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Errata to the Scientific Monography No. 3 of the Imperial Council
of Agricultural Research, entltled ““The Open Pan System of X
White Sugar Manufacture.”

Page 14, parazraph 1, line 2, for ““eane > read ** cane .
Page 18, fifth line below Table IX, for «full * read * fuel »
Page 47, lines 8—9, for ¢ defectants ™ read « defecants ”,
Page B3, paragraph 2, section (b) '
Juice Boiling, ... for “(boiling foreman) (on eontract) ’ read * (bmhng. '

foreman on contract) ”’.

Page 76, line 20, ¢nstead of the formula for available sucrose |

(-m 2 . s(j—m) »
per cent. ““100 X ———read “100 x —
(s—m) j(s~—m)

Page 91, paragraph 3, line 2, snstead of “the ob;ect the ﬁndmo out” read * the’
objeet of ﬁndmo out . -

Page 94, line 3 from bottom, for “barbon” read * carbon .

Page 101, Table L, No. 6, for * Sen-dried » read “ Sun-dried ”. ‘

Page 107, line 11 from bottom, for distribution * read distrfbﬁted ;’. o

Page 109, Table LV, A.. Biopal Process, No. 6, for * pottod ” read * potted ”.
Page 111, paragraph 2, line 3, for « pro-‘ ? read “ prov=”, |

Page 131, line 8, for “ Process*’ read * Processes ”’.

Page 141, line 2, from bottom, for “ap.”’ read “sp.”

MGIPC—S4—92 GPB—9-0-32—1,000,
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INTRODUCTION.

The manufacture of sugar by the indigenous process is well-
known to be wasteful. In other parts of the world where similar
processes were employed in the past (e.g., the ‘“ Caua *’ factories
of the Philippine Islands and the ¢‘ Copper-wall ’’ factories of the
British West Indian Islands), they have all had to give place,
under the stress of competition, to the modern factory system.
- One may well ask, therefore, why a process which is admittedly
- wasteful and which has gradually disappeared from other sugar-
producing countries of the world, should be encouraged in this
country. To give a satisfactory answer to this question, one has
to refer, on the one hand, to the size and importance of the indi-
genous industry vis-a-vis the Indian factory industry, and on the
other hand, to its importance to the general agricultural system
of the country. : '

As regards the size of the indigenous industry, the Tariff Board
gives* the following figures for the manner in which the total
production of 35-2 million tons of cane in India in 1927-28 was
utilised : — _ -

N i Tons.
For sets . . . . . . . . . 700,000
For chewing . . . . . . . . 4,500,000
For direct manufacture of white sugar . . 750,000
For manufacture of white sugar by bel process . 3,800,000
For manufacture of gur . . . . e . 25,450,000

Tora . 35,200,000

These figures show that the Bel process accounts for over five
times the quantity of cane used for the manufacture of white
sugar in factories. It is estimated that the present production
of sugar by the Bel process is over 200,000 tons per year, whilst
the total output of the Indian factories is only about 120,000
tons annually. In point of size, therefore, the Khandsari industry
1s of considerable importance. * ‘

It is of still greater importance in relation to the agricultural:
system particularly of the United Provinces and, possibly, in the
near future, of the Punjab. The Khandsaris being small-scale
comcerns are able to operate in the large areas in the interior
where lack of communication or scattered cultivation make the
establishment of central factories impossible at present. If the
Khandsari industry were to disappear, cane cultivation will become

reatly restricted and the installation of central factories later on

will be much more difficult. .

*See * The Repart of the Indian Tarif Boerd on the Suger Industry ",
1931, page 44, ) ) : :




. - ' | ii

Furthermore, the cost -of production by the Khandsaris is not
high. As the Tariff Board points out® ** Overhead Charges are
low and the cost of supervision negligible, and this to a consider-
able extent makes good the loss incurred by low extraction. Capital

cost is estimated at 6'79 annas per maund of cane crushed as against
Re. 1 per maund of cane crushed in Centrals *.

.. Appreciating the importance of the Khandsari industry and
realising that it will in any case be a long time before the factory
industry of this country will have developed sufficiently to dis-
place the indigenous and the imported sugar, the Imperial Council
of Agricultural Research took up the question of improving the
industry. | ! »
- Through the courtesy and kind co-operation of the Bhopal
Durbar and the ready assistance of their Director of Agriculture,
Khan Bahadur S. M. Hadi, a preliminary test was conducted there
by Mr. P. B. Sanyal on the ‘‘ Bhopal *’ bel, designed by Mr. Hadi
and described in his book ‘‘ The Indian Sugar Industry "t (1929).
The results are summarized in Part I of this Report. It was then
decided that arrangements should be made for a practical test ex-
tending over a ‘full season and conducted under actual commercial
conditions, a Bhopal bel  and a Rohilkhand bel being worked side
by side and proper chemical control being maintainef. This com-
mercial test, which forms the subject matter of Part II of the
present report, was conducted from 20th January 1931 to 24th
~ April 1931 at the Shanker Agricultural Farm, Nagalia (Bilari,
District Moradabad, U. P.), owned by Mr. Har Sahai Gupta.

The commendable interest taken by the Bhopal Durbar in the
trial and introduction into the State of methods of sugar manufac-
ture suitable for small scale working deserves special mention here.
Grateful acknowledgment is also made of the facilities provided by
the Durbar for carrying out the tests described in Part I of this
Report.

The Bilari experiments were under the charge of Mr. Gupta
" in whose name the grant from the Imperial Council of Agricultural
Research was sanctioned. The writer was in technical control of
the work. Mr. Hadi with a large staff, voluntarily came to Bilari
at considerable inconvenience to himself and personally supervised
the work throughout. The writer desires to express his gratitude
to both these gentlemen for the whole-hearted co-operation which
" he received from them. Thanks are also due to the Director.
The Imperial Institute of Agricultural Research, Pusa, for the

* Report of the Indian Tariff Board on the Indian Sﬁgar Industry,
p. 51. .
$* The Indian Sugar Industry *’ by Khan Bahadur 8. M. Hadi, 1929.

1 ¢ Bhopal * bel and * Bhopal ” process are the names given by Mr. Hadi
to the plant and process experimented with by him at Bhopal. This nomen-
clature has been accepted by the author as it serves to distinguish the plant
and process now tested from those evolved by Mr. Hadi earlier in his career
and described in his publications from time to time. )
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loan of apparatus and the services of Messrs. P. B. Sanyal and
S. Das, two Chemists of the Pusa staff. Messrs. Sanyal and Das,
who were in charge of the chemical control, and Mr. Sibte Safdar,
who looked after the manufacturing operations, deserve thanks for
the conscientious manner in which they discharged their duties.
The writer is also indebted to Messrs. A. R. Khan, R. N. Johry
and Abrar Hussain of the H. B. Technological Institute, Cawn-
pore, for assistance in connection with the special tests at Bilari
and in calculating several of the tables,



THE OPEN PAN SYSTEM OF WHITE SUGAR
- MANUFACTURE.

Report of experiments conducted under the aﬁspices |
of The Imperial Council of Agricultural Research,
India. :

—_—
PART 1.
The Bhopal experiments.*
CHAPTER 1. -

SUGAR MAKING TESTS.

Limitations under which the tests were carried out. Before
proceeding to describe.and discuss the Bhopal experiments, it is
necessary to state the limitations under which these tests were
carried out. It was not possible to carry out the full commercial
test which the Sugar Committee had in view, owing to the restricted
amount of cane available. Only two days’ full scale working was
possible and even for those days the manufacture of second sugar
from molasses could not be completed. In addition to the two full
days’ tests, experimental boilings were conducted with juices from
different varieties of cane. These tests extended over nine days
(so far as the boiling of first rab was concerned) and the quan-
tities of juice handled daily varied from one-eighth to three-eighths
of the full capacity of the boiling plant. In consequence of these
unfavourable circumstances, the report which follows is largely an
analysis of different parts of the process rather than a test of the
process as a whole.

Plant and process employed. A detailed description of the
plant and process employed under the Bhopal system is given in a
subsequent section in connection with the Bilari experiments.
Only a brief outline is, therefore, given below of the plant and
process used at Bhopal. For crushing the cane, bullock mills were
mostly employed, excepting when large-scale tests were made
when a power-driven mill was used. The bullock mills used were

of the following types:—

(a) Chattanooga Mill No. 12 (sold by the Saran Engineering
Co., Ltd., Cawnpore),

*These experiments were carried out by Mr. P. B. Sanyal, M.Sc.,.before th'e
author’s appointment as Sugar Technologist to the Imperial Council of Agri-
cultural Rosearch. . . _ .
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(b) Hathi Mill {)made by Burn & Co., Litd,, Culcutta),

?o\ Mill (made by Marshall Sons & Co., Ltd., Bomlny),

d) Kisan Mill ‘(made by Kirloskar Bros., Kirl«m{nrvmli.
- District Satara),

() Mill made locally by Haji Musa,

For boiling the juice various bels of Bhopal type wero used, For a
description of these, reference muny bo made to Mr, lHadi's book
‘ The Indian Sugar Indusry . The Bhopul bel consists enson-
tially of & number of small pans placed in acries on a long flue,
the arrangement having the double object of (a) ruising the juice
quickly to boilinf point and of speeding up boiling so an to reduce
inversion, and () of reducing cKurring and carnmelization, The
strike is not effected by ladling out syrup which hos reached the
concentralion for crystallization, as in the Ilohilkhand bel but
by the removal of the last pan from the fire, this being made
‘xmsiblo by the use of an.auxiliary bel consisting of one flat-
witomed galvanized iron pan and two round-bottomed iron pans,
The nrrup is transferred to the latter bel at a lower concentra-
tion than pertains in the finishing pan of the Rohilkhand bel, and
caramelization is considerably reduced. The method of clarifica-
tion is similar to that followed in Rohilkhand. In making first
rab (that is, Massecuite from juice), the mucilagenous infusion of
Deola (Ilibiscus ficulnens) or of Bhindi (Ilibiscus esculentus) is
used, a solution of sajji (crude sodium carbonate) being added for
partially neutralizing the acidity of the juice. If dark coloured
Juices are met with, sodium hydrosulphite is used as a bleachin

agent. The boiling of second rab from the first molasses is carrie

out in the auxiliary bel, lime water is used for clarifying and
sodium hydrosulphite for decolourising in the finishing pan.

‘On removal from the finishing pan, the rab is run into earthen-
ware pans fixed in the ground. . Portions of the rab are taken out
and poured back from a height, the rapid cooling that results pro-
ducing crystallization. . After the desired amount of crystal forma-
tion has taken place, the rab is filled into empty kerosene oil tins
(each of about four gallois capacity) which are stored for seven
to ten days in the case of:first rab and ten to fifteen days for
- second rab. At the end ofthis period crystallization is tomplete.
The tins are then emptied into a shallow trough or pan for break-
ing lumps of rab (or the operation is, conducted in a pugmill
worked by hand). The pugged rab is machined in centrifugal
machines, the particular ‘machine used having a bracket of 18
inches diameter.and run by a separate 23 H. P. oil-engine givin
. n basket speed of 1,800 to 2,100 R. P. M. The sugar is washe
"“with hot water containing a little stannous'chloride, - The molasses
obtained "from-the ‘first rab is*mixed with wash water (from the
centrifugals, pugmill’ and enipty-tins in which rab was-stored)
* till its -density 18 689700 Brix.. The dilute molasses is boiled
for making second.rabi’ The wet sugar obtained from the centri-
tiigal machine is dried iti the sun;Tumps being broken by crushing
with a wooden hand-roller against a board. The rolling breaks
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up the crystals (without completely powdering them) and the sun-
light bleaches the sugar and in the end a finished sugar of moderate
whiteness is obtained. et ' '

Nature of ezperimental work done ai Bhopal. The experimental
‘'work done at Bhopal consisted of—> . - .

(a) Tests with full ‘day’s supply of juice. These were con-
ducted on only two days, The chemical control on these
days was not as comprehensive as on the days when
small-scale tests ‘were made. -

(b) Small-scale tests. Small quantities of canes of different

" varieties were crushed and the juice worked up into rab.
All weights were carefully determined and accurate
chemical control was maintained. Although the tests

' were not on a commercial scale, they have nevertheless
provided useful data regarding this method of sugar
manufacture. Incidentaﬁly'they constitute a compara-
tive study of the sugar manufacturing characteristics
of a number of important varieties of sugarcane.

(c). Experiments for studying special problems. The object of

- these experiments was to examine more minutely a few
_important aspects of the process, as distinct from study-
ing the process as a whole. The special experiments
‘consisted of—

() Comparison of sugar-yielding properties of entire cane,
-cane with top cut off, and teps only,
(%) Improvement due to the substitution of a removable

: finishing pan for a fixed one in a bel, -

- (i) Determination of the working capacity of the Bhopal

- bel and its fuel consumption,

(iv) Determination of inversion losses during the boiling of
' juice to first rab. ' :

.~ Large Scale Ezperiments. These tests were carried out with
Co. 281 canes (whole canes with tops) on one day and Manjav
canes (with the tops cut off) on the second day. The figures for
the two tests are given in Table I. - R '

, . Tasie 1. _
.. Working figures for large scale tests.
o C Test number
Particulars
RN 1 2
*A. Variely of Cane . . . . e Co. 281 Manjav
' (whole cane). (top out).
B Quantities—~ .
1. Juioe . . . . . o .+ Ibs. . 7,063 8,483
2. IRab v e e e A : L85 1,957
3- H R&b . toe .'UI"" . . . 99 738 . . ve
4, Molasses Gur . ... . . o 9 e 808
5. I Sugar .« e . o 683-9 8564
6. MSugar .. . .. - . « 4 |Not machined . o
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| TasLe T—contd.
Working figures for large-scale tests—contd.

| Test number
. Particulars -
. 1 2
C. Yields per 100 Juice—
) l. I R&b . P - : -’ . e . 22'3 23'07
2. II Rab v .« . . . s . . 10'45 LX) '
3. Mohsses Gnr ‘o . . : : IS . X 9'53
4- ] S\lg&t - . - . . ;‘ - . 9'68 10'10
e 5. n Sllgﬂ-l‘ - - - . . . e 2'79 .o
; : . S L (Calculated).
6. TotalSugar - . . . . , . T 1247 .
D, Analyses— . o ‘
1. Juice—. .
SucroseY. . . . . . . 1667 17-58
qu © e - . - . . . 19'59 1918
- Purlty - . - - . - . 85'08 87'07
Inve:t Suga! . . . . . . 1'25 ' 0'7
2.’ II Rab.] v II Rab. Gur .
v SHGI'OSO . (] » . . . . 57'16 52'12
Brix o - e . - . . - 92'58 96'28
Plll'ity L3 . . . . . . 6]'75 54'13
Invert Sugar . . « e . . 13-711 - 16-00
3. I Sugar—
- . Sllcl'OBG ‘. - . » - . . 95'8 95'8
Invert Sugar . . . . . . 11 1-62
E. Eficiency—
1. Sucrose in I Sugé.r per 100 sucrose in juice 55-66 5503
2. Sucrose in II Sugar per 100 sucrose in juice . 15-79 .
(Calculated).
- 3. Sucrose in Total Sugar per 100 sucrose in juice 71-45

In the first test 858 mds. (7,063 1bs.) of juice were boiled. The
yield of first 7ab was 22'3 per cent. on juice and of second rab
10-45 per cent. For want of time the second rab was not machined
before the close of the experiments, and hence the anticipated
yield of sugar from it was calculated on the same basis as in the
case of the small-scale experiments. The yield of sugar thus found

was—

. Per cent..
Sugar I . . + + e &« &« o+ 968 on juice.
’ SUgal' II . [} . = . . . . 2-79 T sy
Tora. . 1247

w—vew
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Assuming a juice extraction of G66'G per ceni. on cace (which i3
approximately the average figure for the small-scale tests), the
recovery of sugar on the basia of cane was— '

Per cent.

Sugar I . . . . - . . . 645 on cane.

Sugar IL . . . . . . . .18,

Tora. . 831

In the other experiment with Manjav cane (with tops removed)
only first sugar was prepared, the resulting molasses having been

converted into gur (the so-called ‘‘ Molassein ** Gur). The yields
were— '

Per 100 juice. Per 100 cane. -
Sugar I . . c e e e . 1010 €74
Gur e e e e e e 9-53 6-35

The percentages on cane are based on an assumed extraction of
GGG per cent. Juice on cane. :

The molassein gur was of inferior quality, being low in sucrose
and purity, and high in invert sugar content. ‘

Both the varieties of cane used for these experiments were of
gn0d quality compared with the average cane used in Indian sugar
factories, the topped Manjav cane being particularly good.

The first sugar produced was of inferior quality having a pola-
risation of only 95°8 and containing a large proportion of adhering
molasses, as shown by the high invert sugar content. For com-
parison, it may_be stated that even the second grade sugar made in
factories has a polarisation of about 98'5 and contains practically
no invert sugar. The Khandsari sugar, however, fetches a better
price on sentimental grounds, even though it is of such low quality.

