. Elliott, which is
about to be published by the Bureau as this book goes to press.
Much of that chapter represents a brief condensation of several
portions of Parts I-III of the present book, and contains several
tables and charts which are reproduced here in similar or more
elaborate form. As a result of better information obtained since
that chapter was completed some time ago, the statistics and other
information presented in this book differ in some instances from
what was given there.

The major part of the tedious work of preparing the manuscript
for the press has been done by my wife, who has also assisted in
proofreading. Her criticism of ideas and expression has aided me
greatly in many instances. Financial assistance from the A. W.
Shaw Fund, administered by the Committee on Research in the
Social Sciences of Harvard University, facilitated the latter stages
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of preparation of the manuscript. I am very grateful to Miss Mar-
garet Ballard for her meticulous care in this part of the work.

Statistics of production and foreign trade in aluminum ordina-
rily appear in pounds or short tons for the United States and in
metric tons or long tons for Europe. In order to facilitate compari-
son I have reduced the figures for all countries to a metric ton
basis. In Part IV, which deals only with relations within the alu-
minum industry of the United States, the pound unit has been re-
tained.

My original hope of making the book equally understandable to
the economist and to the general reader, whose lack of familiarity
with the tools of economic analysis is overborne by an interest in
the nature of modern market processes, is not, I fear, well realized.
The endeavor to put certain parts of the argument in non-technical
language has resulted in a style of exposition demanding the for-
bearance of the trained economist, to whom it will seem unduly te-
dious and awkward; while a frank resort to technical exposition in
those parts dealing with more complicated phases of the problem
requires the forgiveness of others.

For the benefit of the general reader I wish to stress the fact that
many words and phrases of ordinary language are here used in
the special meanings given to them in economics, and, in some in-
stances, with a particular sense of my own. I hope I have avoided
misunderstanding by defining terms in cases where ambiguity
seemed to threaten. It should be quite clear that, unless otherwise
specified, the word “monopoly” in all its forms has been used in an

economic sense — signifying complete control of supply, or suffi-
" cient control to affect appreciably the fundamental market rela-
tions between investment, output, price, earnings, and demand —
and not in the legal sense attached to it by the antitrust laws of the
United States. Such terms as “discrimination” and ‘“unfair meth-
ods of competition” are also used with particular economic mean-
ings rather than their legal meanings, except where the contrary
is stated. Questions of discrimination in the aluminum price struc-
ture have not been related to the Robinson-Patman Act, which was
passed after most of the analysis of discrimination had been con-
cluded.

In several instances terms which sound quite “academic,” such
as “ideal investment” and “best utilization,” have been employed
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in order to give precision to the analysis. The reader must not
draw the mistaken inference that it is implied that ideal conditions
can necessarily be obtained under some form of market control.
Such phrases are merely technical terms used to designate certain
market relationships which represent useful standards by which
to measure the results of different sorts of market control.

The present work is an attempt to appraise critically the limited
material bearing upon several important economic problems. In-
asmuch as the material available has proved in some respects in-
adequate, the statements in the text must be regarded merely as
the considered judgments of the author. I also wish to make it
plain that the economic conclusions are not intended to express any
moral or ethical judgment on the conduct of persons in this indus-
try. At the present time an understanding of economic processes
sufficient to distinguish those business policies which promote gen-
eral economic welfare from those which tend in the opposite direc-
tion is not widespread enough to exert any very salutary influence
upon the general scale of moral values and standards of conduct.

One symptom of the tardy appreciation of the range of alterna-
tive mixtures of competitive and monopolistic elements in modern
markets is the absence of any term for the structure of market
forces which does not imply the predominance of either competi-
tive or monopolistic elements, .I have used the term “market con-
trol” to fill this gap. In this sensé market control may be of various
types, ranging from pure competition to single-firm monopoly. The
phrase selected is not entirely satisfactory, for it is often conven-
ient to employ it, as I have sometimes done, in the older and more
limited sense of substantial monopoly control.

Those who are chiefly interested in the reasons for existence in
the aluminum industry of a few producers only will find a unified
treatment of this topic in Part II. The main conclusions about the
actual results of oligopoly in this industry are contained in Chap-
ters XIT-XIV. The analysis in these chapters will be better un-
derstood if Chapter X is also read. Section 1 of Chapter XV em-
bodies a unified theoretical essay comparing the probable results
of oligopoly and single-firm monopoly under certain assumed con-
ditions, the most important of which are a rapid forward move-
ment of demand and great uncertainties about the rate of move-
ment and the sorts of new adaptations of a basic product that can
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be made. This section can be read apart from the rest of the book
by those interested in the pure theory of oligopoly.

As this book goes to press I discover that Professor Arthur R.
Burns’s new book, The Decline of Competition (New York, 1936),
contains several ideas about oligopoly under dynamic conditions,
price stabilization, and the relations between monopoly and ver-
tical integration which are similar to ideas worked out here.

CAMBRIDGE, MASSACHUSETTS D.HW.
December, 1936
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INTRODUCTION

For the student of monopolistic and competitive forces the alumi-
num industry presents an unusually interesting specimen. The
Aluminum Company of America has remained the only producer
of virgin aluminum ingot in the United States since its organiza-
tion in 1888 to work the patent which gave birth to this new in-
dustry. The activities of the company affecting the domestic
market for virgin ingot have never been held, in a final proceed-
ing, to violate the antitrust laws, nor does it appear that they
have infringed accepted notions of business ethics. How explain
the lack of domestic competitors? Except during periods of de-
pression imports over the tariff duty have usually been. rather
small relative to the sales of the domestic firm. No marked separa-
tion of ownership and control has existed in the Aluminum
Company to vitiate direct motivation. Here seems to be an oppor-
tunity to test at once the pessimism of the older monopoly theory
and the optimism infused into the discussion of monopoly by the
rationalizers. In Europe some degree of competition has existed at
times in national and international markets, while national mo-
nopolies and international cartel control have prevailed for periods
of several years. Analysis of the consequences of oligopoly and
of cartel control abroad in this industry may be of interest in this
country, where the violent death of NRA is not likely to allay the
appeals for permanent revision of the antitrust laws to permit co-
operative self-government of business for “planned” control of
production and marketing in each industry.

This study is an inquiry into the nature of monopoly and oli-
gopoly, with and without agreements, under dynamic conditions.
Its purpose is to explain the continued existence of single-firm
monopoly! of the basic product in the United States and of strong

1 Owing to the presence of foreign producers in the market for virgin aluminum
in the United States the condition is, strictly speaking, one of oligopoly. Apparently,
however, the foreign companies have not set up capacity for large exports to this
country; and much of the time their sales here have been quite small. Since we
have no simple phrase to describe this sort of oligopoly, it will be convenient to
use the term “single-firm monopoly.”
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monopolistic elements abroad (Part II), to evaluate the con-
sequences and assess the relative merits of alternative mixtures
of competitive and monopolistic elements (Part III), and to
examine some of the intricate problems created by the existence
in some fabricating stages of independents competing with the
firm or firms from whom they obtain their raw materials (Part
IV). No attempt is made to consider the effects of monopolistic
elements upon labor, bankers, different classes of investors; no
questions are raised concerning working conditions or the division
of gross earnings among all those who have claims to a part. The
chapters in Part I are designed to givé sufficient knowledge of
technology, markets, public relations, and international relations
for the analysis which follows. Two chapters upon the early his-
tory of scientific discovery and inventive activity centering about
aluminum are printed as Appendices A and B in the hope that
others may share my lively interest in this hitherto neglected
chapter of economic history. v

The study was undertaken with the aim of adding to our
knowledge of the workings and results of competitive and monopo-
listic forces in present-day economic organization. I share with
many others the belief that we need more studies of the different
mixtures of competitive and monopolistic forces in particular in-
dustries, of the various sorts of markets which make up that part
of the economy in which the conditions of pure competition—that
is, complete absence of monopoly elements—are not even approx-
imated. Unfortunately it has been impossible in the present study
to reach assured conclusions upon several points. In large degree
this has been due to inability to obtain adequate and accurate in-
formation; but the limitations of economic method and the un-
avoidable employment of hypothesis must bear part of the respon-
sibility. With the exception of some financial and technical data,
little information of basic economic importance has been volun-
tarily published by the aluminum companies. In the last ten
years there has appeared a tendency towards more publicity on
the part of the Aluminum Company of America and some of the
other firms. ‘They do not yet, however, ordinarily give out the
sort of information required for analysis of the kind of questions
raised in this book. Government reports and the records of
private litigation contain a large amount of information, but
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much of it is inadequate for the treatment of such questions. The
material available in trade and scientific journals and the year-
books of private organizations falls far short of remedying this
lack. For statistical data on production and capacity it has been
necessary to rely largely upon the estimates appearing in such
sources. Requests addressed directly to thé aluminum companies
have yielded some important information; but the companies
have been unwilling to give me the sort of data desired for many
parts of this study, doubtless partly through fear that disclosure
of such information might hurt their business. Even the sketch
of the historical development of the industry has suffered from the
lack of information of certain sorts. While there is a vast liter-
ature in trade and scientific journals dealing with the technical
aspects of aluminum, few articles attempt to survey the changing
industrial importance of this metal or to provide the quantitative
materials for such study. Finally, it is particularly unfortunate
that the government investigations of the position and competitive
methods of the Aluminum Company of America in the fabricating
stages of the industry do not provide sufficient information of the
sort required to resolve the true economic issues.

Furthermore, it must be recognized that economic method has
not yet designed tools of analysis keen enough to dissect neatly
the results of various mixtures of competitive and monopolistic
forces operating under the dynamic conditions of the real world.
Until the recent advances made by Professor Chamberlin, Mrs.
Robinson, and others forced recognition of the limitations of
theoretical analysis based upon assumptions of pure competition,
most students of the kind of problems treated in this book had
employed the apparatus of purely competitive theory (if not
indeed of perfectly competitive theory!) to block out the ques-
tions or issues for factual study. The most serious shortcoming
of this procedure was the conception of evils of monopoly as evils
in the sense of much less desirable results than would accrue with
pure or simple competition. The obvious requirements of com-
parison between the consequences of monopolistic forces and the
results of some kind of competitive control were met by comparing
the former with the outcome under hypothetical conditions of
pure competition. Actually, however, the choice which public
policy must usually make is between alternative mixtures of com-
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petitive and monopolistic elements, with or without different sorts
of public control. The conditions of pure competition are neither
a practicable nor a desirable alternative in many industries. For,
although the great size attained by many industrial corporations
is doubtless to be explained in substantial part by considerations
of “power politics,” advances in the technique of capital and ad-
ministration have extended the most efficient scale for a firm in
many industries to the point where it produces a sufficient portion
of the total output to affect price or quality by its policy. Under
these circumstances the appropriate comparison is between the
results of simple oligopoly, oligopoly with agreements, single-firm
monopoly, and each of these with different sorts of government
control. Since the outcome with oligopoly may, as Professor
Chamberlin has shown, vary all the way from that of pure com-
petition to that of monopoly, the older measuring stick of “com-
petitive” results turns out to be an elastic rod! It is necessary to
study the particular sorts of market control which represent real
alternatives to those actually in existence, to compare them with
the latter, and to determine as well as can be which is best. It is
plain, I think, that the technique for economic analysis of concrete
problems of this kind needs improvement. It is my hope that
the present volume may be of some stimulus to others who are in-
terested in redesigning analytical tools for future study of these
questions.

I had hoped to be able to deal more adequately ‘with the issue
of progressiveness. Unfortunately, difficulties with evaluation
of standards and inability to obtain adequate ‘material have
made it impossible to devote to this problem the amount of space
which its importance warrants. Treatment of this issue has been
limited for the most part to consideration of progressiveness in
the development of new alloys, fabricating processes, and finished
goods. ‘

In several instances, particularly in Part IV, the problems pre-
sented by concrete situations which were of relatively little im-
portance have been subjected to detailed analysis because of the
significance of the principles involved. Since government agencies
often failed, in my judgment, to use correct principles in their
analysis of competitive methods, it seemed important to devote
considerable space to the development of the proper principles.
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No plan for economic reform in the aluminum industry is ad-
vocated here. More adequate information is required to deter-
mine whether the undesirable consequences of the existing types of
market control are of sufficient magnitude to make some sort of
change worth while. Moreover, examination of the more purely
governmental problems attending various kinds of public control
— a task for which the economist is often not well fitted — is nec-
essary before any final pronouncement on the relative merits of
alternative schemes for improvement. In Chapters XV and XX,
however, I have considered the economic problems presented by
different devices for bettering the relations between investment,
output, and demand in this industry, and have appraised the
relative merits of the several alternatives according to economic
considerations. In this analysis some schemes, particularly of
government regulation in the narrow sense, have been discussed
in detail which their seeming impracticability might not appear
to warrant. But it is of the utmost importance to realize fully the
breadth and complexity of the problems and the extent of detail in
measurements and in policies which would be required for success-
ful regulation. We must recognize that in an industry of this
sort regulation according to simple rules is not likely to produce
desirable results and that serious difficulties are to be encountered
in the formulation and administration of complex rules.
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APPENDIX A

ALUMINUM AND THE ELECTROCHEMICAL REVOLUTION

ScrenTrric study of the general principles governing the relations-
between electric currents and chemical changes originated with
the science of electricity. The successful economic adaptation of
these principles to particular problems, which proceeded rapidly
in the last quarter of the nineteenth century, altered technical
operations in some industries, and introduced several new prod-
ucts which have assumed considerable economic significance. The
role played by aluminum in this electrochemical revolution was
twofold. It was among the most important of the new products;
and the search for a successful method of reducing it from re-
fractory ores advanced the knowledge of electrochemical tech-
nique and contributed to the development of several other new
products. The following survey describes the development of
some of the chief principles of electrochemistry and the results
of the work of several inventors who attempted to apply them
to the reduction of aluminum.

Shortly after the invention of the voltaic pile, which first pro-
vided electric currents of effective magnitude, Sir Humphry Davy
succeeded in isolating potassium and sodium by electrolysis. Then,
turning his battery of one thousand plates upon aluminum oxide,
he attempted a number of experiments which, though failing to.
yield pure aluminum, had, by 1809, established the fact that
alumina can be decomposed while fluid in the electric arc, and its
metal reduced as an alloy of iron. Davy also decomposed other
oxides and hydrates, but his work did not extend far into the
realm of analysis and explanation. His pupil, Michael Faraday,
eclipsed the master by his comprehension and formulation of the
fundamental principle that there exists a definite quantitative re-
lation between the amount of current passing in any electrolyte
and the chemical effect produced. The chemical effect upon each
substance was explained by Faraday as being directly proportional
to its equivalent weight and to the time during which the current
passed. Elucidation of these laws led Faraday to believe that



504 MARKET CONTROL IN THE ALUMINUM INDUSTRY

the dissolved molecules of an electrolyte consisted of oppositely
charged atoms which he called ions. Under the influence of the
electric current the positively charged atom (cation) was at-
tracted to the negativély charged pole (cathode) of the circuit
and the negatively charged atom (anion) migrated to the posi-
tively charged pole (anode). At the pole each gave up its charge.
Thus there collected at each pole groups of neutralized atoms,
each of which constituted a molecule of the substance or element
now existing in a free state. When metallic compounds were
electrolyzed the atoms of the metals became cations, and their
migration to the cathode resulted in the free existence of metal
at that pole, where it could be collected.

Less than a decade after Faraday’s communications on elec-
trolysis Joule formulated the principle that there is a definite
mathematical relation between the quantity of electricity passing
in a conductor and its heating effect. “By these two laws (Fara-
day’s and Joule’s) nearly all of modern practice of electrochemis-
try and electrometallurgy is governed.” 2

In 1819 Hans Christian Oersted, professor at the University
of Copenhagen, found the relationship between electricity and
magnetism which philosophers had long suspected. This epochal
discovery at once attracted the attention of Ampére of France,
Professor Joseph Henry of the United States, and Faraday in
England. Ampére and Henry worked out the relationship in
detail. It was the English genius who, aided by their researches,
discovered that an electric current could be induced in a coil of
wire by revolving it in a magnetic field, and thus revealed the
fundamental principle of the dynamo. Several magneto machines
were constructed upon this principle during the thirties and forties.
The typical machine consisted of a permanent steel magnet be-
tween or near the poles of which rotated an armature composed
of wire coils wound about iron cores. By multiplying the number
of coils and magnets, and utilizing steam power, currents of suffi-
cient strength to produce illumination for lighthouses were gen-
erated, but it was found impossible to obtain steel magnets of

10f course, theories of electricity and electrolytic action have changed and ex-
panded since Faraday’s work, but the fundamental principles which he formulated
remain valid.

*E. A. Ashcroft, A Study of Electrothermal and Electrolytic Industries (New
York, 1909), Pt. I, p. 6.
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strength enough to induce powerful currents. The true dynamo
did not make its appearance for several decades.

Thus, before the century was half over, some of the funda-
mental principles of electrochemistry were thoroughly understood,
and the magneto machine had been demonstrated as a practical
success. But the scientific achievements of the laboratory could
not emerge into the economic world until the dynamo made its
momentous appearance. Investigations of the effects of electric
current upon various chemical compounds continued, however,
with some important results. Professor Bunsen of Heidelberg
succeeded in obtaining barium, chromium, and manganese solu-
tions with the battery. He also decomposed fused magnesium
chloride by the electric current.

Aluminum had been first isolated in 1825 by the Danish chem-
ist, Oersted, who reduced aluminum chloride with potassium amal-
gam. Two years later Friedrich Wohler, professor of chemistry
at the University of Gottingen, secured the white metal by a
slightly different chemical process. Henri St. Claire Deville of
the Ecole Normale in Paris is, however, entitled to the honor of
first obtaining fairly large amounts of aluminum in a state of
almost perfect purity and determining its true properties. Deville
employed potassium as the reducing agent. Encouraged to con-
tinue his researches by a financial grant from the Academy, he
directed his attention ‘to electrolysis, since potassium was both
dangerous to handle and very expensive. Bunsen’s success with
electrolysis of magnesium chloride stimulated Deville to try the
same experiment with aluminum chloride. After a few weeks of
experiment he obtained aluminum in March 1854. Scientific dis-
coveries often have a habit of descending upon two men in different.
places at nearly the same time. Bunsen had published in Pog-
gendorf’s Annalen an electrolytic process quite similar to that of
Deville just a week before the latter, in complete ignorance of
Bunsen’s success, read a paper to the Academy describing his
own results. The reduction of aluminum by electrolysis was
clearly the stimultaneous discovery of both of these men. Neither
of them, however, attempted to apply the discovery to industrial
production. Deville, who was seriously interested in promoting
an aluminum industry, realized that the large consumption of zinc
in the battery would entail a prohibitive cost. He reverted to
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chemical methods and invented the sodium process, which gave
birth to an aluminum industry of small proportions. Professor
Richards, writing in 1896, when electrolytic aluminum had been
on the market for several years, observed that

. . . the great advances made in dynameo-electric machinery in the last dec-
ade have led to the revival of the old methods of electrolysis discovered by
Deville and Bunsen, and to the invention of new methods of decomposing
aluminum compounds electrolytically. It will be recalled that the first small
pencils of aluminum made by Deville were obtained by electrolysis and that
he turned back to the use of alkaline metals solely because the use of the bat-
tery to effect the decomposition was far too costly to be followed industrially.
This fact still holds true, and we cannot help supposing that if Deville had
had dynamos at his command such as we have at present, the time of his
death might have seen the aluminum industry far ahead of where it now is?

Just three years previous to the successful experiments of the
French savant and Bunsen upon aluminum Charles Watt in Eng-
land had taken out what one authority refers to as “the master
patent of the electrochemical and electrometallurgical industries
in the United Kingdom.” *

In this patent, Watt described in some detail how the electric current might
be employed for producing alkali hydrates and chlorine, hypochlorites, or
chlorides, and how it might be utilized for refining copper, silver, or other
metals, or for separating these from their ores. . . .

Watt’s ideas, as put forth in this patent of 1851, could not, however, receive
practical trial until the dynamo was developed and improved, and it was not
until 1869, when Elkington erected the first electrolytic copper refinery at
Pembrey, in South Wales, that the industrial development of the facts and
ideas gathered during the previous years of the century commenced.®

Just why there was such a long:time lag between the under-
standing of scientific principle and the adaptation to industry in
the instance of the dynamo is not altogether clear. It would
appear, however, that the possibilities of utilizing powerful elec-
tric currents in industry must have been manifest; so one would

® J. W. Richards, Aluminium, p. 24. See also R. J. Anderson, The Metallurgy of
Aluminium and Aluminium Alloys, p. 3; MI, 1, 12 (1892) ; Engineering News,
LXXIII, 177 (1915). :

*J. B. C. Kershaw, Eleciro-metallurgy, p. 6.

® Apparently -this was one of the first electrochemical patents. It is not without
significance that until at least the middle of the century most of the discoveries
appeared in the transactions of the learned societies rather than in the patent
office. The number-of patents for electrochemical processes and equipment appears
to increase through the sixties and seventies to a veritable outbreak in the eighties.
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infer that the chief resistance was found in the difficulties of over-
coming serious technical problems. The magneto machine maun-
dered along through the fifties and sixties with no startling change.
The Siemens armature designed in 1856 increased the maximum
current strength, but this could not remove the main obstacle,
which was the weakness of the magnetic sphere of influence. It
was in the latter part of 1866 that Siemens of Berlin and Wheat-
stone in London independently made a change in the construction
of the machine which provided the necessary improvement. In
place of the permanent steel magnet they substituted an electro-
magnet consisting of a core of soft iron wound with insulated
wire which was connected to the revolving coils of the armature.
Although soft iron possesses but a trace of magnetism, this trace is
sufficient to induce a feeble current in the coils of the armature.
A portion of this current passes through the wire wound around
the iron, thus magnetizing it. This increased sphere of influence
enhances the strength of the current in the armature, with the
reciprocal result of a further access of magnetism in the iron,
and so on. By the cumulative action of this process the dynamo,
as the machine was called after this change, generates currents of
far greater strength than the magneto machine was able to pro-
duce. The perfecting of the dynamo in the following years was
due largely to the work of Gramme.

As is indicated in the passage from Kershaw quoted above, the
first important developmeént of industrial electrochemistry fol-
lowed close on the heels of the appearance of the dynamo. But
the electrolytic copper refinery mentioned was for some years
the only important electrochemical works. Although electrolytic
refining of copper was inaugurated twenty years earlier it did not
expand substantially until it had caught the contagion which
spread from the electrochemical outbreak in the eighties.

Progress in dynamo construction in the seventies, by cheapen-
ing cost as well as increasing the electric horsepower available
for industrial application, aroused more interest in practical ex-
periments aiming at the reduction of highly refractory metallic
compounds. The results of this experimentation were twofold.
In the first place the electric furnace was developed and adapted
to many particular industrial applications. Secondly, several elec-
trochemical processes were discovered and perfected which could
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be carried out successfully in the electric furnace. The natural
consequences of the two related achievements appeared in the
birth of several new industries, of which the aluminum industry
was the first and most robust infant. The experimental and de-
velopmental work done upon aluminum compounds in the eighties
possessed also a wider significance. In 1891 a writer describing
the early achievements in electrochemistry referred to the develop-
ment of electrometallurgy ® as “largely due to the attempts to
produce aluminum economically.”

