PREFACIW

The informasion contained in: this bulletin was originally
_gubmitted to the Government of Bombay in my capacity-as a. -
Government of India technical scholar for the years 1920-23.
Tt embodies . my experience concerning the sugar industry
and methods of sugar manufacture in wuse .in foreign
countries, namely, Louisiana, Cuba, Porte Rlco British Wesb ,
Indies, British Guiana, Hawaii and Java, which form the

principal canesugar manufacturing countries of the world.

I have also briefly discussed the chief difficulties the sugar
industry in India has to face, which are so peculiar and.
. intricate that they are nob obfained in any other part of the
world. On the strength of the information supplied by the .
Indian Sugar Committee -in their report’ concerning the
 existing sugar factories in India, I have briefly dealt with
the causes of failure of ex1stmg factories from a technoioo'l-
cal point of view.

This builetin is in no way a treatise on the principles of
sugar manufacture, which are usually found discussed in.
text books on this subject, I have, therefore, tried to avoid
theoretical discussion, of the principles underlying the process
of sugar manufacture, though an-occasional reference is
- unavoidable in order to elucidate a parblculu.r point. . I have,
however, discussed the various methods of sugar manufacture
- in use in those countries, together with the conditions under
‘which those methods are expected to work successfully, and |
also the methods that are likely tq,be suitable to conditions .
in India. As Government decided t6 print this . information |
as a bulletin of the Department of Agriculturs, I have
omitted all references to particular factories, except, where

the information supplled bv them has a.lrea.dy appeared in the
press, :
tB 7‘3-——((1)
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Technical scholarssig’n India, usually meet insuperav.
 difficulties in “foreign countries with regard to practical
training in existing factories under actual operating condi-
tions, without which it is not possible to get a practical
insight into any industry. Fortunately I had in Dr. Charles E.
Coates; the Dean of the Audubon Sugar School, Louisiuna,
a very sympathehc and helping Professor, without whose help
it wotld  have been practically impossible to' obtain

facilities for practical training in sugar factories, and

also for securing- practical information from  varipus sugar
factories situated in T. 8. A. and her -insular possessions.
In fact, the . -present bulletin would have been impossible
without his he]p ‘1 owe such a deep debt of gratitude to
him that T shall never be able to repay it. I had similarly

- in Sir Francis Watts, the Imperial Commissioner of Agri-
‘gulture for the West Indies, Trinidad, -a sympathetic helper

who made it possible for me to obtain’ practical training

i concernmg sugar manufacture in the Bntlsh West Indies.

I am also greatly obhged to him.

For the information contamed.in this bulletin I am muck
obliged to various sugar manufacturers, engineers and:
chemists in Touisiana, Cuba, Porto Rico, Jamaica, St. Kitts,.
Trinidad, Bntlsh Guiana, Ha.wau and J ava, to each of whom
an individual reference is not possxble, but I ‘would like to-
record tlheir great willingness to give any information

_concerning sugar manufactme to any one that may visit their:

factories. B “

Harlgaon : }

R. G. PADHYE.
30ﬁh August ]924 .
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“SUGAR INDUSTRY IN WESTERN INDIA AND
" METHODS OF SUGAR MANUFACTURE. -

1. Introduction.

¢ npie considered to be the original home of gugarcane,
and was or a long time the principal sugar ‘furnishing
couuiry of the world. That position changed long ago.
Trom the position of an exporter of sugar, she has fallen to
a position of & large sugar importing country. Before the
--ar, India was importing little more than 700,000 tons .of
sugar, which fell to about 500,000 tons during the period of
war due to increased price of sugar. The maxlmum, she-
imported so far in & year, was about 900,000 tons. Most of
this comes frora Java and Mauritius in. the form of. white
‘sugar. It is expected that, as the prices go back to pre-war
level, the annual imports would not only reach the pre-war
figure, but it is likely that she would import m_uohv more
sugar due to the-fict that,-her consumpfion 18 increasing
steadily yeatr by year, while her production has practically
remained constant, always verging between 2 to 3 million
tons of sugar a year, According to the report of the. Indian
Sugar Committee the consumption of sugar per head in Indis,
inoreased by 15 per cent. during the last 10 years, the average-,
consr  ~tion per head being 22 1bs. This inerease is specially
tot in the consumption of white sugar. India’s present

. Jnsumption may be taken as 3 million tons of sugar (2 mill-
on tons-of gul and 1 million tons of sugar), which, at this
rate of increased consumption, would reach the figure of 3%
million tons within the next 10 years, of which more than &
million tons would be white sugar. It would be a- great loss

- to the country, if this increased consumption is not met by
increased production. Already India is paying about 15
crores of rupees for the white sugar, she is importing from
. Teva and Mauritius, Within the next ten years, the valu-
»‘abion of the imports would reach 25 crores of rupees. If
" India were to increase her production at least to the extent
of er domestic needs, which she can surely do, she will ada .
80 much to the wealth of the country, besides bringing om
prosperity to so many people. Itsbould be understood thas.
the imports of sugar into India rank second in importancef(
in the total imports of India, representing in normal times

about 80 per cent. of the total value of the i :
commodities, at value © he imports of foodx’”

B2
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.., From the figures given above, it is obvious that Indjy
is the second largest consumer of sugar next to United States
and is one of the largest importers of sugar, The averagé
ared under cane in India is about 2} million acres from whigh .
she produces only about 2} .million tons of sugar. In 1918
the total area under sugarcane in the world was 5,200,000
acres, out of which India alone had 2,750,000 acres which is
,about 47°'5% of the area. From this ares India produced
l only 3 million tons of sugar against a total world produstion
©f 12 million tons, which is about 25% of the total. So far
lacreage is concerned, India has the largest area under cane.
-Cuba, which has outclassed India in point of production,
produces annually 4 million tons of sugar from an area less
than 4 million acres. It will be worth while to find, why
India is not able to produce at least the same amount of gngar,
wlhien it is taken into consideration that she has much more
area under cane than Cubahas. Is it due to low tonnage that
s raised per acre in India-or to wasteful processes of making
sugar or to both? An answer to this question would suggest
remedies which will considerably aid the Indian sugar industry.
I have discussed this question later on.

With favourable conditions for growing cane, such as
favourable climate, good soil, plenty of labour, a home
-.moarket and scope for expansion, if it'be negessary to increase
her production, one wonders why India does not take advan-

. tage of these conditions and increase her production to meet
the growing needs of the counfry. Cuba, which was produc-
ing only 4 million tons of sugar before 1898 when she became
independent, increassd her production to nearly 4 million
! tons of sugar annually, so that she leads the world to-day in
i point of production. . Similar is the progress in Java. Why
115 1t that India could not keep her premier position in the
'matter of sugar production, when she has all the favourable
 gonditions? There is na question that, while other countries
i have made wonderful improvements both in the cultivatior,
of sugarcane and manufacture of sugar, wlgich have brought
to pre-emirence countries like Cuba, Hawaii and Java, India
is still following the time honoured methods, which are obvi-
ously out of date and very wasteful. What is it that keeps
the people of India from taking advantage of the fqvoura.ble
condisions to increase her sugar produchion ? Is it due to
+ economio difficulties or due, to some other causes peculiar to
* India ?. I have carefully studied the factors, that affect the

4 ' p
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sucocess of a sugar industry in advanced countries like Cuba,
Porto Rico, Hawaii, Douisiana, and Java, and it seems to

" me, that India presents difficulties so peculiar and intricate
" that they are unheard of in any other part of the world, and

\

the problem, though not impossible of solution, needs careful

- consideration. Before I present the peculiar difficulties the

¢sugar industry has to face in India, a discussion of the factors

,* that affect the economic success of a sugar industry will be of

z

-

utmost advantage. ' o

I, Factors for a successful S-ugar Industry.
The three chief factors, on which depends the success

_of the sugar industry, are cheaper.production of cane, effici-]}

.ency of manufacture, and market for sugar. The prosperity! *

of the sugar industry in any country depends upon how {far!

" these factors have received attention.

1. Cheaper Production of Cane—Of all the questions

 this is of the greatest importance. It directly affects the cost
© of production and consequently the economic competition in .,

- the sugar industry. A few years ago the competition was not '

30 serious, but with Cuba leading the world in the matter of ™~

* .ugar production, serious competition has started, which has !

.aecessitated the reduction of the production cost. It should be '

remembered, that the cost of cane forms nearly $ths of the |

. total production cost of sugar, as may be seen "ffom below,

and no matter how efficiently the manufacturing side is rum,
80 long the cost of cane per ton is higher, there is not much

. chance to reduce the production cost considerably.

:

T

~

.~ .
7 Tota! production cost.! 44:59 - 2892 - 52-29 7950

|

?'

i

Hawaii, Cuba, Forto Rico. I.oxiiéiana..

: s | 8 '
Cost of cane to make a| 87-95 2056 4168 60-18
‘ton of sugar, . 4

Per cent. cost of cane| 806 686 ) 10
of fhe total production . ! 7o 70
cost. '

.-

. The above cost figures are for. the year 1918-14 orinted.
by- the Department of Commerce, WZshingt&ﬁ, D, I()'J‘.l.-n :Sg ’

-are conmderably\h_v\ve\r th:.m the present costs but the rglation B

-
e
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of the cost of cane to the total cost orproduction is praoti-
cally the same. The. figures, however, explain why Cuba is
able to compete with other countries. This shows, how im-
“portant ib is to produce the cane as cheaply as possible, if the
ugar industry 1s to stand the competition in the open market.

The cheaper production of cane depends upon the favour- .
able' natural conditions for cane growing and the supply
of cheap labour. The three favourable conditions are a good
soil, & well distributed rainfall, or in its absence, an adequate
“supply of _irrigation “water—and a favourable climate./ In
India we have a faiily good soil for gfowing cane. InNorth-
ern India, where more than 60 per cent. of the total crop is
raised, the soil is mostly alluvial, which is considered good
for growing cane. - In the Bombay Deccan, the soils. are of
voleanio origin and vary in depth from a few inches to as much -
‘as 6 feeb or more, below which is found a substratum of
' partially decomposed rock., This ig very porous, and if this
is within 2 feet of the surface, excellent drainage is secured. .
As the lands are under cultivation for a long time, cane
cannot be raised on the same land -without a rotation. To .
raise a good crop of cane a certain amount of fertilizer is
* | necessary, which means expense, but this is counterbalanced
by the increased yields obtained on canals. On the Deccan
canals there is, however, a tendency to apply larger amounts
of fertilizer than what is needed by the crop, thus consider-
- ably increasing the cost-of cane. On the Nira Canal where
this tendency is noticed, about 600 rupees are spent to raise
{'a crop of 50 tons of cane, out of which, Rs. 250 or about
40 per cent. of the total production cost is spent for manure.
If the amounts be reduced by half, which .can be done-
| without reducing the yields, the production cost of cane per

-

« |ton is reduced from Rs. 12 to Rs. 9}. ~

~-As regards rainfall, we are not so much favoured as some

other countries are, where cane is grown on rainfall alone, but..
- it shoulq] be remembered that an uncertain rainfall introduces -

a, factor’of uncertainty, which considerably afiects the yield.

'We have a fairly ‘good -supply of irrigation water which eli-
nfinates this uncertainty. In the Decoan, cane is entirely
grown under irrigation, greabor proportion being supplied by
canals.- As some more canals are under constructiou, the

. ‘areaunder sugarcane is bound fo increase in the future.
"3 The, extension f irrigation works affords the most favourable:

y condition for the sugar industry. . . . s

-~
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L Climate.~Northern India, where more than 60 per cent.
of the cane crop of India i raised, is situated outside the
tropical belt and consequently winter is severe. Frosts are;
not unknown. Though-the crop is not actually killed as
happens in Louisiana in winter, it checks the cane growth.
On account of severe climatic condifions in winter, only a
>short growing period is available, This is a limitation on
‘,L‘ the tonnage that can be raised in Northern India. It is
thus impossible to raise such a heavy tonnage as is raised -
under tropical conditions. In the Bombay. Deccan on the
other hand, conditions are tropical, winter is not so severe and,
frost is unknown, and though cane does. not make much °
growth during this period, it helps it to ripen. -

Coupled with these factors, we have in India a good -
supply of cheap labour. In the sugar industry a good deal of
labour is Tequired both inthe field and the factory. ~ For the
field work labour is required practically throughout the year.
A cheaper supply of labour ensures a cheaper production of
cane and in this respect India is much favoured. In all
other countries "except” Java, the question of labour has.
become serious. Not only is there a shorfage of laboul, buﬁ] ‘
wages are exceedingly high. Consequently, the production
costs are high in all those countries, except in Cuba, and
labour saving machines are being used to reduce the cost.
In Cuba cane grows like grass and practically no cultivation,
fertilizer or irrigation is required. This is possible ‘on)
account of the fertility of the Cuban soils and more or less

, favourable rainfall. The cost of production is low, because
 there is practically no expense except what is required for)
, one or two weedings and harvesting. C o
.. Taking the above facts info consideration it seems, that
J {ndla on the whole is more favoured than any other country
£y »939\1‘. Cuba and Java which have equally favourable condi-

. #+8 aut under the circumstances, India ought to be able
> produce the cano much cheaper. VWhether it does so ‘or
20%, will be evident from cowparative figures obtained in
other couPtrles. For this purpose I am quoting the figures
from the ‘ Cane sugar industry’ printed by the Department of.
Commerce, Washington D."C. It should be remembered
phat in countries like Louisiana and Cuba, where most of the
;ca?e llS purchased on the basis of the price of sugar, the
‘actaal cosb of production is very difficult to be obta.i'ned.’
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Cost of cane at the mill per short ton of cane in 1913-14
‘'was in Hawaii § 466, in Cuba $ 2'37, in Porto Rico
$ 462, and in Louisiana § 4'27 which in Indian currency
is approximately Rs. 14, 7, 14, 13, respectively. In India
before the war the cost of cane at the factory in Northern
India was probably Rs. 7. These prices have now increased
by about 50 per cent. so that the present prices in Hawaii,
Porto Rico and Louisiana are Rs. 21, %1 and 195 res-
pectively. It is evident that the cost of cane at the mills in
Hawaii, Porto Rico and Louisiana is considerably higher,
.but this is due to the prevalence of high wages in those -
_countries. It is for this reason that the 'lIEited States gives
them a considerable profection from countrieslike Cuba, which
is able to produce sugar much cheaper. The sugar from those
countries enters the United States free of duty, while all
‘foreign sugars are heavily taxed to the extent:of ~$ 2
;(Bs. 6) per 100 lbs. of sugar, Cuba getting a little- preference
rof about 24 cents per 100 lbs. over other foreign countries.
' Two'dollars a 100 Ibs, is practically equal to $ 5 per ton
of cane, assuming 12 per cent. recovery on cane, which the
Hawaiian and Portorican factories usually obtain. This
meand, that so long the cost of cane at the mill in
Hawaii and Porto Rico, is not higher than that in any
other country by $ 5, 7., Rs. "15, they can compete
easily with ~countries lika Cuba. This is cerfainly a
great protection, Ior this reason the. conditions of those
countries are not comparable with those of India. Therefore,
a comparison with Cuba and Java, which are the possible
competitors to India, will be better. The average sugar
produced by India, Java and Cuba during 1906-21 is about
65 per cent. of the total, each producing 251, 143, 25 per cent.
respectively. In both those islands the natural conditions are |
gimilar. In Java labour is plentiful and cheap. In Cuba,’
"however, labour is scarce and dear, but as the cultivation of:
" ¢ane is 50 simple, that it does not need much labour, and o -
o number of Tatoons,—may be 15-20—are taken, the c&, .’
of production on the whole is much lower. ‘ .
~ As regards the cost of cultivabion in India, it is impos,,
sible to obtain figures whish will represent the actuul cost o£$.
cane growing by farmers in. India as_such figures are un-
obtainable. For this reason I am quoting the cost of cultiva |
tion at the Government farms at Shahajahanpur (U. P) and,
Manjri (B. P.) printed in ‘the reportr of the Indian Sugar-
Committee, - '



Java. , India. °©
Cubs. | Br. Guiana. "
| 1} 1| 1

Cost of growing per acre...|Rs. 16-9 » 06-3 | 2021 | 2850 | 2700) 8475
Cost ‘of harvesting and | , 920 604 8431 26:0 L .800 830 -

transporting. . ’ . .
Bt |, 1089 96677 | 3364 | 8110} 8000 3805
Short tons of cane per 180 < 2232 -46'8 o4dd} - 84D 44:0
e (oS Vool
Cost of cane per ton at {Rs. 60-5 12:0 a2l 70 87 86

the mill. - ~ . . e .

In the above statement, for Cuba I have quoted -the
actual figures of one estate, which grows its own cane -to
the extent of 33,000 acres, which include plant as well as
ratoon cane. These figures are not subject to change accord-
.ing to the price of raw sugar, and for this reason are compar-
able. 'With the exception of British Guiana, the cost of
growing cane in India is higher than it is.in Cuba or Java.
The above figures show, why Cuba is able to dominate the
sugar market. With regard to the cosb of growing c¢ane in
India, the figures quoted are obtained at the sugar experi-
ment stations in India. In the Bombay Deccan, I believe
the cost of growing cane.by the cultivators is fiffy per cent.
higher so that the ocultivator is producing the cane at not

_[less than Rs. 12 a fton, which is practically the saine as in
British Guiana~—It-shows that even though wages in India
are as low a8 in Java, the cost of producing cane is consider-
ably higher than is the case in Java. '

One fact which is brought out by the. above figures, is.
the low tonnage obtained in Cuba and 'in spite of that fact,
-, she is at present able to dominate the sugar market in opem
" competition. What is, therefore, more important, is not so
much the tonnage per acre, but it is the cost at which a ton
of cane is being produced and delivered at the mill. For a.
successful sugar industry this is more important. So much
has been written about the extraordinarily low yields obtained ;
in Tndia, that it is looked upon as one of tha causes, which
affect the success of the sugar industry. To- my mind
even if the outturn per acre in India is increased, it
will not immediately result in enabling the manufacturers t6
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obtain cane cheaper, because, as will be explained later, in
India the manufaocturers will have to purchase cane on the
basis of the price of gur, if they are to obtain cane from the
farmers. ~ The result of increasing the yield will be to secure
a-greater profit to the farmer, which is no doubt desirable. -
Indireotly, it-will have an effect on the gur market. If a little
increase in the production of gur per acre is secured all over
India, it will increase the production of gur, which will
- consequently lower its price. From this point of view the
increase of yield is desirable, because it will ultimateli % xe
it possible for the manufacturers to secure cane at cheaper
rates, which will be a great help to the sugar industry. What
! is more important, therefore, is the cost at which the factory
| can obtain cane at the mill. There is no doubt that the
cane farmers on the Deccan canals are at present spending
80 much money that the cost of raising cane is considerably
higher, but one should not expect them to practice economy,
g0 long the present high prices for gur enable them to make
{a-profit. It is only when the margin of profit becomes nar-
ow, that the farmers will pay more attention to the reduc-
‘tion of the expenditure as an economic necessity.

.1 have purposely refrained from quoting figures for the
cost ‘of cane in the British West Indies, because in most of
‘those islands cane is purchased from the farmers on the
‘basis of the price for raw sugar. As the prices for raw sugar

" are fluctuating, the cost of cane is also changing accordingly.
From enquiries made in the West Indies, I find the cost of
‘cane per ton at the mill on the average is not less than

'$ 4, 1., Rs. 12, which is practically the same as is in
British Guiana. [It is obvious, that with such prices for
cane, the West Indies cannot compete with Cuba in the
open market and for this reason they are at present given a
-preference by England, which is the natural market for the
"West Indian sugar, to the extent of I/6th of the full customs
rate charged for foreign sugar. At present the customs
and excise tarifi for foreign sugar in -Great Britain is

- £©.1-92-4'5 and 1-0-4'L per cwt., respectively, the colonial
sugars getting a preference of 1/6 of this amount. It ex-
plains, why in the face of the competition with Cubs, the
West Indian ocolonies are clamouring for protection. In
fact at the present time without protection there will he no
sugar industry in the West Indies. _ -
" 'Thé figures quoted above include all the expenses except
the ‘profit. In India as cane will have to be purchased, &
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higher price than the net cost will have to be paid. DBuf

“this 1s immaterial, so long the price for cane has to be paid
"according to the price of gur. So long the prices for: gur
remain high, there is no chance to obtain cane at cheaper
rates. It is, therefore, necessary to increase gur production
‘in order to reduce the cost of cane at the mill. Thus, though

_+India has all the favourable natural conditions and plenty of
[ cheap labour, factories will not be able to obtdin cane at

Lehe‘aper rates, so long the prices for gur remain high.-

2. Efficiency of Manyfacture—Rfliciency of the
{actories varies 1n different countries. 8o far the highest
efficiency is secured in Hawaii, The sucrose extraction by
mills is 98 and over In Hawaii, about 95 in Porto Rico,
92-93 in Cuba and Java. The recovery of sucrose in sugar
for every 100 lbs. of sucrose in cane is 89-90 in Hawaii, 87-88
in Porto Rico and about 85 in Cuba and- Java: In  Hawaii,
the raw material is very expensive and consequently higher,
recovery has necessarily to be secured, In Cuba on the
other hand, the cost of cane per ton at the mill is very low
and there officiency is sacrificed for_capacity. In India, as
the raw material is likely to be costly, so long it is bought on
the basis of gur, a higher efficiency will have to be secured
to run-the factories on a profitable basis” With modern
equipment and the employment of necessary technical men,
i is not difficult to secure a greater efficiency. )

3. The Market for Sugar.—In this respect we are in
the most favoured position. We have already a domestic
market, which is steadily growing every year, and time will
oot be far distant when our consumption of white sugar will be
willion tons a year. This increase will not stop, whether
India increases her production or not. Java is our competitor
in the matter of sugar supply, but Java has solely to depend
for the disposal of her produce on the markets in Asia. Her
domestx_c consumption is not much, though she has a large

~"opulation. Cuba which produces about 4 million tons of
- dugar 1o a year, is solely dependent on the foreign market.
On account of the preference given by the United States, a
great part of the sugar goes to that conntry. Conditions
have already reached a stage when United States had to
increase the duty on the Cuban sugar in order to protect the
“domestio sugar industry. That means, a sbtage has been
teached when any excess of sugar, that may be manufactur-
od hereafter in Cuba will have no market in the States.
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"The other market for the Cuban sugar is Great Britain,

which gives preference to her colonial sugars. Thus though

Cuba has sll the natural advantages to expand her sugar

industry so as to-supply sugar at cheaper price to a great

part of the world, she is at the mercy of the foreign countries,
This is one of the reagons, why Cuba has to curtail the

extension of the sugar industry, though she has enormous

possibilities for expansion. In these days, "when every.
counfry is putting high tariff to protect the domestic or the

Colorial industry, the position of a country, which depends

for the disposal of its products on the foreign market, has

become very precarious. But in India, we have no such

problem to face, we-have a growing domestic market, and ik

will probably be a long time before India will reach a position

when she will have to look to outside market for the disposal

of the surplus sugar. ‘

From the discussion of the three chief factors, which
affect the success of a sugar industry, it would ‘'seem that we
have practically all the conditions necessary for a successful
sugar industry and one would naturally ask, why then India

~ is not increasing her production at least to meet the domes-

tic needs, if not to supplement the needs of the Empire in

*addition. There are some difficulties peculiar to India, the

e e ey

\

solution of which requires great consideration.

III. Chief Difficulties in 'Ind_ia.

Before 1 discuss the practical difficulties the sugar
industry in India has to face, a knowledge of the actual
conditions, under which the Indian gur industry is working,
is necessary. : - :

" At present sugarcane is caltivated all over India by
_pmall farmers, Each farmer grows his own cane; harvests it
and tarns it into gur.. On the Deccan canals, the average .
area of cane grown by each farmer may be 5 acres or more.:
Tn this tract on account of the favourable climate, good soil
and irrigation water, good yields are obtained. Here also
the crop-is harvested and turned into gur by the individual

| farmer, Gur making is comparatively a much simpier and

! cheaper process, and though -it involves a far greater loss

than is obtained in a modern sugar factory, itleaves a decent
profit for the farmer. I, therefore, factories were to start in

lthe existing cane area, they will have to depend .solely on
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the cane farmers for the cane supply, and this is the figgt
difculty which a sugar factory in India has to face. o
1. Supply of Cane.—The extreme difficulty, in obtain-
ing & steady and adequate -supply of oane, is the chief -
ocause, to which the failure of the existing sugar factorles in
India may be attributed.” Almost all land, on which cane is
grown is owned by farmers or small proprietors whose love .-
for land is well known. . In India, land forms the sole means‘
of maintenance of the family, and a farmer is generally very
reluctant to part with his land. If circumstances force him,
he will go to the extent of mortgaging it. It is only under
extreme necessity, that he may part with it. . Besides, the
extreme sub-divisions of land probably unheard of in any
other part of the world, and varied interest in the same,
present such difficulties, thab it is practically impossible fo
purchase land for the_factory. Nor is it possible to obtain
land. on ‘lease for growing ¢aneé by the factory. So far, I
find, Java is the only country, where sugar manufacturers
obtain land on lease for a period, not ®xceeding 21} years
from land holders of their free will. " Though' the land is
leased for long periods, the factory cannot occupy it for more !
than 18 months at a time, after which, it must be returned
to the land holder, who grows rice and other erops: for th'ei
next 18 months, after which, the factory gets possession.for a |
similar period. This goes on till the lease expires, which is
renewed again. It may be asked, why in Java farmers do
not cultivate cane themselves, as they do other crops and
sell it to the factory, when it is such a paying crop. I W&S‘
told, attempts were made by a few farmers to raise cane and
sell it to the factory, but their yields were so low—practically |
half the yield obtained by the factory that it did not pay them |
to grow cane. Besides, the sugar manufacturers offer so
_much_rent for the_land, that the Javaneese find if more™
profitable to lease the land temporarily, rather than grow cane
or rice or any other crop. Some of the managers told me,
that if the Javaneese were to cultivate cane successfully, they
would be glad, because they could raise the crop at & consider-|
ably_low cost. There is, however, one marked difference’
between the conditions in Java and India, and that is; the
Juvaneese have_no alternative to dispose of their ‘erop. If
they grow caue, they have” 6 8II 7% %o the factory. Besides
' there is no competitive crop, which will give them an equally
good retayn as sugarcane. Such is not the case in India,
where gur making is a paying industry, which requires very
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little skill and. much less capital. It would, therefore, seem,
that sugar manufacturers will have to solely depend on the
small farmeis for their cane supply, if fuctories were to be
statted—in~the existing cane areas. . It may be possible to
.obtain crown waste lands in scattered holdings but they require
lot of preliminary work to make them suitable for growing
cane, and it is, therefore, a question for the future.

“¥= As said previously, farmers are at present harvesting

Hheir crop and making gur at a profit. If, therefors, sugar
| manufacturers wish to obtain cane from them, the only way
is to offer them a price, which will bring them at least the
fsame returns, as they would obtain, if gur was made. This
{Tueand, prices will have to be based on the market price of.
‘gur,_a,nd the recovery tarmers obtain from cane with their
present methods of manufacture. The profib of the sugar
Tmanufacturers lies, therefore, in the increased recovery, that
they would be securing on account of the modern equipment
and high technical skill, and.also the higher price for sugar.
“Whether it will pay to. buy cane from the farmers on this
\basis is another matter, which is'discussed later-on,

. - The real difficulty, in obtaining cane from the farmers,
is the uncertainty of obtaining a_steady supply. .As the
holdings are much smauller, a factory will have to make
ragreements with so many cane growers. The difficulty is
lstill further augmeénted by the fact, thal every cane grower
| would like to cut his crop, when the.prices for gur soar high.-
“Bimilarly, whenprices go down, cane growers may not like
to harvest the crop at all. This adjustment of when fo
Jharvest and who is to harvest is a very difficult matter and
1 requires careful bandling. It has to be solved by previous
consultation and a spirit of co-operation between the factory
Jnanager and the cane growers. Inthis West-Tradies I observed-
this trouble. There they solved it by paying for the cane
according. to.the average price of sugarduring the whole
campaign. This is, done in the case of those who make
previous agreement to that effect. In the West Indies when
the agreements are made, the planters are required to accept
one condition, which is, that they have to supply cane during
the grinding season, and it is the manager of thefactory, who
decides the following points: (1) what particular farmer should
.cut his crop, (2) how much cane he should supply every day,
(8) when he should deliver the cane. These points increase
in_complications, as the number of cane growers increase.
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On account of these complications, there ig some chance for
dissatisfaction, which is likely to prove ruinous to the factory
in India, This is the real trouble, and unless there is &
spirit of co-operation between the manufacturers gnd the cane
growers, it is very difficult to secure a steady supply of cane:
to the mill. v o
There is one special point, which the manufacturers in
India have to face. In Indiaafarmer isin afar more favourable
_position than his -brother in other parfs of tHe ~world.—H&
can ruin the factory, if he wishes by refusing to sell the cane
to the factory. This he can very well do withont causing loss
to himself. He has an alternative to dispose of his crop,
which is not the case with farmersin-other parts-offheworld—
- He can harvest his crop, make gur according. to indigenous
methods and still make a profit.. He may not make as much.
profit, as he would make by selling his cane, buf that is
immaterial to him, when he is dissatisfied. The price of cane
to be paid should, therefore, be the value of a certain per cent.
of gur on cane, the percentage depending upon the Brix of
the normal juice and the extraction of juice obtained by locak
mills. This basis will be fair to both the parties. The
purchase cf cane on the flat rate will not make any discrimi-
nation between those, who supply ~?p’e,c:a.n.a\a\.nd those who
supply immature cane. Besides, it will be very difficult to
/@91;/1319.3 flat rate, which will satisfy both the manufacturers
[and the cane growers. I believe, the recovery of gur by cane
growers in India with their present methods of manufacture,
~ leaves a sufficient margin for the sugar manufacturers to |
make a profif, provided sugar.is made by modern methods. '
As the farmer in India has an alternative to dispose of his
crop, there should not only be ggﬁ.ummndncemnh for’ him; |
to sell his crop to the factory, but it is necessary to create in. |
him an interest for the factory by allowing him to participate 1
in the profits of the factory, because he has got the key in his
- hard to ruin the factory. This will give him a much higher-
< return than he would obtain by making gur, and at the same-
time the factory will be able to ensure a steady supply of
cane to the mill. - It is possible to create interest in him for
the factory by arranging to pay a certain_bonus_to cane-
suppliers and also allotting a part of thié shares of the company.
I saw this system of co-operation between the tanufacturers
and the planters in_St. Kitts and Aniigua, which resulte
in benefits to both of them, and for our present conditions,
this seems to be the only system, which will assure a stead
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supply of cane as well as profit to both the manufacturer and
the planter. Both in St. Kitts and Antigua, many estate
owners- did not join the factory at first, because they were
doubtful about the sucoess of the novel scheme, but Iater
experience convinced them so much, that they were after the
factory to enter into participation, A description of this
system is given later on. .

It should be clearly rééognized that there are certain
differences between the conditions in St. Kitts.and India,
which are given below:— . .

1. In St. Kitts individual planters grow compara-.
tively much more cane than is the case in India. While.
on the Deccan canals majority of farmers may have 5

~ acres or more under cane, in St. Kitts majority of them,

- grow 50 acres or more. This naturally reduces the
number of agreements and also the complications arising
therefrom. -

- 2. The land on which cane is grown is owned by
-the planters and not leased as is so common on the
Deccan canals. ‘ :

8. In St. Kitts sugarcane is grown on the same
land without a rotation. Consequently the area is more
concentrated. o 7

4, There is no alternative for the disposal of the
cane crop. It has fo be sold to the factory. :

6. There is no competitive crop, which will fetch
an equally good return as the cane,. Consequently there
is a tendency to grow as much cane as is possible.

In Antigua this system is in use for a longer time.
There the factory was started in the year 1905, and by 1920
all the capital has been redeemed, and the planters have been
igsued shares equal in number to the original shares of phe
company. It will be interesting to see how the planters, wko
made the contract originally with the company, have fared in
the business. The following figures have been taken from
the West Indian Bulletin, Vol. XVIII, No. 3:~—

Total cane supplied in fifteen years ... toms. 350,126.
Price paid according to the contract ... £ 226,610 equal to
: 0-12-11 per ton.

Bonus paid during.15 years ... £ 1,26,980-11-7 equal
et e - to 0-11-0 per ton,
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Total price obtained per ton of cane .is '£0-23-11, which
is about 85 per cent. higher thanthe price contracted for
(the contract was to pay for the canes the value of 4} 1bs. of
96° sugar for every 100 lbs. of cane supplied). At the present
rate of -exchange this is nearly equal to Rs. 18 a ton. It
should be remembered thab this represents the average for
~the last 15 years, during which, prices for sugar fluctanated
from £8 to £25 a ton. - In addition, the planters have
received shares representing one half of the valuafion of the
factory which is practically equal to £0-5-7 per ton, Thus
the total price received for the cane is £0-29-6, which is
practically equal to Rs. 22 aton. The original share holders,
who were also largely debenture holders, received £1,26,930-
11-7 as their share of the profits of the factory in addition fo
5 per cent. interest on their debentures. It is obvious, how
this system of co-operation has worked to the benefit of both
the parties. The planters in fact obtained 128 per cent. more
price than they would have obtained with the price contracted
for, while the factory secured a steady and assured supply~
of cane. This is the only solution to secure a steady supply
of cane under existing conditions in India. '

- 2. Competition with Gur Industry.—This is another
difficulty, the like of which is not seen anywhere else outside
India. A few years ago, in the West Indies, the planters
used to make muscovado sugar by a process, similar to gur‘
making in India whibt this difference, that molasses was
removed by drainage before the sugar was bagged. This was™

" a very wasteful process requiring abut 15 tons of cane to
make a ton of sugar instead of 9 tons which is required if
sugar is made by modern methods. In course ¢f time this’
wasteful process could not pay and at the present time i
has been, practically abandoned giving place to modern
factories, In India gur making is still a profitable industry.
and this is the key of the whole situation. It should be:

- recognized, that the competition of gur making with sugar
manufacture is anequal. Firstof all, it is a much simpler and
cheaper process requiring ordinary technique and less ca.pita.l.‘
The-process consists in simply concentrating the cane juice
in bpen pans. Usually no extra fuel is necessary beyond
what is supplied by the cane. Thus, it entails much less
expendibure. Becondly, prices of gur-are nob much affected

_by the fluctuations in the sugar markel. A3 sogar is a
product in demand all over the world, i618 subject to the

jpﬂuence of the world market. Such is not the case with gur.



16

It is consumed as such only in India, and consequently
the gur market is controlled by the demand and supply in
India. The very fact that gur market -is still able to
\maintain a comparatively high price, shows that gur produc-
tion in India is not yet sufficient to lower the price. The
only way to bring down the price of gur is to increase the .
production. ’ ’

This brings me to the question of relative efficiency and
profitableness of the gur and sugar industry. It is very
difficult to obtain average figures for the whole of India, but
as I am conversant with the gur industry in the Bombay
Deccan, where prices for gur are usually high due to the
excellent quality of gur made, and where also higher efficiency
is secured, I shall make a comparison of gur industry as is
carried on here and a possible sagar indusbry. I shall be
making a comparison of the actual recovery obtained in
making gur. Tor this purpose the following data has been
assumed, which, however, is not far from actual faéts:—

"y Sucrose in cane=14 per cent. (this is not high).
Extraction of juice on cane obtained by bullock

. mills=64 per cent. | :

; Composition of juice. Brix 19, sucrose 165,

. purity 85. : o

' Per cent. gur on juice 19 (Manjri farm has shown

that this corresponds with the Brix of the juice).

Composition of gur. Pol. 72, sucrose 75.

On this basis the amount of gur on cane coxﬁes to

6—*110‘61—9 =129 per cent. Taking 40 tons as the average yield

of cane per acre, it comes to 4'9 tons of gur per acre.

- “——-\ - ) N

. For_a comparison withthe yield of sugar, an account

based on sucrose is necessary, because'guar contains onlv

75 per cent. sucrose, the rest of the 25 per cent. being -

impurities and moistare while sugar contains more than
995 per cent. sucrose. . ~ '

-

Data for recovery of sucrose by modern methods with a

crusher and 4 mills:— : —
Sucrose in juice per oent. suerose in cane=93
» » suger per cent. , juice=568

»  lost in molasses per/cent.,, , = 9



17
With the above data the following statement is prepared :—

. o . Recovery in sugar making
Recovery in gur making {product white sugar).~
. . [100 8. 1n[100 8. in 100 8. inf100 8. in
Cane. oane, [ juice. | Cane. |"oane. | juice.
Sucrose per cent. we| 140 v 140 i
,  injuice per cent. ...| 108 737 | 10000 | 1302 930 | T000
5  in product per cent.... 91 65-8 888 11-5 | 819 | 880"
s  in mollasses percenb...[ ... R 1 2 84 90
» lost in manufacture 12 84 112 (t3:] 237 30
per cent. :

8. =« Sucrose.

The above statement shows that in gur industry about
65 per cent. of the sucrose in cane is recovered in gur as
against & recovery of 81'9 per cent. in sugar making. - As no-
separate molasses is formed in gur making, the total loss of
Blcrose on the sucrose in- cane is 8'4 per cent. as against "
2'7 per cent. obtained in sugar making. All these figures
are expressed in percentages, which will not appeal to the
ordinary public. It will, therefore, be worthwhile to calculate
the loss of sucrose involved in gur making on the Deccan
canals alone in money value, without which it is not possible
to realize the magnitude of the loes., '

According to the report of the Indian Sugar Committee,
the area under cane on the Deccan canals is 29,742 acres.
For ease of caleulation it may be taken®as 30,000 acres. |
Taking a yield of 30 tons of cane to an acre as the average .
on the Deccan canals which is really low, the following
figures are obtained : — '

Tons of cane raised every year . . ...900,000
»  » BUCrose in cane _- ~...126,000
| w1 recovered in gur .. 82,278
! » 5 8ucrose lost in gur making . 43,722

. oo, .
‘» * Bucrose recovered in sugar making. 103,194

i Deduct tons of sucrose recovered in gir 82,278
! making.

; Tons sucrose lost annually in gur making ..,20,918
B 123 .

.
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. With sugar at Rs. 280 a ton, thia is equal to
Rs 5,856,480 worth of sucrose lost annually. Deducting the
- costof makmg sugar by modern methods, which will be about
Rs. 80 a ton, the et loss obtained with present methods is
equal to Rs. 4,1883,200* (5,5656,480—1,673.230). In this I
bhave not taken into consideration the valuation of the
molasses that is obfained in sugar making. Suill the loss of
4 million rupees suffered annually on the Deccan canals is
- tremendous. The above figures are more or less speculative,
but they show the extent of the loss suffered annually on
the Deccan canals alone,

]

;' The above figures indicate that sugar making by modern
methods may pay in the Bombay Deccan. There ‘are,
‘however, cerfain considerations o be made. As said

" previously, if cane is to be obtained from the farmers it muss

~ be bought at a price based on the price of gur. But it
should be recognized, that the gur market is not affected by
fluctuations in the sugar market, and so long the price of
] gur remaios lower than the price of sugar, it will pay to
|make sugar by purchd,smo cane on this basis. Bubat times
\1(; happens that the price of gur goes practically as high as
sugar, in which case sugar ma.kmg cannot pay. It is, there-
fore, important to know what should be the difference
between prices for gur and sugar so that sugar making would
‘pay, how much price the factory can pay  for the cane, and
‘what are the limits beyond which it will not be profitable to
make sugar. This is the crux of the situation. TFor this

- purpose I have caloulated some figures which are also
speculative, -though the data-assumed in arriving ab the
figures is not far from actual facts. The figures are “ealeulat-
ed per short ton”of cane for the sake of convenience.

The amount of gur obtained by farmers with. present
‘methods with 18, 19, and 20 Brix juices will be 230°4, 2439,
and 256 1bs, respectlvely, or 11%, 12 and 123 per cent. on
.cane apprommately At Rs. 20 1 a palla (of 250 Ibs.) whig}-

- is the usual rate prevalent in the Bombay Deccan, this k
equal to 18}, 194, and 20} rupees in value. From this
should he deducted the expense for gur manufacture. For
-this purpose, I have assumed Rs. 2 as the cost of making gur
for each boiling of 1,100 lbs, which will be yielding 198, 209
.and 220.. lbs. of. gul with juices of 18, 1Y and 20 an

* Ses Appendix A.
} Ses Appendix B,. For other values, ses statemants on pages 218 and 219.
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respectively, The expense of manufacture for 230'4, 2432
‘and 256 1bs, of gur would be about Rs.2'3 for each. This is
summarised as below :— T

Dxtraction of juice on cane 64 per cent.; price of gdr
Rs. 20 per Palla. . S

Brix of the juice . | 18 19 20
Lbs. of gur obtained per ton - .| 2304 | 2432 | 256

Per cent. gor on cane e 115 12 1275
Value of gurin Rs. . | 185 195 | 206
Expense of manufacture Rs, 23 238 23
Cost of cane pertonin Rs. =~ .| 162 178 182
Per cent, gur on cane to be paid for ...| 101 1075 | 114 -

The figures given in the last line would be the amount -
that will have to be paid to the cane growers on this. basis.
In the above calculations I have not made any deduction
for the expense required for cutting cane, which is, however,
balanced by the expenses for hire of mill, pans, market-
ing, &e. i :

_ I will ‘now calculate the returns that can be obtained
if sugar is made. For this purpose I assume the same data
as I did before in statement on page 17. A ton of cane
would contain 280 Ibs. of sucrose, out of which 229 Jbs. can
be recovered by modern methods (based on 81'9 per cent.
recovery on 100 lbs. sucrose in cane) in the form of sugar
and 235 lbs. in the form of molasses.. It should be remem-,
bered, that with a juice of 20° Brix, the recovery would be
still bigher. The value of 229 lbs. of sugar at 8 lbs; a rupee
(i.e., Rs. 28C a ton, would be Rs. 28'6.* The amount of
rrglggasggs containing 236 lbs. of sucrose would be 71 lbs,
{202%1%0) the value of which would be roughly rupee 1.
"The total value, therefore, comes to Rs. 29'6. The cost
of manufacture will be Rs. 86 (based on Rs. 80 a ton).
The net return, after deducting the charges of manu-
fucture, comes to about Rs. 21'1, which leaves a ‘margin of
Rs. 49, 3'9 and 2'9 per ton. of oane, respectively. It is
obvious, with gur prices going higher and sugar remaining .
at the same level, the margin of profit would get less,  Else-
where in other cane sugar couantries, when the planters get

"®See Appendix . Al#> ses statement on page 220, . ~ --

)
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& high price for cane on account of the high price for sugar,
.the manufacturers also get the benefit of the high price, but
in India ‘wheére cane has to be purchased on the price of gur,
which is not affected by the fluctuations of the sugar market,
this would surely work to the detriment of the sugar factory,
if gur prices soar high, without a- corresponding increase in
the price of sugar. -

One fact I would like to consider. At the gur price of
Rs. 30 a Palla, the cost of cane to be paid to the planters
comes to Rs. 26 to 29 a short ton, a price considerably
higher than what is paid in countries'like Java, Cuba or the
West Indies. It clearly shows, that thétigh' we have all the
favourable natural conditions and plenty of labour for
growing cane, the price of cane is much higher than any-
where else, whicb is solely due to the prevailing high prices
for gur. This is the chief difficulty that lies at the root of
the Indian sugar industry. -

As previously said, in any country where the raw materi-
al is expensive, a_higher efficiency in manufacture is neces-
‘'sary. In Indie under present conditions, the price of cane is
"high due to the high price of gur. It is, therefore, desirable, to
secure higher efficiency than what is secured above. Instead
-of 93 per cent. sucrose extraction, an extraction of 96 per cent,
‘will inorease the yield of sugar to 237 lbs., an increase of
‘81bs. With our high purity juices, the rétention of sucrose
in sugar on sucrose in juice can also be increased from 88
Yo 90, which will give an increase of' 5 lbs., thus bringing
the total yield of 242 lbs. of sugar to a short ton of cane.
This is possible with our soft and rich cane, but it shows
how necessary if is to secure a far greater efficiency than is
usually obtained with existing factories in India. This is
the chief reason, why I consider a mill tandem of a crusher
and 4 mills is quite essential to secure greater efficiency for
ccnditions in the Bombay Deccan, which I have discussed
later on. - - : ‘
. This brings  me to another question. If there is any
thing which will directly help the Indian sugar industry, it
is this fact—the desirability of bringing about a reduction in
the price of gur by means of increased preduetion. There
i8 Do reason 'why an article like gur, which is much impurer
than sugar and which requires much less expense, should
command such a high price.. With inereased production
the price of gur would come @own, which will benefit both
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_the consumers and the sugar manufacturers. The consumers

would get gur at & considerably ~lower price than they are-

getting now and the sugar manufacturers would get the cane-

much cheaper, which will stimulate the establishment of

sugar factories. The increased production will not act to
the detriment of the cane planters, because, even though a
low price for gur may make cane growing unprofitable- under
existing conditions, there is a scope to reduce the expendi-
ture at least on the Deccan canals. It seems, thak the cane

growers on the Deccan canals would not care to reduce the:

expenditure, unless an economic necessity compels them to,

do so. In fact, at present there is not much competition .
amongst the cane growers, which will stimulate economy -

in the cost of production. o .

The increase in gur production can be secured in many
ways—by improving our present wasteful methods of gur
making, by increasing the cane yields per acre and by increas-
ing the acreage under cane. .In the calculations given

above I have shown how much loss js incurred in our pre--

sent methods. The only possibility of effecting a higher

recovery will be to use power driven mills, but this requires.:
capital, some initiative and trained men, and I doubt very .
much how far individual farmers, leaving aside a few capable
ones, would be able to put' up power driven mills. .In facﬁ@

the area under cane grown by individual farmers is so little,
that it will not be economic to use.power driven mills in.
their case. It is, however, possible to have power driven

mills, if the co-operative societies take up this question. in -

hand. Already a few societies have undertaken this. In.
places, where cane area is isolated, as is. found 6n smaller.
canals or where cane is grown on wells, a sugar factory
industry is not possible, and under such circumstances a gur
factory industry is desirable. The use of power driven mills
would increase the yield by 9. to 16 per cent. on the present
"vields, depending.of course on the extraction they are obtain--

ing ab present. On account of the difficulties mentioned.

.above, the possibilities of increasing the production in this-
i»ghrectlor; are limited. There does not seem to be any chance
,in reducing the losses of sugar caused by inversion and forma-

!

way is much cheaper, isin use.. ., . S S

" Increasing the Yield of Gafoé.;According to the report
:_ of the Indian S_ug_ar Committee, the average outtain of fane
{in. Upper India is only 10 tons. This is considerably lower

tion of caramel, so long the open kettle system, which by the.

i
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than what is obtained in any other part of the world, and
“if an increase in the yield i8 secured, it will not only benefit
“the Indian farmer but will increase the production of gur.
The cane breeding station at Coimbatore, has evolved some
varieties, which are expected to give increased yields in
Upper India, and with their introduction, the outturn per
jacre will be considerably increased.: ~

Increase in Acreage.—In India the increase in'cane area
i’\.depends mostly on the water supply. It is the chief reason,
' why acreage in India under cane is fluctuating., As the

water supply improved, there is no doubt that there will be
an extension of cane area. In this respect the Deccan has
admirable prospects for extension. According to the report
of the Indian Sugar Commibtes, the maximum area of cane
’ ocultivated on the Deccan canals during the 10 years previous
to 1920 was 27,500 acres, which it is expected would rise to
66,200 acres in the near future, when the  extensions of the
Nira and Pravara canals are completed. It is likely that
this area may rise to 90,000 acres, when the Gokak canal
extension, which is already sanctioned, is completed. With
other projects of extension of the existing canals in contempla-
tion, the Indian Sugar Committee expects that the area may
rise as high as 1,50,0J0 acres. This is a very hopseful situa-
\tion for the sugar industry. It will ultimately lead to the
reduction of prices of gur, which will stimulate the establish-
ment of modern factories. In my opinion the Deccan canals
would form an admirably suitable place for sugar factories,
"because there the yields of cane are much higher than those
obtained anywhere else in India, a tonnage of 40 tons to an
acre being easily obtained. Secondly, the type of can3s grown
here is very suitable for making white sugar, the purity of
the juice being 86-88, at times reaching 90. On account of
’ the higher yields the area from which the factory can com-
mand cane, will be more concentrated so that the distance of
transportation will not be long. At the same time, it should-
be uriderstood, that it is in this tract that the best quality of
gur is prepared, and that high prices for gur prevail. As I
have previously said before, & high price of gur is a great
difficulty in the way of the sugar factories, and the only way
to ensure success for the fuctories is to cheapen gur market
by increased production. - This is certain with the comple-
tion of the canal extensions in the near future. That is why
T consider the prospects of sugar industry in the Bombay
i Deccan to be hopeful. _
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3.. The Indebtedness of the Indian Farmers.~This is a
minor difficulty, which comeés in the way of securing cane to
the factory. On the Deocan canals a great majority -of the
farmers are indebted to money lenders, and the crop in fact
is mortgaged. The money lenders or Sawkars as they are
called, in addition to giving loans to the farmers, act a
brokers or middlemen in selling gur. They finance the cane
growers on condition, that they purchase manure from them J
as well send all the gur they make to them for sale. Thus,
in addition to securing interest on the money lent, they-
obtain brokerage both un the manpure supplied and gur dispos- -
ed. The cane growers are, therefore, not free to dispose of
their crop in any way they like. In case, they deoide to sell
the cane to the factory.- they will have to obtain permission "
of the Sauwkars, who of,course would demand their commis-
sion even if no gur is sent to them for disposal.- Under )
such circumstances, the factory will have to come to a |
certain understanding with the Sawkars, which will be rather
difficult, as it is they, who will have toTose a great part of the’
commission, if not all, Failing to arrive at any understand-
ing, the factory will have to .undertake firancing the cane:
growers. This is-a thing, for which a separato—department
will have to be maintained by the factory. Owing to small’
holdings there will be a number of cane growers, who are to be]
financed, and in my opinion, the factory will not be in &)
position to correctly understand the assets of the cane growers .
which is necessary before the loans are given. The illiteracy®
and poverty of the Indian farmer present great difficulties in
this direction, ; : ‘

Fortunately, the establishment of co-operative societies]
on the Deccan canals afford a solution to this difficulty.
Factories will find it to their benefit-as well as to that of the
cane growers, if they finance them through the co-operative
societies. This will not only remove the difficulty of dealing/

1

1

i
i

.. with, & number of small cultivators, but there is every. chance
¢ tist the money would be utilized in financing the right
persons, and thab the money loaned is not mis-spent. Thet
co-operative society established in a village isin a far better;
position than any other organjzation to know the individual:,
cultivators, and on account of the responsibility involved in-
conducting & co-operative society it is in a better position'i
to see that the advances are properly utilized. The organi-'
zation of co-operative societies on the Deccan canals will thus
be a great help to the sugar industry. N
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‘4. Competition with other Crops.~This point has
special importance in India. -With the ezception of India,
Java and Louisiana, in most of the cane sugar countries
notably Cuba, Porto Rico, West Indies and Hawaii, sugar-
cane is the only crop grown on cane lands. No rofation is
followed. In "Cuba, it is a.usual practice to take 12-15
‘ratoons, in Porto Rico and the West Indies 2 and in Hawaii
3 ratoons. ! After the ratoons are taken, land is ploughed and
‘replanted -with cane, In all these countries there is' no
competitive crop which pays as much as sugar cane.- During
war time in S§. Kifts, the cultivation of sea island cotton
attended with a great success, and it was expebted the culti-
vation would increase. But during recent years the market
“for this cotton has fallen very low, and at present sugarcane
is the only crop which is sustaining the West Indies In
Hawaii, recently the cultivation of pine apple has started a
competition but it seems that, there both the industries can
work side by side, provided sufficient labour is obtainable.
Usually lands which are not so favourably located for grow-
ing sugarcane are found to be suitable for growing pine
apple and at present the question is of labour adjustment.
In Cuba and the West Indies, the <crop is entirely grown
on rainfall alone.

In Louisiana and Java a regular rotation is followed as
is the case in India. In Lonisiana, corni and cowpeas are
taken in rotation with cane. . In Java it is not permitted to
grow cane more than once.in 3 years on the same land.

"This is probably done with the object of growing enough rice
for the country. With all that, some rice has to be imported
every year to supplement the needs of the population. DBut
it should be remembered, that in Java there is no competitive
crop for sugarcane. The same is the case in Louisiana,
where benefit is secured of prevailing high prices for sugar
in U. 8. A. _

In India conditions ere very different. First of all, i
has been found impossible to grow more than 2 crops of care -
on the same land without a rotation. This naturally makes
the cultivation of cane more scattered than it would have
been if cane and cane alone could have heen grown. ' The
rotation followed is a three years’ one during which a crop of
cane is followed by 2 or 3 rotation crops. .On. the Deccan

_canals at the present time, there is no crop which pays as
much as sugarcane. Besides, cultivators find one advantage
in taking sugarcane, and that is, it gives employment to the

-~
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cultivator for the whole year. ~ Still, there is no doubt, that.
on the canal tracts there are some other crops which pay
equally well, but the cultivation of such crops is resb_rm};ed,
because they have a limited market nécessitating a limited
cultivation. Besides the fluctuation in the market is so
wide in their case, that at times such crops do not. pay,
With the completion of irrigation works in the Bombay Dec-
can, the area under cane would increase so much so, thab
the price of gur would go down, in which case the margin of
profit may become so low if caneis grown under existing
conditions. that the cultivators may turn their attention to
the competitive crops. For a successful sugar industry, cane
_growing must pay. At the same time, cane must be pro-
duced at as low a cost as possible, Under such circum-
stances, cane growers will have to exercise economy in the
cost of cultivation. - However, it is not likely that the price
of gur would fall to such a limit, as will make the cultivation
of cane unprofitable, because with fall in prices of gur, more
and more cane would be utilized for making sugar which has:
the world’s market. When such a condition arises, it will be
necessary to reduce the expenditure and increase the yield
for which there is & scope at least on the Deccan canals,

~ To summarize, the peculiar difficulties the sugar indus-
try has to face in India, are (1) the difficulty of securing a
steady supply of cane due to small holdings and an alterna-

tive to disposal of the came crop by individual farmers,

(2) the unequal competition with gur industry and specially -
the high prices for gur, (3) the indebtedness of the Indian
farmer and (4) the competition of cane with other crops..

IV. Causes of Failure of existing Faﬁtoriéé in lhdia.

1. In discussing the peculiar difficulties obtained in
India, I have observed, that the chief cause, to which the
failure of the existing factories can be attributed, is the cane
.apply. Not only factories do not get sufficient cane so thab
they can work to their full capacity, but even what they get
18 so_irregular, that it seriously interferes with the proper
working of the factory. According to the report of the
indmn Sugar Committes, about 59 per cent. of the factories

andle half of the cane which their mills can grind, while
30-per cent. obtain 2/3 to £ of the cane while the remaining
20 per cent. obtain about 4/6 of the cane. The diffioulty of -
bbtaining a steady cane supply is_the main reusun, why

!
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factories in India cannot be operated to their full capacity.
L‘ his seriously affects the overhead expense and the efficiency
of the factories. . o

- 2. The second cause seems to be the very low efficiency

 obtained by the existing factoriesin India. I Yave already
pointed out. that in India, where the raw material is expens-
ive, it is essential to secure a high recovery to compensate
for the high price paid for cane. This is true of any indus-
try. Unfortunately, the information on this subject is not
as complete, as one would wish to have, but from the figures
available, one could judge of the low recovery,they are obtaining
ab present. In this connection I am quoting the figures from
the report of the Indian Sugar Committee. While Java
obtains a yield -of O9'75 per cent. sugar on cane with an
average sucrose content of 12'11 percent.,in India from asimi-
lar quality cane only 6'85 per cent. sugar is obtained, which is
nearly 30 per cent. less. On the basis of tons of cane to
make a ton of sugar, it means 14'5 tons of cane are required
in India to make a ton of sugar, as against 10-2 tons required
in Java for the same quality cane. This involves a con-
siderable loss, and under the circumstances it is no wonder,
why factories cannot make a profif when it is taken into

-eonsideration the high price required to be paid for cane. No-
where else I saw so many tons required to make a ton of
sugur except in Liouisiana. But the case of Louisiana may
be excepted as the cane there contains a very low sucrose not
exceeding 10 percent. I give below forcomparison figures from
some typical mills grinding the same quality cane from other
oountries.  Most of those mills have only a crusher and 3 or
4 mills, tandems with shredders having been excluded: —

5. . Hawait, Porto St.
ava. Rico., | Kitts.
1 I Ior + vi A7
Sucrose in cane| 1226 | 12-21| (170 1224| 1202 1243} 1260 -
per cent- - ) .
Tonsof cane to a| - 930 | 86 | 16| 879] 908 85| 88
ton of sugar. 1. -1 . - (
Fibre in cane per| 1516| 138 | 125 | 1226 1883 | ~ 127| 148
cent. ' _ .
- 'A . I . 3
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-~ In no case the cane required to make a ton of sugar,
has exceeded 9 tons. In India on the other hand, 145 tons
of cane are required to make a ton of sugar. "This may be!
due to 2 causes—the low extraction obtained by sugar mills
and the low retention of sucrose in sugars. The average
extraction obtained by sugar mills in India was 60 per cent. of
. the normal juice, which is equal to a sucrose extraction of 71:43
per cent. of sucrose in the cane. - The sucrose extraction is-
the best figure for comparison. So I am quoting figures-
obtained in the mills referred to above:— S

Hawail, N bt 5t

Indja.| Java. Rico. | Kitts

1, |_-1r. | L | Iv.