The efficiency of the process (that is, the proportion of sugar
extracted in first and second sugars calculated as a percentage of
the total quantity of sugar present in the juice).is 71'45. The
correspending figure for efficiency of Indian factories is between
85 and 90. The quality of juice treated in the factories is con-
siderably poorer, owing partly to the inferior varieties of cane
trealed, partly to the canes not being equally fresh (as they have
to be brought from long distances) and partly to the more efficient
extraction of juice in powerful mills (in which a large proportion
of the impurities are also pressed out of the cane).

Small-scale Tests. Eleven such tests were made, the quantity
of cane crushed varying from 11°4 mds. to 56'5 mds. in each test.
Particulars of the varieties of cane used and the quantities of
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different materials (juice, rab, sugar, molasses and scum) produced
in each test are given in Table II.

The u{ields obtained (calculated per 100 of cane, juice and 'rab{
are tabulated in Table III. The average yields of sugar and fina
molasses are— :

Per 100 cane. Ter 100 juice.

I Sugar v s+ & « . 0665 1006

» II Sugal' é & ) .. .- - 1.94 : 2'87

* Total sugar .. . . . 8 12'93
_ Final molasises‘ . e « . . 4-61 6-97

If allowance is made for the fresher and better quality of cane
used in these. small-scale tests, the yields are similar to those
obtained in the large-scale tests.

The analyses-of juice, rab and other materials are given in
Table IV. -An account of the sucrose recovered and lost per 100
~ sucrose in juice is given in Table V. From the average figures
given in Table V, it will be observed that out of 100 parts sucrose
present.in the juice 7135 parts is recovered as first and second
sugar, the balance of 28'65 parts being lost. The average efficiency
of the process in these smafl—seale tests is, therefore, substantially
the same as in the large-scale tests. The small-scale tests, although
lacking in the realness which characterizes tests on a commercial
scale, however, afforded an opportunity for comparing the efficiency
of the process for a wide range of varieties and qualities of cane.
The tests should help in removing the idea that satisfactory
recoveries can be obtained only from S. 48 and one or two other
varieties only. - They also indicate what varieties should be grown
in order to obtain satisfactory results from the process in question.

" In order to ascertain the effect of cutting the tops of canes
before crushing, on the recovery of sugar an experiment was made
using the variety Co. 281. 'Whole canes, canes with tops cut off
and tops alone were crushed separately and their juices were put
through the entire process including the manufacture of second
sugar. The results are given in Table VI. Briefly the results
are as follows:—

_ Top cut cane. Whole cane. Tops only.
Recovery of total sugar per cent. -
cane . . .« . s 893 800 569
Efficiency per 100 sucrose in juice 7272 7064  60-33

It is evident from these figures that, where possible, it is a good
practice to crush only fopped canes as the increase in recovery is
more than proportional to the increase in sugar content of the
topped cane, because the efficiency also increases. In places where
the sowing period for cane is long enough, the tops (which are
better for sowing than sets cut from entire canes) should be used
for sowing and the topped cane for sugar manufacture. This
however is not possible in most of the cane tracts of the Northern

India.
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Varieties of cane used and quantities of different materials produced
tn each small-scale test.

Test

WEIGRT IX Lps,

No.| o Quelity Tame ofFarm Cane | Juloe, | IRab | IIRab | IBugar |II Bugar [IMolarses | Final
’ 887 " Qlluted | Molasscs 8cum
1| co. 281 . Plant Nishat Afza . | 8,0000 | 20146 | 4288 10775 | 18679 |  sa21| 22828 | 1s100] 4428
2| co.200 . Ratoon Neblbagh . .| 3,728 | 0580 | 22088 | 0908 | 10105 | gsa7| 18838 7820 2275
8| co. 218 . Plant NihatAfza . | 2,0000 | 1,787.0 | 87448 | 1678 | 1887 s0-84 | 98708 11300 8300
4| Co 281 . ’;Atoon . Nabibagh . .| 2,200 | 3,6018 | 88010 18085 ] 15417| «ce8| o180 | 11088| gre0 ™V
5184 . Plant Parawlya . .| 40600 | sore | 7880 80580 | 84406 | 9220 | 98205 | 21445  50-80
6| Java | prant Nabibagh , .| 0400 | es0g | 18880| 6760| e486] o188| esoo| sess| 1228
7|/ D100 . .| Plant Nablbagh . .| 1,800 | 12,0086 | 10050 s878| sss0| oree| 1240 6025 1550
8 c;. 921 . .| 2ad Ratoon Nabibagh . . | 20000 | 12886 | sgos7s | 1078 | 11080 | sess| sives| 11zes 8278
0lco.287 ., . |mstoon . Nabibﬁg_n . .| 18200 | s284 18700 7880| 8086 | erss| 11278 s125| 167
10]Co.218 . . |Plant . From cultivators | 8,4000 | 2,2000 | 40078 | 208.00| 28s20| eo77| eores| 14ses| 800
11 | Ashey Mauritius . . 1,280:0 8706 18128 7650 | 8622 | - 2122 | 0728 | aszs 170
Tomar . . . 24,8628 | 16,1182 |. 8,00005 | 1,680-88 | 102122 | 46224 | 2,00000 | 13,02¢:50|  88:25

’



Taprz II1.

~ TYields of different products in small-scale tests.

E S
Particulars Average : :
1 2 ‘8 4 8 8 K 8 e 10 1
A, Yields per 100 Cano— )
l.Julee .. , , °, 6618 6715 8511 66-84 66-80 6615 680 .. 6050 6286 8o, ) -
R A T R £ T I % T A O - B ve TR 47 B o+ B Sear] 018
8.IIRsd ., | | 648 869 6-79 8-44 671 857 613 612 7-80 504 612 620
4. I Bugar e e . 665 619 692 611 685 7-40 685 595 560 677 602 701
5. MSugar ., ., | 194 181 1-93 178 2-06 2:00 2-27 1-91 177 208 378 1
. Total Sugar . . . 8:59 8-00 8:85 7-89 891 9-40 912 7-86 787 885 870 8.73
'I. I Molasses diluted , 8:61 744 924 915 9-65 8-21 8-82 8:65 10'3 854 7-86 871
8. Final Molasses . . 461 §-03 530 434 517 4-61 8-86 415 5-47 8-88 421 892
% Scum . ., ., 127 147 1 1-26 1-22 1-08 1:30 1-08 1-59 1-26 114 188
B, Yields per 100 Juice— ‘ , e '
1. I Rad , . . . 2237 21:20 23-65 21-54 22-73 24-02 21-67 19-78 2205 22 . .
e IIRab’ " . . . 9-81 082 | 1048 064 | 1012 9-93 9-00 880 11es| esa| 248 2062
8. ] Sugar . . . 10-08 9-22 10-63 014 10-83 1118 1007 855 892 10-85 10-64 9901
& I Bugar . , . 2-87 2:68 2.97 267 8:10 2:90 834 2-74 281 884 2.7 243
5. Total Sugar . . ., 1208 1190 18-60 1181 1843 1417 18-41 1120 1172 1419 13-38 1284
6. I Molasses diluted , . 18-0 11-0 141 18-6 14-4 124 12:9 12.2 16-8 186 12:0 i2.3
7. Final Molasses . 6-97 7-49 8:18 6-50 779 6-96 567 597 871 6-22 648 554
8. Scum , . ., . 1-08 219 2:87 1-89 1-84 1-64 101 1:68 2:54 208 1-76 1-95
C. Yield per 100 Rab— .
. 1 Sugar per cent. I Rab . 449 43-38 44-00 42-44 45-48 46-58 4647 43-26 88-80 4778 47-85 .
. 1 Sugar per cent. 11 Bab 20-25 27-18 28-48 27-67 80-60 80-16 8717 81-20 2423 85-07 20-16 b4
N | Mola:sgsn(c{fluted) per | 58-23 62-12 60-01 63:64 63-40 51-72 59-02 6215 7142 60-29 58:79 5917
cen ab, -
4. Finaxlllll{olgsseu per cent, 715 76-85 78-28 67-48 7712 70-24 63-04 67-88 7405 65-28 68-87 63-07
ah, :
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Analysis of different materials in small scale tests.
TEST No.
Particulars’

' 1 2 3 4 ] ] 7 8 0 10 11
A, Juice—

Sucrose . 1642 | 1891| 1650 1800 | 19.07| 17-63| 1459 | 17.27] 1s20| 1805| 1616

Briz . . 18909 | 2119 | 1892 | 2010 | 2184 | 19011 | 1727| 2075| 2044 | 2035| 1887

Purlty . 8648 | 8o24| 8721| 8958 | BO87| o171| ee50| e325| s005| s0-55| 8567

Invert Sugar . 0-65 041 0-64 0-20] 0-65 077 1-49 1-49 0-69 0-29 1-46
8, I Rab— :

Bucrose . 7228 | 7201 | 7247 7200 | -7368| vemr|  70e8| ere2| o 7s2¢| 740 7225

Brix . . 8700 | 8840 | s6-81| o025| 8s07| 8708| e769| ss40| soa5| o104| 8840

Purity . . 8221 | 8280 | 8348| 8044 | 8270 |  8504| 8086 | 7edz| se1 8048 | 8165
\  Invert Sugar . 80 454 541|474 565 468 878 1088 526 582 878
O, II Rab— . ,‘ L ‘

Sucrose . 6085 | 6202 | 6267| 6283 6200| 6017| 6866| sa58| 6251| soes| o781

Brix . . 0067| 8708 0410 | 0001 | o10e| 8840 | B98s| o1es|  or70| esor| 8905

Putty . . 6665 | 7084  6058| 6025| 6788 )|- 7477| o520 bos1| 6817| 6481|6492

Invert Sugar , 948 826 | 1097 060 | 1280| 07| 17| 1878 1007 120 1745

Tasre IV,




dlysis of iferent materials in small vl ats.

. T "BLE IV-contd.

W =

_ . ; . TEsrNo. -
~ Particulars T
" 1 2 3 4 5 8 1 .8 9 0| n
P.1 Molasses (Diluted)— , _., .
" Sucrose e . . .- 45:87 45-67 5203 4769 | - 4337 4088 | 4415 4912 41:82
Brix . . . .. e 67:48 6586 75-92 65-44 65:39 66-42 65-86 7078 6642
Patity . . . . . . 67-28 69-20 6853 72-88 66-33 8156 | 6703 69-39 6297
Invert Sugar . ., . 768 662 914 6°56 1129 1324 768 889 13-71
E. Final Molasses (Diluted)— . -
Sucrose . e 4151 42:59 45-30 42:45 43-00 42-76 38-38 37-20 43-57 4322 40-73
Brix . . ., . 79:07 71-08 ge27| - 7108| 7795 70-85 7798 78:85 go21| 8513 79:07
Parity « . . . 52-49 59:21 53-75 59-01 5524 60-78 49-21 4720 5432 50-77 5152
Invert Sugar . . 11-63 10-10 13:72 11-64 16:0 12:58 22+59 21:30 1746 15-80 22:58
F. I Sugar—
Polarisation . ., ., 97-6 966 98-0 96-7 97'9 98-0 078 97-0 96-4 964 . 960
 InvertSugar . . . 071 0-75 074 0-68 110 0-91 122 1-01 0-75 1-07 2:10
G. II Sugar—
Polarisation . , , 96-6 954 95-0 956 96-2 96:5. 96:0 93:8 92:6 048 986 .
. IpvertSugar., . . 0-81 1-22 140 0-66 284 128 1-81 256 226 1-87 16
H. Scum=— ‘
Sucrose . e 150 170 1438 158 | 161 191 133 158 161 180 183

1)



Account of sucrose recovered and lost (per 100 sucrose in juice).

Tapre V.

o

TEST NUMBER

Particulars Average
! 2 8 ¢ 83 oY@ 7 81 9 10 1
A, Sucrose recorered— ]
1, InI Sugar . . . 5572 54-81 84-82 54-81 55-26 5742 56-31 57-04 6003 87:46 5687 $883
2, In 1I Bogar . . . 15-87 1583 14-98 15-86 16-40 15-10 1880 18-06 1520 1100 165 st
Total recovered . 7129 70:64 60-80 69:67 71-00 7263 %70 75-10 65-20 046 7182 2540
&, Suerose Lost—
1, In Scum . N 176 2:01 214 165 j1-61 188 200 140 225 1:80 176 221
2, During bolling Julce to 1 5-54 440 6-64 860 714 508 . i _ _ _
Kabe exolu lgc loss in : 550 288 7 80 4382 602 468
goum,
8, During bolling Molasses 064 . .e 1-05 1-52 157 00 . . . )
to 10 Rab, 10 116 2:08 0-47 1N 0-48
4. During machining and 28 . o 260 . 1-38 g . . . .
drylgg 1 Bugar. s 0-76 &1 108 820 241 240
5. During machini and 17 .e .. 842 018 1-48 KT , . i .
drylgg 1 Suuarl.m . 1-74 1-61 268 0-83 1:28 2.80
6. In filnal Molasses , 16-67 18-05 18-87 1788 1881 1574 138¢| 151l - 1880 1600 158 1807
Totsl lost . 2871 . . ‘8088 .. 2748 25-02 24:00 8471 25:52 2868 | 2400

n
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Tasre VI.

g Ezperiments with whole and top cut canes.

" Top-cut .-

rose in Juice.

' ';P&rtkulm eane Whole cane | Tops only
" A. Analyses.
o b Juice— ‘
;.. ;fa) Sucrose . . . . 17-65 16-42 15-77
() Briz; . . . . . 19-80 18-99 19-55
(¢) Purity . . ‘. . . 88:62 86-46 80-86
(d) Invert Sugar . . . . 0-43 0-65 0-84
2. Rab I— ‘
.(a) Sucrose . e s . . 73-68 72-28 66-89
by Brix .. ,. ', . . 894 . 879 89-4
(c) Purity .~ -, . . . 82-37 82-21 7478
‘(d) Invert Sugar . . . . 376 4-80 5-91
"% RebIl—-. . .
. (a) Sucrose © e 62-58 " 60-55 5774
(b) Brix - . . . . . 91-7 90-5 89-6
{c) Purity . . . . 68-24 66-85 64-44
. (d) Invert Suga.r A - X 9-48 10-1
4 anar I— ‘
: (a) Polarisation . . . . 96-8 97-6 [97-0
(b) Invert Sugar . . . . 0-81 071 077
' 5. Sugar [1— |
. t . (a) Polarisation . . . . 96-0 96-6 94-0
. - (b) Invert Sugar . . . . 1-20 0-81 1-08
B. Recoveries— -
* 1. Juice Extracted per 100 cane , . 67-60 67-15 57-34
. 2. Rabl produced—
(a) Per 100 cane . . . 14-98 14-27 12-08
i {b) Per 100 juice . . . 22-16 21-26 21-08
. 3. RabII produced—
, (a) Per 100 cane . . . 6-29 6-59 6-70
(b) Per 100 juice . . . 9-31 9-82 11-68
. & Silga.r I produced— ‘
~ (a) Per100cane}] , ., . 7-02 619 4-22
(b) Per 100 juice . . . 10-38 922 7-36
- 5. Bugar IT produced—
(a) Per 100 cane . . . 1-91 1-81 1-47
{b) Per 100 juice . . . 2-83 268 2-58
- 6. Totals sugar produced— ‘
(s) Per100cane, , ., . 8-93 8-00 5-69
(b) Per 100 j )mce . . 13-21 11-90 992
c. Eﬂ'iccencm—- ‘ !
1. Sucrose in I Sugar per 100 sucrose in 57-23 54-81 4507
juice. ,
2. Sucrose in II Sugar per 100 sucrose 15-49 15-83 15-26
in juice,
3. Busrose in Total Sugar per 100 suc- 7212 70-64

60-33

=
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From an examination of the data contained in Tables II—VI,
it is observed that the process gives a higher efficiency with juices
which are purer and contain more sugar than with inferior juices,
in other words, the drop in the recovery of sugar from poorer
julce is more than that caused by a difference in the sugar content
of juice alone. Test No. 8 (with Cp. 221 second ratoon cane) and
the test with Co. 281 topped and untopped canes (Table VI) show
this difference in a marked degree.