During the eighties a large number of inventors were at work
upon the problem of electrolytic or electrothermal reduction of
aluminum. The first proposal to use the dynamo for electrolytic
reduction of aluminum was made in Berthaut’s patent in 1879.
His process was similar to that of Deville, Griitzel in 1883 and
Kleiner in 1886 each proposed an electrolytic process using a dy-
namo. Although none of these processes proved successful in
industrial application, they were significant in showing that at-
tempts were being made to utilize the possibilities of the new
power generators. The first successful industrial work was ac-
complished by the brothers Alfred and Eugene Cowles of Cleve-
land. In 1883 they purchased with their father a zinc mine in
New Mexico. The extreme refractoriness of the zinc ores led
them to an investigation of electric-furnace reduction which re-
sulted in the designing of a successful electric furnace. For this
initial task and the long series of inventions, experiments, and
practical achievements in electrometallurgy which followed, the
brothers possessed a rare combination of qualities. Alfred brought
an alert mind and a training in science which were evidenced by
a distinguished career of several years’ study at Cornell University.
Eugene, also resourceful and ingenious, had acquired much prac-
tical experience in metallurgy and electrical engineering, in addi-
tion to executive experience as manager of an electric-lighting
plant.

Encouraged by the success in smelting refractory zinc ores in
their electric furnace, the brothers turned their energetic en-

¢ Electrometallurgy is, of course, one branch of electrochemistry. The early
development was largely metallurgical.

?R. L. Packard, MR, 1891, p. 147. Cf. E. E. Slosson, Creative Chemistry (New
York, 1919), p.-245: “The industrial development of the electric furnace centered
about the search for a cheap method of preparing aluminum.”
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thusiasm upon aluminum at about the time when Charles M.
Hall was graduating from Oberlin College after a classical course
which had left him with a passion for chemical experiment. The
Cowleses appeared to have the prize within their grasp when they
developed a2 commercially successful method of obtaining copper-
aluminum alloys in the electric furnace; but it was wrested away
overnight when Hall discovered an electrolytic process which
yielded pure aluminum.

The Cowleses’ attack upon the problem of adapting their elec-
tric furnace to aluminum smelting and finding a suitable reagent
had consumed only a few months when their success was an-
nounced by Professor Charles F. Mabery, one of their associates,
in a paper before the American Association for the Advancement
of Science.® The process was simple. In a furnace of the so-
called resistance type a high temperature was obtained by intro-
ducing coarsely pulverized carbon, which presented a great re-
sistance to the electric current. Carbon was, at the same time,
the most easily available substance for the reduction of oxides.
The attempt to secure pure aluminum by this method was un-
successful because the aluminum combined with the carbon to
form a useless carbide. However, it was found that by introducing
another metal into the furnace a useful alloy of aluminum would
be yielded at a cost per pound of aluminum equivalent to a third of
the price at which the pure metal was then selling. For the pro-
duction of aluminum bronze there was placed between the elec-
trodes of the furnace a charge of alumina in the form of gran-
ulated corundum, mixed with charcoal and granulated copper.
The most successful Cowles furnace was, of course, adapted for
continuous working. Aluminum-alloy production was undertaken
in a plant at Lockport, New York, where cheap water power was
available from a tailrace of the Niagara overflow. The Cowleses
also built and put into operation a plant at Milton, England.
At one of these plants (reports seem to divide the honor) there
was installed a dynamo of almost 400 h.p. capacity which aroused
so much interest, by virtue of its novel magnitude, that it became
famous under the sobriquet of “the Colossus.” The alloy busi-
ness flourished for a few years until the advent of pure alumi-
num announced its doom. Metal mixers preferred to make their

® August 28, 1885.
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own alloys when the pure metal became available at a favorable
price.

While aluminum was for some years their primary interest and
their first industrial venture with the electric furnace, the Cowles
brothers did not confine their early experiments or their later com-
mercial activities to this one metal. A committee of the Franklin
Institute of Philadelphia in recommending the award of two
medals ? to the Cowleses in 1886 reported in part:

The essential and valuable novelty of the process is the ingenious applica-
tion of the intense heat obtained by the passage of a powerful current of elec-
tricity through a conductor of great resistance, to the reduction, in the presence
of carbon, of the most refractory ores, some of which have hitherto resisted
all similar attempts at reduction. . .

This process is applicable to the reduction of all kinds of ores, but particu-
larly to those unreducible by other means . . .; already aluminum alloys of
iron, silver, tin, cobalt, and nickel have been prepared; silicon, boron, po-
tassium, sodium, magnesium, calcium, chromium, and titanium as well as
aluminum have been obtained in a free state.”

Albert W. Smith in a brief biographical sketch of Professor
Mabery credits the Cowleses with even more discoveries.

In this work, the development of the electric furnace, they were the first
to produce all the many electric-furnace products which have since become
such important items in industrial chemistry — calcium carbide, carborundum,
fused alumina, and artificially-made graphite — although they did not interest
themselves in the commercial development of these products™

Perhaps the claims made in these statements are somewhat ex-
aggerated. A few years later Moissan in his researches on the elec-
tric furnace showed that many of the first conclusions regarding
electrothermal carbon smelting to secure pure metals required
important modification, because useless carbides were. the typical
yield. Very likely the Cowleses-and their employees did produce

®The John Scott Legacy premium and medal given by the City of Philadelphia
to encourage science in the arts, and awarded on recommendation of the Franklin
Institute; and the Elliott Cresson gold medal, the highest honor given by the
Franklin Institute.

° Report of the Committee on Science and the Arts on the process and furnace
for reduction: of refractory ores, and the production of metals, alloys, and com-
pounds invented by Eugene D. and Alfred H. Cowles (Journal of the Franklin In-
stitute, CXXII, 51, July 1886).

1 Journal of Industrial and Engineering Chemistry, XV, 314 (March 1923).
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in one form or another most of the products which Smith credits
to them. For the most part, however, they did not produce these
products with commercial success until others had demonstrated
their economic usefulness.

The part played by these innovators in the electrochemical
revolution may be summed up as follows. They built and oper-
ated several electric furnaces which were not only successful in
industrial application but also provided an arresting demonstra-
tion of the possibility of utilizing the electric furnace in a wide
range of industrial activities. In their electric furnace they decom-
posed for the first time many metallic oxides which had previously
resisted the most determined efforts of the fuel furnace. They
were responsible for the first commercial production of aluminum
in the form of alloys on a fairly large scale at a cheap cost. Their
work possessed great significance for the development of the
dynamo. “In the early days of the Cowles Company their experi-
ments and improvements did important pioneer work for the
United States and other countries in the use of large dynamos.” 12
The success of the Cowles furnaces was followed by a broadcast
of their results in the leading scientific journals of Europe and
America. Literature concerning aluminum was widely dissemi-
nated by the Cowles company. In attracting world-wide attention
to the potentialities of electric smelting by furnishing other work-
ers with both knowledge and stimulus, the Cowles brothers played
a leading part in the industrial development of electrochemistry.’®
As far as aluminum itself is concerned, although they did not
obtain the metal in pure form, their attainments with the electric
furnace were doubtless of aid to the inventors of the electrolytic
process, while their prosperous business in aluminum alloys pre-
sented a stimulus to those who were still at work upon the more
difficult problem. It should be added that, while the Cowles
company found it unprofitable to operate the electrothermal re-
duction of aluminum after 1892, Alfred Cowles continued his

¥ Electro-chemical Industry, 1, 56 (October 1902). Another authority declares
that “the Cowles process attracted much attention, as it was the pioneer of dynamo-
electrometallurgy in the United States” (R. L. Packard, in MR, 1894, p. 359, being
Annual Report of the United States Geological Survey, XVI, Part III).

*Cf. Dr. Leonard Waldo’s supplementary note in his translation of Adolphe
Minet, The Production of Aluminium and Its Industrial Use, p. 255.
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interest in aluminum in particular and electrometallurgy in gen-
eral for many years.’*

The progress of the Cowleses in electrometallurgy was closely
paralleled on the other side of the Atlantic by a brilliant Parisian
inventor, M. Paul L. T. Héroult. In 1886 M. Héroult began a
long career of experiment and industrial application characterized
by achievements in nearly every department of electrometallurgy.
His attention, also, was first claimed by aluminum. In 1886 he
independently discovered and patented in Europe an electrolytic
process yielding pure aluminum which was in all essentials pre-
cisely similar to the Hall process. At the time he did not realize
the possibilities attaching to the metal in its pure state. Speaking
at the Metallurgical Congress in Paris during the World’s Fair
in 1900, he explained how it came about that he did not imme-
diately attempt to perfect his process for industrial production.

My practical knowledge of chemistry was at the time [2886] that of a stu-
dent of twenty-three; of special knowledge I had as good as none at all.
Under these circumstances, it is needless to say that after I had taken out my
first patent I sought the counsel and encouragement of those men who were
then considered authorities on this subject. Péchiney (Salindres), whom I
first approached, explained to me that aluminum was a metal of restricted use-
fulness; at most it might be used for opera-glasses; and whether I wanted to
sell the kilogram for 10 or 100 francs, I would not be able to dispose of one
kilogram more. It was otherwise in the case of aluminum bronze, of which
considerable quantities were handled commercially, if I could produce it
cheaply; I would then, beyond a doubt, come out even in my reckoning.

I had then already in this connection undertaken some successful experi-
ments; and I therefore laid aside for the time being the production of pure
aluminum and turned to a series of new researches which in the year 1887 led
to a second patent.

In this additional patent a system of electric furnaces and a process were
described which made possible a continuous production of alloys of aluminum,
and particularly of all metals difficult to melt and reduce.”

The furnace and process of the 1887 patent were essentially
like the Cowles apparatus for aluminum alloys. Héroult’s Euro-
pean patents for production of aluminum and its alloys were pur-
chased by the Schweizerische Metallurgische Gesellschaft, formed
in October 1887 by Swiss industrial interests.’® During 1888 and

X Eugene ‘Cowles died in 1893.
** Quoted in Minet, 0p. cit., pp. 115-116.
1 Schulthess, op. cit., p. 4.
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a part of the following year aluminum alloys were produced with
the aid of Héroult himself in a small plant at Neuhausen, Switzer-
land. In 1888 this company and the Deutsche Edison Gesell-
schaft (later the Allgemeine Elektrizititsgesellschaft) organized
the Aluminium Industrie A. G., which thenceforth operated the
aluminum patents in an enlarged plant at Nevhausen. Dr. Martin
Kiliani, who had experimented upon the production of pure alu-
minum for the AEG was largely responsible for the successful
industrial adoption of the Héroult process for producing pure alu-
minum to which attention was turned in 1889. Héroult returned
to France, where he aided in perfecting electrolytic production
of aluminum by the Société Electrométallurgique Frangaise,
founded in 1888 with the aid of the Neuhausen company.

Héroult next turned his attention to the electrothermal pro-
duction of calcium carbide, which had been discovered in 1892 and
1893 by Willson and Moissan. The furnace which had served for
aluminum alloys was used for calcium-carbide production at
La Praz and perhaps at other plants of the Société. The later
and more important accomplishments of this versatile inventor
were concerned with ferroalloys and steel refining. A passage in
The Electric Furnace by J. N. Pring is particularly apt in that it
shows, by tracing the repercussions of Héroult’s early work in
connection with aluminum upon other fields in electrometallurgy,
a trend which was characteristic of the activities of several alu-
minum experimenters.

The work of Héroult on the production of steel in the electric furnace fol-
lowed as an outcome of the aluminum process which had been established in
1887. The possibility of producing various ferroalloys was shown in a similar
type of furnace consisting of a metallic casing of crucible form, the bottom of
which is carbon lined to form one pole, whilst the movable carbon electrode
making contact with the surface of the charge forms the second electrode. . . .

The production of low-carbon ferrochromium led to work on the produc-
tion of steel and to the establishment of a furnace in which, by the use of spe-
cial slags, high-grade steel can be obtained directly from highly impure iron.
Furnaces for this purpose were brought into operation at La Praz and Froges
in France at the aluminium works of P. Héroult, and in 1906 the process was
applied at Remscheid, in Germany.*

® J. N. Pring, The Electric Furnace (London: Longmans, Green & Co., 1921),
P- 310. Héroult also developed the electric-furnace smelting of iron ores.
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If it be said that the Cowles brothers introduced the electric
furnace to the industrial world, it must be said that Héroult as-
sisted at the introduction and took a leading part in its subse-
quent adaptation for several important uses. The popularity of
the Héroult steel furnace in the early years of electric steel was
testified to by Wright in 1910.*® Figures on electric furnaces in the
British steel industry in 1919 show that the Héroult installations
outnumbered those of every other type by a substantial margin.*?

Another American inventor who first studied aluminum reduc-
tion, but made his real contributions to the development of elec-
trochemistry through his work on other materials, was Thomas L.
Willson. In 1885 Mr. Willson was an employee of the Brush
Company of Cleveland, manufacturers of dynamo machines for
the Cowles brothers. Willson’s interest was caught by the experi-
ments of the latter with their electric furnace. He left the Brush
Company and began experiments upon aluminum reduction in
an electric furnace at Spray, North Carolina, which was situated
near deposits of corundum. These experiments resulted in a
patent for the reduction of aluminum alloys in 1890, just as they
were beginning to be supplanted by Hall’s electrolytic aluminum.
Willson discontinued further work on aluminum soon after he
had accidentally discovered calcium carbide while attempting to
obtain metallic calcium in the electric furnace for the purpose of
trying this metal as a reducing agent upon aluminum.?® Willson
and Moissan, who obtained calcium carbide at about the same time
in France, were the first to perceive the economic usefulness of
this compound for the production of acetylene gas. Industrial

18 J. Wright, Eleciric Furnaces and Their Industrial Application (London, 1910),
p. 118,

* Pring, op. cit., p. 272. Héroult furnaces numbered 49 of the 144 electric furnaces
installed. Total capacity of these 49 was 195 tons compared with 79 tons capacity
of the 34 furnaces of the next most common type.

*The honor of this discovery must be shared with Moissan in France, who
announced his results at about the same time as Willson (the end of 1892). Will-
son appears to have been the first to manufacture calcium carbide, beginning as
early as. 189r in Spray. Moissan’s researches, which continued for several years,
were the more scientific and the more valuable for the economic utilization of this
product. The discovery of calcium carbide by these two men was in fact a redis-
covery, for Robert Davy, cousin of Sir Humphry, had discovered this compound
originally in 1855, and Wihler had repeated Davy’s experiment in 1862 and engaged
in further study of the compound. This is another example of the time lag between
laboratory discovery and industrial development.
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production of calcium carbide and acetylene gas was inaugurated
on a fairly large scale in the United States and England under the
Willson patents, and on the Continent under patents taken out in
the name of Bullier, an assistant of Moissan.

Calcium carbide, which had appeared as an indirect result of
experiments upon aluminum, was also destined to lead into further
developments in electrometallurgy. In the last three years of the
century calcium carbide and acetylene developed an inflationary
boom complex in England and upon the Continent. Capital and
enterprise poured into these new industries with cautionless op-
timism, and acute overcapacity was rapidly created. In 1900 the
collapse occurred with even more swiftness. The difficulties of
the new companies were increased by court actions in which the
patents of Bullier and Willson were declared invalid in most of
the European countries. Under the influence of manifold troubles
the owners of many carbide plants with cheap water power turned
their interest to the production of ferroalloys or sold their plants
to persons who had been experimenting in this field.?* In the
United States Willson saw his second venture with the electric
furnace end without great financial success to himself when, as a
result of the patent litigation, the control of carbide manufacture
was awarded to the owners of the Bradley patents.?? Willson
likewise turned to the production of ferroalloys in plants at Hol-
comb Rock and Kanawha Falls, Virginia, and Ste. Catherine in
Canada. In 1900 The Mineral Industry reported that the Virginia
plants were devoted exclusively to the manufacture of ferrochro-
mium. Subsequently other ferroalloys were produced, but ferro-
chromium continued to be the chief product. A few years later
the Electro-Metallurgical Company was formed to take over the
Willson patents and Virginia furnaces. A new plant was built at
Niagara Falls by this company. One authority on the develop-

% France was the leader in the development of electric-furnace ferroalloy pro-
duction.

® It is interesting to note that this owner was none other than the Cowles Elec-
tric Smelting and Aluminum Company, which henceforth owned an interest in the
Union Carbide Company. A part of the fortune which Willson had failed to win
from his early experiments upon aluminum came to him later through Saguenay
water power, which is now used for aluminum production. J. B. Duke acquired
a large part of the Saguenay water rights from Willson, who, it is said, had bought
them from the Quebec government in 1912 for one thousand dollars,
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ment of the electric furnace summarizes the evolution of the ferro-
alloy industry as follows:

It is in the manufacture of ferroalloys that the electrochemical industry met
with its greatest success and most rapid development. The main incentive
which led originally to the progress of this work was the decline in the calcium-
carbide industry which followed its early extension. Thus in 1goo, experi-
ments were made in France on the production of ferrochromium, ferrosilicon,
and other ferroalloys. Carbide furnaces were found applicable for this manu-
facture, and the success obtained has finally led, in the case of many of these
alloys, to the complete replacement of the older processes by electric-furnace
manufacture. Large works manufacturing ferroalloys are now in operation
mainly in Savoy, and Isére in the South of France and in the United States,
Switzerland, and Scandinavia®

With the exception of Héroult’s electrolytic process for alu-
minum reduction the achievements so far described involved the
use of the electric furnace in electrothermal processes — that is,
the electric current was used to produce heat of a sufficient in-
tensity to allow chemical reactions which would not occur at a
lower temperature. During the eighties a few men perceived that
successful reduction of the alkali and alkaline earth metals and
aluminum would be attained by electrolysis rather than electro-
thermal methods. Charles S. Bradley became convinced by ex-
periments that many of the highly refractory metallic ores or
compounds which were nonconductors in an unfused state could
be reduced by electrolysis when the electric current was at the
same time used to fuse the electrolyte and maintain it in a state
of fusion.?* The peculiar feature of Bradley’s work was the use
of electric current to fuse and maintain fusion, thus making it
possible to dispense with external heat. Bradley seems to have
been the first, in America, at least, to recognize the significance of
internal heating of the electrolyte.

Almost contemporaneous with Bradley’s work were the experi-
ments of Charles M. Hall upon the electrolysis of aluminum. Be-
fore his graduation from Oberlin College in 1885 this brilliant
young man became vitally interested in the possibilities of wresting
the ubiquitous metal aluminum from its useless compounds. While

® Pring, 0p. cit., p. 14. This book was published in 19az.
% Three-quarters of a century earlier Davy had reduced potassium and sodium
by employing the electric current for simultaneous fusion and decomposition.
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still an undergraduate studying the classics, he found time to ex-
periment with the effects of the electric current upon aluminum
compounds, and after graduation his whole interest became ab-
sorbed in this problem. He was shortly convinced that the chief
requirement for an electrolytic reduction process capable of com-
mercial development was an effective solvent for alumina, the
cheapest aluminum compound.

As he has several times explained to the writer, he had in mind the analogy
to dissolving a salt, such as copper sulphate, in water and obtaining the in-
gredients of the salt at the two electrodes without decomposition of the
water.®

Hall’s next experiments were directed toward the discovery of
a substance which would dissolve alumina as water dissolved the
copper sulphate in the illustration given.?® He worked with many
salts to find one which would (1) dissolve alumina fully, (2)
conduct electricity, (3) yield only aluminum and oxygen from
electrolysis, and (4) not volatilize or deteriorate on continued use.

A few months of elimination work sufficed to arrive at the
discovery which was the essential part of Hall’s invention. He
found that the double fluoride of aluminum and the more electro-
positive metals possessed the qualifications for an effective sol-
vent of alumina. It was on February 1o, 1886, that he was
delighted to remark that cryolite, the double fluoride of aluminum
and sodium, readily dissolved considerable amounts of alumina.
Using a gasoline burner to heat his crucible, he applied the elec-
tric current from a galvanic battery to a bath of alumina dis-
solved in cryolite. The result was not at first successful. A
suspicion that the difficulty lay not in the bath but in the presence
of silica in the lining of his clay crucible was proved to be correct
when he lined the crucible with a mixture of ground carbon and
tar. On February 23, 1886, he obtained his first button of pure

®= J. W. Richards, in Electro-chemical Industry, 1, 159 (January 1903).

* Aqueous solutions are unsatisfactory for the electrolysis of aluminum salts be-
cause the aluminum possesses such a great affinity for oxygen that the hydroxide
of aluminum is yielded rather than the metal itself. See Minet, op. cit., p. 57. Rich-
ards states (MI, x1v, 13, 1905) that Hall’'s earlier attempts at Oberlin convinced
him that electrolysis from aqueous solutions was out of the question because the
nascent aluminum at the cathode was immediately oxidized. The critical pressure
for decomposition of water is lower than that of aluminum.
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aluminum. Patents were applied for in July, and during the next
two years Hall was engaged in the work of adapting his process
for industrial production and securing financial backing. Through-
out the experimental period, and apparently for a few months after
industrial production had actually begun at the plant of the Pitts-
burgh Reduction Company, Hall relied upon external heating.
It is not clear whether he really intended to continue external
heat when the process was conducted upon a commercial scale,
or whether he believed that as a natural consequence of larger-
scale operations the electric current would maintain the bath in
a fused state. It does not appear that Hall appreciated the prin-
ciple of fusion by the electric current simultaneous with electroly-
sis until after some experience with industrial operation of his
process. His patent claims did not specify this; on the contrary,
they definitely mentioned external heating. In the absence of
Bradley’s work Hall would, of course, have adopted internal heat-
ing when operation demonstrated its advantage. It should be
recognized, however, that Bradley was the first of the many in-
vestigators of this decade to appreciate the significance of the
principle of simultaneous fusion and electrolysis by the electric
current. It was Hall who overtopped his many competitors and
carried electrolysis from the laboratory to its first successful appli-
cation in the industrial world.

It may be asked why Hall and other inventors worked with
alumina, which exists in nature (as corundum) in a very limited
amount, rather than with some of the common aluminous ores
such as bauxite, gibbsite, or kaolin. Any reduction of its ores
which will yield aluminum will also reduce the metals associated
with it in the ores and thus destroy all the valuable qualities of
the aluminum. The refining of i impure aluminum presented great
obstacles. Alumina seemed the most promising point of attack.
The alumina used in the Hall process has until recently been
produced: only by an expensive chemical treatment from the ore
bauxite.

Hamilton -Y. Castner, a chemist from Columbia University,
also turned his attention to aluminum at the same time as the
others. His attack, however, was upon the chemical method which
reduced aluminum at a high cost by the chemical action of sodium,
which was itself obtained only at great expense. It was stated in
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1883 that 57 per cent of the cost of aluminum was attributable to
the sodium. Castner invented a process of reducing sodium which
lowered its cost from one dollar a pound to about twenty or twenty-
five cents. A new aluminum company was set up in England by
Castner and an English associate in 1887. Four years later the
competition of electrolytic aluminum forced this company to dis-
continue aluminum manufacture and write its capital down from
£400,000 to £80,000. The firm continued to produce sodium, and
Castner, perbaps disgruntled by his failure in trying to patch up
an obsolete process, began to experiment with electrolysis. His
ability was both recognized and rewarded a few years later when
he invented an electrolytic method for reducing sodium from com-
mon salt, which soon replaced the chemical methods.?” Castner
also contributed to the industrial application of electricity to the
production of caustic soda and chlorine and cyanides.

The development of the electric furnace and the rapidly in-
creasing knowledge concerning its application in the industrial
arts had other repercussions before the turn of the century. In
1891 E. G. Acheson, while experimenting on artificial production
of diamonds in an electric furnace, accidentally secured an ex-
tremely hard crystalline material which he supposed to be a com-
pound of carbon and alumina (corundum). It was only after he
had given it the name carborundum that he identified it definitely
as the simplest compound of carbon and silicon — CSi or silicon
carbide. After investigation had shown the usefulness of this
material, which is next to the diamond in hardness, Acheson pro-
ceeded to produce and sell it under the name of carborundum. A
small factory in Pennsylvania was superseded in 1895 by larger
works at Niagara Falls, where furnaces absorbing 1,000 h.p.
were set up. This represented a significant development, for until
this time only small furnaces had been used in applied electro-
metallurgy. A few years later Acheson founded successful indus-
trial processes for the manufacture of artificial graphite and re-
fractories (siloxicon and aloxite) in the electric furnace.