Suorses in cane per 1900 [12-26 | 1291 | 1170 | 1294 | 1202 [1248 | 1260
cent. - ) . -
Buorose in  juice |, ) : . b} .
. +17143 [94-6 9884 | 0800 978 97-3 945 | 938
Buorose in cane J ) ' i - .

The above statement clearly shows, that the mills in
the Indian factories are extracting 23 per cent. less sucrose,
than what is obtained in other countries. In Hawaii where
the cost of cane is very kigh, the average sucrose extraction
is nearer 98. ' *

o With regard to the recovery of sugar on Sucrose in
juice the factories in India obtained 80 per cent. commercial
sugar from every 100 sucrose in juice. - This is compared
with what is obtained in the mills referred to above. '

Hawaii. o . !
- ‘ Porto 17

Tndia. : ;
ia Java. Rico. ) Kitts.

I I | L. | .

B in sugar 80-0 93:0 927 934 99 - . -
e 27 90-8 92-8 92-Q
in
Juica.

Bin suger| 574 | 881 | o1 . - . : 3
I Sugee 6 | 905 | 902 | 684 878 | see
8 in
cane, -

Be= Bucrose.
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Leaving aside the case of Hawaii, where high recovery
is secured on account of high extraction by mills, the Indian.
factories recovered 13 per cent. less sucrose in sugar cn
sucrose in juice, which is an indication that either a great
loss is being incurred in inversion or the molasses is not
exhausted to the required purity. The total loss of sucrose in
sugar per cent. sucrose in cane in the Indian factories, thus,

- comes to about 345 per cent. over what is obtained by
. factories in other countries. .Is it any wonder then, that

-sugur factories in India are not working successfully, specially
| when the raw material has to be bought at a comparatively
i higher price ? : ) ~

| - In’a sugar factory, the two products which are produced
are sugar and molasses. The efficiency of the factory can be
judged from the guantity of each produced. per ton of cane.
The molasses produced by the Indian factories according to
the report of the Indian Sugar Committee varies from  4-5
per cent. on cane against 2°5-3 per cent, produced in Java.
I quote below figures obtained by the same f{actories men-
tioned above :— . ‘ :

Hawaii,
Java awall. Porto | Bt.
. Rico. Kitts.
L | 1 | nr | Iv
Molasses per cent. 29 -26” 24 24 28 29 29
cane.- ) !
)

»

It clearly shows that the factories in India are turning
out about 40-50 per cent. more molasses than is done by
‘factories in ofther countries. The production of more

_molasses per ton of cane is an indication, that there is a
greater loss due to either inversion or fermentation. It is,

\however; difficult to exactly state the reasons for this, but it
seems that a greater loss is. obtained chiefly due to above -

" two causes. " S . ; :

3. 'The third cause is the amount of extra fuel used by
factories in India. According to the report of the Indian
Sugar Committee, factories: in India consume fuel-to the
extent of 42 to 6'2 per cent. on cape, the average being 431
per cent von cane ground, On sugar produced, it comes bo
63 per cent. This is enormous and entails a heavy . expen-
-diture. This seems to be a great handicap fo the Indian
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sugar factories, when it is taken into consideration that cane
in Upper India contdins more than 15 per cent. fibre. In
‘Hawaii and Java where cane contains only 13 per cent. fibre,
no extra fuel is required beyond what is supplied by caue.

‘ With such a low recovery, production of large quantity
" of molasses, a commodity which does not fetch a high price
and extra expenditure for fuel, it is no wonder why sugar’
factories in India are not operating successfully.’

- The chief cause of the low efficiency of the Indian
factories is the absence o{lglz_lgggggl_cggﬁgl, without which it
is impossible to Jocats theTosses. Under a chemical controk
is included the account of every pound of sucrose that enters |
the factory in the form of cane, and chemical control tellsg
how much of it is lost in bagasse, filter-press, in evaporation}’
crystallization, and so on. The high efficiency, obtained i i
Hawaii and Java, may be attributed solely to the mainten-
ance of a strict chemical control, and no money is- better
spent in sugar factories than what is required in maintaining
a chemical control. - . Lo

While discuesing the chief causes of failurg of existing
sugar factories in India, I have not referred to - the qu‘estion‘
of rum. There is a general belief in India, that the excise
poliey of the Government is not favourable to the making of
rum, which ig a necessary and profitable commodity on whick
the success of the sugar industry depends, This belief is
erroneous and has no foundation. I have treated this point
fully in the chapter on the utilization of the by-products..

I have already referred to two other minor points, whick
are considered to affect the sugar industry. They are the
sucrose content of the cane and the low yields obtained per
acre in India. Taking into consideration the climatic
limitations in Upper India, the sucrose content of 12 per
cent, i3 not low. In Louisiana, where climatic conditions
are much more unfavourable, the sucrose content is not over
10 per cent. ' Besides, present experience has shown, that
80 far no surprizing increase has been obtained in the sucrose
content of the cane in other countries, The climatic condi-
tions set a definite limitation on the growing period in-
Northern India, which affects the sucrose content. On the -
other hand, in other countries notably in Hawaii and Java, a
notable increase in the tonnage per acre has been secured by
scientific cultivation. The obtaining of 123 tons of cane

m—— )
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| equal to 15°5 tons of sugar per acre in Hawsii (in 2 years)

| marks & tremendous success of the application of science to

{cane agriculture, and though, I do not think that the
increase of yield of cane per acra. in India will directly aid
the sugar industry, unless if is attended with a reduction in
the prices of gur to reasonable limits, still, from the point of
increasing the profit of the Indian farmer, an attempt in
this direction is desirable. Other countries have shown
what can be done in this respect by the application of
scientific methods to cane agriculture. >

e * + E  m  vne —~—

V. Manufacture of; Sugar by Modern Methods
and Cost of Manufacture,

In the discussion in the foregoing pages, I have referred

‘to the enormous loss of rucrose in our present methods of
manufacture either of gur or sugar and no method, .which
cannob secure as great an efficiency as is obtained in modern
mills, will establish the sugar industry on”a sound footing.
In Indias various attempts have been made so far to
manufacture sugar by various systems. Mr. Sahasrabuddhe,
a former Government of India technical scholar, has exhans-
tively dealt with the four systems in use—the Khandsari,
Hadi, gur refining, and small vacuum pan factory, both with
iregard to their yields and cost of manufacturein his note on
ithe Indian sugar industry. None of the attempts proved
successful, because mnone of them approached a modern
factory in securing a higher recovery of sugar. It seems,
the guiding principle of all those atiempts was to provide a
method of making sugar, which would require a low dinitial
outlay, and though every succeeding attempt resulted in
obtaining greater recovery, none of them could recover more
than 65 per cent. of the sugar recovered in a modern factory,
This means, that where & .modern factory would require
“about 10 tons of cane to a ton of sugar, -these methods
“ required at least 15 tons of cane and more. This was - 3
greatb handicap to these attempts, because no matter whai
saving.they could have caused in' the cost of manufacture,
which is after all 1 of the total production cost of sugar, they

- inoreased the cost of cane that would be required to make a
ton of sugar by 50 per cent. or more. The “result was, the
production cost of sugar was oconsiderably higher. On the
face, these attempts were bound to fail. . Besides the different
systems, though they involved a small capital expenditure,
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" in no way reduced the cost of manufacture as has been
shown by Mr. Sahasrabuddhe. On the contrary, on account
of the small capacity of the plants, the cost .of manufacture.
with different systems was found to be higher still. At thab
time, it seems the originators of those abtempts paid more
attention to the initial outlay rather than o the amount of
cane that was required to make a ton of sugar, which was
the chief cause of high production costs, This could never(
have been reduced, unless the fons of cane to make a ton of
sugar were brought low by a higher efficiency, which was~
impossible with smaller plants. o J T

The workiug of the Government experimental factory af
Nawabganj near Bareilly in the United Provinces has clearly
demonstrated the hopelessness . of ectablishing the sugar
industry by small factories. The capacity of the plant -was
one ton of cane per hour, and white sugar was manufactured.,
by the sulphitation process. Evaporation was done under
atmospheric pressure.  The yield obtained was only 455
parts of sucrose as crystalline sugar per 100 parts of sucros
in the cane, a ¢onsiderable loss being caused by evaporatio
under atmospheric pressure. I have- already shown tha
even bigger factories in India, which obtain 57 per cen
recovery of sugar on sucrose in cane, are not working
successfully. 'The recovery is foo low to make sugar making
pay. All these attempts clearly show, that™ the solation of -
the problem lies in having' bigger factories with modern
equipment, which must be operated at least at an ‘efficiency
secured by modern mills in other countries. I have
discussed the economic size of a modern factory later on, for
conditions in the Bombay Deccan. o

Grade of Sugar.—1In almost all the cane sugar countries
with the exception of Java, Louisiana, and Mauritius, the
product manufactured by modern sugar factories is a 96°

..test raw sugar, which is not suitable for direct consumption.
.| Countries, which mostly depend on foreign. markets, find it'
\ more profitable to make & raw sugar of 96° Pol., rather than
mwake white sugar, due to the difference in duty on raw and
white sugars levied by the importing countries. In
*Louis:ia,n'a, majority of the factories make white sugar, which
- goes 1nto direch consumption, Of course this sugar obtains
' o slightly lower price than the standard granulated on
«, account of a slight “off”” colour. It should be remembered,
J that when raw sugaris made, the market is very restricted,
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being only limited to the sugar refiners. White sugar has a
wider market being suitable for direct consumption, which
eliminates the profit of the sugar refiners. In Java about
50 per cent., of the total production is of white sugar, most of
which is exported to India,

Countries; which depend for their sugar supply on the
outside market, have puf up different duties on the raw and
white sugar in such a way, that for an exporting country
it is profitable fo make raw sugar only. This has resulted
in the building up of a sugar refining industry in countries
like England and the United States. There are at present a
‘humber ofrefineries in England and the United States,. which
refine raws and make granulated and all faney grade sugars
by the bone char process. The advantage of a refining
industry is, that, a part of tbe profit which would have gone
to the exporting country, if there would have been no differ-
ence in the duty for raw and white sugar, is retained by the
importing country. Secondly, establishment of sugar
refineries gives an employment to many men as well as
gives an opportunity for the sugar machinery manufacturers
to develop a market. India is also dependent on other
countries for the supply of white sugar, and, I do not under-
stand, why similar differentiating duties were not levied on
raw and white sugars with the object of encouraging the
refining industry in India. It might be said, that, in India
a refining industry would not have been successful, because
raw sugar is-mostly refined by a bone char process, against
the use of which, the Hindus have religious objection.
{Consequently people would not have bought this sugar. All
this talk about the religious objection started for the first
time in the year 1904, when the Swadeshi movement was
organized in India. Even before that, India was importing
sugar, and if there would have been differentiating duties on
sugar, the refining industry would have been long established
before the Swadeshi movement started. Secondly, even if..
such a difficully would have arizen, which, by the bye; is
only restricted to the Hindu population, it would bhave surely
stimulated the refiners in looking for other methods for
refining sugar. Instead of tho bone char process, a chemical
treatment would have been evolved, which was already -
known. At present, a vegetable carbon process is being
experimented upon in Louisiana and the results, obtained
go far, are so encouraging that within g few years Louisiana
would be conducting refining operations on a large scale. :
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When such a process gets standardized, it will Have a good
future in India, because it does not involve treatment with
any animal char. It may be guite possible to prepare a
carbon at a cheaper price from raw materials available im
India. If differentiating duties were levied later. when the-
. suitability of vegetable carbon process is established,.it will
encourage the factory owners in India to put up reficing
plants. The advantages of a refining industry are already
referred to. Besides, it would make it possible to train aj
' number of technical men in the art. of sugar refining, whor
would render considerable help in improving the working;
of the sugar factories, ' S

-

‘At present, however, in India there is a market for
direct consumption sugars. -Raw sugar is not suitable for
direct consumption, and it has, -therefore, to- be refined,
before it is offered to the public. This increasés the cost
to a certain extent, though it gives the best grade of sugar.
‘Factories in India, therefore, bave to manufacture planta-
tion white sugar directly from cane, The processes in.use
{or making white sugar, directly from cane, are the sulphita-

- tion and the sulpho-carbonatation, also called acid thin juice
process, -out of which on grounds of economy ard simpli~
city, the sulphitation process is suitable for conditions im
1Incilia.. I have discussed this question in. more detaik.
ater on. -

Cost of Manufacture~It is. very difficult to- obtaim
average figures which will represent 2 number of factories..
In the year 1913-I4, the Department of Commerce, Washing~
ton, D. C. published certain figures with' regard to costs
in bC;le., Porto Rico, Louisiana and Hawaii. They are
as below:— - I

Hawaii. Cuba. |Porto Rico. Louisiana..
§

) . .
‘ons of cane to g ton of sugar 814 868 go1| 13963
y / .
rt of cane to make a ton of sugar w.| $8795 } 2056 41-68 § €0-18:
sk to manufecture & bon of sugar s 68| soo| 1208 1oem
Ty e

, With the exception of Louisiana, the other countrios:

jake raw sugar of 96° fest, which requires less' expense.

he figure for Loufsiana was $ 19-32 in 1918-14 but sinces -
B 73— ' ’ '

1
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. then, a considerable increase has taken place in the manu-
facturing cost due to increased cost of living and high price
of sugar due to the effects of the world war. Specmlly,
in 1919-20 when the prices for sngar reached the highest
mark, the cost of wanufacture was fibe highest. This was
followed by a tremendous drop in the price of sugar from
«5 centbs to 2 ceuts a Ib. The manufacturers therefore, had
to adjust themselves to changed conditions by curtailing
expenses. HKven now. the cost of manufacture has not
stabilized due to tha fact that labour, on the whole, is nof
prepared to go. back to pre-war wages. I have, therefore,
secured cost of making white sugar in one factory in Loui-
siana, and Java, both muking white sugar by the sulphita-
tion process in the years, when wages were low, though in
no case the wages have gone to pre-war level [t should
be recognized that conditions in India are different from
what tney are in those countries specially in Louisiana, but
the figures would help fo form a correct estimate of the
expense for making white sugar in India.

Cost of making white sugar in a fact.ry in Louisiana by
the sulphitation process for the year 1921,

Cost per ton of care in

$ Rs,
1. Transportation of cane 050 - 150
2. Cost of manufacture— .8
(1) Wages in the factory yard... 007
#(2) ... 039
(3) Pom:dmg for the employee... 004
{4) Administration . 025
{5) Matenal such as fuel, &c... 050
Total per ton of cane... 125 [ 125 370
43. Interest and depreciation .. | 080 © 240
Total cost of mannfacture including] 2-55 | 7-60 per sh«
transportation of cane. to
Equal 10 & 85 tk
: - o

® This includes the salaried staff such as Chief Engln“&l.‘, Buperintendens, C
Chewist, &ec.

+ I have caloulated on the basis of 20 per cert. depreciation and 6 per cent. inte
on eapital.
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Based on the above figures, the cost of ma.nufactuge
including cost of transportation of cane per ton of sugar in
India comes to Rs. 73'8, taking the recovery of sugaron
cape to be 11'5 per cent. as has been calculated in statement
on page 17. This recovery is not high, if we take into con-
siderabion the quality of the cane on the Deccan canals.
I do not think the cost would exceed Rs. 80 in any case
because, in India, labour is comparatively much cheaper
than it 18 in Louisiana. On the Deccan canals, it may be
taken as 8-10 annas as compared to Rs. 3-5 per day in Loui-
siana Secondly, in Louisiana fuel is required in large
quantities for making white sugar due fo the fact that cane
contuins a low fibre (not above 10 per cent.) Thirdly, the
.interest and “depreciation will. be comparatively higher in
Louisiana, as the factories are operated only for 2 months
in a-year.. Fourthly, most of the men employed in the
factory are given free board. Against these, one has to
consider that, in India the salaried staff will have to be
employed on the basis of the year. In Louisiana, they are
employed for the corop, after which they are discharged.
This is not possible in India, because the factories will not
be able to get the men again due to the fact that, there are
very few trained men ‘in" India. On the whole, the cost of
manufacture cannot exceed Rs. 80 a fon of sugar on the
Deccan canals. :

The cost of manufacture in Java is given below :—

Cost of manufacture of white sugar in Java by the
: : sulphitation process. '

199192, ... 1992-0,

' Per picul of sugar in guildera.
Caue transport ... 104 . 069
Fabrication ... 048 088
Supervision . 141 - 1114
Fuel o o 019 0:04
Packing we 0062 - 083
Transportof sugar toport.  0°53 . 052
Upkeep .. 08l 048
Interest ‘ e, 011 015
Sundries . 060 - rag -

Taxes .. 086 081
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Per pionl of gogar in guilders.

Total cost exclusive of 663 4'91
costof cane. - . h

Bonus S a. 08T 071

New building and machi- 072 064
nery. :

Total costf.o.b. exclusive 802 626
of cost of cane.

Equal to per ton of sugar1302  -1027

in Rs. based on one
guilder equal o a rupee.

In order to arrive at the fignres of manufacture
only, the following items must be omitted from above : —

. Per pienl of suger in guilders
Transport ofsugar ... 063 052
Tazes . 066 081
‘Bonus - _ 067 - 071
Ra. - Rs.

Total .. 206=338 204=334
- per ton of sugar.

, Co . Rs. Ra,
_Net cost of manufacture 964 693
inclusive of ‘cost of _ :

. transportation of cane
per.ton of sugar, ' ,
Cost of manufacture-per 837 624

~ ton of cane.

The difference in the cost figure for the two years, is
due to the reduction of wages. Iiven the cost of cane was
reduced by about 40 per cent. According to these figures,
the cost of manufacture, comes to Re. 69'3 per long ton.
The difference in conditions between Java and India are:
first of all in Java, the wages are lower than what they are
on the Deccan canals. Secondly, in Java a considerable
European staff is employed for supervision both in the field
and - the factory, which increases the expense. Leaving
aside techpical men such as the Engineer, Superintendent
and the Chemist, Europeans are employed for doing minor
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works of supervision in the factory which ‘oan be easily done
by trained men in India. On the whole, the cost of manu-
facture should not exceed the figure of Re. 70s -To ba safe,
I have assumed Rs. 80 as the cost of manufacture per ton of
sugar in my previous calculations.

VL. * Cane Supply; ‘

Amongst the factors that contribute to the success of
the sugar factories, the matter of cane supply is the most
important. The question of cane supply mainly inﬂu_ences!
the economic working of the factory. The two chief points
in the matter of cane supply, are, a 'cheaper production of
~ cane and the certainty of a steady supply of cane to the mill.
The former_ is obviously of importance, because it forms:

nearly 75 per cent. of the total production cost of sugar. \

The steady supply of cane o the mill chiefly affects the
efficiency as well the economy of the factory. With a steady
.supply of cane, the mills are operated continuously, which
supply bagasrse as fuel to the boilers, so that no extra fuel. is
necessary but, when mills have to be stopped every now and
then on account of a shortage of cane, it ab once cuts the
fuel supply and extra fuel such as wood, doal or oil, whatever
is available, has to be used to run the other departments of
the factory, as they cannot be stopped, unless the juice is
rendered into a condition fit for keeping. The irregular
supply of cane, thus, directly affects the fuel problem, and
consequently the economics of the factory.. It is this fact,
which js largely responsible for the large amounts of extra
fuel used by the existing factories in India. Ths irregular
supply of cane, also, affects the recovery of sugar in, the
house. Another factor, which affScts the economics of the
factory, is the capacity, to which it is worked. A modernq
- sugar factory entails a heavy capital expenditure. It works
ouly~3 or 4 months in a year, while it is remaining idle
during the rest of the year. The supervising staff, such as,
~ the Chemist, Superintendent, Engineer; &o., are paid on the
| basis of the year. All this involves a heavy overhead ex-
pense, which is borne by the tonnage ground during the
season, If, on account of irregular supply of canera factory
cannob be run to its full capacity, and only half the tonnage
is ground, the overhead expense becomes at once double,‘
which seriously affects the manufacturing cost. In Cuba,
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‘where cane supply is most assured and steady, and where

the tonnage ground in a .year depends upon the tonnage
raised, the manufacturing cost is considerably lower, even

though high salaries are paid to the supervising staff. The

matter of cane supply is thus vital to the cane sugar
industry.

In the various cane Sugar countries that I visited, I saw
four systems under which a steady supply ‘of cane is secured
to the mill. They are:—

' (1) Administration-or estate system.
¢ (2 Colona system.

. (3) Mixzed system.

r (@) Co- operatlve system

' The administration or estate system —In this system, all
the cane is exclusively grown by the administration on land

" either owned or leassd by the factory. This system is very

common in Porto Rico, British Guiana, Hawaii and Java.
In Cuba. I saw only two big estates of 30 OOO to 60,000 acres
under cane exclusively operated by the administration. The
rest of the factories in 'Cuba obtain their cane under.the
Colona system. With the exeeption of Java, the land is
owned by the company. In Java, ownership of land by the

factories is prohibited by law, and in every case, it is

obtained by lease from the land holders by the company.
The longest lease allowed is nobt over 21} years, and the
factory cannobt occupy a piece of land over 18 months, after
which it must be returned to the land holder. One thing
common to this system is that the factory grows cane and cane
only. On none of the estates in Hawaii, British Guiana,
and’ Porto Rico, any rotation crop is taken. This " simplifies
the administration of the plantation considerably. Only in
Java, a rotation is compulsorily followed, but in this :ase,

the rotation crops are exclusively grown by the farmers, the .

factory growing cane only. The Java system has, ther ;Eo‘fe,
a double advantage: it secures the benefit of a rofation crop,
which maintains the fertility of the land, while, at the same

————

time, it is free from the trouble of looking to rotation crops -

in which the factory is not interested.

The size of the estaté depends primarily upon the size
of the factory, that is considered economically necessary. It

~ also depends upon local conditions, which involve the facility
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of purchasing the‘land and water supply. In British Guiana,
the majority of the estates have 1,000 to 2,000 acres each
under cane, the largest area on any one estate being 6,000
aores on the plantation Diamond. In Hawaii, the average
sized estate has 5,000 acres under cane, while, in Java, it is
about 2,000 acres under cane. The estate employs hired
labour, most of the work being done by contract. Tbis
elimipates supervision and is found to. work economically. - |

‘9. Colona system.~—This system is prevalent to a great
extent in .Cuba, nearly 80 per cent. of the cane-being raised
by this system. In this system caneis grown either by indepen-
dent farmers or_golona on the company’s land.. They are
financed by the company, which loans them money ata certain
rate of interest, and the colona in turn, are bound to grow and ’
sell the cane to the factory. They are required to cut the cane
whenever the company asks them to do so. It should be'
remembered, that in' this case the land is owned by the
company and the colona are not really independent farmers,.

* because they are bound in every-way to grow cane only and
sell it to the particular factory which finances them. The
only precaution, which the company has to take is to select
the proper colona. In this system also only sugarcane is /
cultivated, no rotation being followed. o

8. Mized system.—This system is prevalent in Louis-
iana, Trinidad, and to a very small extent in Cuba. ~ In this
system, the estate grows a part of the cane on its own lands,
and at the same time obtain cane from the farmers, who

. grow cane independently. In this system, the farmer is
independent, in that he has his choice to select the factory,
to which he can sell his cane, and that he may grow any,
crop he likes. It is on account of this faot, that the fa.ctory\'
grows a-part of the cane itself 8o as to eliminate the uncert- |
ainty involved in depending tooc much on the farmers. In

. this system a regular rotation is followed in Louisiana. No/
“satation crops are taken in Trinidad. : .

> . . .

4. (Jo-operative system.—This system is in use only in
St Kitts and Antigua. The principle of this system is a
joint partnership of the manufacturers and the planters in
the profits of the factory. Cune is all grown by the farmers,
swho are independent in every respect, excopt that they have

) to grow a certain area of cane, which they must supply to

§ the factory. The manufacturers, in addition to giving the

! planters the usual price for cane, give half the profits of ther

ﬁ‘fa.ctory as bonus. ' In this way both the manufacturers and
;the planters are benefited. The former secure s steady

1}

A
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supply of cane and the latter, without losing their indepen-
denoe obtain a good price for cane, which encourages them
s %o grow cane. This system is ‘the most suitable for condi-
tions in India for reasons previously discussed.

‘ Advantages and disadvantuges of each system.

From the-point of sugar manufacturers only two coni-
siderations are necessa.ry——the certainty of a steady supply of
cane and & cheaper production.

1. Estate system.—As the cane is grown by the ad-
minisbration, it has a perfect coatrol on the cane supply.
Consequently there are no stoppages of the mill due to
shortage of cane. As regards the cost of production, with
{‘;the exceptbion of Java, it has not been found possible to - raise
' «cane a8 cheuply as is th® case under other systems, hecause
$¢he management of an estite involves an organization,
requiring big investment on account of certain expenditure
[ such as quarters for the employee, hospital, schools, churches,
places of amusement, stores, workshops, &c. On small pla.nta,-
dions suchan mveshment mvolves a.comparatively greater over-
hiead expense. The case of Java is exceptional, and it seems,
that is the only system 'which will make it possible to secure
-cane for:the facfories in Java., “In this case the cost of cane
is not affected by the fluctuations of the sugar market, which
is the cage with cane grown under all other systems. Con-
'sequently, with lower prices for sugar, this system is found
to be expensive, With higher prices "for sugar, this system
will be more economical. It is very difficult to obtain com-
parative figures tn show that the cost of growing cane by this
system is high, because in the counfries named above, this
is the only systes in practice. In Cuba I saw both the
systems, and there it was found, that with price for raw
sugar af 2 cents 2 Ib., the Colona system was economic. There
is no doubt, however, that the cost of growing cane in
Hawaii, Porto Rico and British Guiana is conslderably highe-

as may "be seen from below:— - < ]
Hawaii, . l i
: British Guiana:
1| w | | ow v
, $ .8 | $ $ $
Cost of cano per ton| 437 488 461 418 4-65 4-00

.ab the tmll

Re. | Rs. | Re. | B { Ra | Re.
1261 | 1449 | 1888 | -12:39 | 1395 1300
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1o Porto Rico, the cost of cane .at.the mill is in the
neighbourhood of $6 a ton. In Hawaii and British Guiana, the
conditions of cane growing were such, that there- was no
other possible system under which cane could be grown. " In
the Hawaiian islands, with the exception of the east part of the
island of Hawaii, cultivation of cane was impossible - without
the provision of irrigation water. This needed so much
capital that it was not-within the means of the farmers.
This can be recognized from the fact, that more than 17
million dollars have been spent on irrigation projects in
Hawaii, On the island of Hawaii, rainfall is more than
enough for growing ¢ane, but there the character of the
country presents such difficulties for transportation of cans,
that this could not have been secured by the farmers without
the help of capital. . In British Guiana, the chief question is
the drainage All the land on which c¢ane is grown, is
situated along the coast, which is below the level of the high
tide of the sea. This needed not only big dams along the
estate to prevent the sweeping of the land by the high- tide,
but it needed a very expensive system of drainage, if cane
was to be grown successfully. All this required capital.
Besides, British Guiana had practically no populition to-
cultivate sugarcane. It had to iwport conpiderable labour
from India. This explains, why British Guiana and Hawaii
had no alternative but to follow this system. In Porto Rico,
on the other hand, there was a farming community, but
after the American occupation, American capital found its
way to Porto Rico. Land, could be bought at that timo
easily. The results has been, that a farming community:is
on the point of extinction in Porto Rico. This is a great
national loss and on this account in a country where a farm-1
ing community already exists, it is not good to turn indepen-
dent farmers into a gang of labourers, who feel no interest .
whatsoever in the land. In Porto Rico, at present there-is

-plenty of labour, but there is a complaint, that labourers do

‘not take any interest in the cultivation of cane. As a resulf,

cost of cultivation is very high. The case of Java, I have
already dealt with. B -

It will be evident from above, that this' system, though
it gives a perfect control on the. cane supply, is followed in
those countries as a necessity. - In Indis, it is not possible to
grow cane by this system in the existing localities, where cane
18 grown, due to the difficulty of obtaining land either by
purchase or by lease. Secondly, in India, there is a farming
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community, which is already growing cane. There is no
doubt, that at present at least on the Deccan canals cane is
bema grown at a considerably high cost, but I believe, thaf
the compehtxon that will be created by the i increase in cane
area, will result in the r¢duction of the cost of production,
Thirdly, .on account of the impossibility of growing cane
without -a system of rotation, a considerable area would be
requlred to raise the necessary ,crop. The rotation crops
inorease comphcablon and expense.

2. The Colona system.—The advantages of this sysbem
‘are many. As the land belongs to the company, and as the
colona are bound to grow and “sell cane to the factory, there
is a certainty of cane supply Secondly, it saves a good deal
of worry and investment. ~The third advantage is, it leaves
?a,ll the risk in cane growing due either to less rainfall or cane
res to the colopa. This-is a great advantage. In Cuba,
B ave 5oen the enormous loss caused %o the estate by cane
fires. On one .estate managed by the compuny, more than
2,000 acres were burnt, ot which the company could not re-
cover even one-half. Wlt.h the Colona system, this loss has
to be borne by the  colona, who are .naturally very vigilant
to see thab no fire is caused. In this system, as the cane is
paid according to the price of raw sugar, it is obtained cheap-
_er with low prices of sugar. With hlgh prices for sugar,
colona cane becomes costly, but this does not come in the
way of the normal profit of the factory. The schedule of
paymeunt is based on a certain percentage of sugar (43 fo
73 per cent.) in Cuba on the weight of the cane in such a
way, that it leaves a fair margin of profit to the manufactur-
ers. In fact, with high prices, both the manufacturers and
the colona are benefited: This system is not suitable for
oonditions in India, as it involves an ownership of the land
sufficient for growing the required amount of cane.

3. _Mixed sys'tem —I1 have already zeferred to th -~
a.dva.ntages of this system. The supply of cane from the,
farmers under this system, ‘is . very irregular, and that is onef
of the reasons why the facto:y has to grow its own cane so as
to maintain & steady supply of cane.. It combines the !
advantages of both the Systems. This will not work well in
India, because there is the competition with the gur industry
as well as with other crops. In other countries, sucarcane is

{ the most paying crop, and there is practically no compefition.
» There is no alternative for the disposal of the crop, and cane
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has to be sold to the factory. Such is not the -case im

" 4. Co-operative system.—I have already discussed the

advantages of this system, and shown why it is the only
system, under which it will be possible to secure cane in f;he(i
existing cane area. This system is in operation.in St. Kitts
and Antigua, and a short description will be of use. y

The factory in St. Kitts is the result of agreements

between a group of owners of sugar estates and a company
formed in London. Under these, the. company agreed to
erect and work a sugar factory, and the estate owners agreed
to plant & minimum area with cane for a period of 15 years.
The capital was raised by shares and debentures. The con-

ditions of cane supply wegg :—

(1) The planters will receive the price of 4% per cent.
sugar on cane, the price of sugar being that of Y6° test
sugur f. 0. b. St. Kitbs. Payment is made every week,
and the average price of sugar for the week is faken for-
calculation. " ’ '

(2) After 15 years, when the borrowed capital is
supposed to be paid up, the planters will be given shares
equal in number to the originul shares of the company
and a price of 5} per cent. sugar on the weight of cane
will be puid to the estate owners. ’ ’

(8) The cane supplied must be of such a quality as
to show 1'7 lbs, of sucrose. per Imperial gallon in the
crusher or first mill juice without dilution. -

(1) All cane is to be.delivered by the planters to the
trucks placed on the nearest switch. , -

(5) Cane must-be well stripped and topped so as to
eliminate unripe part of the cane. _

(6) The cane must be supplied between 1st Febru-
ary and 31st July of every year.in amounts that will be
decided by the company. : :

At the end of each season, they were to receive 4 bonus

equal to balf the profits of the factory, after proper chargesfl
had been made for working expenses, interést and sinking:;
fund. The latter was planned 8o as to pay off ull the capital}
ih & period of 15 years, so that after that period, the estate
owners would have half the interests of the factory.
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The chief point of this system is that the planters get
half the interest in the factory. In addition to getting the
usual price for came they- get a bonus. 1In actual practice
the estate owners obtained so much price for cane, that under
o other system they could have-obtained se much.’ '

It should be remembered, that when this scheme wams
first put forth in Antigua, there was much hesitancy con-
corning its successful operation. Consequently only a
limited number of estate owners joined the factory. As the
scheme successfully worked in practice even with a limited
number of contracting proprietors, the other estate owners
clearly saw the advantages and later joined the factory, but
they do not obtain the advantage of becoming possessed of
shares represeating one half of the factory. They are called
~new contracting propriefors. In Antigua factory at the com-
pletion of 15 years, cane was supplied to the faclory as
below:— - - - '

' “Original contracting proprietors ...- 3770 per cent,

. New ~do. ~ do. we 0785,
Pegsants e 475
100000 ,,

. I believe such a co-operative scheme will successfully
work in India. It is likely, that many cane growers may not
join the scheme in the beginning -as was the case both in
Antigua and St. Kitts, but time will not be far distant when
they would realize the advantages of entering into co-opera-
tive partnership of this sort. The pioneer factory will have
to pass through this stage, before it will be able to secure the
co-operation of all tha-cane growers. ,
) ‘ ) Y.

VI Econoxkiic Size of Sugar Factories. -

|
|

_ The size of sugar factories in different countries shows a
great variation. In Louisiana, plants with a daily grinding
\'ca-pa.city of 500-1,000 tons are common while in Cuba a
modern unit has a capacity of 2,500-3,000 tons. There are
quite a few factories in Cuba, which have a grinding capacity
from . 6,000 to~9,000 tons of canea day. In Porfo Rico,
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. . Y - .
plants with a capacity of 1,000 tons of cane a day are
common, though a few have a.capacity from 2,000 to 4,000
tons of cane per day. In the West Indies and British
Guiana, majority of plants have a capacity of 500 to 1,000
tons of cane a day. In Hawaii plants with a grinding
capacity above a 1,000 tons are common, while in Java
majority of the factories have a grinding capacity of 600 to
1,000 tons of éane per day. Out of these, plantation white
sugar is directly made from cane only in Louisiana and Java.
It is obvious [rom above, that the minimum capacity for a
profitable working of a modern factory is considered to be
500 tons of cane per day. This point is of importance. It .
should be remembered, that all advantages in modern -
sugar fdctories are 'secured-on account of production on
s big scale.. - : S

It is obvious that bigger plants have a great many
advantages over small ones. 'With smaller plants, the over-
head expense, the investment and-interest is comparatively
much greater, because no matter what the size of the plant
i8, & minimum supgrvising staff such as the manager, super-
intendent, chemist and the engineer will be necessary. With
very big planis such as are found in Cuba, grinding upwatds
of 6,000 tons of cane per day the overhead expenses are much
lower, because high salaried men indicated above are not
duplicated. This is one of the reasons, why in Cuba the .
manufacturing cost is low, even though labour has to be paid
very .high, In Uubd; the big factories“cﬁ'ﬁsish-of’g‘;ﬁtfw

“tandeins, which afford a special advantage, and that is; the’
plant 18 never closed for cleaning. Every Sunday each|
tandem is closed alternately for a few hours for cleaning.!i
This increases the efficiency of the factory and decreases the!
supervision charges considerably. Tt is-often said, that with!
such big factories which involve the duplication. of the
machinery, the staff is also duplicated.. This is true so far as
~ .low salaried men are concerned, but the high salaried
stuff such as the engineer, chemist, superintendent, &c., is
pot duplicated. Thus big factories have all the advantages
over small ones. The chief point with big factories is the
economic distance of transportation. In Cuba transportation
seems to be cheap and rapid, and factories are able to obtain
svoplies over a longer distance, .-

LY
The study of the factories in different countries leads.
e to think, that the size of the factory mostly depends upon
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the amount of cane and the period available for grinding.

Cane supply in turn depends upon the size of the estate, the
‘tonnage raised per acre and the ecounomic distance ce of trans-

portation  So far I saw the bigFestestates growing cane

anywhere from 30,000 to 60,000 acres only in Cuba. In all
other countries, the size of the estate is considerably smaller,
the common size being 2,000 acres or more under cane. In
Cuba it was possible to have such big estates, as the sugar
factories could obtain forest land which is stlll in abundance
in Cuba. In fact, many of the centrals in Cuba opened the
country by deforesticg land and planting cane. - That is the
reason, why Cuba has such big estates. The clearmg of the
forests involved a whole lot of expense, and could not have
been carried ou a small scale. . :

Wlth the exception of Louisisna and Java, in all other
cane sagar countries, sugarcane is the only crop that is
grown on the same land year after year without any rotation.
'The result is,- the cane area is much more concentrated.
This is still more helped by the fact, that, except in sume of
the islands of Hawaii, sugarcane is grown on rainfall alone.
Consequently cane can be grown all over the estate on small
hills or hollows without any necessity for levelling, which is
not possible when cane is to be grown under irrigation. On
‘account of these two- fucts cane area is more concentrated,
which consequently decreases the distance of transporta.tlon
‘This is affected to a Gertain extent by thalow yields obtained
under uncertzin conditions of rainfall.. The only place,
Where heavy yields gre obfained, is Ha.wa.u but there a two
years’ cane is grown.

. Wlth estates growing cane under rainfall alone, the size
of the estate depends-upon the distance from which cane can
be transported economically. ILeaving aside Cuba, Porto
Rico and Louisiana, where the public rail-road affords very.
cheap rates for cane transportation, making it possible’ !
the factories to obtain cane from distances up to 40 wi} .,
in all other countries the average distance of tramsportation
varies from 6 to 10 miles, This seems to be the economic
limit in those countries.

The "available grinding pel‘lod varies - in- dlﬁ’eront
countries. In Lousiana the period is-only 2 mounths, wh%
in Cuba it is 6 months, though centrals in the eastern [avs
of Cuba can grind 8 to 9 months, In the West Indies the

-
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season lasts for 4 months. In British Guiana, there are two.
seasons, the total period available for grinding being 6 to 7
months, In Hawaii grinding period is 6 to 8 months, while
in Java it is only’ 3 months. It is obvious that countries,
having a short grinding season, will" necessarily have to
instal bigger factories in order to finish the grinding in the
required period. This means more investment and' more
upkeep, because the machinery is practically idle during the
greater parb of the year. In Cuba and Hawaii, where longer,
grinding period is available, the espevse-for interest and
depreciation is much less but it should be remembered, a
longer grinding period may result in greater loss in some
countries like Java and the- West Indies, because in those
countries the ripening period is short, which is followed by
an over-ripening period. Under such circumstances, if the
grinding period is prolonged, . it results in obtaining an over-

Ega_ cane, ﬁ@i@f the yield of sugar 'considerz_mb_iyi.\_ ;

Taking into consideration the above facts, it is impossible
to have very big factories above 1,000 tons grinding capacity
in the Bombay Deccan. Firstly, sugarcane-has to be grown
under irrigation for which canal water is necessary. As
previously said, almost all the land on which cane is grown
is owned by farmers, whose love for land is so well known.
Besides ‘the extreme fragmentation of land and multiplicity
of interests’ preclude any hope of securing large areas for
the factory: Hven in places, where new canals are proposed.
to be opened, it is very difficult to purchase land from the
owners, unless an exhorbitant price is offered, which will be
very expensive,

Secondly, in the Bombay Deccan the agricultural
practice in cane growing districts is to grow rotation crops
with cane. 1fis impossible to grow cane yeamﬁe?‘yearo&
the same land without a rotation as is 80 common in Hawaji
where also cane is grown under irrigation for the lisé
40 years, In the Deccan, whers cane is being grown on

. canals for the same beriod, it does not pay to take a second

'
]
1

4
1

i

¢ for vurious reasons such as hollows,

ratoon, The rotation followed is a three years’ rotation.

- This means there will have to be three times the area of land

to have the same acreage under cane. To this wi
e un . 18 will have to.
be added some area, which is wnsuitable for cane growing

_ wastes and swamps
which are commonly met with in the cana] area. P
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Thirdly, as sugarcane is an entirely irrigated crop, lands
have to be levelled before irrigation can be practised. Itis
not possible to follow the system - of opening furrows along
confour lines, which dispense with levelling as is practised in
Hawaii, because that system needs a gradual slope which
is not obtained.in the canal area. In Hawali almost all the
cane land is situated along the hill sides, which have a
gradual slope. In the Deccan all the land above the Jlevel
‘of the canal water, cannot be irrigated unless water is

_pumped and used, which at least under present conditions is

too expensive.

~ All these facts show that an enormous area of land wilk
have to be purchased or brought under control to have
sufficient cane, if a bigger factory is to be operated. This
will increase the distance of transportation, which will be
expensive. There is, however, one advantage in growing
cane under irrigation, and that is the average yield will be
considerably higher than what is usually obtained under
rainfall conditions. While the yields in other countries,
where cane is grown on rainfall alone, is between 20 to 25
tons of cane per acre, in Java it is 40 tons wbile, on the
Decean canals the average is about 35 fons. It is thus
obvious how impracticable it will be to have large sized
factories of 2,000 tons and -over. At the same fime, for a
profitable working, the minimum size should have about 500
tons grinding capacity. '

" In the Bombay Deccan, it is quite possible to have a
jonger grinding season. The dry period, during whick
grinding is done, extends from November on fo the following
June. It is quite possible fo obtain cane for grinding in
December.- There is always some cane left.over from the
previous year, which is usually ground in . Ngvember or
December. This will give a six months grinding season.
Deducting the weekly shutdowns and holidays, 150 days will
be available for grinding. . . :

* Paking 35 tons as the average yield ol cane per acre on
the Deccan canals and taking 120 days as the average
working days during the grinding season, 8 500 and 1,000
ton factories would require 1,700 and 3,400 acres under
cano respectively which, I believe, is possible to ﬁndwnthmi
a radius of 10 miles. Therefore, for conditions in the Bombay

\\\ Decean, a 500 to 1,000 ton plant will be most suitable.
\ N

— -
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VIII. Harvesting and Transﬁort&tion of Cane.

Harvesting of canme.— Cane cutting is exclusively done
by hand so far. Even though a great improvement in
mechanical equipment of cane sugar factories has taken
place during the last 25 years, which has seoured greater
efficiency and economy in labour, so far no suitable cutting
machine has come into existence. In the Louisiana planter
appears an adverbisement of the Luce cane harvester, which
is said to do the cutting, stripping and topping operations.
During my visits to various sugar estates, I did not.come
acrods any estate using this machime. I was told that it was
tried in Louisiana and Cuba, but it proved to be a failure.
The practical difficulties are (1) it requires a straight erect
cane which is rarely met with in the fields, (2) it requires a
uniform height of cane to seouie uniform topping which is

-also an impossibility, (3) a more even field is necessary so
that cutting can be done as close to the ground as possible.

After the cane is cut, the negt operation is to sfrip the
" cane of its leaves. This is also done by human labour. In
countries, where labour is scarce and dear, it becomes too
expensive .to strip the cane, and so it is a practice to.burn
-the cane before cufting. In raw sugar manufacture, this
does not make any difference so long cane is ground within
48 hours. This practice is very common in Hawaii and the
West Indies. In Cuba cane is also burnt, buf this is due to
incendiary causes. Burning. of the cane causes some loss
and should not b followed, unless one has to, on account of
the labour situation. ’ "

After the cane is stripped, it is either loaded directly to

the bullock cart or rail road cars or other means of transpor--
tation. This ig still done by manual labour, Machines are
being tried in Hawaii to do the loading. Ezxpensive and
~heavy machinery would-be necessary to do this operation,
.which would have to travel the entire field to pick wp ther
.cane. This would increase the operating expenses. So far
no cheaper method has been evolved. ' '

Transportation of cane.—Transportation 6f cane is ef
great importance in the cane sugar induStry. It eemtrols
the supply of cane to thé mill. In countries, where #rans-
portation system is good, a regular and steady supply of
cane to the mill is assured. It is this fact, that directly

B 73—4
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affects the efficiency-as-well as the fuel problem of sugar
factories. In all transportation sysfems, ‘it is essential to
deliver the cane to the mills in as short & fime as possible,
after it is cut, because the raw material is of such a charaec-
ter that it is liable to deterioration, which’~ starts from the
‘time the cane is cut. Hence in order to minimize loss
‘through this source, cane has to be delivered o the mill in
the shorfggtﬂr_n%_p_o@l_e./ Besides, the raw material is of a

“bulky-nature, and hence cannot -be .carried over long dis-
tances without incurring great expense. 8o far the maxi-
mum distance of transportation from the field to the factory,
that I saw, was about™jO miles in Cuba. The greater the
distance of fransportation the greater the-area the factory
can command, and the greater will be the size of the factory
-and the less the overhead expense, On ths contrary, "the
greater the distance of fransportation, the more expensive
1t is to transport the cane. The economio distance of trans-
portation will dvpend on the cost of transportation per ton
of cane to the factory. . '

In order to know the transportation system that will
be suitable for conditions in Indid, it is necessary to know
-the conditions under which the different systems work, There
are about 6 principle systems in use in the various sugar
-countries. They are (1) bullock carts, (2) traction car
-gystem, (3) cane tlumes, (4) wire trolly, (5) ocanals and

P :

- (6) railroad. -

1. Bullock carts.— This system is used to a very
limited extent. When cane fields are situated very near the
factory, cane is sent directly to_the mill through bullock
*carts. = In countries, where portable track is not used as is
the case in Cuba, where the maximum distance from the
field to the nearest switch may be aboubt 3,000 feet
"4. e., a little over half a mile, cane is loaded in bullock carts
in the field, and carried tu the nearest switch, where it /
“weighed, before it i» put in the railroad cars. In Cuba the~
“use of ordinary wheels to cane carts is attended with breaks
and temporary stoppages. Besides, when there is mud in
the field and on roads due to rain, which -somefimes
happens, it is diticult to use these carts. To obviate this
“difficulty, truss wheels are used on some estates. They work
like a caterpillar. They carry more load, are durable, and
work satisfactorily, even when the fields are wet. However,
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the truss wheels are very expensive in first cost and might
prove economical’in countries like Cuba, whete both labour
and material is expensive. : . :

-

The cane is lifted from the bullock carts by passing
chains below the cane, and lifting the whole load. For this’
purpose, an overhead carrier operated either by a team of
oxen oOr an engine is used. As the load is litted in the air, it
is weighed and is then transferred to the car. ~This weighing
is essentiul, as the planters are paid on this weight. A second
weighing is .done at the mill to serve as & basig for chemical
control. . : : - ' :

2. Traetion car system,—This system is used to &
very limited extent in Hawaii. Its use is limited to local-
ities, where railway transportation is nobt possible. In this
system a number of wheel carts loaded with cane, are drivén
by a traction engine or a- motor engine on a public road.
This system is an alternative o the railroad system, and is
in no way a good substitute. i ' L

t

8. Cane flumes.—Fluming is the sole system of trans-
portation used in the north and south-Hilo Distriots of the
island of Hawaii. Considering the topography of the land,
and specially the deep gulches that traverse the country, .it
seems to be the most economical and eatisfactory system for
conditions in Hawaii to-day. The two necessary conditions
to operate this system satisfactorily, are a steep gradient and
an abundance of flowing water, both of which are present in
the Hilo District. ‘There is plenty of rain, and mountain.
streams are running most of the time, which can- be easily
used on the fields on account of the gradient. Cane does nob
need any irrigation. . ' .

. Cane flumes consist of V shaped wooden gutters or
troughs placed upon light wooden trestles, so graded as to
give the necessary gravity to the flow of water, in which the
cane is placed. In this way, cane is carried over deep
gulches and ravines. Portable flumes are used to transport
cane from the field to the main flames, from whish 1t is
taken to the mill. Portable flumes, however, are responsible
for the lume jams, which cause an jrregular supply of cane
to the mill. On account of this, permanent main flumes
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7 are bemg extended on the estates. One estate has érected
- an Armco iron flume, It is considered to be ‘an ideal cane
flnme, as not only it is water tight, but the cane flows mote
: ra'pidly 1t is, however, very expensive in initial cost.

%+ *On some estates the flume water is used for generatmg
elgbnc power which opera.tes pumps and centrifuga’
maohmes

-—

-.* The fluming system extends anywhere from 9 miles to as
" high as 60 miles in length, The comparative cost of trans-

" porfation on one estate was as below:— .
Track. Portable flume. Main flume, -
. . s - 8 8
. Cost_per ton of cane ... 0°470 0601 0585

On different estates. the cost varies from 50-70 cents

"per ton. ' Considering the average distanceof transportation,

- this is more expensive than'the rail road system. It is in

- operation only in Hawaii and cannot be used in ofher places.

This system, however, is much more slow tha.n a rallwa.y
system, z

4. Wire trolly system.eOn some estates, small loads
of cane are transported by wire trollies -over deep gullies,
"The cane is carried to the main station, where i} is delivered
into railroad cars. This system requires a steep gradient to
give a proper speed to the load and is used, where flume
" system is not " practicable. owing to shortage of water for
‘fluming. This system is used to a limited extent and is.
confined to a fow estates in Hawaii.

. 5. Canals.—This system is used in British Gula.na. and
to a limited oxtent in Louisiana, where river transportation
. .is possible. In Britsh Guiana, la.nd on which cane is grown,
“is situated along the coast, which is below the level of the
high tide of the sea. Besides rainfall is much more than is
requlred Consequently drainage is a big problem in British
“(uians. In order to prevent the inrush of tide . water on °
cane fields, sea dams have to. te maintained. Besides AJ'
- purposes of drainage, 1rr1ga,tlon and transportation, numerous
“canals, drains, and cross drains have to be maintained.
Water is used for irrigation in case of drought. KEvery
‘ estate has generally a reservoir of water, which supplies
‘water to the navigation canal. Drainage is usually obtain-
ed by open drains with a natural outflow into the sea or
"-nver through gluice gates, which are closed during the
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period of high tide. Tl%followiﬁg sketch gives an idea of g
lay of & cane estate in British Guiana:—
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The tane is loaded in punts kep} in side canals, From the
field to the punt cane is carried on head, the distance being-
not more than 200 feeb. Punts are small rectangular shaped
barges 8'% 28 X 3' with wooden bottom, each punt holding on
an average 8 tons of cane. Usually 6 punts are driven by a:
mule, which walks along the side of the navigation canal to
the factory. It should be remembered, that there is practic-
ally no flow to the water in the navigation canal and transe’
portation is easy. This is the cheapest of all the transportae,
tion systems, ithough not as rapid as the railroad system.
The cost of transportation per ton of cane on some of the .
. ..tes was as below:— -

-1
_ Cents, Cents,
Loading 19 10
Labour for transporting ... - 30 6

Cost of transportation ex- : 22 16 -
. clusive of cost of punts. ‘
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The essential feature of this system is an abundance of
water with as little flow as possible, and a network of naviga-
tion canals, which are owned and operated by the company.
In India we have irrigation canals owned by the State, but
these cannob be used for transporting cane, because the
canals are not flowing all the days during the grinding..
season, which is necessary if they are to be used for trans-
porting cane. Secondly, there is a current to the water;
consequently canals can be used for transporting cane only
from fields situated to the upper end of the canal to the
factory. For fields situated to the lower end of the canal
from the factory, cane has to be carried against the current
of water. which means more power. Thirdly, a canal will
have to be dug from the irrigation canal to the factory for
which extra water will be necessary. In case it is not done,
cane will have to be carried from the fields to the punts in
the irrigation canal, and again transferred from the punts to
the bullock carts or any other means of transportation to the
mill, because it is not possible to have a net work of naviga-
tion canals, unless there "is an abundance of water, This
loading and . unloading of cane will be very expensive.
Besides, the presence of water in the navigation canals will
affect the drainage of the land cons1deratbly Taking all
these things 1nto consideration, the use of 1rr1crat10r1 canals
for transportmg cane from-the fields to the mill is not pra.ctl-
<cable on the Deccan canals.

-~ 6. Railroad system—Thls is the standard system of
transporting cane used by majority of the factories. The
other systems are used in countries, where railroed trans-
portation is not possible either on account of the topography
of the land, as is the case on the island of Hawaii or on
account of economy. There is ‘no doubt, that railroad
transportation is the fastest, and cane can be'bronght fo
the mill in the shortest time possxble thus reducing the ]08° -
through deterioration to 8 minimum, :

In the majority ‘of cases, the railroads are owned and
operated by the company. In fact the building of the rail-
road was necessary to transport cane to the factory. In
certain parts of Cuba, in Porto Rico and Louisiana, thero
are publig railroads, which are used for transporting cane.
In Cuba, it is common under such circumstances to own
either locomotives or cane cArs or both, in which casd the
use of railroad is hired. Thisis done with the object of
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having the transportation under the control of the estate so
as to be able to regulate the cane supply In all other
countries, railroads are owned by the company. From the
point of security of oane supply, the oyvnerslnp and ‘the’
operation of the railroad by the company 1s. the best. though
it is more expensive than the public. or State ownership.
‘Where public railroad is available, it is better to own cane
cars and locomotives, so that transportation will be under
the control of the company.” In Cuba where both the
gystems are in use, the relative cost of transportation is as
below:— - : ' : :

Cuban railroad.—85 cents a ton for 40 kilometers
(i.e., 0'88 cents per ton per kilometer), less 30 per cent.
if locomotives are owned by the company, less 10 per
cent. if cane cars are owned by the company.- “This
works at 35, 24'5, 31'5 cents per ton of cane for 40
kilometers or 088, 0'6l, 0'79 of a cent per ton of cane
per kilometer, respectively.

Company railroad.—2 cents a ton per. kilometer
for 25 kilometers. Thus, though the transportation by
the company railroad is more expensive, it 18 considered
desirable from the point of securing a control in the
nmatter of cane supply. ’

The gauge used for the railroad varies a good deal. So
far there is no standard practice. It, however, depends upon
the size of the factory and ‘upon the gauge used by the public
railroad, if it be in the vicinity The standard gauge is
used by very few factories, There are of course many
advantages with a standard gauge railroad. 'The cane cars
are big and have a greater capucity, being about 20 tons of
cane rer car as against 10 to 12 tons with metre gauge cars.
Besides, the locomotives have a greater carrying capacity,
Consequently the chiarges of maintenance, interest, deprecia~
tion, &c., are comparatively much smaller with standard
gauge railroad. It is, however, more expensive in initial
cost, and unless the factury is very big, or unless there is a
prospuct of developing the country and encouraging more
traffic, it will be more expensive. In Cuba, where the fact-
ories are very big with a grinding capauity of 2,000 to 8,000
tons of cane per day, standard gauge is used only by modern
centrals or by centrals situated near the Cuban railroad.
All other centrals use the meter gavge, because they "were
constructed at a time when meter gauge was in common
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pracblce, though it is now recognized that standard gauge
is more economic in the end. '

In St, Kitts and Antigua, the railroad is constructed by
the company. There is no public railroad as the islands are
small and there is no other traffic for the railway except the
transportation of cane. Under such circumstances, standard
gauge would have been more expensive. In these two ig-
lands 30” gauge is used. The total length is about 25 miles,
the weight of the rails being 30 lbs. per yard. The cane cars

- are of small size, each carrying about 3 tons of cane. 12 ton
locomotives are used for drawing the cane cars, each locomo-
tive having a capacity to draw 60 to 80 tons,of cane or about
20-256 cars. For small size plant with about a 1,000 ton

'« grinding capacity, this will be a cheaper system, especla,lly‘
when the railroad can egpect to secure no other traffic.

For conditions in- India railway transportation is the
most suitable. The gauge that should be used depends upon
the gauge of the public railroad in the vicinity of the factory.
In India railroad can secure-lot of other freight besides cane
and sugar. Farmers in India do not grow cane only, as is the
case in ofher countries, but grow rotation crops as well. In
the sugar cane districts, a great quantity of fertilizer, such as
oilcakes, fish and mineral fertilizers, is required which demands
transportation. Besides transporting cane, factories will have
to ship their sugar through railroad cars to distant places.
Most of the factories are and will be situated in the interior,
and as all the sugar is consumed in the country, it is desirable

.t0 have the same gauge as is used by the mearest railroad. so
as to be able to ship the sugar and molasses 'directly vuthout
any transhipment to distant places.