The effect of this in practice is that all open pan processes are
unsuitable excepting where fresh cane, of the best varieties and in
optimum condition of maturity, is available. Where this is not
the case and the juice contains appreciable quantities of invert
sugar and other impurities, the loss of sucrose during open pan
boiling is so great that the percentage recovery is seriously affected.
The reason for this is that at the high temperature to which the
juice is raised in the open pan system, combined with the small
elimination of impurities during the crude system of clarification
employed, rapid inversion and decomposition of sucrose take place.
It is in this respect that the modern factory system (employing
vacuumn evaporators and pans) has the greatest advantage over the
open pan system. It 1s an unfair comparison to say that the
BLhopal system gave an average recovery of 869 per cent. total
sugar on cane as against about 9 per cent. in sugar factories, or
that the Bhopal system shows a boiling efficiency of 71-35 as
against 85 to Y0 in factories, because the two systems work on en-
tirely different raw materials. The true basis of comparison will
be to find out what recovery of sugar or what efficiency of sucrose
extraction from juice will be obtained by Bhopal system, if it worked
with canes and juices similar to those used in the factories. An
approximate idea of this can be formed from the figures given in
Table VI. In this test even the juice obtained by crushing the tops
alone was of a quality superior to the average juice treated in a
factory. But this gave a boiling efficiency of only 60°33, and if the
juice had been of a poorer quality and similar to factory juice, an
efficiency of not more than 58 could have been expected. It is this
figure of 58 which has to be compared with the factory efficiency of
85—90 and not the figure of 71-35 actually obtained with the
juices of much higher quality. Under such conditions, the
recovery of 8-59 per cent. (obtained in the small-scale tests) would
have been reduced to about 69 per cent. as compared with 9 per
cent. in the factories. - . ]

Another _consequence of the considerable lowering of efficiency
with juices of poor quality is that sugar making by the open pan
process is possible only during that{part of cane season when the
cane is fully mature and at its best. In the beginning and towards
the end of the season the recovery of sugar would be so low as to
make manufacturing work unprofitable. In consequence of this,
whilst the cane crushing season of an average Indian factory lasts
from four to five months, with open pan system six to eight weeks
is the most that can be expected. The plant therefore remains
idle for a much longer period than in a factory.
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. 1t may be added that the Bhopal tests wete carried out at a
‘time when the eane was fully mature, 18th February to 19th March
1930, being the period'during which the cane was harvested.

- The total losses of sugar in the Bhopal process are high amount.
- ing on an average t0.28'65 per cent. of the total sugar in juice.
" Next to the loss in molasses, the biggest individual item of loss
~je in boiling juice to rab (Table V). As the imﬁrovements claimed
for the Bhopal system consist mainly in the boiling of juice, a
- lower figure_for loss of sugar at this stage of the process was to be
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CHAPTER 11.-

SPECIAL TESTS.

The tests described so far were carried out with the object ot
determining the efficiency of the Bhopal system as a method of
manufacturing sugar. In addition to these, a few experiments
were made for investigating particular aspects of the process.
These are described in the following paragraphs:—

Improvement due to the use of a removable finishing pan.
One of the improvements incorporated in the Bhopal system is that
the ‘‘ perchha ”’ or the pan in which the concentration of juice is
finished is not lpermanently fixed on the furnace as in the ordinary
Rohilkhand bel. The pan is removable and is made small enough
in size to be easily lifted. When a ‘¢ Strike ’’ is to be made
(that is, when a charge of syrup has been sufficiently concentrated
fo be taken off the furnace for crystallization and.cooling), the
pan is lifted off, emptied into the vessel provided for cooling the
rab, a fresh charge of syrup poured into it from the ‘“ Manjha *’
(or the pan next to the Perchha in the train and used for con-
cenirating the syrup) and replaced on the furnace. In actual
practice a spare removable Perchha is provided for each furnace,
one of which is kept on the fire whilst the other is being emptied,
cleaned and refilled with syrup. ° o -

The object of this modification (which, as is explained late
on, is quite common in the Bijnor District) is to prevent the
charring of syrup which takes place in a fixed finishing pan every
time it is emptied by ladling out the rab. To test how far this
object is actually served, an experiment was made in which the
juice was concentrated as usual in a standard bel provided with
a fixed pan, but for finishing the syrup, it was sent alternately
to (a) the fixed finishing pan of the standard bel and (b) the remov-
able finishing pan of the auxiliary bel. The rabs produced by the
two methods were kept separate and samples taken from them were
analysed, the results obtained being as follows:—

Rab from

: Fixed pan Removable pan
Sucrose . . e e . 6972 716
Brix . . . . . . .. 8832 8832
Purity . . . ’ . . 7894 - 81-24
Invert sugar . . . . 853 7-68

The actual yields of sugar on ﬁxachi_ning the two rabs are not
reported, but the analysis clearly indicates the superiority of the
product obtained from the removable pan. The use of the remov-
able pan is a decided improvement in the Bhopal system.

The juice boiling capacity of Bhopal Bels. A series of tests
were made for determining the quantity of juice which the standard
bel (with fixed finishing pan) and the Combined Standard and
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- Auxiliary bel can boil per day of 12 hours. The bels used were
~both of eight pans each, the sizes of the pans being approximately
the same, excepting for the finishing pans which were smaller in

~ the auxiliary bel. Table VII gives the results of the tests and
the dimensions of the pans of each bel. The tests showed that
the Standard bel had a capacity of about 100 mds. juice per 12
hours and the Combined Standard and auxiliary bel of about 75
mds. - The tests were made during the month of March when the
- density of juice is high,

S Tasre VII.
- Judce boiling eapacity of Bhopal bels:
. : o . ©} | CoMBINED STANDARD
"~ Particulars - B : STANDARD
. : ‘ . . ) BEeL
Test I Test I
1. Weightof juicoboiled & -: . . Ibs: | 2,031 | -8483]. 8202
2. Time for,boiling . < . ..hours| 548 1438 110
3. Juice Boiling capacity per 12 hours mds, | 845 70-7 101
4. Equivalent weight of cane per 12 ,, 128 | 1071 153
"+ hours (at 66 per cent. extraction). _
5. No.ofpsnsintheBel . . . . B 8
6, Overall Iéngth of Bel upto the chimney , | 20’ 9° 23" 47
7. Dismsters of paﬁs— S
Panl Flat bottomed . . . 2’3" 2y
,‘,«; 't’; 2 f # ‘do. Y . ) . . 2’ 5 ' 2’ 10" -
w3 L de . . . ) oz 29}
»”» 4 do. - [ - L2 2’9' 2’ ll.
U S 2/ 10” |(Round) 2’ 10}*(Flat)
w6 . ... 2’ 7}* |(Round) -2 10" (Flat)
o 1 Round bottomed . . e 1 107 31
. 8 do. .. ] re 3§

Fuel consumption in Bhopal Bels. The supply of sufficient
fuel is always a matter of some difficulty in all open pan processes.
. Tests were therefore made to find out if the Bhopal system could
deal with all the juice obtained from a given quantity of cane,
using for fuel the bagasse resulting from that cane unsupplemented
by ‘any additional fuel. As bagasse used for fuel is first dried in
the sun, it was necessary to find out the quantity of sun-dried
bagasse available for every 100 parts of juice. For this purpose,
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four separate lots of cane were weighed and crushed. The result-
ing juice was weighed. The bagasse was dried in the sun and
weighed. The weight of wet bagasse was ascertained by differ-
ence from the known weights of cane and juice. The results
obtained are tabulated in Table VIII. It was found that on an
average 26°7 lbs. of dry bagasse is available as fuel for every 100
Ibs. of juice extracted. It is necessary, however, to point out that
the extraction of juice in these tests was poor. The wet bagasse
during the process of drying lost 52'6 per cent. moisture. This
shows that a large proportion of juice was left in the bagasse. If a
better extraction had been obtained, the quantity of bagasse avail-
able per 100 1bs. of juice would have been lower.

Tasre VIII.
Statement showing quantity of dry bagasse available as fuel.
Test No.
Particulars Average
or total
1 2 3 4
1. Variety of cane . . - Manjav| S.48 | S.48 S. 48
2 Mill in which erushed . . Power | Power | Bullock | Ballock
(Marshall) {Chattanoogs
3. Weight of cane crush- 1bs. 500 200 100 - 100 100
ed.
4. Weight of juice ex- ,, 320-5 | 1205 61-0 61-25 65-75
tracted.
6. Extraction juice per cent. 64-1 6475 | 610 64-25 65-75
cane. ' :
6. Wet bagasse per cent. cane 359 35251 390 3575 3425
(calculated). )
7. Dry bagasse obtained Iba. 8525| 340 | 1675 16-75 1775
8. Dry bagasse per cent. cane 1705 | 170 | 1675 16-75 17-75
§
9. Moisture lost per cent. wet 525 |* 5461 | 5705 5312 4817 .
bagasse.
10. Dry bagasse produced per 26-70 26-26 27-46 2607 . 2700
100 parts juice extracted.

Having determined the quantity of dry bagasse available for
every 100 Ibs. of juice, the next test was to find out the quantity
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which the Bhopal bel consumes in boiling that quantity of juice.
‘The results obtained in the latter test are given in Table IX.

o , E . Tasie IX.
Statement showing quontity of dry bagasse consumed as fuel in
T boiling juice to I rab only.

' . ' ' Tesr No. .
Particulars - | Average
R or total
1 2 3
1. Variety of cane. . . ae ! S, 48 Manjav | Mixed Cane.
2. Type of Bel used " . o R Combined | Combined | Standard.

L : . L S Standard & | Standard & | .

R _ L N ; suxiliary, | auxiliary.

. 3. Time for boiling « Hrs. | .. 5-48 ¢ 1438 11-0
4, Weight of juice boiled 1bs, - 19,706 2,931 8,483 8,292
5. Weight of bag o 5,789-25 921-0 2,631-75 2,236-5

© consumed. -~ o -
6. Dry bagasse consumed = ,, <. 2037 31-42 . 3102 26-97

‘ per 100 lbs. juice | ( . :

* boiled. - Lo ‘ )
7. Dry bagasse available ,, | 26-70. 26-70 26-70 26-70
*° per 100 lbs. juice 1 s
boiled. . IR . ' :
8. Excess dry  bagasse ,, 2.67 W72 432 0-27
consumed  per 100 : -
,,9 »Elbs. juiogr;oilgg. : ‘. ‘~
. Excess dry bagasse ,, 909 |17-67 16-18 191
. consumed per 100 i
~ lbs.. dry . bagasse
available,

They show that the standard bel is more efficient than the com-
bined standard and auxiliary bel in respect of fuel consumption,
as the former is able to boil, under the ideal conditions of the
test, the juice with the bagasse available, using almost no exira -
full, whilst the latter requires about 17 per cent. additional fuel.
These figures relate only fo the boiling of juice to first rab. For
boiling molasses .to second rab extra fuel is required. The fuel
efficiency of the Bhopal system cannot, therefore, be regarded as
satisfactory. The combined standard and auxiliary bel, as stated
before, has a higher boiling efficiency than the Standard bel, the
rab produced being of a better quality and the loss of sugar by
inversion being less. It is unfortunate therefore that these advan-
“tages are partially neutralized by its low fuel efficiency.

~ Rate of inversion during juice boiling. The statement in Table
+ V giving details of the sucrose (per 100 sucrose in juice) which
is recovered and lost, shows that excepting for the loss of sucrose
in molasses the greatest loss is during the process of boiling juice
to first rab. An experiment was. therefore, made for the purpose of
studying more closely the raie of inversion as the boiling pro
gresses. The combined standard and auxiliary bel was used. To
begin with, all the pans were filled with juice and heating was



lasrLe X.

Test for determining the rate of inversion of juice during beiling.

Acidity Axauyas
Period for (in terms
Sample Pan No. Particulars of juice which heat- | Temperature! of grams '
No, ed before of Pan H, SO, per Iavert
sampling 100 grams | Sucrose Brix Purity Sugar
juice)

. 4A. S8amples taken before transfer of juice from pan to pan was commenced. ,

1 | Original juice * . | Juice from cane crushed 0 25°C 0-625 1770 20-46 86-53 068
at night and sampled '
e ab 6 A,
2 | Pan I (Nikhar) . | Heated . . . 1-8 76°C 0-638 1797 20-53 87-51 071
3 | Pan § (Manjha). | Heated and slightly 1.35 99°C 0646 2200 25-76 85-40 112 -
_ concentrated.
4 | Pan 8 (Perchha) | A little before striking 1-18 106-107°C 2:211 66-53 80-58 8257 4-52
: point. apparent. :
6 | Pan 7 (Perchha) | At striking point . 1.25- 109°C 2:30 - 69-33 83-45 8303 . 4-80
. apparent.
B. Samples taken afier the transfer of juice from pan to pan was commenced. _
6 | Pan 6 (Manjha). | After concentration was 3-18 99-100°C 21-344 .. 40-42 49-56 . 8165 812
’ . about half complete. ; S

7 { Pan 8 (Perchha) | At striking point . 3-46 109°C 2-476 6716 8305 80-86 6-62 -

a1
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" Record of time”ieguired for mnufactur{(ig opcrd‘tiiona. '

TEs® NUMBER
Particulars . i '
1 2 s ¢ 5 e | 1 8 0 10 1
1. Date of boiling I Rab . « o+ 18-2-30| 10-2-80} 20-2-30 | 21-2.30 | 22-2-80 | A 23-2-80 | 23280 | 2¢-2-20] 24280 25280 25-2-8(
2. Date of machining I Rab ., . . 27-2-80 1-8-30 6-8-80 2-8.80 4-8-30 7-3-80 | 11-3-30 | 12.330| 11830 8-3-30 7-3-30
8. Date of bolling IT Rab . . 27-2-30 1-8-30 6-8-80 2-8-30 4-3-30 7-8-30 11-8-30 | - 12-8-56 11-3-30 8-0-30 7-3-30
) .
B R )
4. Date of machining II Rab . . 13-8-30 | 14-3-80} 27-8-80| 14-3-30] 18.3-30| 21-3-30] 26-3-80] 27-8-30{ 26-3-30) 21.8-80| 22-3-30
5. Days I Rab cooled . . . . 9 10 14 9 10 12 16 16 15 1 10
8. Days I1 Rab cooled . . . . 14 13 21 12 14 14 15 15 15 18 13
7. Total days from crushing cane to finish« 23 23 85 21 24 .26 81 81’ 80 24 25
ing II sugar, :
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commenced. The juice was not transferred from pan to pan, till
the juice in the Perchha (finishing pan) was boiled to the finishing
point and a ‘‘ Strike ’’ made. When this point was reached, the
time was noted and the temperature in each pan taken. Samples
were taken from four pans and analysed. The data relating to
these are noted against samples 1 to 5 in Table X. After this the
transfer of juice from pan to pan was commenced and the bel
began to work normally. Samples were again drawn after some
time and analysed. These analyses are noted against samples 6
and 7 in Table X. :

From an examination of the results given in Table XI, the
following conclusions are drawn:—

(a) The inversion is greatest in the Perchha (finishing pan)
where the temperature is the highest and the concen-
tration of acid 13 maximum;

() The longer the juice is boiled, the greater is the loss of
sucrose due to inversion, resulting in a lowering of
purity. i

The usefulness of this test is somewhat qualified by the fact
that it was not carried out under actual working conditions. More
detailed experiments were carried out at Bilari and the results
are discussed in a subsequent section.

Tvme required in process. A regular record was maintained of
the dates on which the different manufacturing operations of each
test was made. These are noted in Table XI. It will be observed
from this table that the first rab took 9 to 16 days for cooling
and the second rab 12 to 21 days. As compared with the time
taken in sugar factories for boiling, cooling and curing Masse-
cuites, the Bhopal system requires about ten times longer for
doing the same work. This has serious consequences whilst work-
ing on a commercial scale. It means that several weeks’ output
remains in process at a time, taking up godown space and locking
up capital. Moreover, when cane crushing finishes at the end of
the season, work on machining the rab has to continue for several
weeks, involving additional expenditure.

As compared with the average Rohilkhand Khandsari the time
taken for cooling the first rab under the Bhopal system (9 to 16
days) was longer. Five days.to a week is the usual time required.
On the other hand, the Rohilkand Khandsaris require much longer
(upto a couple of months) for cooling their second rab and in this
respect the Bhopal results are dp improvement. :

It may be pointed out that where the rad is made for selling
and is not to be machined at the bel itself, the question of time
taken for cooling remains unaffected, because the rab cannot be
transported till the crystallisation has been completed.

These results have all been obtained by the writer by calculation
(when necessary) from the report of Mr. Sanyal for the work
described in Part I.
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PART II.

The Bilari Experiments.

CHAPTER 1.
PURPOSE AND GENERAL PLAN OF THE EXPERIMENTS.

Necessity for further ezperiments. It has already been pointed
out in connection with the experiments conducted at Bhopal during
February and March 1930 that, owing to shortage of cane, the
tests were not conducted on a commercial scale and consequently
the results obtained could not be regarded as conclusive. The Sugar
Committee of the Imperial Council of Agricultural Research, there-
fore, decided at a meeting held at Poona on the 11th August 1930,
to arrange for and finance a test under commercial conditions, ex-
tending over one full season. The Nagalia Farm in Bilari, District -
Moradabad, was selected as the place where the tests were to be
carried out. The Bhopal and Rohilkhand systems were to be
worked side by side and the tests were to be on a strictly compa-.
rative basis. Chemical control was to be maintained in order to
determine the losses at various stages of the two processes and to

calculate and compare their efficiencies.

Although it was not expressly stated as one of the ob]ects of
the experiment, it was understood that suggestions for improve-
ment and for further research work in the light of the results
ohtained were also required. For this purpose a few special tfests,
which would not have been necessary otherwise, were also conducted .
and some additional technical data collected.

Experiments on the indigenous methods of sugar manufacture
have never before been conducted on such an extensive scale. More-
over, whatever experiments have been conducted in the past have
been on, what mav be called’ practical rather than technical or
scientific lines. There is consequently no scientific data on the
subject available, which could form the basis for correctly apprais-
ing the merits of the processes involved or could give indications
of the lines on which further work may be ‘done. The Bilari ex-
periments have been utilised for filling up this lacuna so far as
it was possible, and the present report has accordinglv had to be
made more detailed than would have been necessary otherwise.