Up to. this point we have surveyed the early course of the
electrochemical revolution, which received its stimulus from the
search for a practical process of reducing pure aluminum on a

* This was similar to the method used by Davy in 1807.
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large scale. Laboratory discovery and the formulation of the
fundamental principles of electrochemistry in the first half of the
century brought no immediate industrial consequences owing to
the absence of cheap electric power in large amounts. The intro-
duction of effective dynamos in the late sixties and seventies pre-
cipitated an outbreak of experimentation aimed at the use of the
electric power now made available for electrochemical processes.
Electrolytic copper refining, although first upon the scene, did not
reach sizable proportions until after further advances in industrial
electrochemistry, which resulted in the birth and growth of sev-
eral new industries. Most of the experimentation of the eighties
was concerned with aluminum reduction and somewhat inciden-
tally with the reduction of other refractory oxides. The invention
and development of the electric furnace by the Cowles brothers
in this country, and by Héroult and Moissan among others abroad,
marked the first important step. Alloys of both aluminum and
silicon were produced industrially by the Cowleses in the latter
eighties. After Hall and Héroult had seized the aluminum prize
with their successful electrolytic process, Willson, Moissan, the
Cowleses, and others, who had been working upon electrothermal
processes in the electric furnace, developed the manufacture of
calcium carbide and acetylene and ferroalloys. -During the first
decade of the present century these industries became firmly es-
tablished. Under the influence of ferroalloy production a begin-
ning had been made in the production of electric furnace steel.
This decade also ‘witnessed the growth of additional industries
which seemed to appear naturally once the applicability of the
electric furnace had been established — e.g., carborundum, arti-
ficial graphite, and refractories. While the existence of an effective
dynamo was a necessary condition for the birth of electrochemical
industries, their growth in turn demanded the further cheapening
of power 'which was obtained by hydroelectric developments. The
early promotion of hydraulic electricity at Niagara Falls in the
nineties found about half its market in electrochemical plants-
which were built there to use this cheap power. The rapid prog-
ress of industrial electrochemistry in this decade and an aroused
interest in its development are testified to by the simultaneous es-
tablishment in 1902 of the Electro-chemical Industry,®® a scientific

* Now Chemical and Metallurgical Engineering.
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and trade journal, and of the American Electrochemical Society,
whose membership embraced both industrial and academic men.

It is interesting to note that in addition to his earlier achieve-
ments already described, Alfred Cowles and his associates had by
this time come to hold the most prominent position in electric
smelting in the United States. By patent litigation or purchase the
following companies had become more or less subsidiary to the
Electric Smelting and Aluminum Company: the Union Carbide
Company, the Willson Aluminum Company, the Electric Gas
Company, the Acetylene Illuminating Company, the Acetylene
Company.” In 1913 the Cowles company won an infringement
suit against the Carborundum Company over the Cowles electric-
furnace patents. Although these had already expired, the decision
legally established the Cowles brothers as pioneers in electric
smelting.

While it would be beyond the purposes of this essay to de-
scribe the further development of electrochemistry, it may be of
interest to indicate briefly the economic significance connected
with the later development of the industries whose birth has been
noticed, and to mention the more recent electrochemical appli-
cations.

Since the early nineties the electrolytic copper-refining industry
has shown an enormous expansion, principally in America. The
inadequacy of the supply of “lake” copper to fill the rapidly grow-
ing demand for metal of high purity for electrical uses necessitated
the exploitation of the great deposits of the western states. Ordi-
nary metallurgical methods could not secure the metal from these
ores in pure enough form for the electrical industry. As a con-
sequence, electric refining of the raw copper obtained by smelting
these ores developed rapidly with the expansion of the electric
industry. This development was facilitated by the presence of
silver and gold in American raw copper, the recovery of which
materially reduces the cost which must be borne by copper. The
.absence of these valuable constituents in the European copper ores
has been adduced as the main reason why the growth of electro-
lytic refining in Europe was so slow by contrast.?®

Calcium carbide, which was earlier employed chiefly as a base
for acetylene manufacture, has not lost its importance with the

® MR, 1903, p. 267. % Kershaw, op. cit., p. 109.
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waning of acetylene illumination. Oxyacetylene cutting and weld-
ing has exerted a marked influence upon the development of the
metal industries. Furthermore, acetylene, C:Hz, is useful as a
starting point in building up higher compounds of carbon and
oxygen by synthetic chemistry. Some of the products thus de-
rived are alcohol, acetic acid, acetone, and methyl. The largest
use of calcium carbide in recent years has been in the manufacture
of calcium cyanide, now employed extensively as a fertilizer.

It was pointed out above that the production of ferroalloys in
the electric furnace received part of its initial stimulus from the
overcapacity of calcium-carbide furnaces. Since then the furnaces
used for ferroalloy production have been modified in details, and
the ferroalloy industry has enjoyed a tremendous expansion under
the influence of an increasing interest in the development of ter-
nary and quaternary steel for special purposes. Ferroalloys serve
two purposes in the manufacture of steel. First, they act as puri-
fiers and deoxidizers by combining with elements which would
lower the quality of the steel unless removed. Ferrosilicon and
ferromanganese are the principal alloys used for this purpose.
For many years these two alloys were prepared by ordinary blast-
furnace methods. The electric furnace, which yields alloys of
much higher manganese ‘and silicon content, has largely super-
seded the older methods in the preparation of ferromanganese and
to a lesser extent in the making of ferrosilicon. Secondly, ferro-
alloys are employed to introduce into the steel a certain propor-
tion of the alloyed metals, with the purpose of increasing the
quality of the steel for special uses. Of the several alloys used in
this way ferrochromium was the first to be produced in large
amounts by the electric furnace, which has almost completely
replaced the crucible process for this alloy. By virtue of its ex-
treme hardness, steel with a small percentage:of chromium has
been instrumental in the development of gear machinery and cut-
ting tools. Ten to twelve per cent chromium has given us “stain-
less steel.” Ferrotungsten has had a remarkable growth as an
electric-furnace product. It is utilized in making high-speed steel
for cutting tools which, by retaining their edge even at the red heat
induced by rapid machining, have revolutionized machine-tool
performance. Ferromolybdenum added to steel imparts qualities
similar to those of tungsten steel. Ferrovanadium is made largely
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in the electric furnace. Steel possessing very small amounts of
vanadium resists shock and vibration more satisfactorily, and
hence is used for axles, cranks, connecting rods, and so on. Ferro-
titanium, ferrouranium, and ferrophosphorus are alloys of lesser
importance which are produced to some extent in the electric fur-
nace.

It has already been explained that the use of the electric furnace
for steel refining was suggested by the success with the produc-
tion of ferroalloys. About 19oo Héroult in France and Kjellin in
Sweden successfully applied many of the carbide plants to the
production of high-quality steel as well as ferroalloys. Since then,
because it is more economical and gives larger masses of metals of
uniform composition than the crucible process, the electric furnace
has almost entirely replaced the crucible process for the production
of “fine steels” 8 —i.e., high-grade carbon steels and the highly
complex alloy steels, such as tungsten steel. The electric furnace
is also constantly encroaching upon the domain of the open-hearth
fuel furnace in the production of structural alloy steels for auto-
mobile and airplane parts. There is a growing tendency toward
the adoption of the ‘“cold melt.” Further, the electric furnace
has also been used somewhat to replace or supplement the open-
hearth and converter processes for producing “tonnage” steel.
In general, the advantage of the electric furnace is that it allows
the use of less pure materials, while producing higher quality steel
than the fuel furnace. But for “tonnage” production the electric
furnace is economical as an alternative to fuel heating methods
only in situations where fuel is quite dear and electric power rela-
tively cheap. Actual replacement of fuel furnaces has been rare.
However, there has come into increasing use a “duplex” process
whereby steel is produced in bulk by subjecting it first to a pre-
liminary refining in open-hearth furnaces or Bessemer converters
and then transferring it in liquid form to the electric furnace for
further refining?? The electric energy is usually generated by

® Professor S. S. Stratton is responsible for the term “fine steel.” He has sup-
plied much of my information on the electric furnace in various branches of the
steel industry. See his unpublished doctoral dissertation, “Some Chapters on the
Development of the Fine Steels Industry in the United States,” Harvard University,
1930.

* In 1908 there was but one electric furnace in the United States. Pring reported
287 in operation in January 1919 (The Eleciric Furnace, p. 272).



524 MARKET CONTROL IN THE ALUMINUM INDUSTRY

gas engines driven by blast furnace gas. Most of the steel rails
made in this country are now manufactured by this “duplex”
process. It has enabled the Bessemer process to hold its own as a
competitor of the open-hearth in the face of more exacting re-
quirements in the quality of steels for rails and other products.
Stassano, Héroult, Keller, and others built successful furnaces for
electric smelting of iron ores, but industrial application has re-
mained small, owing to the high efficiency of the fuel process al-
ready in existence. Large-scale operations have been carried on
for several years in Norway, Sweden, and California, however,
and electric smelting of iron ores appears to be gaining slowly.
Metal grinding and polishing has been revolutionized by car-
borundum, which has also enjoyed wide application as a refractory
for lining various types of furnaces in which high temperatures
are developed. Its high thermal conductivity renders it useful in
the construction of furnace muffles which are required to transmit
heat. Fused alumina or artificial corundum (sold under such
names as alundum and aloxite) has proved a more satisfactory
abrasive than the natural compound. Though less hard than
carborundum, it is also less brittle, and therefore more efficient
in grinding steel and malleable iron. It is also receiving increasing
employment as a refractory in the form of crucibles and tubes.
The Carborundum Company has lately reduced silicon in the elec-
tric furnace and now manufactures it for use in steel production,
in the chemical industries, where its high resistance to acids is
advantageous, and in the making of hydrogen. “Pyrex” dishes
are electric-furnace products containing 8o per cent silica. Artifi-
cial graphite, because it is infusible and incombustible except at
extremely high temperatures, is used extensively for crucibles and
electrodes. It can be employed in the form of electrodes in fused
alkali and aqueous solutions, and possesses electrical conductivity
four times that of the best carbon electrodes. Furthermore, it
can be readily machined with accurate threads, so that it can be
connected up for structural purposes. Colloidal graphite in a
medium of water or oil presents a useful lubricant for bearings.
Electrolytic reduction of sodium from fused sodium hydroxide
drove out the chemical process for sodium products soon after
Castner’s invention. Sodium, however, has only restricted uses,
and it is in the development of the production of chlorine and
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caustic soda that electrolysis of the alkalis has gone farthest.
Electrolytic decomposition of common salt (sodium chloride) in
aqueous solution yields chlorine and caustic soda. Chlorine is
used largely in making bleaching powders. Many paper mills and
other large users of bleaching powders have installed electro-
chemical plants to produce chlorine. Electrolytic caustic soda has
largely replaced the products of the older methods. Electrolysis
of salt also produces sodium hypochlorite, which is employed as
a bleaching agent and for disinfecting purposes. The decomposi-
tion of potassium chlorate, used extensively where a strong oxidiz-
ing agent is needed, is obtained by electrolysis.

The most important of the more recent developments of elec-
trochemistry seem to be the various electric furnaces for the
fixation of atmospheric nitrogen into cyanides, cyanimides, or
nitrides. Oxidation of ammonia to produce nitric acid is another
electrochemical industry of growing significance. The electric
current has a wide use to produce ozone from oxygen for use in
water-purification plants. The attempts to apply electrometallurgy
to metals other than those already mentioned have not met with
success until quite recently. Electrolytic extraction of zinc from
aqueous solution has lately begun to achieve a considerable degree
of success, especially with complex ores containing lead and
silver. An extensive development has also occurred in the elec-
trolytic reduction of copper from aqueous solutions of copper ore.
Electric smelting of copper and tin ores has been carried on to a
slight extent only. Electrolytic gold refining now finds a wide
range of employment. Electroplating of several metals has devel-
oped into an important industry. Magnesium is produced solely by
electrolysis. This light metal is useful in alloys (e.g., magnalium,
an aluminum-magnesium alloy, and Elektron) and will probably
have an increased demand as aviation develops. The preparation
of phosphorus and carbon bisulphide is now conducted almost
wholly by electrothermal processes.

An interesting by-product of electrochemistry was described
by Professor Richards in his presidential address to the American
Electrochemical Society in 1903.

Such organizations es research companies, formed explicitly to combine re-

search with practical application, are novelties in the industrial world which
have originated with, and are almost peculiar to, electrochemistry. They in-
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vent, investigate, and develop electrochemical processes, and furnish facilities
to would-be experimenters whose ideas might otherwise remain stillborn.

Industrial electrochemistry has thus branched far in many di-
rections since the beginnings which were occasioned by interest
in aluminum reduction. Some of the more important products and
their applications have been noticed here, but it would require
several volumes to describe all the ramifications and the reper-
cussions upon the industrial structure. The importance of this
new group of industries for the development of the most spectacular
child of the twentieth century is well explained by Mr. Tone of the
Carborundum Company.

The mechanical perfection of the automobile and the interchangeability of
its parts have been made possible by the modern grinding wheel. Practically
every part of the automobile must be ground with artificial abrasives at some
stage of its manufacture, Take away from the automobile industry artificial
abrasives and other products which the chemist has made available to it by
the electric furnace, such as aluminum, alloy steel, and high-speed steel, and
the labor cost of building a car would become prohibitive. The industry would
cease to exist on its present lines.
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PATENT LITIGATION IN THE UNITED STATES

TeE first fifteen years of the electrolytic aluminum industry
witnessed continuous litigation in the United States to settle con-
flicting claims to participation in the profits of the new industry.
This litigation is of interest in connection with the question of the
participation of several persons in the same invention and the dis-
tribution of rewards. It also bears upon the relation of patents to
monopoly.

Charles M. Hall succeeded in reducing pure aluminum by
electrolysis in February 1886. He filed his first patent applica-
tion in the following July. In the course of correspondence between
Hall and the Patent Office several apparatus claims were disallowed
as being mere aggregations of well-known apparatus. S. C. Mas-
tick, lecturing on chemical patents, states:!

We have seen that the various parts of his apparatus were all old and that
the essence of his invention consisted in fusing a compound composed of the
fluorides of aluminum and of a metal more electropositive than aluminum, dis-
solving alumina therein and passing an electric current through the fused
mass. It may be that at this point of time Hall himself did not appreciate

that the process, regardless of the form of apparatus used, was the broad and
valuable invention.®

During the correspondence with the Patent Office an interference
was declared between the application of Hall and one filed by
Héroult, who had independently discovered the same process in
France. It was settled in favor of Hall because the date of actual
success with his process (February 23, 1886) preceded the filing
of Héroult’s application. Patent number 400,766 was issued to
Hall on April 2, 1889.2 It contained three claims, all process

* For this discussion of the patent litigation I have drawn heavily upon a series
of lectures given in 1915 by Seabury C. Mastick, special lecturer on chemical
patents, Department of Chemical Engmeenng, Columbia University. The aluminum
litigation was treated qulte fully in these lectures, which are reprinted in Industrial
and Engineering Ch. y, VII, 789, 879, 984, 1071 (September to December 1915).

'Ibld VII, 881 (October 1915).

*In the interim Hall had amended his original application in some respects. The
only change of importance seems to have been specifying carbonaceous anodes
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claims, viz.: (1) a bath of “fluorides of aluminum and a metal more
electropositive than aluminum,” and passing an electric current
through the fused mass; (2) fluoride of sodium as the metal more
electropositive than aluminum, and the use of a carbonaceous
anode; (3) fluoride of lithium as an additional or alternative in-
gredient of the bath.

In the meantime Hall, who was without resources, had made
several attempts to secure the financial backing necessary to per-
fect his invention for industrial operation. In the summer of 1886
he worked in Boston, where his brother had been able to raise a
little money to defray expenses. After four rather discouraging
months the inventor found his backing withdrawn and returned
to Oberlin, where he used a large bichromate-sulphuric acid battery
constructed by himself. The results of his work there were so
encouraging that he went to Cleveland in December and attempted
to raise funds for work on a larger scale. A decided lack of in-
terest upon the part of Cleveland capitalists combined with the
interference declared about this time by the Patent Office, and not
immediately settled in his favor, led the disheartened inventor to
enter into an optional agreement to sell his patent to the Cowles
brothers, whom he had met during the preceding summer. Hall
was to have current and facilities for experiment at the Cowles
works at Lockport, and was to receive one-eighth interest in the
Cowles company in the event that they decided to purchase. He
worked at Lockport from the summer of 1887 until July 1888, en-
deavoring to perfect his process. It was during these months that
there emerged a difference which may at first have been merely
a difference of opinion, but which later developed into an acri-
monious dispute between Hall and the Cowles brothers over the
right to fundamental parts of the reduction process as it was finally
developed. Previous to his Lockport work Hall had employed
external heat to fuse the bath in his crucible and keep it in fusion.
His patent applications specified an externally heated crucible,
although he had included a statement similar to the following
quotation from a letter written to his sister in August 1886. “Also
it is evident from the experiments that the waste heat of electricity,
which must be used anyway, will be nearly, if not quite, enough

rather than copper, which had not proved satisfactory. Four other patents covering
minor details of the process were issued at the same time.



APPENDIX B 529

to keep the solvent melted.” * At Lockport he continued to use ex-
ternal heat. Furthermore, at this time he was employing copper
anodes, as he had done from the beginning. According to Mr.
Mastick, the Cowleses believed that internally heated crucibles
with carbon anodes were necessary, and internal heating was
alleged to be within the scope of certain prior Cowles patents and
applications.® ' v

Testimony concerning the results of Hall’s work at Lockport
is contradictory. He himself relates that he experienced difficulties
with his process for a time, but “after finally overcoming the
difficulties which I have mentioned, I made several pounds of alu-
minum in small crucibles which I showed to Mr. Alfred Cowles and
gave him all the facts in relation to the same, but he was not in-
terested.” ® Mr. Cowles is reported as stating that the results, as
far as they saw, were not sufficiently encouraging; 7 while it is said
that Hall alleged that the current at his command was so small
that he could not show the results which would come with larger-
scale processing.® However this may be, the Cowleses allowed the
option to lapse in July 1888.

One of their metallurgists, Romaine Cole, was interested, how-
ever. Before Hall left Lockport, Cole resigned and went to Pitts-
burgh, where he was able to gain the support of Captain Alfred
E. Hunt of the Pittsburgh Testing Laboratory. Hall’s arrival in
Pittsburgh at the close of July was followed within a few weeks
by the organization of the Pittsburgh Reduction Company, with
Captain Hunt as its president. A capital of $20,000 was subscribed
by Hunt and his associate, Mr. Clapp of the Pittsburgh Testing
Laboratory, and four other Pittsburgh men. On the following
Thanksgiving Day production was begun in a small plant in Pitts-
burgh. Apparently, external heating was employed for a short
time, during which no startling success attended, and then was
abandoned in favor of internal heating by electric current, which

¢x11 Fed. Rep. 754.

8 Industrial and Engineering Chemistry, VII, 986 (November 1915).

®Remarks of Mr. Charles M. Hall in acknowledgement of the Perkin Medal
(ibid., 111, 148, March 1911). Cf. also Hall’s report to the Cowles company, printed
in Aluminum Indusiry, 1, 21 ; and statement in an anonymous biography of Hall that
bhe was able to produce aluminum at Lockport “in nearly as large a quantity, in
proportion to the power employed, as had ever been done since” (Aluminum World,
1, 66, January 1895). * Electrockemical Industry, 1, 10 (September 1902).

®Ibid. Cf. also report of Hall cited above.
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immediately proved more effective.? Carbon anodes were sub-
stituted for copper by Hall at some time during the early months of
his work with the Pittsburgh Reduction Company. Progress dur-
ing 1889 and 1890 was rapid.

Probably the future success of electrolytic aluminum was per-
ceptible to the Cowleses, experienced as they were in electro-
metallurgy. As soon as Hall departed they had begun experiments
with cryolite and alumina, keeping the bath fused by electric cur-
rent. For a while attempts were made to merge the two companies.
When this failed, the Cowles company threw down the gauntlet
with a determined gesture. First they brought suit against the
Pittsburgh company, alleging infringement of certain Cowles
patents. They claimed prior invention and application of the use
of electric energy to fuse ores preparatory to reduction.’® Their
next move is described by Judge Taft.

The evidence leaves no doubt that the defendant company [the Cowles
company] began their manufacture of pure aluminum in January 1891, with
the aid of one Hobbs, who had been the foreman of the complainant com-
pany, and engaged for it in superintending the manufacture of aluminum by
the Hall process.11

Hitherto the Cowleses had made and sold only aluminum alloys.
Now they began to advertise pure aluminum at prices which under-
cut the Pittsburgh company’s charge of $1.50 a pound. A short
price war ensued, bringing the price down to $1 by the middle
of March. At this juncture the Pittsburgh Reduction Company
entered the legal arena with a countersuit alleging infringement of
the Hall patent and praying for a preliminary injunction. Judge
Ricks, of the Circuit Court of the Northern District of Ohio,
denied a complete injunction but issued an order restraining the
Cowles company from increasing its output during the trial of the
suit and from selling below a price to be named by the com-
plainant.1?

® Mastick, in Industrial and Engineering Chemistry, VII, 986 (November 1915).
Cf. Aluminum Industry, 1, 24.

W E. P. Allen, “The Production of Aluminum,” Cassier’s Magasine, I, 419 (Feb-
ruary 1892). This suit never went beyond the filing of bills in the Circuit Court at
Pittsburgh. -

2 Opinion in Pittsburgh Reduction Company v. Cowles Electric Smelting and
Aluminum Company; quoted from Mastick, ep. cit., p. 989.

1 The Pittsburgh company named $1.50 as the price, but this was lowered to 50¢
in August to meet foreign competition.
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The outcome of the suit was favorable to the Hall interests.
Judges Taft and Ricks handed down an opinion on January 11,
1893, holding the Cowles company to be infringers and ordering
the payment of $292,000 damages to the Pittsburgh Reduction
Company. This sum was never paid because attempts to secure
a rehearing lasted until another suit had turned the pecuniary
tables. The results of this first case established the Hall company
as the sole producers of aluminum in the United States by the
electrolytic method, the only method then in commercial use for
producing pure aluminum,

Nevertheless, the Cowleses were not willing to regard this de-
feat as final. Rather they pushed the struggle in the courts for
another decade. The litigation concerned the ownership of the
Bradley patents, which were believed to dominate the Hall patent,
and the infringement of the Bradley patents by the Pittsburgh
Reduction Company. Apparently the Cowleses had concluded
after the adverse decree of 1893 that their own patents could not
be used successfully in fighting the Pittsburgh company. At that
time they had certain claims to two patents which had just been
issued to Charles S. Bradley. The brothers had come into contact
with Bradley in 1895 when the Patent Office declared an inter-
ference between some of their respective patent applications. Brad-
ley sold out to the Cowleses. At this time there stood rejected
at the Patent Office an earlier application of Bradley’s, filed Feb-
ruary 23, 1883, relating to the separation of metals from highly
refractory ores which were nonconductors in an unfused state, by
using the electric current to fuse, maintain fusion, and decompose
by electrolysis. The use of this process for aluminum reduction was
specifically claimed. The rejected application was brought to the
attention of the Cowleses, and was the subject of a discussion be-
tween them and Bradley before a contract was finally signed
which, in quite broad language, conveyed to the Cowleses “all
interest in any and all discoveries and inventions relating to elec-
tric smelting processes and furnaces, and all patents they [ Bradley
and an associate] have obtained therefor and all applications now
pending, and caveats on file, in the United States Patent Office, re-
lating to electric smelting processes and furnaces, which do or may
interfere with any application for patents made by Eugene H. and
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Alfred H. Cowles of Cleveland, Ohio, now pending in the United
States Patent Office.” **

Bradley’s application of 1883 lingered on in the Patent Office,
with no interest shown in it by the Cowleses, until 1892, when the
Board of Examiners-in-Chief allowed the issuance of two patents
which Bradley promptly assigned to G. P. Lowrey.** The latter
brought suit to restrain the Cowles company from claiming title
to these patents, to which the company replied with a cross-bill
praying that Lowrey be enjoined from claiming the title. Judge
Taft held in the Circuit Court decision, rendered April 23, 1895,
that the Bradley patents were not intended to be conveyed by the
assignment of May 18, 1885.%® The Circuit Court of Appeals,
Judge Severenz delivering the opinion, reversed the lower court,
holding that the inventions were intended to be included in the
terms of the contract of 1885.'®* Immediately upon receiving title,
the Cowles interests again took up the legal cudgels against the old
rival in Pittsburgh, alleging infringement of the Bradley patents.}”
The Circuit Court finally dismissed the bill in October 1go1, hold-
ing that the Hall process did not infringe.’® Having become used
to defeat in the lower courts, the Cowleses at once appealed the
suit, and were rewarded two years later with a verdict that one of
the Bradley patents had been infringed.