- In India the construction of a railroad i§ not an easy
matter, because it involves the ownership of land which the
farmers are geperally unwilling to sell. This is one of the
-matters in the sugar industry for which a State help is
necessary in procuring land for constructmg a railroad, W]:uch
1 believe, can be obtained. :

. The cost of transportation varies in different countries,

.depending upon local conditions of labour, material and

‘distance of transportation. . The following figures for the
— year 1922 are given golely as a mafter of information:—

. On the public railroad in Cuba: 35 cents per ton
of cane for 40 kilometers, less 30 per cent. for locomo-
-tives, less 10 per cent. for ¢ane cars.
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On private railroad owned and opera,ted by the
company : 50 cents per ton of cane for 25 kilometers.

On public 1%ilroad jn Porto Rico per ton of cane.

Kilometers, mts.
510 .. 89
10-15 ... 45
1520 ... 50

2025 ... b5
25-30 ... 69

1 80-35 ... 62
85-40 62

St. Kitts-:- average dlstance of transporta.tlon 6
miles 7.e., about 9% kilometers %& (shillings) per long
- ton of cane equal to 57 cents per short fon of cane.

The figures worked on' the basis of cost per Bhort ton
per mile are as below:—

Pubhc railroad in Cuba .. . 1'6 cents (based on
' 40 kilometers), *

Company s, 5 9 . 32 cents (based on’
L 25 kilometers).

Public ~,, ,, Porto Rico - 25 cents (based on
S 40 kilometers): -

» I TI 40 cents (based on.’

20 kilometers).

Company ,, ,, St. Kitts - - 9'5 cents (based on
' X - 7 93 kilometers).

It is obvious from above that as the distance of trans-
portation increases, the cost per ton of cane per mile de-
creases, though the total cost of transportation per ton of cane
at the mlll goes higher. In Cuba, the installation of big
factories, unhea.rd of in any other part of the world became
possible mainly on account of cheap and rapid transportation,
which has made it economically possible to obbain sufficient
supply of cane from longer distances, snd I believe, the
provision of a good transportation system, which will be
cheap and rapid, and also under the control of the factory,
if that be possible, is an essential factor in the successful
operation of a modern sugar factory. -

¥
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. IX. Unloading of Cane.

When the ‘cane cars come to the factory yard, they are
weighed, before they are unloaded. The different unloading
devices, in use in different countries are: (1) a grab and a
derrick, (2) cane rake, (3) chain sling and a hoist, (4) Wick’s

unloader, and (5) car dump.

(1) Grab and a derrjck.—This device is commonly used
in Louisiana. It consists of a long horizontal beam mount-
ed on a steel frame, to which a grab is attached. The steel,
frame, and along with it, the beam, pivots upon a gear wheel,
and makes a complete circle, so that cane can be unloaded
in any direction. The grab is suspended by wire cables, and
moves back and forth by means of 4 wheels moving on the
~ beam. Generally a two cylinder steam engine is used to

drive the derrick and the grab. In some factories, electric
power is used fo operate the derrick. :

_ As the cane cars coms in the yard, the grab is lowered
from the derrick into the car. Grab consists of curved
. pointed strong teeth, usually about 8 in number, which can
be made to open and close at will. After the grab is lowered
into the car, on account of its own weight, and also the
sharpness of the teeth, it pierces through the mass of canes,
after which the teeth are closed and the grab lifted up, which
brings up a load of cane about 8. to 5 tons at a time. This
is then delivered to an inclined platform, from which cane
is fed to the cane carrier by a simple mechanism.

This system is rather complicated, and requires an
intelligent handling. The advaritages of this system are:
(1) It does not require' any special type cars for carrying
cane, Any cars, with an open top, can be used. In Loui-
siana, where the public railroad transports all the cane, and
where the grinding season is of & short duration only two -
months, the use of special cane cars with movable side doors
would have been expensive. (2) It becomes necessary to
empty the loaded ocars. as early as possible, on the publio-
railroad system in order to avoid the charge of demurrage.
“Many times it is not possible to unload all the cane, either
on the raised platform or on the cane carrier, which has,
theiofore, to be unloaded on an open ground. The grab can
be reused to lift the cane to the cane carrier,  which cannot
~be done with other devices. - ‘
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(2) Cadne rake—Thig device is in use in the West.
Indies, and to a limited extent, in Hawaii. This consists of
a number of chains passing over gear wheels, to which are
attached small forks. The rake is either driven by steam
engine or & motor through a belt and a pulley or preferably -
through a sproket and a chain. As the cane cars come
near the cane carrier, the side door of the car is opened and
the rake lowered, which, on account of the motion of the
chains and the forks, pulls the cane from the car-to the -
carrier. This is a very simple device, easy for operation and
usually does not give any’ trouble. Sometimes either the
forks go out of shape or the chain gives way, which causes
temporary stoppage. In order to avoid this, the usual prac-
tice 18 to provide a duplicate rake. This device is not so -
expensive as the grab, but it requires cané cars with movable. -
doors, and can be used only for transferring cane from the
car to the carrier. . - - ' o

- (3) Cane sling and a hoist —This system is used om."
some estates in Porto Rico, British Guiana-and .Java. The -
hoist consiets either of the usual derrick or.of orane (in
Java a travelling crane, used in the mill house, is used for
this purpose), which lifts the cane load in a sling. As
the-cane cars are brought near the cane carrier, about 3 or 4
chains are passed underneath the cane, and the load lifted by
the crane and dropped either on the inclined platform madse
gpecially for the purpose or on a side cane carrier. InJava,
the former is the practice. The cane is then fed to the cane
carrier by means of a fork, which is operated by an engine,
backwards and forwards. The fork catches the cane and
pulls it to the cane carrier. In British Guiana, instead of a
crane, a derrick is used, to which, instead nf & . grab, a cane
sling is attached. Chains are passed underneath the cane
in the punts, before they are loaded. When punts come to -
. the mill, the chains are attached to the derrick, which lifts
the cane, and unloads it directly on a special platform, on
which it is weighed, before it is fed to the cane carrier. If
the carrier is already full, and if many punts are waiting, the
load is left on the ground with the chains, to be retifted
whenever necessary. For conditions in British Guiana,’
where cane is brought in punts, this is an excellent device,
. a8 1t permits weighing of the cane, which majority of the-

factories do not care to do. This device requires & number
of chains for preparing the slings, = ' '
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: (4)" Wick's wunloader or ‘Reciprocating mechanical
finger’.—This is to a great extent used in the Hawaiian
islands. . This is the simplest device, I eaw, 80 far for un-
loading cane. 1t consists of a fork consisting of 3 or 4
powerful teeth, the fork being attached to wooden beam, sas-
pended by means of cables. The beam is made to move
backwards and forwards by means of a connection of the
cable to the engine through "pulleys. The direction of the
motion is controlled by means of a shifting gear, operated by
hand or more conveniently by a foot. The up and down
motion is secured by a handle turned by hand. For smaller
plants of 1,000 tons grinding capacity or less, this is the

~ simplest and cheapest device. Only one man operates the
mechanism which works well. There is nothing to get out

of order, except occasionally the beam may break. As the

device is not expensive, a spare set can be provided. I did
not see this device in use in any ofher country besides
Hawaii. It requires cane cars with movable side doors.

(5). Car dump.—This system is used largely in Cuba.

All other devices are found to be too slow for the big factories
in Cuba, and so far as the rapidity of unloading is concern-
ed, this is the best system so far. After the cars are weighed
on a platform balance, they are taken to a tilting: platform,
to which they are firmly secured by means of two chains
attathed 6 the platform and the side of the cane car. The
- platform is then tilted sideways, when the cars become
inclined, and on account of the weight of the cane, the side
doors of the cars, which operate on hinges at the top, are
thrown open, and cane falls directly on the side cane carrier.
The cars hold anywhere from 10-20 tons of cane depending
upon the size of the car and the gauge of the railway. It
takes about 3 minutes to do this operation. On account of
the dumping of the whole car, it becomes difficult to regulate
an even feed of cane to the mill. In order to secure even
{éed, it is a common practice to provide a side cane carrier
- preferably at right angles to the main cane carrier on which
‘the cane is dumped. Itis very easy to regulate the cane
feed on the main cane carrier.

~ 'There are two systems of cane dump in use in Cuba—the
side dump and the end dump. In the former cars are
dumped on the sides, and in the latter at the end. The
side dump works mych quicker and is more convenicnt and
is commonly used. End dump is seen only in old factories
and is being replaced by the side dump. :
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The tilting platform is either worked by a hydraulic
ram or by s gear operated by an electric motor. The
hydraulic ram is very common. The other device is of recent
infrodoction. The hydraulic power has been found to be °
satisfactory, in spite of . the fact that the leather packings
sometimes give way and cause temporary. stoppage. The
" other device does not give this trouble.  ~  __ L

The car dump device is the best for bigger plants, where
rapid unloading is desired, but will be expensive for smaller
. plants, ~ - . . ‘ ‘

- For factories in India, the cane rake or the Wick's un- |},

. loader will be suitable on account of its ease of- operation,
simplicity of design, less expense in first cost -and ease ofi-
‘repair. Factories equipped with electric power, can use |
motor for driving the unloaders with advantage. o

- X Extraction of Juice.

Diffusion process versus multiple milling.—At the pre-
sent time sugar is extracted from cane by means of multiple
crushing in the mills, This is the system exclusively follow-
ed in the various cane sugar countries such as Louisiana,

, Cuba, Porto Rico, West Indies, Hawaii, Java and Mauri-
tius. A few -years ago, before the evolution of modern
mills, whereby high extraction became possible, the diffusion
process, probably, because, of its use in the beet sugar industry
was being thought of by & number of  factories, and was in
operation in quite a few ones. The greatest advantage, that
was claimed at that time was the high sucrose extraction of
98-99, thought to be impossible with the mills then in ex-
istence, which could hardly extract 90 per cent. of the sucrose
present in the cane, With the possibility -of extracting so
much of the sucrose, and thus ultimately increasing the
yields and the profit, the installation of the diffusion process -
for extraction of sugar was clearly indicated, which set the
mill manufacturers to think about improving the mills, as a
_result, the present system of multiple crushing and macera-
tion"was evolved, which completely eclipsed the advantages’
of the diffusion process, and ultimately led to almost its
total abolition in the cane sugar industry. ‘

The two chief advantages claimed with the diffusion
process were: (1) the extremely high sucrose extraction.
and (2) the better quality of the juice. It should be



62

remembered, that, in the diffusion process, a far greater
‘ qua.ntlty of water was required to extract v per cent. of the
sugar in the cane, and, on account of the process of diffusion,
which consisted in the passing of the crystalloids through the
cell membrane, a better quality of the juice could be obtained.
The colloids, which mainly consist of the albuminoids, the
colouring watter, pectins, &c., were eliminated, from the
diffusion juice due to their impermiability to the cell memb-
-rane. With the evolution of cane crushers and shredders,
and multiple system of milling together with the system of
maceration, which made it possible to use as much' as 50-60
per cenf. maceration water, extraction of 99 per cent. and more,
became possible. . The Paia mill of the Mani Agricultural
Company in the Hawaiian islands, made a record of 99-35 per
cent. sucrose extraction with the use of mills alune. Thus,
* the important claim of the diffusion advocates was practica.ily
set acide by the "evolution of multiple system of milling.
With regard tu the second point, the juice, obtained through
milling, was never expected to be as pure as the one obtained
through a diffusion process. In fact, high extractions ob-
taned through milling, are a.ccompa.med with more impurities
in the juice, chiefly due o the complete disintegration of the
cells, and, in this respect, the claim of the diffusion advocates
still holds good. It should be remembered, however, that in,
the diffurion process, cane has to be cut into slices, and in
actual practice, rupture of the cells is common, which causes
the extraction of sugur by the process of dilution rather than ‘
. that of diffusion. thus increasing considerably the impurities
in the juice. Thus in actual practice, this advantage is not
secured to the extent that'it is claimed.

The chief point, which practically knocked out the
diffusion process from the cane sugar industry, is the fuel
problem.  With diffusion. larger quantity of water was
necessary, which demanded more fuel on account of the
extra evaporatiod. ~Secondly, the cane chips obtained in the
_diffusion process contained so much moisture, that their use,
"as a fuel in the furnace, was vot possible, unless special
- means were employed to remove the moisture both by crush-
ing and drying, which was too expensive.

During my visits to various sugar countries, I saw, only
one estate Caroni in Trinidad, where a combination of mill-
ing and diffasion or more approprmtely called ‘ digestion’ was
in use. The mill tandem consisted of a natlona] shredder

AN
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and 2 mills only. Cane was fed to the shredder, and the .
~ bagasse from the 1st mill was taken to » battery of digestors,
was then fed to a second mill, from which bagasse was used
for burning in the furnaces. The juice from the mills .
(shredder and 1st and 2nd mill), after it is sulphited, limed,
‘and heated, was used for digestion, dilute juice and water
being used later on to exhaust the bagasse. Thus in .this
process, bagasse was used not only for digestion but also as
a filter, for separating the precipitated mud. No filter press
 was used. This looks to be a very ingenious process, but

unfortunately was not giving good results. .

b

Mill tandem for conditions in the - Deccan.—A mill .
tandem consists of crushers, shredders, and a number of mills.
The number used in each tandem shows a great variation in - -
different countries. In Louisiana and British Guiana a mill
tandem consists of a crusher and 3 mills, z.e., 11 rollers in all.
In Cuba majority of modern mills are equipped with a double
crusher and 5 mills, Z.e, 19 rollers in all.- In the West
Indies, majority of plants use a orusher and 4 mills, - The |
same is the case. with Hawaii, while, in Java, a mill tandem
of a crusher and 4 mills is getting common.

So far, the limit has gone to the use of a double crusher

and 6 mills. The most modern mill in Cuba, Central Jaronu - |

installed in the year 1922, has a double crusher and 6 mills.
Leaving aside Cuba where special conditions prevail, the
modern tendency is to use a mill tandem of a crusher and
4 mills. This seems to be the economic limit in a majority
of cane sugur countries. :

The size of the mills, in use, depends upon the capacity
of grinding that is desired. After a mill' tandem is decided
for any partioular factory, size is decided according to the
desired grinding capacity, Usually, the size of the mills is
expressed in inches, the first figure representing the diameter
of the roller and the second, its length. The smallest sized
mill, T saw, during my travel, was at plantation Providence
in British Guiana, ‘the size being 26"X48". The. largest
size, 50 far in use, has 36" x 84" rollers. This is also called
the standard 7 foot mill All intermediate sizes are in 6 inch
lengths. A mill tandem, consisting of a double crusher and
6 mills of 36" x 84", can grind up to 3,000 tons of cane in a
day. This is the maximum capacity of a mill tandein
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obtained so far. When a greater grinding capacity is desired,
" it is secured by putting another tandem. Thus in Cuba
" factories, grinding 6,000 to 9,000 tons in a day, have put up
more than one mill tandem. Bo far no attempts to my
" knowledge have been made fo build rollers of larger length
. than 84”. It should be remembered, that, the size of a mill
has nothing to do with sucrose extraction, but has to do only
with capacity. The following figures, obtained from various
" mills in use, show how capacity increases-with the size. In
addition to size, the capacity would depend on the fibre
content of the cane, and the amount of maceration water
‘used, figures for which are given in the statement:—

| B.ize. ) Equipment. T°;:r°; :;.n e "ﬂﬁgriﬁenc:l.l o le}s;e:sext:zn

cana,
' 30°x48" | 1—8 G and S mills W 450 125 - 350 -

80°x60" |1 Cand Smills e 139 |7 sso
To84vxT78" Do. 1,100 110 20-0
80"x60° |1 Cand 4 mills -l 700 120 - 200
$2" x 667 Do. e 900 129 975
89" x 74" Do. . . 1,100 125 . 350
sex1 | D 30| 110 | 200
36"x84" | . Do w2000 114 138

" ReRollers ; O e Crusher,

*  From my study of the different units in use in the
various countries, I find, that, the choice of a unit depends

- moastly on the sucrose extraction, -either desired or economie-
ally possible, and to a cerfain extent on capacity. Tt is
known that, when bagasse from the mills is subjected to
repeated pressure (it may be the-same or increased pressure),
at.each time it parts with- some part of the juice held by it.
"This is, in fact, the principle of multiple crushing. If, with
these repeated pressings, a certain amount of water is used,
-before the pressure - is .actually applied, on account of the
dilation caused, a greater quantity of the juice, and along
with it, a greater amount of sugar are extracted by it. This
is the theory of maceration. In this way, the amount of
suorose extraction can be increased to any extent desired, by

-
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‘means of repeated pressings or in other words, b_y multiple

crushing and maceration. . Buf there is a limit, beyond

which it is not economically possible to go. With less

‘number of mills, a great quoantity. of maceration water will

have to be used in order to secure higher extraction, becaunse

the number of repeated pressings are few. - Besides, in actual

.practice, it is not possible to use lurge quantity of macera~
‘tion water, with a 9 roller mill, as it causes more choking

and loss in capacity. As the number of units increase, say,

from 3 to 4, 5 or 6, the number of repeated pressings is

increased, the possibility of using dilute juices for maceration

or also calléd ‘compeund macerativn ’, becomes obvious, and

consequently. a higher sucrose extraction is secured with

comparatively very little maceration water. . This is of great -
importance in countries, where high sucrose extractions are

necessary, but, where sufficient bagasse will not be obtainable

‘on account of the low fibre content, if a heavy maceration is

practised. At the »ame time, it should be noted, that, the

addition of more mills increases. the first cost as well as up-
keep. - That seems to be the chief reason, why a greab

majority of the factories in all cane sugar countries except
‘Cuba, have not gone above & unit of a crusher and 4 mills.

_ The economic limit of extraction depends. wpon many
factors, chief amongst whicb, ‘are ths fuel and the price of
sugar. It should be remembered, that increased extraction is
secured both by the use of more mills and, more maceration
water. The use of more mills in a tandem means the use of
more steam power for driving. More amount of n.aceration,
water increases the evaporation on account of the dilution of
the juice, which means more fuel. If the fuctory has surplus. -
bagasse or cane leaves to burn, increased evaportion will nots
‘require any expense in fuel, in which c¢ase, the economie:
limit of extraction will be certainly highar. Factories,
.havieg cane with a high fibre content, as is the case in the
West Indies and Hawaii, practise a higher maceration in
order to obtain higher ‘sucrose extraction, but the higher
fibre content gives sufficient bagasse to do the extra evapora-
tion. In oountries, where cheaper sourres of fuel are
available, the economic limit of sucrose extraction depends
upon the price of sugar, The increased expinse of fuel,
caused by higher extraction, must be justified by the increas-
-ed return. 'The economie limit of sucrose extraction is thus
different for each country, depending upon local conditions

B 728 '
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. of sugar market and fuel supply Sucrose content of the
cane is another factor, whlch affects the economic limit of
extractlon A

Tt would be worthwhile to know the actual conditions.
obtained in different countries. In Louisiana, the sucrose
extraction rarely goes above 91 per cent. In Louisiana, -
‘cane is of & low sucrose content, containing a low fibre, and
yields a very dilute or watery juice. Even, with this extrac-
tion, fuel oil, to the extent of 5-6 gallons per ton of cane, has
40 be used. Any increase in extraction will be accompamed
with a heavy maceration, which will need extra fuel. .
Besides, a unit of 3 mills does mnot permit an excessive
- maceration. Thus the low sucrose content, the poor quality

of the cane, accompanied by a low fibre, does not ]ustlfy a
higher extraction. .

In Cuba, where ‘the greatest number of mills are used
in a tandem, the sucrose extraction does not go above 35 per
cent, which is not very high, if the number of mills is taken
into consideration, but there, it seems the number of units
is increased more for- capacity than for sucrose extraction.
In Cuba, the factories have much more cane to grind, which
must be done within a specified time, and consequently
efficiency is sacrificed for capacity. Nowhere else, the mills
handle more cane than they do in Cuba. In Hawaii and Java,
& slow grinding is the practice. ' Besides, in Cuba cane
containg a low amount of fibre, which does not permit a high
maceration, on account of the extra fuel that may be neces-
sary. In facb the modern practice is to secure a high ex-
traction with as little maceration -as possible, by using more
mills, and . using a +higher hydraulic pressure on the mills.

* Qentral Alto Cedro, equipped with a double ecrusher and
5 mills of 34"x 78", extracts on an average 94 per cent. of
‘sucrose in the cane with only 4'8 per cent. maceration,

.. the fibre content of the cane being 101 per cent. So far it
is not considered economical to extract more than 95 per
cent of the sucrose. ln cane in Cuba,

Hawaii is the only country, which has estabhshed world
records with regard tu sucrose extraction. While majority
of the mills extract more than 98 per cent. of the sucrose in

" cane, one mill has made the highest record of 99'35 per cent.
sucrose extraction. Majority of the mills in Hawaii have
only a crusher and 4 mills, and such heavy extractions are -
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obtained with a maceration of 35-46 per cent. on the weight
of the cane. The juices in the Hawaiian islands are rich
and of a higher density, and cane contains a\ high fibre.
(about 13 per cent.). Consequently sufficient fuel\is avail-
able to do all the ‘extra evaporation. In case if\is not
sufficient, & part of the exhausted molasses, which is practi- -
“cally a waste, is used as a supplementary fuel. Thus béyond
the expense of doing the exztra evaportion, there is no extra
cost of fuel. Secondly, in Hawaii a large amount of expehge
is inourred in raising a crop of cane, chiefly dus to high cost,
of irrigation and high priced labour, and, o my mind in any
country, where the raw material is very expensive, a higher
recovery is economically necessary. > That is the chief reason -
why Hawaiian manufacturers have to do their best or recover
as much sugar as possible. A third special feattue of the
Hawaiian islands is the market. ‘All the sugar from Hawaii
goes to the United States free of import duty, which is itself
a big protection. At present United States practically
confrols the raw sugar market, and Hawaiian manufacturers
are, therefore, able to get the highest price, that id possible
for raw sugar. These facts are~of so much consequence as
to justify the very high extractions obtained there. :

In Java, majority of the mills obtain 92-93 per cent.
‘extraction. Some new mills extract as much as 94-95 per
cent. There cane contains about 13 per cent fibre,-which
consequently supplies some surplus bagasse, but as many
factories make white sugar directly from ecane, either by the
sulphitation ‘or sulpho-carbonatation process, which demands"
more fuel, there is not so much bagasse as to do the increas-
ed amount of evaporation, if more maceration is practised. .
‘So far the limit has not gone above 95 per cent. extraction.

With the exception of Hawaii, the economic limit of
.extraction in all other countries has so far been 95 per cent.
of the sucrose in cane, which is obtained with & mill tandem
consisting of a crusher and 4 mills. ' T

* Cuba seems to be the only country, where more mills are
used in & tandem with the purpose of increasing the capacity.
‘This has been secured by using a double instead of a eingle

~crusher, and 5 or 6 mills, and by running the mlls taster.
Incidentally it has increased the average extraction, which
was expected on accountof the increased nuwber of pressings
and a system of triple compound maceration, The tollowing
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«comparative figures show how both- capacity and extrac-
;tion has been increased by increased number of mills in
- & tandem:i— o ' o o

.. . : s as ’ AR Lfaoemti'oﬁ Fib;
< e - Grinding Sucrose re
Mj!l tandem. Bize. 3 : per cent.
' ) - capacity. x_tra.otlon. cane. cage. -
o . Tons.- |- % - % %
10 and 4M 5. .| 86°x84 | 2,000 935 138 | 114,
-10 ,, M N 2,400 940 55 106 .
20 , M " . 9,650 939 246 | 115
.20 , 8 ., © 800 | eso | 174 108 -
O=Crusher.
M = Mills,

A problem often arises as to the best means of increas-
ing the capacity of milling in an already established factory.
‘This is usually .solved by installing an extra mill, which
‘increases both capacity and extraction. - '

- Taking the above facts into consideration, what will be
fhe suitable wunit for conditions in the Bombay Deccan ?
‘The .cane grown on the Deccan canals, contains 14-15 per
.cent. sucrose and 10'5-11 per cent. hbre. On account of the
‘low fibre content, and on account of the manufacture  of -
white ‘sugar, which demands more  steam, the amount of
bagasse will not be enough fo run the factory, unless economy
-in steam consumption is secured, importance of which is
.discussed in a later chapter. ‘This means, a limited amount
of maceration will have to be practised, which may not give
an extraction of 92 and above, if only a tandem of a crusher
-and 8 mills is used. -Elsewhere, I have shown how neces-
‘sary it is to extract as much sugar as is economically possible
in the Bombay Deccan, where the profits of the factory would
-depend upon the difference in sucrose extraction, obtained by
the farmers with their bullock driven mills, and thatobtained
by the factory with modern mills. The more the extraction
‘without the use of additional maceration water, the more is
the margin of profit, which is possible with a system of com-
pound maceration. The sucrose content of the cane is high,
‘which will justify a higher extraction. Tuking these facts into
.consideration. the economical unit for Decenn conditions is
to have & crusher and 4 uiills. With a crusher snd -3 mills,
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the amount of maceration waber required will. be more than,
that required with a tandem of 4 mills if the same éxtraction-.
is to be secured. - The saving of maceration water with &
four mill tandem, is not only due to two extra pressings,
but with it, & double compound maceration is possible, which
is more effective. 'Thus, in order to satisfy both the cendi-
tions, tbe desirability of obtaining a higher sucrose extraction
withiout much additi mal water, and the eaving of the fuel
expenditure that may be necessary, in case higher extrac-
tion is obtained by means of more maceration water, the wost
economical unit will be a tandem of a crusher and 4 mills.
In Northern India, where cane. is low in sucrose content and
fibre content is high, it is not necessary to go beyond.
3 mills, but a double crusher will be very helpful in prepar--
ing the cane to a satisfactory degree, before it passes on %o
the mill.. This will increase the efficiency of the mill’
considerably. _ C S
" As regards the size of the mill, this depends entirely on
the capacity that is desired.. A will of 30" X 60" will be
sufficient to give & capacity of 600 to 700 tons of cane a day. -

Cane Carriers.—After the -cane is unloaded ' from the
railroad cars, it is elevated to the crusher chute by meuans of
cane carriers. These consist ot inclined horizontal continu--
ous aprons made of either wooden or steel slats with steel
plate sides. In order to secure a regular feed to the crusher,
it is necessary, that the supply of cane be regulated on the
cane carrier itself. The irregular feeding of cane to the
crusher causes choking, sometimes cane slip in the first

_mill, and may even caure temporary stoppage. In Lowsiana
and Java, the supplyof cane to the cane conductor is regu-
lated by providing an inclined platform, on which the cune
from the cars is unloaded, from which it is fed to the carrier.
In Caba, whera the whole car is dumped right on the cane.
carrier, regularity of feeding is secured by .the provision of
two cane carriers, the cross cane carrier on which the cane,
car is dumped, and vhe main cane carrier, {0 which cane is
regularly fed from the side cane carrier. Usually the side
cane carrier is at right angles to the main cane carrier. This’
is the best system for big plants. In the West Indies and
Hawaii, though cane is unloaded directly on the carrier, the
feed is partially regnlated by means of unloaders, and partlyby
means of rotating knives, which cut irregular pieces of caneand
belp to secure an even feed to the crusher.” ‘This is the best
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‘system for smaller plants, especially when cane ‘supplied to
the mill is not straight, but is expensive both on aceount of
power required to drive the same as well as on*account of
upkeep. ‘Any piece of iron or stone coming with the cane,
dulls the edges of the knives and may even break the'same.

The cane carrier is usually driven by a separate engine,
usually a two cylinder engine, through & set of gears. In
some cases, the cane carrier is driven through a connection
to the crusher. The former method is very good, as it is
very elastic and feed control is very good. In the latter
method, the speed of the cane carrier cannot be regulated, as
it depends upon the crusher. In both the cases, feeding can
be stopped ab any time very easily. - .

The cane, as it comes from the field, is accompanied
with a lot of dirt, consisting of dry leaves, ahd earth. The
latter impurity causes a great trouble later in the evapora-
tors. Though it is true, that a part of the mud, that enters
the factory along with. cane, is removed with press cake, a
part of it goes along with the juice, and is ultimately deposited
in the evaporators as a silica scale, which is difficult of
removal. In Louisiana, where on accounf -of the rains.
prevailing during the grinding season, cane is very dirty on
account of the mud' accompanying it, a few factories wash
the cane by means of perforated water pipe fixed across the
‘cane carrier. This washes the cane, as it passes along the
cane carrier on to the crusher chute. -In British Guiana,
where similar conditions prevail,” only one factory recently
started thismethod of waghing the cane, with the result, that
the factory was able to remove 157 lbs. of solids containing
40 1bs. of silica per hour from about 45 tons of cane. This is
cerbainly a great improvement, as it eliminates, to a great
extent, impurities, which would be ultimately deposited as a
scale in the evaporators. It will be tothe greatestadvantage, if
factories, making white sugar, wash the cane on the carrier
before grinding. The device consists in providing a perfor-
ated pipe across the cane carrier. The .flowing water, from
the pipe, washes the cane, as it passes along the cane carrier.
In Hawaii, I noticed the difference between the juice from
the flumed cane, which is necessarily washed, and.hence is
olean, and that from the unflumed cane, which is not washed. -
The juice from the former is light coloured, while, that from
the latter is dark coloured due to dirt. - The device is so

- simple’ and inexpensive, that very fow manufacturers have
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paid any attention to this point. Its importance is 6bv§6i13,

specially when white sugar is tobe made, which demands"
early elimination of the impurities. ,

Regulation of the feed—The feeding of cane to the
crusher is usually regulated by controlling the steam valve,
which supplies stearmi to the engine that drives the cane
carrier. A separate man is placed near the crusher, whose
sole duty is to regulate the cane feed, which he does by open-
ing or shutting the steam valve. This system is inexpensive
and works alright, so long the man is attentive. In Cuba,.
where large mills are used, and where control of the feed.is
highly necessary due to large load of cane on the carrier, an
automatic device is coming into use. Thig consists in sus-
pending the cane hopper which directly controls the steam:
valve by ils own weight. As soon as the weight of the
hopper exceeds a certain limit, which is set once for all for
the mill, it closes the steam valve, which stops the engine
and thus the cane carier. - It works very well and is suitabla
for lurge plants. ' - C

Id Hawaii it is a common practice to use a set.of knives
in order. to secure an even feed for the crusher. The knives
are set on a horizontal shaft, along which they rotate at high
speed from 400 to 600 R. P. M. As the knives rotate,
all the cane that comes within their path, is cut by the sharp
edge. Any irregular piece of cane, that may be sticking out,
is cut and a uniform layer of cane is secured. - It is & com-
mon practice to use a double set of knives one set near the
feed end of the carrier, and the other near the crusher chute.
The number of knives varies in each set from 18 to 36. In
Hawaii caneis of 20-22 months’ age and is consequently
crooked. Under such conditions knives seem to be a neces<
sity. There is no doubt, that a set of knivessecures a uniform
feed of cane to the mill. In no other country, the use of
knives is so common. In Cuba I saw only one modern mill,
which was using a set of knives driven by a 73 H. P, motor.
This was used only for levelling the cane so as to secure g
uniform feed. Tn Trinidad one mill was using & cane cutter
consisting of 17 knives, running at 685 R. P, M., driven by a
25 H, P. motor, Thers is no question, that this is an excel-
lent device for securing a uniform feed of cane to the crusher,
thus securing good mill work, ‘and reducing the stoppages.
But the disadvantages are the expense and the upkeep. As
the knives rotate at high speed, an electric drive becomes a
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neoessnty In smaller plants this, is nob posmble. In Hawaii,
~where this device is very common, an electric” drive is com-’
“mon. In onemill:Isaw steam engine being used for this
purpose. In this case, & complicated system of transmission’
has to :be used. ‘This becomes - expensive, and results in
more loss of power. On account of this reason, the use of
knives, though desirable, is not poss1ble in factories, where
electnc power is not used.

The knives demand much power for driving, Besides,
the edges of the knives constantly get dull, and many times
are ruined by pieces of iron or stone coining along with cane.
This increases the expense for upkeep. Where a fairly
straight cane is obtainable, which s usually the case "with a
yearly cane, there is not so great & necessity for their use.

Prepamtwn of cane for milling—In order to secure
smooth running of the mill, without any stoppages, due to
choking, as well a8, to secure efficient work with regard to
sucrose extraction, it has been found quite necessary to
prepare the cane for milling. In all 'modern mills high
extractions have been obtained with the help of maceration
water. In otder to secure the best effect of the maceration
‘water, a complete disintegration of the cane is necessary, so -
that water can well mix with the juice present in the bagasse.
This preparatory work, so essentinl to good milling work, is
gecured by crushers or shredders or both in all modern mills,”
Crushers are used practically all over the world, Shredders
are common in the Hawaiian islands only. : .

" Crushers.— Thase consisb nsually of two rollers, set one
above the other. They are usually set ab an angle of about
90" or. more to the verticle so as to ensure a perfect feed of
cane to the rollers. The cane feed chute is also set up at an
a.ngle of abont 15° so that a corstant feeding of cane to the
orusher rollers is secured. Pinions are placed on end of the
crusher roller shaits in the same way as the m111 roller

shafts.

~ The grooving of a crusher roller is quite different from
that of a mill rolter: ' It is done in such’a way as to secure -
catting of cane into small pieces as well as to secure a partial
disintegration. The way. the rollets are grooved, is different
in several types. The two most common types-.in use aré
fhe Krajewski and the -Fulton.  The Krajewski-crusher has
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diagonal meshing grooves on two opposite rollers. They are
sg'.rranged in the form o_f 'V as shown below:— _ - '

L}

NN 1

.The grooves in the two rollers are so arranged, that,
when the crusher is set, the teeth of the bottom roller inter-
mesh with those of the top roller. The bottom roller is~also.
provided with deep fairly wide circumferential grooves, which
‘pass across the V shaped grooves. These allow the escape. of
the expressed juice. In the Fulton crusher, the grooves are:
circumferential all along the surface of the roller. The
grooves are wide having a pitch of 2 to 2. The ribs are cut
across at a cértain distance in such a way, that it forms the
shape of a wide \_/ across the roller as given below. The cuts
in the ribs give a good grip to the cane as well split and fear the
cane on acocount of the sharp-edge. The grooves of the
bottom roller are made deeper so as to secure an outlet for the
expressed juice. = Other designs such as the Dimond. rollers,
"MecNeil rollers, &o. are seldom used. I have seen the work of :
both the types of the crusher, and I find the work of the
Fulton type is'superior to that of the Krajewski. Not only
it disintegrates the cane much better due to Wwide grooves .
and sharp cross outs, but at the same time, it expresses a -
greater percentage of juice. In the Krajewski; cane is merely -
flattened, ' Though the object of the crusher is mainly the
preparation of the cane for milling, some juice is always
expressed by the crusher. The more the juice expressed by -
it, the better the milling obtained with the first mill, so that "
greater benefit is secured with maceration. o

AT LT
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So far, the common practice to secure the preparation
of cane for milling, is to instal a single crusher. This is
considered sufficient. In Cuba, double crushers are commén}-

R
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used. There the mills have to do fast grinding so as {o fnish
fhe same before the monsoon starts. The double crushers
are used mainly with the object of inoreasing the capacity.

. The following figures obtained from Cuban mills -show

how the double crusher has increased the capacity :— {

Tons of cane Tons of can
. . per hour. per day. -
Single orusher and 5 mills 107 A Y 2,668
Double - do. - P 11 2,664

A double crusher naturally does better disintegration of
the cane, and helps to a certain extent in obtaining better
extraction. When a double crusher is used, very coarse
grooving with 8” pitch is used for the first crusher, and little
finer with 2" pitch is used for the second. So far I saw only
one factory in Cuba using a triple crusher. This was also
done with the object of increasing theg capacity.

For conditions in the Bombay Deccan, where cane
contains & low fibre, a single crusher is quite sufficient.
Even in countries, like Hawaii-and Java and the West
Indies, where the fibre content is as high as 13-14 per cent.,
a single crusher hasbeen found to be sufficient. In Northern
India, where the fibre content goes as high as 16-17 per cent.,
a double crusher will probably be advantageous in securing
better disintegration for the subsequent milling.

" The crushers are divided into two general types accord-
ing to the way they are setup, the high type and the low type.
In the high type, the crusher is sat up much higher than the
first mill, so that the crushed cane is discharged to the firsf
mill by an inclined chute without any intermediate carrier.
In the low type, the crusher is set up practically at the same
level as the mill and the crushed cane has to be lifted by
means of intermediate carrier to the feed opening of the first
mill. The high type is commonly used. It is much betier
than the low type, as it eliminates the use of a carrier.

. Shredders:-—As their name implies, they shred the cane
only and do not extract any juice. The only type, which has
so far been successful in the cane sugar industry, is the
‘Searby ’ shredder. As suid previously, Hawaii is the only
" oountry where a number of plants are equipped with * Searby’
shredders. In the West Indies, I saw it in use at one
factory in Trinidad. Neither in Cuba nor in Porto Rico 1
saw it in use. ‘
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A *Searby 'shredder consists of & number of hammers fized
on hammer rods, which rotate at tremendous speed, usual!y a_,t :
1,200 R. P. M. As the cane is fed to the shredder, it is
subjected to the hammering action between the anvil and the

hammers, which shred the cane. So far as the work of

! preparation of cane for milling is concerned,. this does a

* better work than any other mechanism known so far, and in
the choice of a shredder one has to go in carefully into the
question, how far economic it will be, . The chief advantages.
of a shredder are:~ . e _

(1) Better preparation of the cane for milling.—So
far this point is concerned, no other mechanism so far -
approches the ¢ Searby ’ shredder. Naturally with better: -
preparation of the cane for milling, the other advantages,
such as smooth ‘milling and increased extraction, are
secured to a certain extent. : '

~ (2) Increase in extraction.—As explained above
with the use of a shredder, a higher exfraction is quite
possible. Ln actual praciice; however, I found that in
Hawaii there were mills which were obtaining an equally
good extraction’ without a shredder. It was thought.
impossible to obtain extraction of 99 without a shredder,
. The mill in Hawaii, which made a record extraction of
99 85 per cent. is not equipped with a shredder. The
following figures obtained from the Hawaiian islands
show the comparative work of mills with and without the-

shredders :— :
, o Maceration | Suocrose
SBuorose in Fibre in | ° p i

cane per cent.|oane per cont.| pi’;ﬁi‘fﬁ' a"g;:?' -
Crusher,shredder and 4 mills]  12-18 12:88 890 | 9379
Crusherand 4 mills .| 1221 1285 416 9884
Crusher, shredder and 5 mills.|  14-03 12:08 235 9779
Crusherand & mills ] 1393 12:46 2808 | o769

(3) Increase in capacity.—This is another advan-
tage claimed by the advocates of the ‘ Searby’ shredder.
In actual practice, I did not see the capacity .increased
to any extent. In this case & comparison is made of a
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mill, thhout a shredder and one with a shredder, with-
_out takmg into consideration the fact that o shredder is
‘practically equal to an extra crusher or a mill. When

compared on this basis, the ca,pa.clty is noﬁ found. to

increase. 4 ,

The chief d:sadvanbaga of a ‘Bearby’ shredder is the
expense As the shredders require a very high epeed from
1,150-1,400 R. P. M., an electric drive through a motor or a
turbine drive is & necessuty In Hawaii T found most of the
shredders were driven by motors directly driven. Besides,
the power required to drive a shredder, is high, which
increases the expense. In Trinidad, the Searby shredder
of 42" x 12" size, is driven by a ‘motor of 300 H. P. This
‘does not mean that the shredder requires all the power the
-motor is capable of developmg, but during the operation of

 shredding, a high power is required at times P,. In Hawaii a
'250 H. P. motor is commonly used. :

The second disadvantage i is the upkeep. On aocount of
the high velocity, with which the hammers rotate, they get
out of “order soon, Bpec1a.lly when pieces of iron go through.
For this purpose a number of hammers must be kept
in stock. ~

L There is one pomt which has not been mvestxga,ted 5o
far. On account of the use of the shredder, the bagasse is 8o
finely powdered that finer particles of bacassn are likely to go
through the chimney without proper burmnor in the furnace,
which is thus aloss. How much is lost through this source,
i8 not so far defermined.

- Thus, on account of the tremendous pPower required to
drive the shredder, as well as the cost of upkeep, the shredder
'is found to be expensive. When it is possible to obtain such
high exfractions without the use of shredders, the use of such
expensive machines bocomes of doubtful economy. Itis on -
account of this fact that many mills in Hawaii, are_still not
equipped with the ¢ Searby’ shredders. For conditions in
India, their use is obviously out of question.

Shredders have so far been used in addition to crushers.
Nowhere have they been used singly. The question, as to
whether shredder should precede the crusher or follow it, is
stilldisputed. Both the arrangements have certain advant-
ages. When shredder is put before the crusher, an advant-
age of the extraotlon of the ]ume by the crusher is secured,
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which helps considerably the first mill: This arrangement
‘seems to inérease the extraetion. Against this is to be
considered the fact, that if any.pieces of iron go through the
shredder along with the cane, which happens ab times, it will
cause 50 much damage to the hammers, that new ones will
have to be replaced. For this reason, the other arrangement
is preferred. Any piece of iron, that may pass through the
crusher, can be defected by the noise it makes, and can be
removed, before it goes to the shredder,. It is this- advant-
age which has brought this arrangement-—crusher followed
by a shredder int6 common practice in Hawaii. - :

, Milling.—The partially®crushed cane from the crusher
or the shredder is then fed to the mills,” ‘The number of mills
in a unit varies from 3 to 6 in ‘different factories, the most
‘common unit consisting of 4 mills.” Each mill. consiste of
3 rollers, the top roller, the feed also called front, and the
discharge also called back roller, all horizontally placed.  In
between the feed and the discharge rollers, but below the top
roller, is placed a frash’ turner, which guides the bagasse from
the feed to the discharge roller. - It is thus obvious, that in
‘each mill bwo ecrushings are obtained, a light crushing
between the top and the feed roller, and ‘a heuvier one
between the top and the discharge roller. The addition of
one mill, therefore, secures two more pressings, | - -

. Each roller consists of a shell surrounding & central
shafk, prolonged on both the sides of the shell: . The shaf} is
usnally fixed into the empty shell vnder hydraulic pressure
of about 600 tons, by heating the shéll previous to forcing
the shaft. It is held in position by a key. Pinions.arg
placed on one or both the ends of the shaft, which interlock -
-with-the pinions of the other rollers, and: thus transmit power. -
The top roller is usually connected to the train of gearing,
which receives power from the engine., When the rollers
get worn out, the shaft is removed and a new shell put.
Removable thin shells were tried in Hawaii, The advantage
olaimed was, that when 7rollers were worn out, a new
remoyable shell which is-not so expensive could be easily
put. With the introduction "of deep juice grouves,
removable shells have been discarded, being found t6 be
unsuitable. K

The top roller is usually provided with flanges on both
the sides to prevent the bagasse getting out of the mill, and
falling on the bed plate below. The flanges may be cast
integral with the shell, or may be bolted. The-latter
arrangement is now gétting common. - This makes it possible
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to 1nterohange the upper and lower rollers, and for this
reason it is preferred. - The lower rollers are provided with
 steel juice guards on both the sides to preven‘u any of the
expressed juice reaching the shaft journals.

The dimensions of the rollers are expressed in inches,
‘the first figure representing the diameter, and the second
figure, the length. The length of the rollers varies from 48"
to 84" in ditferent fa.ctones, depending upon the grinding
capacity, All intermediate sizes are made in 6" length
.only. As the length increases, the diameter also increases.
Thus with 48" length, may ‘be used 26" or 30 diameter,
with 54" and 607, 30", with 64", 72" and T8” lengths 394
or 34", and with 84" length 36" diameter. These are the
sta.rllda.rd dimensions used for the rollers in the cane sugar
mills '

Groovmg —All the mill rollers are. grooved The
‘object of grooving is two fold, to offer a good grip, so that a .
pa.rtlally crushed cane will not shp, and at the same time to
‘offer a passage for the expressed juice. In order to secure a
good grip, it is & practice in quite a few factories to have
specially grooved top rollers. Across the ordinary circum-
ferential grooves are formed .horizontal grooves, which run
aloug the length of the roller. These are -said to secure
good grip. In Java, it is & common practice to have specially
grooved top rollers. Elsewhere, special top rollers have not
come into use. In Java, the practxce of milling is to have a
thick feed, which is liable to cause slippage. It is probably
on account of this reason, that there the special top rollers
have come into general use. In other countries specially in
Cuba, a thin feed is the practice but in order to secure
capaclty, a higher speed -of the mills is followed. - On account
of the thin feed this’ difficulty is not so much felt as to instal
gpecial top rollers in other countries. The special grooving
of the top rollers cannot be done on a lathe and has fo be ~
done by hammer and chisel, which is expensive. b

The most common grooving is a number of triangular °
circumferential gréoves, usually about 1)8" deep with § to
‘1 inch pitch, the number varying from 2to 6 in an inch.
Different factories use different  number and there is at
. present no unanimity in this practice. The Fulton mills
have 3 grooves to an inch, which seems .to be the best,

‘because not only they last longer but they afford an easy
passage for the expressed juice: Some factories use éoarser
grooves for the first mill, and use. finer ones for the later
~mills in succession. Thus there is a gradual increase in
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the number of grooves per inch from the first to the last mill.
.This is also a good practice but a difficulty arises, when the
rollers are to be interchanged, On account of thig difficulty, .
a uniform grooving is considered desirable. . '

Along with these grooves, deep, wide circumfereqbia,l
grooves called drainage or “ Messchaert” grooves are provided
‘specially for the feed rollers. These may be spaced every
three to four inches. The size used is about 11" deep, 1 to
2 inch wide. The Messchaert grooves help ;the draining.of
the juice very effectively, and prevent its reabsorption,
thus increasing the extraction and capacity.” The use of
Messchaert grooves, so common ‘in Hawaii, has largely
contributed to the obtaining of high sucrose extractions
there. Factories, using a heavy maceration so common in
Hawaii, will find it to the greatest advantage. to use
Messchaert grooving specially for the front roller. A few
factories are using it even for the discharge. roller, though its
“use is not found to be of much consequence. In Hawaii, it
has resulted in the saving of 1 to 3 per.cent. of sugar in the
cane, In Java, Messchaert grooving has not come into use.
Probably no necessity for the same has been felt on account
of the light maceration practised there. A few factories
tried it without any benefit and it did not prove successful.

In order that the drainage grooves should properly
function, it is quite negessary to keep them free from adher-
ing bagasse. A. sef of scrapers, mounted on & long horizontal
bar, is provided which keeps each groove clean as. the
rollers rotate. This is very important, as the grooves would
get clogged with bagasse very soon, and prevent the draining
. of the juice. On account of the scraping action, the scrapers

have a tendency to bend and go oub of action. It is, there-.
fore, important to have a proper type .of scrapers. Secondly,
ag the scrapers function, lot of ‘bagasse accumulates on them,
which must be removed from time to time. If the scrapers
be mounted on & rigid support, this cleaning has to be done
by hand. A mvvable support does the work of cleaning.in a
short time by just taking the scrapers out of position by a
pivoting action. This also prevents the bending of the
gcrapers, but an obstruction in one groove keeps the whole
set out of action. It is, therefore, unecessary to watch the
operation of the scrapers from time to time. '

- The- Messchaert grooves can be made in any factory
in the same way as the regular grooving." When
new grooves are made, they are not made so wide, as they
.got self-widened by use. The only disadvantage with
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Messchaert grooves, is that they geb worn oub soon, but the
practical advantages thus secured outweigh this considera-
. tion. :

Mill housing.—The rollers are p]aced in their position
by means of proper housing erected on bed plates. The
latter are firmly secured to the ground by means of a proper
foundation and bolts, and serve fo receive the j juice from the
mills, which flows out, through juice outlets made in the bed
: pla.tes, to-the juice strainers. In the housings are provided
the bearings, on which the roller shafts are placed. The
rollers are then kept in position by means of oaps bolted to-
.gether. There are different kinds of housings in use ab
present.  In the old type housings, the bolts for the top cap

were long and used fo pass through the whole body of the

housing  The result was, that the feed and the discharge

rollers could not be- pla.ced closer. Consequently the trash

‘plate, which i8 in between the front and the back rollers, was

‘much wider. This causes more friction and consequently

demands more power. In certain factories I found instead

of long bolts, U bolts were used for keeping the rollers in

position, on account of which it became possible to set the

front and the back rollers closer, which resulted in the ‘
reducblon of the'size of the trash plate

, On account of the smaller opening kepf between the top
and the back rollers during setfing, a greater pressure is
caused between -those two rollers during milling with the
result, that the top rolleris thrust against the jaw of the top
gap on the front side. In order to obviate this dlfﬁculty
inclined housines were designed, but they have not come inio
general use. The type of housing is really a question for-
" the mill engineers, and sugar manufacturers have practically
very little to choose in thxs respect.

Mill seftings.—There is ab present a great variation in
the settings used in different countries, and also in different*.
factorivs in the same country. Smce the use of hydraulic '
pressure in sugar mills, the setting does not offer such diffi-
culties, as are met with rigid mills. Af present, almost all
the sugar mills have “been- provxded with hydraulic accamu-
lators. The object of the setting is to keep a sufficient open-
ing for the bagagse to pass through smoothly withou} any
chokmg, and secondly, to extract as much juice as posmble ab
the sume time. under pressure. The opening towards the
front end is "adjusted so as to receive the feed without any
.choking. Tt should be femembered, that the feed, before it
“enters the mill, is under expansion, and assumes a greater
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volume, but after it enters the mill rollers, it is - subjected to:
pressure between the rollers, at the same time extracting

juice by pressure only. In a rigid mill, the opening will be

constant, and therefore, it will be necessary to pass a constant,
volume of fibre through the mill. If ,the feed increases, the

mill would not take.it, and there will be choking, unless

the mill is speeded up to handle the extra feed. Increased

speed means more steam and more power, Which-..becomqs.

expensive, and is not possible under usual operating condi-

tions. It is thus obvious, that in rigid mills, there is a greater;

chance of getting chokes, unless a constant feed is secured,

which is difficult of accomplishment in actual practice.

The opening of the mills depends upon.the volume of
the fibre, that is required to pass through the mill. It is the
fibre in thecane, that offers a resistence ‘to the pressure 6f the
roller, the juice in the cane being expressed under pressure,
Bo in setting, .it is necessary to take into consideration the
amount of fibre that is fo pass through the mill, and not the
amount of the cane. With mills, using’ hydraulic pressare for
the rollers; a certain opening is set.at the time of mill setting;
and a cerfain constant pressure is maintained, Whenever -
the pressure exceeds due to mnre feed, it will result in lifting
the roller, which causes a greater opening, and allows the
cane to pass through, though this is done at the cost of more
power. This is the greatest advantage -of the hydraulic
pressure. There will be no choking, and there will be no
breaking of the parts of the mill, The utmost that may
happen on account of the extra feed, will be the tearing of
the leather used in-the ram, which, however, can be easily
replaced.. The extraction in a hydraulic mill will, therefore,,
depend on the pressure that is put on the rollers, which is:
constant, no matter what the feed is. It will thus be seen
that, with such mills, no matter what the settings are, the:
~pening will automatically adjust itself with greater feed om
account of the lifting action of the rollers, when the pressure
a8 exceeded. The openings are, therefore, set more to secure:
an easy and smooth feed. - - E

As said previously, with hydraulic pressure there is a .
constant pressure on the top roller. As the bagasse enters:
the rollers, it is under pressure. If the fibre offers greater
resistence than this pressure, the top roller will be lifted.
This upward pressure exerted by the resistence of the bagasse
against the top roller is not equal on both the sides of the
mill.  The opening between the top and the back rollers js
comparatively smaller than is the case with the front opening.

708
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Consequently, the upward pressure in the ‘back opening is
more, than is the ouse with the front opening. The resulf
is. an unequalization of pressure, which eventually acts on one
side of the bearing of the top roller. . It should be remember-
€d, that the front roller is muinly reoarded as a-feed roller,.
wvhlle the back is regarded as the one ‘Which does the extrac-
tion. ‘There seems to be a difference of opinion amongst the
engineers on this point. The following settings, followed in
. certain typical mills; are given more or less as a matter of
information to serve as a guide :—

No 1 Mill i in Lou:s;ana. crusher and 3 mllls.

k1] 2 ",. CUba' . ‘; ", 4 »
-y 8 - St Kitts - 4
C . 47y, Trinidad ; ” 4 ,,andashredder,
C g By, A_Hﬁwaii‘ E y 3 , '
. s 64 .. _Ja,va Sy 3 .,
§ 1 9 8 s 5 6

:No of rollers for crusher.| - 2 9 2 2 2 2
w . mill |09 12 12 12 9 9

Slze of the rollel:s oo |34 x84 327x'72" 34/ %72"|34"x78"132"x60"36"x84
Feed opemng I1st mill ...| §" | §" - 1£’ 1 y'” 15"
B ™Y RN N S U W L ¥ i K L

B8rd ,, o ¥ & | % £ 3% | 81

ot 4tho, L o b BT Yo

Back opening 1st mill ...] &" [ .3" }3” Y| 0 [|-3%"

- 2nd ” ..rr "o " irn 0 '116'”
ard ,, ...[rntoiren) tia plate 116" - 0 g
4th ,, .. ! iron to Iron

Distance between trash _
p]a.le and top roller— .
1t ol 137 | 237 | 23" | .. 171 2y
2nd ;, .. 18" | 13" | 24" | .. | 138"
8d 7, . 1| 1" | & o 157 137
. 4th o, . 1o | .. . [
Hydrauhc load in tons—| ' ) .
l1st mill...[ 278 | ... 420 | 334 380 | 285
ond ,, ..| 474 | ... | 1440 | 334 380 249
8rd ,, ..| 474 | 500 490 | 334 | 380 | 249
4th. ,, ... ... 500 | 525 | 334 ... -
. Hydra.uhc loa.d in tons . -
per foot length— . ‘ 1
«  .1st mill...| 39 70 |51 | 76 | 378
ond ,, ..| 68 73 51 76 | 856 .
3rd ,-, vl 68 80 | 82 51 76 | 356
+ . 4th ,, .| ... |-80 87 51 e
T, (”:: t ' . e ] .. ' 1 v, o ,.'
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Hydraulic accumulators.—In all modern mills, hydrau-
lic accumulators are used, whereby, a constant ipdwat_ed
pressure is maintained on each crusher and mill. As explain-
ed previously, on account of the constant pressure, no over-
strain is caused to the mill, thus securing a long life. When-~
ever a bigger feed enters the mill, it lifts the top roller on’
account of the pressure exerted, which acts against the
hydraulic ram. It -is the leather in the hydraulic ram,
against which the hydraulic pressure acts, and, on account,
of its elasticity, it stands a certain minimum pressure, which,
if exceeded, results in tearing the leather. The leathers of
the ram can stand a pressure up to 4,000 Jbs. per square ingh,

A complete oubfit for & hydraulic pressure consists of
(1} an oil pump, (2) a set of weights suspended on a hydraulie
accumulator. This consists of an upright hollow rod, which
is in communication with the oil pump. Over the rod is a:
cylinder, which supports a number of removible weights
vesting on the flange, (3) hydraulic ram over the bearings of.
the top roller of the mill, to which pressure is communicated
from the accumulators, by the oil through a pipe. A rough
sketch is given below:— - - ‘ o

) : t :.:r r yram
handle R ) ] Top=cap -
‘ .| oit=pump : .
‘ Milt,
. : oil pipe ] R , .

'

Qil is first pumped, until the set of weights held on. the
accumulator remains suspended. The pressare on the oil is.
due to the suspension of weights. Thus the pressure on the
oil is regulated by the total weight suspended oh the accu-
mulator. The pressure is then communicated to the hydrau-
. lie ram placed above the bearing of the top-roller.. The ram
oxerts & pressure on the journalg of the roller, which are:
resting on the bearings. It is thus obvious, why the journals
should be strong so as to stand the pressure of the hydraulia
accumulators, The maxzimum pressure, that is considered
safe, is 1,100 to 1,300 lbs. per sq. jnch on the journals.
Beyond this pressure, there is a chance of. breaking the
journals. ' ' : )

Tt will thus be seen, that with ‘his devicé the ‘pressure
on the top-roller can be regulated by means of weights on' the
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acoumulators, The more the weight, the better the crushing
but there are practical limitations, beyond which it is not safe,
to go. ~ They are ; (1) the pressure on the journals should, in
no case, exeed 1,300 lbs. per gq. inch. Beyond this pressure,
the journals might break. (2) The leathers of the ram
cannot stand a presure above 4,000 lbs. persq. inch. Beyond
this pressure, they give way. .