General Plan of the Ezperifpents. The experiments were to
have begun on the 1st January 1931, but owing to delay in the
arrival of some of the machmerv, Work was actually commenced
on the 20th January. Cane crushing and juice boiling continued
till the 31st March and the mftchnnng of rab was comp]eted and .
the experiment finished on the 24th April. Cane.was supolied
bv Mr. Gupnta from his Nagalia farm. The cane was mostly of
the Co. 213 variety, a small quantity of Co. 290 and some cane
of indigenous varieties being also supplied, .
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Mr. Har Sahai Gupta, was given the control of the entire work.
The services of two Chemists, Messrs. P. B. Sanyal, M.Sc., and
S. Das, M.Sc., were obtained on loan from the Imperial Institute
of Agricultural Research, Pusa, and they were entrusted with the
work of chemical control, in accordance with a scheme drawn up
by the writer. For supervising the working of the Bhopal system,
‘the services of a supervisor, Mr. Sibte Safdar, L.Ag., were lent by
the Bhopal Durbar. Khan Bahadur S. M. Hadi, M.R.A.C.,
‘M.R.Ag.S.; Director of Agriculture, Bhopal, came to Bilari volun-
tarily and remained there with a large staff of trained workmen,
and Eersonally looked after the work throughout the period during
“ which the experiments were conducted. All work under the Bhopal
system was done by Bhopal workmen under Mr. Hadi’s direct
-supervision. A staff of clerks and supervisors was maintained
for attending to weighments and seeing that work was done in
accordance ,with: the prescribed system. Accurate commercial
~ accounts were kept and special care was taken to ensure that ex-
penditure in connection with the experiments was kept separate
‘from that on general farm work. :

. -As far as possible, the experiments were conducted under normal
- commercial conditions. Some divergence was, however, unavoid-
able in consequence of the extra precautions which are necessary
in conducting a test of this kind, but this was not considerable.
Several interruptions were caused by bad weather and breakdowns
of machinery. When these took place, it became difficult to get
dry bagasse for fuel and to regulate the supply of cane at short
notice. Some accumulation of cane was, therefore, inevitable re-
sulting, in dryage and deterioration. Such irregularities are,
‘however, not entirely absent from work under commercial condi-
tions, and hence it has not been considered necessary to make any
allowance for them in the results obtained.

Arrangement of the report. The subject-matter of the present
report is divided under the following heads, to each of which a
separate chapter is devoted : —

" (a) Description of the plant and process employed. It was

- found necessary to give a description of these so that
the basis of comparison for the two processes may be
clearly defined.

(b) General working results. In this section the main work-
ing figures like capacities, yields and quality of products
are discussed. Similar figures from a local Khandsari,
selected at random are also given for comparison.

(¢} Comparative costs of the two processes. The. information
‘relates to capital cost as well as working expenses.
Figures for cost of production of sugar by the two pro-
cesses as well as in Indian factories are also given.

| (d) Chemical Control data. Abstract figures for quantities of
different materials as well as for average analyses are
given in this chapter and are compared for the two



25

processes. Efficiency factors for each important opera-
tion are discussed. Sucrose, brix and invert sugar
accounts have been prepared and criticised. For com-
parison analyses of samples of intermediate and finished
products from some local Khandsaris have_also been
given. :

(¢) Special Tests. These cover a wide range of special prob- .
lems and much useful technical information has beer
got together. Several questions of special interest
like fuel consumption, analysis of flue gases, pH-
value of juice in different pans and data relating te
heating surfaces of pans are included in this chapter. . .

(/) Recommendations. Suggestions are made in the final
chapter for the lines on which the plant and process
may be improved. The necessity for further research
on proper scientific lines by the establishment of a re-
search station is emphasized. ' B e

TII-1-60 D
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| CHAPTER 1I.

DESCRIPTION OF PLANT AND PROCESS EMPLOYED.

" 'Necessity for describing the plant and process employed. The
purpose of the experiments at Bilari was to test the Bhopal and
Rohilkhand processes of sugar manufacture under commercial con-
ditions.- In order to make the test valid, it was obviously an essen-
tial condition that the work should be entrusted to people who are
thoroughly conversant with it. The selection of Messrs. Gupta
and Hadi for this purpose was fortunate. Mr, Gupta and his an-
cesiors have been manufacturing sugur by the Rohilkhand method
for generations. ‘Mr. Hadi has been iuteresting himself in im-
proving the ‘ Open Pan ’ system of sugar making for nearly thirty
years and has recently developed a modification of the Rohilkhand
system, which he calls the Bhopal method, as it was tested on the

 Experimental farms of the Bhopal State.

~ In spite of the fact that Messrs. Gupta and Hadi are so well
qualified for working on correct lines the processes of which they
werc placed in charge, doubts have been raised on both sides as
to whether the actual plant and process employed were typical of
the two processes under trial.

- On the one hand, it is pointed out regarding the Bhopal method,
that the bels used at Bilari for boiling juice to first rab and mol-
- asses to second rab are not of the usual Bhopal type. ' Mr. Hadi
“has described the typical Bhopal bel in his book, ‘‘ The Indian
Sugar Industry *’ published in June 1929. The juice boiling bel
described there consists of four flat-bottomed pans and two round-
bottomed pans, both of the latter being fixed. The benefits of
removable finishing pans are, therefore, absent from this bel. In
the experiments conducted at Bhopal in 1930 different types of bels:
were used for different tests. What was called the standard bel
had eight pans and the finishing pan was fixed. Another bel used,
- which was called ‘“ the Combined Standard and Auxiliary bel ”’,
had two removable finishing pans, the total number of pans being
eight. The bel used at Bilari had eleven pans, including two
removable finishing pans. There is a similar divergence in the
design of the Bhopal bel for boiling molasses to rab. In his book
Mr. Hadi advocates the use of bels consisting of two pans for this
purpose, the clarifier being either flat or round-bottomed. The bel
nsed at Bilari on the other hand had three pans all round-
bottomed.

Similar objections are raised regarding the Rohilkhand process

"as employed for these experiments. Some critics contend that the
process was not typical and had ineorporated several improvements

which are as a rule unknown to the average Rohilkhand Khandsari

Amongst these improvements (which are said to have been copied



27

fg'omd the Bhopal process) the following are particularly men-
ioned : — ,
(@) The filtrate from the scum removed from the clarifying
pan was collected in the pan next above instead of in -
separate earthen tubs (Nands). - o
(b) The “‘ Chashni ”’ taken out from the Parchha (finishing
pan) was ladled into three Nands in succession, mixed,
aired and cooled till the formation of crystals was pers -
fectly visible and then potted. This procedure, it is
sald, led to the production of rab of homogenous texture
and quality, which would not have been the case other-
wise, - :
(¢) Tins were used as crystallisers instead of half-baked earthen
pots (Kalsis), and thus, it is alleged, a loss of between
3 and 4 per cent. rab was avoided 1n addition to the still
heavier loss which occurs on account of the breakage of -
Kalsis in transit from the bel to the factory and in the
Store-house "where some kalsis usually burst during
crystallisation. ' : C
(d) The most important parts of the improved process of
boiling the molasses were, it is stated, adopted replacing
the usual Rohilkhand methods. : :
(€) In centrifugalling first rab the Bhopal method uses water
sparingly so as to reduce the loss of sugar, and this,
it is stated, was adopted in the Rohilkhand method also
at Bilari. _ -
. It will involve one in an almost interminable controversy if an -
attempt were to he made to substantiate or refute the above claims.
All Rohilkhand Khandsaris are not equally conservative in their
methods and it is conceivable that there may be many who follow
methods even in advance of those adopted at Bilari during these
tests. On the other hand, as Mr, Hadi brought his own plant
and erected it and supervised the tests personally and as.all work
was done by trained men brought by him, it can be safely assumed
that the Bhopal process was worked at Bilari under the most favour-
able conditions. It may be added that, under the writer’s instruc-
tions, the entire manufacturing work of both the processes was in
¢harge of, and supervised by, Mr, Sibte Safdar, Mr. Hadi’s assist-
ant from Bhopal. : ' R
‘Whilst therefore it is not necessary to investigate, and record
a finding on the point whether the Rohilkhand and Bhopal methods
adopted at Bilari were or were nqt typical, it is essential that the
exact details of the plant and process as actually.employed should
be fully described so that the basis of comparison may be clearly
defined. Tt is with this object in view that-the description con-
tained in the following paragraphs, which would otherwise be re
dundant, is given. TFor the sake of completeness the cane crush-
ing plant, which was common to both the processes, has also been
deseribed. ' S
List of ‘machinery. TIn addition to work connected with these
tests, Mr. Gupta carried on his usual sugar manufacturing business.

n2
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For this purpose the cane was crushed ‘mostly in bullock driven
country mills provided by petty cultivators, although sometimes
after sufficient juice had been supplied to the Experimental bels,
-the power-driven Mills were also used for crushin%'l cane for non-
experimental work. There was a separate Rohilkhand bel and a
~ ten-pan Bhopal bel for boiling the juice thus obtained.
~ The machinery used for experimental purposes consisted of the
following:— . - - . SR .
. (1) One Ransome’s Portable Steam Engine and Boiler, 12
.+ N,H.,P. (30 H. P.) for coal burning, for driving the
, two cane mills, . .

() Necessary countershaiting, pulleys and belting.

~ (3) One three-roHer Chattanooga Cane Mill No. 192, top roller
127 x 12", bottom rollers 87 x 127,

(4) One three-roller Massey’s Cane Mill, roliers 127 x 187,
- (6) One Bhopal bel, for first rab, consisting of 11 pans.
* (6) One Bhopal bel, for second rad, consisting of 3 pans.
(7) One Rohilkhand bel, for first rab, consisting of 5 pans.
" (8) One Rohilkhand bel, for second rab, consisting of 2 pans.
(9) Two hand-driven pugmills, capacity 2 c.ft. each (ome by -
]IBJix;'ga)dbent_ and the other by Watson Laidlaw & Co.,
(10) Three centrifugal machines, with baskets 187 dia.x97

‘ - deep, Type 17B, made by Thomas Broadbent & Sons,
... Ltd., each complete with separate petrol-kerosene engine

E : 2% B. H. P .
- (11). One centrifugal machine with basket 187 dia.x 97 deep
-+ . by  Messrs. Thomas Broadbent & Sons, Ltd., hand
driven by gearing and rope. ' '
(12) 2,000 empty kerosene tins for carrying juice and storing
3 (or * Potting.”’) rabd. ’
(13) One platform weighbridge, 20 ewts. capacity, for weighing
- cane.

"(14) One platform weighbridge, 5 cwts. capacity, for weighing
: rab and sugar, .

(15) Four-pattas for drying sugar.

- Cane crushing. The varieties of cane grown at the Nagalia farm
were Co. 213 and Co. 290 of plant growth (that is first year’s
crop), but sometimes indigenous as well as improved varieties of
cane obtained from outside cultivators were also crushed for ex-
" perimental purposes., The cane was cut and stripped in the fields
(which were situated at a distance of about a furlong), carted to
ihe factory, unloaded and weighed on a one-ton platform weigh-
bridge, and passed on to the cane mills for crushing. As far as
possible cane was crushed on the day it was received from the
fields, but sometimes it was delayed for two or three days, '



The Bhopal Bel for juice boi]ing,’
(with front wall partially removed).
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There were two cane mills' for use in connection with these
tests. One of these was a three-roller Massey Mill with rollers
127 dia. x 18" long, and the other a three-roller Chattanocoga Mill
No. 192. Full particulars of both these mills are given-in
Table XII. : oo

Both the Mills were driven from a Common Countershaft which
itself was driven by a portable Steam Engine of 30 H. P. .

Juice Doiling (a) Bhopal Method. The particular Bhopal
DBel used for these tests consisted of eleven pans, seven of which
were flat-bottomed cylindrical vessels and four round-bottomed
bowl-shaped pans. Of the latter, the two smallest ones, which
were used as finishing pans, were removable, all the other nine
being fixed to the furnace. There were, in addition, two spare
finishing pans, which were used for replacing the two in use, when
they were removed for pouring off the finished rab. Four iron
pans (two for each parchha) were used for aerating and cooling the
ab. ' ‘
The construction of the furnace is similar to that of a Rohil-
khand furnace. The flue leading from the furnace to the chimney, -
and . passing under all the pans, differs from the flue of a Rohil-
khand bel in having a gentler shape. The furnace and pans are
shown in Drawing A which is based on actual measurements taken
at Bilari. As all details are given in this drawing, it is not neces-
sary to enter into a lengthy description here. The photograph in
Plate II shows a front view of the bel. /

The three pans Nos. 1-3 are called Hauz and are used for
receiving and storing of juice, although when, as sometimes
happens, the juice in these becomes heated to near the boiling
point, it is clarified in them and the pans then serve the purpose
of Nikhar or Clarifiers. All the seven flat-bottomed pans have
the same depth, which is 18 inches. The diameters of the three
Hauz pans Nos. 1, 2 and 3 are 36, 37 and 38 inches respectively.

The next four flat-bottomed pans, Nos. 4, 5, 6 and 7, have dia-
meters of 39, 40, 41 and 42 inches respectively. They are called
Nikhar pans and are used for clarifying and skimming the juice.

Pan No. 8, called the Khaula, is a round-bottomed vessel 3’ 67
diameter and 157 deep. The juice entering this should have been
completely clarified in the preceding pans. In the Khaula the
juice is boiled vigorously with the object of evaporating bulk of
the water in a short time. Any scum coming to the top is
removed. ' T

Pan No. 9 measures 3’ 27 dia.x14" deep. It is called
the Manjha and is, as the nam¢ implies, an intermediate pan
between the Khaula (or boiling pan) and the two Parchhas Nos. 10
and 11 (the finishing pans). In the Manjha which is placed
directly over the fire, the concentration of juice is carried a step
forward. A sheet iron channel is placed between pans Nos. 8 and
9 and over pans Nos. 10 and 11, so that when juice is ladled from
pan No. 8 to pan No. 9, any dripping may not fall into pans Nes. 10
and 11 which contain almost finished rab. - - S
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, vf.fhe two Parchhas, pans Nos. 10 and 11, are made small, mea-
~suring 207 dia.x6}” deep each, and -are light emough to be
~femoved by hand when the syrup in them has reached the desired
consistency for finishing. The use of removable Parchhas prevents
burning and caramelization of rab at the time of making a strike
‘when only a small quantity of rab is left in the pan, mostly adher-

e p

Ing to the sides and exposed to-the full heat of the fire. The
removable ' Parchhas constitute the principal improvement em-
bodled in the Bhopal Bel, and will be considered in more detail
later on. It is sufficient to point out here that the idea of a
- removable finishing pan is not in itself a new one. The bel used
for Juice boiling in the district of Bijnor, not far from Bilari,
consists of three pans, the middle one being the removable finish-
. Ing.pan. One such bel was installed for instructional and experi-’
mental purposes some years back at the Technological Institute in
Cawnpore, and is still in" use there. Drawing No. B has been
prepared from dimensions taken from this bel. An examination
‘of this drawing sbows the close resemblance between the Bijnor
‘type of Bel and the front portion of the Bhopal Bel, excluding the
‘seven flat-bottomed pans. . "

. The method of working the Bel may now be described.* Be-
fore starting boiling operations, the parchha arch is bricked up.
About three quarters of a tin of juice is put into each of the two
‘parchhas and 1} tins of juice into the Manjha. The Khaula is
filled with about 8 tins of juice and the remaining pans with 4
to 5 tins, unless juice is available in sufficient quantity to fill
them all up to their full capacity. Care must be taken, iowever,
* io start boiling as soon as possible to avoid any risk of fermenta-
‘tion of juice. One or two tins of clean cold water, one or two
tins of the defecating agent (extract of Bhindi, Deula or Semal),
a tubful of saturated lime water and a boiled solution of Sajj:
(usually boiled in the last pan of the bel before putting in juice)
in a tin, should all be previously prepared and kept handy. The"
sulsequent operations are thus described by Mr. Hadi in his book
~ (vide pages 125-128):—
; ‘“ Fire should then be applied and feeding through the
Bilaiya continued zealously (by even two feeders if necessary)
- so as to sufficiently heat the furnace within an hour or so.
In 10 to 15 minutes the juice in the parchka should attain
.the boiling temperature when clarification should be done by
adding the mucilaginous defecants, ebullition being con-
‘trolled by addition of cold water when necessary. By the time
the defecation is complete, and sometimes a little earlier,
the juice in the Manjha will be ready to undergo the clari-
fying process,. which should at once be taken in hand. Tt.
* very often happens that the clarified liquor in both of these
ans shows a tendency to overflow. Should it be found
dificult to check it by addition of cold water, part