The judges of both courts were in apparent agreement that the
novelty of Hall’s process or the essence of his invention consisted
in the discovery that alumina would dissolve freely in cryolite. The
process actually operated by the Pittsburgh Reduction. Company

 Quoted by Mastick, op. cit., p. 1072.. )

% Patents no. 464,933, issued December 8, 1891, and no. 468,148; issued February
2, 1892. Lowrey, a shrewd patent attorney, had evidently hunted out this Bradley
application and pushed it through. When the patents issued, Lowrey immediately
notified both the Pittsburgh and the Cowles companies that they were infringers.
An interesting side issue in the struggle between this attormey and the Cowleses
over the Bradley patents was a shift from the Cowleses to Héroult, engineered by
Lowrey, on the part of a group of Berlin capitalists whom the Cowleses bad got
together for the erection of an aluminum works in Switzerland which was to be
operated under Cowles patents,

68 Fed. Rep. 354 (1895).

149 Fed. Rep. 331 (1897).

" Electric Smelting and Aluminum Company v. Pittsburgh Reduction Company,
111 Fed. Rep. 742. The Electric Smelting and Aluminum Company had been recently
formed by. the Cowles interests. The old Cowles Electric Smelting and Aluminum
Company continued its existence as a subsidiary of the new company.

%111 Fed. Rep. 742 (1901).
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involved also simultaneous fusion and electrolysis by the electric
current. Did this constitute infringement of the Bradley patent?
The chief issues stressed in both opinions were two: (1) whether
the construction to be placed on Bradley’s patent should be broad
or narrow; (2) whether the Hall process as operated employed
electric energy in excess of the amount necessary for electrolysis,
the excess being used for heating to fuse and maintain fusion. The
judges of neither court were altogether successful in avoiding con-
fusion with respect to the electrochemical relations which con-
tinually intruded upon the legal domain. In a muddled opinion
which occasionally confused the two issues, Judge Hazel of the
lower court concluded that the proper construction to be placed on
the Bradley patent was too narrow to cover Hall’s process, and
that “the heat required to maintain fusion is obtained by the heat
radiation, and from such sources as are incidental to the use of
the process, and not from any independent process of electric
heating.”

Judge Coxe of the Circuit Court of Appeals, with his two asso-
ciates concurring, delivered a clearer opinion, well ordered, more
careful in logic.?® After a survey of the prior art, which seems
to be more penetrating if no more exhaustive, he concluded that
the Bradley patent should have a liberal construction. Starting
with the undisputed fact that before Bradley’s work no one had
ever been able to separate aluminum from its compounds solely
by the use of electricity —i.e., without the employment of ex-
ternal heat — Judge Coxe went on to show that although it was
previously known that metals contained in ores which were con-
ductors could be separated therefrom by electricity, the problem
of dissociating metals from nonconductors by this method had not
been solved. The ores of aluminum are nonconductors at ordinary
temperatures.

The principal expert for the defendant, Dr. Chandler, whose reputation for
learning and ability is well known to the courts, although of the opinion that
slight modifications of the previous methods would produce the Bradley
process, nevertheless admits frankly, “I do not recall any one process which,
when applied to the ore of aluminium, would without any modification what-

ever have produced aluminium, in which process both the fusion and the
electrolysis would have been accomplished by the electric current.”2¢

* Electric Smelting and Aluminum Co. v. Pittsburgh Reduction Co. on appeal
(135 Fed. Rep. 926), decided October 20, 1903. #3125 Fed. Rep. ¢33.
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From Davy to Bradley no one had been able to produce any
aluminum by electricity alone. The efforts of inventors were di-
rected to the perfection of external heating processes, even after
the introduction of dynamos; and, indeed, these efforts continued
for several years after the Bradley invention. Hall himself em-
ployed external heat until 1889. The Court disposed of the first
issue by concluding:

We are unable to discover anything in the prior art describing this process
or anything closely approximating thereto. The patent is, therefore, not an-
ticipated, and its claims are entitled to a liberal construction.

The Judge of the Circuit Court, after a careful and painstaking research,
reached the conclusion that Bradley had made a valuable invention, but
failed to grant relief to the complainant upon the theory that the process
which the defendant uses was an entirely separate invention, neither de-
pendent upon nor subsidiary to the invention of Bradley. In this we think
there was error. Hall’s achievement should be considered in the light of an
improvement upon Bradley’s fundamental discovery.2t

In taking up the second issue Judge Coxe stated that considera-
tion of the Hall patent to which the court below had devoted much
timé was irrelevant, since the patent was not issued until 1889 and
did not disclose the process which the Pittsburgh company used
and of which the complainant complained. The material fact was
that Hall’s discovery that he could dispense with external heat
came at least three years after Bradley’s invention. Upon the
question of excess energy beyond that necessary for electrolysis
the Court believed that a current which fuses, maintains fusion,
and electrolyzes must be of greater power than one which electro-
lyzes alone. The fact that the Bradley process was actually
operated commercially in the United States and abroad is ad-
duced.?* In sum, when the proper construction is placed upon the
Bradley patent, it was seen to be infringed because some of the
electric energy was used to fuse and maintain fusion.

1t is, of course, an indisputable fact that a substantial portion
of the electric energy is converted into heat which results in
constant fusion.

There are, however, certain electrochemical processes in which electrical
energy is used both for heating and for effecting electrolytic resolution; the

# 525 Fed. Rep. 932 (quoted by Mastick, op. cit.).
2 Probably the reference was to operation by the Cowles firm before it had
acquired legal title to the Bradley patent.
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most noteworthy instance is in the manufacture of aluminium by electrolysis
of alumina dissolved in a double fluoride of aluminium and sodium. The bath
is not only decomposed electrolytically, but is also kept fused by heat obtained
at the expense of electrical energy passing between the electrodes.23

Indeed the conversion of electric energy into heat is inevitable
in this electrolytic process. Professor Richards has explained that:

. . . it is impossible to pass any current whatever through an electrolyte
without generating some internal heat in it, and therefore the question as to
whether the heat thus generated internally shall be sufficient alone to keep the
bath melted, at the proper temperature, is merely a question of increasing the
size of the pot and the scale of the operation.24

It is clear that Hall obtained internal heat by this expedient.
Either Hall’s invention was not a complete one in the first in-
stance, because he failed to realize that the electric current would
fuse and maintain fusion as well as decompose,?® and hence con-
tinued for some time to employ external heating, the use of
which hindered him from increasing the size of the pot and the
scale of the operation to the point where this principle would be
made manifest; ?® or, recognizing the principle, with or without
knowledge of Bradley’s work, Hall was unable at first to apply
it satisfactorily, and hence did not specify it in any of the patents
which were issued to him in 1889; or else he did not consider
that it could be or should be patented.?” Whatever was true of
Hall, Bradley — and perhaps the Cowleses — had recognized the
importance of this principle earlier.

The question whether Hall had benefited from Bradley was

® Bertram Blount, Practical Electro-chemistry (New York, 1903), pp. 24, 167 fi.
See also A. J. Allmand and H. J. T. Ellingham, The Principles of Applied Electro-
chemistry (New York, 1924), pp. §ax fi.; J. W. Mellor, A Comprehensive Treatise
on Inorganic and Theoretical Chemistry (London, 1924), I, 166; Richards, Alu-
minium, p. 383; Minet, The Production of Aluminium, pp. 19 ff.

= Aluminum World, VIII, 132 (April 1902).

™ This opinion was expressed by Professor F. Haber in reporting to the Bunsen
Society of Germany upon the industrial development of electrochemistry in the
United States after a visit to this country sponsored by the Society.

® Dr. F. Regelsberger says that of the four inventors Hall, Minet, Kiliani, and
Héroult, the latter two alone recognized early that external heating could be re-
placed by means of a stronger current. Héroult specified this in his British patent.
See Aluminium, VII, Heft o, p. 1 (May 16, 1925).

" Upon one occasion Hall characterized this principle as resulting “from 2 law of
nature and not from any invention.” See his remarks in acknowledgement of the
Perkin Medal, reported in Industrial and Engineering Chemistry, III, 148 (March
1911).
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immaterial to a decision upon infringement. The same may be
said of the question whether, at the scale upon which the Hall
process was being operated, just the amount of energy required
for electrolysis would necessarily generate just the amount of
heat necessary to maintain fusion properly. The only possible
construction for the Bradley patent, except a constriction which
would have nullified it, would appear to be that it covered any
use of the electric current to secure internal heat for fusion
simultaneous with electrolysis of aluminum and other substances
specified, whether such generation of heat was unavoidable or
not. The fundamental question is whether Bradley should ever
have been granted a patent for his process.® As issued, the
patent, if construed to mean anything, must necessarily have been
infringed by the Hall process.

The final decision in this suit involved a judgment of nearly
$3,000,000 against the Pittsburgh Reduction Company as in-
fringers since 1892. A few months prior to this holding the
Cowles group had succeeded in having the old case, in which
Judge Taft had enjoined the Cowles company from manufactur-
ing pure aluminum, reopened for the introduction of new testi-
mony and reargument. The sum decreed against them by Judge
Taft had never been paid because of litigation. Now a final
agreement between the two companies settled the whole con-
troversy. The Pittsburgh company paid a sum of money some-
what less than the damages awarded. It was agreed that this
company should have the monopoly of aluminum manufacture
until the expiration of the Bradley patent in February 1909, and
should work under a license, paying royalties. The Cowles com-
panies agreed not to manufacture pure aluminum but could buy
and sell all grades of aluminum.?® As far as the inventors were
concerned the outcome was not, perhaps, far removed from the
attainable optimum of human justice. Hall and his associates,
who had actually made a commercial success of electrolytic alu-

. * This is & question upon which I am not competent to pass judgment. In the
view of this controversy given by J. D. Edwards in Aluminum Industry, 1, chap.
II, it is stated that Bradley never operated his process and it is implied that in the
light of this fact and the state of the prior art this “paper patent” should not have
been issued.

* The Cowles companies were, of course, free to continue the manufacture of
aluminum alloys.
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minum, remained alone in the field. The Cowleses, who had
played a conspicuous part in the early development of electro-
chemistry, and who may have had some influence upon Hall’s
success, received a cash reward. And Bradley, who at least seems
to have been the first in this country to grasp the importance of
the idea of simultaneous fusion and electrolysis of aluminum, re-
ceived recognition.

The patent controversy and its outcome were a typical instance
of the industrial development of inventions under a system of
patent law. As the Engineering News remarked:

The situation is simply one which constantly recurs in the history of inven-
tions, in which an inventor whose work reaches commercial success finds that
he must settle with the owner of some earlier pioneer patent, whose claims are
entitled to a broad construction.™

In its relation to monopoly the result of this litigation was of
considerable significance. What may have seemed to the Pitts-
burgh Reduction Company a severe blow was transformed some
time later into an undisguised blessing. The license to operate
the Bradley patent extended the period of legal monopoly past
the business boom of 19061907 into the middle of the succeed-
ing depression, and really gave the company three extra years in
which to become so well fortified against competition that none
developed. Furthermore, the decision of the victors to refrain
from the manufacture of pure aluminum removed the most logical
competitor. Mr. Alfred Cowles and his associates were probably
better fitted by experience to enter this new industry than any
other group of men in the country, except those already operat-
ing the Pittsburgh enterprise. A study of the patent struggle also
makes it clear that the electrolytic process was so simple in its
elements as to permit no possibility of patenting modifications or
variations upon the basis of which a competing enterprise might
operate.

® Engincering News, 1, 390 (1903).
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INVESTMENT AND EARNINGS OF THE ALUMINUM COMPANY
OF AMERICA, 1909-1935

ANNvAL financial reports have been published by the Aluminum
Company of America only since the year 1926. Materials from
which estimates of investment and earnings may be derived for
the years 1909—1926 are composed of the following sorts of in-
formation: (1) approximate figures for particular years given to
government bodies by the company; (2) general statements in
security advertisements that earnings, before or after interest
as indicated, exceeded, equaled, or did not fall below certain sums
in certain periods or particular years; (3) balance sheets for the
years 1920-1924 submitted to the Department of Justice and
printed in the Benham Report, p. 92; (4) records of interest and
dividend payments, and fragmentary records of capital expendi-
tures; (5) study of market conditions. The object of the study
is to ascertain approximately the average ratios of earnings to
investment in certain periods. Earnings signify net earnings of
capital after operating expenses, including depreciation, depletion,
taxes, and interest on current debt, and before interest on funded
debt. Investment is equivalent to total assets less depreciation
and depletion.! In order to obtain average investment during
each year, investment at the beginning and end of each year has
been averaged, except in the case of years during which assets or
securities were bought or sold. In such instances averages of in-
vestment during appropriate periods of each year have been
computed. '

With regard to the period prior to 1927 there have appeared
figures of investment at the end of 1908, 1910, 1911, 1912, 1916,
each year 1920-1924, and 1926, and data on earnings for the
years 1909-1912, 1916, 1921, and 1924-1926.2 Other informa-
tion ahout earnings is as follows: .

1No good-will item or other questionable asset account appears on the balance
sheets of the Aluminum Company. Assets of “non-consolidated” subsidiaries are
yepresented in the investments account.

2 Sources are given in the notes to Table 37.
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(1) 1915-1924 — Average annual earnings after interest were
$9,843,133.33.°

(2) 1917-1926 — Average annual earnings before interest ex-
ceeded $12,000,000.*

(3) 1911-1920 — Average annual earnings after interest ex-
ceeded $10,000,000.% .

(4) 1916-1919 — Earnings after interest were in no year less
than $10,000,000.%

(5) 1915—!1918 — Earnings were in no year less than $8,000,-
000.

The general method used is shown in the following summary
of figures.

Total earnings after interest, 1915-1924........... $98,431,333°
Total earnings paid as interest on funded debt,

TOTST024 - ovvvveennnnenaennanraannerraannnns $9,297,500 *
Total earnings, 1915-1924.................ccon... $107,728,833

Less  Earnings, 1915.......... $9,000,000 (estimated)

Earnings, 1916.......... $20,000,000 (official)
Total earnings, 1915-1916 $29,000,000............ $29,000,000
Total earnings, 19017-1924.........ccoovevueennn... $78,728,833

Less  Total earnings, 19211924 (figures for 1921-1923 de-
rived from comparing balance sheets; figure for

1924 given by the company).................. $30,425,300
Total earnings, 1917-1920. ... .......coouvrrrennnn. $48,303,533
Total earnings after interest, 1911-1920, equal at

least £0.........cviiiii i e $100,000,000
Total interest paid on funded debt, 1911-1920...... $1,500,000°
Total earnings, 1911-1920..........cc.cvveunnnen. $101,500,000

Less  Total earnings, 1917-1920 $48,303,533 (above)
Total earnings, 1915-1916 $29,000,000 (above)
Total earnings, 1911-1912 $9,560,000 (official)
$86,863,533 $86,863,533
Total earnings, 1913-1914..........coovrvernne... $14,636,467

® New York Times, October 29, 1925, p. 38.  *Ibid., February 7, 1927, p. 28.
® Wall Street Journal, October 3, 1921, p. 3. )
¢ Commercial and Financial Chronicle, CXI, 1853 (November 6, 1920).
*Ibid., CVIII, 880 (March 1, 1919).
®This figure represents ten times the annual earnings after interest officially
reported for that period. It does not appear whether the operating loss of about
® (See page $40 for note 9.)
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The indicated total net earnings for each of the several periods
were distributed over the individual years in accordance with
considerations suggested by changing conditions. Growth in
investment was estimated by calculation of reinvested earnings
and additions to assets from sales of new securities. Recent testi-
mony implies that there has been no substantial revaluation of
any assets upward in the period covered by this study.’® Some
discussion of estimates of investment and earnings in certain
periods is appropriate.

1913-1920

Figures of investment at the end of the years 1912, 1916, and
1920, and of earnings in the year 1916 have been given by the
company. Figures for other years have been estimated according
to the method just described. Investment grew from about $30,-
000,000 at the end of 1912 to about $80,000,000 at the end of
1916. The sum of the indicated reinvested earnings in these
years is only $39,000,000. Apparently no new securities were
sold. At the end of 1920 investment had increased to approxi-
mately $158,000,000. During the four years 1917~1920 reinvest-
ment totaled $38,000,000, according to my estimates, and the
sale of notes added about $24,000,000. The indicated increase
in investment is only $62,000,000, while the actual increase was
$78,000,000. During the  whole period 1913-1920 investment
increased about $128,000,000, according to the company’s fig-
ures. Only $101,000,000 of this increase is accounted for by my
estimatés’ of reinvested earnings plus the proceeds of security
sales.’* The balance sheet for December 31, 1920, shows current
payable items equal to $16,000,000. If current payables stood at
zero at the beginning of 1913 the part of the growth in investment

$5,000,000 in 1921 was taken into consideration in computation of the average. If -
it was, the total earnings after interest during the period 1915-1924 were $5,000,000
larger.

® Calculated from data published in financial manuals.

2 BMTC v. ACOA appellant, fol. 5707. A small write-up in 1925 is referred to
on the next page. .
* According to figures supplied by the company the total capital expenditures by
the Aluminum Company and its subsidiaries in this period amounted to about
$102,000,000. See Hearings before Senate Committee on Investigation of Bureau of

Internal Revenue, 68 Cong., 2 Sess., Part 1o, p. 18532.



APPENDIX C 541

which is unaccounted for in this study would be reduced to $11,-
000,000. Evidently the estimates of earnings presented here for
the period 1913-1920 are too low by at least this amount.

1921-1935

Figures of investment at the end of each year (except 1925)
have been given by the company. An operating deficit of about
$5,000,000 is reported for 1921. To this has been added an in-
ventory loss of $5,000,000 suggested by examination of balance
sheets, price data, and other information, on the chance that this
loss may not have been included in the operating deficit. Earn-
ings for 1922 and 1923 bave been estimated after comparing bal-
ance sheets and studying other relevant material. Comparison
of balance sheets was rendered difficult by lack of information to
explain changes in inventory items and reduction in plant ac-
count, If the reduction in plant account of about $9,000,000 in
1922 represented a simple write-down, the estimated earnings for
the period 1921-1924 are too low by about that amount. Figures
for earnings before interest in the years 1924-1926 were given
by the company. Net earnings for each year thereafter have been
computed by adding to the published figure of earnings after in-
terest and taxes the annual interest payments required for the
average amount of bonds outstanding in the year. Total invest-
ment increased approximately $75,000,000 during the period
1921-192¢9. Of this, $70,000,000 can be accounted for by the
algebraic sum of indicated reinvestment of earnings, net pro-
ceeds from security sales, and the diminution in current lia-
bilities and sundry other items. This small discrepancy is about
equal to an increase in the book value of marketable securities
made at the time of the merger with the Canadian Manufacturing
and Development Company in 1925.}% Examination of financial
reports for the years since 1929 does not indicate any substantial
write-down of assets or recapitalization other than bond retire-
ments,

In addition to the fact that the full growth of investment
during the period 19091920, at least, does not seem to be ac-
counted for with the estimates of earnings given in Table 37, .

¥ BMTC v. ACOA appellant, fol. s707.
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there are other indications that the annual earnings and rates of
return on investment were actually somewhat greater, during
part of the time, at least, than the figures shown in the table.
(1) The method used in making estimates of earnings in those
years for which no official earnings figures appear has probably
tended to understatement because lower rather than higher figures
have been used in all cases of doubt. (2) The figures of Table 37
do not include interest paid on current liabilities which is part
of true earnings of total capital investment. Since payments on
this item could be computed for a few years only, they were uni-
formly excluded. (3) The investment and income of several par-
tially or wholly owned subsidiaries were evidently not included
in the consolidated balance sheets and income accounts of the
Aluminum Company.*® Only such part of the earnings of these
subsidiaries as was paid to the parent in dividends would appear
in the income account of the latter. At the end of 1924 (the latest
date for which we have information) the non-consolidated group
included several important subsidiaries or affiliates, such as for-
eign bauxite companies, the Norwegian aluminum firms, Alu-
minum Manufactures, and the Aluminum Goods Manufacturing
Company. (4) It appears that during the years 1912—1925 the
Aluminum Company spent several millions of dollars in the
acquisition and development of foreign ore properties, particu-
larly in South America. At the beginning of 1925 the aggregate
capitalization of these subsidiaries seems to have been not much
more than $1,000,000.1* It is possible that some true earnings
were used for these bauxite properties without entering the income
or capital accounts of the parent-or subsidiaries. (5) At the end
of 1927 the reserve for amortization, depletion, and depreciation
was equivalent to about 32 per cent of the undepreciated book
value of land, plants, and facilities. Three years later the corre-
sponding figure was about 35 per cent, and at the end of 1934 it
was about 37 per cent. More than three-quarters of the present
‘capacity represented by dams and powerhouses seems to have
been added since 1912, and at least half of the present capacity
sincé -1925. Other facilities have been greatly enlarged in the
last ten or fifteen years. True annual depreciation on hydro-

 BR, pp. 92—96.
* Ibid.
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electric dams, powerhouses, and equipment is, of course, very
small.'® Furthermore, the company has accumulated large re-
serves of bauxite. Although the annual charges to depletion and
depreciation may not have exceeded true charges since 1926 —
they averaged slightly less than 3 per cent of undepreciated book
value of land, plants, and facilities during the years 1927-1934
—— it is quite possible that the large reserve for depletion and
depreciation contains a substantial amount of reinvested earnings
which have not been included in the income figures.

Sales and cost data appearing in the Benham Report !¢ enable
rough computation of earnings at the ingot stage —i.e., earnings
upon all ingot, which is made up of ingot sold in that form and
ingot sold in the form of later products. When the average price
received for the metal sold as ingot is considered as the average
price received for all ingot, the difference between this figure
and the average cost of producing ingot (exclusive of any profit)
constitutes the average profit per pound of ingot. Net earnings
at the ingot stage may then be estimated by multiplying the total
amount of metal sold in all forms by the average profit per
pound of ingot. This computation indicates that in 1923 earn-
ings at the ingot stage represented about 45 per cent of the total
net earnings estimated for that year. In 1924 earnings at the
ingot stage appear to be almost equal to the amount which the
company reported as its net earnings on all operations, while in
1925 earnings at the ingot stage during the first half year ap-
parently represent more than 40 per cent of the total net earnings
reported for the whole year, or perhaps 8o per cent of the net profit
in the half year.!” It is not specified whether the cost figures,
which have been used in the computation here, include selling
cost and general expense or not. If they do not, profit at the
ingot would, of course, be less. If one quarter of the total selling
cost and general expense for 1925 *® is included in cost of ingot

®J. D. Justin and W. G. Mervine estimate that the annual depreciation for
typical hydroelectric plants will vary from o.7 per cent to 1.5 per cent (Power
Supply Economics, p. 150).