The hydraulic pressure is used only on the top roller.
In old designs, the pressure was communicated to the back
roller through the oil pipe, which used to enter the ram
from below. This was very inconvenienf, as in case, the
leathers give way, considerable time was required to'puta
new leather. In modern mills the rams.are used-only for the
top cap. The oil pressure is communicated by the oil pipe,
entering the ram either at the fop or at the side. A new
leather can be easily put by removing the plug placed on the
top cap. This is found to be the most convenient
arrangement. ' -

Tt has been said above, that the hydraulic accumulators
‘exert a pressure on the top rollers through the journals. On
one end of the journals, are placed the pinions, intermeshed
with the pinions, of the front and back rollers. This causes
an unequal pressure on the tiwo ends of the journal due to the
side thrust of the pinions. This has been remedied by either
of the three methods (1) the provision of pinions on both ends
of the roller shaft, (2) provision of different size rams for
the two ends of the journal, smaller ram being provided for
the pinion end, (3) provision of separate accumulitors for
each side, less pressure being used for the pinion side, -

. The firs arrangement is common with the Fulton mills,
and seems to be ‘the simplest and best. In the second
_arrangement, - the relation between the unequal pressure.
caused by the side thrust is fixed, which may vary in actual
practice. In.this case, different size leathers have to be kept

in stock.: _ ' _ '
" The third :irrangement is obviously expensive and is not
in favonr amongst the sugar engineers. '
. The hydraulic pressure, used in actual practice in different

mills, varies a good deal. The two common practices are
(1) ‘the gradual increase in pressure from the first to the
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last mill, (2) & constant pressure from the first to the last
mill. Itis very difficult to state which is the best system,
though both of them are. working vety well.in practice, and-
the choice mostly depends upon the engineer in charge.
The following figures give an ides as to the actual practice
in some mills. For comparison I have given the lbs. of
pressure per square inch. The total pressure, used on tk.xe
top roller, depends upon the size of the journals, which, in
turn, depend upon the size of the rollers. Only pressure,
used on the top roller of the Jast mill, on which mazimum
pressure is usually used, is given below :— _ -

" : Pressure in |Lbs. pressure Lias. ‘pressure
Bize of the roller. Bige of the journal, tons on per sq. inch’ | persq, inch
: . - | top roller. | on jouroals. . on roller. .
1. 84" x84" w| x| 4l [ 100 882
2. sa*x72%’ S 500 - 432
8. 34TxT2 S . 526 48
4, 34*x78" w| 1rxse . | s8¢ | 1000 282
&5 32"x60" - ‘ 880 - . 895 °
6 368" .| dgxeer | es6 - £ CT I

" Only in Cuba, I saw higher pressures being nsed in & few mille. They are as below — ’
7. 86"x84" 18"x9" . 543 1254 868 |
8, 84"x78" 18" x 24" ' 700 - | ’ 1,620 - 468

~

-

The last mill was obtaining an extraction of 94 per cent.
with only & per cent. maceration water. This must have
been due to such a heavy pressure on the rollers. It i§
obvious, that the higher the pressure, the more the sucrose
; extraction, but this is usually limited by the pressure, the
! journal is able to carry. For better extraction, it 1s desirable
to carry as much pressure, as will be consistent with the .
strength of the journal. )

Calculation of thejournal pressure or the total pressure on
the roller.—In order to know. how muoch pressure a roller
can safely carry, it is necessary to know the dimensions
of the journals. It has been  alréady said, that- the
pressure, allowed per square inch on the journals, is 1,100
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to 1,300 lbs. . The pressure, that a roller can carry with
safoty, is calculated as below :—

Pressure on the journal=d x lxlbs pressure per
square inch on the journal.

Where d=diameter of the journal in n inches.
I=length of the journal in mches
Pressure=18 x 24 x 1,300
=561,600 Ibs, or 280°8 fons (short).

Ag there are two journals to a roller, the pressure of
‘safely for the roller, will be 280'8 X2 or 561'6 tons.

In this way calculation can be made forany size journals.

Toggle gear.—In almost all modern mills, a system of
hydraulic accumuulators is being used for exertmg the pressure
- on the rollers. In St Kitts, I saw, toggle gear being
used instend. The toggles—a set of movable bent pieces—
are set above the top cap, and held in position between the top
. cap and the “yoke” by the two king bolts. The toggles
are conne-ted by a horizontal bar, upon which the ends of
the toggles play. The bar carries a spring, a pressure on
which, is controlled by the nuts. The pressure on the rollers
is regulated by the compression on the springs, which is
adjusted by the tightening of the nuts. ~ The exact pressure,
exerted by the spring, is known from the width of the spring
under compression, Ascaleis provided by the manuiacturers,
which indicates the pressure correspunding fo the width of
the spring. - .

Whenever a higher pressure i8 caused due to heavy feed
the roller is lifted, which, in turn, acts against the toggles
through the bea.rmgs The toggles are forced out against

- the pressure of the springs. This is said to have worhed well
in 8t. Kitts factory. There are, however, some disadvantages
. with this system. Firstly, all the pressure on the rollers is
due to the compression of the springs which are likely to be
weakened with use. It is, therefore, necessary to get them .
tested every year so as to know, whether the original scale, !
provided by the manufacturers, is correct. Secondly, it is
* difficult to know, whether the. toggles are working properly,
a8 the vibrations caused are so little, that only a trained
eye sight can detect it. Thirdly when for any reason, the
top roller 1s to be taken out of the mill, i} tukes a long time
" to do so, as it has to be lifted high due to the long King bolts,
which are necessary on a.ccount of the toggles. . The only
advantage, with toggles, is' .the absence of leather packings
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used in connection with hydraulic rams, which at times give .
way. In spite of this disadvantage hydraulic accumlators are
preferred by all modern mills on account of other advantages.,

Trash turner.~This consists of a plate which is placed
between the front and the back roller, and below the top
roller. The object of the trash turner- is to direct the
partially crushed cane from the front to the back roller with-
out causing any unnecessary choking. The trash turper is
the most important pait of a sugar mill, on which, mostly
depends the smooth working of a mill. The trash plate
con~ists of a long steel piece sufficiently wide called, the
“knife” (the width, depending upon the distance between the
front and the back rollers), with a sharp edge grooved on
lower side il such a way, as ‘to . fit in’ with the grooves of the
front roller, against which it rests The trash turner, besides
guiding the bagasse to the. back roller, acts’as-a scraper for
the front roller, and hence the grooving on the lower side is
necessary. The knife is supported on a horizontal bar by
means of bolts, which in turn, either rests on the pockets.
provided in the housing, or on separate legs bolted to the
mill housing. ~ A rocking trash bar is used in modern mills,!
which permits better adjustmens for diferent settings, - -

. The width of the trash turner is very important, because,.
a great pressure and consequently great wear is caused to
the plate, which increases with the width of the trash
turner. It is, therefore, considered desirable to reduce the
width as much as possible. - Thi8 cannot be done, ' unless the:
front and the back rollers are'put nearer to each other., In
the old type housing, where long straight bolts were used
for the top cap, the rollers could not be placed closer. In °
recent designs, the long bolts .are placed at an angle, con-

verging at the bottom and widening at the top.- In some"
miils T bolts are used, which pass underneath the bearing.

This has resulted in placing the front and back rollers nearer
snd reducing the width of the trash turner. '

The distance, between the lower surface of the top roller
and the trash turner, is of importance, as most of the choking .
is caused by the faulty distance between the two. This
distance varies with different settings. This has been already
given in the statement on page 82. '

_ Intermediate carriers.—These are placed between the
mills to carry the partially crushed cane or bagasse from one
mill to the other,” The importance of a suitable type of
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intermediate carriers, can be realized, when it is known, that
niearly ‘76 per cent. of the stoppages in a mill are traced- to
some trouble with the intermediate carriers, It has also
been found, that the loss of sucrose caused through milling,
18 mostly due to the dirty condition of the intermediate carriers,
which are full of yeast and other fermenting material. If
ts, therefore, important, that in selecting the type of an inter-
mediate carrier, vne should not only look to such types as
would cause the least stoppages, but also to such as can be
kept clean, ‘ - -

~ There are at present three kinds of intermedisfe carriers
-in use in the various mills. They are (1) the slat carrier,
(2) Ewart’s patent carrier, (3) Maenecke carrier. s
.. (1) Slat carrier.—This type is commonly. used in most of
the cane sugar countries. It consists of overlapping metallic
slats joined tugether to form an endless belt. It is operated
by a chain and sprocket drive. This type of carrier causes
many troubles in actual operation. Sometimes, due to
overlapping parts, the slats get entangled, and bent, result-
ing in choking and sometimes breakage. A part of the
bagasse falls through on the bed plate. This carrier does
mnot permit workmen to do any work between the mills while
they are running. The greatest objection with this carrier
is, that it is very difficult to keep it clean. The dirty con-
dition of the carrier tends to promote inversion, and fermen-
#ation of the juice, resulting in a loss of sucrose. In order
‘to keep ihe chain free from fermenting material, I found, a
slight modification was in use in Java. In this the chain
was kept outside the steel plate sides. This, however, does
mot réduce theé stoppages, which are so common with this
iype of carrier. ) . i
"~ (2) Ewart’s patent carrier.—This type is in common use
in the Hawaiian islands. Between the mills, runs-a slightly
inclined steel tiough, over which run wooden scrapers
aftached to chains at certain distances. As the scrapers
move, they drag the bagusse along with them on the steel
platform, and deliver it to the next mill. As in this case,
there are no . overlapping parts, there is no chance of causing
any entanglement, so common with the slat intermediate
carriers. Consequently stoppages are reduced to a minimum.
‘On account of the fixed steel trough, no bagasse falls through
on - the  bed plate. Cons<equently, the workmen can worl; '
below the steel trough, during the operation of the mill. On
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the whole, this carrier has resulted in reducing the stoppages:
and general cleanliness in the mill house and for this reason.
it is preferred, In Cuba this is coming into use now. '

(3) Maenecke intermediate earrier.~This carrien is patent<
ed by Mr. Maenecke, the Chief Engineer of the Maui agricul-
tural company. This is the latest design, and is coming into
general use in the Hawaiian islands. It is also reported,
that it proved to be a success” in one central in Cuba, and
‘many more cenfrals are contemplating the instailation of
these carriers. '

This carrior consists of two inclined stee! troughs:
joined together in such a way, that it forms the-shape of an
inverted V s shown below:— ' ' ‘

~ | S ‘ -

As the. bagasse comes out of the mill, it drops on the
steel trough. The incoming bugasse, simply pushes it up,
until, when it reaches the top, it drops on the other side,
from which it automatically feeds,the next mill. It is thus
obvious, that there are absolutely no moving: parts in this
carrier. Consequently, thereare no stoppages due to entagle-
ments, On account of the absence of moving parts, the-

carriers can be kept very olean, This is the simplest type I
have seen so far. . : :

lhere are one or two points which need explanation,
They are: (1) as the bagasse moves by the push of the incoming
bagasse, a cerfain inclination to the carrier, is quite necessary.
Also in order to get proper feeding. the two inclined parts of
the carrier must be set up at a certain angle. 1f is, there.
fore, necessary, that the mills be as close us possible. In old
factories, where "individual drive for mills is used, resulting
in the installation of mills at longer distances, and conse-
quently of long intermediate carriers, this type does not offer
any chance of success. (2) As the bugasse moves only by
the push of the incoming bagasse, it becomes necessary to
-move the bagasse to the next mill by hand, when the grind-
ing is stopped for the day. This is its only drawback, but
it is immaterial, as mills are stopped- only once a day for

-
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cleaning. Recently I find from the advertisement, that a
certain arrangement has been made to remove this difficulty.
On account of the simplicity of design, n6 wear and tear due
to the absence of moving parts, and also less expense, this
oarrier will come into ‘general use in future,

Besides the above three, I saw in one factory in Hawaii
another type of intermediate carrier in use. This consisted
of an endless belt made of canvas and rubber. This was
working well, but it is considered to be expensive in upkeep.

Juice strainers.—As the juice comes oub of the mill, it
carries a lof of cush-cush along with it. Inorder to separate it
from the juice, a straineris used., It consists of a narrow
deep trough, with a strainer of 250 to400 holes per‘square inch,
usually wade of brass or copper, over which, runs a trash ele-
vator, Thishas usually a drag type of chain to elevate the sepa-
rated trash and cush-cush, from the screens to the cross con-
veyer, which is placed over the intermediate carrier. Thisis
driven from the mill roller shaft. Usually a screw type
conveyer is used for this purpose, which slides the irash, and
well distributes it over the intermediate.carrier- The juice
strainer is another source of loss of sucrose through inversion
‘and fermentation. - The chains are full of dirt, and fermenting
material, and, ia actual practice, it is impossible to keep them
clean. The only way" to reduce the loss through this source,
is to clean the same at certain intervals either by water or
preferably by steam. . S '
" In order to meet this difficulty, a slight modification is
in use in Java. The strainer, which 'consis{s of a perforated
plate, is mounted on a grass hopper, which, automatically,
gbrains the juice, leaving the cush-cush on the strainer. On
account of the motion of the grass hopper, the cush-cush
travels to the end of the strainer, and drops on a plate in a
completely drained state, from which, it is elevated to the
oross conveyer. As the chain elevator does mot come into
direct contact with juice, as is the case with the ordinary type.
of juice strainer, a greater cleanliness is secured, which has
resulted in the reduction of losses of sucrose through this
source. This modification is decidedly better than the usual
type of juice strainers. - .

Bagasse Conveyers.—The bagasse, as it cowmes out of the
last mill, is carried by means of a conveyer to another conve-
yer, from which it is directly fed to the furnace through a
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hopper, or it is taken near the furnace and fed byhand. The
conveyer consists of wooden sorapers, carried on chains ab
certain distances. The bagasse is dragged by the scrapers
on its forward motion.- In Java; instead of scrapers, a rake
is used. In Java, the bagasse is not reduced to a8 fine a
condition as is the case in other countries, and consequently,
this type of bagasse carrier works well in Java.

Maceration.—It has been previously said, that with
multiple crushing, a system of msceration is necessarily
followed in all sugar mills.. The process consists in diluting
the juice remaining in the bagasse with water, before the
latter is subjected to pressing in the mill. As & result, the
juice, left in the bagasse, after each maceration and pressing,
becomes more and more dilute until the sucrose, left in the
bagasse from the last mill, is the lowest, ' :

~ In order to secure best results from maceration, two con-
ditions are necessary. They are : (1) a .good dry pre-crush-
ing, and (2) better disintegration of the cane before the mace-
ration water is applied. With a good dry pre-crushing, the
amount of juice, left in the bagasse, is very little, which, con-
sequently, reduces the amount of maceration water without
prejudicing” the sucrose eatraction. With a low dry crush-
ing, thé amount of water required is excessive, if the Same
extraction is to be secured. It is desirable that, ths required
sucrose extraction should be secured witha minimum amount
of maceration water, so as to reduce the amount of evapora-
tion. Better disintegration of the cane, before the macera-
tion water is applied, secures good admixing of the water
‘with bagasse, Water would mix much more quickly and
more efiiciently with bagasse in a finer condition, than with
coarse bagasse, and thus dilute the juice remaining in the
_bagasse. This action should be secured more quickly, be-
cause, in modern mills the time, available for the admixture
.of water with bagasse, and the consequent dilution of the
"juice remaining therein is little due to the fact, that the
anills are run faster, and the intermediate carriers are short.
For this reason a finer condition of bagasse is very helpful,
in securing the best results with maceration water. With
modern mills, a good dry pre-crushing is usually obtained
with a crusher and one mill, with cane containing a medium
awount of fibre. With hard cane containing a high amount
of fibre, say from 15 per cent. and up, as is the case in
Northern India, a double crusher and & mill will be helpful
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in Secﬁring a good disintegration of the cane, and consequent
better dry crushing, In the Bombay Deccan, cane contains
@ low amount of fibre—10:6-11 per cent., and consequently,

& crusher and one mill will be sufficient to secure the required
dry crushing, before the maceration water is to be applied.

The systems of maceration orimbibitionin useare: (1) the
simple and (2) compound. In the former system, water alone
i used in saturating the bagasse. It is called single, double,
triple, &c. Simple imbibition depending upon the number of
mills, to which it ‘is applied. In the latter system, dilute
juices are used in succession, before the water, which is used
only before the last mill, is used for maceration, which secures
better results with a minimum amount of water. There
is no question, that best results, as regards suerose extrac-
tion, are obtained with = compound system of maceration
with minimum amount of water, and ab present, that system
is in general use. The smgle maceration is followed in
tandems of a few mills, Factories, having mill fandems of a
crusher and two mills, can only follow single maceration.
With three mills, a 00mpound maceration is made possible,
as the juice, from the last mill, can be used for maceration
after the first mill, water bemo applied after the second
mlllf This is obwous from the sketch given below :—
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E W1th tandems of s crusher and three mills, some fac-
.tories follow only simple maceration, using water both after
“the 1st and 2nd mill.

- With more than three mills, dilute juices can be used .
more than one time, and, for this reason, the system ¢ =
maceration is called "double compound, triple compound, an«:-
soon. This is obvious from the sketch below :—
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The advantages of a system of compound maceration
are ohvious. Noel Deerr has admirably shown on theoretical
considerations, the obtalnlng of greater extraction with this
system in his book on ‘cane suga.r from whlch the following
figures are quoted :—

. Computed sucrose extraction with cane, conta'mmg 11
" per cent. fibre and imbibition water from 10 fo 30 per cent.

on cane, obtained with different system of maceration dry,

crushing 87'7 per cent. 7 o

Water 10 por oent. | 20 per cent. | 80 per cent. *
Single, simple imbibition ...| ~ 936 | 957 | . 966
Dowble . . ». 9411 | 966 | OTT
i*rebla ” S e - 944 | 970 | 982 '
Single compound ,, L ‘ 936 " { -957 96'6
Double , w94 | o9 | 989
Treble ., 978 989 | 996

The above table shows the superiority of compound mace-
ration, specially when the number of mills increases. The
above figures are of academic interest, a,nd do not Tepre-
sent actual facts.

. The one conmderatlon, thab is required to be made, 1&
that the juices of the subsequent mills are more dilute, and
are subject to souring, and, for this reason, should be used,
as rapidly as possible. In countries, where the climatioc con-
ditions are more favourable for souring, a simple system of
maceration is for this reason preferred. -

Method of applymg maceration water.— At present there
are three systems in use:—perforated pipes, troughs, and the
Ramsey macerator. In all methods it is considered desirable
to apply water or dilute juice to the bagasse, as soon as it
comes out of the mill, hecause, 2t this time, the bagasse is
gtill under the effect of compression, and is not fully expanded.
Water mixzes more quickly with bagasse in this condition;.
than, when it is applied, after the expansion of the baousse
For this reason, water is applied in such a way, that a jet
dlrlectly falls on the bagasse, as it beglns to come out of the
mill. .
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Perforated pipe.—This is placed as close to the back
opening of the mill as possible, so that the jet of water can
fall directly on the incoming bagasse. The perforated pipe
works alright with water, but, when dilute juice is to be used
for maceration, the perforations are moré or’less a nuisance,
a8 choking i8 cuused by the cush-cush present in the juice.
It is for this reason that a trough is preferred.

" Trough.—The trough is placed over the intermediate
carrier, and the dilute juice comes out as an overflow, and
falls on the bagasse down below through a perforated pipe.
With this system, it is necessary to see, that theyre is a good
distribution of juice. For this reason, the trough must be
placed level. Otherwise juice falls in onesheet, which results
in uneven distribution. Troughs are generally used for juices.
There is one disadvantage with troughs, and that is they
~cannot be placed as close to the back opening of the mill as
perforated pipes can be. :

It should be xemembered that, in the two systems
described above, water or juice falls in the form of a .jet or
sheet only on the upper surface of the bagasse, and it is
expected, though it is never achieved in practice, that, as the
bagasse moves further, the water or the juice would permeate
the whole blanket of bagasse. In actual practice, it is found
that water permeates the upper layer of this blanket, leaving
the lower portion quite unaffected. This causes irregular
dilution of juice, It is obvious that the thicker the blankef,
the greater will be this irregularity. The Ramsey macerator
obviates this difficulty. In this case water or juice is sprayed
on both the surfaces of the blanket, which thus secures
complete admixbure of water with the juice. This macerator
consists of a double scraper, each provided with a set.of jets,
between which the blanket of bagasse nvoves. Inthis system
water is used, when the bagasse is still under compression.
In the Hawaiian islands, the Ramsey maceratoris in common
use, and the general opinion is, that it secures a complete
admixture of water more efliciently than any other systém
known so far.. With thicker blanket, its use is of far more
advantage. - ‘

. Hot or cold water for maceration.—It is still a disputed
question, whether hot or cold water be used for maceration.
‘S0 far sacrose extraction is concerned, no -difference is
observed, whether hot or cold water is used, but there are
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certain advantages and disadvantages with each. In Java, it
s a common practice to use cold water for maceration. In -
Hawaii, Cuba and the West Indies, hot water of 160°-180° F
is commonly used. The chief advantage of using hot water
for maceration is thab the resulting bagasse is much "hotter, .
and as it passes on'to the furnace, it loses .a parb .of the
moisture, which improves the thermal value of the bagasse.
‘It should be' remembered, that the moisture in bagasse.
involves a dead loss in thermal value, as all moisture has fo.
be raised to the furnace temperature and is ultimately lost
through the flue, carrying away all the latent heat of stearmn.
The reduction of .inoistare in the bagasse,.thus, directly
increases the furnace efficiency. Besides, additional -advan-
tage is secured, on account of the high temperature of the
bagasse, before it enters the furnace, With cold water
‘maceration, there cannot be any of the above advantages.
The furnace efficiency is consequently low,. In Java, it is a
practice to provide an additional furnace, which is an exten-
tion of the usual step grate furnace, in which wood is burnb.
The hot gases, from the wood, heats the bagasse, as it enters
the furnace. This preheating partially dries the bagasse,
thus securing better combustion. . ,

The disadvantage with the use of hot water for macera-
tion is, that it heats the rollers, which causes more wear and
tear. I was told in Java, that this' sometimes causes the
loosening of the shaft from the shell. - In Hawaii, where hot,
waster is commonly used, I did not notice this effect, and, even
though the use of hot water makes the rollers hot, no damage
beyond- the ordinary wear is noticed. It seems, therefore,
that the use of hot water for maceration is the best, if a

greater furnace efficiency is desired.

A

The hot water used for maceration is usually “the con-
densed water, also called ‘sweet water” from the 9nd and
later bodies of the evaporator. This water is already Hhot,
and no more steam is required for heating it. When double’
or treble maceration is practised, it is necessary to keep all
the dilute juices separate. This necessitates the provision of
separate pumps for each juice. S '

Motivé power for .mills—The power used for driving
the mills is either the steam engine or electric motors. The
use of elcetric drive for mills is of recent date only. . During
my visits to various cane sugar countries, I saw one mill
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electrically driven in Louisiana, 3 in Cuba and one in
Jamaica. Both in Hawaii and Java, I did not come across
with any mill electrically driven. In Cuba, the most modern
central—Jaronu—erected in the year 1921, has electrically
driven mills. Cunagua is another central, with electrically
driven mills, of the same company built in the year 1917.
It should be remembered, however, that there are other
modern centrals erected in Cuba since then, which have
installed steam driven mills, though all the other accessories,
such as the pumps and the centrifugals, are electrically
driven. In Java, the latest mill--'I'jomal—built this year
-(1923) has installed steam driven mills. In Hawaii, where
the factories are operated at a higher efficiency, the manufac-
turers have not yet taken up the electric drive. It is thus
obvious, that the electric drive has not yet gained favour
with the cane sugar manufacturers, doubtless due to the fact,
that electric drive for mills is considered more expensive than
the steam drive. - S ‘

There is no question, that the steam consumption with
electric drive is higher than with steam drive. It should be
remembered, that, with electric drive, there are two conver-
sions of energy. " First of all, the steam is converted into
electrio energy by means of turbines. The electric energy is
then converted into mechanical energy by means of motors.
'With steam drive there is only the conversion of steam into
mechanical energy. At each conversion, soms power is lost.
With electric drive, there is, therefore, greater loss of energy
in conversion. Secondly, the steam consumption with non-
condensing turbines is higher per B. H. P., than with the
steam engines. There i§ a third fact, which considerably
affects the power factor with electric drive. The motor,
which supplies the power for driving the mills, must be
capable of developing the highest power that the mill may
demand over a limited period. It is known, that, with
electric drive, highest efficieney is secured, when motors are
run at their maximum capacity.. With. electric drive, the
motors run at maximum capacity only for a short period at
certain intervals, when the mills demand more power
probably due to the irregularity in feed, On account of these
three causes, the steamn cousumption with -electric ‘drive is’
higher.- To this, should be added the first cost, in whick
practically there is no saving, as electric drive does not
dispense with any part of the machinery, except the - engines;



97

which are replaced by turbines. According to Noel Deerr,
the steam consumption with Corliss type engines, comes to
about 30 lbs, per B. H. P., and with non-condensing turbines,
it is 33 1bs. per B. H. P. There is another factor, which
increases the steam consumption. With electric drive, it is
a common practice to run each mill by a separate motor.
The collective power of all the motors taken fogether for one
tandem, is considerably higher, than is the case with steam
drive, in which case the  collective drive is very common.
This considerably affects the efficiency. These facts explain
the reason, why electrio drive for mills has not yet gained
favour in the cane sugar industry. - :

. There are, of course, other advantages with electric
drive, and that is, the flexibility of the drive, a better control
on the mills, compactness of the plant, and a better qualily
of the exhaust steam. As said previously, with electric.
drive, each mill is provided with a separate gearing and -a
motor. Consequently, the speed of each mill can be regulated
as required. This becomes necessary, when there.is an
irregularity in feed, to prevent chuking. Some engineers,
think, however, that there is no necessity of so much flexibility
of the drive, and that the speed of the mills “should be uni-
form, and no choking would occuy, if good care is taken in
gecuring a uniform feed. With the.devices to control the
feed as outlined previously, it will not be difficult to -secure
upiform feed. Theflexibility of the drive is, therefore, a
question of opinion, about which there is no agreement
amopgst the mill engineers. . . : ,

With electric drive, there is of course a better control on
themill. As all the adjustment is secured by just turning the
switches, one man can regulate the operation of the mill very
easily. It is this ease of operation, which has appealed to -
many engineers, With e. yine drive, the control is not so
easy and rapid. '

~ Asthe motors, on account of their size, take compafa.—
tively much less space than steam engines, the compactness
of the plant is easily secured, ' :

The exhaust steam from the turbines is free of lubricating
oil  Also,as superheated steam is used for driving the turbines,
‘the exhaust steam is comparatively much drier. There is
not so much loss in condensation. Consequently, the
B 72—7
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exhaust steam, from the turbines, has a greater capacity for
heat transmission. . With steam engines, the steam diractly
- comes into contact with lubricating oil The exhaust steam,
thorefore, contains some oil. Besides, as only saturated
steam is used, which is usually wet, exhaust contains some
<condensed steum, which is practically a loss so far as the
utilization of latent heat is concerned.

On account of these a.dvantages, it is likely that the
electrification of mills will become common in fubure.

As said previously, with electric drive each mill is
provided with & separate motor and a herring-bone gearing~
to transmit the power fo the roller shaft. Central Jaronu
~has two mill tandems of a double crusher and 6 mills of
- 386" x84". Hach crusher and a mill-is driven bya 200 H. P.
" motor of slip ring type, with-a speed of 450 R. P. M. The
electric power is grnerated in a turbo generator of 1,600 K, W.,
* with a turbine speed of 3,600 R. P. M. The current used is
alterna.tmg, triple phase, 60 oycles (55-70) and 480 volts.
The turbo is run by superheated steam of 80-100 1bs. pressure,
the back pressure being 8-101bs. In Jamaica, I.saw one
“mill, electrically driven, in which & collective drive was used.
The mill tandem consisted of a crusher and 4 mills of
30" x 60". The ocrusher and first two wills were driven by
one motor, and the last two by another motor. This arrange-
ment is pra.ctlca.l]y the same as is-usually found in steam
driven mills, and is considered more economic than the
- individual drive. This is the oply electrically driven mill; I
-saw, which had a collective drive.

. Engine drivé.—This is the most common drive with
cane sugar mills, . There are three types.of engines, in use—
.the slide valve, the Corliss valve and the valve ¢ngines. The
British manufacturers favour the slide valve engine probably,
on account of its simplicity of adjustment and operation. In
-countries, where skilled workmen are nof available, this type
of engine is considered to be suitable. ‘I hechief disadvantage
of the slide valve engine is its higher steam cunsumptlon
As there is no automatic cut off for the steam, it consumes
more steam per horsepower, Itis found, thet it consumes
about 40-45 1bs. of steam per B. H. P, which is considerably

high.

The American ma.nufa.cturers favour the Corliss valva
-.engine. The engine is provided with two valves, and an
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automatic cut off. Thesteam consumption with Corliss engine
has been found to be 30 lbs per B. H. P., which is 25 to 30
per cent. less than thatobtained with slide valveengines. This
is of considerable importance specially in countries, where cane
does not furnish sufficient fuel to run the factory. .Some
engineers think, that economy in steam consumplion of
engines is useless, 80 long as all the exhaust is used in the
factory. This reasoning is not correct, because, though a
” low steam consumption may nch give enough exhaust steam,
as may be the case with Corliss valve engines, live steam can
be used much more efficiently and economically to do the -
heating, and evaporation by meansof pre-evaporators. Thus,
the substitution of more economical engines give a greater
chance for economy in steam consumption by means of-
pre-evaporators. : : :

The Corliss type engine requires greater care in adjust-
ment, but when once the valves are set right, thera ia no
further trouble. There is the same ease of operation, -asis
claimed with slide valve engines. -The adjustment of the
valves does not present great ditficulties, as every factory has -
a competent engineer to see that the valves are set right, .
There is, therefore, no velid . reason, why “British- manu-
facturers should not favour the Corliss engine specially when
its ‘economical operation is taken into consideration. - -

The valve engines are in commcn use in Java. . These
engines are provided with double valves, which operate
mechanically by means of a cam shaft-connected to the crank
shaft. The valves operate in the same way as the ones in
internal combustion engines do. - These enginesare considered
to be economical, though actual tigures with regard to steam
consumption are wanting. DBub the very fact; that, in Java
many factories are ranning on bagasse alone, shows, that the
engines are economical in steam consumption.

So far no compound engines are in use in any of the.
sugar factories. Isaw compound engines in use in Hawaii,
only for pumping plants. 'The compound engines are very
ecoromicsl] in steam consumuption, as the steam is used more
than one time, but their first cost is very high. So long there
18 & scope for the utilization of exhaust steam, as is the case
with cane sugar mills, there is no advantage in the use of
compound engines. All the benefits of a compound.engine

are secured at a high first cost, which cannot be justified
unless the fuel problem is serious, . -
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In operating any of the above engines, saturated steam

'is commonly used. It is known; that superheated steam

gives more efficiency.. I consider, a moderate degree of

- superheat for power purposes would be of great advantage.

This will reduce the loss through cylinder condensation as

- well as in the exhaust pipe. I saw one factory in Java, using

v
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a'superheated steam (60 degree of superheat) for -the mill
‘engines. The exhaust steam in this case is decidedly of a-
better -quality. The. pressure. of the exhaust steam™ was
~purposely adjusted to 14 atmospheres; and all the juice
heating, evaporation and boiling” were done without any live
-gteam. The factory was running 80 economically, that, even

- though cane contained 11'5 per cent. fibre and the factory was

making white sugar by the sulpho-carbenatation process, some

- bagasse was saved.

Collective ‘drive versus individual .drive.—~In all old

installations in Cuba and Java, I noticed each mill was driven

by a separate engine through a separate gearing. In ali

" modern installations, the practice is to drive as many units,
- a8 is possible ‘with a common engine, or in other: words, a

‘collective drive’ is the practice. There are a great many

+advantages “in this practice. They are: (1) low steam

consumption, (2) less  operating expenses, (3) low first cost.
.In the .0ld system, on account of the individual drive, greater
amount of steam was consumed doubtless due to the fact that
there is more loss through cylindér ¢ondensation. - In such
a system, the amount of exhaust steam is many times far in

" excess of the requirement§ of the factory, which is ultimately

blown off to the air. This is wasteful. - As the problem of
‘fuel became more and more serious, tlie question of economy

- in steam  consumption became more apparent, with the

result, that all modern installations, except those using

electric drive, have given up the individual drive. The

second advantage is evident, when the saving in expense for

attendence is taken into consideration. The collective drive
reduces the first cost to a certain extent, though this would !
‘not be of 80 much consequences, if individual drive would not
have caused other disadvantages. -

The only advantage, that js claimed with the individual
drive, is the flexibility. The relative speed of difféerent mills
can be regulated, which is not possible with collective drive.
As has been said previously, while discussing the electri¢drive,
it is the opinion of some engineers, that so much’ flexibility

!
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is notnecessary and that no choking would ocour if good care is
taken in securing a uniform feed. In actual pructice, I find,
that the place, where choking commonly ocours, is between
the crusher and the first mill, and for this reason, many
engineers prefer to have a separate engine for the crusher.
There is no doubt, that this gives a better control on the
1 feeding .of the first mill, and reduces to a certain extent the
2 stoppages caused by the choking of the first mill. ‘

In actual practice one, two or three engines are used for
driving the mill tandem. In Linuisiana, T saw mill tandems
of a crusher and 3 mills driven by only vne engine. This is
more’ economical, but still the engineers prefer to-have a
separate engine for the crusher for reasons given above. 'In.
Cuba, where the greatest number of mills are used in a tan-
dem, three enginesare used, one for driving the double crusher,
second for the first 3 mills, and the third for the last two
mills In one modemn central in Cuba,-I noticed only two
engines being used, one for & singlé crusher and 8 mills; and
the other, for the last two mills,” The maximum limit, so far,
seems to be to drive a orusher and 3 mills by one single
engine. Another factory, using a triple orusher.in Cuba, has
also 3 engines for driving the mill tandem, one engine for the
double crusher, 2nd for the third cfusher and 3 mills, and the
third for 2 mills., There is no doubt, that collective drive:
gecures saving in steam and operating expenses.

Speed of the engines and the gearing ratio.—The limits
of speed of the engines are from 40 to 60 R. P. M., 40 to 50
being the «common practice. The speed of the mills is
reduced through suitable gearing, the ratio of the engine
speed to mill speed--also called the gearing ratio—being from
17 to 25: 1. 4n the case of the crusher, this ratio may be
13: 1. Generally orushers are run at high speed,” 3 to 4
R. P. M. being common. Mills, on the contrary, are run at a
spded of 2603 R. P. M,, 2} being common practice. It is
.also a practice fo reduce the speed of the mills in sucedssion
Ffrom the first to the last mill. ~

I saw high speed engines in use ab central Tjomal in
Java, which is the latest factory in that country, being
built in the year 1933. The speed variation of the engines
was from 79 to 140 R P. M,, 'the common speed used
being 120" R. P. M. The gearing ratio in - this case’ was.
65: 1, the speed of the mills being 1'9 R. P. M, In Java.
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mills are run at slow speed, but this is attended with a
thick feed. Contrary is the practice in Hawaii and Cuba,
- where thin feed accompanied with greater speed is the
practice. It is the opinion ef some engineers in Java, that a
slow speed is. necessury for obtainins more extraction, to
secure which, sufficient time must be allowed for the juice to
drain. In order to secure capacity, a thick feed is practised
“but this results in slippage. That seems to be the. reason
why specisl top rollers are used in Java. In Hawaii, where
the highest extractions are obtained, no difficulty has been
felt in draining the juice on account of the Messchaert grooves.
In Java. the latter is not looked upon with favour, reasons
+ for which 1 could not ascertain. However, whatever practice
is followed, the ultimate result seems to be the same. As for
capacity the Cuban mills, on the whole, grind much more
cane in g given time. At the speed given above, the factory
Tjomal grinds about 1,625 tons 6f cane in'a day with a mill
* tandem’ of a crusher and 4 mills of 36"x84". The same
size mill in Cuba grinds about 2,000 short tons or 1,780 long
tons of cane in a day. This is the only factory I saw, where
high speed engines were in use. .

Gearing.—The object of gearing is to reduce the speed
from the engine to the shaft of the mill roller. This is
. secured by a double reduction compound gearing consisting
of spurs and pinions.. The gearing as applied to a tundem
consisting of a crusher and 3 mills is given below:— :

O - 'Fly wheel .
AGeormg
i EB : .
dunfinznnni|
Ll '
-Grusher I . ° s L
Mills

XL Juice w:ighing.’

After the juice is extracted” by .the mills, it ‘is either
weighed or- measured. It is a practice in quite a few
factories to measure the juice in tanks provided with an
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overflow. This is attended with many corrections, whichy,
.in acthal practice, are rarely determined, but more or less
assumed. These assumptions vary with the individual
opinion of the chemist. This vitiates the chemical control.
The basis of a chemical control must be an accurate weight
of cane, juice, sugar, molasses, &6 In volumetric measure-
ment besides the calibration of the tanks, attention is requir-
_ed to be paid to the following points: (1) Allowance must.be
made for the juice remaining in the tank after each .empty-
ing, (2) Allowance for suspended matter in the juice, and
(3) allowance for air. In actual practice, this work of
measurement is left to such olass of 'men, that acouracy 'is
_scarce to be expected, and for this reason, weighing of the
Yuice should be always preferred. In most of the factories,-
where greater attention is paid to -the exercise of chemical
control, juice 1is- weighed. There are at. present three
machines in use for weighing the juice. They are the beam'
scales, the Richardson automatic self-recording machines,
and the Leinert meter. T : o

The beam scales.—These are in use in Cuba, Hawaii
and Java, the mosf common beifig the Howe beamn scales.
There are usually two weighing tanks, one filling and the -
other emptying. In small houses, only one tank is used. bub
in this case a storage tank, to receive the juice, is provided.
These scales are provided with appliances, which punch the
weight of the juice on the ticket at .each weighing. What
the man in charge has to do, is simply to counterpoise the
scale, and punch the ticket to get the weight. In order to -
have a check on the number of -tanks. weighed; it-is a
common practice to provide a counter to each tank, which-
automatically records the filling and emptying of the tanks.
“There is, therefore, a good control on the man in charge of
weighing. The scale balances are the most reliable and
" simple in operation, and for this reason, are preferred. -

The Richardson automatic self-recording machines.—
These are in use in quite a number of factories in Cubha.
With these, both the filling and emptying are done automa-
tically. They are provided with counters, which record the
number of weighings. - They give satisfactory work, as long-
as they are kept clean. When they are dirty, they do not
automatically empty at the right time. On account of this
reason, many prefer to use the beam scales. -
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The Leinert meter.—1 saw. this type in use in some
factories in Java.. A few factories in  British Guiana also
usa this. This consists of two tanks of equal capdeity,
balanced on a knife edge. Fach one is provided with &
siphon pipe, which discharges the juice. The juice to be
weighed, flows first info one of the tanks, and, as soon as it
- gets sufficient weight of the juice, it t11ts stoppmg at the
same time the juice flow, which is diverted to the second
tank. When the tank tilts, the siphon begins to operate,
discharging all-the juice. There is an-aatomatic recorder to
register the number of fillings. ‘This type is reported to be
giving good service. ' S

XII Clarification.

After the juice is extracted by the mills, it is subjected
to such treatment. as will secure the elimination of most of
4he non-sugars. The non-sugars in cane juice, mostly, consist
of albuminoids, pectins, organic acids and colouring matter,
such as anthocyan, saccharetin and chlorophyl. The 'usual
substances, used for clarification, are lime, mostly in the
form of lime cream, and either sulphurous acid, or carbonic .
acid gas. When raw sugar is to be made, oply lime is used.
but when plantation white is to be made, lime alone is nof
sufficient to eliminate the necessary amount of non-sugars.’
Most ~of the gummy and colloidal matter, including the
colouring matter, cannot be removed, unless an excess of lime
is used, which ‘cannot be practmed in the ftreatment of-
cane juice due to the presence of glucose, with which, it
forms a compound, easily decomposable at high temperature .
resulting in the formation of organic acids of a colouring
nature. Colour is an‘enemy. in the making of white sugar,
and not only its elimination is desirable in the beginning, but
ifig reformation during manufacture should be avoided asfaras -
possible. In order to make it possible to use large qnantities
of lime, it is necessary to use either 802 or CO, to neu-
tralize the excessive lime. »

Elimination of bago-cellulose —Cane Julce besides
containing the ingredients named above, contains fine par-
ticles of bagasse, usually called *“ bago-cellulose’’ or cush-
cush. This mainly comes through the disintegration 'of
cane fibre during milling, which cannot be sepa.rabed by the
~usual juice strainers. It is obvious, that in countries, where .
high sucrose extractions are obtained, and, where consequently .
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‘the bagasse is practically reduced to a powdery condition,
ag is the case in the Hawaiian islands, the-amount of bago-.
cellulose is very high. The screens, usually used for the
juice strainers, are of 16-25 mesh, which do not remove _the
finer pasticles of bago-cellulose usually obteined. Hew -
factories have realized the importance of removing, as much
of the fine cush-cush as, possible at an early stage of the
process. Its elimination before the juice is treated with lime,
is necessary, as the latter has certain. undesirable effects on
the bago-cellulose. The- latter, at high temperature, .is
attacked by lime, and partially converted into a gummy
substance called dextran, which gives trouble'later during -
the boiling of low grade products; resulting in a high purity -
final molasses. In one factory in Porto Rico, the elimination
of bago-cellulosé by means of finer strainers, made it possible’
to boil the crystallizer massecuite to sich a low purity as-
54-55 instead of the usual 60, giving the final molasses of an -
apparent purity of 27. Nowhere in the tropics, where the
juices are of a high purity, I noticed the exhaustion of final |
molasses to such a low purity. AL

The second effect of the presencs of bago-cellulose in the -
juice is its appearance in the suzar. The finer particles of
bago-cellulose are held in fine suspension in the juics, which,
do not settle along with the mud in the clarified juice, giving
a turbidity to the latter.. The particles of bago-cellulose,
which escape the attack of lime, nlbimately go through the
sirup into the pan and the massecuite, and are retained by
the centrifugal screens along with sugar grain. The kéeping
quality of sugar, and, to a certain extent, its filtering quality
is greatly affected by the amount of suspended matter in the
sugar, which mostly consists of bago-cellulose. o

One difficulty has been noticed in' the elimination of .
bago-cellulose from the raw juice, before it is treated with
lime, and that is, the difficulty of filtering the mud through.
the press. The press cake, obtained with the usual process,
cousists of 65 to 75 per cent. of cush-cush, which helps the .
formation of a porous cake, easy of filtration and washing.
With the elimination of cush-cush from' the raw juice, a
slimy precipitate is obtained, difficult to be filtered and
washed. This difficulty has been solved by heavily liming
the mud from the juice subsiders to distinet alkalinity, which
gives volaminous precipitate. No difficulty has been met to
filker and wash the cake obtained therefrom. The filtered”
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juice from the presses in this case should be sent back to the

raw juice for redefecation owing to the fact, that it contains-
some lime salts in solution, which forms a precipitate on its
addition to clarified juice. The distinct alkalinily of the mud

18 not desirable, wheu white sngar is to be made, as it imparts

a dark colour to the juice. But in making white sugar,

excessive liming of the mud is not necessary owing to the

fact, that a voluminous precipitate is obtained owing to

excess lime being used for olarification..

If factories find it impossible to obtain mud, easy of
tilbration on account of the removal of the bago-cellulose
from raw juice, there is no reason why it should not be
removed from the clarified juice before the latter is turned
into sirup. It will be to the greatest advantage, if bago-
cellulose is removed from the clarified juice before the
latter is boiled into sirup. This will reduce the amount of
scaling iu the evaporators, and also suspended matter in the
“sugar. It will also rednce the gummy nature of the low
grade products, making it possible to boil final massecuite of
a lower purity. | .
~ In the making of white sugar either by the sulphitation
‘or carbnnatation process, where a heavy amount of lime is
used, there will not be any difficulty of filtering the mud,
even if bago-cellulose <is removed from the raw juice.
previous fo its being treated with lime or sulphur, as the
excess lime will give a voluminous precipitate mainly consiat-
ing of CaS0,; which is not difficult for filtration. In
factories, making white sugar without filtration of the juice,
it is of the highest importance to eliminate the bago-cellulose
as early as possible. Even when juice is filtered, it is
~ desirable to eliminate the bago-cellulose, before the raw juice
is treated with either lime or sulphur to prevent the reactions
already referred to. The presence of bago-cellulose in
plantation white sugar is'one of the causes, which affects its
keeping quality due to its moisture absorbing property.

Method of removal of bago-cellulose.~—~Most of the bago-
cellulose can be easily removed by straining all the juice
through finer mesh wire screens. It has been found possible
to remove much of the bago-cellulose by straining the juice
through a 100 mesh screen. This does not remove all the
bago-cellulose. Some finer particles still pass through, One
factory in Hawaii is using 100 and 120 mesh screens to
remove the hago-cellulose from the clarified juice. It may
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be possible to use a 150 or 200 mesh screen,. which is
expected to remove the bago-cellulose completely. In 1sing
screens finer than 100 mesh, one has to use two or three
screens of different mesh, varying from 100 to 200 mesh. -If
only one screen of 200 mesh is used, it will cause constant
choking of the screen, requiring constant attention, though it
may eliminate all the bago-ceilulose. ' dtratning the cold
juice reduced in one factory suspended matter in the cake
from 30 per eent. to 1'7 per cent., and reduced the amount -.of
cake by 40 to 45 per cent. ' , -

I saw two kinds of antomatic continnous strainers, which
are used to separate the bago-cellulose from the- juice either
raworclarified. One is the Carter automatic strainer, and the .
other, Peck strainer used in Hawaii. The Carter automatic
strainer is a closed cylindrical chamber, containing three
cone shaped screens of 40, 60 and 80 mesh, attached fo a
central rotating shaft. The juice enters at the top, and passes
guccessively through the three screens, remowing the bago-
cellulose to a cenfral well, from which it is removed to the.
mud tank, if it be used for straining the clarified juice or is
-sent to the juice strainer of the mill, if it be used for straining
the raw juice. This apparatus does good work. No. extra
power is required to rotate the central shaft, as this can be.
done with gravity flow of the juice  through a height of
8—10 feet. Different meshed screens can be put to suit the
requirements of any factory  This strainer, however, is
expensive in first cost. The screens are also found to wear
quitkly.” ' , P

The Peck strainer, on the other hand, is very simple in

_design and cheaper in first cost. It consists of a 100 mesh
monel metal rotating screen fixed in the form of a horizontal
cylinder with a -shaft in the cintre. This is connected
through-a gearing to a driving pulley. It rotatesat4 R.P.M.
The raw juice is allowed to fall on the rotating screenm,
through which, the strained juice flows, while the - cush-cush
rewains on the screen, which is scraped off by automatic
scrapers. . :

In countries, whera labour is cheap, .as is  the case in
India, long rectangular screens of 100 mesh can he -used ‘to
strain all the juice, the cush-cush, that is accumulated on the
soreens, being removed once in a while by the attendant.
This is the simplest and the cheapest ‘device and can be
prepared by any factory if a proper mesh screen is available.
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Defecation for mdking raw sugar.

. 1., Liming.—The strained juice is immediately treated .
with 4 lime cream of 12°-15° Baume, and is thoroughly mixzed -
with the same either by compressed air or by paddles, the
- former method being preferable. It is desirable to mix the
lime thoroughly well, before the limed juice is sent through .
the heaters for f®rther treatment., With improper mizing a
certain portion of the juioe becomes strougly alkaline, which
gets dark coloured in the juice heaters through the decom-
position . of lime compounds of reducing - sugars. - A part of .
the juice, which remains strongly acid due to “this improper
mixing of lime with juice, 18 subjected to inversion in the
juice heaters. This improper mixing of the juice will thus
result in bothinversion of sucrose and destruction of glucose-
~ reactions, which cannot be detected from the purity or the
gluacose ratio of the treated juice, when both the reactions
go on simultaneously. : . ’

The amount of lime, required to be used for “defecation, '
depends upon the fact, whether an acid or alkaline clarifica-
tion is desired. At present, there are two practices, either of
which is followed by the sugar factories. In both the cases, "
the juice is kept as neutral as possible by lime,—with this differ- "

. ence, that in one case, the juice is run on the acid side, and in "
the other case, on the alkaline side. In Cuba and Louisiana,
the former is the practice, while, in the Hawaijau islands the
latter is'the practice. Different claims have been marde by the -
advocates of these practices. While the alkaline clarificatipa °
tends to increase the dark colour in the juice and sirup, and '
-ultimately darkens the sugar o a certain extent due to the
destruction of glucose by lims, it is found to give a better -
recovery due to minimum amount of inversion - The latber
is true fo a cerbain extent, because even though loss through
inversion is minimum, it increases the viscosity of low grade -
molasses due to the presence of lime salts, resulting in a
‘poor boiling of the low grade massecuite, and yielding final - -
molasses of a much higher purity. Thus while the undeter-
mined loss, which represen’s the loss through inversion, is-
lower with alkaline clarification, this has been compensated
'to & certain extent by the increased loss in molasses. In

Cuba where an acid clarification” is practised, the loss in
undetermined is high, but the loss in molasses is low. While
in Hawaii; a retention of 90-91 (sucrose in sugar per -cent.
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sucrose in juice) has been obtained with alkaline clarification,

-in Cuba, even higher retention has been obtained with an
acid clarification. Which clarification should be followed by
any particular factory, depends upon the glucose content of
the juices. In the Hawaiian islands, the glucose in the juice

-is very low not above 0°50 per cent., while in Cuba it is about
1 per cent. and in Louisiana it is 1'50 to 200 per cent. It

- will be risky to run an alkaline clarification with juices con-
taining a higher .amount of glucose. This explains, why
Hawaii, Cuba and Louisiana follow different practices. .In
India, where the juices contain & higher amount of - gluceose
than what is found in Hawaii, an acid clarification is the
safest. = . -

The reaction of lime on the organic acids of the cane
juice is controlled by different indicatorsy which have . caused
a good deal of confusion at the present time on account of
the different sensitiveness and the different point of neutrality
they indicate. A solution, neutral to litmus, is not neutral
to phenolphthalein, while one, neutral to the latter, iz nof
neutral, if its pH valueistaken'into consideration. -Itisthere-
fore of the utmost importance to select the proper’ indicator.
The use of litmus as an indicator is not reliable even though
it affords simplicity of operation, because it is difficult to -be
obtained pure, and is not so sensitive to organic acids, with
which one has to deal in sugar manufacture. - Its use, in. an
atmosphere, saturated with SO; or CO, is wunreliable.
Phenolphthalein is sensitive enough, and is much preferable
to litmus, but it does not change its colour, unless the solu-
tion is distinctly alkaline. Thus a solution, neutrfal to
phenolphthalein, is not really neutral but is alkaline.

The control of reactions referred to above, is necessary
to prevent two evils, namely, inversion caused by acids, and
destruction of glucose caused by lime. Both are undesirable
and while it is impossible to prevent them completely, it is
possible to minimize their effect. In the making of planta-
tion white sugar, colour is of the ntmost importance, and an
alkaline clarification is distinetly harmful, and is hence never
followed, even though it results in greater loss through
inversion. In the making of raw sugar, colour is not of so
much consequence, if the latter can be kept within certain
limits. , , : |

- The present method, for controlling this reaction, is: a
titrabior of 10 c. c. of juice with N/10 alkali (usually caustio
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soda) or acid (HC1) agsinst phenolphthalein as an indicator.
The number of ¢. ¢. required to develop or to discharge the
-colour of the indicator, is designated as the acidity or
alkalinity of the juice respectively. -In Java, it is expressed
as the number of milligrams of CaO or SO, per litre of juice.
This method merely shows the total acidity or alkalirity of-
the juice without giving any indication as to the concentra-
tion of H or OH ions, which are chiefly responsible for
inversion of sucrose and destruction of glucose respectively.
For inatance, a N/10 acetic acid solution, and a N/10 HAC1
acid solution, would require the same number of 6. o. of N/10
causbio soda for neutralization, buf there will be a marked
difference in inversion with the same amount of the two acids.
It is well known that the organic acids, with which the sugar
manufacturers have to deal, possess a very low power of dis-
sociation, which affects the conceuntration of the H ions.
What is, therefore, desired in the control of the reaction, is
not the total acidity or alkalinity, but”the °dctivity’ of the
aoid, or in other words, the - concentration of the H or OH
ion, v

' The concentration of the H jon may be determined in two
-ways, electrometrically and colorimetrically. The former is
the most accurate, but is attended with the practical dithcul-
ties due to the presence of suspended impurities and colloidal
matter in the cane juice, which afects the electrodes. The
colorimetric method, on the other hand, is easy and rapid,
‘and fairly accurate, and the procedure is as simple as &
litmus paper. This method of determining the H ion concen-
tration depends upon the changes of colour or hue, which
ooccur, when solutions of various indicators are subjected to
gradual changes of H ion econcentration, Dr. Brewster, of
‘the Louisiana sugar experimeat station, has evolved a colori-
metric method, which consists in adding one drop of the
indicator solution to 3 drops of the test solution, and the
celour, produoced, is matched with the standard buffer solu-
tion, whose pH valuo is known. The pH value of the buffer
golution; that matches with the colour of the test solution,
is then the same as the pH value of the test solution. Tha
buffer solutions can be easily propared from standard buffer
tablets, which are available on the market. |

The pH value of a truly neutral solution is 7°0. "Any
solution showing a pH valoe below 7'0-is acid, when it is
above 7; it is alkaline. In controlling this reaction, therefore,
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one has fo bring the pH value of the juice to as near 7 as
possible.. This method is the most rational, reliable and
accurate of all the methods followed so far. This will be
evident from the fact, that, while the acidity of the
juice after its treatment with hme in a raw sugar factory in
Louisiana is 0°2 to 03 ¢. ¢. of N/10 NaOH w1t.h phenolphtha-
lein as an indicator by the - titration method, according to
Dr. Brewster, colorimetrically its pH value is a.pproxxmately
7 or slightly Iess showing that the juice approaches true
neutrality, and is not acid as will be supposed from the titra-
- fion results, Dr., Brewster recommends the following H i ion
- indicators in cane sugar faclories :—

(1) for testing raw juice : Methyl red (Ortho ca.boxy'
benzene azo dimethyl aniline) Con. 0°02 per cent; pH
range from 44 to 6'0; colour change, red to yellow ‘

(2) for testmg the neutrality of either limed or
sulpho-limed juice ; Phen~l red (phenol sulfon phthalein),
con. 0'02 per cent.; pH range 6 8 to 84; colour change
yellow to red..

(8) for testing the amd:by of the sulphited juice:
Brom Pheno! blue (Tetra bromo. phenol sulfon phtha-
lein), Con. O 4 per cent.; pH range 3'0 to 46 colour
change yellow to blue. -

Full details as regards the tﬁeory of colorimetric method,
as well as the theory of indicators, are given in Dr. Cla.rk’
" book on the determination of H ions.

‘In Louisiana, the acidity is usually determined by the
titration method with phenolphthalein a8 an indicator. The
raw juice is liméd to 02 to 03 cec. N/10 NaOH. In Cuba
the juice is kept faintly acid to libmus paper. In the Hawaiian
-islands, the juice is limed to a slight alkalinity to litmus
paper. As has been said previously, litmus as an indicator
is not sensitive and is unreliable. It is far better to use
phenolphthalein as an indicator. Anacidity of 0'2 to 03 c.c.
of N/10 NaOH with phenolphthalem as the 1nd10ator, is the
best from the point of minimum inversion. -

9. Juice heating.— After -the juice is limed and well
mixed, it is passed through juice heaters, in which it is heat- "
ed to a temperature of 200° to 220° F'. .Factories, following an
acid clarification, usually superheat the juice to 215°-220° F
which gives a better settling. Factories, following an
alkaline clarification, usually heat the juice to 200° F, and
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- also get good settling. In this case, a higher temperature is
" thought undesirable, proba.bly on account of the possibility
~ of glucose destruction.

. The juice heaters commonly used are the horizontal,
. multi-pass, juice tube type. The tubes are either of brass or
- copper, about 2.inches in diameter and 20 feet or more in
- length, through which the juice is pumped at a pressure of
. 40 1bs. The juice flows at the rate of 400 feet or more per
- minute, In order to prevent scaling, a velocity of 500 feet
per minute is thought desirable. Modern tendengy-is to.run
,the juice at a hlghet velocity to minimize scaling. For
- juice heating, mostly exhaust steam of aboui 4-5 Ibs.
pressure is often used, though, in many factories, it is par-
tially supplemented or completely replaced by live steam,
" when sufficient exhaust steam i5'not available.