T Sece Hadi’s W Indian Sugar Industry ", ‘page 125, for a detailed
Wescription. o , ‘
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of the clear liquor should be taken out into a tin in order to
replenish the two pans at intervals and to keep them boiling
until the juice in the Khaula has been clarified. Saturated
lime water should be used sparingly as soon as the
liquor becomes transparent, in each case sajji  solution
being put in before liming. In order to save fuel, labour,
and time, and to avoid as far as possible any avoidable
increase In the volume of the liquid requiring con-
centration, the Rohilkhand boiler is averse to introducing the
mucilaginous liquid defecant in quantities sufficient to ensire
complete liberation of the separable nitrogenous bodies con-
tained in the juice, with the result that the liquor obtained by
him in the Khaula or Nikhar is singularly wanting in clear-
ness and is loaded with finer particles of impurities in sus-
pension. This procedure should be looked upon as bad eco-
nomy. No less than a tinful of the liquid defecant has been
found to be the quantity adequate for clarifying 8 tinfuls of
juice. Care must also be taken to introduce the mucilagi-
nous Jiquid after the temperature of the juice has risen to
the boiling point and the cracking of the scum layer on the
top has well advanced, and not before. With fall in the tem-
perature, which follows, any separable particle still contained
in the juice is set free and it ascends to the top, whence it
is easily removed with the thick layer of the scum. If it
is found that the waves of impurities do not continually travel
from south to notth, it should be concluded that the fault lies
1n construction of the furnace, which must be remedied when
the furnace is cooled down, by removing the Khaula or the
Nikhar pan, as the case may .be, from the furnace and so
rectifying dimensions of the oven below that it may receive
the highest degree of heat at the southern end, and the boil- .
ing must not be allowed to originate except in that
part of the pan. Too much emphasis cannot be laid on the
necessity of faithfully observing this important rule, as neglect
to do so would only result in bad clarificatior and defects
in the quality of the massecuite. ‘
When a fairly clear liquor has been obtained, the sajj¢
water should be more freely used than is the rule in Rohil-
khand. At the time of using this agent, however, the fire must
‘be lowered by reducing the rate of feeding at the Bilaiya, other-
wise the vio{ent' ebullition which follows its introduction into
‘the pan may be too severe, causing an uncontrollable over-
flow. Besides, the chemical and physical changes due to the
agent take place better at a temperature below the boiling
point. It is well known in Rohilkhand that the use of Sajj:
beyond a certain limit darkens the colour of the resulting rab
and therefore affects adversely the market price of it. The
Rohilkhand boiler is therefore exceedingly unwilling to use
it except sparingly. He is ignorant, however, of the fact
that although the excess of Sajji may darken the colour of
the rab, the use of it, in larger quantities. than is so far

3
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believed to be permissible, very remarkably favours forma-
tion of a heavier crop of strong crystals in the rab while cool-
ing, and the dark or darkish rab obtained yields a perceptibly
higher percentage of normally white Khand in the centri-
fugal. The author has seen on several occasions that the rab,
nearly as dark as the Indian bazar ink, obtained as a result
of use in excess of Sajji, has given highly satisfactory results
both as regards the quality and the quantity of the sugar
(both first and second) in the machine, Whether the Sewar
weed will effectively bleach such dark coloured rab in the
- Khuncha system, the author is unable to say, having never
had an opportunity of trying it in the Khanchi. But it can
safely be recommended that where manufacture of rab is in-
tended for treatment in the centrifugal, sajji water should
" be used in’quantities two to three times as large as employed
. now in Rohilkhand, and a highly rich rab, conspicuously
‘free_from viscosity, thus obtained. Indeed it is with such
specimens of rab that between 50 and 58 per cent. of white
‘sugar was obtained on curing. The colour evil can be re-
 moved at least partially by subsequent introduction of small
- quantities of sodium hydrosulphite in the liquor (after Sajjt)
‘until it is found that the chemical does not exercise any
further bleaching action. The said chemical may be intro-
duced perhaps with greater advantage in the Parchha three
“or four minutes before the required consistency of the rab is
achieved. In manipulating the juice of the red canes, usually
rich in colouring matters, the use of the hydrosulphite is
strongly recommended as it certainly improves the colour of
the . rab and there are reasons to think that it also
increases the amount of erystals though it cannot be said de-
~ finitely -that the latter is invariably the result. If, however,
the object is to produce white sugar having large and bril-
liant crystals, the use of Sajji in excess should be avoided
and that of lime water entirely dispensed with.

‘As soon as the clarification and sulphitation with the Sajji -
are over, the temperature of the liquor should be raised agaia
by the continuous feeding of the furnace and a boiling tem-
perature maintained till the contents of the pan are trans-
ferred to the lower vessel. It must be carefully borne in
mind that the use of the hydrosulphite in excess results in
the production of yellow or pale sugar. It is therefore im-
portant to use it very sparingly. ‘

These remarks apply equally to the Khaula or Nikhar
whichever vessel may be used for the time being for carrying
out the clarification process. The Khaula usually serves the
purposes of a clarifier in the first charge, thereafter the
Nikhar is the vessel in which the juice undergoes clarifica-
tion.

Lastly, the main purpose of the first pan (Hauz I) 1s to
receive from time to time the juice transported from the
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crushing yard and to heat it to the varying degrees of tem-
perature possible at different hours in the natural course. As
nas Leen stated before, if there is at any time more juice than
this pan is able to hold, the excess should remain temporarily
in kerosene tins or collected in a spare pan near by.
When the boiling operations are well advanced, the
Juice in Hauz 1 becomes quite hot, and attains the
high temperature necessary for normal clarification,
The rising scum should, when the top layer becomes
fairly thick, be gently removed and transferred to the filter.
As soon as Hauz Il is empty, the partially clarified juice
should be ladled into the last named pan and its place taken
in /lauz I by juice fresh from the mill.

In Rohilkhand it is customary to pot the rab in earthen
jars known as Kalsis.. The author has however used kero-
sene tins and found them more advantageous. The earthen
jar has to be broken in order to take the rab out for curing.
Minute particles of the broken jar usually get mixed with

the rab and can never be separated from the resulting sugar. °

This feature affects the quality of the sugar. If tins are used
for storing the rab, this particular disadvantage is avoided
and the same vessel can be used several times for potting.
Rab may be stored perfectly well in large iron crystallisers
or masonry tanks. : :

Before the final product is potted and as soon as.it has
been discharged from the Parchha into the Nand (earthen
receptacle), it should be ‘‘ aired ”’, i.e., subjected to the pro-
cess known in Rohilkhand as Osa dena. It consists in stir-
ring the rab with a ““ Dori” (a cup to which a handle is
attached) lifting it and pouring it back into the Nand so
as to bring the mass frequently into contact with cool air.
The operation is repeated for 10 to 12 minutes and is meant
to bring about crystallisation in motion.”

Juice Boiling (b) Rohilkhand Method. The bel used at Bilari
was of the usual Rohilkhand type, consisting of five pans. The
dimensions of these as well as full details of the furnace and flue
are shown in Drawing D. Plate III shows a side view of the
bel. The first pan called the Hauz is used for storing the raw
juice and measures 7/ 57 dia.x?2’ 4" deep. The necessity for
having such a large pan for storage of juice arises because of the fact
that the usual custom in Rohilkhand is to purchase juice from
cultivators who instal their own mills near the bel, crush the cane
cut from their fields and supplyithe juice to the bel as soon as a
suficient quantity has been obtained. For this reason the supply
of juice is intermittent and arrangements for storage become neces-
sary. That this storage capacity has been provided in a pan placed
on the flue has the advantage of utilizing some of the heat which
would otherwise have gone to waste. In places (for example on
farms) where the Khandsari crushes his own cane and feeds the
juice to the bel, a continuous supply of juice is available and the

b



84

slorage pan is not required. The writer saw two Rohilkhand
bels near Bilari, consisting of only four pans each as both of these
were receiving ;uice from power-driven cane mills worked by the
- owners of the bels. In Bilari also, during the present experiments,
the storage pan was never properly filled as the juice was being
‘passed on to the other pans as soon as it was received from the mill.

" "The pan next to the Hauz is called the Nikhar. It measures
6' 107 dia.x227 deep. It is used for clarifying the juice by
adding the mucilaginous extract of Deula and ‘Sajji solution, fol-
lowed by skimming. The scums are thrown on a strainer made
- by spreading a piece of coarse cloth over a basket placed above the
- preceding pan. = - . ¢ '

. The next pan measures 5’ 8% dia.x20” deep and is called the -
Khaula. The clarified juice is ladled into this from the Nikhar

-and is boiled vigorously. Some scum forms again, is skimmed off, -
and thrown on to a cloth strainer placed over thé Nikhar pan.

' The next pan below the Khaula is called the Phadka. It mea-
- sures 4’ 97 dia. x 10}” deep. - In this the concentration of the juice
proceeds further, till it reaches the consistency of syrup.

.. " The last pan in the train and the one directly above the fire
is the Parchha or the finishing pan. ; This measures 3 37 dia. x 817
‘deep and is set so that its top is 6 to 7 inghes below the floor
level. 'The syrup coming from the Khaula is boiled in this
pan till it has reached the point at which it is ready for ¢ Striking *’.
The finishing point is judged by experienced workmen from the
shape and size of the bubbles formed on.the surface and from the
~ sound which the bursting of these bubbles makes. Even at night,
- whilst working in the dim light of a kerosene lamp, d skilled work-
man is able to make strikes at the right consistency. The striking
temperature -was noted on several occasions and was found to be
always between 110° C. and 111° C.

- There 1s a considerable amount of frothing in the last three
pans (the Khaula, Phadka and Parchha), and if this becomes so
violent as to entail a risk of overflowing, an aqueous extract of
crushed ‘castor seeds is sprinkled over the surface. and the froth
subsides immediately. ' : -
As the evaporation proceeds in the Phadka and Parchlha, the
syrup adhering to the sides at the top becomes solidified. To
prevent this getting burnt, it is, from time to time, wiped off with
a grass brush tied to a stick, the brush being subsequently dipped
into the preceding pan and the adhering semi-solid material is
washed off. No caramelization therefore takes place and the sur-
face of the pans above the level of the boiling juice always remains
clean. Tt should be observed that the vertical-sided pans of the
Bhopal bel have an advantage in this respect as any accumulation
of adhering material takes place at a level where there 1s
no risk of burning. As against this, it should be noted that the
four pans (the Khaula, Manjha, and the two Parchhas) where the
syrup is more concentrated and where the temperature is also high,



86

involving risk of caramelization, are bowl-shaped and not vertical-
sided and are therefore at the same disadvantage as the pans of the
Rohilkhand bel. ‘

It was observed during the working of this bel that the scum
coming to the surface of the juice in all the pans, and particularly
in the Nikhar and Khaula, always collected on thé side of the
pan away from the furnace. This is an improvement over the
Blopal lel in which the scum accumulates on the opposite side,
as after skimming, the scum has to be transferred to the basket
placed on the preceding pan. To do this in the Rohilkhand bel,
the scum has not to be carried across the pan which has been
skimmed, as in the case of the Bhopal lel. The reason why the
scum separates in this manner in the Rohilkhand bel is to be
found in the manner of setting the pans, and in-the steep slope
of the flue through which the hot gases travel under the pans.
The combined effect of these two factors is that the hot gases
impinge directly on that portion of the under-surface of the pans
_ which faces the furnace. This. portion therefore gets hetter than

“the rest of the pan, the juice in the pan in contact with this gets -

heated more rapidly, rises to the surface towards the side necarest
the furnace and travels along the surface to the side nearest the
chimney, carrying the scum with it to that side. The scum is
left here and the juice continues its cycle of circulation down- -
wards. From this point the scum is easi}y removed and transferred
to the basket strainer placed directly above it. For achieving the
same object of getting the scum to separate on one- side
conveniently for removal, the flat-bottomed pans of the Bhopal

lel, if set in an ordinary level position, will be unsuitable. =

Hence it becomes necessary to set them in a sloping posi-
tion and to cover their back portions with clay in order to pre-
vent heating there and thus securing unilateral circulation of -
juice. The drawbacks in this are firstly that the portion of the
heating surface of the pan which is covered with clay is rendered
ineffective (thereby -reducing the juice boiling capacity) and
secondly that (as already stated) the scums accumulate on the
wrong side of the pan. :
Reverting once more to the consideration of the boiling opera-
* tions in the Rohilkhand bel, the finally concentrated syrup which is
ready for striking is ladled out of the fixed parchha into a channel
from which it flows into the first of a series of three earthen
tubs set in the ground. The ladling out is done as quickly as
possible and when the parchha is almost empty, a fresh charge
of syrup is transferred into it from the Phadka. The rab which
has been iransferred to the earthén tub is aerated by taking out
portions of it in a cup with a handle and letting it drop into
the tub from a height. The sudden cooling which thus takes
place disturbs the unstable equilibrium of the supersaturated solu-
tion and crystallization immediately sets in. The process of aera-
tion is continued till the requisite amount of crystallization (which
is known from experience) has taken place. Meanwhile the rab is
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transferred from the first to the second tub and thence to the last
one. The rab thus gets mixed with the product of previous strikes
and a more homogenous material is obtained. After the coolin

has proceeded to the desired extent, the rab from the last tub is
*“ potted ’, that is filled into tins, which are put aside and left
undisturbed for ten or twelve hours, at the end of which time
they are transferred to the store house. They are kept here for
about a week after which they should be ready for machining.

" When the rab is ladled out of the parchha, a small ‘quantity
is always left at the bottom, adhering to the sides. As the
Parchha is directly over the fire, burning and caramelization takes
~place even during the few moments t%at elapse before a fresh::
charge is transferred from the Phadka. Inversion of sucrose and
- charring take place reducing the proportion of recoverable sugar
and imparting a dark colour which it is difficult to eliminate later
on. Moreover the molasses obtained from such a rab does not give
good second rab ‘on re-boiling and the resulting second sugar is
also of an inferior quality. The removable Parchha used in the
Bijnor and Bhopal bels has the advantage that no burning can
take place. ' This is one of the Teasons why more and better second
sugar is produced by the Bhopal method. .
_ Molasses Boiling (a) Bhopal Method. The Molasses boiling
bel used in the Bhopal process consists of three pans. The dimen-
" sions of the pans and the general construction of the furnace are
shown in Drawing B. A general view of the bel is given in Plate
IV. The first pan, which is used for clarification, measures 30
inches dia.x113 inches deep. The mnext pan, where concentra-
tion and skimming take place, is 27 inches dia.x 8} inches deep.
The last pan is the Parchha, measuring 20 inches dia.x 6} inches
deep. The Parchha is removable. There are three earthen tubs
- provided for aerating and cooling the second rab, till it is ready
for potting. V
For boiling second rab, the molasses obtained from the centri-

fugal machines whilst machining first 7ab is mixed with the wash-
ings from the pugmill, the tins in which the rab was stored and
the centrifugal machines. The density of the dilute molasses
should be 65°—70° Brix. The object of this dilution is twofold,
—firstly all sugar crystals are dissolved (thus avoiding trouble
during subsequent crystallization of second rab) and secondly .when
the liquid is thin, the suspended impurities rise to the surface
more easily during the process of clarification and skimming. For
" defecation, saturated lime water is used.

The process of emptying the Parchha by removing it from the
furnace and aerating and cooling the rab is similar to that fol-
lowed in the juice boiling bel, which has already been described.

©° Molasses Boiling (b) Rohilkhand Method. The bel used for
- boiling molasses into second rab by the Rohilkhand method consista
of two pans. The details of the bel are shown in Drawing E.
Plate  V shows a general view of the bel. ' The first pan measures
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o ft. dia. x 13} inches deep and the second pan used for ﬁmshmg the
boiling is 3 ff. dia. x 9% inches deep. '

The dilution of molasses as well as defecation by means of lime
water are done in the same way as described above for' the Bhopal‘
method. The Rohilkhind bel however did not work satlsfactonl '
for several reasons. Firstly, the molasses which was reboiled was
of an inferior quality due to the first rab from which it was pro-
duced having deteriorated owing to burning in the Parchha of the -
juice boiling bel.. Secondly, the first pan of the molasses boiling
bel was too big and it never got sufficiently heated. For all practi-
cal purposes it served no other purpose than that of storing the
molasses, and the bel really consisted of only one pan. Thirdly,
the entire process, consisting of liming, skimming, concentrating
and finishing, had to be done in the Parchha, and it was impossible
to do all this effectively in-a single pan. Fourthly, the parchha
was fixed and the finished rab had to be removed from it by ladling
out, 1nvolv1ng all the disadvantages enumerated wunder the
Rohilkhand juice boiling bel, with only this difference that as the
molasses rab contains more invert sugar and other easily decom-
posable constituents, the losses due to overheatlng are bound to be
much heavier. :

The second rabs were allowed to crystalhse for about 20 days in
the case of the Bhopal method and 5 days in the- Rolulkhand
process. :

Clarifying agents and chemicals used. The method of clarifi-
cation employed in the Bhopal and Rohilkhand processes has already
been explained. The principal clar1fy1ng agents used for this
purpose are described below:—-

a) Deula (Hibiscus ficulneus).—The freshly cut green stems of
the plant, which grows wild, are pounded in water and
rubbed between the hands with ‘the- addition of more
water. A mucilaginous colourless- liquid is produced
which has a thick consistency when poured out. - The
extract is used for clarlfymg juice.r It contains certain
vegetable albumens which coagulate on_heating, en-
tangle the suspended-impurities of .the  juice and bring
them up to.the surface, where they are skimmed off.
The scum is at first of a dirty dark. green colour but
later on, as clarification becomes complete, it becomes a
white froth .consisting mainly of steam and juice.