¥ Pages 47 and 118.

¥ The company may, of course, keep its books in such manner that a higher rate
of earnings is shown on the investment in fabricating facilities.

¥ These expenses for 1925 appear in Exhibits 58 and 258 of BMTC v. ACOA
appellant.
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TABLE 37

INVESTMENT, EARNINGS, AND RATE OF RETURN OF THE ALUMINUM COMPANY
OF AMERICA, 19091935

Investment Average
at End of Investment Net Rate of
Year s during Year & Earnings ¢ Return

Year ($1,000) ($1,000) - ($1,000) (per cent)
1908 $24,000 ¢ .

1909 27,000 ¢ $25,500 $3,600f 14.1
1910 30,0004 - 28,500 4,590 f 16.1
1911 26,300 ¢ 28,150 §,1007 18.1
1912 30,000 ¢ 28,150 4,463 ¢ 15.9
1913 36,750°¢ 33,380 7,500°¢ 22.5
1914 43,130° 39,990 7,500°¢ 18.8
191§ 50,900 ¢ 47,015 9,000 € 19.1
1916 80,000 % 65,450 20,000 # 30.6
1917 91,750°¢ 85,880 14,000 ¢ 16.3
1918 100,650 ¢ 101,200 11,230°¢ II.I
1919 120,380 ¢ 114,830 7 10,500 ¢ 9.1
1920 157,723 % 127,500 1 12,500 € 9.8
1921 145,331 % 150,220 % ‘def. 10,0007 —6.7
1922 134,188 % 139,760 © 3,000°¢ 2.1
1923 145,016 % 139,600 14,000 ¢ 10.0
1924 155,515 % 150,510 13,425™ 8.9
1925 190,000 * 170,000 22,8927 13.5
1926 209,716 # 203,260 1 19,747 ™ 9.7
1927 250,170 ? 248,1007 18,1609 7.3
1928 215,320 235,000" 23,3909 . 10.0
1929 232,517 7 223,220¢ . 27,3307 12.2
1930 240,778 # 235,940 ¢ 13,6307 5.8
1931 245,133 7 242,240 6,495 7 R
1932 237,438 7 240,500 ¢ def. 5107 T —0.2
1933. ' 2334527 234,660 ¢ 3,400 7 14
1934 228,317 # 229,610 8,1007 3.5
1935 221,703 # 221,000 * 10,8209 4.9

s Total assets, except as otherwise noted.

5 Average of investment at beginning and end of year; or, in the case of
years in which assets were sold, securities sold or retired, or the like, average
of investment at different periods of the year.

¢ Net earnings before interest on funded debt but after interest on current
debt and taxes.
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4 Approximate figures given by an officer of the company (Tariff Hearings,
1912-1913, House Document no. 1447, I, 1401 f.).

¢ Estimate by author.

1 Testimony of an officer of the company that earnings were approximately
15 to 17 per cent of investment in these years (Tariff Hearings, loc. cit.). It
has been assumed that this meant 15 to 17 per cent of investment at the
beginning of each year.

# Figure given in bond advertisement, Wall Street Journal, Oct. 3, 1921, p. 3.

4 Approximate figure given by an officer of the company. See Congressional
Record, LV, 4592.

{ Includes $12,000,000 increase in assets from sale of notes in 1919.

7 Average of investment at beginning of year and that amount plus reinvested
earnings, adjusted for increase or decrease in assets due to sale or retirement
of securities during year.

& Figure from balance sheet in Benham Report, p. 92.

1 ‘This deficit consists of an operating loss of about $35,000,000 (FTC Docket
1335, Record, p. §240) and an estimated inventory loss of about the same
amount.

= Figure given in bond advertisement, New York Times, Feb. 7, 1927, p. 28.

* No official figure for Dec. 31, 1925, is obtainable. Figures for Sept. 30,
1925, and Dec. 31, 1926, appear in Exhibits 249 and 250, BMTC v. ACOA
appellant. The figure for Dec. 31, 1925, bas been computed by deducting from
the investment at the end of 1926 the sum of the cash obtained by sale of
notes in 1926 and the indicated reinvestment of earnings in 1926.

* The figure for 1925 represents an approximate average of investment dur-
ing several periods of the year separated to reflect changes in investment
occasioned by the merger of the Aluminum Company and the Canadian
Manufacturing and Development Company on July 29 and retirement of
$12,000,000 of notes on Nov. 1.

# Figure taken from annual report with deduction of preferred dividend pay-
able next day.

¢ Net earnings after all expenses incident to operations and reserves for de-
preciation, depletion, income and franchise taxes from annual report, plus in-
terest paid on funded debt computed from data in financial manuals.

7 The figure for 1928 represents the average of average investment in the
periods before and after exchange of certain assets for stock of Aluminium
Limited and distribution of that stock to shareholders of the Aluminum Com-
pany.

+ Average of investment at beginning and end of year adjusted for retirement
of bonds on March 1.

¢ Average of investment at beginning and end of year adjusted for retirement
of bonds on March 1 and purchase of $924,000 of bonds during 1934 for retire-
ment in January 1935.

*» Average of investment at beginning of year and that amount less deficit of
$10,000,000, adjusted for retirement of notes.

* Average of investment at beginning and end of year adjusted for retirement
of $6,000,000 of bonds, September 1, 1935.
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for the half year, net profit at the ingot would approximate 35
per cent of the net for the whole year, or perhaps 70 per cent
of the half year’s earnings. Similar calculations have been made
for the years 1926 and 1928.® When about half of the total
sales and general expenses are added to the plant cost of ingot —
probably a substantial overestimate — net earnings at the ingot
stage appear to represent about 40 per cent of net on all opera-
tions in 1926 and about 60 per cent in 1928. It is questionable
whether the plant cost figures, taken from an exhibit of the Alu-
minum Company do not include some items which are not a part
of true cost from the standpoint of the question raised here.

* From data in Exhibits 58, 106, 117, 258, 291, 293, ibid.
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DECREE
In the United States District Court, Western District of
Pennsylvania
Session of 1912

UNTTED STATES OF AMERICA, Petitioner,
v.
AruvmiNnum CoMPANY OF AMERICA, Defendant

DECREE

This cause coming on to be heard on this 7th day of June, 1912,
before the Hon. James M. Young, District Judge, and the peti-
tioner having appeared by its district attorney, John H. Jordan,
and by Wm. T. Chantland, its special assistant to the Attorney
General, and having moved the court for an injunction in accord-
ance with the prayer of its petition, and it appearing to the court
that the allegations of the petition state a cause of action against
the defendant under the provisions of the act of July 2, 1890,
known as the Anti-trust Act, that it has jurisdiction of the subject
matter, and that the defendant has been regularly served with
proper process, and has appeared in open court, by George B.
Gordon, its counsel, and has given its consent to the entering and
rendition of the following decree:

Now, therefore, it is ordered, adjudged, and decreed:

1. That sections 2, 4, and § of the agreement entered into as of
date September 25, 1908, between the Société Anonyme pour
I'Industrie de ’Aluminum of Neuhausen and the Northern Alu-
minum Co. (Ltd.), acting on behalf of the defendant corporation,
as follows, to wit:

§ 2. The N. A. Co. agree not to knowingly sell aluminum di-
rectly or indirectly in the European market.
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§ 3. The A. J. A. G. agree not to knowingly sell aluminum di-
rectly or indirectly in the American market.

§ 4. The total deliveries to be made by the two companies shall
be divided as follows:

European market, 75 per cent to A. J. A. G., 25 per cent to
N. A, Co.

American market, 25 per cent to A. J. A. G., 75 per cent to
N. A. Co.

Common market, 50 per cent to A. J. A. G., 50 per cent to
N. A. Co. :

The Government sales to Switzerland, Germany, and Austria-
Hungary are understood to be reserved to the A. J. A. G.

The sales in the U. S. A. are understood to be reserved to the
Aluminum Co. of America.

Accordingly the A. J. A. G. will not knowingly sell aluminum
directly or indirectly to the U. S. A. and the N. A. Co. will not
knowingly sell directly or indirectly to the Swiss, German, and
Austria-Hungarian Governments.

§ 5. The N. A. Co. engages that the Aluminum Co. of America
will respect the prohibitions hereby laid upon the N. A. Co.

be, and the same are hereby, declared mull and void, and that
the defendant Aluminum Co. of America, and all its agents and
representatives in whatever capacity, are hereby perpetually en-
joined from directly or indirectly requiring the parties to said
contract to abide by its terms, and defendant is further enjoined
from either directly or indirectly entering ‘into, through esaid
Northern Aluminum Co., or any other person or corporation, and
from making or aiding in making any agreement containing pro-
visions of the nature of those hereinbefore set out, in so far as
they relate to the sale of aluminum in the United States, or its
importation into or exportation from the United States, or any
contract or agreement, either verbal or written, the purpose and
effect of which would be to restrain the importation into the
United States, from any part of the world, of aluminum, or alu-
mina, or bauxite, or any other material from which aluminum can
be manufactured, or to fix or illegally affect the prices of such
aluminum, alumina, bauxite, or other material, when imported.
2. That the fourth and eighth paragraphs of the agreement en-
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tered into, under date of July 5, 1905, between the defendant
Aluminum Co. of America, under its former name, Pittsburgh
Reduction Co., and the General Chemical Co., a corporation,
which paragraphs read as follows:

“Fourth. Said Chemical Co. further expressly covenants and
agrees that it will not use or knowingly sell any of the bauxite
sold to it by the said Bauxite Co. hereunder, or any other bauxite,
or the products thereof for the purpose of conversion into the
metal aluminum, and that upon proof that any of said bauxite or
products thereof have been put to any such use it will not make
any further sales or deliveries to the purchaser thereof.

“Eighth. Tt is understood and agreed that the bauxite sold here-
under by the said Bauxite Co. to the said Chemical Co. shall be
used by the said Chemical Co. and by companies under its con-
trol or whose stock is largely held by it, and by no other person
or party, and only for the manufacture of alum, alum salts, alu-
mina sulphate or alumina hydrate for alum and its compounds,
and for no other purpose whatsoever —”

be, and they are, hereby declared null and void, and are stricken
out of said contract; and that the fifth section of said contract
which reads as follows:

“Fifth. The said Reduction Co. agrees to use its good offices
in the interest of said Chemical Co. so far as relates to promoting
the trade of the latter in alum and alum products in the United
States and in foreign countries; and said Chemical Co. recipro-
cally undertakes and agrees to use its good offices in the inter-
est of said Reduction Co. so far as relates to promoting the
metal business of the latter in the United States and in foreign
countries — ” in so far as it may be considered as an agreement
upon the part of the General Chemical Co. to antagonize the
interests of the competitors of the defendant company, be and it
is hereby declared to be null and void, and that defendant and all
its agents and representatives be, and they are, hereby perpetually
enjoined from in any manner, and to any extent, requiring an
enforcement of said provisions, and from entering into or acting
in pursuance of any contract or agreement the purpose and effect
of which would be to place any restraint upon the General
Chemical Co. with reference to the right of said company to
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acquire and sell, or the quantity which it may acquire and sell,
or the price at whlch it may acquire and sell any bauxite, alumma
or aluminum of which it may become the owner by purchase,
manufacture, or otherwise.

3. That the tenth and eighteenth sections of the contract en-
tered into under date of April 20, 1909, between the defendant
Aluminum Co. of America and the Norton Co., which sections
read as follows to wit:

“Tenth. Norton Co. may mine and use bauxite from the said
4o-acre tract of bauxite land referred to in paragraph D above,
which shall be used for the purpose of manufacturing alundum,
and may mine and sell from the said property bauxite or other
mineral taken therefrom for any purpose except for the manu-
facture of aluminum, and Norton Co. shall not sell or otherwise
dispose of said g0-acre tract except subject to the above restric-
tions.

“Eighteenth. Norton Co. shall not at any time during the con-
tinuance of this agreement use or sell any of the bauxite con-
tained on the said go-acre tract described in paragraph D above,
or any other bauxite, or the products thereof, hereafter acquired
by Norton Co., in the United States of America or the Dominion
of Canada for the purpose of conversion into aluminum — ” and
all other parts of said contract, in so far as they restrain or seek to
restrain the Norton Co. from exercising its free and independent
will in using and disposing of the' bauxite which it may’receive
under the provisions of $aid contract, or any other bauxxte which
it may obtain, be, and the same are hereby, declared null and
void and are abrogated; and that' the defendant, and its officers
and agents, be perpetually enjoined from in any manner or to
any extent enforcing or requiring recognition by the Norton Co.
of such provisions, and from hereafter entering into any contract
with said Norton Co., the purpose and effect of which would be to
restrain said Norton Co. in the disposition of any bauxite which
may be obtained from any source, or of any alumina or aluminum
which it may manufacture from such bauxite, or may otherwise
obtain.

4. That the following clause in a contract between defendant
and the Pennsylvania Salt Manufacturing Co., to wit:

“The Pennsylvania Salt Manufacturing Co. agrees not to enter
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into the manufacture of aluminum as long as this agreement is in
force —”

and the ratification and extension of said clause contained in a
letter from the Pennsylvania Salt Manufacturing Co. to defend-
ant, dated January 1, 1907, be, and the same are hereby, de-
clared null and void; and that defendant Aluminum Co. of Amer-
ica and its officers and agents be, and they are hereby, perpetually
enjoined hereafter from in any manner or to any extent enforcing
or relying upon said clause and its ratification, and from entering
into any contract with said Pennsylvania Salt Manufacturing Co.,
the purpose and effect of which would be to restrain said Penn-
sylvania Salt Manufacturing Co. from freely making any dis-
position that it may see proper, and at any price it may deem
proper, of any bauxite, alumina, or aluminum the ownership of
which it may acquire from any source.

5. That that part of the agreement entered into as of date
November 16, 1910, by defendant Aluminum Co. of America
and Gustave A. Kruttschnitt, of Newark, N. J., and James C.
Coleman, of Newark, N. J., which provides that —

“As part consideration for the execution of this agreement by
Aluminum Co., Kruttschnitt and Coleman hereby severally agree
that for the period of 20 years from the date hereof, in that part
of the United States east of a north and south line through Denver,
. Colo., neither Kruttschnitt nor Coleman will directly or indirectly
engage or become interested in the manufacture or fabrication or
sale of aluminum, or any article made substantially of aluminum,
provided that either or both the said Kruttschnitt and Coleman
may be employed by or become interested in the Aluminum Co.
or said Aluminum Goods Manufacturing Co., without committing
a breach of this contract —”

in so far as it constitutes a restraint upon said Kruttschnitt and
Coleman from freely engaging in any part or branch of the alu-
minum business, be, and the same is hereby, declared to be null
and void, and that the defendant and its officers, agents, and
representatives be, and they are hereby, perpetually enjoined
from entering into a contract with said Kruttschnitt or Coleman
or with any other individual, firm, or corporation of a like or
similar character to the above-quoted provisions of said contract,
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except as the same may be a lawful incident to the purchase of
good will.

6. That the defendant and its officers, agents, and representa-
tives be, and they are hereby, perpetually enjoined from enter-
ing into a contract with any other individual, firm, or corporation
of a like or similar character to the above-quoted provisions in
the contracts between the Aluminum Co. of America and the
General Chemical Co., between said Aluminum Co. and the Nor-
ton Co., between said Aluminum Co. and the Pennsylvania Salt
Manufacturing Co., and between said Aluminum Co. and Krutt-
schnitt and Coleman, or either of them, and from entering into
or participating in any combination or agreement the purpose or
effect of which is to restrict or control the output or the prices of
aluminum or any material from which aluminum is directly or
indirectly manufactured, and from making any contract or agree-
ment for the purpose of or the effect of which would be to restrain
commerce in bauxite, alumina, or aluminum, or to prevent any
other person, firm, or corporation from or to hinder him or it in
obtaining a supply of either bauxite, alumina, or aluminum of a
good quality in the open market in free and fair and open com-
petition, and from themselves entering into, or compelling or
inducing, under any pretext, or in any manner whatsoever, the
making of any contract between any persons, firms,-or corpora-
tions engaged in any branch of the business of manufacturing
aluminum goods the purpose or effect of which would be to fix
or regulate the prices of any of their raw or manufactured prod-
ucts in sale or resale.

7. To prevent all undue discriminations upon the part of de-
fendant and its officers and agents, or upon the part of any firm
or corporation in whose business defendant owns or hereafter ac-
quires a financial interest by stock ownership or otherwise, against
any competitor of defendant and thus to prevent the unlawful
acquisition by defendant of a monopoly in any branch of manu-
facturing from crude or semifinished aluminum, defendant and
its ‘officers, agents, and representatives, are hereby perpetually
enjoined from committing the following acts, to wit:

(a¢) Combining either by stock ownership or otherwise with
any one or more manufacturers for the purpose or with the effect
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of controlling or restraining the output of any product manufac-
tured from aluminum, or fixing or controlling the price thereof.

(8) Delaying shipments of material to any competitor with-
out reasonable notice and cause, or refusing to ship or ceasing to
continue shipments of crude or semifinished aluminum to a com-
petitor on contracts or orders placed, and particularly on partially
filled orders, without any reasonable cause and without giving
notice of same, or purposely delaying bills of lading on material
shipped to any competitor, or in any other manner making it
impossible or difficult for such competitor promptly to obtain the
material upon its arrival, or from furnishing known defective
material.

(¢) Charging higher prices for crude or semifinished aluminum
from any competitor than are charged at the same time under
like or similar conditions from any of the companies in which de-
fendant is financially interested, or charging or demanding higher
prices for any kind of crude or semifinished aluminum from any
competitor for the purpose or which under like or similar condi-
tions will have the effect of discriminating against such manufac-
turers in bidding on proposals or contracts to the advantage of
said defendant or any company in which it is financially inter-
ested.

(d) Refusing to sell crude or semifinished aluminum to pro-
spective competitors in any branch of the manufacturing alu-
minum goods industry on like terms and conditions of sale, under
like or similar circumstances, as defendant sells such crude or
semifinished aluminum to any firm or corporation engaged in
similar business in which defendant is financially interested.

(e) Requiring, as a condition precedent to selling crude or
semifinished aluminum to a competitor, that such competitor
divulge to defendant the terms which such competitor proposes to
make in order to secure the work in which the desired aluminum is
to be used, and from imparting to any one the purpose or pur-
poses for which said competitor is intending to use said metal.

() Requiring or compelling the making of agreements by com-
petitors not to engage in any line of business nor to supply any
special order in competition with defendant or with any company
in which it is financially interested as a condition precedent to the
procurement of aluminum metal.
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(g) Representing or intimating to competitors that unless they
. dealt with defendant or with companies in which defendant has
a financial interest for their supply of metal such competitor
will not be able to obtain a sufficient supply of metal or obtain
it at a price that will permit them to engage in competition with
defendant or with companies in which defendant is financially
interested; or in like manner representing or intimating to con-
sumers of aluminum in any stage of manufacture that unless they
deal with defendant or with a company in which it is financially
interested, their supply of material or manufactured products
will be cut off for that reason.

(#) Taking the position with persons, firms, or corporations
engaged in the manufacture of any kind of aluminum goods that if
they attempt to enlarge or increase any of their industries or
engage in enterprises that are or will be competitive with de-
fendant or with the business of any firm or corporation in which
defendant is financially interested, such persons, firms, or cor-
porations will for that reason be unable to procure their supply of
material from defendant or any of the companies in which it is
financially interested.

The term “competitor,” as used above, shall be construed to
mean all persons, firms, or corporations engaged in or who are
actually desiring or about to engage in the manufacture of any
kind of products or goods from crude or semifinished aluminum,
whose business is not controlled or not subject to be.controlled
by defendant, its officers and agents, either by virtue of ownership
of all or a part of the capital stock of such concerns, or through
any other form. or device of financial interest:

"~ Provided, however, That nothing contained in this decree shall
be construed to prevent or restrain the lawful promotion of the
aluminum industry in the United States.

Provided, further, that nothing herein contained shall obligate
defendants to furnish crude aluminum to those who are not its
regular customers, to the disadvantage of those who are, when-
ever the supply of crude aluminum is insufficient to enable de-
fendant to furnish crude aluminum to all persons who desire to
purchase from defendant, but this proviso shall not relieve de-
fendant from its obligation to perform all its contract obligations,
and neither shall this proviso, under the conditions of insufficient
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supply of crude aluminum referred to be or constitute a permis-
sion to defendant to supply such crude aluminum to its regular
customers mentioned with the purpose and effect of enabling de-
fendant or its regular customers, under such existing conditions,
to take away the trade and contracts of competitors.

Provided, further, that nothing in this decree shall prevent
defendant from making special prices and terms for the purpose
of inducing the larger use of aluminum, either in a new use or
as a substitute for other metals or materials.

Provided, further, that nothing in this decree shall prevent the
acquisition by defendant of any monopoly lawfully included in
any grant of patent right.

Provided, further, that the raising by defendant of prices on
crude or semifinished aluminum to any company which it owns
or controls or in which it has a financial interest, regardless of
market conditions, and for the mere purpose of doing likewise
to competitors while avoiding the appearance of discrimination,
shall be a violation of the letter and spirit of this decree.

This decree having been agreed to and entered upon the as-
sumption that the defendant, Aluminum Co. of America, has a
substantial monopoly of the production and sale of aluminum in
the United States, it is further provided that whenever it shall
appear to the court that substantial competition has arisen, either
in the production or sale of aluminum in the United States, and
that this decree in any part thereof works substantial injustice
to defendant, this decree may be modified upon petition to the
court after notice and hearing on the merits, provided that such
applications shall not be made oftener than once every three years.

It is further ordered that the defendants pay the cost of suit
to be taxed.

Jaues M. Youne,
Judge.
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UNITED STATES OF AMERICA
BEFORE FEDERAL TrADE COMMISSION

IN THE MATTER OF
Aluminum Company of America, DOCKET NO. I335
a corporation.