. 8.. Settling.—The next operation is to pass the heated
juice into sebtling tanks, These may be either' rectangular
or cylindrical in shape. =They ate somefimes provided with
heating coils 1n81de, in order to heat the‘]ulce to cracking
" point, before it is allowed to settle. This is followed in
factories, whete juice cannot be heated to '212° F' in the
juice heaters. In modern factories, heating coils have been
- found 6 be unnecessa.ry, as the juice can be heated to 215°-
*'920° F, easil} in the juice heaters, The importance of in-,
~ sulating these tanks, so.as to promote better settlimg, has not
. been so well understood by. sugar manufacturers. Only in
, the Hawaiian islands, this point has been well attended.
There not only are the tanks well insulated on the gides, -but
.even the tops are covered and insulated. When tanks are
. not insulated, convection currents, set up by the rapid cool-
. ing of the juice at the surface, as well as the sides, interfere
with the process of settling.’ "Not only, therefore, s there a
loss of heat through cooling of the juice but in addition, a
. poor settling is obtained. Modern practice is to provide in-
sulated tanks. The time, required for settling, is aboub an
hour. Delivery cocks are provided at different- levels to
decant the clear juice to the storage tank, while the mud,
-that settles at the bottom of the tanks, is sent to.separate
mud tanks for further treatment. This is a discontinuous
process-of settling, which is the easiest and simplest in oper-
ab10n, and is by far very common. It gives a clear good
“juice provided, it is properly attended to. It involves per-
lonal element, which affects the quality of the work.

N
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In countries, where labour is scarce and dear as in
Louisiana and Cuba, continuous settlers are coming into
general use. The old type of the' continuous settler is the
Demining’s. This consists of an insulated verticle, cylindri-
cal tank with an inverted cone inside as below:— =

D T

l?——‘_—)— Glear Juice om}ei--
+ . o
g7y

Mud outiet. .

The juice enters ak the top in the outside vessel, goes to
the bottom, where it deposits the mud, which is intermit-
tently removed through the pipe at the bobttom, while, the
clear juice goes above .through the cone, and ultimately
comes out through the pipe at the top.  The Demming’s
settler has one defect and that is, it is not sufficiently elastic,
so that the rate of flow of the juice can be changed, which is-
sometimes necessary, when juices, which settle with difficulty, .
are met with. _All modern installations havg abandoned:
this practice. . oo

There is ab present on the market another continuous
settler, which is being looked upon with greatfavourin Cuba.
It is the Dorr olarifier, which was tried in Cuba at cenfrals
Mercedita, Violeta, Manati, and Elia to the satisfaction of
sugar manufacturers. In Cuba, anything that will save
labour, has & great fubure. ‘ . )

The *Dorr clarifier not only saves Jabour, but provides a
continuous automatic system of settling, requiring very little
attention. Itconsistsof an insulated covered cylindrical steel
tank, which is divided into 3 or more compartments by in-
clined steel trays, over which the mud is .deposited. Over
each tray rotates slowly, ab one revolution per 4 minutes, a
scraper, which directs the mud to the central.well, from
which it sinks to the bottom, where from it is continually
withdrawn by a pump. Thereisalso ascum scraper attached
at the top to remove the floating scum. The hot juice from
the heaters is directly pumped into the clarifier, from which
the clear juice comes out continually as an over-flow. The
* See figure on page 119, .

B72-8 -
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juice remains in the clarifiers for about. 2 hours, by which
time, most of the suspended mafter is deposited. The ad-
vantages of the Dorr clarifier are: —(1) It, being & continu-
.ous process, saves labour as well as space. (2)-It gives a
continuous flow of clean bright juice without any. appreciable
loss of heat in the clarifier due to its being insulated, whick
means & saving in steam consumption. In Cuba, juice could
. beeasily supplied to evaporatorsat 200° F.(3), Themud, that
is continually withdrawn, is dense, and conscquently contains
less juice. This is required to be diluted with little water,
before it is pumped for filler press; without further liming
and heating. The dilution of the mud with water, reduces
the sucrose loss in press cake. The amountof mud is reduced
from 10 to 5 per cent,, which is also responsible in reducing
the loss in press cake, thus increasing the_retention. (4) It
- gives a bright clear juice of better quality, as it reduces the
irregularity due o human element to its minimum,

In central Mercedita, the results, obtained since the
installation of Dorr clarifiers, are very encouraging indeed.
Not only the quality of the sugar was markedly improved by
"the reduction of suspended matter in it (it was reduced from
019 per cenb. to 0 06 per cent.) but the sucroseretention was
increased. The amount of extra fuel saved per day was
50 per cent., while labour- was considerably reduced. The
- following figures give an idea :— :

-

Defecation.
Ordinary. Dorr olarifier.
. Miligrams of insoluble matter in sugnr. <o - . 63
Cleanliness of pugar . -3 65 1 75
* Bucrose in oake per cent. . 6715 ' &5
Consdmpbion of 0sa] tons per day e 168 88

-- .For conditions in India, where labour is comparatively

. cheaper, the use of discontinuous insulated tanks will be

. economic. Though Dorr clanfier gives on an average a

. clearer juice on account of the elimination of the perst_)nal

element, its first. cost is very high, and its introduction into
India, so long labour is cheap, is of doubtful economy.
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4. Treatment of the mud.—The mud, obtained from the
settling tanks, is then usually treated with 'more lime, heated
to boiling and is then either allowed to settls, or directly

.passed through the filter press. The dbject of adding lime to
mud again; is to promote better settling and obtain an easily
filterable mud.. So long, the mud is not made alkaline, this
practice is not open to any objection, but usually, the addi-
tion of lime to mud is carried to distincs alkalivity, which is
objectionable on account of the destructive action of excess
lime on glucose, rendering dark colour to the filter- press
juice. Besides due to alkaliniby of the mud, the clear juice,
obtained therefromn either by settling or filtering through the
press, contains some lime in solution, which precipitates some
more of the non-sugars on its addition to the claritied juice.
This precipitate is ultimately deposited in the evaporators as”
a scale, which considerably affects their evaporation capacify. .
1t is, therefore, desirable, that the juice, obtained after relim-.
ing of the mud either by settling or filtering through the
press, should be sent back to the raw juice for redefecation.
When plantation white sugar is to be made, it is necessary to
avoid the excess of lime for treating the mud so as to preven$
the formation of dark coloured *compounds. In order fo.
promote better settling and filtering, filter-cel is used.in some
factories, but its use has not become -general probably due to.
its cost. : B

Most of the factories resetitle the mud. . The clear juice
obtained therefrom, is usually mixed with the clarified juice,
which is not a good practice for reasons given above. The mud,
obtained from the resettling of the first mud, is then directly
pumped to the filter press. Factories, having sufficient filter
press capacity, do not resettle mud, but directly pass it
through the press, after it is treated with lime and heated.
Usually factories are not provided with sufficient filter press’
capacity, in which case, resettling of the mud begomes a
necessity in order to cut down the work of the press.

The mud, obtained from the settling of the juice or re-
settling of the first mud. is then filtered through a press so as
to separate clear juice from insoluble solids. For this pur-
pose, plata and frame presses are used in all the cane sugar
factories. - These work fairly well, but require constant atten- -
tion owing to leaks through cloth. The pre:s consists of
alternate plates and frames, pressed together by means of a
gear. In new designs, instead of & gear, hydraulic closure is
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used. The thickness of the cake depends upon the thickness
of the frame, which in furn determines its filtering capacity.
A thicker frame gives a thicker cake, which in turn gives
more trouble for washing.

In a press generally, two kinds of plates —called the juice
plates and waler plates—are provided. There are also pro-
vided two side feeds, one for the juice, and the other for the
water, the direction being reversed in the latter case in order
tosecurea thorough washing. Between the plates and frames,
are stretched the cloths. Each plate is provided with a
channel and a.cock, through which the filtrate runs out.
When water is used for washing the cake, the cocks on the
water plates are closed so that water has to travel through the
cake into the juice plate, before it runs out of the press. This
secures better washing. The press is, therefore, set in the
following order : filter head, frame, juice plate, frame, water
plate, frame, juice plate, frame, &c. .

A few houses in Louisiana are equipped with Sweetland
pressed. They are leaf presses, are self cleaning but are ex-
pensive in first cost. On account of self cleaning device,
they can be cleaned in a short time and reused. Sofar, T
noticed them in a few houses in Louisiana, but no where in
the Tropics they have been used. Their use is getting more
extended in the refinerjes. ' ‘ '

The mud is pumped through the press by means of a
duplex pump or a centrifugal pump in electrified houses at
a pressure of. 49-60 1bs. Ibis not safe to exceed this limit,
as it may result in breaking the plates. KEven a pressure of
40°1bs. is not desirable, as’it forms a compact cake difficult
for washing owing“to the formation of channels in the cake.
In Cuba and Porto Rico, washing the cake has not resulted
in reducing the sucrose content of the cake to such an extent,
as i3 obtained in the Hawaiian islands, where the presses are
asually run at a low pressure. On account of the compact™
nature of the cake, obfained through high pressure, at which -
“presses are run, water used for washing does not permeate
the cake .but forms channels resulting in partial washing.
In Cuba, due to insufficient press capacity, cake 13 sometimmes
not washed, but is hardened and dried by either steam or air,
before the press is dumped. The sucrose, in the press cake,
amounts to 8-10per cent. Kven when washing the cake is
practised, the sucrose, in the cake, has not gone below 4 per.
cent. In the Hawaiian islands, press cake rarely shows more
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than 1'5 per cent.sucrose. There presses are usual]y_;'un ub 2
pressure not exceeding 25 Ibs. In some cases, mud 8 fed to
the presses by gravity alone, for which a verticle fall of about
10 feet is used. A low pressure gives a porous cake, which is
easy for washing. Water for washing is, however, forced
» through the press at a pressure of 40 to 60 lbs. It ig,
* therefore, desirable to run the presses at a low pressure-not
exceeding 23 lbs. 8o as to form a porous cake easy for wash-
ing There is also another advantage. Presses running at
a low pressure do nob leak so much, and give a long life to
filter cloths. . S

After the press is full, which is recoghized by the slow
running of the filtrate, and also by the increase in pressure,
- it is usually washed with hot water, which is fed in the
opposite direction. In factories, where presses are run at
high pressure, washing results in the formation of channels.
In someof the factories in order to reduce the losses in press- .
cake, double filtering is practised. For this purpose. cake
is not washed in the 1st filter press but is simply dried by
air, is then dumped, and the cake pugged and mixed with
water, and the mixture is again filtered through "another
press. This is” the most effective method of reducing the
press cake loss, but demands an increased press capacity,
which is usually insufficient in most of the factories. In Porto
Rico, one factory was able to reducé the sucrose content of
the cake from 5 to 1'5 per cent. by means of double pressing,
“The chief advantage of double pressing, is the reduction of
the amount of water required for washing, which requires not
only extra fuel to evaporate all the water, but is attended
with & loss of sucrose through inversion and fermentation.

. 1t has been known that, one of the sources of undeter-
mined loss in sugar manufacture is the washings from the
presses, which are very susceptible to inversion and ferment-

,ation. Factories, using plenty of water for waehing the cake;
- suffer this loss indirectly as it cannot- be determined
directly. A low sucrose in the press cake, obtained with the
use of plenty of water, is, therefore, no indication that the
sucrose thus obtained is recovered in sugar.- In order to
minimize this loss, washing of the cake should not be con-
tinued over a long time, ag is usually the case, a period of one
hour being considered safe. It is claimed by-the advocates of
the Dorr Petree process, that washing the cake hus another
disadvantage—that it-redissolves some of the precipitated
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impurities, which again enter the house. How far this is
" true, has so fur not been verified.

The filtrate obtained from the press is usually. clear bub

slightly dark coloured. This clear juice is usually mixed
with the olarificd juice, before it is charged to the evaporat-
~ors. This practice is not desirable, because (1) the filter
press juice is usually alkaline, which, on addition to clarified ’
juice, imparts turbidity to the latter, on account of the pre-
cipitation of some of the non-sugars. This precipitate causes
- 8caling in the evaporators reducing their capacity consider-
ably ; (2) the presses many times leak, which is not detected
in the ordinary course. The result is, a dirtv juice mixzes.
with the claritied juice, causing rapid fouling of tha evaporat-
" ors.. As a maftter of precaution, it is better to send back
this juice to the raw juice tanks for redefecation. Some
factories in Cuba follow this practice as a matter of precau-
tion with consequent increase in evaporabion capacity.

After the cake is washed with water, it is dried either
with steam or compressed air, after which the -press is
dumped., _ ' ’

b, Dorr Petree process.—This is a new process of clari-
fication originally patented in 1916 by Messrs. Thomas-and
Petree, the chief inspecting chemist and engineer of the
~ Colonial Sugar Refining Company of Australia, The chief
point, which has attracted the attention of the sugar techno-
logists all over the world to this process of clarification, is
that it completely eliminates the filter press station in a
modern sugar” house. To those, who know the amount of
labour,; investment and upkeep involved in the filtér press
station together with its attendent troubles and dirt, the
introduction. of a process, that will eliminate this station alto-
gether, will come as a blessing. In this process, the mud
obtained from the subsiders, is sent to the mill, instead of being
- further treated and passed through the press. In order-to’
get & denser mud and thus reduce its quantity, a special con-
tinuous subsider called the ‘Petree volute flow subsider’
was designed. Thisconsists of conical shaped insulated vessel,
in which the clear juice runs oub in continuous stream by an
over-flow, while the mud, which settles at the bottom, also
runs continually by a separate over-flow pipe.- This subsider
gives mud of a greater density th-n that obtained with ordi-
nary defecation, making it possible to be directly applied to
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the bagasse of milla. Recently, Petree has recommended the
use of Dorr claritiers, instead of his original subsiders, which
are no doubt more efficient, and give a mud of still- greater
density, and consequently of less volume. The recent
success of the Dorr clarifiers in Cuba, has brought this process
into greater prominence, :

The following ure the deta.lls of the process :—

“The juice from the 2nd mill (which contains most'.

- of the gummy and colloidal impurities, expressed in- the

heavy second and later crushings) is preliminarily
defecated and separately setbled aud decanted.

“The resulting clarified juice joins the- first- mill
juice, and thls rich mixture is defecated and settled.

“The rich mud.from the. settling of this mixed
juice joins the second mill juice prior to its bemg,
preliminarily defecatied and settled.

~ “The clear j juice resultmg from the senblmg of the
. defecated mixed juice is sent to the evaporators.

“ A ‘special mud from the- settling of the second
juice plus rich mud, is returned to ‘the bagasse at an
early stage of the crushing wmhout prejudice to the
eﬁimency of extraction at the mills.”

A rough sketch is given below to expla.m the’ proc’ess —

- Water

o o
O oo{) %
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heated # Dorr | P .
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- When 4 mills are used, . the juice from the Jast mill is
.not defecated, but is put on to the bagasse from the 2nd mill,
water being applied to bagasse after the 3rd mill.

.. This process is in use at present in a number of factories
‘in Australia, at Uitvlugt plantation in British Guiana,
central Soledad in Cuba, Paia and Punene plantations in-
Hawaii. The results, so far obtained, are not conclusive.
Doubtless there are some difficulties, whmh need solution
: Eefore definite results can be obtained. .Some of the dlfﬁcul-

ies are :—

(1) The eﬁ’ect on sucrose extraclion.~—In all the
new installations of this process, both in Cuba and
Hawaii, it has been noficed that sucrose extraction has
been reduced by over 1 per cent. .The returning cf the
‘mud to the bagasse, which is richer in sugar than the

. juices of the subsequent mills is bound to affect the
extraction to some extent, unless it is accompanied with
more maceration. Central Soledad obtained a slightly
higher extraction with this process, to secure which, the

" macération water has to be increased by 25 per cent. A

. loss.of 1 per cent. in sucrose extraction doées not compen--
.sate for the saving in press cake, - which, in well equipped
factories shows little loss. In the Hawaiian islands
where the press cake contains a little over 1 per cent.
sucrose, & loss of 1 per cent. in extraction is a heavy
loss. At Paia, where record has been made for the

- highest sucrose extraction so far obtained with milling,
the following compa.mtlve figures have been obtained :—

1931 1928
Ol Progeps. | New Process.

Buerose per cent. baga.sse 073 1-42

Bin juice per cent. S in cane 98-90 97-54
8 in press cake 116
'8 lost in press cake per cent. 8 in cane 0-22 .

_ 8 in cane 14:16 18-87

8 lost in extraction per cent. 100 8 in cane . 1-86

.Bucrose saved in press cake per cenb. 100 8 in cane ... 0-22

Net loss per 100 8 in cane -1:14

8 =8ucrose. -

, Assuming, that 1,000 tons of cane are to be ground
per day, and that cape contains 13'5 per cent. sucrose,

F
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‘the total sucrose entering the mill is 135 tons, out of
which, 1'6 tons of sucrose is lost due to this process
every day. : :

- (2) Upsetting of the chemical control.—On accountb
of the return of the mud back to the mill, it is not possi-
ble to obtain raw juice samples without an admixture of
the juice from the mud, which is in continuous circula-
tion. The chemical control, therefore, starts with the
weighing of the clarified juice. The sucrose extradtion
is based on the sucrose in the clarified juice, in -which
case, no account is taken of the loss of sucrose during
heating and settling. Secondly, in the old process, no
account of the fibre in the cush-cush, .that finds its way
in the juice, is taken into consideration. With "the
Petreo process, all that finds its way in the bagasse.~
On account of the above two reasons, the sucrose extrac- -
tion, obtained with4he Pefree process, is shown higher
than what is actually the case, while, that obtained with
the old process, is shown lower than what is actually
obtained.* OUn account of the upsetting of the chemical
control, it is practically impossible to get comparative
figures. . . L

(3) Effecton extraction with tandems of few mills.—

Factories, having only a-crusher and 3 mills, com-

‘paratively suffer more loss in sucrose extraction, and
it is doubtful, whether-it will be economic to instal this -
process in tandems of less than 4 mills. Even factories, -
having 6 mills in a tandem, have suffered in extraction.
(4) Effect of the amount of : maceration water.—

Factories, using a. low amount 6f maceration to. the .
extent of 15-20 per cent. are likely to suffer in extrac-
tion a3 well as in capacity. The former can be increased
if more maceration is practised, but it will decrease the
nilling capacity. Factories practising over 40 per cent.
maceration, may not suffer in extraction and capacity to

: I;;];e same extent as the ones practising a lighter macera-
ion.

These difficulties will no doubt be overconie as more
experience is gained. The Dorr Petree advocates, on other
hand, claim a higher boiling house recovery, but it is open to
question, how far that is due to the Petree process alone, - In

* According to Mr. McAllep, about 3 to 2'5 per cent, less sucrose is credited with
Petreo process, ) . . oo s
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Cuba, Dorr clarifiers alone haye increased the boiling house
efficiency to the same extent, and it is, therefore, probable,
that'most of the benefits, obtained with regard to boiling
hoase efficiency, may be due to the use of Dorr clarifiers.

In India, where labour is inuch cheaper, the installation
of & Dorr clarifier will be véry expensive on account of the
first cost. Without the Dorr elirifiers, the Petree process
cannot be worked successfuliy. Besides, the process demands
a royalty. Taking these facts into consideration, there is not
much chance for its economical operation in India at least at
the present time.

The above outline represents the general practice of
~defecation for manufacturing raw sugar from cane. When
cane juice contains more silica, due to the alkalinity of the
“soils, on which cane is grown, as is reported to be the case on
the Rosehall estate in British Guiana, a slight modification
of the process is mecessary in order to eliminate the silica.
The sugars, made on that estate, were found to offer great
difficulties in refining which was traced to the presence of
gilica in the sugars. The silica, which is present in the form
of organic compounds in cane juice, is not precipitated by
ordinary defecation. The superheating of cane juice before
liming, has been found to precipitate the organo-silica
compounds. The modified process, followed at the said
estate, is as follows:—Raw juice is heated before liming fo
240°-250° F, after which it is passed through an explosion
box, and is fthen limed to litmus neutrality. Lime is
thoroughly mixed with the .hot juice, after which the
mizture is heated to 210°-215° ¥, and is then sent to
settling -tanks. The further process is the. same. This
method proved to be successful in removing a great part of
gilica. The amount of inversion, that is likely to Le caused,
by the superheating of the juice, which is distinctly acid, is not
known. Laboratory resultsshow that the loss is inappreciable.

. Clarification for making pla;ztation wlite sugar.

: The, importance of removing fine particles pf cush-cush
before liming by means of strainers has been already referred
to. There are at present 3 or 4 methods of making planta-
tion white sugar directly from cane, that are in usé in the
various , cane sugar ocountries of the world. They are:
(1) sulphitation, (<) carbonatation—single or double, (3) sulpho-
carbonatation or acid thin.juite process, and (4) kieselguhr-
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char process. Out of these, the sulphitation is common’in
Louisiana, Mauritius, and also to some extent, in Java.
The second and third processes are followed in Java, though
the sulphitation is getting comnmon. The last one was tried
in Louisiana but proved to be commercially unsuccessful.

A few considerations have to be wade, before the
suitability of any of the above processes to meeb the special
conditions in any country is decided. Of theabove processes, .
sulphitation is by far the cheapest and simplest process, for
making plantation white sugar directly from cane. In the
sulphitation process, wuch more lime is used than what is
usually used in the ordinary defecation process, the excess
lime being neutralized by sulphurous acid gas generated by
burning sulphur in special stoves, This process is usually
attended with the settling system, the mud being pressed
through the press, while the clarified juice may be filbered
through gravity filters—called bag filters. Qn the other hand,
in carbonatation process, a far greater amount of lime is
used, which is neutralized with carbonic acid gas, instead of
with sulphurous acid gas, generated by burning limestone,
The amount of limme used per ton.of cane is | 1b. or less with
defecation, 13-2 1lbs. with sulphitation and 10-15 lbs. in
carbonatation process. It is- thus obvious that the amount-
of lime used in carbonatation is 10 times that used in
sulphitation. This becomes expensive. Dr. ‘Geerligs, in
comparing the two processes, estimates that, in the sulphita-
tion process, the cost of lime and sulphur per 1,000 tons of
cane is £ 5-11-2, while in the carbonatation process, the cost
of limestone alone comes to £16-0-3, while the cost of lime-
stone and coke together comes to £ 26-18-8. It is, therefore,
evident, why it is essential*to have a chesper limestone avail-
able in the vicinity of the factory. Against this, it should be
remembered that, carbonatation process gives a decidedly
better grade of sugar, because, on account of the excess lime
used, there is a greater energetic action of lime, whereby, a
great part of the suspended matter together with gums and
pectins, are percipitated. rendering the juices readily filter-
able. _On account of the filtering of all the juices, the
resulting juice is bright and clear. It is also said, that the
Process gives a greater yield of sugar, which ocanpot be
easily demonstrated. Dr. Geerligs, in his book on ‘ Planta,
tion White Sugar Manufacture’, gives 100-32 as the -yield
from the double carbonatation process, against 100 by the
sulphitation process. Tn tha snlphitation nrocess. an asaannt
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‘of the acid medium, a greater loss due to inversion is quite
likely. This increase in the yield of sugar is nobt large
enough to justify the installation of a carbonatation process,
which is very expensive.

On account of these facts-——largeamount oflime required,
the necessity of a greater filter press capacity, and
the filtering of all the juices 2 or 3 times, the process
- becomes expensive. . Besides a carbonatation process is
accompanied with a troublesome and complicated lime
kiln system, while, in the sulphitation process there is a
system of repeated settling, which is comparatively much
simpler. To run a kiln for burning limestone, in order to
generate carbonio acid gas, as well as prepare lime for the
factory, it is necessary to have cheaper supply of coke, which
~also adds to the cost appreciably. Taking all these things
into consideration, and specially simplicity of operation and
cheapness, sulphitation is the . most suitable prdcess for
making plantation granulated sugar in India. '

. Acid thin juice process is of recent introduction, and
has replaced the carbonatation process in Java. This process
is practically the same as the double. carbonatation process,
in which the excess lime is neutralized with carbonic acid

~ gas in two stuges, with this difference, that the clear juice is
aguin neutralized with sulphurous acid gas. The neutraliza-
tion of lime with carbonic acid gas is accompanied with the
formation of potassium carbonate, a salt, which possesses
the greatest capacily for decomposing glucose, resulting in 2
darkening effect. In sulphurous acid saturation, potassium
sulphite is formed. This has a decided bleaching action.
On account of this reason this process is preferred. This
process, however, is equally expensive as the carbonatabion,
as it, in no way, saves the amount of lime or the press
capacity. a
Kieselguhr-char process was tried in Louisiana, With
the advent of the decolourizing carbons, specially Norit, &
great hope was entertained with regard to the preparation of
white sugar directly from cane by the use of Norit. The
~excessive amonnt of Norit, .required for this proocess, and the
difficulty of filtering the juices, made the process economi-
cally unsuccessful, : ‘

1. Sulphitation process.—There are two methods of
application ‘of this process, that are in use at the present
time. 'They are liming first and sulphiting -afterwards and
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vice versa. The former is common in Java and the latter in
Louisiana and Mauritius. 'The obvious reason for sulphif-
ing first, and liming afterwards is the presence of a very high
amount of glucose in juices in Louisiana. While, elsewhere,
the amount of glucose rarely exceeds 1 percent.,in Louisiana.
it varies from 2-3 per cent. Itis well known, that lime
combines with glucose in the cold to form glucosates, which
decompose at a temperature below 70° C, forming glucinic
_and saccharic acid salts. The former are unstable,- and
decompose on heating, forming brown coloured products.
This spontaneous decomposition is chiefly responsible for the-
dark colour of the juice, as well as for the resulting acidity
of an originally alkaline or neutral juice. If care is taken
not to heat the juice abaove 55° C, it forms lactio acid, which:
is more stable. In order to lessen - this danger, and escape
the detrimental effect of lime on glucose, sulphiting is done
first chiefly on account-of a high glucose content in Loui-
giana. Sulphiting has, besides, an antiseptic action on
the juice preventing fermentation. In Northern India, where
the juices contain a high amount of glucose, it will be safer
to sulphite the juice first, and lime it later on.” In the
Bombay Deccan, and in Southern India, where the juices
are fairly rich, and contain a low amount of glucose, lining
first and sulphiting afterwards; will be as good or even better.
Whea sulphiting is done first, it becomes very difficult to
control the amount of lime to the extent. one would desire,
becaunse this depends on the acidity of the juice, to which it
is sulphited, which cannot be increased beyond a certain.
limit, due to the low absorbing power of the sulphurous acid.
gas, unless an excess of the gas is used, which consequently
goes to waste. On the other hand, when liming is done
first, the quantity can be controlled to any extent, one would
desire, neutralizing the same with sulphurous acid gas, the
quantity of the latter depending on the amount of lime used.
T'he greater amount of lime gives a befter clarification. '

(a) Lime sulphitation.—'I'he raw juice, after it is:
weighed, is first limed, for which 15° Be. cream is
used. The amount of lime used varies from 6-10 or.
even 12 hitres of 15° Be. cream to 1,00C litres of raw
juice. After the juice is thoroughly mixed, it may be
heated to a temperature 50°-65° C. - This- preheating is
-considered beneficial. In Java; preheating the juice, .
before liming to about 65° C is practised.- 'The - juice is ;
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then sulphited to neutrality to phenolphthalein. -The
aoidity varies from 80-120 milligrams of SO, (=0'3lc.c.
N/10 NaOH to 10 c.c. of juice). The neutralized j ]uxce
is then heated to boiling to a temperature of 102°-
104°C (215°-219°F) in juice heaters, after which it is

~ taken to the satiling tanks. Harloff and Schmidt claim,
that a rehea,bmg of this juice to boiling in open juice
heaters or eliminators, promotes betler settling, and a
good quality of juice is secured. It is better to have
insulated tanks for sebtling. This is tbe process
followed in Java. '

(&) S’ulphztatzon liming —I‘hls process is followed
in Louisiana and Mauritius. The raw juice, as it comes
from the iills, is taken to a sulphur box. 7This con-ists
of a verticle recta.ngula,r wooden chamber, usually- of
6'x 6, the height varying from 12 to 20. feet. At
intervals within the box, ave placed slanting perforated
wooden partitions placed - horizontally, which break up
the juice into fine shower. The juice enters at the
top, and is divided iotc fine shower by the perforations,
while the sulphurous acid gas enters at the bottom either
under suction or air or steam injector. The sulphurous.
acid gas in its upwa.rd movement in the chamber, meefs
with the shower of juice, which absorbs the gas. The

- acidity of the juice is increased to 3-4 c.c., i.e,, 10 c.o.
~of juice is neutralized by 3-4 c.c. of N/10 'NaOH solu-
tion with phenolpbthalein as an ivdicator, This is the
simplest mechanism used in Louisiana for sulphiting the
juice. Aboutonelb.ofsulphur isrequired per ton of cane.

The sulphurous acid gas is generated in a special stove.
‘This consists of a cast iron box with a movable door. "Sul-
phur is burnt on a movable plate, the burning being started
by a red hot piece of iron. Sulphur is fed intermistently
either through the movable door or through special opening
at the top. The latter system is better, as feeding cun be
-done without opening the box, thus preventmﬂ the cooling
of the sulphur farvace. In order to promote proper burning,
compressed air is supplied to the furnace, and the gas is
forced through the sulphur box on account of its pressure.
' On account of the high temperature produced in the furnace,
ib is'provided with a water jacket for cooling A parb of the
sulphur escapes buraing and snblimes. In order to prevent
* the choking of the plpe by the sublimed sulphur, a sublimator
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¢onsisting of a big cast iron pipe is provided, which con-
denses the sublimed sulpbur. There are 3 or 4 things quite
essential in runnirg a sulphur stove properly. These are:
(1) water cooling ‘device, both for cooling the furnace in
order to keep up the temperature, as well as to cool the gas,
before it enters the sulphitation tank; (2) a sublimatof, to
prevent the escape of sublimed sulphur to the pipes which
get choked ; (3) drying of the air by means.of passing air
through quicklime.- This is quite- essential, as moist. air
promotes the formation of sulphuric acid, which is decidedly
injarious both to the pipes as well as to the cane juice;
(4) regulation of the air supply. Compressed air ab a pressure
of 15-20 lbs, is usually supplied. Insufficient air causes an
"incomplete combustion of sulphur, resulting in sublimation.
An excess of air, on the other hani, causes the dilution of
the gas, which affects the sulphitation. - '

~ The sulphited juice, is then treated with lime cream of
8°-10° Be., until the acidity .is brought to -1l e.c. which
later, after heating, comes to 0'9 to 1'0 c.e. In Louisiana a
high acidity is maintained with the object of obtaining a light
ooloured sirup, and ultimately obtaining a better grade of
white sugar, Also- viscosity of low grade products ig re-
duced considerably, 1t is likely, that. greater loss through
inversion. may result, though the undetermined loss in
Louisiana factories is not- higher than that obtamned in the
Java faciories, where a low initial acidity is -maintained,
Dr. Brewster has recently shown, that the acidity of 1 c.c.
of N/10 NaOH shown by the Louisiana juices after sulphitd-
tion and liming, corrésponds to a pH value of 6'8 which is
pretty near neutrality. The presence of caloium sulphite
acls as & buffer against dissociafion. = This will indicate,
that the acidity, maintained by the Louisiana houses, is
within the safety zone. The only difference, T noticed on
account of the high acidity, is that, the evaporators get
scaled much more quickly with Louisiana practice, on
account of the presence of calcium sulphite, which  require -

constant cleaning, while, in the Java practice, the evaporators
~do not get scaled so quickly.

The mixed juice is, then sent to the juice heatérs. The
process of heating, seftling, treatment of the mud, and the
filter press work, is quite the same, us is detailed for raw

sugar defecation, and so only a few points to be borne in mind
dre detailed below. - . Co
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When plantation white sugar is to be made by the
- sulphitation process, a greater capacity of juice heaters is
necessary. On account of the presence of a far greater
amount of precipitate, the juice heafers. gei scaled very
guickly, which require oleaning either by scraping or
preferably by HC1. On account of this reason, extra juicc
heaters will be of great service. In raw-suuar factories, this
is not necessary, as the heaters may be cleaped once a week
during general cleaning. Similarly white sugar tactories
require greater settling capacity, as it is desirable to obtain
a8 bright a juice as possible. A cloudy or turbid juice
causes trouble in the evaporafors.

With regard to the treatment of the mud, reliming of
the same is objectionable on the ground, that this results in
making the juice alkaline, which causes darkening of the
juice.- Besides the juice, on addition to the clarified juice,
becomes turbid due fo the precipitation of non-sugars by the
excess lime held in solution, A few factories use only filter-
cel for the mud, instead of lime to prevent this danger. In
Java, some  factories resulphite the mud 'so as to keep it
faintly acid. In the making of white sugar, it is best to.
send sll the pressjuice as well as the juic2 obtained from-
resettling of the mud back to the raw juice for réclarification
on account of reasons already given.

The clear juice, obtained from the settlings, still contain
fine particles of cush-cush in suspension. The importance
of removing the same by straining through screens of
1u0 mesh or more, is already referred to. The juice, as it
.comes out of the strainers, still contains fine matter in
suspension, which imparts a slight turtidity to the juice. In
order to remove this fine matter, juice is filtered through
filter bags, in some factories. In Java, no fillering .is
practised. - :

'The bag filters consist of reciangular verficle chambers,
made usually of iron with a head perforated with a fow holes.
From each hole is suspended by means of a nipple a double’
bag. The outter bag is made of loosely wooven cord, about
- 61 feet long and 6" in diameter, and serves as a'suppork
to the inside bag, which is much wider (usually 24" across
and 8 feet long) and is made of cotton tweel fabric. The
inside bag, being loosely crampled in the outside bag gives ap
appearance of a fluted filter paper. The clarified juice from
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the settling tanks is run to the top of the bag filters, from
which it filters through, leaving the suspended matter in the
bags. The juice, from the bag filters, is very bright and clear,
free of suspended matter or turbidity. The work of the bag
filters is slow, and there is a chance of getting inversion.

Ezxcelsior filters.~—In one factory in Louisiana, I noticed
the juice and the sirup were filtered through the excelsior
filters, instead of through bag filters. These consist. of
small circular tanks fitted with either one or two baskets
22" high contaiuing wood shavings. Bach basket has a
removeable wire screen on one side and a fixed one on the
other, between which the excelsior is-placed. The two
baskets are placed one above the other as below : —

.~ Juice enters at the
bottom, where it meets
. . the bafile plate, passes

= ++Juice outlet  through the excelsior

e . filter, which retains the
S ' suspended matter and
' - fine cush-cush, and the
' ' Boffle plate. clear juice runs as an
Jui'cl:—** ' . overflow, Thefiltersare
mer. . first used for filtering
sirup for about 6 hours, after which clarified juice is passed
for another six hours. The excelsior is then removed,
washed with sweet water from the evaporators, and is again
used. In this way, excelsior can be used for about a week.
These filters are very simple  in construction and operation,
and give fairly clear juice. It cannot, however, remove the "
turbidity, and so, the juice filtered through these filters, is
not so brilliant and clear. The clear juice is thermrsent to
the evaporators, while the washings are sent to thé mud
tanks for fu.rther treatment. '

In Java, no bag filtration is practised, in which case,
greater attention is required to be paid to the operation of
setbling. “This demands more settling capacity. ~ ‘

Lime.—~As the lime is the principle material used in
cane juice clarification, it should be of a certain purity. For
making plantation white sugar, it is desirable to have lime
containing upwards of 90 per cent.slaked lime. The im-
purities in lime cause a greab trouble in clarification. The
impurities, which should be carefully looked before lime is

B 739
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purchased, are magnesia, iron oxide, alumina and silica. The
msolable in hydrochloric acid should not exceed 2 per cent.

The troublesome impurity in lime is magnesia. It.
should not exceed 2 per cent. It retards the slaking action
of lime and affects subsidence. The juice settles with great *
difficulty, and contains suspended matter, which, later on,-
forms scale in the evaporators. It also causes the darkening
of the juice in the process. For these reasons, Iime should
be tested for magnesia. :

. The other impurities, iron oxide and alumina, and silica
-give rise to the formation of scale in the evaporators. Kach
-.of these impurities should not exceed 2 per cent. in lime,

In cans juice clarification, lime has fo be applied in the
form of milk of lime. It cannot be used in unslaked state,-
as 18 common in beet sugar manufacture, on account of the
presence of glucose.. The temperature of the juice, while it
is sfill alkaline, should not rise above 50° C on account of the

harmful effect of lime on glucose. If unslaked lime is used
for clarification, glucose will be attacked by lime. during
slaking on account of the heat liberated on hydration. For
this reason, use of unslaked lime in cane juice clarification is
never followed. At the same time, good attention must be
paid to the preparation of lime cream so as to eliminate the
unhydrated particles from remaining in the cream ; for, they
get softened and disintegrated either during’miging or in the-
press, which subsequently causes slaking with-a liberation of
heat, which causes the destruction of glucose.

The slaking of lime is dependent on time and tempera- -
ture. The longer the milk of lime is allowed to stand, and
the higher the temperature at which slaking is done, the
more-homogeneous is the milk of lime. In order o generate

- high temperature, as little water be used for slaking as possi-
ble. Too much water causes the cooling of lime. «In order to ;
maintain high temperature, insulation of the slaking drum %
against loss of heat is suggested. With all the proper
precaution, a certain amount of unslaked particles still
persist, which should be removed by straining through
proper size screens, before it is used. This part of the opera-
tion is essential to prevent the complications, which unslaked
limé particles are bound to cause. : :

~ The density of the lime cream is dsually- brought to
15° Be. in raw sugar factories. In white sugar factories,
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where a certain acidity has to be-ma{ntained, a dilute cream
of 10-12 Be., ensures better control. :

2. Carbonatation process.~It has beén pointed above,
that this process is not suitable for conditions in India, and
hence only an outline is given to show, how it differs from
the sulphitation process. In this process, a great excess of .
lime is used not only with the object of precipitating the
colouring matter, but also with the object of rendering the
juice easily- filterable. No subsidation is followed in this
process, but all the juice is filtered. There are two methods
in this process, the single and double carbonatation t—

(a) Single carbonatation.—In this process, the
peutralization of the juice is done in one operation.
The raw juice, from the mills,-is treated with lime
cream, the quantity depending on the quality of the
juice. The usual quantity varies from 7 to 10 per cent.
of milk of lime of 20°Be., by volume of the juice. Suffi-
cient lime must be added in -order to render the juice
easily filterable. The limed juice is then sent to the
carbonatation tanks, which are filled only half, because
during carbonatation, the carbonic acid gas combines
with lime and sucrose to.form ¢ calcium hydrosucro

" carbonate’ Cj Hg 0,,2Ca (OH)2'3 CaCQO,. Thisis a
viscous compound, which offers such-a great resistence
to the absorption of the carbonic acid gas, that it causes
much froth, which results in an overflow. This com-
pound is ultimately broken. During the reaction the.
temperature gradually rieas«to 50°C. The reaction: is_
carried on, until a slight over earbonatation is attained. .
The juice is then beated to T0°C, and is then filtered
through the press, the clear juice being sent -to the
charging tanks. This juice shows a faint pink reaction
to phenolphthalein, though a neutral reaction ' is desired.
In this process, there is only one filtering; and o it is
not 8o expensive as the double carbonatation.

(b) Double carbonatation.—The raw juice is treated
with the same amount of lime, and is treated with
carbonic acid gas in the first carbonatation tanks, until
the juice shows an alkulinity of -400 milligrams of Ca0O
per litre of juice (i.e.=4 c. c. of N/28 acid or about
I'40.c. of N/IO acid to 10ec.c. of juice). Thisis
distinctly alkaline to phenolphthalein. This is then

filtered through filter presses, the resulting juice being
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termed ‘ first carbonatation juice’. This is again treat-
ed with carbonic acid gas, -until a neutrality to phenol-
phthalein is obtained. ~T'his is then heated to 70°C, and
i8 again filtered, and the resulting clear juice is sent to
the evaporators

" Double carbonatation is followed in preference to single
carbonatation, because it is a safer process. Any-errors, caus-
ed through nechgence or carelessness in single carbonatatlon
can be rectified in-the double process. But against this the
cost due to extra filber press work and labour should be taken
into consideration.

3. Acid thinjuice process.—Thishas replaced the carbona-
tation process in Java. In thisprocess, the clear juice obtained
either in the single or double carbonatation process is treated
with sulphurous acid gas, until it hecomes neutral to phenol-
phthalein, before it is charged to the evaporators. On account
of the use of sulphurous acid gas, instead of pofassium
carbonate, potassium sulphite is formed, which is not in-
jurious. On the contrary, it has a b]eachmg action. ‘Besides
iron salts, which are present in the ferric state in corbonata-
tion process, are reduced to ferrous state by the sulphitation,
which ‘are colourless and- remain so in the acid medium.
Consequently, the sirup obtained with this treatment, is not
so»much'coloured as the one with carbonatation treatment.

The raw juice, after being heafed to 65° G, is treated
with a 7§ per cent lime cream of 20° Be. by volume of raw
juice, and carbonated simultaneously to an alkalinity of
300-500 mgms. of CaO per litre of juice, filtered and is again
carbonated to neutrality to phenolphtha.lem corresponding to
30-40 mogms. of CaO per litre of juice. The juice is then
heated to 95° C, and again filtered. The filtered liquor is
then sulphited b0 100-150 mgms. of SO; to a litre of juice,
‘which corresponds to 032 to 045 c. c. of N/10 NaOH to
10 c. c. of juice with phenolphthalein as the indicator. ‘

- At Central Guanica in Porto Rico, where plantation
granula,ted was made of the same quality as the refined granu-
lated, & slight modification of the acid thin juice process was
followed which was as below -~

= . Raw Juxce is limed to an alkalinity of O 032 for

10 o. c. of juice by lime cream of 20 Re, This corrds-

ponds to 21-3 per cent. lime (Ca0) on the weight of cagne,

The limed juice is then filtered without heating, reﬁltered
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and then carbonated to neutrality and again filtered.
1t is then sulphited to slight acidity (about 0'3to 0'4¢. c.
of N/28 NaOH) heated to 180° F and again filtered.
The clear juice is then heated to 210° F on its way to
the evaporators by spucial pre-heaters. The sirup is
later on filtered. Thus there are 4 filtrations for the
juice and one for the sirup. The amount of lime used
‘18 far more than even the carbonatation process in Java.
On accnunt of filtrations, the quality of the sugar is
_decidedly superior. The process is very expensive and
is out of question for conditions in India.

4. Kieselguhr-char process.—In this process, no lime
or sulphur is used. The raw juice is treated with kieselguhr,
4 diatamaceous earth at the rate of 1 per cent. on totalsolids,
is brought to boiling and is filtered through the prees.
Kieselgubr aids considerably the filtration, but on account
of the slimy precipitate the presses do nobt run longer, the
cake obtained is not thick and hard. This prefilbration ‘with
kieselgunhr is done with the object of helping the carbon treat-
ment 8o as to reduce the amount of carbon, which is very
expensive. The slimy precipitate destroys the filtering as
“well as the decolourizing property, of the carbon very rapidly
and increases trouble in revivifying. The filtered juice is
. clear, but is still coloured. This is then treated with Norit
ab the rate of 1 per cent. on total solids, is brought to boiling
and is again fillered. There is not much difficulty in filter-
ing the carbon treated juice. ‘The resulting juice.is water-
white and brilliant. (n evaporating the juice o sirup, some
of the colour reappears, and the sirup " becomes cloudy due
to some colloidal matter not absorbed by the carbon.  On
account of the high price of carbon and kieselgubr, the large
quantity required with this process, and -the difficulties of
filtering and revivifying, the process has been abandoned.
These attempts, however, gave an impetus to the use of
vegetable carbofis in the sugar refining industry, and at the
present time, their use for refining purposes has become
successful in Liouisiana. .

XIIl. Evaporation.

The clear juice, obtained after clarification, is then con-
centrated to a sirup of 50-65 Brix in special evaporators.
For this purpose, a system of multiple evaporation is used,
wherein, steam is used to do the evaporation two or more
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times according to the number of cellsin the evaporator. The-
evaporator consisting of two bodies or cells is called the

- double effect, of three bodies, the triple, or 4 bodies, the

quadruple and so on. In the cane sugar industry, triple

and quadruple effects are commonly - used. Quintuples are

used by a few factories in Cuba. 1In the beeb sugar industry

quintuple and sextuple effects are very common. In Cuba

along with quadruple, & pre-evaporator is now—a.-days used to

supplement the exhaust steam,

- In the multlple system of evapora.blon exhaust steam
from the engines is used for evaporating the juice in the first
body. . The vapours from the latter are used for heating the
second body, those from the 2nd, used for heating the 3rd
body, aod so on. Noel Deerr shows by théoretical calcul-
ations under certain specified conditions in his book on Cane
Sugar, page: 319, that, the maximum possible evaporation in a
quadruple is 4702 lbs. (1008 4 1'055 4+ 1165 + 1'476)
per Ib. of steam against 3:4-3'5 Ibs. with the triple. In this,
it is assumed, that the condensed vapours from each cell
‘pass on to $he next cell without : any loss of heat. If condens-
ed water is removed separately from each cell as is usually
the case insctual practice, the maximum theoretical evapora-
tion per 1b. of steam is 43 to 4'4 lbs, of water with the
quadruple, 3'1 fp 32 lbs. with the trlple In actual pra.clnce
this limit is never reached.

"It would thus be seen, that’ the original exhaust steam
can be made to do the work of evaporation a number of times,
which depends on the number of bodies used in the system of
evaporation. In the cane sugar industry, the maximum
_ limit has so far gone -to sextuples in Cuba. I'here are of
course limitations, beyond which it is not economical to go,
because greater numberof bodies meansan increase in the first
cost as well as upkeep. In countries, where cane does not
supply enough fuel and where extra fuel is expensive, as is
the case on some estates in Cuba,  -the® installation of
quintuples and sextuples is justified on account of the saving
in fuel caused thereby. .

1t should be understood, that the multxple .syster of
evaporation in the  cane sugar industry is always practised
-under a system of vacuum on account of two reasons. First-
ly, at high temperatures, sugar is destroyed resulting in the
formation of caramel, which is not only a loss, but' presents
considerable dnﬁ‘ioultles due to colourmo of the sugar. In
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the making of plantation white sugar, this directly affects
the colour of the sugar, With raw sugar, it presents diffi-
culties during refining as caramel is not absorbed by bone-
char. This necessitates the evaporation at iow temperatures..
Secondly, in cane sugar factories, a low pressure sfeam
usually the exhaust from the mill engines is available in
large quantities, the utilization of which, for evaporation in
the multiple system, is only possible under reduced pressuye..
'Thus starting the . evaporation in the .first body usually ab
atmospheric pressure with an exhaust steanr of 4-5 lbs.
pressure, the pressure in the 2nd body is decreased to partial
vacuum, until in the last body evaporation takes place. at a -
vacuum of '26”-28”. - In order to maintain vacuum, a system,
of condensers .and vacuum pumps is necessary, which
becomes more complicated and expensive .as the number of
bodies are increased. .

The limit, to which any factory in any locality can go in
this multiple system of evaporation, depends upon ceriain
conditions. They are (1) the amount of fuel supplied by
cane whether it is sufficient to do the heating, evaporation
and boiling, or in other words, to run the factory, (2) the
availability of cheaper fuel in the vicinity and (3) the amount
of exhaust steam available in the factory.

. The amount of fuel.—This mainly depends upon the
fibre content of the cane. The lower the amount of fibre,
the less the fuel. This means in countries, where . cane
contains a low fibre, the use of quintuples and sextuples may
be justitied provided cheaper fuels are not available. In
Liouisiana, where cane contains a very low-fibre, anywhere
from 9 to 10 per cent. and, where the juices are of low den-
sity due to under-ripe cane, one would ‘expect to find quintu-
ples and sextuples in use, but the limit has gone tothe use of
quadruples ooly. With this the amount of fuel is not found
sufficient, and fuel oil has to be used to the extent of 4-5
gallons per short ton of cane. . In Louisiana fuel oil is cheéap
and its use is probably more economic than the installation,
of a quintuple or sextuple. In Cuba, where the fibre content
ie 11 per cent. or a little higher, the use of a quadruple with
a pre-evaporator, though common, has not been found enough
to run the factory on bagasse alone, even though & light
maceration to the extent of 15-20 per cent. is practised,
There tuel oil to the exfent of 24 gallons per ton of cane
is.found necessary. A few recent installations in Cuba have,



136 *

therefore,[f{hOughb it it to put up quinbuples and sextuples.-
- Thig hasteduced the consumption of {fuel considerably. In
Porto Rico, where cane contains about 12 pbr cent. fibre, and
where & higher maceration is practised to the extent of 30-35
per cent. limit has gone to the use of quadruples. In Hawaii,
cane contains higher fibre to the -extent of 13 per cent,
yielding a greater amounst of bagasse, but this is compensated
to & certain extent by the heavy maceration, that is practised
(40-45 per cont). The use of a quadruple, together with a
_pre-evaporator, is very common. Even with this, factories .
are not abls to run on bagasse alone, which is usually sup-
- plemented with finul molasses as fuel. In Java, cane contains
about 13 per cent. fibre, and the maceration practiced is not
over 20 per cent, Still bagasse alone is not found sufficient,
which is usually supplemented with dried leaves (trash of
- cade)., In other countries, cane is usually burnt, and ‘hence
{rash is not available. In other places, where cane is nob
/" burnt, it is found expensive to transport trash to the factory,
" . and hence it cannot be used. = In Java, on account of plenty
of cheap labour cane is not required to be burnt before hat-
vesting., Itis usually sbripped, and" the trash sent to the
mill, whenever necessary. ‘I saw one factory in Java install-
edin the year 1923, which was making white sugar by the
acid thin juice process. FEven though cane contained only
11'5 per cent. fibre, and maceration to the extent of 17 per
cent. was practised, the factory was operating on bagasse
alone. This was made possible by the use of quintuples-and
~superheated steam in special ‘ valve’ engines and doing all the
heating, evaporation, and boiling on exhuust steam alone.

In 8t. Kitbs and Antigua, factories were operafing on
bagasse alone. There capé contains .o high amount of fibre.
about 15 ‘per cent.. In these factories, triple and quadruple
were used. With the exception of Louisiana and Java
which make plantation white sugar directly from cans, all
other places mentioned above make raw sugar, which does
not demand so” much steam, as a white sugar factory does,
and in all these factories. with the exception of a few in
" (uba, which use quintuples and sexbuples, the use of a
quardruple is  common. - Of .course, when exhaust steam far
- in excess of the requiréments of heating, evaporation and
boiling is available, the addition of any more cell to the
existing evaporator cannot be justified, unlees it is done for
increasing the capacity. However, such conditions have
not been noticed by me. in any of the factories except in
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St: Kitts. The chief reason of increasing the_ cells in-a mul-
tiple system of evaporation, should always be the- saving of
fuel expense, at least to the extent of theexpense required
in installing an extra cell. o :

The availability .of cheaper fuels in the vicinity of theé
factory, as is the case in Louisiana, where oil wells are in
abundance, may not permit the use of quintuples and
goxtuples. . - ‘ -

The amount of exhaust steam available in the factory
has a direct influence on the choice of a number of gells in
the mnultiple system of evaporation. .When exhaust steam,
far in excess of the needs of the triple is available, it will be
foolish to put an extra cell, unless it is done with the object
of increasing the capacity. However, such a condition 4s.
‘rarely met with in modern factories chiefly: on account of the
use of Corliss type engines, which vse much less steam,
collective drive for mills, and also on account of the use of
éxhaust steam for vacuum pans. The latter has become
possible with the .introduction of calendria pans in the cane
sugar industry. In most of the factories I visited, on
account of the above facts, exhaust steam is not found enough,;
and a pre-evapcrator has been found necessary to generate
sufficient exhaust steam to do all the heating, evaporation and
boiling. Old factories, using slide valve "engines, and -hav-
‘ing an indi®idualr drive for the mills, usually carry a much
greater exhaust steam, which occasionally is discharged to:
the air. This is due to the fact, that such factories have no
arratigement to use thé exocess ezhaust steam either for
juice heating or sugar boiling. Usually, such factories are
equipped with coil pans, which do not- boil fast enough if .
exhaust steam is used, thus reducing the boiling capacity
and blocking the house. Thave noticed- in one factory in
the West Indies that, when such a condition arises, live
steam is used to hasten the boiling, while -exhaust steam is
turned to the atmosphere. In modern factoriés such condi-
tions do not arize. . Factories,” having™ fuel supply far in.
excess of ‘the requirements of the factory.duéd o high fibre
content of the cane, are very few, and will not find it econo-
inic to increase the number of cells in:the existing evapora-
tors, unless it is done for increasing the capacity. . So far I
know, such a condition-exists at the present time in St.
Kitts and Aatigaa. Nowhere else, the question of an
excess fuel has arisen. So far, the guadruple effect has
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* become the standard 'l‘mit, buf, as the question of fuel
becomes more and more serious in the fubure, quintuples
and sextuples will come into general use. '

. Pre-evaporator.—This is used as a’device to produce -

a low pressure steam to supplement the exhaust steam from
the engines. In the old system of evaporation and boiling
exhaust steam was used mostly for evaporation purposes,
and occasionally for juice heating, while the excess was
turned to the atmosphere With the advent of calendria
pans, the utilization of exhaust steam to do the boiling has
. become . possible. So long factories were equipped with
slide valve engines, which usually consumed much more
steam—4U-45.1bs. per B. k. P., and each mill was driven.
by & separate engine, exhaust steam was available in greater
quantities, on account of which, a part was wasted to the
atmosphere. It could .not be used for boiling in the pans,
as the boiling was slow, which used to decrease the boiling
“capacity 'The. calendria pan was originally designed to use
this excess exhaust. With the use of corliss valve engines
and the substitution of collective drive for mills, the amount
of exhaust steam available was decreased, and juice heating
and sugar boiling had to-be done by live steam, the exaust
steam being insufficient. Inthis, livesteam is used as a single
effect for heating and boiling. In order to still further econo-
mize steawn consumption, a generation of lqw pressure steam,
is found necessary. In order to generate low pessure steam

an independent cell’ is iostalled; which operates af
. & slightly higher pressure than. the atmospheric and
the steain generated is either.discharged infto the exhaust

main, from which itis used for the evaporators, juice

heaters and pans, or a part of the same is used directly for

juice heaters, and the rest discharged to the main exhaust

.line. In this way, economy of steam consumption is secured,
“as the steam is used many fold times.. A pre-evaporator is,
therefore,. meant to generate low pressure steam to supple-

ment the exhauvst so as to do all the heating, evaporation

- and boiling, and consequently has no place in factories
‘having an excess exhaust steam. It is evident, that, the
greater the amount of work done by the evaporators, the
less the steam consumption, and hence, if the steam con-
sumption of mill engines-in the factories is reduced by
substituting or installing more efficient engines, .such as the
corliss valve engines, the greater is the chance for economy
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in steam consumption by the use of pre-evaporators. This
shows, how more efficient engines ultimately save steam in
the factory, notwithstanding the opinion of some engineers
that, saving in steam consumption is useless, so long all the
exhaust is used in the factory. ' s

For conditions in the Bombay Deccan, a quadruple
effect will be quite necessary. This much may not be
enough, and a pre-evaporator will be necessary to supple-
ment the exhaust steam to do all the heating, evaporation
and boiling, the pecessity for which is explained below :
Pundia cane in the Bombay Deccan contains about 10°5 per -
cent. fibre, Assuming, that a maeeration of 15 per cent. is
practised, and bagasses contains about 46 per cent fibre and
49 per cent. moisture, this will yield 228 per cent. bagasseon
cane. Under normal conditions, one lb. of bagasse contaiaing
49 per cent. moisture will give an equivalent steam F and A
212° F of 2'5 Ibs. Thus 22'8 tons of bagasse gives 228 X
2,000 x 2'5=114,000 lbs. of -steam, which will be obtainable
per 100 tons of cane ground. This much is not enough to
operate the factory equipped with a quadruplé only. Accord-
ing to Prof,” Kerr, who gconducted tests in a white sugar
factory in Louisiana fo determine the actual steam consump-
.tion, 1'75 B. H. P, is required per ton of cane ground in a
day. For conditions in the Bombay Deccan, this comes' to,

-about 1'70 B. H. P. (for calculations, see chapter on étgam-
consumption). At this rate 100 tons of cane will demand
100 x 1'70 x 83456 x 24=140,760 Ibs. of steam. Thus
there will be a deficit of 26,760 1bs. of steam per 100 tons of
cane, or of 134 per cent. on cane. - The above calculation,
based on actual figures obtained in a Louisiana factory,
shows that cane, containing 105 per cent. fibre, as is the
case in the Bombay Deccan, will . not give enough fuel to
operate the factory under usual conditions. " In the factoryin
Louisiana, only a quadruple is used, for which. exhaust
stean is utilized, while the juice heating and pan boiling is
done on live steam, In order to reduce the steam 'éonsump-
tion, a pre-evaporator will be quite necessary so as-to supple-
ment the exhaust. According to same “calculations, the
amount of steam per cent. cand for conditions in the Bombay
Deccan will be as below: — . :

[See next page.]
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Steam % cane,

Total ste@rﬁ required 66'96 based on 1-70 B. H. P. per

ton of cane.
Raw juice heaters 11°807 44'3 per cent. steam on
Thin juice ,, 200 cane required for heat-
. Quadruple effect 1600 ing evaporation and
Vacuum pan 14'50 pan boiling.