(b) Bhindi (Hibiscus esculentys).—This is a cultivated vanety
The extract is prepared from the stems and used in
exactly the same manner as extract of Deula stems.
Deula however is to be preferred, as it is more effective.

(c) Bark of Semal tree (Bombaz malabaricus) and bark of
Falsa tree (1G're'una asiatica).—~Extracts of these are also
used for clarifying juice. They are however mnot as
_efficient as deula or bhindi, and are used only when the
Tatter are not available.
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(d) Sajji S:;\ mixture .of crude sodium carbonate and sodium
' sulphate).—A sample of Sajji was analysed and was
found to have the following composition:—

- Per cent.
: Na’co. . L] . - l L] L . - . L] m.g
“ Na,SO‘ . . - ‘. e . . . . 6'42
. NaC] . - . ¢« e Y . . . : 4'43

Organic matter . . . . . . . . 2:75
.. Insoluble matter . . . . . L. . 771

. Moisbure « e . . . . . . 27-79

A solution of Sajji in water is prepared and is boiled
.before use. Sajji solution is added to the boiling juice
after clarification with Deula and skimming are com-
plete. A copious. evolution of carbon dioxide takes
place, and the heavy froth which forms consists chiefly
of gummy impurities of the.junice which are skimmed
off. = A strong smell of sulphur dioxide is also noticed.
due probably to the breaking up and reduction of sul-
phates. The sulphur dioxide exercises a bleaching
action on the juice. Tt is for this reason that
.the .use. of Sajji is preferable to sodium carbonate or
bicarbonate, which do not contain any sulphur. Strong
.alkalies have also a tendency to form dark-coloured com-
pounds in the presence of invert sugar, which eventually
N impair the colour of the finished sugar.

(e) Lime water.—Milk of lime is never used. Saturated lime
water which is quite clear is added to juice after the
clarification with Deula and Sajji. Lime water is of
special advantage whilst treating juices from inferior or
diseased canes. The quantity used is very small and is

o judged by “experience, and not by test papers.

~ (f) Sodium hydrosulphite (or Blankit).—This is a bleaching
agent and is used in small quantities for reducing the
dark colour of juices from certain varieties of cane. Tt
is added after clarification and addition of lime water.

{g) Castor Seed extract.—The extract is prepared by soaking
crushed castor seeds in. water. An emulsion of castor
oil and water is produced. After clarification of juice,
when it reaches the stage of rapid boiling, frothing takes
place.. Castor seed extract is sprinkled on the juice and

_ helps in subsiding the froth.

() Stannous chloride.—A very weak solution is used for final

washing of sugars in the centrifugal machine. It has
" a bleaching effect. '

Tools and imjplements used.—Drawings C and F show the tools
and implements used in the Bhopal and Rohilkhand processes res-
pectively. The items used for juice hoiling and molasses boiling
are shown separately and the number of each required is also
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mentioned. The purpose for which the various tools are used is
explained below:—

(a) Karanga.—A ladle for transferring juice from one pan to

~ another. o '

(6) Dori.—A ladle of smaller size than the Karanga, used for
aerating the rab for inducing crystallization.

(¢) Pauna.—A perforated ladle for removing the scum from
boiling juice. The perforations permit of the juice
lbeéilg drained off, whilst the scum is retained on the
adle. : :

(d) Adha.—A perforated ladle similar to a *‘ pauna ’’ but of
smaller size. " ‘

(e) Khurpi.—A scraper, for scraping solidified rab from sides

) of pans. A '

(f) Chhanna.—A filter or strainer for juice or scum.

(9) Donga.—A large ladle for transferring juice or hot rab.

(h) Sabar.—An iron rod with a flattened end, used for break-
ing crust of rab in tins. C

(?) Tipar.—A wooden frame for supporting the basket ‘over
which a cloth strainer is tied for filtering the scums.

Centrifugalling of first and second rabs. The three machines
used for centrifugalling the first and second rabs of both the pro-
cesses were of the same type, and there was no difference in the
method of operating them. One hand-driven machine was ‘also
set up for trial. The machine itself was of similar construction
to the three power-driven machines, but for driving it a separate
gearing mounted on a wooden frame was provided. This had
handles on both sides for applying manual power, and a rope drive
was used for transmitting power to the machine. The arrange-
ment failed to work satisfactorily as it was found impossible to
apply sufficient power by hand to enable the machine to work at the
desired speed. It is possible that more satisfactory results may be
obtained if this type of drive is used in conjunction with machines
of smaller sizes. . , o

All the machines are fitted with three screens each, the inner-
most one consisting' of a coarse copper wire gauze 26/30 with a
twilled weave, the one next to this being copper gauze of 70 mesh
(that is having 4,900 apertures per square inch), the last one on the
outside being the perforated drum of the machine. ~

The engine used for driving this type of machine has a rated
speed of 560 R. P. M., but it can be run at higher speeds. - The
normal speed of the machine is 1,800 R. P. M. or a peripheral
speed of the cage of.about 8,500%ft. per minute. The engine is
provided with a regulator for adjusting the feed of oil and thus
reducing or increasing its speed. In operating-the machine, the
speed is kept low (about 1,600 R. P. M.) at first til! the greater
portion of the molasses has escaped, after which the. throttle is
opened and the speed 'increased to 2,000 to 2,100 R. P. M.

The engines were not found very satisfactory in working. They
are not robust enough for Working by unqkilled labqur and the
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cost of fuel is also high. A simple type of engine-of stronger
construction would be preferable. In localities where electric
power is available, variable speed motors will be more suitable.

As regards the method of machining the rab, there is no special
feature to be noted. The methods commonly employed are de-
scribed in a connected form. in the Annual Report of the
Department of Agriculture, Bhopal, for 1928-29 and an extract of
~ the relevant portion is given in Appendix A.

- Drying of Sugar. Wet sugar obtained from the Centrifugals

by both the processes was dried in the sun by spreading it on a
Pata (thick gunny carpet) and treading over it bare-footed.
Lumps of sugar become disintegrated in the process, crystals are
broken and the sunlight exercises a bleaching effect. The alter-
native method of crushing the sugar with a wooden roller worked
by hand over a plank of wood was not employed.

B . - Tasre XII. - '

Particulars of cane crushing mills.

S;Ir;?l B . Padicﬂm T R Massey Mill Chafitgﬁsoogs
+ 1 | Size of rollers—. . - £ ..
* Top . . . . . . 127x18” 12°x12*
° Bottom e - ] . - . 12'X 18' 8'X 12'
-2 | Setting of rollers— . .
* . Feed e e . Y S . e’ 5/16' . A 5,16’
| Discharge . .. . .. . . o] 3/16* b 2
-3 | Speed of rollers— -~ _
-(a) R. P. M. Top roller . . . 4 . ‘B
C (b) Peripheral speed, top roller . - . 12:5 - - 156
4 | Roller grooving— . , o
(@) Circumferential, depth . . 1/16* : 1/16°
. , - - number per inch . B ’ 6
(b) Chevron, number. per ‘roll on all o )
; rollers . . ..] . 6 . 6.
. Depth . . . PO -7 (. of 3/32*
: Width . e e of ¥
8 | Flanged rollers . . . . . | Bottom only . | Top only. ,
6 | Gearing . . o « ... | Double reduc- | Double reducs
tion. tion.
7 | Gearing ratio’ . . . . 27653 1 195: 1
8 | Palleys . - e e o -« | Fast & Loose . | Fast only.
9 | Pulley dimensions . 7 _
(a) Face . . . . . . e . 7
(b) Diameter . . . « . e 30” : 40°
¢)R.PM. . . . . . | - 110 78
10 Belt)—- S . N Convas . a
: (a) Type o o e e . anvas . . anvas.
" () Width . . . v .} 6" 5"
(c) Thickness . . . . . o o
11 | Speed of belt, feet per minute . .1 864 817
12 | Cane feeding shoot . . . . | Not provided . | Provided. :
13 | Bagasse Carrier . . . . . | Not provided . | Not provided.
14 | Juice Pump . . . o« e Do. . Do.
15 | Performance— v
-(a) Cane ecrushed per hour (aver- , :
" .age for season) . . mds. 40-74 3348

(b) Juice extracted per 100 cane (aver- ‘
age for season) . . mds. 64-60 56-562 ‘
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CHAPTER III.
GENERAL WORKING RESULTS.

Cane variety. The bulk of cane used for these tests was of the
Co. 213 variety, only a small portion towards the close of the season
being Co. 290 with sometimes a little indigenous ‘‘ Dhaul >’ cane.
As a result of tests carried out by the Department of Agriculture,
Bhopal, on the comparative merits of different varieties of canes
for the Open Pan system of sugar manufacture, Co. 213, though
quite goo£ for making gur, was found unsuitable for sugar manu-
facture and its cultivation was eventually abandoned there. The
following extract from the Report of the Department of Agriculture,
Bhopal State, for 1928-29 (Para. 30) is of interest:—

“ The varieties H. M. 600, Waxy Red, Manjav, Java, B.
1528, and D. 109 in the Manjri series, Ashy Mauritius, Desi
Paunda and P. O. J. 33 in the second series of thick canes,
and Co. 244, Co. 281 and Co. 290 in the third series of
Coimbatore seedlings yield juices of very high purity with low
percentages of reducing sugar in most cases. So they boil
into massecuites of high quality free from viscosity which are
easy to deal with in the centrifugal, and the final recovery of
sugar from them is high. The best second sugars, equal to
first sugars in appearance, were from Manjav, Java and_B.
1528 in the Manjri series and from Co. 281, Co. 290 and Co.
244 in the Coimbatore series. ' :

Of the rest, Co. 213 produces first sugar with a pale yellow
tinge, which however yields to treatment and bleaching and
when crushed would pass as a superior grade of khand: but it
cannot compare with the seedlings above mentioned. Co. 205 .
is still worse as it produces a yellow sugar which will not yield
to treatment. But it has many good points in other respects.
It grows well with very little manure or irrigation, it yields
a satisfactory ratoon crop in similar circumstances, and the
natural colouring matter in its juice, which is objectionable
for the manufacturer of white sugar, imparts an attractive
appearance to the gur made from it. Also it may prove itself
a suitable cane for dry cultivation in the moister parts of
Central India. The Sugarcane Expert to the Government of
India considers it ‘‘ the poor man’s cane ’’ and it is said to have
been aodpted in various parts of the Punjab. ‘

The lowest in the scale were Pundia and Cavengerie. As
noted in paragraph 26 both proved particularly susceptible to
frost and Pundia was quite immature in January. This pro-
bably accounts for its results, as in the Bombay Presidency it
is regarded as one of the best canes. Cavengerie, on the other
hand, has proved there also to be one of the poorest of the
Manjri canes both in sucrose content and quality of its gur.”

The reason. for the sugar from Co. 213 being of poor colour
appears to lie in the presence in its juice of unusually large .

111-1-60 E
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quantities of colouring. matter possibly anthocyan. The process of
clarification in the Bhopal and Rohilkhand systems is not so perfect
as to remove this colouring matter as effectively as in modern fac-
tories, where Co. 213 ‘canes do not give any trouble,

- For the Khandsari process, Co. 290 and Co. 244 amongst the
- Coimbatore varieties have been found to be superior to Co. 213.
. But the crop of Co. 290 grown at Bilari appeared to have been over

manured, and did not contain as high a percentage of sucrose as

it should have done. There is need for a systematic study of the
manuring of Coimbatore canes in order to determine the quantity
and kind of manure which would produce in the cane a maximum
percentage of sucrose and a minimum of glucose, without materially
affecting the tonnage. High tonnage is not the sole desideratum,
because when the juice contains an excess of glucose (due to ex-
cessive vegetative growth), the quality as wellias the yield of sugar
. are always low, however efficient the boiling may be.

. .Cane crushing. Nominally the cane crushing season lasted from
the 20th January to the 31st March or 71 days, but there were so
many interruptions that actually crushing was done for only 39
days. The stoppages of work, amounting in the aggregate to 32

days, were due to the following causes:— °

Days.

 (a) Bad weather . . . . . . 21
(b) Shortage of fuel or cane (due to bad weather) . 2
(¢) Breakdown of cane mills i1
(d) Festivals . -4
ToraL 32

‘The %vbrking peridd wag spread over the three months as follows:—

: Days.
January . . . . . . . . . . 1
February e e s e e e e 7

March . . . . . . . . . . 25

N

TotAL . 39

The total quantity of cane crushed was 13,742:15 mds. Tn order
to ensure that juice supplied to the two experimental bels was of
the same quality, cane for hoth bels was crushed in the same mill.
Juice was sent to the bels in tins and it was arranged that a certain
number of tins of juice (five or ten) was supplied alternately to
each bel. As the weighing machines were not sufficient for weigh-
ing the juice, arrangements were made for measuring it. (See
Appendix B, page 127 for details of the system followed). In
this way the quantity of juice supplied separately to the two bels
each day was determined. As the extraction of juice per 100 cane
was calculated daily, the quantity of cane used for each bel was
found out by calculation. The total figures for the whole season
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for cane crushed and juice extracted, calculated in this manner.
are as follows: —

Bhopal Rohilkhand
Cane crushed, maunds . . . 5,925-54 781661
Juice extracted, maunds . . 3,788-29 5,031-01
Extraction (per 100 cane) . . - 63-94 64°36

The slight difference in the two figures for extraction is due to the
fact that for the first four days only one bel was worked each day.
The cane mills were heing tested during this period to determine
their capacity, in order to organise the work and the quantity of cane
crushed was therefore not sufficient to feed both bels.

The Massey Mill was worked for 32 days, during which period it
crushed 11,831°'87 mds. of cane in 202-33 hours, giving an average
crushing capacity of 40-74 mds. cane per hour. The total quantity
of juice extracted by this mill was 7,650'43 mds., thus giving an
average extraction of 64-G6 per cent. The working of this mill
was not found very satisfactory, the main defect being—

(a) The mill is not built sufficiently strong and there were
several breakdowns, the most serious being the breaking
of the top roller shaft. "

(b) No feed shoot is provided, nor are directions given for
fitting one at site. In the absence of a proper feeding
arrangement, the feed is uneven resulting both in a
lowering of the capacity and efficiency. -

(c) The top roller of the mill is unflinged and the crushing
near the ends of the roller is therefore of poor quality.

(d) The belt pulley on the mill has a peripheral speed of 864
feet per minute. This is too low and there is consequent-
ly a tendency for the belt to slip even under slight
overloads.* ‘

The Chatanooga Mill used was about five years old and was a good
deal the worse for wear. Tt worked for only two days after which
it had to be stopped owing to breakage of teeth of gear wheels.
Even after repairs it was not brought into use as the extraction
of juice was very poor. In all this mill worked for 21-51 hours,
and crushed 72020 mds. cane vielding 40707 mds. juice. The
crushing capacity therefore was 3348 mds. cane per hour and ex-
traction 56'562 per cent. juice on cane. )

Juice boiling. Out of the 39 days on which cane was crushed
the Bhopal bel worked for 37 days and the Rohilkhand bel for 35
davs, the total number of hoursworked being 43209 and 45857
‘respectively. On an average the Bhopal bel worked for 11'67 hours
per day and the Rohilkhand bel for 1274 hours.

The average juice boiling capacities of the two bels, calculated
on the basis of the total quantity of juice boiled in the season, are
8-7¢ and 10-97 maunds of juice per hour respectively or 10512 and

* The Massey cane mill used in these tests was an old model, borrowed
from t;fe Department of Agriculture. The models made by this firm now
" are free from most of the defects referred to here. .2

H
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131'64 maunds respectively for a 12-hour day. Figures for capa-
cities calculated in terms of cane treated and rab produced in each
bel are given in Table XIII. :

TapLe XIII.

A'éerage “working capacities of Bhopal and Rohilkhand bels for
- . juice boiling. )

: * Particulars Bhopal Rohilkhand
1. Bel worked, days . . . 37 36 :
2. Bel worked, hours = ., . 432-09 458-67
3. Bel worked, hours per  day
. (average) . . . . . 11°67 1274
4. Juice. boiled, maunds i 3,788:29 5,031-01
5. I Rab produced, maunds . 80275 1,020-57
. 6. Capacity in terms of cane— ! ,
' " (a) Cane per hour, maunds . 137 170
" (b) Cane per day of 12 hours, ‘
. -maunds . . . e 1644 . 204-0
... 7. Capacity in terms of juice— -
-, . {(a) Juice per hour, maunds . 876 10-97
- (b) Juice per day of 12 hours, ‘ :
" maupds . . . 10512 131-64
8. Capacity in terms of I Rab—
L (a; I Rab per hour, maunds 1-86 2:23
(o 1 t(b) I 'Rab per day of 12 - ‘
v hours, maunds . . 22:32 26-76

. Nore. The experimental Bhopal bel (consisting of 11 pans) was out of

action for 2 days, when another Bhopal bel consisting of 10 pans was used.
The figures in the column under ‘¢ Bhopal'’ given in the above statement
include those for the 10-pan bel for 2 days. The quantity of juice treated
in the 10-pan bel was so small that no material difference is caused by com-
bining the figures in this way. Taken separately, the figures for the 10-pan
~bel are as follows:— ~ ' ‘

- Bel worked for 2 days or 22-49 hours and boiled 160-24 mds. of juice,
giving a boiling capacity of 7°13 mds. juice per hour.