COMPLAINT
I

Acting in the public interest, pursuant to the provisions of an
Act of Congress approved October 15, 1914 (the Clayton Act)
entitled “An Act to supplement existing laws against unlawful
restraints and monopolies, and for other purposes,” the Federal
Trade Commission charges that the Aluminum Company of
America, a corporation, hereinafter referred to as respondent, has
been and is violating the provisions of Section 2 of said Act, issues
this complaint and states its charges in that respect, as follows:

PARAGRAPH ONE: Respondent, Aluminum Company of America,
is a corporation organized, existing and doing business under
and by virtue of the laws of the State of Pennsylvania, with its
principal or executive offices in the City of Pittsburgh, in said
State. The said respondent owns extensive bauxite deposits from
which the aluminum ore is secured in Saline County, Arkansas,
and in British and Dutch Guiana, South America, and also owns
or has a controlling interest in bauxite deposits in France and
Jugo-Slavia. Said respondent owns and operates crushing and
drying apparatus in Saline County, Arkansas, a refining plant in
East St. Louis, Illinois, reduction works where aluminum is made
at Niagara Falls and Massena, New York, Maryville (Alcoa),
Tennessee, and Badin, North Carolina; it owns and operates a
wire and cable mill at Massena, N. Y.; a general fabricating plant
at New Kensington, Penna.; a plant for the manufacture of alu-
minum bronze powder and aluminum foil at New Kensington,
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Penna.; and rolling mills at Niagara Falls, N. Y., at Maryville
(Alcoa), Tennessee, and at Edgewater, New Jersey. Respondent
is the sole producer of virgin aluminum ingots in the United States
and, since March, 1923, has produced over 95 per centum of the
virgin sheet aluminum manufactured in the United States, the
present sole competitor in this branch of the industry, the United
States Smelting & Refining Company, of New Haven, Connecticut,
producing not more than one per centum of said virgin sheet
aluminum at higher prices for spot delivery. Respondent owns
36 per centum of the stock of the Aluminum Goods Manufactur-
ing Company, the largest manufacturer of aluminum cooking uten-
sils in the United States, and 100 per centum of the stock of the
United States Aluminum Company, the second largest manufac-
turer of cooking utensils in the United States, these two com-
panies producing not less than 65 per centum of the total output
of said cooking utensils in the United States; 75 per centum of
the stock in the American Body Company, which manufactures
aluminum bodies for automobiles; 64 per centum of the stock
of the Aluminum Manufactures, Inc., which company makes sand
castings for automobile parts; 89 per centum of the stock in the
Aluminum Die Castings Corporation; and 8c per centum of the
stock of the Aluminum Screw Machine Products Company. Re-
spondent owns a 50 per centum stock interest in the Norsk Alu-
minum Company of Norway, a one-third interest in Norske-Nitrid
Company of Norway, and also is the sole owner of the Northern
Aluminum Company, Ltd., of Canada, the only other manufac-
turer of virgin aluminum ingots in North America. The total
holdings of respondent on December 1, 1922, comprised a 100
per centum stock ownership in 34 corporations, a greater than
5o per centum stock ownership in nine corporations, and a less
than so per centum stock ownership in 17 corporations, engaged
in various enterprises.

The said respondent, Aluminum Company of America, is now
and has been for more than two years last past, engaged in the man-
ufacture and sale in interstate commerce of pig aluminum ingots
and aluminum ingots, aluminum sheet, tubing, moulding, wire,
cable, foil and powder and, through affiliated subsidiaries and/or
leased companies, is engaged in the manufacture and the sale in
interstate commerce of fabricated aluminum products, and alu-
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minum alloy products, in particular cooking utensils, aluminum
sand castings, permanent mould castings and die castings, causing
its aforesaid products, when so sold, to be transported from the
place of manufacture in one State to purchasers thereof located
in other States of the United States.

The sole sources of supply of aluminum metal required by
foundries and/or manufactories engaged in the manufacture and
the sale in interstate commerce in the United States of fabricated
aluminum products, and/or products manufactured from alu-
minum alloy, in particular aluminum cooking utensils, aluminum
automobile bodies, aluminum sand castings and permanent mould
and die castings are (1) respondent, Aluminum Company of
America, and its subsidiary, the Northern Aluminum Company,
Ltd., of Canada, the estimated capacity for production of said
companies annually, being about 175,000,000 pounds; (2) foreign
companies engaged in the production of aluminum ingots and/or
aluminum sheets, importations from which during the calendar
year 1923 for companies other than respondent and its sub-
sidiaries being about 28,000,000 pounds; and (3) domestic manu-
facturers of fabricated aluminum products who have for disposi-
tion scrap aluminum resulting from the aforesaid manufacturing.
In recent years the supply of scrap aluminum available to foun-
dries and manufactories in competition with respondent for use in
remelting into secondary ingots and in the production of aluminum
cooking utensils and aluminum castings has been very extensive. In
the year 1922 the recovery of secondary aluminum as pig aluminum
or in alloys amounted to:slightly more than 32,000,000 ‘pounds.
Since that time and as a result of competitive practices of respon-
dent of which complaint is made herein, practically all of this
secondary aluminum has been removed from the market by respon-
dent, for the purpose and/or effect of preventing its competitors
from securing this secondary or scrap aluminum and in order to
make respondent’s monopoly of the aluminum raw material more
certain and complete.

In the course and conduct of its said business the respondent
was at all times hereinafter mentioned, and still is, in competition
with other individuals, firms, partnerships and corporations like-
wise engaged in interstate commerce.

PARAGRAPH TWO: Respondent, Aluminum Company of America,
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for more than two years last past, in the course and conduct of its
business —

(a) Has adopted and maintained the practice of entering into
contracts or agreements for the sale and is now selling and
making contracts for the sale in interstate commerce of
virgin sheet aluminum to manufacturing foundries at
prices less than they have been and are selling said virgin
sheet aluminum to jobbing foundries; and/or

(b) Has adopted and maintained the practice of entering into
contracts or agreements for the sale, and are now selling
and making contracts of sale with certain manufacturers
of automobile bodies, of cooking utensils, and/or of other
fabricated aluminum products, for the sale in interstate
commerce to said manufacturers of virgin sheet aluminum
at prices less than they have been and are selling said
virgin sheet aluminum to other manufacturers of automo-
bile bodies, of cooking utensils, and/or of other fabricated
aluminum products, on the condition, agreement, under-
standing or contract that the said manufacturers to whom
the lower selling price is made shall sell all the aluminum
scrap resulting from their manufacturing operations to the
Aluminum Company of America; and said discrimination
in price between purchasers of virgin sheet aluminum en-
gaged in the manufacture of automobile bodies, of cooking
utensils and/or of other fabricated aluminum products
by respondent, Aluminum Company of America, was not
made on account of differences in the grade, quality or
quantity of the commodities sold, nor did it make only
due allowance for difference in the cost of sale or trans-
portation, nor was it made in good faith to meet com-
petition nor in the selection of customers in bona fide
transactions.

The effect of such sales and/or contracts for sale, and agree-
ments, conditions and understandings may be and is to substan-
tially lessen competition and tends to create a monopoly.

PARAGRAPH THREE: The above alleged acts and things done
by respondent, Aluminum Company of America, are all in vio-
lation of Section 2 of the Act of Congress entitled “An Act to
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supplement existing laws against unlawful restraints and mo-
nopolies, and for other purposes,” approved October 1§, 1914.

b1 4

Acting further in the public interest, pursuant to the provisions
of an Act of Congress approved September 26, 1914, entitled “An
Act to create a Federal Trade Commission, to define its powers
and duties, and for other purposes,” the Federal Trade Commis-
sion charges that the Aluminum Company of America, a corpora-
tion, hereinafter referred to as respondent, has been and is using
unfair methods of competition in commerce in violation of the
provisions of Section § of the said Act, issues this complaint
and states its charges in that respect as follows:

PARAGRAPH ONE: Proceeding in the public interest and as
a further cause of action in violation of Section § of the above
Act, the Commission charges and relies upon the matters and
things set forth in Paragraphs One and Two under the First
Count of this complaint to the same extent as though the allega-
tions thereof were set out at length herein and the said Para-
graphs One and Two of the First Count are incorporated herein
by reference, and adopted as a part of the allegations of this
Count.

PARAGRAPH TWO: Respondent, Aluminum Company of America,
for more than two years last past has employed, and still em-
ploys, a scheme the effect of which was and is to gain a meo-
nopoly of the aluminum sand castings industry of the United
States, and, in order to carry out said scheme, respondent has
adopted, and used, and is now using the following practices, to-wit:

(a) It arbitrarily fixes a differential between the selling price
of virgin aluminum ingots and the purchase price of scrap
aluminum;

(b) It pays higher prices for scrap aluminum than it costs the
respondent to manufacture virgin aluminum ingots;

(c) It makes concessions to automobile body manufacturers
and/or to manufacturers of other fabricated aluminum
products in the price of virgin sheet aluminum to said
manufacturers upon the agreement, understanding, or
contract that said manufacturers sell respondent their total
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available supply of scrap aluminum at prices fixed by re-
spondent approximating the actual cost of manufacture
or at prices higher than it cost the respondent to manufac-
ture the virgin aluminum ingots; and/or at prices higher
than competing foundries engaged in manufacturing and
jobbing fabricated aluminum products or aluminum cast-
ings or aluminum alloy products could pay for such metal
and more than its intrinsic value when compared with
virgin aluminum metal.

It transfers virgin aluminum metal to its agents and/or
its subsidiaries, at an arbitrary price below the cost of
production and below the selling price of said metal to
competitors of its said agents or subsidiaries engaged in
the manufacture and the sale of aluminum sand castings;
It makes sales of aluminum sand castings to manufac-
turers of automobiles or automobile products at prices
approximating the actual cost of manufacture or at prices
less than it cost the respondent to manufacture the afore-
said sand castings; and/or at prices less than competing
foundries can sell aluminum sand castings at a profit tak-
ing into consideration the cost to the said competing foun-
dries of virgin aluminum and scrap aluminum.

(f) The practices of respondent as set out in subparagraphs

“(a)” to “(e)” of this paragraph, both inclusive, have
been made and are being made with the purpose and/or
effect of curtailing the supply of raw material used by
independent and/or competing jobbing foundries or manu-
factories and of compelling said independent and/or
jobbing foundries or manufactories to purchase virgin alu-
minum ingots and aluminum sheets from respondent at
prices arbitrarily fixed by respondent and with the pur-
pose and/or effect of eliminating as a source of supply for
independent and/or competing jobbing foundries or manu-
factories the scrap aluminum theretofore available; in that
the domestic source of supply of aluminum metal of the
aforesaid independent and/or competing jobbing foun-
dries or manufactories, with the exception of the aforesaid
scrap aluminum, is limited to and dependent upon the
supply obtainable from respondent; and that the effect



562

MARKET CONTROL IN THE ALUMINUM INDUSTRY

of the aforesaid practices of respondent as herein set out
has been and is to suppress competition and to tend to
create a monopoly.

PARAGRAPH THREE: Respondent, Aluminum Company of Amer-
ica, for more than two years last past, in the course and con-
duct of its business as described in Paragraph One hereof, has
employed and is still employing, a scheme the purpose and/or
effect of which was and is to gain and maintain a monopoly of
aluminum raw material, of aluminum ingots and sheets, of sec-
ondary aluminum, and of aluminum fabricated products and/or
aluminum alloy products, throughout the United States, and, in
order to carry out such scheme, respondent has adopted and
used and is now using, the following practices, to-wit:

(a)

(b)

©

(@

(¢)

It arbitrarily neglects or refuses to supply to manufac-
turers of aluminum goods and/or aluminum fabricated
products, and/or aluminum castings the aluminum sheet
metal or ingots required by said manufacturers, who are
in competition with respondent or its subsidiaries.

It arbitrarily fails to make shipment of aluminum ingots
to its competitors or to the competitors of its subsidiaries
at the time said products are ordered, and/or at the time
specified for shipment;

It arbitrarily makes deliveries of aluminum or a.lurmnum
ingots to its competltors or to the compeutors of. 1ts sub-
sidiaries in insufficient quantlty and in amounts or quan-
tities less than ordered;

It makes deliveries of alummum sheets, a.nd/or aluminum
ingots to its competitors or to the competitors of its sub-
sidiaries of quality inferior to ‘that requlred

The practices of respondent as set out in subparagraphs

" “(a)” to “(d)” of this paragraph, both inclusive, have

been made and are being made for the purpose and/or
effect of unfairly harassing the competitors of respondent

-or of respondent’s subsidiaries and with the effect of sup-

pressing competition between respondent and its competi-
tors and of creating or tending to create or maintain a
monopoly.
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PARAGRAPH FOUR: The above alleged acts and things done
by respondent, Aluminum Company of America, are all to the
prejudice of the public and of respondent’s competitors and con-
stitute unfair methods of competition in commerce within the
intent and meaning of Section 5 of an Act of Congress entitled
“An Act to create a Federal Trade Commission, to define its
powers and duties and for other purposes,” approved September
26, 1914, and/or with the effect of suppressing competltlon and
tendmg to create a monopoly.

WHEREFORE, THE PREMISES CONSIDERED, The Federal Trade
Commission, on this 21st day of July, 1925, now here issues this
its complaint against said respondent.

NOTICE

Notice is hereby given you, Aluminum Company of America,
respondent herein, that the gth day of September, 1925, at 10:30
o’clock in the forenoon, is hereby fixed as the time, and the
offices of the Federal Trade Commission, in the City of Wash-
ington, D. C., as the place, when and where a hearing will be
had on the charges set forth in this complaint, at which time and
place you shall have the right, under said Act, to appear and show
why an order should not be entered by said Commission requiring
you to Cease and Desist from the violation of the law charged in
this complaint.

IN WITNESS WHEREOF, The Federal Trade Commission has
caused this complaint to be signed by its Secretary, and its official
seal to be hereto affixed at Washington, D. C., this 21st day of
July, 1925.

By the Commission:

Otis B. Johnson,
Secretary.

(sEAL)

L.A.R.
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UNITED STATES OF AMERICA
BEFORE THE FEDERAL TRADE CoMMISSION

IN THE MATTER OF
Aluminum Company of America, DOCKET NO. 1335
a corporation.

ANSWER OF THE ALUMINUM COMPANY OF AMERICA
TO THE COMPLAINT OF THE COMMISSION,
DATED THE 21ST DAY OF JULY, 1925.

And now, to wit, September 21st, 1925, comes the Aluminum
Company of America, the respondent in this case, and makes
the following answer to the complaint filed against it by the Fed-
eral Trade Commission, dated the 21st day of July, 1925.

FIRST. The respondent denies that any or all of the averments
set forth in the complaint disclose any violation of law, or that
the same, if true, would justify the making and issuing of any
decree by the Commission against the respondent, and therefore
prays that the complaint be dismissed.

SECOND. In answer to the averments and allegations contained
in COMPLAINT I respondent avers:

1. In so far as PARAGRAPH ONE sets up the .corporate organ-
ization of the respondent and the location of its’ principal office,
the same is admitted. In so far as the complaint avers owner-
ship of bauxite deposits, the same is admitted. Bauxite is the
principal raw or natural material used in the production of the
metal ‘aluminum, and the bauxite owned by respondent is nec-
essary in the reasonable conduct of respondent’s business. It is
true that the respondent, either directly or through subsidiary
‘corporations, is the owner of bauxite deposits, refining plants,
reduction works and fabricating plants as set forth in Paragraph
One of Complaint I. It is also true that respondent is the
sole manufacturer in the United States of aluminum ingots made
from the ore (bauxite). It is not true that respondent has since
March, 1923, produced over 95% of the virgin sheet manufac-
tured in the United States, neither is the United States Smelting
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& Refining Company at present respondent’s sole competitor in
the manufacture of such sheet aluminum.

The statements contained in said paragraph as to the owner-
ship of stock by respondent in certain manufacturing companies
whose names are given therein, are substantially correct. The
United States Aluminum Company is and always has been a hun-
dred per cent. subsidiary of the respondent. The Aluminum Manu-
factures, Inc. is not engaged in business; all its plants are leased
to and operated by the United States Aluminum Company. In
regard to the companies referred to whose names are not men-
tioned, those in which respondent owns one hundred per cent.
stock are purely subsidiaries engaged in the holding of real
estate or production of power or raw materials necessary and
useful for the respondent in the conduct of its business or in the
fabrication of the materials manufactured by respondent or in
the transportation or sale of said raw materials or finished prod-
ucts. The other unnamed companies referred to in the com-
plaint are engaged in business which has a direct relationship to
the business conducted by the respondent and respondent’s own-
ership in the stock thereof is lawful and useful and to a great
degree consists of investments made by respondent in corporations
engaged in the fabrication of materials manufactured by respond-
ent entered into for the purpose of promoting the aluminum
industry in the United States and to some degree represent tem-
porary investments of surplus funds.

It is admitted that the respondent is engaged in interstate
commerce.

It is admitted that the supply of aluminum metal in the United
States consists of the primary aluminum manufactured by the
respondent in the United States, the primary aluminum manu-
factured by the respondent and others outside of the United
States, and scrap of various kinds, both from within and without
the United States.

As to the annual production of ingots, sheets and scraps avail-
able in the United States, respondent has no precise knowledge.
It varies from year to year, and if said facts are material to the
present controversy, respondent demands proof of same.

It is not true that as a result of any practices, competitive or
otherwise, practically all the secondary aluminum referred to in
the said paragraph has been removed from the market by respon-
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dent, nor is it true that any purchases of secondary aluminum that
the respondent may have made were made either for the purpose
or had the effect of creating a monopoly or preventing any of
its competitors from securing secondary aluminum, or to make
respondent’s alleged monopoly of aluminum raw materials more
certain or complete. '

It is admitted that in the course and conduct of its business
the respondent was at all times and now is in competition with
other individuals, firms, partnerships and corporations engaged in
interstate commerce.

2. In answer to PARAGRAPH TwWO of COMPLAINT I, the aver-
ments of subparagraph (a) are denied. The averments of sub-
paragraphs (b) are denied. It is particularly denied that if it
had been true (which it is not) that any such sales or practices
as those referred to in this paragraph either had been in the past
or were now in existence, such practices or sales, could, would or
do have any effect upon competition or tend in any way to create
a monopoly.

3- PARAGRAPH THREE Of COMPLAINT I is denied.

THIRD. In answer to the averments and allegations contained
in COMPLAINT 1I, respondent avers:

1. The same answer is made to PARAGRAPH ONE of COMPLAINT IX
as is made to Paragraphs One and Two of Complaint I, and with
the same force and effect as though said answers were set forth
herein at length.

2. The averments of PARAGRAPH TWo of COMPLAINT II as therein
stated are denied; subject, however, to the following explanations:

Respondent admits that it sometimes pays higher prices for
certain"qualities of scrap aluminum than it costs the respondent to
manufacture primary aluminum; in so far as respondent may
transfer primary aluminum to subsidiaries at arbitrary prices,
said conduct is purely one of bookkeeping and is a customary and
convenient way of handling such transactions on the books of a
parent company and its subsidiaries.

3. The allegations of PARAGRAPH THREE of COMPLAINT II are
denied.

4. The allegations of PARAGRAPH FOUR of COMPLAINT II are
denied.



APPENDIX E 567

roURTH. In further answer to the complaint filed in this case,
respondent avers that it engaged in the manufacture of aluminum
in the year 1888 in accordance with the methods set forth in cer-
tain letters patent of the United States, which respondent lawfully
acquired and respondent had, during the life of said patents, a
lawful monopoly in the manufacture of aluminum by the methods
set forth in said letters patent. The process set forth in said letters
patent and so used by the respondent is the only method by which
aluminum could be manufactured at a cost which made it possible
to use the metal commercially. Although the last of the patents
used by the respondent expired in the year 1907 the same processes
are the methods still in use by the respondent and all other manu-
facturers of aluminum in the world. At the time when the
respondent began the manufacture of aluminum there was no com-
mercial market for aluminum, and it became necessary for the
respondent, in the development of its business, to fabricate the
metals into shapes in which it could be used and to induce the
public to use it as a substitute for other metals. The respondent
explicitly avers that since the expiration of said letters patent
there has been nothing to prevent any person who so desired from
engaging in the manufacture or fabrication of aluminum in the
United States, and respondent never has done, neither has it
attempted to do, anything which in any way prevented or em-
barrassed others from engaging in said business, but, on the con-
trary, bas devoted its time to producing aluminum in quantities
which the public needed and of the best quality that could be pro-
duced, and has encouraged and aided others to embark in the
fabrication and use of articles in which aluminum is the sole or a
constituent part. It has been its policy to give to consumers of
aluminum the lowest possible prices, and respondent avers and
charges that whatever complaints have been made as to re-
spondent’s prices and methods are largely, if not wholly, confined
to complaints of middlemen who naturally have found their profits
more or less interfered with by said policy of respondent.

WHEREFORE respondent prays that the complaint be dismissed.

ALUMINUM COMPANY OF AMERICA,
By Gordon, Smith, Buchanan & Scott
Its Attorneys.



568 AMARKET CONTROL IN THE ALUMINUM INDUSTRY

UNITED STATES OF AMERICA
BEFORE FEDERAL TrADE CoMMussioNn

At a regular session of the Federal Trade Commission,
held at its office in the City of Washington, D. C.
on the 7th day of April, A. D, 1930

COMMISSIONERS:

Garland S. Ferguson, Jr., Chairman
C. W. Hunt,

William E. Humphrey,

Charles H. March,

Edgar A. McCulloch.

IN THE MATTER OF

Aluminum Company of America,
a corporation. ORDER OF DISMISSAL

DOCKET NO. 133§

The above-entitled proceeding coming on for consideration by
the Commission upon the complaint of the Commission, the answer
of respondent, the record, briefs and oral argument of counsel for
the Commission and for the respondent, and the Commission hav-
ing duly considered same and being fully advised in the premises,

IT IS ORDERED that the complaint herein be and the same hereby
is dismissed for the reason that the charges of the complaint are
not sustained by the testimony and evidence.

By the Commission.

Otis B. Johnson
Secretary

(szar)
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United States —1883~1903, Mineral Resources; 1go4-1909, Mineral Industry; 1910~1913, given by A, W, Mellen, Senats
Judiciary Commitses, Hearings on Aluminum Company of America, p. 410; 1913-1919, given by Aluminum Com-
pany, Hearings of Senate Committee investigating the Bureau of Internal Revenus, Exhibit H; 1g20-1924 given by
Aluminum Company, Psderal Trade Commission, Docket 1335; 1918-1931, given by Aluminum Company, Baush v,
Aluminum Company, sppellant, Exhibit 126; 1932-1938, American Bureay of Metal Statistics,

Canada — Canadian production is Included in the figures for the United States until ygog. The figures for 190g~t913 rep-
resent Canadian exports; for 19t4-1919, eatimates of the Minerol Industry, These figures are probably overestimates,
for this yearbook overestimated output in the United States in these years. For 1920-1934 and 1933-1935, dmerican
Bureau of Metal Siatistics. For 1918~19332, estimates from s private source.