The amount of exhaust steam available will be 31°2 per
cent. in the case of slide valve and 24'80 per cent. in the
case of corliss valve engines (these figures have been cal-
culated, see page 190). Thus in both the cases, the exhaust
steam will not be enough to do all the heating, evaporation
and boiling. This clearly indicates the necessity of a pre-eva-
porator to economize steam consumption, as fuel is expensive
and not easily obtainable in the Bombay Deccan. In India,
_ cane is stripped off of its leaves and not burnt, and therefore,
trash will be available to supplement the bagasse.

In the above calculation a maceration of only 15 per
cent. is assumed, which is lower than may be necessary.
The fibre cuntent of Pundia cane may rise to 11 per cent. as
. is occasionally found. So if a heavier maceration is practis--
ed in order to increase the exfraction, the necessity of a
pre-evaporator will bs still more felt. For these reasons, a
quadruple, with a pre-evaporator, will become a necessity in ,
factbries grinding softer cane, as will be the case on the
"Deccan canals., . .

- In Northern India, where 60 per cent. of the cane crop
of India is grown, the fibre contenbt is above 15 per cent.
which is high and a pre-evaporator may not be found neces-
sary. Considering, that white sugar is to be made, which
demands more steam, it will be safer to instal a quadruple
so as to be able to operate the factory on bagasse alone. It
seems, that at present in Northern India, most of the fact-
ories are using a lot of extra fuel, which'is considered to be
dus to the irregular supply of cane. Factories, having
considerable exhaust steawn far in excess of the requirements
of evaporation will not secure any benefit in changing a triple
into a quadruple, unless it is done for increasing the capacity.

The method of working a quadruple evaporator is as
follows:—The quadrupie consists of 4 cells which work in a
battery mutually connected, the last cell being connected fo a
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condenser and & vacuum pump. The juice is 'ted to the st -
cell or body, where it is heated to boiling by the exhaust from
the engines. The juice continually circulates from cell to
cell, until it is puwped oub of the last cell as sirup. The
admission of juice in the first and the pumping out of sirup
from the last cell are confrolled by means of ‘separate pumps.
The vapours from the 18t body are carried to’ the 2nd body
where it heats the juice, the vapours from the 2ad, being .
carried to the 3rd budy, and 8o on, until the vapours from
the last body are condensed and removed either by & conden-
ger or a vatuum pump. The vacuum usually maintained is =
as follows: 1st body usually at atmosphberic pressure, 2nd
at a vacuum of 5”-7", 3rd body at about 14“-16" and the
4th at 26"-28". . ‘ .

Types of evaporators—There are several types  of
evaporators in use in different countries, which rainly fall .
into two classes. -They are the submerged tube and the film
evaporators. = Each of them are sub-divided into two sub-
classes—the verticle and horizontal. So far I saw the standard
verticle, the Sandburn, horizontal submerged, the Lily and
the Kestner in actual use, out of which the standard verticle
is by far very common. All modern installations have
‘exclusively put up the standard verticle. The horizontal
submerged was seen by me only in one central in Cuba,
which was used, only when . the evaporation capacity was
found to be insufficient, and seemed to have been practically
abandoned. Sandburn is another verticle submerged tube
evaporator differing from the standard in dne respect that
the juice, instead of being in the tubes, is outside the tubes,
while the steam is inside. Inside each tube; is u perforated
pipe, through which, incondensible gases from the steam are
removed by a simple connection to the air pipe of the
gon((}iegser. This type was noticed by me only in one ¢entral
in Cuba. :

The standard verticle evaporator. - This is a submerged
tube evaporator, consisting of a cast iron shell of great height
up fo 20 feet. In the lower part of the shell is a calendria,
formed by verticle tubes held together by tube plates. Insjde

" the calendria is admitted steam, while the juice is in the
tubes. The most important points, which decide the
superiority of any evaporater, are: (1) circulation and juice
distribution, (2) removal of incondensible gases, (3) steam distri-
bution and (4) removal of condensation water, In thestandard
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verticle, the juice iz admitted a$ the bottom below the lower
tube plate, which is preferable to other mechanism, in which
juice is introduced abt the top above the upper tube plate.
'I'he circulation is usually effected by the provision of a central
tube of big diameter usually called ‘down-take’, the juice
coming up through the tubes and going down through the
down take, TRe down-take is very important, as it defines
the passage of the juice, which considerably aids heat trans-
mission. There are other types, in which the down-take is
placed eccentrically or at the side in the form of a segment.
Circulation is also helped by inclining the calendria orarrang-
ing to have the tubes slightly above the upper tube sheets.
All these are different mechanisms pafented by different
makers with the object of helping circulation, and there is
practically very little to choose between themn. The standard
verticle seems to be the simplest, and in actual practice works
very well. :

Bemoval of incondensible gases. —It is nsuallyeffected vy
means of pipe running from the calendria to the vapour space
nf the next cell, from which it i3 ultimately connected to the
condenser. As the pressure in the successive cells gets less and
less, the incondensible gases travel from cell to cell on account
of the higher pressure in the previous cell. In some cases, the
pipe from each cell is directly connected to the condenser, in
which case, all the steam, that accompanies fthe gases, is
completely lost. The former practice is very common. The
removal of gases from the .calendria is quite essential, as ib
affects the co-efficient of heat transmission. '

Steam distribution.—Steam is admitted into the calen-
dria either at one or two places, depending upon the size of
the evaporator In order to have a good distributbion, baffles
or perforated partitions are provided inside the calendria,
which defines the passage for the steam. -

Removal of condensate—This is very important. In
the first body, the steam being under pressure, condensed
steamn can flow by gravity. This water is usually separated
from condensate from other cells, as it is not contaminated
-with any sugar solution, and is principally used for boiler feed
water. -Some times, when enough water is not available
through this source as well as from the pans condensate from
.the 2nd cell is used to supplement the boiler feed water, in
-which-case, the condensate from the 2nd cell is separated
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from other cells. The condensate, from the other cells also
called ‘sweet waters’, is usually allowed to gravitate by
means of a fall pipe to a sealing tank, from which ib is
pumped and used as"maceration water, or as wash water for
the presses or any other use in the factory. Sometimes, a
separate puimp is provided for each cell to remove the con-
densate. - This system increases the expense A system of
inverted siphons is also used in some factories to remove the
condensate, In this case condensate passes from cell to cell
automatically on account of the pressure in the previous cell.

Taking the above points into consideration, and the
average conditions in the factory, the standard verticle
evaporator is tb® most suitable in cane sugar faclories. It
is very simple both in consbruction and operation, is easily
cleaned and gives the least trouble. In average efficiency ib
is equally good. That seems to be the reason, why modern
installations have exclusively put up the standard verticle
evaporators, in preference to-Lily or Kestner, even .though
the latter operate at a higher. efficiency. '

The Lily is a horizontal film- evaporator, in which, the
juice is continually kept in circulation by means of circulating
pumps. In each cell is provided a well, from which the juice
is pumped to a perforated box placed above the tubes, from
which, juice falls in the form of a shower on the tubes below.
The steam is inside the tubes, while the juice is outside. The
principle of the Lily evaporator is no doubt sound. It has
the best mechanism for circulation,and consequently evapora-
tion efficiency is higher than that of the standard verticle.
Against this should be considered the higher cost for upkeep
on account of the circulation pumps. - Besides, it demands
more skill for operation, and cannot be successfully operated
by the average man, who operates the standard verticle.
In actual practice it gives more trouble, which takes more
time for adjustment. The cleaning is not so easy, as is found
with the standard verbicle evaporator. On the whole, this
type has not given satisfaction to sugar manufasturers, even
though it has satisfied the sugar refiners. - In actual praotice
the advantages claimed are seldom obtained. There is one

“disadvantage with this evaporator, which I noticed, when it
is worked in white sugar factories. "On account of the tubes
not being submerged, there is a local over-heating, which
causes caramel. Consequently the sirup turned out is slightly
dark coloured.  This is a serious disadvantage, when white
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sugar is to be made. On account of these eemsiderations,
sugar manufacturers have not taken up the Lily evaporator.
During my visit to various cane sugar countries, I saw only
7 Lily evaporators, one in Louisiana, 2 in Cuba, 2 in Porto
Rico and 2 in Hawaii. Not a single central, installed during
~ the last 5 years, has pub up a Lily evaporator.

Kestner is another type of film evaporator. It'is vertical
and differs from the Lily in auother respect.” that in the
former, the juice is in the tubes and not outside, as is the
cuse with the latter, and that it ¢limbs in thin film along the
whole length of the tubes. Tha tubes are 22'-6” long, 13" in
diameter in the first celland 2" in the later cells. Juice
.enters at the bottom, climbs in a thin film along the surface
of the tubes, and rans out from the outlet to the next cell.
Steam enters at the-top and condensed water is removed ab
the bottom. The vapour from the climbing film, is carried
from the fop to the next body for heating. This evaporator
has an ingenious principle, but in actual practice dues nobt
work well. On account of greaterlength of the tubes, it is
very difficult to remove the scale. ‘There is one drawback
in this evaporator, and that is, the entrainment, which cannot
be prevented. I -saw this evaporator at central Guanica in
Porto Rico.

. -The heating surface, usually provided in most of the
centrals, is 10 sq. ft. per ton of cane per day or 240 sq. f6. per
ton cane per hour. In whitssugar factories 14-15 sq. feet
per "ton of cane per day will be desirable, as in this case, on
account of heavier liming, the evaporators get scaled soon,
- which decreases their capaocity. ' :
Entrainment.—During évaporation+ some .sugar is
mechanically carried along with the vapour, which, if not
prevented, appears in the condensation waters. For this
‘Teason they are called ‘sweet waters’. In all standard
verticle evaporators, the loss through splashing, which occurs
- when evaporators are worked to the ubmost capacity, is
prevented by (1) ~giving a liberal height to the cells,
(2) providing two baflle plates overlapping one above the other.
These plates.are placed in the body of the evaporator- over a
calendria. The splashed liquid has to hit- the baffle plates,
before it goes to the vapour line. The loss, through carrying
of small bubbles along with the vapour, is prevented by an
entrainment device. I saw three kinds of entrainment
devices. In Cuba and Porto Rico, entrainment device consists- -
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of baffle plates placed on the vapoar line outside the cell. -
The condensed liquid is returned by means of a pipeeither to
the vapour space of the same cell, or to a separate receptacle.
The latter gives very satisfactory results. The other device,
which seems to be common in the West Indies as well as in
Cuba consists in having baffles in the top-most part of the cells.
This is an inside device. The condensed liquid is returned
to the same cell either by a separateé pipe or by an inside
connection. The third device, [ saw in the West Indies, is a
centrifugal separator. The simplest and best entrainment
device was seen by me in Hawail. This consisted of verticle’
baffle plates, each carrying 2" horizontal tubes.. The tubes-
are arranged in such a way, that a tube in one plate is placed
opposite the blank in the other plate. - This device is placed
in the vapour line outside the cell. - It.is simple, very
effectivé and can be made in any sugar factory on the spot.

Condensers—There are two types of condensers, the
surface and the injection, out of which the latter are univer-
sally used in the cane sugar industry, In the injection type
of condenser, the vapour is condensed by direct contact with
water. The condensed vapour, together with incondensible
gases, and the cooling water, may be removed together by a
vacuum pump called a * wet nir pump’ or the cooling  water
and the condensed vapour may ‘be removed separately by
gravity alone, while the incondensible gases, together with
the accompanying vapour, is removed by a. separate vacuum -
pump., This is called a ‘dry air vacuum. pump’. s

The wet air condenser and pump is only uséd in old
plants. The disadvantags of this system is that, on-account
of the air and water being pumped together, a slow speed
pump is nezessary. Consequently puwps of large dimen-
sions are required to do'the work. This becomes expensive
on accounf of the upkesp. In large factories, pumps will
have to be of enormous size, if wet air system is to be used.
All modern installations have abandoned this system alto-
gether. : :

The type of the condenser—commonly used is. the fall
pipe counter current jet condenser. In this the cooling
water enters at the upper part of the condenser, in which it -
is broken into a shower by means of a perforated plate so as
to present large surface for better condensation of the in-
coming vapour, and meets the vapour in its downward flow,

B 13—10 S
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which consequently gets condensed. The condensed vapour
‘together with the cooling water flows down the fall pipe,
which is usually more than 33 feet long into a central well,
from which it runs out by gravity against atmospheric pres-
:gure due to the height of water. The air -pipe is usually
placed at the top of the condenser, so that, incondensible
gases from the condensed vapour will have to pass through the
incoming cooling water, which consequently get cooled. ~This
is not possible with parallel current jeb condensers, as the
incondensible gases will be in contact with the hot injection
water, before they pass on to the air pipe of thé vacuum
pump. The air pipe i8 provided with a separator, directly
connected to the fall pipe of the condenser so ag to drain “ofl-
any water that may be carried by air pipe on its way to the
vacuum pump. This type of condenser is the best of all,
~ because a cooler air goes to the vacuum pump, which fact
.decreases its volume as well as its vapour content, thus
aiding the vacuum pump. .

. The water to the condenser is usually supplied from a
supply tank, placed above the condenser, so that water may
flow by gravity. Water is supplied to the supply tank by
means of séparate paumps:. This is the best system, because
the vacuum can be effectively controlled by means of injec-
-tion water, which is required in the case of vacuum pans.
In some factories, the cooling water is supplied to the con-
denser by means of suction from a supply tank placed on a
- {ower level. In this case, the amount of water entering the
-condenser depends upon the vacuum, and wvice versa. This
system does not work so satisfactorily in factories, which
have a common air line and a common vacuum pump to
operate all the evaporators and the vacuum pans. . As the
_ vacuum and the amounb of injection water is interdependent,
control of vacuum is very defective.

. There is one type of condenser, which I saw in use at
central Violetta of Cuba Cane Corporation in Cuba, which
_ dispenses with- the vacuum pump altogether. It is the

ejector condenser, which removes the incondensible gases and
water together, by means of the momentum of the flowing
" water, which ejects the discharge without the aid of a circu-
lating pump. This is possible, where sufficient head of water
is available. This has been found to give excellent service,
maintaining a vacuum of 27", TLe vacuum pumps, ordi-
narily used, wear out in course of time, and hence this type
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of condenser, which dispenses with the vacuum pump, will
be most suitable. This condenser was tried for the first

time at the said factory, and further results will be awaited
with great inberest.

Central condensation~—In all modern factories, the
use of a separate condenser to each evaporator and pan i§
common. A few factories have one common condenser -for
all evaporators and pans, instead of a separate condenser for
each. This system reduces firsb cost, bub the greatest dis-
advantage is the irregularity caused, when any pan has to be
disconnected, either on account of the dropping of the strike
or a cut to another pan. In actual practice, this upsets
the vacuum in other pans, unless great care i3 taken. From
the point of maintaining a constant vacuum and introducing
no disturbance in the working of the pan, the central con-
densing system is not desirable. In all recent installations,
central condensing system has been abandoned in favour of
separate condensers so as to meef all the irregularities met
with in the factories, . S

Central vacuum pump.—The old practice was to pro-
vide a separate vaccum pump for each .evaporator and each
pan, when separate condensers were provided. for each. In
some modern installations, I noticed, that, in addition to
separate condensers for each evaporator and pan, a central
condenser was provided, through which the air, drawn from
the other condensers, was made to pass, before it went to “the:
vacuum pump. This, in my opinion, is the best system,
because, not only it.enables one vacuum pump being used for .
the whole system,but it also cuts down the work of the
pump due to the cooling of the air on its course fo the pump,
thus permitting the use of a smaller pump. The cooling of
the air decreases its volume ag well ag vapour content, and:
consequently, & pump with a smaller displacement will do
the work. With this system, however, an extra vacuum
pump is provided, which is used, when starting & pan, until
the necessary vacuum is attained, after which the pan is
concected to the central vacuum pump. This is desirable so
as t» cause no distarbance in the vacuum. '

Vacuum pump.—There are two types of vacuum pumps
used in cane sugar factories, the wet air and the dry air
pumps. The wet air pumps are to be seen in old factories,
where wet air condensers are used.. The pumps used are of
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reciprocating piston type. The condensed water and incon-
. densible gases enber the pump through a pipe, from which
it is discharged through rubber discs. These pumps usually
ron very slow, and are of huge dimensions for bigger units.
Consenquently, they consame large amount of steam, which
increases the expense. .

The dry air pumps commonly used are either the
Edwards or-slide valve reciprocating pumps. The former are
single acting, and hence installed as double or trible barrelled
units. They may be directly driven by an engine or by a
motor through gearing. The slide valve reclproca.tmg pumps

-work as slide valve engines. In these pumps, the clearance
is of importance as it affects the eapacity.

Centrifugal pumps, driven by motors, are coming into
general use in factories, in which the accessaries are -electri-
fied. These pumps run ab greater speed, and consequently
pumps of smaller dimensions do the necessary work. In
factories, having all the accessaries electrified, centrlfucral
pumps are the most suitable.

, Coolirg of water.—A great quantity of wa.ter is required
for condensatbion purposes in sugar factories. When plenty
-of water is available, the questnon of cooling of water does
nof arise, = In the Bombay Deccan in sugarcane districts,
there will not bs much, difficulty in. getting water either
from the canals or from underground sources. The water
level in the canal area is so high, that a goad supply of water
will be available within a depth of 20-30 feet. Where water
has to be paid for, it has to be used sparingly over and over
again. In most of the countries I visited, there is generally
a SGarclty of water, except in Louisiana and British Guiana.
A few factories, which are located along the coast in Cuba
or Porto Rico, generally use salt water for condensation
purposes. In order that water should be used over and over
again, when it is scarce, it must be cooled, as it is~warmed
"by the condensing vapours from the. eva.pora.tors and pans.
There are two systems used for cooling water. They age the
tower cooling and spray cooling. In the former, water from
the condensers, either flows by gravity or is pumped to the
_cooling tower, where it is divided into thin strean, before it
goes to the storage gistern below.  The division of water into
thin stream exposes more surface to the air, which hastens
cooling. In spray system, water is ﬁnely divided into @ fine
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shower by means of .sprays before it goes to fhe storage
cistern. The modern practice is to use a spray cooling
system. It cools the water much fasber on acqount of the
division of water into fine spray, is much swifter, and is
found to be cheaper in the end. ~ There is only one disadvant-

age, and that is the frequent choking of the spray mnozzles,

This difficulty is solved by keeping spare nozzles.

Scale in the evaporators—As the juice is concentrated,
some of the impurities in solution, which become insoluble
on concentration, are deposited on the heating surface.of the

-evaporators. These are. known as scales. Obviously the

least soluble will be deposited in the first cell, where, the
concentration is low and the most readily soluble will be
deposited in the last cell. The suspended matter, carried
along with the clarified juice, is likely to be deposited in ‘the
first cell. Usually the first cell contains little scale. 'as com-
pared to other cells. The scale in the.last cell is the thick-
est, and presents great diffculties for removal. No matter
what care is taken in clarification, scaling is unavoidable
as g part of the dissolved impurities is bound to be deposited
when the juice gets concentrated. In factories, using sul-
phitation process, as is the case in Louisiana, evaporators
get scaled much quicker. In, Java, where a low initial
acidity is carried, consequenfly baving a low amount of
CaS0; in solution in the juice, scaling is very little, and I
noticed there, that evaporators could be-operated without
cleaning for nearly two months, :

The scale in the first two cells of the evaporator consists
mostly of phosphate of lime. 'When the snlphitation process
is followed, CaSO; is likely to be precipitated and deposited
along with the phosphate of lime. The scale in the last two
cells consists mostly of silica and some ozalate of lime. Boil-
ing with HCI will remove the phosphate and sulphite of lime,
while, for removal of silica, caustic soda is used.

The scale, that is formed in the evaporators, must be
removed, as it affects heat transmission. In factories, mak-
ing white sugar by the sulphitation process, evaporators geb
scaled quickly and are required to be cleaned every week,
In actual practice, I saw two methodsin use for the removal
of the scale. One is the mechanical treatment, and the other
is the chemical treatment. In the mechanical treatment,
the tubes are scraped off by means of wire brushes operated.
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either by hand or motors. In the British West Indies, scrap- .
ing by hand is usually followed, as labour is cheap. In
couhtries, where labour is expensive, motor driven brushes
can be successfully used. This method seems to be the
‘most effective. '

The other method is used in Louisiana and Cuba. For
this purpose, 1 or 2 per-cent. solution of either caustic soda
or hydrochloric acid is used, and the cells are boiled under
atmospheric pressure for at least four hours. This operation
is usually. repeated every week. Sometimes the cells are
- boiled both with caustic soda and hydrochloric acid alterna-
tely. - The chemical treatment is expensive, and for condi-
‘tions in India. where labour is cheap, the mechanical treat-
ment will be the "best. Similar treatment is required to be
given for juice heaters. . .

Treatment of the sirup.—In the multiple effect the juice
is concentrated to a sirup of about 60°-65° Brix in raw sugar
factories. From the point of fuel econory, it should be boiled
to as high concentration as possible. It is, however, limited .
by the fact, that a higher concentration than 65° causes
trouble in maintaining an even grain in the pan. When
white sugar is to be made, a.concentration above 50°-55° Brix
Be. 28 is rarely exceeded. This helps subsidence, and gives a
better control on the graining as well as the boiling of sugar
in the pan, - :

- The further treatment of the sirup varies in different
counfries.” In Touisiana, where usually a high acidity of
juice (abouti 1o. ¢. of N/10 NaOH) is maintained, no more -
sulphitation of sirup is practised. The sirup, as it comes out
- of the evaporators, is sent to the brush pan, where it is heat-
ed, and ths scum brushed off, after which, ib i sent to the
. storage tanks, where it is allowed to settle. - A few factories
at this stage, pass it through excelsior filters. On allowing
.it to stand, a ‘precipitate is formed, which seftles slowly at
the bottom. This precipitate, is formed out of colloidal
matter in sirup, which flocculates on standing. Dr. Brewster
has analysed this preoipitate from a sirup made in the labo-
ratory by the sulphur lime clarification, which consists of
87'32 per cent. of ash. Ash is mainly composed of 23:23per
cent. Si0,, 82'02 per cent. CaQ and 42'00 per cent. SO,.
‘The removal of this matter is only feasible by setiling.
Filtration will remove this precipitate, but is very expensive
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and troublesome. The sirup is thendrawn to charging tanks
while the sirup bottoms, consisting mainly of this precipitate
are washed off, diluted, brought to boil and allowed to
settle. The clear jujce is drawn off, and sent along with the
press juice for reclarification, while the mud is sent to the
mud tanks for filter pressing. The acidity of the sirup
' is usually about2e. ¢, of N/10 NaOH. Sulphiting of the
sirup is done, only when the acidity is low. . )

In Mauritius and Java, where the juice is sulphited to
a slight acidity (0°3-0'4 ¢. ¢.), a sulphitation of the sirup is
quite necessary. In the boiling of sirup into white sugar, it
is quite necessary to keep it distinctly acid so as to obtain a
bright coloured sirup, which gives white sugar. The sirup is
first heated to boiling, the impaurities appearing on the float--
ing scum are skimmed off, and then it is either filtered or
allowed to setfle. The filtration of a sulphitation sirup is
very troublesome and very expensive, So settling is usually
followed. The clear sirup, after it is cooled to 65° C or below
is then sulphited to an acidify of 1500 mgrms. of SO, per
litre of sirup (=4'7 ¢é. c. of N/10 NaOH) in Java, or to 1-1'2
grams of SO, per litre in Mauyrifius, which comes to 3'1
¢. ¢. of N/10 NaOH to 10 c.c. of sirup. This acidity is much
higher than that followed in Louisiana. In Java.in acid thin
juice process, the sirup is sulphited to 800 mgrm. of SO, per
litre of sirup, 4.e., 25 c.c. of N/10 NaOH, which is practically
the same, as is the casein Liouisiana with the sulphitation
process. The only difference is that, in Louisiana, the thin
juice is maintained at a relatively higher acidity than is the
case in Java or Mauritius. -

Java manufacturers think, that the acidity of thin juice
carried in Louisiana, is too high and would cause more inver-
sion. Actual results show that Louisiana factories do not
obtain the uandetermined loss in any way higher than what
the Java factories obtain. The undetermined represents the
inversion loss. As said previously, the high acidity of juice,
maintained by Louisiana factories, does not result in any
more inversion due to the presence of CaSQ,, which acts as
a buffer against the dissociation of acids present in the juioe,
It should be noted, that the acidity, determined as above; is
‘with reference to phenolphthalein as an indicator, and has no
relation to pH value, which is the only rational and correct
way of expressing an acidity or alkalinity.



152

XIV.—Sugar boiling.

The sirup is then boiled to grain in vacuum pans. All
the boiling has to be done ab- low .temperature in order to
avoid the danger of the .destruction of sugar, that occurs at
high temperature as well as to minimize inversion. In order
to do boiling at low temperature, vacuum has necessarily to
be maintained. The complete equipment consists of a pan,
an entrainment device, a condenser and a vacuum pump.
There is practically no- difference in the equipment of an
evaporator and a vacuum pan, the only difference being in
the pan itself. All that has. been written with regard to
entrainment device, condenser and vacuum. pump in the
case of . the evaporators, is equally applicable in the case of
vacoum pans also. Only one point needs emphasis. Itisa
asual practice to return the entrained liquid to the same pan
by meuns . of a separate pipe. This system is objectionable
when white sugar is to be made, because the entrained liquid
on account of its contact  with the iron surface in the baffles
or vapour pipe, is dark coloured, which imparts some colour
to the massecuite. The best system is to have an entrain-
ment device outside the pan in the vapour line, and conduct
the entrained liguid 'to a separate sealed.tank, and to use if
later on for maceration or press cake washing. The inside
entrainment device does not permit the separation of the
entrained liquid, for which reason, it is not desirable.

The vacuum -pans are of two- kinds, the coil and the
calendria, out of which the calendria pans are of recent date,
and are coming into more general use. In the coil pans,
the heating surface is formed by the heating coils 33-4" in
diameter usually made of copper. Each coil has a separate
steam connection both for .live and exhaust steam, and a
separate outlet for the condensed steam, for whick, steam
traps are generally used. These pans are generally worked
with live steam of .about 40 1bs, pressure. Fxhaust steam
can be used with coil pans, but the boiling is so slow, that
the boiling capacity is considerably decreased, which results
'in blocking the house. For this reason, the use of exhaust
steam with coil pans -has not beep found to be practicable.
With coil pans, the heating surface is not so efficient, because
specially with long coils, & great part of the steam already
gets condensed, before'if passes over half the distance of the
coils, Consequently only half the heating surface is working
very efficiently. Besides the prompt removal of the condensate
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offers cerfain difficulties in actual p.racti‘ce on account of the
traps, which go outof order. In any case for efficient working
of the coil pan, live steam of about 40 Ibs. is desirable.

. The calendria pan is meeting with great favour in Cuba.
This is worked with exhaust steam of aboub 5-8 or 10 lbs.
pressure, which means a greab saving in steam consumption.
This kind of a pan was originally introduced in Cuba so as to
be able to use all the surplus exhaust steam available in the
factory. . s ‘ "

A calendria pan is like a standard vérticle evaporafor in
construction, with this difference, that the tubes are some-
what shorter, thicker and larger in diameter, The diameter-
of these tubes varies from 33"-4" while, in the evaporators it
is about 2”. In order to promote better circulation, either
the tube sheets or the. tubes or both may be inclined. The
inclination of the tubes has one advantage, in that it defines
a passage for the condensate, which increases the heat trans-
mission. The down-take is in the middle. There are two
types of calendria pans—the single calendria and the double -
calendriu, latter -being also- calléd ““express pan”. The
latter is meeting with great favour in Cuba. ‘' There is no
question, that the calendria pans are more satisfactory
and more economic than the ooil pans, because (1) the
calendria pans work much faster, a .pan being struck in
% hours. This is due to more healing surface in a
calendria pan for the same capacity (2 sq. feet heating surface
to 1 cu. ft. capacity, as against 1 to 1 in the coil pan)
and secondly, due to bebter aud rapid circulation, and the
more efficient removal of the condensate, the latter .being
partly due to sloping tube sheets and inclined tubes. The
quicker boiling 1is desirable in making white sugar.
(2) On account of faster boiling and rapid eirculation,
a quick granulation is easily - effected, which gives a uniform
size grain.  This is very important in making white sugar.
. Not only a uniform granulation gives a befter grade of sugar,
easy for curing and washing, bub it reduces the amount of
tailings, which are necessarily required to be remelted, With
coil pans, a uniform granulation cannot be obtained specially,
when dealing with low purity sirups, unless a high pressure
steam of 40-50 lbs. is used, which causes quick evaporation
and better circulation. With the use of high pressure steam,
however, there is a danger of forming caramel. (3) All
calendria pans are worked with exhaust or low pressure

- . (]
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steam usually of 8-10 Ibs. pressure effecting a great economy
in steam consumption. Factories, having no surplus exhaust
steam, can instal with advantage, a pre-evaporator to supple-
ment the exhaust. (4) Calendria pans are much easier for
cleaning than coil pans. They can be easily cleaned by wire
brushes within a comparatively shorter timme and at a less
expense. It would thus seem, that calendria pans have all
the advantages over coil pans. ‘There is only one dis-
advantage and that is, the-graining hasnecessarily to be done -
higher in calendria -pans, because the calendria must be

always covered, before steam .is let in.. The resulfis, a

smaller grain sugar is obtained, unless the pan is caut. This

difficulty is felt, ‘when raw sugar is to be made, because a
bigger grain is preferred for refining, but in making white

sugar, a smaller grain is required and this disadvantage is of
no consequence in whité sugar factories. In raw sugar

houses, this difficulty can be solved by cutting the. pan. In
order to obviate this difficulty, calendria pans are provided
with one or two coils below the calendria. The best thing is
to have one coil pan, and the rest calendria pans. When
white sugar is to be made, there is more consumption of

steam, and for reasons of economy in steam consumption and
ultimsbely in fuel consumption, calendria pans are the most
suitable. - ' '

Boiling sirup to grain.—There are two or three methods
of graining the pan, which are used in different factories.
They are as follows_:—- : :

(1) For raw sugar.—The vacuum pump is first
started. When the pan attains a vacuum of about 18,
syrup is charged to the amount required. This varies

- according to whether graining is to be done high or
low. When the vacuum goes to 22"-23", steam valve
is opened. In coil pans, each coil is opened, as the
syrup‘ covers it. ‘In calendria pans, steam valve is
opened, when the calendria is covered -with syrup.
The amount of syrup, that is charged, depends upon,
whether graining is to be done high or low. This depends
on the grade of massecuite, and also, whether the pan is
to be boiled straight or is to be cub for boiling other
strikes. For boiling massecuite yielding 96° test sugar,
much grain is not required, but when crystallizer
massecuite' is to be boiled, plenty of grain is necessary.
When the pan is to be cut, more grain is necessary. When

-
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gyrup is boiled nearer o gmiﬁing point, there are two or
three methods by which graining is obtained. These
are :— -

(a) The syrup is allowed to grain without any
change in vacuum or temperature. When enough
grain is obtained, a sufficient charge of syrup is
made. This charge must be done carefully. An
intermittent charge of syrup is continued, until the

- sling is broken off, after which a continuous charge
is seb. This method of graining does not yield uni-
form granulation, as in order to geb sufficient grain,

three or four granulations are necessary., L

(h) The vacuum is lowered, before the pan is
ready for graining. When first granulation appears,
vacuum is increased to cool the pan suddenly, and:
a light charge of syrup is made. This gives a quick
granulation. The charging of syrup is then arrang-
ed as usual. This gives a quick and uniform
granulation. ' '

(¢) Seeding.—This is a recent method of grain- .
ing. The pan is boiled as usual until the firsh
granulatiod appears, when the seed is charged. For
seeding, fing sugar or preferably sugar dust is used.
-The amount of seed used is about one cupful for a
pan. This gives a uniform granulation.

(2) For crystallizer massecuite.—~To Dboil a erystal-
lizer massecuite it is usual to take a footing from first
massecuite or syrup. It is quite essential.to take plenty
of grain for this massecuite, in order to present plenty of
surface for the sugar to deposit upon in the crystallizer,
so that the purity of final molasses can be broughtto the
lowest possible limit. Under the usual system of boiling,
in order to get plenty of grain, three or four granulations
are necessary. This means no uniformity in grain and
also more time. The use of sugar dust as seed helps a
good deal to get a uniform grain, plentiful and also saves
time. As soon as a distinet granulation is noticed in the
pan, seed is charged through @ funnel specially prepared
for the purpose. - This gives the grain quick, and, there- .
fore, care should be taken to charge the syrup at the
earliest possible moment. Otherwise, there will be too
much grain. A light charge of syrup, a few minutes
atter seeding, helps to get a quick granulation. ‘
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(3) For plantation granulated.—In Lhis case, it is
desirable to have a small grain, which should keep its
crystalline structure so as to give a sparkle to the sugar.
It is, therefore, essential to have plenty of grain, and
graining must be done high in the pan so as to have the
required size. Seeding in this case is of special ad-
twatage. In order to prevent fouling of the grain,
boiling is usually done at & high temperature, so that the
mass remains free.. . ~

" At Usine St. Madeleine, where the “Searby cane shred-
der” is used and the bagasse reduced to a fine state,
-qdifficulty was always met in making a raw sugar of good
keeping quality. The bago-cellulose is so fine due toshredder,
that it passes in large quantities through, a 100 mesh
sieve of a Carter automatic juice strainer. - Experiments
showed, that the sugar. obfained from the sfrained juice,
could not be washed to a higher purity than 98, regardless of
the amount of water used. ~Seeding with sugar dust, was
tried, and no difficulty was met in washing sugar up fo a
purity of €9:3. The seed, in this case, caused a shock granu-
lation, and prevented crystallization to start on a nucleus of
fine bago-cellulose, which was responsible for the poor quality
of sugar. 2 : -

The use of seed for graining is very desirable to get a
uniform granulation.  Besides, it gives plenty of grain,
before the mass gets too close, which causes fouling. A light
charge of liquor, a few minutes after seeding, quickens granula-
tion and gives plenty of grain. A high pressure steam of
about 50 Ibs. pressureis desirable at the time of graining to
quicken granulation. ~ ‘

The ‘two principle systems of boiling are: (1) the pure

- massecuite system and (2) the mixed massecuite system. In
the first system, the first massecuite is formed of pure sirup
only. The second massecuite is formed of first molasses,
obtained from first strike. - This after curing gives second
molasses, which is boiled into third massecuite. Usually, the
final molasses is obtained from the third massecuite. If the
initial purity of the sirup is low, say 80, the final molasses
can be obfained in two strikes by this method.. The first
strike will be of 80 per cent. yielding a molaases of 60 purity,
which, when boiled into crystallizer massecuite, will yield
‘final molasges of about 31°-82° purity. The greatest dis-
advantage of this system is, that all massecuites, after the
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first, are grained on an impurer material like the first
- molasses, and the resulting sugar is dark coloured. This
sugar will then have to be remelted, because, no matter how
much water is used for washing this sugar, the dark colour
cannot be removed, as it is-.entrained in the body of the
crystal, since the time it started. . Even double - purging will
not help to remove this dark colour. ‘The refiners have the
greatest objection in buying any sugar containing dark seed.

They. do not mind, so long the sugar has dark colour on -

account of the adhering film of molasses, because, the latter

can be removed by washing, but fthe former persists in the -

melt, which demands greater quantity of bone-char. Secondly,
if this sugar is melted as is neeessary, it demands a greater
boiling capacity, than what will be required, if a mized
massecuite method is followed, because, the sugar, being
grained on syrup in the latter case, can be used either as seed
in the form of a magma for the first strike or preferably can
be double purged. Thirdly, the pure massecuite method does
not leave any latitude to shange the purity of the final
massecuite, as it always will depend on the purity of the
molasses.  If a higher purity molasses is obtained, - the
resulting massecuite will yield final molasses of a higher
purity. On account of these reasons, the pure massecuite
“method is not followed in any of the raw sugar factories.
The mixed massecuite method consists in boiling the strikes
with sirup and molasses, in such proportion as to obtain the

desired purity of the massecuite, For instance, a straight

strike ‘of 80 purity from pure sirup is boiled, which gives
60 parity molasses. The next sbrike will then be boiled
with sirup, and topped. with molasses, so as to bring the
purity of the mixed strike to about 70 purity. = This gives
first molasses of 50 purity, which is boiled on grain formed
from pure sirup into a massecuite of 60 purity. This is
then kept in a orystallizer and purged later giving final
molasses of about 30 purity. o "~

In the mixed massecuité system, the sugar is likely to
be coloured, but this is immaterial, so long the colour is due
to the enveloping film of molasses. Raw sugars are mostly
sold on the basis of polarization, and colour does not count,
so long it is not due to dark seed. There is much less change
for a dark seed in mixed massecuite method, than is the case
with pure massecuite method.  One precaution is necessary,
when mixed massecuite method is followed. *~ On account of

the continuous circulation of the molasses due to the topping



158

of first strike, the non-sugars, in course of time, get concentrat-
ed, and the molasses becomes gummy which causes con-
siderable trouble in boiling. It is, therefore, essential to
liquidate all the first molasses at least once a Week by boiling
a straight strike from pure sirup, and using molasses from it
for topping in subsequent strikes.

In the mixed massecuite method final molasses can be
- obtained in two or three massecuities depending ‘upon the
initial purity "of the sirup. With 80 purity sirup, final
molasses is easily obtained in two massecuites. With 84-86
purity sirup, three massecuite method becomes necessary.
In both the methods the first sugar is of 96°-97° polarization,
which is the standard basis for the purchase of raw sugar.
The second sngar, in the case of three massecuite meﬁhod,
is also made of 96 test by a little washing in the centrifugals.
The final sugar, in both the methods, is of low polarlzatlon
" and dark coloured, which is disposed of in either of the three
ways, (1) by meltmg and reboiling, (2) by usmg it as a
magms for seed, (3) by double purging.

‘The first method is followed when the sugar is very
"dark coloured, or whenever there is an excess of the same
remaining, after a part is used as a magma for seed. Many
factories remelt the sugar, and mix it with the sirup. The
best practice will be to remelt the sugar, send it to raw juice
-and pass it through the defecation process.

Many factories use the final sugar as a magma for seed
for the 1st or 2nd massecuite. In this way a part of the
final sugar is disposed of, the rest being melted. It is
* essential fo grain the crysba._lhzer massecuite on pure sirup, if-
the sugar, from the same, is fo be used as seed for the 1st or
2nd strikes. This will give a purer grain, and eliminate fo

a certain extent the dark seed. The chief ohject of using
~ this sugar as seed, is to make raw sugar of a bigger grain,
which, on account of. it large size, carry little molasses.
All the molasses present in raw sugar, is in a state of film
‘surrounding the crystal. The bigger the size of the crystal,
the less the surface, and consequently less the molasses.
Such a sugar polarises much higher without washing.
‘When the final sugar is used as seed, the practice is to make
a magma of this sagar either with sirup or 1st molasses, ‘and
introduce it in the .pan. The use'of sirup for making a
magma causes difficulties in boiling. As the sirup is richer



- 159

in sugar than molagses, the massecuite cannot be boiled at
higher supersaturation from the beginning, owing to the
danger of the formation of false grain. Before molasses is
taken in the pan for boiling the strike, the massecuite has fio
be concentrated to a higher supersaturation, which, later,
results in the formation of either false grain or ‘smear’. In
one factory, where sirup was used for making a magma, I
always noticed smear or false grain, after the molasses was
charged in the pan. The use of molasses for making a
magma obviates this difficulty, ds strike can be boiled ab 2
higher degree of super-saturation from the beginning. When
sugar is to be used as a magma, usually smaller size grain
is secured in the crystallizer massecuite. o

Double purging of the final sugar is followed in some
factories. For this purpose, the sugar from the centrifugals
is mixed with 1st molasses, and cured along with the 1st or
2nd massecuite. By this method only one grade of sugar is
mado in the factory. For double curing, the crystallizer
massecuite will have to be boiled to a bigger grain so that the
size cf the crystal will not differ much from the first sugar.
This seems to me to be the best method to get rid of the
third sugar, as the accompanying melasses will not go back
with seed to the first massecuite, as is the case when. it is
used as seed. This method . requires more centrifugal.
capacity. - £ e

When white sugar is to be made, a combinatiou of the
two methods is followed.” All the first strikes are boiled of
pure sirup, but the second and third strikes are started on a
footing or grain from sirup, and boiled with 1st ard 2nd
molasses respectively to a desired purity. The 1st two
strikes give white sugar, while the third gives raw sugar and
final molasses. This sugar has to be remelted. It cannot
be used either as seed or for double purging. The remelt is
.sent to the raw juice for receiving the usual treatment of

defecation and sulphitation. - . :

Another difference, in white sugar manufacture, is th
separation of ‘run off’ from wash, specially when double
purging is not done. The sugar hag necessarily o be washed
in the centrifugals with comparatively much more water,
than what is used in raw sugar manufacture. - The wash is
very bright coloured, and is, therefore, separated from the
run off. Tt is ultimately used. for boiling a mixed strike,
which gives white sugar. ~The disadvantages of this practice
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are: (1) a great quantity of water is required to be used, which
has to be evaporated, (2) during washing, some of the cry-
stals are dissolved, (3) it ig*difficult to secure uniform wash-
ing unless a great quantlty of wafer is used.

The best system is to double-purge the sugar asis done
in Java. The-sugar is first cured in the centnfuoals without
washing, is then thoroughly mixed with sirup, and the magma
is then cured in separate centrifugals. In this method, “the
dark molasses is completely replaced by a light coloured
sirup, which, being not 8o viscous, is easily washed with little
water. The sugar is then washed in the centrifugals, and the
wash mixed with the purging sirup, which is " reused for
making a magma, until it gets too dark coloured to be used,
when it is mixed with juice. This method requires more
centrifugal capacity, but is most effective in removing all the
colouring film of molasses adbering the sugar crystals, with
a minimum amount of water, and giving the best white
. sugar. :
The method of boiling sugar depends upon (1) the grade
of sugar to be made, whether plantation white or raw, (2) the
initial purity of the ¢ sirup, and (3) the equipment of the house.
It is, therefore, impossible to lay out any standard wmethod,
but a few methods, practised in some of the sugat factones,
are given below to give some idea:—

(1) For raw sugar:
(a) Purity of sirup 80; equipment:. 4 coil pans, no
crystallizers but hof rooms, .
o Sirap 80° P
Mmu#w 5 P

ent off

1
1st massecuite of 4 eut, srme su-up.\ /Boilcd hrk of } cnt + Sirup + Ist -

topped with lst molasses. P P 60
1—“‘—1 . 1 1
86 sugar 1st molasses. 5055 P, 96 sagar  2nd mohss;'l. B545 P
. l—)— » boiled string proot
. l
] )
high ucondl.s 43-46 P 19w seconds 40-43 P 3rd massecnite 3335 P
1 - ! | ‘ 1 ‘
. high B'el'olldl ' molnm'as ap low seconds molasses 23 P 3rd sagar final molas-
SugsT. | sugar »6 3525 P

- : . bon'lcdustrmglprod massecaite,
On account of no crystallizers such a complicated system
is followed to get a low purity final mo]asses
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, (b) the same purity su‘up 'Equipment: 2 coil pans
and crystallizers.

-9—=Massecuite method.
girap 81 P

massacaite 80 P; cut 8 or 4 timaa for ory. masseouite

1
18t massecnito— footlmg u! abnve +toppad Bnd massecnite cut from abova+1st
with 188 molasses. molasses. 58-60 P
put in crys.allizu? for 5-6 homs. put in erystnlli?ers for 5-6 dny.

. .
07 sugar 1st molnnsi:s 4550 P S Qnds:tgar 93-84 pol, - fieal mol; 31 P~
e . - .
Cd .
> 06 test Sngar —“"—"\'—

In this method the 2nd’ sugar is mlxed with the first
blch is not a good practice.

(c) Purity of s1rup 80; equlpment 8 ooil pans and
crystalhzere. :

2—Massecuite method.
' sirup 80 P ,
1st missaculte~footing of 2nd sngnr|+ sirap, toppad with molassas. T0 P

' . -
96 sugar Ist molmlases 80 P .
ond mzs'aecuito -5m[!ned on sirap. 60 P BRI

. I
2nd sugar used for mngmn ﬂnal molu!m 8285
with situp

Occamona,lly, o straight strike is boﬂed to hqulda.t.e the
classes, which i8 in continuous clrculatxon.

(d) P of sirup 82~86 eqmpmenﬁ calendria and coil
pans and crystallizers,

3—Massecuite method.

Sirup=82-86 P )
1st striks of sirup, and migms of Is:d sugat and 1st molasses, BOP /

] .
wm  06'5 sugar not washed . sk molnaa!ee. 60 P .
2nd atrike of 8 magmsa of Sﬂll engar and 1st mol, 70 P '

od sugnrlo! 966 Pol. " end moljof 50 P

8rd strike—grained on sirap and botled
with molasses (lﬁnd )60 P

i
{
8rd sugar us>d for magms fi ) i
with ist molasses or dmﬂ:ﬁa purged ual molosses of .
with 2nd masseouits.

B 72-11
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. It may be seen, that, with a low initial purity of sirup, the
molasses can be exhausted easily in 2 massecuites to about
-30 purity, This system is quite general in British Guiana

_:and Louisiana. When the initial purity is high, as is the
-cage in Cuba, 3 massecuite method is required to exhaust the
molasses. When factories are not equipped with crystallizers,
@ large hobt room capacity is needed to keep string proof.
massecuites. This system is very laborious and wastefui
and all modern factories have abandoned this system alto-
gether in favour of the crysta,lhzers.

(2) For white sugar:

(a) puriby of sirup 75-80; equipment: coil and
ca.lendnu. pan and crystalhzers - '

-

siop 7580 P, :
1st massecaite : Bi'l.! 0192, P80 .

(IR .
Wranulated sugar wash 80 P : mo&'ﬁ)?
100 pol. .
* 2nd mired massecnite on a tootmx of 8rd mixed massecuite en & Iootin's

1st, and wash, Brix 91-93 P 75-80 of 1st +run off from lst and 2nd
Bﬁx=91~9_2 : 1;65—70

| | . A. ™ - [

ranualated shgar wash 76-30 P . run off 60 P ntated sagar wash +run off

SR pol = ) " L. | ™50 po. 650 b
used for massecaite. ~
0 4th stnLe ery.

B maseectite on a
footicg of 1st+run
. off and wash Brix

94-95; P 60
1
| [ 1 .
sugar wash of 40-43 P. Boﬂed final mol asses of
% to higher con. and sold P83,
- . N as high grade mol.

»

(b)

" girup of 8486 P
1st massecnite of 84-& P

1st gugar, mixed with sirap, 1st molasses
and doubllo pnrged ond Iuiha ggd!

on a magma of
snguarid sirap

.l l
ul lng aim
whito sagar r 3 sent baek to juice

——
2nd sugar and m«!lam

double purged like  3rd messeonits S‘“"”
1st s\ixar on su'up
white Sagar ]
3rd sugar— fina) molasses
1t used 28 318 P
, gocd and the rest
) melted.
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Crystallizers—Formerly before the crystallizers came
into general use in the cane sugar industry, the usual
practice to exhaust the molasses, was to ‘boil the final
massecuite string proof, and allow it to crystallize in open
tanks. A few houses, not equipped with crystallizers, still
follow this system, notwithstanding the fact, that this process
is considered to be insanitary and more wasteful. The
greatest objection to this system is, that it takes much longer
_ time to get a sufficient orystallization. Consequently, the
massecuite has to be left for days and months together.
Therefore, not only does it require a much greater storage
capacity, bubt there is a greater loss in inversion. and
fermentation. It does not exhaust the molasses to the same
extent, as a crystallizer massecuite does, on account of
certain inherent defects in the method. On account of. a
lack of circulation due to viscosity, the crystallization .is
never complete. Consequently the final molasses are of a
higher purity for the same purity massecuite. On account
of lack of circulation, and lack of temperature control in
rooms, the massecuite is suddenly cooled, on account. of
which, the sugar separates into a number of small crystals.
Some houses in Louisiana have put- up hot rooms provided
with thermostats, but ‘this increases the expense. On
account of the lack of circulation, the crystal has no chance
to crow. Consequently, string proof sugar has always small
grain, which, on account of its specific surface, retains a
greater quantity of molasses. The sugar is congequently
dark coloured. This sugar cannot be washed in the centrifu:
gals for fear of dissolving the crystal. The use of this sugar
as seed is very objectionable not only, because it gives dark
seed, but it brings back a greater part of the final molasses
in the house. On account of small size of the crystals, and
on acount of its viscesity, the string proof massecuite
presents great difficulties in curing. On account of all these
reasons, as well as on grounds of economy, crystallizers have
come into general use.

The crystallizers are horizontal tanks either open-.or
closed, provided with stirrers. These rotate at a very low
speed, usually at one revolution per 4 minutes. The
massecuite is boiled to grain, and dropped at a Briz of 95-36
into the crystallizers, in which the sugar crystals are allowed
to grow. This is possible on account of the circulation.  In
order to have a gradual cooling, crystallizers are provided -
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with water jackets in cold ¢ountries like Louisiana. In the
tropies, they -are not required. As the crystallization
proceeds, and the massecuite gets cooled in 4 or's days, a
little water is added to reduce the viscosity which causes not
only better circulation promoting better exhaustion
of the molasses, but it -aids considerably the curing. "In
about 5 or 6 days, depending upon the temperature condi-
tions of the locality, the massecuite gets sufficiently cooled,

atter which it is cured in the centrifugals. . '

: The purity, to which- the crystallizer massecuite be
brought before striking, depends on certain considerations.
Every factory aims to. exhaust the molasses to the lowest
possible limit. The purity of the final molasses depends to
a greab extent on the initial purity of the crystallizer masse-
cuife. The lower the purity of the massecuite, the lower
the purity of the molasses obtained thereform. But there is
" a limit, beyond which it is' not advantageous to go. First
of all, the maximum drop of 30 in purity from massecuite
to molasses, is obtained, when the crystallizer massecuite is
of 60 purity. As this purity drops, the drop in purity from
massecuite to molasses also drops. For instance, a masse- -
cuite of 60 purity gives a drop of 30 purity yielding 30 purity
final molasses. If the purity of the massecuite be reduced to
50, it may give a drop of 20 only giving final molasses of 30
purity. This does not give any advantage. On the contrary,
" 1 gives- more trouble in actual practice. As the purity s
reduced below 60, the massecuite becomes so viscous, that
“the boiling becomes very defective on account of bad circula-
fion, . resulfing in the formation -of false grain. . This gives
wmany troubles in curing, on account of the viscosity of the
massecuite, reducing. the ocapacity of. the cenfrifugal
machines and requiring water for washing. It may be
_ inferred from this, -that. the purity of the final molasses
cannot go below 30, and it may be asked, how certain fac--
tories obtain a purity of the fical molasses down to 27-28.
" The only place I saw so far, where molasses is exhausted to
this purity,” is Louisiana. There, the juices are of low
purity &nd massecuites can be boiled to a lower purity
without any trouble of viscosity, which yields final molasses
- of & lower purity than 80, though the maximum drop in
purity is not obtained. In the Tropics, the only places,
where - final molasses is exhausted to 27-28 purity, are
central Mercidita in Porto Rico, and Kahuku sugar mill in
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the Hawaiian islands. The crystallizer massecuites ab the two
places, arg boiled to 53-54 purity which yields final molasses
of 27-28 purity. This means a drop of 26-27, which-is
lower than the -maximum drop of--30. The chief cause,
which has made it possible for these two facbories to boil the
crystallizer mussecuite to such » low purity as 53-54, is the
elimination of the bago-cellulose from the juice by means of
strainers, which seems to have eliminabed, to some extent,
the gums from the molasses. The chief reason, why
crystallizer massecuites cannot be boiled beléw 61 purity in
actual practice, is the viscosity due to gums. The presence
of gums in molasses may be ftraced to the circulation of
molasses in the house, resulting in the concentration of
non-sugars as well as o the formation of gum from bago-
cellulose. It is known, that lime acts "partially on bago-
cellulose, resulting in the formation of dextran, which is
gummy. This shows how advantageous it is to remove the
bago-cellalose from the process in its early stage. S

Mizers.—The massecuite, after it is dropped from the
pan, is conveyed through open gutters or closed pipes to
mixers. The closed pipes reqauire careful attention in steam-
ing the same after the massecuite is passed, to prevent
choking. The former is simpler, and easier for supervision.
Mixers are troughs usually U shaped, narrower at the
boftom with stirrers inside, which keep the mass in
- continnous circulation. Some factories use the crystallizers
as mixers, keeping the massecuife in them for a few hours
from 4-8 hours, depending on the available capacity. For
raw sugar this practice is very good, as it gives a greater
drop in purity of the molasses obtained therefrom. For
white sugar immediate curing is necessary, as the inasse-
cuite, when cooled, does not cure so readily. In order to
prevent rapid cooling, covered mizers will be better,

XV. The separation of the crystals,

The next operation is to separate tha sugar erystals from
the adhering molasses. This is done by means of centrifugal
machines. The most commonly used are 40" x 24" machines,
all top-driven. It has been found that 40" are the most
economical in modern sugar houses. With smaller machines,
not only greater speed is required in order to produce the
-same centrifugal force, but more units of Jabour are required,
as the capacity decreases with the size of the machines.”
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Four makers are in use.—Watson Laidlow and Co., American
Tool Co., Mackintosh, and Pott Cassels and Williamson, of
which the Watson’s machines are in greater use. The

massecuite is fed direotly from the mixer to the machine by
means of a spout.

Drive for the centrifugals—Three methods of driving
the centrifugals are in pse. They are the belt, the water and
the electric drive. The latter is coming into general use
and has been exclusively put by mills installed recently.
Opinion is as. yet divided as to which is economic in the end.
Belt drive is the old method of driving the centrifugals.
In this, power is generated in a steam engine, which drives
a countershaft, which, in turn, drives another shaft, on
which are mounted clutches} one for each machine, the
power being transmitted from the clutch to the machine by
@ belt and pulley. This is the simplest and the cheapest
drive. In case of overload, the utmost that may happen
is either a belt slip or the giving way of the belt, which
can be_eagily repaired in the house. In this drive, the
common trouble is the belt slip, which increases the loss in-
transmigsion, and reduces the speed of the machine thus
affecting the quality of the work. Consequently, belt drive
machines require constant attention.

.~ Water drive is very common in the Hawaiian islands,
In this case the source of power is the water under pressure.
For this. purpose, big pumps are provided, which supply
water to the centrifugals under a pressure of 125-175 lbs.
‘Where water power is available, this will be the cheapest
source of drive for the centrifugals. The water driven
machines work very well, and there is nothing to get out of
order. The machines work with a steady speed, which is
not the case with belt driven mathines, on account of the
trouble ‘of belt slip. But, in this case as each machine is-
driven individually and not collectively, as is the case with
belt drive, provision has to be made to derive an excess of
power during.acceleration, which becomes expensive. In
Watson’s machines, this has been arranged by the provision
of two jets, one of which automatically stops as soon as
speed -is attained. With all that, it demands more power,
and so it is rather expensive. Many times, a sufficient
water pressure is not maintained, which affects the speed of
the machines. This is its only draw-back. The water can-
be used over and over again in this case. '
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Electric drive—The electric drive for the centrifugals:
is getting more and more common. There are two systems.
of drive in this, the collective and -the individual. In the-
first, there is a common electric motor to all the machines-
in a battery, from which power is transmitted by means.of a.
belt. It differs from the belt drive in one respect, and that,
is, the substitution of a motor for an engine for generating -
power for the machines. Consequently, there is present the.
same trouble namely the belt slip. That seems .to be the .~
reason, why the latter system, though expensive, is adopted
by all modern factories. In the individual drive, a separate.
motor is placed directly on the top of the machine, and.
connection is ‘made to the rotating spindle by a friction
clutch. - There is no question, that a separate drive for each .
machine is much more expensive than a-collective drive for*
all machines in a battery, because individual motor must be-
of such a size as to be able to develope an excess of power;
which is required by the machine over short intervals during*
acceleration. It is obvioue, that with one cenfral motor for
driving a battery of cenfrifugals, there will be a'saving in -
power, a8 the excess power required by the individual
machine during acceleration, carr be easily developed by the
central motor, which is capable of driving all the machines
at a time. In-the collective drive all the machines are
not running at an acceleration at the same time, and' .
consequently it is not necessary o have a motor of the -
-power capable of producing the sum total of the excess power
required by each machine during acceleration. The sum
total of the individual motors will always exceed that of the-
central motor. This consequently becomes expensive. Still,
the present practice is to have a Beparate motor for each
machine 80 as to incur no loss in power through belt slip, as-
is common with belt drive. With this drive, it i§ necessary
to provide a number of reserve motors as little carelessness-
on the part of the workmen may result in burning the motor.