" The Bhopal bel was designed for a capacity of 100 maunds juice
per day of 12 hours, and actually it treated, on an average 105'12
maurnds juice per day, that is, it was worked throughout the season
at slightly above its normal capacity. The Rohilkhand bel dealt
with 131-64 maunds juice per 12 hours, which was not above its
normal capacity. Tt is not clear why more juice was treated in
the latter bel, because from the figures for cane crushing capacity of
the Massey Mill (which worked most of the time) it is evident that
more juice was produced daily than the two experimental bels put
together were able to take up, the surplus having been consequently
supplied to the non-experimental bel. If the operatives on the
Rohilkhand bel had exerted themselves more and full quantity of
juice had been treated in it, not only would the cost of production
have been lower, but. on account of more rapid boiling, the recovery
of sugar may also have been increased. This is a point which
~ deserves the attention of those using Rohilkhand bels on a commer-
cial basis. Tt would be worth their while even to put on an extra
man on the bel, if by doing so they can work it te its full capacity.



45

- That it should have been possible to deal with more juice in
the Rlohilkhand bel was shown by two tests which were carried
out for determining the fuel consumption and maximum juice boil-
ing capacities of the two bels. The question of fuel consumption
will be deult with later on, but the results obtained in connection
with the maximum capacity may be considered here. o K

In the first test equal quantities of juice (115-92 maunds) were
supplied to both bels and the boiling was conducted as rapidly as
each bel permitted. 'Lhe figures for the test are given in Table
X1V. The maximum capacity was found to be 10'70 and 13-70
maunds of juice per hour for the Bhopal and Rohilkhand bels
respectively or 128'4 and 164-4 maunds per 12-hour day. :

In the second test both bels were worked for approximately the
same period (about 13 hours), boiling being, as before, conducted
as rapidly as each bel permitted. Unfortunately, during this test.
an arch of the Bhopal bel supporting the Parchhas collapsed. This
was due to the fire having been made too strong, with the object of
increasing the capacity of the bel. The rate of boiling in this bel
had to be reduced after this accident and hence the figure for .
capacity is low. The figure obtained in the first test may be ac-
cepted for this also. : 5 o

These high capacities are. partly due to the tests having been

conducted towards the close of the season, when the juice was oi
high brix. The analysis of juice given in Table X1V confirms this,

-~

Tape XIV.
Tests for determining maximum capacity of Bhopal and Rohilkhand
els, '
Particulars Bhopal . Rohilkhand

A. First Test on 21st March 1931—

In this test equal quantities of juice
were supplied to both bels, boiling
being conducted as rapidly as each
bel permitted.

(a) Juice boiled, maunds . . 11592 11592 -
(b) Time taken for boiling, hours . 10-83 845
(c) Juice boiled per hour, maunds . 10-70 13-70
(d) Juice boiling capacity per 12 '

hours, maunds . . . 128-40 164-40

B. Second Test on 22nd March 1931—

In this test both bels were worked
for approximately the same period
(about 13 hours), boiling being
conducted as rapidly as each bel

permitted. o
(a) Juice boiled, maunds . . 131-10 17845
(b) Time taken for boiling, hours . 13-16 - 1308 \
(c) Juice boiled per hour, maunds . 996 13-73
(d) Juice boiling capacity per 12

hours, maunds . . . 11952 164-76 -

(Nore. During the second test an arch of the Bhopa vel supporting the
parchhas collapsed. This was due te the fire having been made too strong

.
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~with the object of increasing the capacity of the bel. The rate of boiling
1‘hys»b¢l had to be reduced after this. Hence the low figures for capacity.)

N . . First Test Second Test
e G.;A];tgl;/sza. of Ja.uca (’[qr' b-othrb.cls)—.—

4 . 1917 19-35
Bucrose . . . . . . 15-92 16:00

Pority ~ . . . . . . 8307 8269

{ Invert Sugar . . i e 080 121
R P : Bhopal Rohilkhand

“ I Analysis of rab (composite for the week)—

- Brix . . . . . L . 89-52 89-37

.- Bucrose . . . . . . 68:80 67-20
CPurity . . . . . . 7685 7519
Invert sugar . . . . 893 9-36

" Reverting to.the question of the average working capacities of
the two bels, .and comparing these with the figures for maximum
capacity ' obtained in the above tests, the following comparative
figures are given:— ' - b

S Bhopal Rohilkhand
" .1, (a) Average capacity (maunds juice

. . per 12 hours) . . . . 10512 13164
-, (b) Maximum capacity (maunds juice ,
-~ "7 ‘per 12 hours) . - 128'4 1644

.~ (o) Difference . . ., . . 23-28 ’ 3276
As regards the yields of rab by the two processes, the average
figures for the entire season are as follows:— .

s Bhopal Rohilkhand

- " I Rab per 100 cane . . . . 13-54 1305

¢+ I Rab per 100 juice . = . . . 211 20-27
The Rohilkhand bel rab was thicker than that of Bhopal bel, the
brix being 89-02° and 87°93° respectively. This will account for
about 0'2 out of the difference of 0-83 per cent. (on the basis of 100
juice). But a higher brix is not necessarily an advantage from the
point of view of recovery of sugar. The first sugar recovered from
the Bhopal and Rohilkhand first rabs was 44'12 and 3982 respect-
ively per 100 rab.

- Molasses boiling. The total quantity of molasses (with wash
water) boiled in the Bhopal and Rohilkhand bels during the season
was 446-93 maunds and 629-12 maunds respectively. Caizu]ated asa
percentage on the first rab of each process from which this molasses
was obtained, the figures are 55°85 and 61-64 per cent. respectively.
The reasons for this difference are, firstly, the better boiling and
crystallization of the Bhopal rab, resulting in the production of
more sugar and less molasses, secondly, the smaller quantity of
wash water used in machining the Bhopal rab, owing to its better
quality and thirdly, the insufficient washing of the Bhopal sugar
leaving some molasses adhering to the crystqls, which, though in-
creasing the yield of sugar, lowers its quality.

The quantity of second rab obtained from the above molasses
" was 36141 maunds and 495-63 maunds respectively, or 9-6 and
385 respectively per 100 juice. But though the yield of Rohilkhand
II rab was more than that of Bhopal rab, the recovery of sugar
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was more from the latter, the figures being 198 aud 2-79 respec-
tively per 10U juice. At the same time the sugar from the Bhopal
rab was of a better quality.

There is no doubt that in respect of producing second sugar the
Rohilkhand system is at a considerable disadvantage. The principal
defects in this process have already been pointed out in Chapter
Il and it is a comparatively simple matter to rectify these.

Clarifying agents used. The quantities of the different defec-
tants used during the season were as follows:— '

Material. Bhopal. Rohilkhand.

. Seers. Seers.

1. Castor seed . . . . . 56-87 760

2. Sajji . . . . . . 3137 495

3. Deula, Bhindi and Falsa bark . 6512 885

4. Lime . . . . . . 100

o. Stannous chloride . . . . '

Calculated in seers per 100 maunds juice. "

1. Castor seed . . . . . 15 1-51

2. Sajji . . . . . . . 099 098

3. Deula, etc. . . . . 1-72 1-75

Centrifugalling. In order to determine the capacity of the
centrifugal machines under average working conditions, a few tests
were carried out. The figures are given in Table XV.  Second
rab, made by the Bhopal process, and of good average quality, was
used for the test. v

TasLe XV,

Test to determinc the capacity of centrifugal machines (Bhopal
process 11 rab was used).

Test Ne.
Particulars
Average I I m v
1. Weight of rab . . . Ibs. 49-88 | 50 49-88 | 4963 | 50
2. Weight of moist sugar . Ibs. 15-82 155 14-25 16-88 1 16-63
3. Moisture per cent. sugar . . 2:36 2-86 2-86 210 1-6
4. Water used for spraying . Ibs. 72 72 12 72 ‘72
5. Time for slow running, minates . 2 2 2 2 2
6. Time (from start) when water 4-5 6 4 4 8
sprayed, minutes. -
7 Total time (from start) for centri- 125 12-5 12 12 136
fugalling, minutes,
8. Total time (from start) for com- | 229 22-5 25 24 20
 plete cycle of operations, minutes. .\ '
9. Output moist sugar per cent. rab . 31-7 . . . e
to. Wabebr used for spraying per 100 1-45 - . .. -
rab.
11. Calculated capacity, maunds rab § 19 - .- . -
per 12 hours.
12. Practical capacity, at 80 per cent. | 15-2 .e .- . -
of calculated capacity, maunds
rab per 12 hours.
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- When the machine is started, it is kept running below the normal
speed till part of the molasses has been removed. This is judged
trom the viscosity of the molasses coming out. The time required
for this preliminary operation was found to be two minutes. JFour
to five minutes atter the machine comes to full speed water is
sprayed, one syringe of water (about 325 c.cs.) being used. In
another five minutes the sugar is finished and is ready for dropping.
After the sugar is dropped, the lining of the centrifugal is washed

by pouring into the basket about a gallon of hot water. The
- machine is then ready for charging again. )

The total time required for the complete cycle of operations from
the time of starting till the machine is again charged and ready
- for starting is about 23 minutes for each charge of about 50 Ibs.

rab. This gives a theoretical capacity of 19 maunds rab per day:
of 12 hours, or allowing 80 per cent. of this capacity in practice,
~ the machine can deal with 15 maunds of second rab per day of 12
hours. o ' o

 With ﬁrsf rab, there is an incxféase of about 30 to 40 per cent.
in the capacity. '

- Yzeld of sugar and molasses. The working figures for the entire

‘season, in respect of the output of, the principal products, may be
- summarized as follows:— ;

R Bhopal Rohilkhand
. - {(a) Per 100 cane— '

.- Juice . . . e . 6394 64-36
.1 Rab. . . . . e . . 13-54 13-05
. II Rab . B . . . . 609 - 634
- SueAr— ’
~ First . . . . . . . 597 520
Second . . . . . 178 127
Total . 4% (. 647
~ Final molasses . . . . . . 398 470
(b) Per 100 Juice— :
-1 Rab . . . . . . 211 2027 -
IHIRad . & . . . = 96 9-85 ’
- SucAR— - ‘ _ '
First . <« o o <« o« 935 808
Second . . . . . . 279 198
Total . .« . =« . . . 1214 ' 1007

Final molasses . . . . 623 7-33

More detailed figures are given in the tables of Chemical Control
Data in Chapter V.

Comparison with indigenous Khandsaris. The.advocates of the
Bhopal. process are constantly drawing attention to the fact that
the” Rohilkhand process adopted at Bilari was not the process as
commonly followed by the indigenous khandsaris and that it had
incorporated several improvements borrowed from the Bhopal pro-
~cess. It is alleged that the recovery of sugar obtained by' the

Rohilkhand process at Bilari is, in consequence of these improve-
“wments, ' higher than what it ordinarily is in Rohilkband. In
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corroboration of this, it is pointed out that the Indian Sugar
Coumnittee, 1920, in its report (paragraph 278) says:—

*“ Un the basis of the extraction we have mentioned above,
this is equivalent to 11 maunds of rab to 100 maunds of cane.
'Lhe wastefulness and inefficiency of the process are sufficiently
demoustrated by its net result, which is 4 per cent.- of sugar
only as against 95 per cent. which we estimate as possible in
a thoroughly efficient factory.”

The supporters of the claims of the Bhopal process also refer to
the foliowing sentence which occurs on page 49 of the Report of
the Department of Agriculture, United I'rovinces, for the year
ending Uth June 1928 :—

‘* The growth of better quality canes, namely, canes con-
talning a higler percentage of juice and available sugar, has
put the manufacturer of sugar by the indigenous process in a
stronger position to meet competition by increasing the outturn
of sugar obtained per 100 sugarcane from 33 to just over 9.”

It is stated on behalf of the Bhopal process that the above reference -
contains the officially recognized recovery from the improved canes
under the bel-centrifugal system and that the recovery under the
Bhopal system, with the same canes was a good deal more. In
other words, an attempt is made to prove that the recovery of 7°76
per cent. obtained at Bilari by the Bhopal process is to be compared
with this officially recognized recovery of 5 per cent. from the
Rohilkhand process and not with 6-47 per cent., the figure actually

obtained.

It is not the purpose of this report to support or controvert the
claims of the protagonists of any particular process. The object
rather is to collect and collate definite data and to draw only such
inferences as these data will permit.

In order to obtain information regarding the working figures
of ordinary indigenous Khandsaris, an enquiry was made locally.
There are many old-established Khandsaris in the vicinity of
Bilari and one of these, situated in Bichaula about two miles from
the Nagalia Farm, was selected at random for this enquiry. The
writer visited the Bichaula Farm on the 26th March 1931 in com-
pany with Mr. Krishna Sahai Gupta. No previous intimation of
the visit was given either to Mr. Gupta or to Maulvi Afzal Ahmad,
the proprietor of the farm. '

The cane grown on the farm was found to be almost all of Co.
213 variety but the crop was not good. There appeared to be insuffi-
cient manuring and lack of irrigation, which resulted in stunted
growth. C

The cane was crushed in a Massey Mill with rollers 8 in. by 8 in.
driven by an oil engine. The rollers were much worn and there
were practically no grooves left on them. The mill was also run-
ning at a high speed. The crushing wus consequenily of poor
quality although the quantity of cane put through was large. The
extraction of juice was said to be 58 per cent.
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For boiling the juice there were two Rohilkhand bels of which
only one was in use. The bels were of a type similar to the one
used in Bilari, with only this difference that the large Hauz pan
was not fitied and the bels consequently consisted of only four
pans each. The reason' given for this change was that as- cane
‘was crushed by the Khandsari himself (instead of the common
practice of purchasing juice from the cane growers) there was no

-necessity for the large pan which is meant only for storage of juice.
Not only is the cost of the pan saved in this way, but deterioration
. of juice by prolonged storage is also avoided.

he four pans composing each bel were very similar in shape

and ‘size to the pans used at Bilari. The manner of setting up the
pans on the furnace also appeared to be substantially the same.
The method of working the bel and clarifying the bel also showed
no difference. For aerating the rab, there were two earthen.tubs
for each bel: After aerating, the rab was put info Kalsis (earthen
pots) for cooling and crystallization. The reasons given for not
. using tins for this purpose were, firstly, the high initial cost of
tins and secondly, the better crystallization owing to slower cooling
 which takes place in Kalsis. For curing the rab, the Khanchi sys-
tem as well as centrifugal machines were used. The molasses
‘boiling bel was under construction at the time of the visit. Pre-
sumably no second rab had been made till then.

* The proprietor of the farm was good enough to supply from his
- books the following figures for recovery of rab and sugar:—

© "t (a) Yield of I 7ab—10 to 11 local maunds of I rab is produced
R per karda of juice,* :

- (b) Yield of I Sugar—4 to 4] local maunds of I sugar is pro-
. duced per karda of juice, '

. (¢) Machining—In machining 26 to 27 seers of rab is put into
the machines per charge, and 11} to 12 seers of sugar is
. obtained after drying. ‘
These figures, after conversion into standard weight, have been
entered 1n the form of a comparative statement in Table XVI.
U . TasLe XVI.
Statement showing figures obtained from Bichaula Farm, as com-
 pared with those of Bilari (for Bhopal and Rohilkhand

TOCESSES).
P ) Bichaula. A
. ’ At t
P art_xculars 58 per ceat. 64 per cent. ) ]
extraction extraction Bhopul Rohilkhand
(actual) calculated

A. Per 100 Cane—

Juice . . . 58:00 64:00 63-94 64-36

I Radb . . . 12-18 13-54 13-54 13:05

I Sugar . . 493 564 597 520
B. Per 100 Juice—

I Rab . . . 21 211 20°27

" I Sugar . - . . 8b 935 808 -

€. Per 100 1 Rab— ,

I Sugar . . 443 44-12 39-82

#* 1 Local maund =125 Standard maund of 82'3 1bs.
1 Karda=50 local maunds=62-5 standard maunds.
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Corresponding figures for the Bhopal and Rohilkhand processes
are also given in the table. It will be observed from this state-
ment that the Bichaula figures are all superior to those of the
Rohilkhand process at Bilari, and in several important items are
only slightly below those of the Bhopal process. It cannot, there-
fore, be said that the efficiency of the Rohilkhand process, as
worked at Bilari, was high because it had incorporated improve-
ments copied from the Bhopal process, or that the efficiency of all
Rohilkhand type of Khandsaris is always lower than that of the
Bhopal process. ‘ R

It was unfortunate that second sugar had not been produced at
Bichaula till the date of the visit. This fact renders the compari-
son incomplete as it is in making the second sugar that most of the
difference in efficiency takes place. ” '

Comparison with Indian factories. The working figures (average
for a complete season) for an Indian factory working by the sulphi-
tation process are given in Table XVII. - ‘

Tasie XVII.
Working figures. -
Whole season’s average for a sulphitation factory of moderate

; efficiency. -

Particulars o Data
1. Analysis of Cane— ‘ '

Sucrose . . . . . . . . . 12:13

Fibre . . . . co o .. 1500
2. Juice Extraction— ' .