Zurope ~Thers seem 10 be no reliable government statistics of aluminum production except in Italy, Statistics have been
given in government publications in England, France, and Norway, but there is reason to believe that they have often
been incorrect. After some consideration of the atatistics published by private institutions it was decided to use those of
the Maetaligesellschaft for all the countries of Europe. Until 1920 the production of Germany, Switzerland, and
Austria appeared as one figure. Estimates of the output of Germany, 1916~1919, were taken from German press ve-
ports. The figures for Swiss output in these four years were corrected by subtracting the estimates of German pro-
duction. Until 1930 the figures for Switzerland include the smsll production of Austria. Estimates of European
output in 1935 are taken from the American Bureau o] Metal Statistics, which reports the estimates of the Metall-
gesellschaft for Germany, Great Britain, Switzerland, and Austria,

* Pages 570~378.
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TABLE 38

EsTIMATED WORLD PRODUCTION OF PRIMARY ALUMINUM BY COUNTRIES, 1890-1935 *
(Thousands of Metric Tons)

United Total Total Switz- Great Other  Total

Year States Canada America Europe France Germany erland Austria Britain Norway Italy Russia Countries World
1890 ...... 0.03 0.03 0.15 0.04 0.04 0.07 0.18
1891 ...... 0.07 0.07 0.26 0.04 0.17 0.05 0.33
1892 ...... 0.12 0.12 0.35 0.07 0.24 0.04 0.47
1893 ...... 0.1§ 0.15 0.58 0.14 0.44 0.73
1894 ...... 0.25 0.2§ 0.87 0.27 0.6 1.12
1895 ...... 0.42 0.42 1.0 0.36 0.65 1.42
1896 ..... L2 0.59 0.59 1.2 0.37 0.7 0.13 1.79
1897 ...... 2.0 2.0 1.58 0.47 0.8 0.31 3.58
1898 ...... 2.4 2.4 1.68 0.57 0.8 0.31 4.08
1399 ...... 2.9 2.9 3.1§ 1.0 1.6 0.55 6.03
1600 ...... 3.2 3.2 4.1 1.0 2.5 0.6 7.3
190I ...... 3.2 3.2 4.3 1.2 2.5 0.6 7.5
1902 ...... 3.3 3.3 4.5 1.4 2.5 0.6 7.8
1603 ...... 3.4 34 . 48 1.6 2.5 0.7 8.2
1004 ...... 3.5 3.5 5.4 1.7 3.0 0.7 8.9
1905 ...... 5.1 5.1 7.0 3.0 3.0 1.0 12.1
1go6 ...... 6.5 6.5 8.5 40 - 3.5 1.0 15.0
1907 ...... 11.8 11.8 11.8 6.0 4.0 1.8 23.6
1908 ...... 5.9 5.9 12.6 6.0 4.0 2.0 0.6 18.5
1009 ...... 6.8 2.8 9.6 15.2 6.0 5.0 2.8 0.6 0.8 24.8

1910 ...... 15.4 3.5 189 24.2 9.5 8.0 5.0 0.9 0.8 43.1




TABLE 38 — Continued

United Total Total Switz- Great Other  Total
Year States Canada America Europe France Germany erland Austria Britain Norway Italy Russia Countries World
1911 ...... 16.8 2.3 191 24.7 10.0 8.0 5.0 0.9 0.8 43.8
1912 ...... 18.1 8.3 264 34.8 13.0 12.L 7.5 1.5 0.8 61.2
913 ...... 1.5 5.9 274 36.4 14.5 13.0 7.6 1.5 0.8 63.8
1914 ...... 26.3 6.8 33.1 35.9 10.0 15.0 7.5 2.5 0.9 69.0
191§ ...... 41.1 8.5 49.6 28.3 6.0 12.0 7.1 2.3 0.9 779
1916 ...... §3.2 85 607 43.5 9.6 50 158 7.7 4.3 I.I 104.2
1917 ...... 58.9 11.8 707 535 11.1 10.3 157 7.t 7.6 1.7 124.2
1918 ...... 56.6 150 71.6 62.9 120 141 199 83 6.9 1.7 134.5
1919 ...... 58.3 150 73.3 59.4 15.0 1.2 203 8.1 31 1.7 132.7
1920 ...... 62.9 12.0 749 §3.1 12.3 120 120 2.0 8.0 5.6 1.3 128.0
1921 ...... 24.% 80 327 43-.1 8.4 11.0 120 2.0 5.0 4.0 0.7 75.8
1922 ...... 334 100 43.4 49.2 7.5 160 130 2.0 5.0 4.9 0.8 92.6
1923 ...... 58.4 100 68.4 70.6 14.3 17.0 15.0 1.5 80 133 1.5 139.0
1924 ...... 68.3 12.5 80.8 88.8 18.5 200 1.0 2.2 7.0 200 2.1 169.6
1925 ...... 63.5 150 78.5 104t 20.0 27.2 210 3.0 9.7 2L3 1.9 182.6
1926 ...... 66.9 18.0 849 1122 24.0 306 210 3.0 7.3 244 19 197.1
1927 ...... 74.2 36,0 110.2 108.6 25.0 284 200 4.0 7.9 2038 2.§ 218.8
1928 ...... 95.5 36.0 131.5 1207 27.0 3.7 199 40 1107 228 3.6 1.0 252.2
1929 ...... 103.4 31.0 1344 132.7 29.0 32,7 20.7 4.0 139 244 7.0 1.0 267.1
1930 ...... 103.9 340 1379 1282 26.0 30.2 205 3.5 140 247 8.0 1.3 266.1
193 ...... 80.5 31.0 1115 107.5 18.0 26.9 114 3.3 142 214 ILI 1.2 219.0
1932 ...... 47.6 18.0 65.6 88.3 15.0 19.0 8.5 21 103 178 134 1.0 I.2 153.9
1933 -..... 38.6 16.2 54.8 86.3 14.3 18.3 7.5 20 IO 155 121X 44 1.2 1411
1934 ... 33.6 15.5 49.I 119.6 16.0 37.2 8.1 2,1 2.5 155 124 I44 1.4 168.7
1935 ...... 54.1 206 747 1789 21.8 70.7 1LY 21 151 160 I4.0 70t 2576t

* For sources of data, see p. 569.

4 Includes 4,000 tons produced in Japan. No information is available concerning output in Hungary,

24.5
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TABLE 39

EsTIMATED PRODUCTION AND FOREIGN TRADE IN ALUMINUM OF THE
UNITED STATES, 19o0~1935 ¥

(Metric Tons)

MARKET CONTROL IN THE ALUMINUM INDUSTRY

Production  Production Total Imports Exports Exports
of Primary -of Secondary  Production of . of of
Alumi Alumi of Alumi Alumi Alumi Fabricated
Year Ingot Ingot Ingot Ingot Ingot Aluminum
1900 ...... 3,240 116
1901 ...... 3,240 256
1902 ...... 3,310 338
1003 ...... 3,400 226
1904 ...... 3,490 234
1905 ...... 5,150 241
1906 ...... 6,510 350
107 ...... 11,790 396
1908 ...... 5,000 211
1909 ...... 6,800 2,318
1010 ...... 15,420 5,566
I9IX ...... 16,780 1,803
I9I2 ... 18,140 10,324
1613 ...... 21,450 10,517
1914 ..oo.n 26,300 4,110 30,410 7,367
091§ ...... 41,050 7,730 48,780 3,871
1916 ...... §2,210 17,550 69,760 3,015
1917 ...... 58,890 14,640 73,530 27
1918 ...... 56,580 13,680 70,260 766 9,141 1,806
1919 ...... 58,270 17,000 75,270 8,003 2,022 2551
1020 . ..... 62,890 14,000 76,980 18,178 3,348 9191
1921 ...... 24,740 8,090 ‘32,830 13,870 477 si9t
1922 ...... 33,400 14,820 48,220 18,122 698 3,342 8§
1923 ...... 58,360 19,360 77,720 19,534 531 44338
1924 ...... 68,280 24,550 92,830 13,333 1,523 4,432
1925 ...... 63,550 40,000 103,550 19,690 3,688 4,978
1926 ...... 66,850 40,180 107,030 33,965 266 4,156
1927 ...... 74,200 42,000 116,200 32,744 1,599 5,682
1928 ...... 95,500 43,450 138,050 17,189 1,084 6,505
1929 ...... 103,400 44,000 147,400 21,961 278 8,566
1930 ...... 103,900 35,090 138,990 11,112 276 8,431
1930 ...... 80,530 27,550 108,080 6,261 688 2,033
1932 ...... 47,600 21,820 69,420 3,631 1,771 622
1033 ... 38,600 30,460 69,060 7,580 2,501 294
1034 ...... 33,646 42,180 75,826 8,333 3653 375
1935 ..., 54,113 46,730 100,843 9,560 1,525
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* Sources of statistics of production of primary aluminum are given in the
note to Table 38. Estimates of the recovery of secondary aluminum have
been published in Mineral Resources (now Minerals Yearbook) since 1914.
The figures underestimate the actual recovery because some firms do not
report. It is believed that coverage has become increasingly broader in the
last decade. Import statistics are general imports of aluminum in crude form
and alloys, including scrap, for calendar years. (Figures for calendar years
during the period 19001917 are given in the Mineral Industry.) The figures
for 1934 and 1935 are imports for consumption. Before 1918 exports were
reported by value only. The total quantity of fabricated aluminum exported
was reported only for the four years 1922-1925. The classes covered in other
years are indicated in the footnotes. The figures do not include small amounts
of foreign metal exported from the United States. Imports of fabricated alu-
minum have rarely exceeded soo tons.

4 July-December only.

$ Plates, sheet, bar, etc. Does not include tubes, castings, utensils, and
other manufactures.

§ Total exports of semifinished and manufactured aluminum products.

|| Plates, sheet, bar, etc. and tubes, molding, and castings. Does not include
utensils and other manufactures.
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nll:ys. 45-46, 50-52, 55, 57-59, 61-66,
14
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Alcoa Power Company, 73, 74, 77, 234,

399
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umin, S0-54, 219, 256-257, 375, 384,
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ership of bauxite, 70-71; capacity, 74,
96; foreign markets, 163, 168, 306-
312; participation in cartel, 77, 94,
163; relations with Aluminum Com-



590 ' INDEX

pany of America, 74-76; sales, 324;
plants, 92, 96;
finance: investment, 324; capitaliza-

tion, 75; earnings, 324; depreciation,
324; ownership of stock, 75-76

Aluminiumwerke, G.m.b.H., Bitterfeld,
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metals, 46; physical properties, 11, 15;
purity, 182, 216

Aluminum Castings Company, 27, 7980,
396, 443-444

Aluminum Colors, Inc., 53

Aluminum Company of America, forma-
tiom, §, 529; acquisition of bauxite, 28,
69-92, 76, 103~110, 129-13I, 13G; ac-
quisition of water power, 25-29, 72—
74, 46, 110-111, 116, 136; capacity, 28,
41, 43, 77-78, 96, I1O-IIL, II7, 247—
248; horizontal expansion, 24-29, 44,
69-74, 77-81,  I10-III, II7, 149-150;
integration, 24—2%, 185-186; acquisi-
tion of other companies, 26—2%, 72-73,
79, 115-116, 131, 133, I36; merger
with Canadian Manufacturing and
Development Company, 73, 135-136;
foreign properties, 6974, 92, 129-131,
136, 248; relations with' Aluminium

Limited, 74-%6, 481-483; ‘costs, 143,

248-250; investment and price policy,
111-114, 238-263; price and output
policy in depression, 316—320, 324-330;
rationalization, 263; progressiveness,
50-54, 56-57, 59, 63, 256-257; sales
data, 21, 251252, 325, 470471 ; reser-
vation of home market, 39, 548; posi-
tion.in utensil branch, 397, 408-409;
position in castings branch, 396—397,
443-444; scrap, purchases, 248, 444~
462, 473, 560-561; government in-
vestigation, 369370, 398-402, 440;
antitrust suits, 371374, 384, 386, 398,
- 401, 480484, 547-555 (see also Con-
sent decree) ; complaint by Federal
Trade Commission, 370, 401, 411412,

444447, 556563, 568 ; answer to com-
plaint, 564-567;
finance: investment, 28, jo-31, 69,
117, 225-237, 249-252, 258-263, 328~
329, 538-546; earnings, 2g-31, 43, 102,
112, 225-235, 249-252, 258-263, 319,
328-329, 389-391, 471, 538-546; cap-
italization, 30-31, 262, 540-541; divi-
dends, 3031, 261; depreciation, 227,
328; reinvestment of earnings, 30-31,
81, 11X, 261262, 540-543; ownership
of stock, 75-76;
plants: alumina, 2§, 194-195; power,

2529, 41, 44, 13~74, 77-78, 149, 213,
299; reduction, 12, 2528, 44, 72, 74,
77, 96, 111, 149; electrode, 25-29, 129;
rolling, 11, 79, 196-197, 433 ; blooming,
54, 79, 197; foundries, 1x, 27, 79-80,
396, 443 ; fabricating plants, 11, 13, 26—
27, 79, 197; research laboratory, 8o

Aluminum Company of America v. Fed-
eral Trade Commission, 370, 373—374

Aluminum Cooking Utensil Company,
24, 408, 414—4185, 422425, 430

Aluminum foil, 18, 67

Aluminum Goods Manufacturing Com-
pany, 379, 397, 408, 413415, 417, 420~
426, 431437, 551

Aluminum Manufactures, Inc, 79-8o,
149, 401, 444, 446, 470 .

Aluminum:Ore Company, 79

Aluminum oxide, see Alumina

Aluminum paint, 18

Aluminum Products Company, 437

Aluminum Rolling Mill Company, 373—
374 . ,

Aluminum ware industry, growth, 409

Alunite, 89, 148~ '

American Bauxite Company, 106

American Cyanamid Company, 132, 134~
135 :

American Magnesium Corporation, 81

American Nitrogen Company, 117

Ammonal, 18

Anaconda Copper Mining Company, 151

Antitrust laws, U. S., 109, 118, 136, 152,
369-374, 381, 394, 480-486; see also
Consent decree; Department of Jus-
tice; Federal Trade Commission

Archer, R. S, 55

Association of Manufacturers in the Alu-
minum Industry, 474
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A. S. Vigelands Brug, 120-121, 126

Automobile, consumption of aluminum,
20-21, 60-61, 65-66 ; influence on alloy
development, 19-23, 254 ; use of alumi-
num and aluminum alloys, 19-23, 45,
§5-58, 214-215, 254

Bankers, lack of interest in aluminum,
116, 133, 151~152

Baush Machine Tool Company, 52, 132,
375, 378, 480

Baush Machine Tool Company v. Alumi-
num Company of America, 384, 480—

484

Bauxit Trust A. G., 71, 84, 139

Bauxite, composition, 7, 102-103, 138;
imports into United States, 71; own-
ership, 34-36, 6972, 88, 91—94, 103~
110, 119-121, 329-131, 137-141, X54;
refining process, 7; restrictions on ex-
port: France, 95; Hungary, 84, 92-93,
138-139; Italy, o1, 138-139; Jugo-
Slavia, 92, 138-139; Rumania, 92, 138~
139; restrictive agreements in the
United States, 103—105, 108, 548—551;

Australia, 140; British Guiana, 69—

71, 129-131, 137; Dalmatia, 138;
Dutch  Guiana, %j0-71, 129-131;
France, 31, 71, 95, 108, 319121, 137;
Germany, 86, 127; Gold Coast, 140;
India, 140; Italy, 33, 73, 91, 120, 138~
139; Istria, 71, o1, 138; Jugo-Slavia,
71, 138; Russia, 89g; United States:
Alabama, 24, 103; Arkansas, 235, 103,
106-107; Georgia, 24, 103

Bauxites du Midi, 7x

Bayer alumina process, 7

Best utilization, 176, 177, 188, 205, 206,
208, 319, 340

Blanc process, 148

Blooming mill, 54, 79, 197

Bohn Aluminum and Brass Corporation,
$7, 148, 470

Bohn Foundry Company, 444, 470-472

Bradley, Charles S, 516, 518, 531, 534,
$35, $36, 537

Brass, competition with aluminum, 17-18

Bremer-Walz Corporation, 370

British Aluminium Company, formation,
6; acquisition of bauxite, 36, 70, 119,
139; capacity, 37-38, 41, 97, 123, 305;
borizontal expansion, 37-38, 88-89,
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265, 292; integration, 36; foreign
properties, 38, 72, 88, 97, 121; gov-
ernment aid, 89, 155; participation in
cartels, 36, 93—94, 119, 125, 158, 163 ;
finance: investment, 286; earnings,
269, 286, 319, 324; depreciation, 269;
reorganization, 36, 269; )
plants: alumina, 36; power, 36, 37,
38, 41; reduction, ¢7; fabricating, 36
Bunsen, Robert Wilhelm, 505, 506
Bus body, aluminum alloy, 62

Caldum carbide, 514515, 521
Calorizing, 18
Canadian Manufacturing and Develop-
ment Company, 73
Capacity,
power plants: Canada, y3-74, 1113
Europe, 32-33, 265, 269—271, 276, 293 ;
France, 121-123 ; Great Britain, 88-89;
United States, 77-78; 110-111, 247—
248; cartel members, 38, 123, 264;
reduction works: America, 41, 290~
291, 307, 317; Austria, 98; Canada, 41,
73-74, 98; Europe, 38, 41, 95-98, 158—
159, 271, 273, 287, 290-293, 306-307;
France, 40-41, ¢8, 292; Germany, 83—
86, 9495, 98, 290, 292; Great Britain,
41, 88-89, 98, 292 ; Hungary, ¢8; Italy,
92, 98; Japan, 98, 291; Norway, g8,
290, 292; Russia, 89-go, 98, 291;
Spain, 98; Sweden, 98; Switzerland,
40, 87, 98, 292; United States, 41, g8,
110-111, 247248, 274, 307; Dew en-
terprises, 38, 40-4I; relative changes
among European companies, 304~305.
See also individual companies
Carborundum, 519, 524
Carborundum Company, 131
Cartels, international,
first cartel, rgor-1908: formation,
119; membership, 36-37; terms of
agreement, 36—37, 264; price and out-
put policy, 37-38, 265, 273-276 ; weak-
nesses, 124; dissolution, 38, 121, 124,
265, 273, 275; consequences, 271~276;
second cartel, 79r2-1914: formation,
125; membership, 39, 125-126; terms
of agreement, 125-126; weaknesses,
126; dissolution, 39, 126;
third cartel, 1926~1931: formation,
76, 93, 158; membership, 93, 158;
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terms of agreement, 161-163; an-
nounced purposes, 161; price and out-
put policy, 93-94.. 287, 193, 296, 300;
sales quotas, 300-304; change in rela-
tive outputs of members, 3oo-3o01; in-
fluence on market results, 304, 306;
weaknesses, 304, 306;

Alliance  Aluminium Compagnie
(fourth cartel, r931-) formation, 94,
163; membership, 94, 163-164; terms
of agreement, 164-165, 306; price and
output policy, 321; control of stocks,
321; interference from nationalistic
policies of governments, 165-166;
weaknesses, 162-163

Castings, 18; die castings, 23, 48, 56-58;
permanent-mold castings, 48, $6-37;

sand castings: 48, 56, 354; competi-

tive methods, 443—473; sales data, 470

Centralstelle fiir wissenschaftliche und
technische Forschungen, 49

Christianburg, Colony of, bauxite lands
owned by, 69-70, 131, 137

Chute-d-Caron Power Company, 73;
see also Alcoa Power Company

Cleveland Metal Products Company,
370-373

Cole, Romaine, 529

Compagnie de Produits Chimiques
d’Alais et de la Camargue (Alais), en-
try into aluminum industry, 35; ac-
quisition of bauxite, 33; capacity, 37,
41, x23; horizontal expansion, 37, 44,
87-88, 122, 136, 265; foreign prop-
erties, 87; participation in cartels, 36,
119, 125; products other than alu-
minum, 35; acquisition of Société
Electrométallurgique  Francaise, 87;
earnings, 268; plants, 33, 37, 42

Compagnie de Produits Chimiques et
Electrométallurgiques Alais, Froges, et
Camargues {Compagnie AFC), forma-
tion, 87; acquisition of bauxite, 88,
139; capacity, 96, 292; horizontal ex-
pansion, 88, 292; foreign properties,
73, 92, 96, 292; participation in cartels,
158, 163;

finance: investment, 377-282; earn-
ings, 177-282, 286, 319, 323; deprecia-
tion, 277-280, 313; reinvestment of
earnings, 377-279; issue of preference
shares to prevent outside control, go;

INDEX

plants: reduction, 87-88, 96; power,

87-88

Competition, acquisition of bauxite, ¥z,
91, 105, 138-139, 152, 298; acquisition
of power, 91, 144, 1532, 298; develop-
ment of new alloys and new products,
259, 298, 345-347, 35t; influence on
price and quotas, 157, 263 ; investment,
9091, 134, 156-158, 163, 163, 264, 290,
298, 304-308, 338-343, 350; imports
into United States, 157; price, 38-39,
157, 163, 167, 336-237, 244, 246, 265,
275-1276, 295, 304, 3r0-311, 316-320,
326-327, 333-333; Quality, sro-311;
sales expenditure, 310-311; between
substitutes, x1-23, 33, 46, 4849, 57—
58, 62-63, 66-68, 198, 314-315, 218
219, 247, 353-257, 323, 390-39I, 420,
430, 436, 475, 477; summary of com-
petitive forces, 169.
See also Potential competition

Competitive methods, complaint of Fed-
eral Trade Commission, 401, 411, §56—
563 ; supply of materials, 376, 40507,
410412, 421436, 445462, 473, 486~
490, 496, 498, 562; attitude toward
potential competition, 410, 437-441;
materials-castings price differential,
445447, 450-455, 461, 469, 473; in-
got-sheet price differential, 381, 386,
390, 392-395, 437440, 431-483; price
differentials in general, 474473, 478,
486—498; price discrimination, 40§,
4T0—41I, 417421, 441, 447 45T, 486—
490, 496, 498; pricing of castings, 447~
455, 461-473, 561; scrap - purchases,
444462, 473, 560-561;

unfair: consent decree, 398, 405-

407; criteria, 408—404.
See also Delivery delays

Connecting rods, aluminum alloy, st, 62

Consent decree, United States v. Alumi-
num Company of America, 39, 105-
109, 369, 377, 396-399, 404407, 431-
422, 426, 431, 433434, 436—440; text,
547-55S

Consolidated Stamping Company, 53

Consumers’ codperation, 353-355, 485-
487, 499

Consumption, Europe, 33, 65-68; Ger-
many, 65-67, 95; United States, 11,
a1, 60-65; during World War, 44-43;
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ingot, world, 127; relative growth in
European countries, 303

Continentalen Bauxit Bergbau und In-
dustrie A. G., 84

Cooking utensils, 11, 13; consumption of
aluminum, 60, 64-66; competitive
methods, 408—441

Copper, competition with aluminum, x4~
17, 33, 314, 218-219, 255, 322, 436.
See also Price ratios; Prices

Cost, constant, 208—209, 212, 334, 408,
443; diminishing, 206, 208-209, 213,
260, 334; European relative to Amer-
ican, 160; ingot, 270-271; labor, 269;
power, 142-144, 289; reductions, 93,
113, 150, 237, 246, 248-250, 270, 281,
296, 324; sand castings, 443, 463—469;
sheet, 387—390; standards for measur-
ing cost at one stage, 463—465

Cowles, Alfred and Eugene, 508-514,
§20-§21, §28-5332, §35, 537

Cowles Electric Smelting and Aluminum
Company, s, §39, 532

Cryolite, 8

Cylinder heads, aluminum alloy, 65

Davis, A. V., 135

Davis, E. K, 75

Davy, Sir Humphry, 503, 534

Defender, Herveschoff, 12

Delivery delays, 248, 376, 405, 411, 421
436, 441, 553, 562

Demand, characteristics, 214, 215; elas-
ticity, 112, 146147, 167, 314-215, 221,
238, 237, 353-261, 297-298, 320, 322,
329, 331-332, 390-391; ideal, 209-211,
258, 297; increases, 38, 43, 120, 156,
214, 335, 252, 253, 3§5-258, 272-273,
275, 456

Demerara Bauxite Company, 69, 130

Department of Justice, Benham report,
400, 410, 413 ; consent decree of 1912,
106-109, 398; investigations, 399—401,
410-411; re acquisition of Southern
Aluminium Company, 116

Det Norske Aktieselskab for Electro-
kemisk Industri, 72

Det Norske Nitridaktieselskab, 43-44,
73, 153; capacity, 96, 290, 293; plants,
87, 96

Deutsche Edison Gesellschaft, 6, 513

Deville, Henri St. Claire, 35, 505-506
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Differentiation of product, see Monopoly
elements

Diversification of markets, 61-68, 253,
297

Dixie Bauxite Company, 107

Doechler die-casting process, 22, 257

Duke, J. B,, 73, 132~135

Duke-Price Power Company, 73-74, 135;
see also Saguenay Power Company

Duralumin, see Alloys

Diirener Metallwerke A. G., 50

Dynamo, stimulus to development of
electrochemistry, 506—508

Earnings, metal corporations, 231-233.
See also individual companies

Economies, combination, 196-200; scale
of plants, 189-196

Efficiency, factors affecting, 31-32; see
also Scale of investment; Integration;
Location

Electric cable, 14-16, 6064, 66-67, 146,
214, 218-219

Electric Smelting and Aluminum Com-
pany, 521, 532-533

Electric Smelting and Aluminum Com-
pany v. Pittsburgh Reduction Com-
pany, 533-537

Electrochemistry, influence of aluminum
on, 508-516, 519—526

Electrode plants, 25-26, 34, 74, 84, 129,
191

Emory, L. T., 130-132, 140

Entry into aluminum industry, affected
by conditions of price making, 144-
147; castings branch, 396, 443-445;
costs, 144147 ; difficulties, 28-29, 105~
118, 120~136, I37-141, 142-148, 149—
152, 155-156; government control in
Germany, 153; new ventures, 29, 35,
38, 82, 111, 115-I17, 120-124, 120~
136, 248, 153, 215, 265, 269, 289; sheet,
374-381, 392-395 ; utensils branch, 396,
408, 415.
See also Potential competition

Erftwerk A. G., 83-84, 283

Exports from America, 163, 166, 309~
311; Canada, 307-312, 317; cartel
countries, 303, 310; Europe, 39, 159~
160, 166, 243-244, 246, 266, 300-311,
378-379; France, 124, 303; Germany,
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243, 246, 303, 310; Great Britain, 303,
31x; Norway, 3o01-303, 308-300;

Switzerland, 124, 301-303, 310-312;
United States, 310
Extrusion, 38

Fairmont Manufacturing Company, 345,
378, 384 .