The molasses is separated from the sugar crysbals by
means of centrifagal force. In raw sugar manufacture, no-
washing of the sugar with water in the centrifugals is neces--
sary, if the massecuite be of a high purity like 80, With-
lower purity massecuite, little water is used to remove the
adhering film of molasses in-order to increase the polariza--
tion of the sugar to 96° test. It is'very important, that the
water be used at the proper time. Immediately after the
molasses disappears from the surface of the sugar crystals in.-
the centrifugals, water should be used. Water must follow
the molasses, so that the latter is, so to say, forced out..
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If water is used long after the molasses has been separated,

it does not help in removing in any more molusses, but on

the contrary, dissolves a part of the sugar crystal, which is

not desirable. Ifis desirable, that the least amount of water

should be used, The water, used for washing, dilutes the

film of molasses that surrounds the sugar crystal, for which

reason, washed sugar is liable to deterioration in storage.
In order to regulate the quantity of water, antomatic water

sprinkler is provided for each machine, ' ’

In white sugar manufacture sugar has necessarily to be
- washed to remove the adhering film of molasses. Sufficient
water must be used to make the sugar white.

After the separation of the molasses from the sugar is
nearly complete, the machine is stopped. Longer running of
the machine than what is necessary results in hardening
the sugar, which is very difficult for scraping. When the
machine stops, sugar is scraped off either by wooden handles
worked by hand or by plough scrapers.- The latter are used
in countries like Cuba, Louisiana and Porto Rico where
labour is- expensive. With self discharging machines, no
scraping is required. These machines work alright with
first sugars. For white sugar, these machines are not desir-
able, as in case proper washing is rfiot done, the sugar cannot
be spun again, which in this cate, is automatically discharged
to the conveyer as soon as the machine stops. All self dis-
charging machines have to be charged while in motion.

In raw sugar factories the separation of wash from ‘run
off' is not necessary, but in- white sugar factories, it is found
necessary, if double purging is not followed. The amount of
water used is much more than what is used in raw sugar
factories. Thia wash is of light colour and of high purity.
Consequently, it is separated by providing two separate gutters
behind the centrifugals. .

Double - purging.—When  double purging is done,
as is usual in Java in white sugar factorics, the masse-
cnite is first cured in centrifugals without washing, the
sugar is then dropped.- and mixed with sirup (thick juice),
and the magma again purged in separate centrifugals. Water

. is used for washing the sugar, but wash.is not separated,
a8 it mixes in this case with sirup and not with molasses.

Caleulation of pan, erystallizer and centrifugalcapacity,
—A caloulation js made below for conditions in the Bom-

* bay Deccan according to the method used by Dr. Geerligs
in 'his book on white sugar manufacture. The system
~ miven . therein differs from the Louisiana system in this
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respact, that all - whlt;e sugar is obtained by double curmg,
and a part of the final sugar is used as seed, This system,
therefore, requires more oentnfugal capa.cxty, but secures
better washing of the sugar:—
Process.—Sulphitation. .
Products.—Plantation granulated and ﬁnal molasses.
Data.—Grinding capacity 1,000 tons of cane a day
of 24 hours Fibre in cane 11 per cent., sucrose
in cane 14 per cent. Brix of normal ]ulce 18,
purity of juice 84, purity of sirup 86.
- Normal juice extraction 80 per cent.
Purity of 1st, 2nd, and 3rd massecaites 86 ‘70
- and 60, respectlve]y .
Purity of 1st, 2nd, and 3rd mola.sses 66, 50
and 30, respectlvsly ‘
Brix of 1st, 2nd, and 8rd ma%seoultes 94 04
and 94, respectlvely :
Purity of 1st sugar to be 9T 5 sugars from 1sh
and 2nd massecuites to be double purged.
Calculation: on a basis of dry solids. One thousand
tons of cane yield 800 tons of juice containing
144 tons of dry solids, which amount is present
in sirup’and pritnary massecuite.

(1) 1sb massecuite yields

sugar per cent - 36-66x100
gar p Y

per cent.= 36'5 of 66°P.
-(2) 2nd maﬁsecmte yields -

050 -
sugar per cent, %%%2—42'0 and 2nd molass-

es per cent.—>58 of 50°P.
18t massecuite consists of solids from sir up
2nd massecuité consists of ‘
86 4=1 sn:up or 20 per cent. sirup.
\ / g
70 .

= 63'5 and 1st molasses

/N /

66  16=4 1st molasses or 80 per cent. of 66 P.

3rd massecuite of 60 purity consits of _ : .
83 10 =1 or 28 per cent, sirup.

60

50 26=26 or 72 per cent. of 2nd molasses of
" 50 P.
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Molasses, for final massecuite of 60 purity, is obtained

from 2nd massecuite, so, for 100 parts of final massecuite,
~ ’;81 % parts of 2nd massecuito of 70-purity, are necessary. to
give 72 parts of 2nd molasses of 50° P. This is equal o 124'1

parts of 2nd massecuite of 70 P. This in turn requires

1241 x 80 N .. . 241x80
oo first molasses, which is obtained from—5z——parts of

1st massecuite. This is equal to 272 parts of primary mas-
secuite of 86 P. _ :

" Summary — -
100 parts of fina} massecnite of 60 P containing 28 parts of Primary
. i magsecuite.
1241 ,, , 2nd » ] 70.P T 248 , )
272-0 o » 186 » ” 86 P » 27200, » Rl
496 parts of mixed massecuite containing 324-8 parts of " .
cq s s . 496 x 144
so 144 parts of dry solids in sirup ylelds—ag—:;-—=220 tons of
dry massecuite. T'aking the Brix of the massecuite to be 940,
sy ol 220 x 100 . .
this is equal to —-7—=2%234 tons of mixed massecuites of

94 Brix every day. Taking 8 hours, as the average time
for one pan, the total vacuum pan eapacity should be Qgi;so

tons or 1,700 cu. ft., 3 pans of 30 ton capacity each, would be
most suitable, ‘ :

_ Crystallizer capasity~—234 tops of mixzed massecuite
consist of 128 fons of 1st massecunite, 58 tons of 2nd

massecuite, and 48 tons of final massecuite. The latter
" 48 x 2000

at 94 Brix is equal to—5;7——=1,017 cub. ft. As this

. massecuite swells considerably, and water has to be
added from time to time, an allowance of 25 per cent.
is made. So it comes to about 1,250 cub. 6. Taking 4
days as the usual time required to cool the massecuite,
it means a capacity of 5,000 cub. ft. “To this should be
added a spare capacity of two orystallizers one to re-:
ceive the massecuite and the other to discharge itto the

° centrifugals. Taking the-size of the pan to be 600
~ cub. ft. each, each crystallizer should have a capacity of
~ 600 cub. ft.+25 per cent. or 600+150 or 750 cub. t.

The number of crystallizers will then be %05% =T7+2 for
allowance or 10 in all.

O’enh:ifugal Ga,pacity.‘;—Ta.king 9 per cent. moisture
in sugar, 128 tons of 1st massecuite of 86° purity yield
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T 128x94x685 ' ass‘e-" :
=18 tons of sugar. 58 tons of 2nd m

cuite of 70 P yields Z21x42 —og: "3 tons of sugar.
128 tons of 1st massecuite giving.78 tons of Bugar.

58 » »n znd 1] ” 23 3 b )"
48 , 5 fimal of 60 P noony
238 ,, 2nd sugar returned for purgmg

257'3 tons for 1st purging.

For double purging. -

78 tons of sugar from 1st massecuite. '

283 ., . . 2nd " refurned to

1st massecuite. : ¢ .
1018 tons+sirup used, which comes .to about 150
tons in all.

The total centrifugal oapa.clty will be 2573 + 150= 407'3
- tons of massecuite per day of 24 hours. ' ’

For double purging.—40” machine will purge 2 tons an
hour. 8o 4-40" machines will be necessary for 150 hons of
massecuite for double. purging.

1st and 2nd massecuites are equal to 2093 tons. They
will require 6-40" machines.

. 3rd massecuite is 48 tons. Taking 2/3rds of a ton per

machine per hour, it will require about 4 or befter 6-40"
machines for 8rd sugar.

Thus 4-40" ma.chmes for double purging, 6-40" ma,chmes
for 1st and 2nd massecuite and 6-40” machines for 3rd mas-
secuibe, in dll 16-40" machines will be required.

Sugar conveyers.—Adter the sugar is dropped from the
centrifugals, it is carried by conveyers and elevatorsto the
sugar bin. I saw three kinds of conveyers in use. They are
(1) the screw conveyer, (2) the grasshopper conveyer, (3)
the belt or slat conveyer. In Louisiana, the first is common.
~ The disadvantage with this conveyer is that, it cannot be
kept clean. The grasshopper conveyer is common in Cuba,
West Indies, Hawaii and Java. It works very well and
can be kept clean. With final sugar, the grasshopper conveyer
does not work well on account of the sticky nature of the

sugar, for which purpose, either the screw conveyer or the
slat conveyer is preferred. '

The conveyer carries the sugar to a pit, from which it is
elevated by bucket elevators to the sugar bin, In raw sugar.
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factories, the svgar is then weighed, and filled in bags, after
which, the latter are stitched, and either shipped or sent to
the warehouse. DBefore bagging sugar, it is desirable to cool
it so as to prevent caking. In the Hawaiian islands; sugar
driers, similar to granulators, are used for cooling sugar before
it is bagged. The driers were originally installed to dry the
sudar so as to reduce the amount moisture in the sugar-
This was. subsequently abandoned but the same machin. i
are now used for cooling the sugar. *

In white sugar manufacture, the sugar has to be
thoroughly dried, befora it is bagged. ‘A little amount of
moisture will affect the keeping quality considerably. There
are two methods in use, drying the sugar by steam and by
the granulator,

* Drying the sugar by Steam.—In Java, the use of steam
is common. In this case, the sugar, after it is free from
molasses in the second seb of centrifugals, is dried by inject-
ing steam. The basket is covered, and steam is injected
directly on the sugar. Generally saturated steam is wused,
but & moderately superheated steam is advantageous, as it
can remove the last traces of moisture. This systeni may nob
dry the sugar so well as a granulator does because in this
system steam cannot come into contact with all the particles
of sugar. Java manufacturers prefer this system, because they
object to the use of the granulators on account of the rubbing
of the crystals in the granulators, which is considered to make
the sugar crystals dull. Experience shows, that crystalado
not become dull to the extent, the Java manufacturers believe.
In fact all the refined granulated sugars, which are generally
very bright, are dried by means of the granulators.

Drying the sugar by granulators.—In Louisiana, whilo
sugar is dried by means of a granulator. It consists of
either one of two drums slightly inclined to the horizontal
towards the discharge end, and revolving on truonions.
When two drums are used, the one, which is usually placed
at the top, is-used for drying sugar and the other, which is
. placed below the other, is used for cooling the sugar. The best

practiceis to provide two drums, so that both the operations of
drying and cooling the sugar can be. effectively done. When
. only one drum is used, cooling of sugar cannot be done in the
machine, which is essential before bagging, to prevent caking.

In the granulator, sugar is dried by means of hot air,
which enters the-drum on_account of induced draft usually
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provided. . At one end of ths drum is placed a radiator,
which heats the air, as it enters the granulator. The sugar
which entersat the other end, travels on account of the
rotation of the dram and on ifs way, meets the incoming hoti -
air, which removes the moisture from the sugar. A -temper-
ature of about 170° F is usually maintained in this drum.
The dried sugar, then, enters the second drum, in which, it
t tts cooled on its way to the other end of the drum. In this
drum, is provided a steel drum centrally. located, which is.
kepb hot by means of steam. Usually a low pressure steam:
of about 1i--15 1bs. is used for this purpose in order to prevent
charring, which occurs, if a high pressure steam 1s used. .
For the radiator live steam of 40-GO lbs, pressure is used:
The temperature in the 2nd drum is maintained at 100°-125°
F. The following rough sketch shows the: working of &
granulator:— - i
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The only precaution that is required to be taken, is to
keep a constunt temperature so as to secure good drying and
cooling. In no case, the central drum in the second granu-
lator be made hotter by using a high pressure steam, as if
will burn a part of the sugar. At the end of the inmelin-
ed drum is placed a wire screen, which separates the coarse
Iumps, which are melted. The sugar comes out at about
112°-114° F temp. .

Dust separator.—As hot air blows through the granu-
lator under induced draft, it carries alongwith it fine dust,
containing finer particles of sugar, I saw three or four devices
to separate the sugar dust. They are (1) water separation,
(2) dust room separation, (3) steam separation. =
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. Water separation.—1 saw two systems in use. One was
the blowing of the dust through a tank filled with water.
" This is a simple device.. Particles get dissolved, as the dust
blows through the water. This, however, is nof efﬁment and
lot of sugar dust passes out. The second system which I saw
in the refineries is to inject hot water in the form of a spray,
which-on coming in contact with the dust, dissolves the sugar
This operates like the jet condensers. This works good, ¢
‘most of the sugar, that is likely to pass through the dust ¢an
be recovered in th1s way.

Dust room separalion.~—This is the simplest device.
. Tt consists of a dust room, provided with wooden baffles, in
order to change the direction of the dust as well as to slow
the velocity. On account of these reasons, a great part of
the sugar dust is retained on the floor as well as on the
walls of the room. Rough sketch is given below —_

L

In thls devme. a part of the sugar
e s* r °°"‘ . i8 blown to the air along with the
- dust, and separation is not efficient,
but this device i is very simple and

cheap.

. .

Steam separation.—This works in the same way as a
water jet separation. Only instead of water jet, steam jet
“i8 used. A saturated wet steam is used for this purpose.
This works _very well, ‘but is expensive on account of the
steam, that is requn'ed to be used.

. The dust, thus recovered, is msed for the purpose of
“shock’ seeding, the excess remaining being remelted.

* Sugar screening.—The sugar from the granulaforsisthen
sifted through screens, in order to get a uniform size grain,
The sugar is usually separ&ted in Liouisiana into 3 grades,
the fine granulated, coarse granulated and the lumps - The
lakter are remelted, while the others are bagged and sold.
For this purpose, a rotating screen separator, having differ-
ent mesh screens, is nsed. For fine granulated, a 16 mesh
sereen, and for coarse granulated, 10 mesh screen are used.
The lumps are retained by the. 10 mesh screen. This is a
simple and cheap device.



175

In the refineries, a vibrating sepsrator is used. It
consists of an inclined frame, having 2 or 3 different mesh
screens placed one above the other, the coarse being placed
at the top and the finer being placed at the boftom. As
the sugar enters the top screen, on account of the inclina-
tion, as well as the vibrations of the -separator, the fine
sugar passes through the upper screen, while the cbarse
pieces travel to the other end of the screen, and are separa-
tely collected.. This separator is all closed, and consequently,
18 much cleaner. '

- After the sugar is separated into. different sorts, it is
filled in bags. Usually granulated sugaris filled in 100 lbs.
bags in Louisiana. Always double bags are used. The
inside bag is made of coarse linen or cloth, which holds the
gsugar, while the outside bag consists of jute, called the
gunny bag, which supports the inside bag. The object of a
double bag is to keep the white sugar, free from moisture
absorption during storage and transportation. The use of
paper for the inside bags is said to. be more efficient and
cheaper. .

L .
. XVL.  Accessaries—Pumps and self recording instruments.

The equipment: of a sugar factory involves the use of a
number of pumps ab different stations in the house. They are
feed water pumps, raw juice pumps, clarified juice pumps,
mud pumps, syrup pumps, molasses pumps, magma pumps,
injection water pumps, &e. Before the electrification of the
accessaries in & sugar mill came into use, the most common.
type of pumps were the Duplex piston pumps, all driven
directly by steam. The efficiency of these pumps is generally
low. They consume much steam, and in actual practice always -
leak and hence are wasteful. With the electrification of
accessaries, the use of centrifugal pumps is getting more and
more common. Centrifugal pumps are run at high speed,
and hence are very- suitable for electric drive by means of
motbors. The centrifugal pumps are much cheaper in first
cost, easy for operation, require much less attention and
little floor space. There is no doubt, that electric drive for
pumps is more economic. In all modern houses centrifugal
pumps are used except for molasses and magma, for which
special piston pumps, driven by electric .motor, are used.
On account of the peculiar nature of the molasses and
magma, centrifugal pumps cannot be used for this purpose.
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This practice has resulted in the reduction of floor space,
oompactness of the plant, and general cleanliness of the
house. The electrification of the accessaries is fully justi-
fied by the use of the centrifugal pumps.

_ In all modern factories, it is a practice to provide seli-
recording instruments, This secures a better control on all
operations’in the factory. In one factory in Louisiana, the
following self-recording instruments were provided :—

1. Fo'r‘temperq.ture of fuel oil. _
For live steam pfessure.
” »  temperature.
For temperature of chimney gases.
For draft of the chimney. o
For maceration watet.
For steam flow meter.

® NP ;s o

For temperature of juice heaters.

9, For temperature in a quadruple. Two thermo-
meters, one for temperature of steam in the calendria,
" and the other for the temperature of the juice. -

- 10. For recording vacuum in each body of the
quadruple. . -
" 11, For recordingfefnperahure in the pan.
12, ' “steam pressure in the pan.
18. »  exhaust steam pressure.

These instruments record the actual work that is
being done in the factory during 24 hours, - Every 24 hours,
a new graph paper is replaced. On account of the self-
recording instruments, the Superintendent is able to detect
any fault either in the operation or any man, even though
he may not be present in the factory for all the time. This
enables thé engineer to check the efficiency of the furnace
and mills from time to time. The importance of self-record-
ing instruments cannot be too much stressed. Their advan-
tages are so obvious, and the cost involved is so little, thab
every modern factory cannot do without them, specially
when the best efficiency is desired.
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XVIL. Generation cf Steam.

The steam, required for power as well as for heating
and evaporation in the_ factory, is generated in the boilers.
In the cane sugar factories, the two types of boilers, com-
monly used, are the horizontal return tubular (fire tube) and
the water tube. All new installations in Cuba have put water
tube boilers.

The horizontal return tubular boilers are suited for
smaller plants. They are much cheaper than water tube
boilers, and for this reason smaller plants find them economiec.
They are not considered safe for pressure above 200 lbs. per
" 8q. inch, but in cane sugar factories; the pressure commonly
used is not above 125 lbs., and never has so far exceeded
160 lbs. This point is, therefore, not of so much 'consequ-
ence. For large plants, water tube boilers are preferred,
chiefly on account of their higher efficiency, salety and
reliability as quick steamers. Fire tube boilers are not quick
steamers on account of their greater water holding capa-
city, and defective circulation of water. In spite of this
fact, in countries where labour is mnot so well trained, fire
tube boilers are considered satisfactory and economical
for small plants, requiring steam not above 200 lbs.
pressure. ' -~

The type of multi-tubular boiler commonly used, is the
horizontal reburn fubular. In this, the hot gases go under--
neath the boiler to the other end of the furnace, and
return through the tubes, after which they pass through
the chimney, In Java, the hot gases are again made to go
back on the outside of the water drum, before they are
allowed to go through the chimney. The latter method
gives more efficiency, These boilers are easy for cleaning
by mechanical means such as the brush. ‘

The water tube boilers, most commonly met with, are
the Babcock and Wilcox, and ‘the Stirling. The water is
in the tubes and consequently there is & better. circulation of
water. Inthe Stirling boiler, there is a mud drum, provided
at the bottom, through which the precipitated impurities
from the water are removed. The Stirling boiler i8 expen-
sive but its efficiency is very high. For this reason, these
boilers are used in large plants, specially when higher effici-
ency is desired, on account of the shortage of fuel.

B 72—12
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: The steam pressure usually used in cane sugar factories
is about 125 lbs. A few factories generate steam of “about
140—150 lbs., but reduce its pressure by a reducing valve to
_about 110 lbs when it is to be used for driving the engines.
A pressure below 90 Ibs. is not good. It not only affects the
engine efficiency and the mill work, ' but the exhaust steam
pressure ig too low for use. When steam is to be used for
heating or evaporation purposes, a pressure of 120 Ibs, is
considered to be too high, The steam pressure is reduced to
about 40 lbs, or less before it is used. In order to avoid this
trouble, i6 is a practice to instal two sets of boilers in 3
.:factory —one called the high pressure boiler; the steam from
which is used for power purposes, and the other, the low
pressure boiler, the steam from which is used for heating
purposes. The two steam lines are connected to a common
steam line 5o as to transfer some of the high pressure sieam
to the low pressure steam line, when there is a shortage.

“This system has been found fo ‘Work well,

The quahty of steam, commonly used, is the saturated
steam. This is also called wet steam, as it contains some
partially condensed steam. Superheated steam is coming
. 1nto géneral use in places, where the mills are electrified. In

such houses, the electric power is produced by means of a -
turbine directly connected to a dynamo. A saturated steam
i8 injurious to turbines on account of the condensed vapour
it contains, which wears out the blades in the turbine. Super-
- heated steam has been found to be more.economic in turbines.
The degree of superheat, usually used is 100° I, There is one
_great advantage in using superheated steam, and that is, the
exhaust steam is nearly free from oil and condensed vapour.
In factories, where the live or exhaust steam has to travel a .
long distance, there is a greater loss of heat through condensa-
fion of some steam along the pipe lines. An exhaust from
superheated steam, has ‘sufficient excess heat to prevent this
condensation. It should be noted, that a greater part of the
ageful heat in steam is due to Jatent heat, whichis totally lost
during condensation. - 11b. of steam, at atmospherlc pressure,
contains- 1,150'4 B, T. U. of heat, of which the latent -heat
~is 9704 B.T.U. Thisis nearly '84 per cent. of the total
heat, which is lost through condensation. Secondly, in
engines, when saturated steam is used, the greater loss is due
o cylinder condensation, which is prevented by the use of
superheated steam. For this reason, for power purposes, a
moderately superheated steam will be decidedly advantageous.
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The use of superheated steam for power purposes secures
greater efficiency as the following figures show:— .

Baturated steam, Ibs.

100° superheat, 1bs. .

Type of engine. per hour. per hour.
Simpie non-condensing ... 29-45 . 20-38
Do. do. Corliss. . 26-35 . 18-30-
Do. Duplex steam pumps. 120,200 80-160
Turbine non-condensing ... . 28-60 24-54

So far superheated steam is not used for driving the mill .
engines in cane sugar factories, except in one factory in-Java,
though its use is known to secure greater efficiency.. 1t is
expected, that, in fubure, greater attention ‘will be-paid .
towards economy in steam ' consumption in cane sugar -
factories, when, the use of ab least a moderate superheat for

driving the miil engines will be decided upon.

For purposes of heating and evaporation, superheated
steam offers no advantage. On the contrary,.it is not con-
sidered desirable as superheated steam parts with its heat
with difficulty due to the fact, that it acts more or less like a
perfect gas. For this reason, saturated steam is exclusively
used for evaporation purposes. Prof. Kerr's experiments,
with regard to the use of superheated steam for evaporation,

have shown no benefit,

The power, required for the factory, varies a good desl.
It depends upon the equipment of the factory, the kind of cane, -
the amount of maceration water used, and ths grade of sugar
to be made. Prof. Kerr, who conduocted actual tests in some
«factories in Louisiana, found that, for raw sugar factories,
the power required to run the factory was 1} B. H, P., for
every shorb tod of cane ground. Tor white sugar factory,
1} B. H. P,, for every ton of cane ground was required.
Taking into consideration the conditions in the Bombay
Dececan, it comes to about 1°70 B. H. P. per short ton of cane
ground (for calculations, see page 190). This can be reduced
as more attention is paid {0 economy in steam consumption
in cane sugar factories. The above figures indicate the
capacity of the boilers, that should be installed in the factory.
In actual practice I found the B.H.P., provided for raw sugar
factories in Cuba, was from 1'25 to 1'85 per ton of cane. -
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‘The heating surface usually provided is 10-12 sq. feet
per B. H. P, depending upon the kind of the boiler. For
water tube boiler 10 sq. feet and for fire tube 12 sq. feet are
provided. It is of the ubmost importanoce, that, the heating
surface should be. cleaned from time to time, as it affects heat
transmission. ’

Furnaces.—1In cane sugar factories, the fuel exclasively
used is.bagasse. - When it is not sufficient, it is supplemented
by cane trash, wood, molasses, or fuel vil. The different fuels
demand different conditions in the' furnace. For bagasse, a
voluminous combustion chamber is necessary, on account of
'the bulky nature of the fuel. Secnndly, sufficient time musi
be allowed to secure complete . combustion before the gases
.impinge on the heating surface. - The kind of furnace, usually
used for burning bagasse, is the usual Dutch oven, which 18
an extension of the ordinary furnace. The Dutch oven is very
spacious, and is provided. with step grates. The bagasse falls
through the hopper on the step grates, through which air is sup-
plied to the furnace. The Dutch oven provides a voluminous
combustion chamber, and secures better combustion. The dis-
tance between the furnace and the boiler, is sufficient to keep
the hot gases in contact for sufficient fime to canse complete
combustion, before they impinge on the cooler heating surface
of the boiler. Babcock and Wilcox boilers are provided with
a slightly different furnace. In this, in addition to the step
grates and a long extended combustion chamber, a reversed
check wall is provided, which causes complete combustion of
the gases, before the latter impinge on the heating surface.
In Java, the step grate furnace is provided with a sapple-
mentary furnace, in front of the step grate near the hopper.
In this, wood is burnt, the hot gases from which partially
dry the bagasse before it falls on the step grates.

Cane trash and wood can be burnt-in this furnace. In
‘Java, cane trash is cut into small pieces by means of ‘cutters,
and is then carried near the furnace by means of a blower.
In Hawaii, molasses is burnt in the same furnace. For
this purpose, molasses is thoroughly mixed with bagasse,
a8 it comes out of the last-mill before the mixture is fed to
the furnace. When molasses has to be burnt alone, a
different type of furnace is necessary. In Hawaii, some
factories have installed separate boilers and furnaces for
‘burning ‘molasses only, because not only it - secures greater
efficienoy, but it makes it possible to operate the bdiler when
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the mill is not running. Isaw two systems in use for burning.
molasses. In one system, molasses is burnt in an ordinary
bagasse furnace modified to suit molasses burning. In the'
other molasses is atomized and then burnt along with steam
in a way similar to fuel oil. Further details are given in

chapter on the disposal of by-products. o

Burning oil.—When fuel oil i3 0" be used, a different
kind of furnace is necessary. It is not a good practice to.
burn oil and bagasse together in the esame furnace; as. it
considerably affects the efﬁclency In Louisiana, where fuel
oil i3 used to supplement the bagasse as fuel, it is found that,
when oil and bagasse is burnt touether the eﬁiclency is about -
45-50 per cent., while bagasse alone ' gives 60-65 per cent.,
and fuel oil alone 70-75 per cent. In the case of ail, 1o
Dutch oven is required, but fael oil is burnt in the furnace
very close to the boiler. In order; that -oil should burn
properly, it has to be atomised, for which special burners are
used. The pomts in usmg tuel oil are :—

(1) Pre- heatmg the 0il—The oil is hea.ted by steam
jacket to 160°-180° F, depending upon the denswy of
the oil, before it is cha.rcred to the burner,

(2) Atomizing the oil—~Atomizing is secured by
using live steam along with the oil, which is fed under
pressure to the furnace. This is done in special burners.
About 14 lbs. of steam is required for every Ib. of oil. .
Care should be taken to prevent over-heating of the oil,
otherwise it will form gas in the burner lea.vmg‘
unvaporised portion, which clogs the burner.

(3) Distance between the burner and the heat'mq
surface.~The burner is situated on the grate surface of
the furnace below the boiler. It should not be kept too
close, otherwise the smoky flame of the oil would directly
hit the heating surface, which gets scaled, considerably
affecting the efficiency. The distance between the
burner and the heating surfdice, should never be less
than 36" and should preferably be 48-60". ThlS gives
the best efficiency.

(4) Control of anr —Thlﬂ is qulte necessary In
Louisiana, trouble is traced mostly to. excess air, The
best draft is considered to be 0:09". It should not
. exceed 0°12",
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The present practice is either to have separate boilers
“for burning oil or to provide a supplementary furnace right
under the heating surface of the boiler for burning oil. The
“ bagasse is burnt in the Dubch oven, while oil is burnt in the
supplementary furnace. - The former practice is common in
Louisiana probably on account of the fact, that considerable
" oil has to be used due to low fibre content. The latter
practice is followed in many factories in the tropics, where
oil has to be used occasionally, whenever there is a shortage
.of fuel due to lack of cane or other causes. The latter system
is less expensive, and is suitable, where fuel oil has to be
used occasionally. ' ‘

Grates.—In the bagasse furnaces, step grates are com-
monly used . Bagasse automatically moves over the grates
on account of the steps, while ash falls through the grates.
In Louisiana, I noticed, flat shaking grates being used by a
few factories. . Shaking grates have one advantage over all
others, and that is, they can be cleaned without opening the
furnace doors, preventing the rush of cold air during cleaning
which cools the furnace.

- Air supply—In almost all the factories I visited, a
gystem of natural draft is in use, air supply being controlled
* by the dampers. This system is working very well, and does
not cause any difficulty. When .artificial draff is used, air
is supplied tither under induced -or forced draft. In the
former, the furnace pressure is below the atmospheric pres-
sure, as a result, air is sucked fhrough the grates in the
-furnace, which gives a better furnace efficiency. In the
latter the furnace pressure is always higher than the atmos-
pheric pressure due to forced air, ahd care has to be taken to
prevent the leaking of hot gases through the doors. For this
reason, an induced draftis preferred. In both the cases, afan
driven-either by an electric motor or steam turbine or steam
engine is necessary to create the draft. For this reason, this
sysfem is expensive, and unless some advantages are obtained
“to balance the extra expensé; the installation of an artificial
draft will be uneconomic. . - There seem ta be two. conditions,
under which an artificial draft will be advantageous.. .. Fifstly,
when " boilers are required to be overworked inm- order to
generate more steam, larger amount of fuel has necessarily
‘40 be used, which cannot be done efficiently, unless ample air
is provided. This is possible only, when forced draft is used.
Secondly, when it is desired to use the heat of the waste
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gases, either for heating the boiler feed water- By means of
economizers, which, however, is not 8o necessary in cane sugar
factories, as ample hot water from evaporators and pans iy
avmleble, or for generating superheated steam, or for drying
bagasse, a forced draft will be economic, In my opinion, it
will not be economic to use a forced draft, so long the heat
of the waste gases is not used for the purposes “mentioned
above, to increase the furnace efficiency. . With smaller
plants, forced draft will be expensive.

Feeding of the bagasse. —The bagasse, ag it comes out of
the last mill, is carried by means of carriers near the furnace,
and is then delivered through chyte to a hopper from wh;ch
it is fed to the furnace. In the hopper, is placed a rotating .
wheel, which feeds the bagasse, and prevents the inrush- of
cold air by keeping the mouth open and closed alternately.
In the Hawaiian islands, a mechanism "whereby, the mouth,
of the hopper opens ab partwular times only, so that inrash
of air is prevented, is working very efficiently. In bagasse
furnaces this is an important point, as the inrush of eold an:
cools the furnace and reduces its efficiency.’

Feed water.—In cane sugar factories, plenty of hot con--
densed water is available. The condensed  water, from the
first body of the evaporator, and from the pans supplies’
usueally enough water for the boilers. 'When this is not
enough, condensed water from the 2nd body of the evapo-
rator is used-as a supplement. Water from other cells of~
the evaporators is not used, as it is likely to contain some sugﬁr
- earried through entra,mment which causes foaming apd prim-
ing in the boilers. -The water obtained ﬁhrough these
sources is very hot, the temperature being 160°-180°°F.,,
which is pre-heated bo about 212° F by means of exhaush
steam, before it is fed to the bmlers Pre-heating of feed
water secures greater efficiency, /

Water is fed to the boilers by means of pumps. The
usual type is the Duplex piston pump. In electrified mills,
special centrifugal pumps for boiler feed water are used. It
is necessary to have extra feed pumps.

Boiler and furnace efficiency.—Very few factories have
been equipped to test-the efficiency of the boilers from time
to time. In order to test the efficiency, it is necessary to
know the amount of steam generated by the boilers, and .
the amount of fuel burnt, The amount of steam generated,
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is known from the amount of feed water delivered to the
boiler “or by means of steam flow meters, which
‘are gebtitg common -in modern installations. Besides,
automatic records for registering boiler feed walter, steam,
temperature, and pressure of steam, &c., are used in modern
factories. In many old centrals, the work of the boilers is
judged solely by the stack -temperature, and the testing of
COy content of the flue gases occasionally. This is not
enough for, though if gives an indication as to the draft, it
does noti give any idea as to the efficiency. What is really .
required, is the amount of CO and oxygen. The presence of
CO indicates the supply of insufficient air, while that of oxygen
indioates excess air. Hence an indication of CO, content
alone is not sufficient fo indicate the proper-combustion of the
bagasse.

" In one central, T had an occasion to test the boiler effi-
ciency.>/In the hegmnmg of the campaign, a surplus bagasse
was left, but as the season advanced, not only all the surplus
bagasse was used but some fuel oil ha.d to be used, and this
ha.ppened, even hhough cane showed a higher fibre content.
On a rough test being made, the eﬂ‘iclency was found to be
85 per cent., which was decidedly low. The -efficiency -of
bagasse furnace : funder good working conditions is about
60 per cent. It is desirable to test the boiler efficiency from
time to time.

- XVIL ~Steam consumption in cane sugar factories.

. The importance of steam consumption in cane sugar
factories is obvious when one takes into consideration the
question of fuel. So long cheaper sources of fuel were avail-

%able, and the competition amongst the sugar manufacturers
not so keen, this point did not receive any attention. Besides
80 far no economical method of the disposal of the excess
-bagasse is found out, which would have encouraged the sugar
manufacturers to go in for an -economical use of steam .to
84V ba,oasse, thus adding fo- the profit. With scarcity and

rise in prices of fuel, and also keen competition amongst the
sugar manufacturers the question of saving of fuel expense
has come into prominence. How is this to be done, unless
the steam consumption at different stations in the sugar

“house is known? So far regarding white sugar factones I
have come across actual tests taken by Prof. Kerr of Louisiana
State University in Adeleine .Sugar Factory. The tests
how the actual®steam consumption at different stations in



185

the house. Prof. Kerr’s results show, that, of the total steam
used in thab factory, about 45 per cent. was used for evapora-
tion and sugar boiling, about 20 per cent. for juice heating,:
only 3 per cent. for mechanical work (.., for mill engines),
about 3 per cent. for cane handling machinery, and about
20 per cent. for radiation and unaccounted for. - In this factory,
a great parb of juice heating and sugar boiling was done by
live steam. It will be seen, thaut the greatest chance for
saving steam  will be -in heating, evaporation, and sugar
boiling, which gonsumed aboub 65 per cent. of the total
steam. The loss, through radiation and unaccounted for, is
unavoidable, still it can be reduced. The working of steam
balance in a sugar house, therefore; may show the direction, *
in which economy in steam consumption can be effected.

In actual practice, very few factories are running on
bagasse alone. Only in St. Kitts, Antigua and Java, a great
majority of the factories are operated on bagassealone. This
is mostly due to the high fibre content of the cane. In
St. Kitts and Antigua it is 15 per cent., while, in Java it is
13 per cent. In Java, sometimes a shortage of fuel is. felt,
which is then supplemented with dried leaves. In Hawaii,
bagasse is supplemented with final molasses, In Cuba,
Porto Rico and the West Indies, factories have to use extra
fuel, either wood or fuel oil. There is, however, no justifica-
tion for these factories to use any extra fuel, when it is taken
into consideration, that, the fibre content is 11°5-13 per cent.,
that the maceration practised is not so heavy, as is the case
in the Hawaiian islands, and that only raw sugar.is ‘made.
In Java, I saw one factury making white sugar by the acid
thin juice. process, operated on bagasse alone. The fibre.
conten$ of the cane was only .11'5 per cent., and the macera-.
tion was about 17 per cent. This was made possible by
using economical engines for driving mills—valve engines
which are high speed engines (120 R. P. M. as against
55 R. P. M. with other engines), by using superheated steam
for driving the engines and using a quintuple. In order,
that all the heating, evaporation and boiling be done on
exhaust steam alone, exhaust steam of a higher pressure of.
1} atmospheres was produced. The 2nd body of the evapor-
ator was robbed of a part of its steam to do the juice heating.
All the accessaries except the vacuura pump were 'electrified,
With this system & part of the bagasse was saved. This is
the only instance amongst white sugar factories, that I cama
across, which was operating the factory on bagasse alone,
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even when cane contained 11°56 percent. fibre, In Cuba and
Porto Rico, attention is being directed in recent years to the
economic utilization of steam. The followingare some of the
devmes, that are being adopted to economize “steam :—

(1) The substitution of more efficient engines for
drmng mills and obher machines. The American
manufacturers use Corliss valve engines instead of slide
valve engines, which consume much less steam.

(2) The substitution of collaotive drive for mills
instead of the individual drive., In the old®Bystem, every
mill was driven by a separate engine. Consequently
‘steam consumption was high and the exhaust steam
was far in excess of the requirements of the factory.

(8) The installation of quadruples or quintuples with
pre-evaporators. With the improvements referred fo in
nos. 1 and 2, the exhaust steam available is not enough
to do all the heating and evaporation, so a pre-evaporator
is necessary to generate sufficient low pressure steam to
do all the heating, evaporation and boiling. The chang-

- ing of triple into qua,druple or quintuple saves a great
. deal of steam.

(4) The use of calendria type vacuum pans. This
makes it possible to use a low pressure steam which was
not economically possible with coil pans.

It may be observed, that all the above improvemants
save sbteam required o do the heating, evaporation and
‘boiling. In the Bombay Deccan,.cane contains a low
amount of fibre from 10:5-11 per cent., and factories have to
make white sugar, which demands more steam. With the
usual equipment, it will not be possible to operate the factory
on bagasse alone and dried leaves will have to be used as a
supplementary fuel. The {following calculation of steam
consumption in white sugar -factories for. the prevailing
conditions in the Deccan will show the necessity of eco-
nomizing steam. The caloulations are made according to
Prof. Kerr's method used in his bulletin, and his data is
taken wherever necessary -

Data grinding capacity ]OOO tons of cune a day
Product : planta,txon white and final molasses ;
saturation on cane 15 per cent; fibre in cane
105 per cent.; composition of ba«asse moistare
49 per cent. ; ﬁbre 46 per cent.; Brix of normal
juice 18°0. :
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Calculation : ' ‘ ‘ :

There will be 105 tons of fibre from 1,000 tons of cane.

. 100 __ 10500 1 .
Bagasse will be ¥X10=T5%—008 tons per

day. Therefore, juice will be (1,000 +150) —228=
922 tons. o BN -

(1) Raw juice heaters: temp. of raw \juice 82°F;
temp. of heated juice 220° F. Brix of N. J .=180;
Brix of D. J.=15'6 ; amount of juice 922 tons.

Heat added = (220-82)x0"9x922x2,000 = 22%,02T4,8%0
I : : oA aUs

.- perday.
=9,542,700
, : o per hour.
(09 is assumed to be the specific he@tgofgthog juice);
equivalent water Ibs. F-and A 212° F= ’g.,of& =9,834. -,
Thermal efficiency according. to Prof. Kerr, is 987.

Steam F and A 212°F actual =235 =10,352 Ibs. -

85

Steam F and A 212° actual % cane=%q%5—§§_—é.% =124;

equivalent steam at boiler pressure of 100 lbs., feed
water temperature 200° F and quality of steam .
96 g = LIRE-(10-00) _ L0 — 105, which is the
factor of evaporation. _

Therefore, equivalent steam at boiler conditions%

. cane is %a-ll‘& ' EE
(2) Thin juicé heaters~—This is done after bag filtering.

Brix of D. J. is 1566 ; Brix of thin juice is 16'6.

Mud removed is 22.1bs, per ton of cane (Prof.
Kerr’s figure). '

‘Total mud removed per day=22,000 1bs. or11 tons. -

Mixed juice less mud =922—11=911 tons.

Water lost % mixed juice (without mud)=
e X100="1gg=60%. . -

Water lost tons=911 x 6 % =54-66.

Thin juice per day=911~54'7=856"3 tons.

Thin juice % cane =-2p 1% ='g563,

Speoific heat of thin juice=0‘9.

Temp. of thin juice before, 180°F, and after, 205°F.
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Hemt added perz thours=(205-180)xIx856°3x2 000
=38,5633,500 B.T.U. perday
=1,605,562 ,, per hour.

Equivalent steam F and A 212°F _}_gf?’g 262— 1,656

Tbs. per hour.
Efficiency of thin juice heaters_ 95.

Therefore steam F and A actua,l—loss;": = 1,742 lbs
per hour. -

- Equivalent steamI‘ and A actually required %
1,743
cane= ~4o— =200,

Equivalentsteam boiler conditions % cane= 1 05 *00.

(3) Heatirg mud ; Prof. Kerr gives the figure to be
about 0°67% steam on cane.

'(4) Quadruple - effect : -amounﬁ of thin Julce=856'3
tons per day.

“Brix of thin juice==16"6; an of situp =54 0 pres-
sure of exhaust steam =4 lbs.

NP 540 - 166
Water lost % mized juice= ——5—=693.

. Water lost tons=836'3 x 69:3% =593:4.

‘Water evaporated per 1b. of steam in the quadru-
ple=3'5 1ba. (docording £o Prof. Kerr’s figures).

Steam per day Ibs. = 2222202 =339,086.

Steam per day in fons = 33%835 =169'5. .
Steam % tane = -22=16'95.

Steam F and A 212° F % cane="go 0 =16-T8.

Equivalent steam boiler conditions= 1160758 =1600.

(5) Sirup blow ups and molasses : according to Prof.
Kerr 8. figures this comes to 1'08 % cane.
(6) Vacuum pans : Brix of sirup=54'0.
(2) Sirup— .
%decre&se in water con’aeni‘;—5t sro—=11'1.
w . p =92%0 X 'T11=

6555 tons.
Slrup tons per day=266"5.

2865 x 100__
- % cane="yp =26-65.
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(6) Molasses—

94 x 198 x 86-6 x 100 __
From  1Ist. masseculte 00 x 10060
54'9 tons. o)
94 x 58 %58 x100 __
F rom 2nd massecu1te = 00x 100%80° —
395 tons. :

Wash at 0'1 per ton of cane (accordmg to Prof.
Kerr's figures)=0'1 x 1,000=10 tons.

Brix of massecuite 940, Brix of su’up 54 O,
Brix of molasses 80.

According to previous calculations,_
1st massecuite per day tons 128

‘znd b} N A2 68
3rd »n " T 48
Total , = .. , 234
L om » % cane= 23140’5(1,00 =234,
Total sirap, molasses, and wash per day tons
26865 + 944 + K= 3709

~ Tons'of water evaporated=23709--234'0=136'9.
Pan efficiency (according to Prof. Kerr)=0r 85.
Steam per day tons 1369—lf:‘al 1.

Steam % cane_."ﬂllcgg""u 16:11.

Equivalent steam F and A 212° F, of 30 Ibs.

16 11x 927
pressure=——pg—=15'4,
154

Equivalent steam boiler conchiuons——o 14 5

~ (7) granulators: eteam %

cane=048. according to Prof.

(8) feed water heater: Kerr’s figures.
steam 9% cane=2'58

(9) cane handling machinery :
stedm % cane=2'16,

(10) mechanical work ; steam %
cane =202,

(11) radiation and unaccounted
for : steam 9% cane=13'67.

”



Summary :—

. Steam 9% cane. Bteam 9% total.
(1) raw juice heaters ... 11'80 1770
(2) thin juice heaters. ... 20 30
(3) quadruple effect ... 16:00 2400
(4) vacuum pans - ,,,14'50 2175

" (56) syrup blow ups, mud ‘
defecators, molasses} 175 2:62
melters.
(6) granulators .. 048 072
(7) cane handling machi- 216 - 324
nery.
(8) feed water heaters ... 2 58 - 387
(9) mechanical work e 2002 303
{10) radiation and unac- 1367 2007
~counted for. ‘
T66'96 10000

66:96 x 1:05
B. H P, per ton of cane=— ;‘1—@;‘5&9_1 70.

Amount of exhaust steam available in cane sugar
JSactories :—According to Prof. Kerr, the total indicated horse
power for steam engines and pumps required for 1,383 tons
of cane was 907'26.  According to Koppeschaar the amount
of steam per B. H. P.is 44 1bs. The amount of steam for
1,383 tons of cane will be 907°26 X 44=39,919'44 1bs. The
loss by condensation and radiation is about 10%. The exhaust
.steam available will, therefore, be 39,919-44—3,991'944=

35,927°496 1bs, per hour. Cane Oround per hour 131383

57°62 tons. -
°/, exhaust steam on cane;a—:ﬁm—o’:ﬁ?—& 2.

In factories using Corliss engines, the steam consumptxon
per B. H: P.is 85 lbs. The steam consumpfion per hour
will, therefore, be 907:26 x 35=31,754'1 Ibs. With 10% loss
by condensation and radiation, the amount of exhaust steam

available per hour comes to 31,7564'1—3,175'41=28,678'69 1bs.

Therefore, exhaust steam per cent.= 2:75;—2-%.%20 =24-80.

Amount of live steam obtainable from bagasse alone.—
According to plevmus caloulation, the amount of bagasse per

1, 000 ton of cane is 2% 6!0 =928 tons per day (bagasse contains
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46 per cent. fibre and 49 per cent moisture). 1 Ib. of Lagasse
gives an equivalent steam F and A 212" Fof 25 lbs.
Therefore, 228 tons of bagasse will givesteam as below: 228 X
2,000 X 2'5=1,140,000 Ibs.. For 1,000 tons of cane, amount -
of steam required is 1,000 x 1°70 x 345 x 24=1,407,600.
Deficit comes to about 267,600 lbs. per 1,000 tons of cane’
or 13'5 per cent. cane. ~ :

The steam, required for heating, evaporation and boil-
ing,.is about 456 per cent. on cane. In this case, live steam
is used for juice heating and boiling. If this can be done by
exhaust steam, supplemented by pre-evaporators, in which .
case, steam can be, used multifold times by directing the
vapours from the evaporators for juice heating and boiling, a
considerable saving in steam can be effected.

1t is thus evident, how essential it is to have pre-evapo-
rators in addition to quadruples soas to generate sufficient low
pressure steam to do all the heating, evaporation and boiling,
There i8 no justification for using extra fuel in modern fact-
ories. It seems that cane sugar factories, on account of the
scarcity of fuel and the keen competition in the sugar world,
will in future look more to economic utilization of steam.

XIX. Chamical Control.

Under this is included the account of sucrose, from the
time it enters the factory in the form of cane, till it leaves
the factory in the form of sugar and other by-products ~ For
this purpose, a system involving the weights and routine
analysis of the material at various stages in process of manu-

“facture is followed. The practical benefit, to be derived
from a chemical control, is the production of & standard pro-
duct together with minimum losses in the process. Without
a chemical control, it is impossible to detect the various
losses, that ocour in milling, filber press, inversion, entrain-
ment, molasses, &c., and to judge their extent. From this
point of view, chemical control is a necessary requisite in a
modern sugar factory. '

All factories, whether old or modern, and whether
making raw or white sugar, maintain at present s chemical
control. However, veiy few of them have as yet realized
the importance of accuracy with regard to weights and
analysis of the material in process. If chemical control is to -
serve any useful purpose, it is quite essential to have correct
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‘weights, correct samples and correct analysis of the ruaterial
fn process at various stages. Many factories maintain a
laboratory, a chemist anda so-called chemical control, because
it is considered to be a modern requirement. Very little use
is made of .z facts shown by the chemical report. Only a
few factories segm to have understood the importance of a
chemical control, and it is such-factories, which are working
most efficiently,

- The importance of a chemical control cannot be emphasiz-
ed. Spegiallyitisofgreatconsequence in white sugar factories,
becauss the product, to be turned out, must be of a standard
quality, the juices and sirup are necessarily kept acid, which
causes some inversion, and the massecuite, run off, and wash
have to be classified on aecount of the varying purities.
From the point of & maximum production of a product of a

“standard quality 2 minimum acidity has to be maintained.

Secondly, run off and wash of different purities bave to be
separated in order to boil massecuites of certain purities. "All
this cannot be done, unless the acidity and purity of the
material are determined from time to time. An account of
sucrose and glucose, that enter the house in the form of
juice, has to be maintained to find out the losses in inversion
and destruction of glucose, which usually come under the
item ¢ undetermined or unaccounted for.,” The boiling effici-
ency of the house can be judged from the undetermined.
For making white sugar a strict chemical control is, there-
fore, absolutely essential.

The best chemicazl control from the point of correct weights,
correct sampling and correct analysis, that I noticed during
my visit to various factories, was maintained by the factories
of the Cuban American in Cuba and by a number of factories
in Java. These seem to me to be the only factories, in which -
great care is exercised in obtaining correct weights of cane,
maceration water, juice, sugar, molasses, &c. A great
majority of the factories do not weigh maceration water, few
of them care to weigh molasses, some measure juice, which
involves u number of corrections. The result is a calculation
of figures, which are more approximate than real. The
various stages, at which a chemical control in a modern
white sugar factory is required, are:—

o (1) Milling.~ At this stage it is necessary to know,
. whether a satisfactory extraction of sucrose is obtained,
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wund whether the moisture and sucrose confents of the
bagasse are within the required limits. For this purpose,.
in addition to analysis of bagasse and juice, it is neces-
pary to know the weight of cane, juice and maceration
water, . ' -

() Clarification.—-During this stage, juice haseto
'be maintained at a certain acidity. The correct amounts.
of lime and sulphur are judged by the acidity, which. is
determined by means of a fitration with standard alkali
or soda solutions, and a suitable indicator. The deter-
mination of purity and glucose ratio gives an indication of
the elimination non-sugars and inversion. . :

~ :- Control of the filter press work in order to reduce
the loss of sugar to a minimum is secured by determin-
ing the sucrose in the cake. S S

(3) BEwvaporation.—The analysis of sirup gives am
indication as to inversion and destruction of glucose.
The latter is responsible for darkening of the sirup.

(4) Sugar boiling—The determination of purity.
of run offs and wash in order to make it possible to boil
a massecuite of desired purity, the polarization of the
sugar, and the analysis of final molasses are required. .

_ As said previously, the three .necessary requisites, of a
reliable chemical control, are correct weights, correct
samples, and correct analysis. R

Correct weights—In asugar house, the material that must
be weighed, if reliability is to be secured, is cane, maceration
water, dilute juice, sugar and the molasses. To this list, may
be added the filter press vake, though in actual practice, it is
not weighed on aceount of the nature of the material. The
usual practice is to weigh the cake from a few plates, from
which weight is caleulated for the whole press.. This gives
only an approximate figure, but it does not vitiate the chemical
control. Cane is usually weighed on the platform balance
before i is used for milling, the maceration water and thé
juice are weighed either by Richardson automatic scales or
the Howe scales. The former automatically dump, as soon
as the necessary weight of juice or water is reached. They
work alright, so long they are kept clean, and for this reason
are not preferred. The Howe are béam scales, and are very
reliable. Molasses is weighed on a similar secale or on g
platform balance in tank cars in factories, when molasses is

B 17318
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‘shipped. It is a usual practice to have the balances chécked
by the chemist and the superintendent of fabrication? every
3 or 6 hours. This is the most essential thing to main-
tdin accuracy, without which the results will not be reljable.

. Correct sampling.—The system of sampling should be
mhde ag ropresentative as possible. Faoctories, which do not
weigh cane, calculate its weight from the direct determination
of fibre in cane and bagasse. This method has one defect,
and that is the impossibility of obtaining a representative
sample of cane. 'The samples, that are required to be taken
are: bagasse, crusher juice, residual juice, mixed juice, clari-
fied juice, press juice, press cake, sirup, massecuites, run
offs, wash, sugar, final molasses, condensation water, boiler
feed water, &c. :— C _ , .

(1) Crusher juice.—For this purpose a system of

_ «ontinuous sampling is followed. A pump is inserted fo,

. +tha chute, over which the crusher juice flows. The

pump is driven by the crusher roller. The sample is
collected in a receiver. :

. (2) Residual juice.—An intermittent sample every
half an hour from the last roller, is taken.

(3) Mized juice~Sample is drawn from each
weighing tank, and is collected in a sample container.
This is an intermittent sample, though for practical
purposes, it may be considered as continuous. '

' (4) Clarified juice.~Intermittent sample every half
an hour. ‘A continucus sample is desirable.
~ (B) Press cake.~A composite sample from every
press every 6 hours.
" (6) Syrup.—Continuous sample from the evapo-
- zator or sample from each tank. _
. (7) Bagasse~Sample every half an hour, and pre-
served with Ammonia and chloroform o be analysed
. «overy 6 hours. If this is not possible, a sample at least:
«every three hours should be taken and analysed. Ifis
Jbetter to take as many samples as possible so as to have
= representative analysis.

(8) Massecuites.—A sample from each strike.
(9) Run off from each strike.
{10) Wash from each strike.



195
(11) Final molasses.—A. sample from sach crystal-
lizer massecuite.

(12)- Sugar.—A composite sample from each bag of
sugar every 12 hours.

(13) Condensation and boiler feed water. —Intermit-
tent samples as often as necessary:

'

From the above samples are prepared compomte samples
to be analysed as stated later .on., Ope important thing
about sampling is the steaming of sample cans, after each -
sample is brought to the laboratory. ~

, Correct analysis—As soon as samples are obtained,
they should be analysed immediately, so that the results
can be used in rectifying any error in process. Itis no
use analysing a product, if its analysis cannot be used in
rectifying the errors in the process. On this account rapid
methods in control work are necessary. Dr. Spencer, the
technical and chemical expert of the Cuban American Co.,
has standardized methods of sugar analysis -both from the
point of rapidity and accuraey. = The methods are so rapid
that any error in process found on the basis of ana,lysls can
be reotified. :

Number of mm'lysfis.,—The day is divided mto 4 watches
of ?} hours each, during whxch composite samples are analysed
as below :—

Every 3 hours; bagasse. from . ea.ch ta,ndem' for moisture and -
BUCIOSE: . . :

LEvery 6 hours: bagasse for moisture and sucrose if & composﬁe'
sample is obtained. Otherwise every 3 hours
as said above. :

Crusher j juice for Brlx, polarlzatlon and purlty
Residual ,, ,, " ”
MIXEd. 7] ” » ” Btciditvy.
Clarified ,, |, . »
"Press ’ »”
» cake ”’
Sirap " "
Rawsugar T

» »

Lo”n 134 " -

2 »”
B

Every12hours: composite sample of mixed juice for glucose and ash.
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Every 12 hours : composite sample of clarified juice for glucose.

sirup for glucose.

sugar ,, ;s ash and
. moigture,

Iy »

1”- o,

Every 24 hours :- Molasses (final) for sucrose, glucose and ash.

Besides-every massecuite for Brix, polarization and purity.

. ) ran OE 2 | I I ” . »
" W&Bh »” [T 17 123 ”
» final molasses =, » " . .» from .every

crystallizer massecuite.

Condensation water from evaporators and pans, and boiler feed
water for alfa*napthol test, as often as necessary. '

o Aﬂ‘ﬁgui'es'of analysis ‘are; maintained in a laborafory
book. The records maintained by the chemist are as
below :— : :
(1) Record of daily- analysis of all sugar house
products. ' ' ‘

- (2) Control record 'containing weight of cane,
maceration water, juice, sugar, molasses, &c., their ana-
lysis and the sucrose account. The figures are filled in
daily and averages made at the end of each run.’

(3) Record containing the daily and run reports of
the factory. -~ -~ ‘
"~ (4) Record containing tank capacities.

- A daily report is made by the chief chemist, in which all
the manufacturing data, as regards cane ground, sugar made
and in process, molasses made and in process, &c., together
with the analytical data, is given. A form is appended here-
with (see page 222). :

. - Every week or every fortnight, when the factory is
_ stopped for general cleaning, & run report is made. -It is
quite essential to have at least a _fortnightly run report, so
- a8 to give an idea as to the efficiency of the factory. For this
purpose, stock is taken by the chief chemist. The run re.
port furnishes full -data, from which the efficiency of the
factory may be judged. A copy of this report is supplied to
the superintendent of fubrication, engineer and the manager.
A form of a ran report, which seems to me to be the most
suitable, is appended herewith (see page 223). , :
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The best system of administration from the point of
efficiency of the factory, was seen by me in the Cuban
American factories in Cuba and & short description will ba
of use, ‘ ' . '

The estate is divided into two departments, the planta-
. tion and the mill. The administrator or the manager looks
to the plantation and office management. He arranges for
the cane supply as well as the marketing of sugar and
molasses. The administration of the mill consists of :

(1) Supervising ohemist and technologist. He
looks to all the factories of the Cuban American Co. in
Cuba. He lays down definite instructions as regards
the daily routine work in the laboratory, standard
methods of analysis, and the process of manufacture to
be followed in the house. o

(2) Superintendent of fabrication, uided by assist-
ant superintendents who work alternately in- each shift.
He is responsible for the manufacture of sugar from

-crushing of cane to bagging of sugar, ' '

‘ (3) Chief chemist, aidéd by 2 or .4 assistant

" chemists, depending upon the size of the factory. They
work alternately in each shift of 12 hours., The chief
chemist prepares the daily reports, fills all the laboratory
and control records, and prepares the run report. He
may be taken as the chief accountant of every Ib. of
sucrose, that enters the house. :

(4) Chief engineer assisted by 2 assistant engineers,
He is responsible for the proper working of the machinery
only. He has nothing to do with fabrication. '

(5) Electrician: He looks to all the electric machi- .
nery. .

It is evident from above, that the factory is divided into -
fabrication and engineering departments. The fabrication
department is managed by chemists, who are better qualified .
on account of the chemical and technical knowledge they”
possess. After all, the manufacture of sugar is a chemical
process, involving & number of chemical reactions,“which
necessarily demands a sound knowledge of chemistry. The
superintendents and assistant superintendents are recruited
from the chemistry department of the factory. In order to
secure an efficient working of the factory, it is quite essential
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to have a close co operation between the superintendent, the
chief chemist and the engineer, which is not difficult of
accomplishment, if the function of each department is clearly

indicated.

-

In order to obtain some idea as to the working of modern
“factories, I give below control figures of some factories in
Louisiana, Cuba, Hawaii and Java:—

Raw sugar factories. White sugar factories.
L |1 | |Iv. | V. | VL | VIL |VIL
Polarization of cane | 1062| 1851| 14-08{ 1874} 1305 973| 12.96] 13-50
Fibre in cane .| 910| 1060| 1007| 11:67] 1251| 975] 12741138
" Buctose extrastion .| 50-80| 9499} 94.09| 97-89) 07-55| 9007 | 92-40| 03-30
 Baturation per cent. cane ...| 1520 | 1742} 481} 9467 8500 1390 e | 1650
8 lost per cent. fibre in ba-| .. |- 687| 897| ..’ 993] 88 | ..
58856.
' Tons of cane to & ton of sugar| 111 | 80| 78| 782| 836|148 | 103 | 89
' Sugar 100 pol. per cent. cana...| ... | .. 670| 9807 113
'M;laasespe: cent. sane 80 | 248| 261 283| 201| s06| 83| ..
P of final molasses .| 278 | 8342 sa-79[ 81:97| 83.0 | 8443|830 | 567
Fue‘l oil gals per ton of cane...| 60 | 080| 1-92| none 718 none | nonsa
8 por oent: in press gake 48| 518| 679| 193] 100| 608| 68 | 56

" N.B.—8 =sucrose ; P= purity.

Factory I hasa crusher and 3 mills,

' II.

o 1D,

,,.' IV, asingle"
'j’ - V "
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Sucrose balemce.——(a)' Raw sugar factories:—

1 1, 111, Iv. . Y.

A. l B. A. I B. A, B, A. B. A. B.

Sucross in came per| 100 .. | 100 | .. 00 | . |[-200 | w | 200
cent, ’

8 in julce percint. .| 008 |. 100 o402 ] 100 | e4C8) 100 g789 100 | 0785 100"

Sinsugar , .| BU'3 |8943| ee48| os14] 876 | ez | 168 9368 | s3e9| 203

§ in molassen porcent. | 666] 624| &3] 66l | &8 o1s| sE0] O 00| Tde

§1n press cake . 51| 167] o74| o3| oss|. oea| o8| o0B1|- 010| o020

§ lnminswn g43) w67 ods| O47| 04| oI5| o051 o0l 0us| o
N. B.~-S=sgucroso; A=suctose in cane; B=snorese in juice, *

Romnn figures refer to fietory numbars as detailed on ths last rag2.

(B) White sugar factories:—

VI, VIL - VIIL

A | B A, B, A | B
Bucrose in cane per cent. "l 1000 il o 1000° e w00 |, e
. injules . w| 0007 | 2000 | o340 | 1000 | e28 | 1000
. meogar o, w| 6990 | wes | 7oso | 680 | s3e0 | ov0se
w o molasses per cont. w| 1600 | 1e3 | oos | ow [ 60 | 65
. louoknown o wl 586 | 873 { 180 | 90 001 o2
w in press cake ,, S (rés 018 176 19 218 28

T

Boman figures refer to faclory numbers as detailed on the last page, -
Capltal let‘ore A and B refar toeuerose in cane and suerose in juice reapootively.

XX. Disj:os_al of the by-products.

L . '

(1) Final molasses.—¥Final molasses is a by-produét inm
the sugar industry; the composition of which serves as am
indication of the efficiency of the manufacturing process. It
contains, in addition to non-sugars, sucrose, which cannot
bs economically separated.. The amount of sucrose lost im
molasses varies a good deal, depending on the quality of juice
and the efficiency of the ‘mills. In Louisiana, whers the
juices are of low purity and contain a high amount of reduc-
ing sugars as much as 2 per cent and over, the final
molasses purity can be brought down to as low as 25, but
in the tropics, where juicss ars usually of high purity con-
taining & low amount of reducing sugars, the final molasses
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rarely rans under 30. Inthe Hawaiian islands, where the
juices are of high purity containing a very low amount of
reducing sugars (0'5 per cent. or under), and a great amount
- of ash, it has been found difficult to reduce the purity of
final molasses below 35, though the efficiency of the factories
in the Hawaiian islands is usua.lly high. There is one more
factor, which affects the purity of the final molasses, and
that is the sucrose extraction. The very high extractions,
usually obtained in the Hawaiian islands, are attended with
more impurities in the juice, which ultimately hold more
sucrose in solution, causing a high purity of final molasses.

The followmg represents analysls of gome typlcal sa,mples of
-molasses i—

- . - L::;?i' Hawaii.| Cuba, | Java.

. Brix - ...| 8180| 8903 90-67 | 9283

Polarization IR ©.| 1980 2846 2025 2950

Buorose . < . .| 21991 8209| 38656 9294

" Tavert sugar o .| eres| 1378 | 2083 ar40

Apparentpurity . © .| be20| sror| ssos] s200

Gravity purity . R © .| staa| se04| 4416| 8570

Ash " ol TUL| 1519 1340 968
Purity of juice T . . .| 7eeo| sses| s 84

Figures, showing the composifion of final molasses in
India, are not available, but there is no doubt, that the
exhaustion of - molasses in India is not carried to the same
extent, as is carried in oth®r countries. According to the
‘report ‘of the Indian Sugar Committee, the Indian factories
_‘recover on an average of 6'85 per cent. sugar on cane against
.an average of. 9'75-per cent. sugar in Java from cane of

pra.ctxca]ly the same sucrose content.

The average amount of molasses obfained in the various
-countries is about 3 per cent. on cane. It is a little over
"3 per cent. in Hawail, about 3 per cent. in Porto Rico, and
‘about 5 per cent. in Louisiana. Faoctories i India turn out
@ much higher proportion of molasses, varying from 4-6 per

-cent. or even more on cane. It shows the poor boiling house
‘work: of the factories in India.
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The average amount of molasses obtained per ton of
cane ground is abeuf. 5 gallons. This comes to about 40
gallons of molasses per ton of sugar.. The profitable disposal
of the molasses in the sugar industry is quite a problem at
the present time. There is no market for all tha molasses
turned out by the factories. In Louisiana, it is used for
- gtock feeding, and for the manufacture of industrial alechol.
In Cuba, most of it is run to waste.  In the British West
Indies, a great part was utilized for the manufacture of rum,
but this has now stopped on account of the lack of market for
it. A small part is used for making molascuit. In all
those countries, however, the factories mainly depend for
their profits on the sugar. Consequently, every attempt is
made to exhaust. the molasses to the lowest purity. Onlyin
Jamaica, I noticed, the factories mo'stly depended for their
profits on the .rum market. Consequently, the purity. of
molasses, used for making rum, was high. o '

In 1India, we have similar conditions, where the
economical disposal of the molasses makes all the difference.
between profit and loss to the sugar. factory. There is a
general belief in India (which seems to have been based on
this fact), that the excise policy of the Government, as
regards the manufacture of rum, is the chief cause, which
acts to the detriment of the Indian sugar industry. Nothing
is more erroneous than this belief, as can be seen from the
experience of other countries, where sugar industry isin a
prosperous condition, even when molasses is practically run
to waste. It seems, that in India, as In Jamaica, the
factories depend for their profit on rum, which is the weakest
point of the sugar industry. = This dependence, on the rum
market, has resulted in a low recovery of sugar, as more
gucrose is being utilized for the manufacture of rum. In.
Jamaica, the sucrose recovered per cent. sucrose in juice is .
between 87-88 against 90-92 in Cuba, which.is its neighbour,
while sucrose lostin molasses for making rumis 10-11 per cent. -
on sucrose in juice as against 7-8 per cent. in other countries.
It is no wonder, that factories, which depended for their
profits on rum could not make any profit, when the wmarkef
for rum went low. This tendency of -utilizing more sucrose
for making rum, instead of utilizing it for recovering more
sugar, which is & more profitable commodity, and of ulti-
mately depending for profits on the rum market is greatly to
be regretted. The best thing is to extract as much sugar
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oub of molasses,.as is economically possible, before final
molasses is disposed of,. either for making rum or other
.purposes. Thls will grea,tly help the Indian sugar industry.

The recovery of sugar from final molasses in the case
sugar industry is not commerclally successful. In the beet
_sugar industry, on the other hand, where final molasses is of
) high purity (55°-60°) dus to the absence of glucose and
presence of & high amount of ash, sugar is recovered from
molasses. The following figures will show the difference
between cane and beet molasses :-—

Cane, Beet,
Brix - : .| 800 800
. . \‘ -
Sucrose B o ' . ...| 80 50,
Raffinose . '_ : ) ‘ 0 present
. Invert sugar ] ol 32 trace
*Ash o . .| 6 10
TOrgénic non-sugar o ) W12 | a0
Sugar ash ratio ' R 0 i !
Gravity purity | 875 626

" @ Coatains a high amount of pot;xsh varying from 2.6 per cent.

t Contsine gums, organic acids, nitrogenous substances, caramel and other

products of decompsition. -
The sugar from beet molasses is recovered by precipitat-
ing it from the same as an insoluble compound. For this
purpose, it is usual to use either Barium, or Strontium or
Calcium oxides. These oxides combine with sucrose to
form saccharates, which are insoluble. They are separated
by filtration, after which they are decomposed into Ba, Sr
. or Ca oarbonates and sucrose. The Barium process is used
~ at Wallaceberg, Ontario, lime process by the Great Western
Sugar Co., in U. 8. A, also called the ‘Steffen’s
process” and the Strontlumprocess isused in Germany. Oub
~ of this, lime process is the least expensive, but gives a low
recovery. 'This process is not economically successful in

the cane sugar industry.
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. It may be asked, as to why the same process .is mnob
economically successful for recovering sugar from cane
molasses. First of all, beet molasses contains no- glucose,
which fact facilitates the extraction of sucrose in the form of
.saccharates. Cane molasses, on the contrary, contains a high
amount of glucose, which makes it difficult to separate
calcium saccharate from glucose.

Secondly, the process requires a large amount of lime,
which increases the expehse. In the beet sugar manufacture,
the process, used for making white sugar, is the carbonatation
process, which demands a great'quantity of lime stone.
*Not only lime stone is required for supplying CO? gas,
to neutralize the excess of lime used in the process, but a
great quantity of lime is.required for clarification. Such
is not the case in cane sugar manufacture,” All the lims,
that is used for the recovery of suorose from molasses
by the calcium saccharate process, is reused in beet
sugar maufacture. Thus there -is practically no more
expense for lime for recovering this sugar, as is ordinarily
required in the carbonatation process. DBesides a kiln is
quite necessary to generate carbonic acid gas in beet sugar
manufacture, which inéreages complications and expense. -

Thirdly, the calcium saccharate process is required to be
run at low temperature (below 15° C), which is usually
.obtained by refrigerating apparatus, except .when conducted
in winter in cold countries. This becomes too expensive in.
_the tropice. The beet factories are all situated in the torrid
zone, where temperature is very favourable to this process.
The low temperature is quite.necessary, 'because calcium
saccharate, which is formed by the addition of calcium oxide
to molasses, forms a granular precipitate in the cold easy of
filtration. In the tropics, a low temperature will have to be

maintained by refrigerating plants, which makes the cost
prohibitive. . -

* At present, the final molasses in the cane sugar industry
is utilized for the following purposes, though’a great part is.
run to waste. They aref (1) cattle feed, (2) supplementary
fuel, (3) fertilizer, (4) the manufacture of alcohol.

(1) Catile feeding.~ Cane sugar ﬁolasses has a pléasa,nb-
flavour, while beet molasses has bad odour. Hence, it is used
a8 a cattle food. Molasses is not a complete food in itself,
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gince it contains ohly 015 per cent. nitrogen, but the salts
present have a stimulating effect on the appetite and digestion.

. Molasses is either given by mixing with concentrated
food previous to feeding or ia the form of cattie food specially
. prepared for the purpose. At present, it appears on the'

market under three different trade names, “molascuit”
“molassine meal” and “extravim”. Molascuit is formed of
molasses and pith of sugarcane. molassine meal of cane and
beet molasses and sphagnum moss,while ~extravim contains
cane molasses only., The preparation of molascuit is
generally common. In Demerara, some factories prepare
molascuit. For this purpose - fine powdery bagasse,s
screened through a mosquito curfain, is used. Abouf
120-12% gallons of molasses are required to -make a ton of
molascuit. - This works-at about 4 lbs.’of bagasse per gallen
"of molasses. [t analyses as below : = '

-30
- ?ggggg (:;u gar ’ gg-g 4} 50-52 per cent. sugar.
Moisture 12-14
The composition of other meals is as below : —
X Protein. Fab. ” Fibre.
. Extravim - 5924 050 4:95
Molasses meal 882 063 . 6325

. In India, where cattle food is scarce and dear, it will be
best to utilize molasses for cattle feeding. If molasses is to
be used directly with cattle food, the diffioulty is of storage
and  transportation. It is ditficult to tranmsport liquid
molassses unless thers are special railroad cars for the pur-
. pose.. - In Java, the molasses™is concentrated in special
pans, until it solidifies on cooling.. This is then filled in

mats and is transported. - :

~ The preparation of molascuit will solve the problem of
transportation and storage. In Northern India, where cane
contains s high amount of fibre, it will be possible to obtain
"bagasse pith to make this mixture, but in the Bombay
- Decoan, cane coftains a low fibre, and consequently bagasse
alone may not be enough as a fuel. It will, therefors, not be
possible to get bagasse pith to make molascuit, unless
cheaper sources of fuel are available to supplement the
bagasse. The amount of bagasse requjred to make molgscuit
is 4 lbs. per gullon of molasses, From each ton of cane are
obtained gbout 5 gallons of molasses, So for every ton of
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cane 20 lbs. of bagasse will have to be. used for makmg
molascuit. This means, that about 4-5 per cenf. of the
bagasse will be required to prepare molascuit (Paking 23 per
cent. as the bagasse obtainable on cane). Under the circum-
stances, some other substitutes such as wheat bran or rice
bran will have to be used. At any rate there is a good
market for molasses as cattle food or as a material for curing
tobacco in India. :

(2) Supplementary fuel.—In the Hawailan islands,
where 1 heavy maceration is usually practised to ‘the extent.
of 40-45 per cent., the amdéunt of bagasse obtained is not.
sufficient to run the factory. . The amount of fibre in cane is
12 per cent. or more, which, under. the usual amount of
maceration, should supply more than enough-fuel. It is a.
usual practice to supplement this fuel with molasses, which,,
under the usual conditions, goes to waste. 'For this purpose
a perforated pipe is put on the bagassé carrier after the last
mill, through which, a stream of molasses is fed to the.
bagasse us it passes over the ocarrier to the furnace. In
using molasses as fuel, -it is very important,”that it be
mixed well with the baﬂasse g0 as to eliminate the trouble .
in the furnace. The usual trouble is to -get clinkers, which
break and throw off sparks. -In order to get a proper .
mixture, the bagasse mixed with molasses is carried over
two sepamte carriers so as to give a turn over to the bagasse
which effects proper mixing of the molasses.

In places, where bagasse is not sufficient to run the-
whole factory, and, where other fuels are costly or where
molasses cannot be disposed of in any other way, it is better-
to use it as a supplementary -fuel. According to Messrs.."
Mccleary and Agee, molasses of 80 per cent. total solids has.
a thermal value of 4,950 B, T. U. per lb. After making
correction for vaporizing the momture it. comes fo about
4,700 B. T. U. per Ib. The calorific value of molasses and.
other fuels is ag below :—

Fuel. o o B. T U. per 1b, &
(1) Molasses - 4 .. 4,700
(2) Air dried wood 4,600-5,000
* (3) Bagasse (45 per cent. mmsture) 4,500 .
(4) Petroleum _ ... 16,000-17,000
(5) Anthracite coal - - ... 15,000-16,000

(6) Fuel oil . - _' ... 18,800
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" This shows, that molasses has practically the same
calonﬁc value ag either bagasse of 45 per cent. moisture or
air dried wood, and in using it, as fuel, one has to consider
the price of the other fuels obtainable with the market price
for molasses. In the Bombay Deccan, molasses ¢an be pro-
fitably disposed as cattle food or for curing tobacco, and,
though- bagasse alone may not supply enough fuel, it can be
supplemented with trash. If this is not enough, other fuels
such as groundnut or safflower husk can be obtained. It
Tay, however, be possible to obtain safiower and groundnut
hulls in large qua.ntxtles ab a cheaper price, in which case if
is best to use them and utitize molasses for cattle feeding.

Tt is also & practice to burn molasses in special furnaces
with ample combustion volume by a.tomlzmg the same with
steam. Molasses is pre-heated to about 180° F, and is fed to
the furnace through special burners at 60 lb.epressure. The
flame is similar in appearance to oil firs. No auxiliary fuel
i required to mainfain the furnace temperature. Under
these conditions, there is a loss of some potash. The. effici-

. ency is higher in this case, but the process is expensive.

In one place, molasses alone was burnt in an ordinary
bagasse furnace - modified to suit molasses burning. The
Dutch oven is provided with a slow rotating cast iron drum
(similar to a stoker), on which molasses drops in confinuous
thick jet. The speed of this ‘drum is one revolution per 4
minutes. Molasses gets caramelized, and assumes a lumpy
form, before it isready to fall on the flat shaking grates below
the drum. The lumps complete their combustion on these
grates. Shaking grates are found fo be. very good, as they
prevent the inrush of cold air during shaking, which is
required o promoie good.combustion. The inrush of cold
‘uir cools the furnace, and reduces the boiler eiﬁclency
considerably. Pre-heating .of molasses in this case: is not
good, because the molasses runs too fast on the drum, and
falls on the shaking grates, before it is ca,ra,mehzed and thus
goes to waste. :

The burning of molagses in sepama.te furnaces increases its
efficiency. Ordinarily molasses, when burnt with bagasse,
evaporates 1'7 to 2 lbs. of water. When burned separately
with. an injector burner, it evaporates 2 to 2'2 lbs. of water.
With the furnace provided with a rotating drum, there is no
necessity of using any steam with molasses.
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(3) Molasses as a fertilizer.—Molasses as & fertilizer -
has been experimented upon in Mauritius and Java with
good results. 20 tiers, i, e., 3,800 litres of molasses per acre
(=28 1bs. of nitrogen, 14 lbs. of phosphoric acid, and 110 1bs.
of potash) gave an increase of 11'85 tons of plant cane and’
880 tons of lst ratoon per acre. In Java, it gave an
increase of 12 ions of cane to an acre. .The composition of
molasses, g0 far as the fertilizer ingredients are concerned,
is as below :— : ’ -

Mauwritius =~ Hawail, -

per cent, _per cent.
Nitrogen e 050 083
Pota.sh .. 196 58l
Phosphoric acid .. 025 - 016

In the Hawaiian islands, it was found, that the use of
molasses as a fertilizer, in addition to the usual dressing,
caused harm on account of its effect on nitrate nitrogen as
well as. ammonia nitrogen. - In the former case, nitrate
nitrogen is converted into unavailable form, while in the
latter, the nitrification of sulphate of ammonia is checked.
Even with organic fertilizers, the ammoniafication and
nitrification are retarded. B :

. . \ .

During my travel I found, only one factory in the
Hawaiian islands (Pauhau) was recovering potash by burn-
ing molasses. TFor this purpose, a ‘specially - constructed
furnace 18 ft. long, 6 ft. wide, and &’ 6” high was used, the
molasses being fed. in the form of a thick jet. The fire in
the furnace is first started with wood. Afterwards no more
fuel is required. Molasses burns along with steam jet.
There are no grate bars in the furnacs, and the air is supplied
through the openings of the feeding mouth. .The molasses
is allowed to form clinkers, which are then well spread and
allowed to burn in the furnace. The ash is then coocled,
sifted through a screen, the clinkers returned to the furnace
for reburning, while, the sifted stuff is filled in bags. The
process is very simple and costs $ 30 a ton. By this
method about 76 per cent. of the potash in the molasses is
recovered. - -

My. Elliott, the chemist of the Pauhau sugar company,
has found, that the recovery depends upon -the - draft and
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‘heat of the furnace, the best recovery being obtained at a
low draft not exceeding 0°10”, and at a low temperature just
sufficient to effect the combustion of the molasses. At high
temperature, the chloride of potassium, which forms the
bulk of the potash salts in the molasses, is volatilized, thus
directly - affecting the recovery of potash., With higher
draft, there is also a loss of potash due to the ashes going
“ through the chimney. .

This practice is possible, where there is no market for
molagses, and-where there is a demand for potash as a
fertilizer. In India, where the necessity of potash and
- phosphoric acid to sugarcane has yet to be demonstrated,
this practice has no immediate future. It should be remem-
bered, however, that this practice involves the burning of
‘nitrogenous substances, which is a loss. ' :

. 'When molasses is used as. fuel along with bagasse, al-
most all the potash and phosphoric acid will appear in the
ashes from the furnace. This, when applied to the fields,
will supply the potash that may be required by the cane
crop. - ‘ - '

The following analysis of the ash ab the Tauhau planta~
tion shows the value of this fertilizer as a potash supplier :—

Per cent.

Potash water soluble - ... 2766

’ ;J - acid | w oo | ) e 2833
Lime - . .. 1787
Fhosphoric acid soluble in acid ... 200

water solubler - ... trace.

LN

. (4) The manufacture of alcoliol—The question of
manufacture of rum, as a beverage from molasses, is attend-
ed with peculiar difficulties in India, whers the drink
.question has become acute at the, present time. From a
moral as well as patriobic point of view, no self respecting
Indian would like to go in for ‘making rum from molasses.
" In India, at the present time, legislation is being passed to
restrict the consumption of liquor, and time may nof be far .
distant, when there will- be practically no demand for such
highly intoxicating liquors as rum. In India, there is a good
"market for molasses as cafbtle food, and as a material for
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curing tobacco. Fortunately, on account of the prehibition
laws in the United States, rum market is in a depressing
condition. In the West Indies, where a great part of the
molasses was used for making rum, conditions have gone so
far that most of the distilleries are closed at present. There
is not so much demand as to utilize all the molasses for
making - molascuit, and consequently, -a- great part of the
molasses is going to waste. It is on account of this pressing
problemn that the question of aleohol, as fuel for internal
combustion engines, is receiving & good deal of attention.

This feature of the question has a special interest in
India, where the cost of gasolene is very high. With the
more extended use of motor cycles, cars and tracks year by
year, the consumption of gasolene, which is used exclusively
by these vehicles, is increasing by leaps and bounds.
Experiments in the Hawaiian islands have eonclusively
proved, that in countries, where the cost of gasolene is high—
anywhere above 35 cents {—=Rs. 1-1-0) a gallon, the manu-
facture of motor fuel from final molasses will be & paying
proposition. Of course, when the question of selling motor
fuel to public is considered, one has to think of the com-
petition. with gasolene, which is delivered under well
organized marketing conditions.” This is specially true in
the United States, and hence, in Hawaii, attempts are being
made to make and utilize all the motor fuel on the plantations.

The substitution of alcohol for garolene; as fuel in
internal combustion engines, was originally attended with
certain difficulties due to its character. It does not vaporize
so quickly, as gasolene does and, consequently great difficul-
ties are encountered in starting and operating an engine,
until it gets sufficiently hot. In order to improve vaporiza-
tion, a mixture of alcohvl and ether (the latter ean be
prepared from alcohol by treatment with sulphurie aeid) was
prepared. This did improve the vaporizing quality of the
mixture, but it caused other troubles, such as eorrosion of
cylinders by the acid produets of combustion from ether and
alcohol. In order to neutralize the effects of acids, a base
such as pyridine or aniline was used in the mixture. There
are ab present two or three formulae for this mixture, which
is as below :— - ‘

Hawaiian Mixtuore. Natalite.

= Alcohol 65666 . 540

Ether 4278 450
B72-14
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- . Hawsiian Mixzturs.  Natalite.
Kerosene e T

 Pyridine : e 086 ,
"I‘nmethyl Aniline ... . 1:0

Mr 'Foster, of the Maui Agncultura,l Company in the .
Hal:v?uan 1s1ar_1ds has developed another formula which is
‘a8 below:—

v By Volume. Per cent. by Volume.
o 92 per cent. alcohol ... 100 752
st .. . 95 per cent. ether ... 30 2926
~t... . Kerosene .. : o 2 15
Pyridine or Aniline .. 1~ - > -07

. This formuls is patented, and the - .company is now
makmg motor fuel accordmg to this formula which i3 used
‘on’ the plantation.. Aniline is a base, and is considered to be
better than pyridine, on account of its low cost and absence
of disagreeable odour. This migture contains about 9 per
.cent. water, which-is considered to have beneficial -effect on
‘the cylmder

The ure of motor alcohol as a substltute for gasolene has

, certam advantages. There is far Jess carbon trouble with

‘alcohol than with gasolene. Consequently, engines can be

operated for a longer-time without cleaning. Secondly,

‘motor aleohol does not cause a dilution of lubricating oil in
the same way as gasolene does.

" 'When motor alcohol is “to be used in engines using
gasolene, adjustment of the carburetter is necessary. Some
carburetters have cork floats coated with shellac, which is
dissolved by alcohol; and consequently they fail to function.
‘Carburetters with metal floats, are, therefors, necessary. A
'hlgher compressxon in the cyhnder is 'ulso necessary.

L Thermal value of motor Sfuel—According to the repozb
iof the:' Hawailan Sugar Planters’ Assocmtlon, the thermal
v.alue of motor fuel of Foster formula is 25 follows :—

Motor spirit. . Gasolene.

B T. U per 1b. 12,660* 20,700
BT U.pergallon .. 83,000 130,400 .
Thermal value cee 1-57 100

% Bo led on aleohol 11,100 ; ether 16,200 ; and kerosene 20,800 B.T. U per b,
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On actual experiments with regard to wmileage or power
rroduction, it is found, that 1 gallon of gasolens is equal to
1'4 gallons of motor alcohol. It should be remembered, that
to produce good combustion, about half the amount of air is
necessary in the case of moftor alcohol, and consequently, the
fue] mixture entering the cylinder is about 25 per cent. higher
in fuel value than is the case with gasolene mixture, which
increases the efficiency.

Cost of manufucture—The following figures are obtain-
ed from the Hawaiian Sugar Planters’ Associations’ Report:—

A ton of sugar yields approximately 42 gallons of
molasses, which should yield about 15 gallons of indus-
trial alcohol. The detailed cost of manufacturing is
given below :—

Based on capacity of 1,000 gals. distillery per day.

$ per gallon.

Supervision and labour ... 0°020

Fuel ... 00020
. Pyridine ' - .. 0015
Kerosene <. 00004
Acid and lime ... 0°002

Interest and depreciation... 0'0245 based on 12 per
cent. on § 61,200.

Royalty ....0010
Tncidentals ) ... 00005

——————

Cost of manufacture
“exclusive of value
of molasses ... 8 0:1005

D ——

This shows the cost of manufacture is very Jittle. In
order to find, whether it is profitable to make motor fuel, one
has to consider the value of molasses. With dilferent prices
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| _-for molasses, "the‘following statement’ is prepared by the
- Hawaiian Flanters’ Associa.ticn_:_e _ .

.| Value of molasses | . Value of motor alcohol
_ Vslu; :rf trln)l::.lassea enteréglgl oi:gc;mch %‘;";gioﬂrﬁ;‘:ﬁ;’?~ ‘E‘f;‘ﬁi‘::?{;z tl];nog?a °
e ‘ aleohol. per gallon. 8 .fact.guri'zl.:I '
$ - Cts. - Cts. - Cts.
100 167 1167 : 16:34
2-:00 . 383 - 13:33 1866
3:00 ) 500 . 1500 - ' 2100
4:00 - 667 1667 23 34
© 500 . 8-33 "+ 1883 ‘ 2566 -
6:00 10-00 2000 : 2800

, The above figures show, that even with higher price for
molasses, the cost of one gallon of motor alcohol does not go
above 30 cents. (about a rupee), which is obviously. 1much
lower, than the cost of gasolene in India. Omne has to
" consider, however, how far the public-are prepared to use .
- motor alcohol, instead of gasoléne. In the Hawaiian islands,
it has been found, that it is mighty hard to compete against
_ highlyiorganized marketing facilities offered by the oil-com-
panies.” Consequently, the plantations -manufacture alcohol
for their own use on the estates, as they already consume
great quantities of gasolene and kervsene, and thus-become
independent of outside supply. In India, there will be a
limited consumption on the estates, and manufacturers wiil
have to solely depend an the public for the disposal of motor
alcohol. Ip Indis, there is already a good market for
molasses as cattle food, and for curing tobacco, and the
demand for it seems to be so large, that for some years to -
come, there will be no difficalty for the- disposal of molasses
at a profit. 'The question of the manufacture of motor

alcohol, therefore, is 3 remote possibility.
Process of manufacturing motor alcohol — 1 saw this
~process on Paia estate of the Maui Agricultural Company,
which is manufacturing this motor spirit for the past two
years. -~ The process was designed by Mr. Ioster of the same
company and is protected by a patent. _
- Final molasses is dilutel to about 20° Brix and is then
pumped to fermentation tanks, made of wood, to which
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- sufficient quantify of yeasb is added. A pure culture of yeast
is obtained from the expenment station. of the Hewaiian
Planters’ Association, and is used. Fermentation begins at
once, and is complete within 20 hours. No nutrienh such as
amraoonium sulphate, is'added. -

The beer is then pumped to the alcohol still of Foster-
Misper type. This still is made entirely of -red-wood,
instead of copper, which thus decreases the first cost. Tha
cost of erection is also small, as plantation carpenters can’'do-
all the work. Itis economical in work, since wood acts as &
good insulating | material in preventmor radiation losses..
No scale is formed on wood, which is also an advantage. As
alcohol is to be prepared not for beverage purposes bub' for
making motor alcohol, no attempt is- made to secure quality.

The condensation of alcohol is carried in three stages.
The condensers consist of copper coils inside wooden tanks,
through which vapours flow. First of all, the vapour from
the beer on its passage to the condenser gets partially cond-
ensed by the wooden Still. In the first condenser, water is
used for condensing the vapour, in the 2nd, the incoming
beer from the fermenting house, and in the 3rd cold water
which completes the- condensatior. The condensed vapour.
from condensers 1 and 2, which consists of water and alcohol
"is returned to the still, whlle condensed vapour from conden-
ger 3.is withdrawn as 92 per cent. alcohol. The beer is
pre-heated, before it enters the still, by the less after the
latter leave the still pot. The lees are then run tosewer and
mixed with irrigation water as they have a fertilizing value.

Preparation of ether—The ether generator is of Foster
design. This consists of a lead lined receptacle containing
ulphunc acid, heated with lead steam coils. 92 per cent.
alcohol is conhmua.lly fed to the still, containing sulphuric
acid, by gravity, and the mixture hected by steam of 20 lbs.’
pressure. The ether vapour passes through a save all, and.
then through a scrubber, where lime cream is conblnually
sprayed to dissolve any vapour of sulphuric acid, that may
pass along with ether. The vapour, freed of sulphuric acid .
vapour, is then passed through two condensers. The first
condenser condenses the a,lcohol which is sent back to the -
ether still, while the second condenses ether of 95 per
cent. purity. 14 gals. of 92 per cent. alcohol gives 1 gallon
of 95 per cent. ether.

The ether is then mixed with aleohol, kerosene - a.nd ‘
pyridine or aniline according to the formula a]ready given,
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The yield of alcohol depends - upon the quahty of mol-
. asses.. Ab Paia, I gallon of 90-92 per cent. alcohol was
obtained from 2 55 gallons of molasses of the following com-
posmon —

- Brix = 84-85 total sugars = 53-54 ; unferment-

- abie gugars 2 per cent. The above yield is 84 per cent.
 of the theoretical amount.

Summary —In the above dxsoussmn are given the
‘various ways, in which the final molasses is disposed off in
various cane sugar countries. At one time, the production
of ram from molasses was on a great sca,le but since the
market for rum went low, other rueans are mvestlgated of
.which, the production of motor alcohol seems to have received
a good deal of attention. In India, the disposal of molasses
does not present great difficulties. Under present conditions,
the best way is to dispose the molasses as cattle food or as a
material for curing tobacco. In factories, where the fuel
problem is very acute due either to, insu{’ﬁciency of bagasse
as fuel or to difficulty of obtaining cheaper sources of fuel or
. to both, the question of using molasses as fuel should be
decided on its own merit. Time is yet distant, when sugar
manufacturers in India may begin-to feel difficulty in dispos-
ing the molasses in the above ways, when the manufacture of
- motor aleohol, as a fuel for internal combustion engines, will

- probably afford profitable means for disposing the molasses.

. Dtspoeal of -bagasse.—DBagasse is exclusively used as
fuel in all cane sugar countries all over the world, as it is the
cheapest source of fuel. The amount of bagasse obtainable
‘from cane varies according 4o the fibre content of the cane.
Taking 45 per cent, as the average moisture and 50 per cent.-

“as the fibre in bagasse, the amount of bagasse, obtainable
.rom cane w th different fibre content, will be as follows :—

- Amount of Bagacse < .
' Bogaseo | toniramer | ‘semuired per-ton | NP OOV
Fibre in - - pe:gcenb ' of cane for
cane. _oane. -
Ibs Raw White Raw White
e . lba. 1bs, 1bs, 1bs,

10 20 400 500 578 — 128 - ;gg

11 22 - 440 500 578 — —

12 . 24 480 500 578 — 20 — 98
.18 . 26 520 500 578 + 20 - — B8
T 14 - 28 | - 560 500 578 4+ 60 — 18

15 80 600 500 | 578 | + 200 + 20
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According ‘to Prof. Kerr's experiments in Louisiana
B. H. P, required per short tori of ¢#he in raw- and white
sugar factories, is 1'50 and1'75, respectively. The amount,
of bagasse, required per ton of cane, is computed . as below:
W x Mx 5 taking the amount of water evaporated per Ib,

" of bagasse of 45 per cent. moisture content to-be 26 lbs.:
" The above figures represent certain conditions, which vary in:
different factories. I noticed, that very few factories on the
whole were operating on bagasse alone. In Louisiana, where
the fibre content varies from 8-10 per cenf, and where"
majority of factories make plantation white sugar, extra fuel-
to the extent of 5-8 gallons of fuel oil per short ton-of cane;:
is used. In Cuba, where the fibre content is.litile: over-
11 per cent. and where raw sugar is madse, sugar factories are-
using oil as a supplementary fuel to the extent of 2-3 gallons
per short.ton of cane, even though the amount of maceration-.
is usually not over 20 per cent. In Porto Rico, where the
fibre content is somewhere near 12 per cent., and, ‘where
maceration is a little higher than what is in Cuba, fuel oil to "
the extent of 3 gallons perton of caneis used. In the Hawaii-
an islands, where the fibre" content of cane islittla below'.
13 per cent., bagasse alone is not sufficient, probably due to
heavy maceration (35-40 per cent.), that is usually practised’
to obtain high extractions unheard of in any other part of the
world. In the Hawaiian islands, final molasses.is used as a
supplementary fuel along with bagasse, or separately in.
special farnaces, and these two together provide sufficient -
fuel. Only in Antigua and St. Kitts, where the fibre content -
is over 15 per cent., factories are able to operate on bagasse .
alone. The above table agrees with the actual conditions

-obtained in various cane sugar countries. o "

The above facts show, that the question of utilization-
of bagasse for paper making does not arise. During my -
travel, I found only two places where bagasse was used for-
making coarse grade paper. Oneis New Orleans, where the-
Celotax company buys bagasse from _ the plantations to make '
paper board, which, in that case, use fuel oil, which is much
cheaper in Louisiana.. This paper board is used for. the:
purpose of insulation for steam pipes, for which there ig a
market in the United States. Obviously, thisis possible in-
Louisiana because there fuel oil is obtained . much cheaper to -
take the place of bagasse in cane sugar factories. ,

The other place is the Olaa sugar estate on the, island’
of Hawzii, which makes bagasse paper to serve as a muleh-
in cane fields.” For mulch, a very brittle paper is required *
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-which will allow the young cane shoot to come through.
‘This company has special field conditions, which "makes it
necessary to use paper mulch in cane fields. This is the one
estate, which I saw personally, which has the greatest trouble
of weeds due to continuous rain, and the nature of the goil
does not permit intercultivation by power. The weeds are
80 numerous, - that unless the cane rows are covered imme-
diately after planting, the weeds get the upper hand and kill
the young cane shoots. The practice is to cover the cane
rows immediately after planting by paper mulch, which
smothers the weeds, but allows the cane shoots to bore

- through easily.. When once the care gets a good start, weeds
are smothered by the cane. This system costs about 35-40

- dollars per acre (=Rs.105-120) and is expensive, but the
estate has no other choice but to .use it to get a good crop
of cane. No other.estate in Hawaii uses bagasse for making
paper mulch. . ‘ -

The .paper is made by the lime process. In order to
make it water proof, it is passed through a’ mixture of
espahalt and crude oil (70 per cent. aspabalt and 30 per cent.

" erude oil), and later dried partly by heat, and partly by air.
The yield is 50 per cent. of paper on hagasse. The paper is
very brittle, and deteriorates quickly in the fields. These
two properties, however, serve well for mulching purposes.

. The utilization of bagasse for paper has so far not been
commercially successful. The complete inter-mixture of the
“two kinds of fibre, the pith and the rind, each possessing
different physical properties, presents great difficulties for
" geparation, without which, its use for' the 'manufacture of
paper or for making paper pulp is not found practicable. It
. should be rewembered, that the manufacture .of paper is
altogether a different proposition from sugar making, requir-
_ ing technique with which, the sugar ma.nufact_urer is not
equipped. ~ This has been the experience at Olaa. Secondly,
the machinery for paper making is expensive, and it does
not pay, unless the plant is kept in operation throughout the
year. This is not possible with cane sugar fastques, as the
"bagasse will be obtainable only during the grinding season,
which - lasts for 4-6 months only. On account of the fuel
problem and on account of the peculiar difficulties with regard
to the bagasse fibre, which are not yet satisfactorily solved,
‘there does not seemn tewbe any immediate prospect for using
bagasse for paper making even in Northern India, where it
is possible to have surplus bagasse due to high fibre content

of the cane,”. :

”
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APPENDIX.
{A) On page 18, in calculating.the losses involved in gur making, .

sugar was valugd at Rs, 280 a t0n, At present price of sagar

yvk?mh is abouf‘.‘ﬁs. 480 a ton, the value I;f.sucr‘oge lost a.nnugﬂ,lb;w
in gur making comes to Rs. 1,03,39,680~Deducting Rs. 16,73,280
as the cost of manufacture, the net loss, Ubsained with i)re'sent

methods of gur manufacture on the Deccan canals & omes o
Rs, 86,66,400 or roughly 8} million rupees annually. D\c\

'(B) On page 18, in calculating the value of gur obtained, it ‘was
valued at Rs. 20 a Palla_of 250 lbs. At the beginning of the year
the price was nearly Rs. 30 a Palla of.2501bs.  A$ this rate (roughly
8 1bs. a rupee) the valuation of gur comes to Rs. 27'6, 29°1, and 30°T
for Brix 18, 19, and 20, respectively. The cost, per ton of cane
delivered on the field, thus, comes to Rs. 25'3, 268, and 28:4, respect-
ively, which is certainly mueh higher, thau what is paid in any
other country including the Hawaiian islands. :

(C) Foreign weights and coin used in the bulletin—

* Weight: short tén=2,000 rlbs.
u. .IOUg - =2;24-0 7]

-

} s . Ppicul =1362 ,, Rs.a p.~
Coin: Doller (3)=100¢ets.= 3 2 0 o
»  Guider (f)=100 ,;, = 1 1 0 approximately. -

(D) On page 19, in calculating. the valuation of sugar, I assumed
the rate of sugar to be Rs. 280 a ton. At present the rate of sugar
isabout Rs. 480 a ton. At thisrate (i.e., 5 lbs. a rupee) the valua-
tion of 229 lbs. of sugar comes to Rs. 458. The value of 71 lbs.
of molasses is assumed to be Re. 1. 'Thus, the total value' comes to
Rs. 46:8. The cost of manufacture is Rs. 8'5, based on Rs. 80 a
ton. The net return, atter deducting the cost of manufacture
comes to about Rs. 88'3, This leaves a margin of Rs, 130, 11'5;
and 99 per ton of cane respectively. Thisis & good margin and,
present market conditions of gur and sugar seem to be favourable
for making sugar. It should be remembered, however, that our
price for raw material is much higher than what is prevaibng in a
country like Hawaii, where the expenses of growing cane are much -
higher. The cost of cane at the mill there is in the neighbourhood
of Rs. 21 (ie, about $ 7-0).- It is quite essential, therefore, to
secure good efficiency, if factories in India are to  work profitably.
Tu the accompanying statements, I.have given (1) the value of gui
obtained from each ton (short) of cane with our present method
of manufacture, with different rates of gur from Rs. 15 to Ra. §0 u
Palla of 250 Ibs. and also for juice of Brix 18, 19 and 20; (2) the
price per short ton of cane to be paid to farmers, after deducting
the cost of gur manufacture, which 1s assumed to be Rs. 82, 40 and .-
48 per ** Bhar gad1” 4., per 16 boilings of 1,100 Ibs. juice. ach.
(which comes to Rs. 2'3, 2'9, and 85 per sbort tone of cane)#ith

Pl
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juice of ‘Brix 18, 19, and 20; {3) what should be the price of sugar,
* it bugac is to be made at a profit from cane, purchased from farmers
_on the Deccan canals on the bisis of - the prices of gur from Rs. 15
to 50 per Palla of 250 1bs. ] L . :
I. Value of gur in rupees, obtained from each short ton of cane
with present’ methogds.-of manufaaiure, with _ different rates of gur
from Rs. 15 #~-=% b0 per'Palla 0f 250 lbs. 'and also for juice of
Brjs 3o 9 804 20. IR -

/ - - -
Value of gur from each
Ra ‘ short ton of cane in rupees,
P:ﬁ: ‘;ffﬁaﬁ 1 with Brix of juice |
in rupees - : - ot
T 19 20
- 15’ L) ime | 146 | 158
"1 ] 1471 1538 | 164
17 .| 156 | 165 17-4
18 | 165 175 18-4
19 o} 115 |. 185 194
20 | 1856 | 195 206
at | 198 | 204 | u1s
22 .| 02 214 225
23 Wl 212 224 | 236
24 - .| 221 933 | 246
Y 230 | 248 | 256
26~ .| 239 | 958 | 926
a7 .| 248 262 296
28 | 9257 a7a | a87
20 - .| 266 982 | a9
30. .| 916 | 2vl 807
- 81 ] 285 | d01 | 817
32 | 294 )7 811 | 3827
38 .| -808, 321 838
8% w| 802 | 831 34'8
88 . ... 3?-2 84-0 858
36 | 831 | 850 | 368
87 ] 7880 | 859-| 379
88 v | 849 | 869.| 889
.89 . ] 858 879 | 399
40 .| 868 | 889 | 409
41 vl 877 | 899 | 420
49 .| 888 | 408 | 430
. 43 .| 896 | 418 | 440
44 e | . 405 42°8 451
45 7 ..| 414 | 437 461
46 ol o428 447 | o471
41 .| 439 | 457 | 484
48 | eea | 467 | 499
49 ol 451 | 47161 502
850, - .. 460 486 51-9
9
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II. Price in rupees, per short ton of cane to be paid to fafﬁ;ers
after deduction of the cost of gur manufacture, which is agsurned to be
Rs. 32, 40, 48. per 16 boilings of 1,100 1bs, of juice each (which comes

to Rs. 23, 29 and 85

Brix 18, 19 and 20.

-

per short ton of came) with _juice of

——— -

Rate of gur per

Price per short tos of-cane after deduction of the cost of
gur manufacture, which is per ton of cane

Palla of 250 lbs. Hs. 23 < I He, 29 Bs. 85
in rupees.

Brix | Brix | Brix || Brix | Frix | Brix | Brix | Brix | Brix .

18 19 20 |} 18 19 |"'20, || 18 19 20
15 154 188} 180 || 100 | 117 | 135 § 108 | 111 | 118
16 124 | 189 | 141 113 | 126 | 195 | 112 | 120 | 139
17 138 | 142 (. 151 |} 127 | 136} 145 || 121 | 190 189
18 142 | 162 | 161 || 136 | 146 | 155 | 130 | 140 |-149
19 154 | 162 | 171 || 146} 156 | 1656 | 140 150 | 159
20 162 | 172 | 183 || 15€ | 166 | 176 | 150 | 160 | 170
1 70| 181 | 192 164 | 175[ 186 i 158 | 169 | 180
92 1779 | 191 | 202 || 178 | 185 | 196 || 167 | 179 | 190
23 89| 201 213§ 188 | 195 | 207 || 177 | 189} 201
2 198§ 210 { 228 || 192 | 204 | 217 || 188} 198 | 211 .
25 207|220} 233 || 201 | 214 | 227 | 195} 208 | 221
26 wf 216 | 280 | 24-3 | 210 | 224 | 237 | 204 | 218 | 231
a7 o 925 239 953 | 219 238 | 247 | 218 227 | 341
98 234 249 264 |[ 928 | 24-8 | 958 || 229 | 287 | 252
29 248 ) 259 | 274 |l 237 | 258 | 268 || 231 | 247 | 2692
30 258 268 | 284 || 247 | 268 | 278 || 241 | 256 | 272
81 262 | 278 | 294 || 256 272 288 || 250 | 266 [ 282
82 27'1 | 988 | 804 [ 265 ) 282 208 || 260 | 276 [-292
33 280 298| 815 || 274 | 252 809 || 268 [ 236 | ¥08
84 2891 808 | 825 || 293 | 802 | 819 2771 296 | 818
35 299 | 817 | 835 || 298| 81-1| 82y || 237 | 805 | 823

-~

86 .| 808 [ 827 | 845 802 821 | 329 | 296 | 815 833
87 o 817 | 836 | 356 (| 811 | 830 | 850 | 805 | 824 | 844
93 .| 826 | 846 | 366 || 320 | 840 860 | 814 | 834 854
89 .| 8851} 856 | 876 | 830 | 850 | 870 | 823 | 844 | 864
40 || 845 | 866 | 886 | 339 | 86:0| 880 || 933 | 854 ) 874
41 . 354 | 876 | 897 || 848 | 4T-0. 891 | 842 | 864 | 885
49 .| 86-3 1 885 | 407 || 857 | 879 | 401 851 | 873 | 895
43 o 878 | 826 | 417 [ 67| 889) 411 || 861} vBB | 405
44 .| 882 | 405 | 438 || 876 | 890 | 492 | 870! 893 ] 418
45 891 | 414 438 | 335 | 408 | 432 879 | a2 | 428
46 400 | 42441 448 || 894 | {18 | 44-2 || 988 | 412 | 43¢
47 409 | 434 | 459 || 403 | 428 | 458 || 897 | 422 | 447
48 4191 444 469 || 413 | 438 | 46-8 || 407 [ ‘482 | 457
89 428 1 458 | 479 (| 4929 | 447 | 478 || 41-6 | 441 | 467
50 437 | 463 | 48-9 1 481 | 457 | 488 || 425 | a51 | a7q-
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1II. Prjéé of sugar necessary to make sugar making pay, it

Rs. 15 to

» wane 18 to be
' A%er
i

urchasel on the basis of the price of gur from
alla of 250 lbs.

Rate of gur per.
Palla of 250 lbs.
in rupees.

Prios of sugar par long ton with cost of gur manutacture
to be per short 1on of cane.

Rs: 28 i Rs. 29 Re. 85

*

‘Brix ~of juice.

18 | 19| 2 18 [ 19 | 20 18 | 19 | 20

-986 | 240 2¢O | 280 | 23p | 245 225 | 230 | 240
944°| 250 | 260 || 230 | 245 255 234 | 239 | 218
953 | 260 270 || 948 | 255 | 265 243 | 248 | 256
262 | 27u| 260 |} 257 [ 466 | 275 252 | 257 | 264
971 280 | 290 || 266 275 | 285 | 261 | 2668 | 272
280 | 290 | 3v0 975 | 286 | 2v5 || 970 | 275 | 230

939 | 299 | 310 984 | 291} 805 279 285 291
298 | 800 | 3820 298| 304 | 8153 288 | 205 | 202
807 | 818 | @30 s0z| 813 | 3825 | 2971 305 813
816 | 828 | 340 811 | 823} 885H. 806 815 ) 824
825 | 887 8501 S20| 832 | 845 815 885| 836

834 | 847 360 829 | R42! 355 324 | 335 846
843 | 856 870 888 | 851 | 865 (. 833 845 | 357
853 | 866 | 880 8477 861 875 | 8421 855 ) 368
361 | 3875, 890 856 { 870 | 885 { -851} 8651 879
370 | 385 400 865 880 95| 860 975 830 -

879 | 894| 410 874 | 880 | 405 | 269 | 884 | 400
888 | 404 | 420 868 | 899 | 415 | 878 389t | 410

“| 8o7| 413 | 430 || 802 | 408 | 425 ) 887 | 408 | 420

406 | 423 | 440 401 | 418 | 435 896 | 413 | 430
415 | 482 450 || 410 | 427 | 445 405 | 422 | 440

494 | 442 | 460 419 | 487 | 455 414 | 432 | 450
483 | 451 | 4i0 498 | 446 | 465 | 423 | 441 | 460
449 | 461 | 480 || 487 | 456 | 475 482 | 451 | 470
461 | 470 | 490 ||. 446 | 465 | 485 441 | 460 [ 480

"l 460 | 480 | 500 || 455 | 475 | 495 || 450 | 470 | 490

462 | 489 | 510 || 4641 484! 505 459 | 479 { 500
a78 | 499 50| 478 494 | 515 468 | 469 | 510
487 | 508 | 580 480 ] 508 | 525 | 477 | 498 | 520
495 | 518} 540 || 491 ] 518 535 486 | 508 | 530
505 | 537 G50 500 1 522 | 545 495 1 517 | 540

514 | 537 |. 60 || 509 | 582 | 555 504 | 527 | 550
523 | 5461 670 518 { 5:1 | 665 613 | 536 | 560
.bsg | 856 ] 580 [ 527 | 5517 675\ 522} 546 570
541 | s65| 5901l 536 | 560 | 6585 | 531 | 585 580
660 | 575 | 6001 545 570 595 540 | 565 | 590
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; DILUTE JUICE. BAGABSE,
; - — 5
/Brix, Sucrose.| Porit,. rnucnsa ﬂ‘&g’e Acidity. |- Watch. || Moisture. | Suerose. Fibre. - | Wateh.
g L : _
.
3 l a I I
nr n
I_ » Iv i1
—_— ‘ 44
_J [Average. T
L oo : ' Average.
JUICE FRBOM PRESSES. i
1 COMMERCIAL SYRUP. -
o * by ] i sy ’
! - . m Brit. Bucross | Parity, Glucoso.|g2e05® Watch.
: v | - -
; ) 1
: Average.
, . . ~1 oo
! SYRUP FROM NORIT PRESSES. ' . 111
N I —_— B o
. II .
! ‘. m . - JAverage,
IV
_MASSECUITE_ (Each Str ke).
; ’ © |Average.
: Thne .
DRMAL JULCE . | ‘RESIDUAL JUICE. Brix, Sucrcee,| Purity. {Pan No. Bo[i li\ Kind.
. - . : ] g.
;‘Suornse. Purity. § Watch. | Br.x. [Suerosc.| Purity.
H B B
L 1.3 .
? 11 S el
! IiT
{ v .
Average. | ( Al
-MOLASBES (Each Tank 28 Fitled).
POLARIZATION OF SUGARS. ¢ , .
- Tank No. . Purit
- Wat | T Y. Kind of Runofr,
'-}d of Sugr. | V1! b wi‘{'" b w‘i' ‘fh wl"".‘:h AVerage. o
Ay )
i
:'[
T
\ 1 PILTER PRESS CAKE.
BN :
w . Watch | Wateh |'Wateh | w 1st Watch :
. Kind, Lo TR | VD laverage, T
) - 2nd Watch
—‘\.
E Tnitialed < g, Watch .
, & Cake I ——
\ dthiVateh =~
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"Dy REPORT.

Date " Crop day

Tons Cane Ground " K ' This Day o To Date

No.1 Mill Rug Houes Min No. 2 Mill Run Hours Min. Maseration % Cana

Time Loss Hours~ . Min " Time Liost Hours Min. . Dilution % Cane’

Cause . Cause - " 0il Burned—Gals. per to

Juice Extraction S '%_4 \ i Cane % Fibre L
. Sucrose Extraction % ‘\ ' , Bogas:e:: 9% Fibre o Sucrose + - +% Moist.
Pounds Sucrose Extracted per Ton . C : ’ i v A
Pounds Suerose in Bagasse per Ton v . ’

Acidity. 1 Briz. Suerose. ‘ " Pority, | Clerget. | Trae Pnrlty.l Glacose. (g‘;ffgf Molst, | .

Crusher Juice

Normal Juice (calcu.)
D.late Juice )
Clear Juice

Syeop

Third Mill Jaice
Residual Juica

Filter Press Cak:
Massecuites

Run Offs and Wash

Bugar —Granulated
Bugar—W. C.
Sugar—Y. C.
Sugar—96°

oot



-

.

'YNOOt “ONILNIAZ LNY4KNHTAOD

1

‘AINTAIRALNIHAIOS THE ROTZ

VX004 ‘s8add NOSIVA vgavual AHL LY daLnNing

TTIYNIVIA0 927400 ¢

~aun No.
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| = Tl P TO DATE. .
| Rus. TO DATE. BALANCE . I ’
‘ Suorose=100%. s“"g’i IIBOT)&;,MF Cane=100%. su:g:elg‘x‘incb-
Days Grindi.ng el ' Bucroga in Sugnr ' e '
Tons Cane Ground - “n n Molagen ., ’
. ” 1] -3 ey ) L]
Tons Cane per Hour N ) Com'], Produots
. . . . »” 9 -
Time Lo.st 9, Total Time Loss by Inversion. _ ...
Maceration ¢, Cane » in Bagasse s
Dilutior 9, Cane e - . in Press Oalfe
Trice No. D. J. 3 .| w. Not Determined - ... i . .
Extration } No. Cane + No. H30. § Total Lost '
Sucrose Extraction . CHEMICAL QOMFPOSITION OF CANE AND ITS PRODUCTS.
Pounds Sucrose Extracted wd ol . Acidity‘ Brix. [Surme.! Purity.| Glucose| Ratio. ‘ Fibre. ‘ Molsture.
» [ ” per fon... ‘ (}nﬂe v Run ‘e ] *
» . Bagnsse per ton (Caloulated) { To Date ... o . |-
s Sucrose in Bagasse per ton ... - . {Bun -~ ¢ - | . '
“ ‘s gasse per bo : Bagosso ) To Date... » h
Gale. Fuel Oil per ton » . Run . -
Pounds Sugar per ton . Press Cake { To Date... ~ . 1,
Normal { Run vee] o N - -
" ” ” T . Juice * 1 To Date ... : 1 4 sl -
» » ” ' ;Di]uie { Run e . oY . N
» » » . ., . Juize To Date ... A R E -
a 1 c "l Lol ” Eyrup . {’I‘o'Da.te
als. Com’ olasses ,, " e : un ..
. Molasses
Lbs. Sulphur per ton of Gang * .../ orase "11;" i)a.te . AR
s 11} .
Lbs. Lime  ,, 4 5 5 ..  To Date
Reagents -, , v T Run N .
. g o Y - To Date ...i i
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