Faraday, Michael, 503—504

Federal Trade Commission, complaint
against Aluminum Company of Amer-
ica, 370, 401, 411, 444-447; text of
complaint, §56-563; answer to com-
plaint, 564-56%; dismissal of com-
plaint, 401, 413, 473, 568; report on
aluminum, 399, 409—412, 442; rolling
mill case, 371-374

Ferroalloys, 513, 516, 522-§23

Ford, Henry, 133, 151

Foundries, 11, 27, 79-80, 396-397, 443

Frontier Corporation, 8081

Full utilization, 182, 199, 235-23%, 258,
260, 271, 291, 293-294, 299, 313, 327,
332

Gebriider Giulini, 51, 97, 120-121, 158

General Bauxite Company, 103-105

General Chemical Company, 103-105,
107, 549

General Electric Company, 80

Georgia Bauxite Company, 24

Goldschmidt, Hans, 18

Government control, competitive meth-.

ods, United States, 370, 377, 398402,
404—480; entry, Germany, 153; im-
ports, Germany, 154; export of baux-
ite, various countries, 139; exports of
aluminum and materials, France, 93;
ownership of bauxite, Great Britain,
69—70.
See also Import duties; Antitrust laws

Government encouragement, 153-156;
Austria, 153; Great Britain, 88-89,
155, 311; Italy, o1, 92, 139, 156; Spain,
92

Government enterprise, Germany, 83-86,
153-154; Russia, 89-g0

Government : policy, possibilities: estab-
lishment of oligopoly, 355—357; import
duties, 488-489; regulation of invest-
ment, 357, 485, 491, 495-498; regula-
tion of price, 357-360, 485, 492-498;

INDEX

taxes, 359—360; government competi~
tion, 360-365, 485-489, 498—499; pub-
lic monopoly, 364—365

Great Britain, bauxite lands owned by,
6970

Guillet, Léon, 50

Hall, Charles M,, s, 235, 118, 509, 516—
518, 520, 527-537

Haskell, George, 73, 132-136

Haskell v. Perkins et al., 136

Henderson, Leon, report on aluminum,
see National Recovery Administration

Héroult, Paul L. T, 3, 6, 115, 512-514,
520, 523~524, 527, 532, §35

Hoopes, William, 16, 54

Horizontal expansion, balance in hori-
zontal and vertical extension, 199—201;
efficiency, see Scale of investment and
Economies; relation to monopoly, 189-
203 ; see also individual companies

Hunt, Alfred E., 529

Hybinette, Victor, 51

Hydroelectric plants, see Water power;
Power plants

I. G. Farbenindustrie, 84, 153

Ilinois Pure Aluminum Company, 424~
425, 437439

Import duties, France, 154; Germany,
154; Great Britain, 155; Hungary, 93;
Italy, 94, 164; Spain, 92; Switzerland,
155; United States, 29, 39, 82, 1032,
112, XI18, 143, 159-160, 238-241, 318,
321, 379; relation to monopoly, 149,
159-160, 168, 355-356

Imports into America, 309; cartel coun-
tries, 303 ; France, 291; Germany, 127,
156, 301303, 311; Great Britain, 301-
303, 311; India, 310~311; Japan, 310~
311; United States, 39, 81-83, 110, 114,
160, 166-167, 243-244, 246, 266, 274,
307-308, 317-318, 324~327, 378-379;
government control, Germany, 134,
157

Innwerk, Bayerische Aluminium A. G,
83

Integration, definition, 176; advantages
in aluminum production, 182-188; bal-
ance in horizontal and vertical exten-
sion, 199~20x; problem of fitting
scales, 177-179, 200; relation to mo-
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nopoly, 177-179; relation to progres-
siveness, 181, 187; relation to research,
187; strategic advantages, 108-109,
179, 188; theoretical analysis of ad-
vantages, 180.
See also individual companies
Investment, appropriate to maximum
monopoly revenue, 235237, 260, 294—
296, 331, 334; ideal, 174, 175, 204—210,
260, 266, 371-273, 274, 397, 314, 33,
357, 362.
See also individual companies
Iron, competition with aluminum, 17-18,
62, 254, 255, 436

Jadranski Bauxite Dioni'co Drus’tvo, 71

Japan Aluminum Reduction Company,
93, 97, 164

Jefiries, Zay, 55

Kewaskum Aluminum Company, 424,
437439

Kiliani, Martin, 513, 535

Knoxville Power Company, 26

Kossmann, Wilfried, 270

L’Aluminium francais, 39, 51, 87, 93-94,
115, 123, 154-155, 301, 305

L’Aluminium du Sud-QOuest, 121-122, 269

Large scale, see Scale of investment

Leucite, Italy, 92, 148

Location of plants, 3132, 184

Low-grade ores, attempts to utilize, 148,
298

Lumpiness of equipment, 206, 213-213,
216, 222, 22§

Management, balance in horizontal and
vertical extension, 199-301

Marginal cost, 141, 145-147, 205, 309,
236, 314-316, 329, 340, 351, 454455,
469, 472, 475, 490491, 496

Materials required for aluminum produc~
tion, 31

Mellon, Andrew, 398

Merica, P. D,, so

Metallgesellschaft, 39, 56, 84-85, 153

Minet, Adolphe, 118, 538

Monopoly. elements, water power, 143~
144;

bauxite: France, 154-155; Europe,

109; South America, 70-71; United
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States, 28, 103~110, 113-114, 548-551;
world, 139-140;
aluminum: separation of markets,
36, 166, 264, 547-548; patents, 6, 101,
118, §37; price control, 36-37, 9394,
126, 161-162, 165, 264, 273-2%6, 321,
332-333, 350-351; production control,
94, 165, 306, 321, 350-351; sales con-
trol, 39, 94, 125, 161, 300-304; contyol
of stocks, 164-166, 321; tariffs, 118,
149, 159, 168, 355 ; difficulties of entry,
see Entry;
oligopoly: and antitrust Iaws, 483 ;
difficulties in policy, 298-300, 306,
346, 351; price policies, 157-161,
319-320; relation to efficiency, 202~
203; relation to progressiveness,
'345-349; restriction of investment,
300; rivalry in expansion, 157, 298,
304-306, 338-343; rivalry in varia-
tion of product, 345-347, 351; pro-
portionate shares in the market, 337~
343, 346-347, 350-351; sheet, 374
376, theoretical comparison with sin-
gle-firm monopoly, 333—352; France,
87-88, 120122, 154-155; Germany,
153-154, Great Britain, 120-121; in-
ternational relations, 118-128, 156~
161, 306-312. See also Agreements;
Cartels;
single-firm monopoly: relation to
efficiency, 202—203 ; (see also Scale of
investment) ; relation to progressive-
ness, 345-349; continued existence
in United States, 101-118, 149-152;
differentiation of product: alloys,
198, 259, 386; limited by tests of
quality, 198, 259, 363; and price
regulation, 495-496. See also Alloys
Montecatini, g1—92
Montreal Light, Heat, and Power Com-
pany, 111

Nantahala Power and Light Company,
8o

National Physical Laboratory, 50, 54,
257

National Recovery Administration, code
for aluminum industry, 474-479; re-
port on aluminum, 401-402, 477

Nationalistic policies, 47, 138-139, 299,
331-312, 355; Austria, 86; France, 95;
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Germany, 85-86, 94, 165, 299; Hun-
gary, gz; Italy, 86, 91, 94, 163164,
166, 299; Japan, 93; Jugo-Slavia, 92;
Rumania, 92 ; Spain, 86, 92

New enterprises, see Entry

Niagara Falls Hydraulic Power and
Manufacturing Company, 26

Niagara Hudson Power Company, 81

Normal earnings, definition, 204

Norsk Aluminium Company, 72, 133,
153; capacity, 96, 290

North British Aluminium Company, 89

Northern Aluminum Company, plants
and capacity, 25, 96; participation in
agreements and. cartels, 3%, 11y, 126,
547-548; name changed, 74

Norton Company, 104-10§, 10%, 5§50, 552

Qersted, Hans C., 504-508

Oligopoly, see Monopoly elements

Ore, see Bauxite and Low-grade ores

Output, ideal, 209

Outsiders, 121-124, 158, 163-164, 273—
275

Overinvestment, 174-1%75, 204-208, 212,
216, 222, 272-273, 332, 344, 351, 387,
389, 392—393, 470, 491497

Pacz, Aladar, 55, 256-257

Patents, infringement suits, 5, 530-537;
relation to monopoly, 6, 101, 118, 537;
expiration, 6, 29, ro1—102, 120; alumi-
num nitride, 117; Bradley, 5-6, 29,
101-102, 531-53%7; Cowles, 530; Hall,
§-6, 101, 530-531; Héroult, 118, 512

Pennsylvania Salt Manufacturing, Com-
pany, 104, 107, 550-552

Pistons, aluminum alloy, 23, 45, 55-57, °

62, 214 ; Nelson, 57

Pittsburgh Reduction Company, forma-

tion, 5, 529; acquisition of bauxite,
24-25; . patent litigation, 530-§37;
name changed to Aluminum Company
of America, 26

Pittsburgh Reduction Company v.
Cowles Electric Smelting and Alumi-
num Company, 530-531, 536

Potential competition, ro1-102, 120, 129—
136, 140, 150-152, 236-237, 258-259,
289, 298, 401, 437-441.

. See also Entry
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Power plants

Austria: Lend, 34, 3%, 40, 269;
Rauris, 34, 40, 269;

Canada: Cedar Rapids, r11; Chute-
4-Caron, 149, 299; Isle Maligne, 73-
74s 77, 149-150; Shawinigan, 25, 41;

France: Auzat, 41, 121; Beyréde, 88,
121, 270; Calypso, 37, 41; Chedde, 41,
121; L’Argentitre, 37, 40, 270; La
Praz, 3%, 40; La Saussaz, 37, 40; Les
Clavaux, 88; Prémont, 41; Rioupé-
‘roux, 88; Sabart, 88; St. Auban, 88;
St. Félix, 37, 41; St. Jean-de-Mauri-
enne, 37, 41, 270; Venthon, 88, 121,
2%0;

Germany: Inn River, 83-84, 292;
Lauta, 83-84; Rheinfelden, 34, 3%, 40,
269;

Great Britain: Dolgarrog, 41, 120;
Foyers, 36, 37, 40; Kinlochleven, 41,
269; Lochaber, 88, 155, 292, 302; '

Italy: Bussi, 41; Cismon, g92; Mori,
92; .

‘Norway: Eydehavn, 87; Glomfjord,
89; Hoyanger, %2; Otterdal, 120;
Stangfjord, 38, 41; Tyssedal, 87;

‘Russia: Dnieper, 8¢g; Kamensk, 89;
Rion, 89; Swanka, 89;

Switzerland: Borgne, 40; Martigny,
40, 120; Navizance, 37, 40; Neuhau-
sen, 33, 37, 40, 269; Rhone, 40;

United States: Calderwood, Tenn.,
77; Cheoah, Tenn., 29, 77, 213; High
Rock, N. C., 77; Massena, N. Y., 26,
41; Niagara Falls, 12, 26, 41; Santeet-
1ah, Tenn., 77, 149

Price control, see Monopoly elements

Price : differentials, materials .and prod-
ucts, 349, 379-305, 437440, 445447,
450458, 461, 469, 473475, 478, 481~
483, 486-498; scrap and virgin, 446~
451, 457458, 461, 473

Price discrimination, alloys, 218, 222,
390-39T, 393; competitive methods,
405, 417-421, 488, 498, 553; in de-
pression, 315-316, 322, 327, 329; geo-
graphical, 221, 299, 304; government
control, 357, 486-490, 496, 498; price
differentials, 218-220, 380-381, 386,
389-394, 486—490; price structure, 217—
224, 252, 297, 322, 327, 386, 389-394,
396, 477
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Price ratios, aluminum and copper, 17,
244—246, 288; aluminum and tin, 17;
aluminum and zinc, 17; aluminum and
a nonferrous index, 244-246

Price stabilization, 38-39, 42, 161, 174,
313, 317-322, 326327, 332

Price, Sir William, 132

Prices, aluminum

United States: Aluminum Company
of America, 9, 13-17, 33, 43, 112, 159,
167, 220, 238-241, 244247, 249256,
316-321, 326-327, 329, 382~384, 388,
530; open market, 43, 112, 159, 239,
242, 244, 316318, 326-327; foreign
aluminum, 159, 239, 244, 317-318;
u;rap. 457-458; sheet, 382-384, 388—
339;

Europe: 93-94, 158-159, 162, 167,
221, 240-241, 246, 265, 268, 270276,
283-288, 291, 293, 296-300, 316, 318,
321-322, 329; cartel, 38-39, 42, 240~
241, 265, 287; France, 281, 299, 322;
Germany, 288, 299, 322 ; Great Britain,
288, 321; Russia, 322;

Orient, 221

Prices, copper, 15, 158, 245, 288

Primorske Bauxite Dioni’co Drus’tvo, 71

Processes of aluminum reduction, see Re-
duction of aluminum

Production control, see Monopoly ele-
ments

Profits, see Earnings

Progressiveness, alloys, 45-60, 255-259,
291, 397-298; cost reductions, 248~
250; improvements, 52-54; 212, 255—
259; new products, 56-68, 256-258,
291, 297-298, 344-347; relation to in-
tegration, 187; relation to size of firm,
301-1302, 348; attempts to utilize low-
grade ores, 148; sheet, 254

Pure competition, 173

Quebec Aluminium Company, 13§
Quebec Development Company, 132133

Railroads, use of aluminum, 63-6s, 68

Rationalization, 174~176, 180, 208309,
263, 273, 313, 330

Reduction of aluminum, chemical proc-
ess, 4, 506; electrolytic processes, 4-,
7-8, 190~191, 505, §13-§13, §16-518,
537-537
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Reduction plants

Austria: Lend, 97; Steeg, 97, 153;

Canada: Arvida, 74, 96, 149; Shaw-
inigan Falls, 25, 96, 111;

France: Auzat, 96, 120, 123; Bey-
réde, 96, 120, 123; Chedde, 96, 120,
123; Calypso, 96; L’Argentitre, g6;
La Praz, 96; La Saussaz, 96; Les Cla-
vaux, 97; Prémont, 97, 120, 123;
Rioupéroux, 88, ¢6; Sabart, 88, 96; St.
Auban, 88, ¢6; St. Jean, 96; St.
Michel-de-Maurienne, 34; Venthon,
88, 97;

Germany: Bitterfeld, 84, 97; Erft-
werk, 83-84, 96, 294; Innwerk, 96,
292; Lautawerk, 83-84, 96; Rhein-
felden, 84, 97;

Great Britain: Dolgarrog, 97, 120,
123 ; Foyers, 36, ¢7; Kinlochleven, 97;
Lochaber, 97;

Hungary: Csepel, 93, 97, 153;

Italy: Borgofranco, 92, 96; Bussi,
91, 120, 123; Marghera, 92, 97; Mori,
92, 97, 139;

Japan, 93, 97;

Norway: Eydehavn, 87, 96; Glom-
fjord, 97; Hoyanger, 72, ¢6; Stang-
fjord, 97; Tysse, 87, 96; Vigelands,
975

Russia, 97;

Spain: Sabinanigo, 96;

Sweden: Mansbo, 96;

Switzerland: Chippis, 37, 97, 292;
Martigny, 97, 120, 123; Neuhausen,
97;

United States: Alcoa, Tenn., 28, 96,
111; Badin, N. C,, 29, 66, 149; Mas-
sena, N. V., 26, 28, 96, 111} Niagara
Falls, 12, 15, 96

Refining aluminum, Hoopes process, 54,
217 .

Reinvestment of earnings, 175, 2g0.
See also individual companies

Republic Carbon Company, 131

Republic Mining and Manufacturing
Company, 81, 104-105

Research, alloys, 22, 47-60; auto bodies,
254-255; coloring, s3; corrosion re-
sistance, 52~54; fabricating technique,
54; heat treatment, 49-50; use of low-
grade ores, 86, 9g2—93, 148; pistons,
55-57; refining, $4; command of
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funds, 347-349; company staffs, 47,
50-59, 256-257; government bureaus,
47, 49-59, 52, 54-55, 59, 256-257; in-
fluence of aviation, 46-47, 50; influ-
ence of World War, 46—47, 50; relation
to integration, 187; relation to size of
firm, 201-202, 348

Rheinisch-Westfilisches Elektrizitits-
werk A. G., 83-84

Rolling mills, Germany, 196-197; Switz-
erland, 196-197; United States, 11, 79,
196~-197, 370-371, 386, 433, 437

Rosenhain, Walter, 50, 54, 256

Russia, aluminum capacity, 89, ¢8; alu-
minum in second five-year plan, 8g—go

Saguenay Power Company, 74, 77

St. Lawrence River Power Company, 26,
8o

St. Lawrence Valley Power Corporation,
8081

Sales control, see Monopoly elements

Scale of investment, definition, 176; best
scale, 189; integration and fitting
scales, x77-1%9, 200; relation to mo-
nopoly, 189—203, 485; relation to re-
search and progressiveness, 201-202,
348; bauxite mining, 193; extraction
of alumina, 193-195; power, 191-193;
reduction of aluminum, 190-192; roll-
ing, 195-196; castings, 443; utensils,
408 :

Schweizerische Metallurgische Gesell-
schaft, 118, 512 )

Scrap aluminum, 43, 326, 376; competi-
tive methods, 444-462, 473

Secondary aluminum, 215, 247, 253, 319,
326327, 376, 443, 450, 487, 572

Self-sufficiency, see Nationalistic policies

Shawinigan Water and Power Company,

74

Sheet, in.automobiles, 254; cost, 38y—
390; sources' of materials, 376-379;
oligopoly, 374-376; new ventures, 375;
potential competition, 374; ingot-
sheet price differential, 379~395, 437~
440; sales data, 25x—252, 384—385

Sheet. Aluminum Corporation, 51, 375,
378, 386, 480

Sherman Act, see Antitrust laws

Single-firm monopoly; see Monopoly ele-
ments

INDEX

Size of firm, see Scale of investment

Societa Anonyma Mineraria Triestina,
7t

Societa Anonyma Veneta dell’Alluminio,

92, 97

Societa dell’Alluminio Italiano, 73, 93,
96

Societa Italiano dell’Alluminio, 91, 97

Société Anonyme des Forces Motrices du
Béarn, 73, 87

Société des Bauxites de France, 119

Société d’Electrochimie, d’Electrométal-
Jurgie et des Aciéries Electriques
d’'Ugine, 87-88, 97, 122

Société Electrométallurgique Frangaise
(Froges), formation, 6, 513; acquisi-
tion of bauxite, 34; capacity, 37, 40;
horizontal expansion, 37, 265; integra-~
tion, 34; participation in cartels, 36,
119, 125; merger with Compagnie
Alais, 87;

finance: investment, 267-268; earn-
ings, 267-268; dividends, 268; depre-
ciation, 267-268;
plants: alumina, 34; power, 34, 37,

40; electrode, 34; reduction, 40

Société Electrométallurgique du Sud-Est,
121-123, 269

Société des Forces Motrices et Usines de
PArve, 121-122

Société Générale des Nitrures, 117, 126

Société Industrielle de PAluminium, 34

Société des Produits Electrochimiques et
Métallurgiques des Pyrénées, 121-122,
269

Southern Aluminium Company, 111~-113,
11§-11% :

Steam power, Germany, 83, 144

Steamship, aluminum alloy, 65

Steel, competition with aluminum, 48-49,
52,6 62—63, 214-21§, 254-255, 390~391,

43

Stern und Hafferl, x53, 158

Stocks, aluminum, 94, 163, 167, 272, 293,
300, 317, 321, 327; control, see Monop-
oly elements

Structure of industry, 176

Supply characteristics, 211-212

Surinaamsche Bauxite Maatschappij, 71,
74

Tallassee Power Company, 26
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Tapolcza Mining Company, 84

Tariff, see Import duties

Tennessee Valley Authority, control of
hydroelectric development, 78; experi-
ments on use of Jow-grade ores, 148

Thermit, 19, 257

Tin, competition with aluminum, 17-18,
67

Transmission lines, 15-16, 63-64, 66-67;
see also Electric cable

Uihlein venture, 129-131, 151

Uncertainties, demand, 300, 306, 336—
339, 342; indirect effects of policies,
208

Underinvestment, 174, 204~205, 263, 2%,
273, 296-297, 344

Underutilization, 174, 208, 212, 216, 225,
258, 260, 263, 265-266, 289294, 314,
316-320, 323-324, 327-328, 340-341;
reasons for, 205—209

Unfair methods of competition, see Com-
petitive methods

Union des Bauxites de France, 119

Union Development Company, 26

United Smelting and Aluminum Com-
pany, 370-371, 375, 378, 384

United States v. Aluminum Company of
America, see Consent decree .

United States Aluminum Company, 24,
27, 80, 373, 397, 408, 444, 463

United States Bureau of Standards, so,

(1)
Uses of Aluminum, 10-23, 33, 4468, 214~
215, 399, 512

Variations of product, 175, 210211, 255~
259, 344-347, 351

Vereinigte Aluminiumwerke A. G., for-
mation, 83; acquisition of bauxite,
84, 139; capacity, 94—96, 290, 2932,
305; horizontal expansion, 94~95, 292;
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integration, 84; costs, 85; foreign
properties, 84, 91; government pro-
tection, 153~154; participation in car-
tels, 93-94, 158, 163; products other
than aluminum, 85; progressiveness,
51, 53;
finance: investment, 279, 283—286;
earnings, 279, 283286, 323; deprecia~
tion, 284—285, 323 ; ownership of stock,
83-84;
plants: alumina, 84; reduction, 83—
84, 96; electrode, 84
Vereinigte Industrieunternehmungen A.
G., 84
Vereinigte Leichtmetallwerke, 53
Vickers Sons and Maxim, 50

Water power, costs, 142-144, 185-186,
191-192, 202, 269, 289; site character~
istics, xg1-192; ownership, 25-29, 33~
34, 36-38, 7274, 78-81, 132-137, 144;
Austria, 32; Europe, 289; France, 31,
119; Germany, 32, 127; Great Britain,
32, 289; Norway, 32, 72, 119, 144, 186,
289; Switzerland, 32, 119; Canada, 25,
32, 73~74, 132-137, 143, 150, 185-186,
289; Niagara Falls, 12, 131, 185, 520;
North Carolina, 150; St. Lawrence
River, 26, 80-81, 186, 192; Tennessee,
26-27, 78-79, 150, 186, 213; Wash-
ington, 185.

See also Power plants

Wilm, Alfred, 22, 49, 256

Willson, Thomas L., 514, 520 ]

Wire, see Electric cable; Transmission
lines ’

Wehler, Friedrich, Sos

Zeppelinwerke, 50

Zinc, competition with aluminum, 17-18,
2s5