Dilute juice per 100 cane . . . . . . - 8620

Added water per 100 cane . . . o . 18-95

Undiluted juice per 100 cane . . . . . 6725
3. Yields per 100 cane— o

Wet Bagasse . e e e . . . 32756

I & IT Sugar . . . . . .. . 921

Final Molasses . . . . . . 358

4. Yields per 100 Juice* (undiluted)—
T &I Sugar . . .« . . . . 1369

Final Molasses . . . . . ; . . 532
5. Efficiency—Cane crushing— '

Sucrose in juice per cent. sucrose in cane . . . 8615
6. Efficiency—Boiling House— o

Sucrose in sugars per cent. su¢rose in juice . . . 86-79
7. Overall Efficiency— v . _ ‘

Sucrose In sugars per cent. sucrose in cane . . 7478

Tt is observed from these figures that working with a cane con-
taining a lower percentage of sugar and extracting 67-25 per cent.
juice a recovery of 923 per cent. sugar on cane is obtained. The
overall efficiency is 74:78 per cent. as against 5506 and 46-85 per
cent. respectively for the Bhopal and Rohilkhand processes.
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| “CHAPTER IV.
UOMPAB.ATIVE‘ Costs oF THE Two PROCESSES. -

Capital Cost. In comparing the capital costs of the two pro-
cesses, 1t 18 not necessary to take into consideration those items
which are common. Thus the Cane Mills, Engine, Pugmills and
Centrifugal machines are common to both processes and may be
omitted in the comparison. All that it is necessary to compare is
the initial costs pf the Bhopal and Rohilkhand bels for boiling
first and second rabs. '

As regards the construction of the two types of furnaces, there
1s no standard design for the Kohilkhand type. The juice boiler
engaged for the season builds this according to his own ideas, and
usually different men have different ways of doing this. But in the
. case of the Bhopal bel, an attempt has been made to standardise
the furnace and it is built according to definite dimensions. A
mason, working under the directions of the juice boiler is required
for the purpose, as, unlike the Rohilkhand bel, & fair amount of
brickwork has to be made. -The Rohilkhand furnace is usually
built by the Jhonkas (firemen) under the supervision of the juice-
‘boiler. These men are engaged on contract for the whole season
and building the furnace is part of their work under the contract.
Tor this reason the cost of the Rohilkhand furnace does not amouut
" to more than Rs. 30. As against this the cost of the Bhopal fur-
nace (together with a small thatched store room), as actually built
- at Bilar1 was Rs, 135 including Rs. 26-10-9, the wages of a boiler
from Bhopal. Allowing Rs. 50 for the store room, the cost of the
furnace itself is Rs. 85. .

It should, however; be pointed out that the Bhopal furnace is of
a more durable construction and is likely to last, with some petty
annual repairs, for two or three years, whilst the Rohilkhand fur-
nace has to be re-built every year. Moreover a Khandsari can-
not, as a rule, afford to build a furnace of a permanent nature in
any village as he is never sure of being able to carry on his busi-
" mess in the same village year after year. It is only a zemindar or
the owner of a farm, with his own assured supply of cane, who can
go to the expense of constructing a masonry furnace of a durable

type.

The cost of the pans used in the Bhopal system is lower than
that of the much larger sized pans used in a Rohilkhand bel. The
two sets of pans used for these experiments cost Rs. 325 and
Rs. 500 respectively. One season’s experience is insufficient for
determining the durability of the pans. The flat bottomed pans
of the Bhopal bel are made of 1/167 sheet, the bottom plate being
87 thick. These are exceptionally heavy and should last for many
years. - .
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The total cost of the two bels: may, therefore, be stated as

follows : — |
Bhopal Rohilkhand a

‘ Rs. Rs.
(a) Cost of furnace . . . . . 85 .30 .
(b) Cost of pans . . .. . > 325 500
Total cost of Bel . 410 530

— L mmp—

Labour requirements of the two processes. The labour actuallyr
employed during the tests was as follows:—
(a) Cane Crushing (Common to both processes)—
(i) Engine— , _
Mechanic . . . . . .
Water and coal man . . “ o . .
(it) Cane Mills—
Oilman . . . . .
Cane feeders . . ..
For removing bagasse
Spare man . .
For carrymg juice .
For carrying bagasse (work done by Jhonkas)

Total .

b ot

I8 l,mqoawwwn—i

(b) Juice Botling—
(i) Rohilkhand bel— .

Karigar (boiling foreman) (on contract) . 1\ f
Nikbaras (clarification men) . 3 -
Jhonkas (firemen). They also attend to drylng of s
bagasse, carrying dried bagasse, feeding furnace .
and doing other sundry work (on contract) . . 5
Total 9
(ii) Bhopal bel— ‘ ; v
Karigar . . . . . . . 1
Nikharas : . . .3
Jhonkas . . . . e . 5
Extra labour .. . .. . . . 2
Total 1
(¢) Molasses Boiling— -
(i) Rohilkhand bel— .
Karigar . . v e s ; 1
Jhonka . . . . 1
Labourers . t . . ‘ 2
Total . 4
(%) Bhopal bel— ¢ ) L
Karigar (on contract) . . . [ |
Jhonka . . . . . . P 1
Labourers . . . . ‘ . . 2
| Total . 4
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(d) Centrifugal machines (common to both processes)—

- Mechanie . ., . . . . .
_Centrifugal attendant . . .
‘Pugmill man . . . . . .

lulu—u—n—-

Total

In addition sundry labour was provided as required.
(¢) Sugar Drying (common to both processes)— -
Generally two men were employed over each Patta, but the numher
varied according to the quantity of sugar to be dried and also
depended on the weather. If sufficient sugar was available for

o

o drying, up to four men per Patta were required.

Financial aspect of the Ezperiments. From a financial point
of view, the results of the experiments may be considered under
the following heads— s

 (a) Expenditure,

(b) Receipts,
gc) Profit, ‘
(d) Cost of production. ,

Each of these items is discussed in detail in the following para-
~ graphs. ; T S

Ezpenditure. (a) Salaries and Wages. The expenditure in-
curred on salaries and wages is shown in Table XVIII. Some of
the men are, according to custom, paid lump sums on a contract
basis. Under this category come the juice Il))oilem and Nikharas
(clarification men). Tt is also usual to give them food and to pro-
vide them with a few other facilities. These have, however, not
been taken into account in the statement. ‘

The Supervising staff, consisting of four Munshis (clerks), was
common to the two processes and hence the salary of these men
has been divided equally between the two. The cane crushing staff
was also common, as cane was crushed at one place and juice sup-
plied to both the bels.. The wages of the cane crushing men have
been divided between the two processes in proportion to the
quantity of juice treated by each.

The wages of men employed in the Bhopal process for hoiling
juice and molasses and working Centrifugal machines are high as
specially trained men were brought from Bhopal. It is possible
to train local men for the work on a lower scale of wages. The
Bhopal bel for juice boiling is, however, more expensive to work
than the Rohilkhand bel, as it needs more men to attend to the
much larger number of pans.” As the juice boiling capacity of the
former bel is smaller, the labour cost for the same quantity of
juice treated becomes still higher.

The statement in Table XVIIT shows actual as well as normal
expenditure. For ecane crushing and work under the Rohilkhand
process, the expenditure actually incurred was on the usual com-
merecial scale and hence there is no difference between ‘‘ actual ”’
and “ normal *’ fizures. For the Bhopal process there is, however,
an appreciable difference between the two, due, as explained above,
to the higher scale of wages paid to men from Bhopal, '



Tasie XVIII.
Statement of Expenditure under Salaries and Wages.

Common to both Rohilkhand and Bhopal Bhopal Rohilkhand"
-3 Particulass. Actual Normal Actual Normal Actual Normal Ramarke
E No.| Rate | Amount |No.| Rate | Amount |No.|Rate { Amount, |No.| Rate Amount |No.| Rate Amount |No.| Rate Amount
Rs. {Rs. 4. P.| | Re. RS. A. P, Bs, RS. A. P. RS. 4. P. RS, A, P. RS. 4. P,
3| Supervising Staff.
Munshis . .| __4/_15 {180 0 © .. | 180 0 0] .. .. ] . . . . . v .
1’!’080!'1510!1 Charg' Iy e X} .o o e . - 90 o 0 . - 90 0 0 - X 90 0 0 oo - 90 0 0
ed to each pro-
Cees.
2| Cane Crushing.
Mechante . .] 1! 40 [8¢ » 0)..] .. 8¢ 9 ol..] - - - . - - . . - -
Water & Coal man| 1 . 2311 6] . 2811 6§ .. - .e - .- - . . - -
Crushermen .| 4}As,¢ (81 710 ..] .. 51 710} .. -~ - - . - ve . - - .
| i |
Weighing men . | .. . s .o . e . .. - vt . en .
Juioe suppliers . | 8 . 25 156 0 b 2515 0 ) .. .. .- ‘e — . e . . . .
Totat .| .. 8611 4| .. | o | 186 11 & | o] o .. ” <. . | - ‘
Proportion dhatg: e . vl = vl 0 5 0. . 0.5 98| -0 | o 06 2 1. - 106 2 1 g
to each pro-
8| Futee Boiting '
uce . .
Boller .+ .| .. v | - . 1l 40| ssgaial .. | s5oof icomnctic7s60|2 B S
Nikharas . .| .| - - O . 8| .. | 88 0| 8| .. 58 80| 3] . _ 8 1611 0| pormal con
Jhonkas . . - e e | e . 5 as 556 0 0 5 .e " 56 0 0 5 - s 73 ] 0 5 mtlom by
Extra labour . . .e . [ .e 2 |As. 4 19 0 0 2 - 19 0 0| . .o e - - .- mlnln‘ local
' ::' _ Jabour. .
ToTsL . | .. R e | .. | 22638 8| - . 187 8 0 .. ] . 14611 0 .. .. 146 11_0
4 | Molasses Boiling. |~ ot _— —_— L : |
Boler . .|..] . A . 1] ¢0 94 10 1 45 0 0| 1|) As. 4 1 Dittos
Feeder . . . . e e - ve 1] .. . 1 . 88 0 0| 1 perdaly 8712 0 (<1 8712 ©
Labour for sundry | ,. . e . - - 2 |As. 4 88 0 0] 2 . 2 2 .
work. )
. —— —— ———r ay. —— | n— . ————
TOML .| PR v S Dl W 2 T I .0 0| | - 8712 0| .. | .. 3712 0
Centrifugalling. T T > . B |
® 5’“‘&‘:’:“ “. g- . v C e .o . . % gg g (81 8 . 162°'8 0 1 80 .40 0 0] .. - -
enr er . .o " [} X " ”e . ae X3 LX)
Labour forsundsy | 11 I . o I - ol .| seoofi] IS DO B % ¢ 0f{..| .. | 1640
work. . ,
Tomr . | T[T P || |82 8 0. | T62 8 0 (.. .. | 116 € 0|.. | | 116 & 0
6 { Drying, weighing, | "\~ VU Y Y - | - |_ 8614 0| |- S514 0| ..| 784 | 4810 0| | | 4610 0
: ., of sugar. . | — " ; per day | - ol e :
Totd 1 . . . . o . . - - 721 8 81 .. .- OSJ 8 04 .. e ' 545 71 .. o . 545 7 .1



l‘Anm XIX

Statement showmg E’mpendzture Ezcludzng Salaries and Wages. :

Barial
No.

kY

F4

& Conmon Bnoun " - ROHILEHAND
Putleularu _ ‘ ——
o Actual *‘Normal ‘Actual . Normal - | Actual . | Normal
Cane CMhing— - .

CostofCoal . . . . .o 20018 6| 260 0 0 - ‘- .- .

Costoflubrloants. .. .. . . C 870 4| 3500 SR B e .-

Rent, freight, cartage, eto. of Crusher . . 169 8 & 169 9 5 . e e e

Repalrs to erusher ~ . . . .o 19 8 0 119 8 0 . “ 7

TOTAL 626 8 3 684 1 & . . . o -

Proportion charged to each process . . . . 268, 8 0 250 8 ¢ 858 0 8 83312 &
Juics Boiling— : : AT (R

Cost of fuel . . . e . P .a .. 66 5 8 83 2°8 88 1 9 4 010

Costof defecants . . . . Lo - B2 4 4 B2 4 4| 6911 3 6911 3
Molasses Boiling—-‘ ) -

Costoffuel . . . . . . o . 3 8 0 30 8 0| 4215 0 ©213 0
Potting Rab—— . - .

Cost of tins (proportionate depreciation) . . .- . 18611 § 112 8 o - 217 5 O . 150 0 0
Centrifugalling— '

Cost of oll, petrol and sundry stores . . " . 104 2 4 104 2 ¢ 14615 8 146 15 8
Depreciation of Machinery at 10 per cent. . . »e . 108 8 6 108 8 6 141 7 @ 141 7 @
Depresiation of Boiling Plant at 10 per cent. . . . 280 32 8 0 50 0 0} 60 0 O

' Torar . .. 820 7 5| 72314 0| 1,114 8 6| 97514 ¢

A
&
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(b) Other ezpenditure (excluding salaries and wages). Other
itemns of expenditure, like cost of fuel, clarifying material, tins,
oil, etc., and depreciation at 10 per cent. on machinery and boil-
ing pans are shown in Table XIX. The figures for total expendi-
ture (that is, including salaries and wages) are given in Table XX,
The cost of crushing 13,743°57 maunds cane (for both the processes)
comes to Rs. 626-8-3 plus Rs. 185-11-4 for wages or 11'35 pies per
maund. This is higher than usual. As there was a steam engine
available at site, this was used for driving the Cane Mill, coal being
used as fuel. Coal is expensive in these parts. A crude oil engine,
or better still, an electric motor worked by current from the hydro-
electric system, would have been cheaper. The steam engine used
was of 30 H.P., whilst the cane mills took only about 18 H.P.

This further increased the cost,

TasLe XX. .
Statement showing total Erpenditure including cost of Cane.
BHOPAL SYSTEM ROHBILEHAND SYSTEM
S%tial Particulars
o. -
Actual Normal Actual Normal
BRs.A.P.| RS. A.P.| Bs. A.P.| RS, A, P.
1 | Supervising Staft . . . . 9% 0 0 9 0 0 200 0 80 0 o
2 | Cane Crushing . . . . 34713 9 32010 9| 464 2 4| 43914 6
3 | Julce Boiling . . . .] 344 610} 27215 0] 30¢ 8 0] 260 .7 1
4 | Molasses Boiling . . . .} 158 2 8] 108 8 © 8011 0 8011 0O
5 { Potting of rabs . . . .| 16611 0] 122 8 O] 217 6 0] 150 0 O
6 | Centrifugalling . . . . 26610 41 26610 4] 304 8 0] 260 7 1
7 | Drying, Weighing, etec. of sugar . 3514 0 3514 0 » 4810 0 4810 0O
8 | Depreciation of Machinery . . 108 8 6 _108 8 6] 141 7 61 141 7 6
9 | Depreciation of Boiling Plant . 32 8 0 32 8 0 50 0 O 506 0.0 .
10 | Miscellaneous . . . 3012 0 3012 © 3012 0 3012 0
Totah - |1,581 {7 1}1,397 14 8 J1,69011 61,555 1 5
Cost of cane at A, 6 per Std. Md. . [2,222 8 92,222 8 912,931 4 38]2,931 4 35 -
GRAND TOTAL . 13,803 1510 {3,620 6 3 4,621 15 9 {4,486 5 8

With cane at six annas per maund and juice extraction of 63-91
per cent. and 6436 per cent. respectively for the Bhopal and
Robilkhand protesses, the cost of juice comes to Rs. 42-2-5 and

IT1-1-60 F
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Rs. 42-7-2 per Karda, or say an average of Rs. 42-4. For pur-’
Pposes of comparison, enquiries were made locally for the current
_rate of juice. It was ascertained that three zemindars in the
vicinity sold their juice ,at Rs. 48, Rs. 45 and Rs. 44 per Karda
respectively, giving an average of Rs. 45-11. It would appear
therefore that even though the crushing charges ior the tests were
high and the extraction of juice was not particularly good (with
efficient mills this should be about 68 per cent.), the juice supplied
‘to the experimental bels was cheaper than the currert market rate
- by Rs. 3-7 per karda. Due allowance should be made for this in
the figures for cost of production of sugar which are given later

"

2 ) R S
- For boiling juice to first rab, a large quantity of fuel in-addi-
~tion to the bagasse obtained from the cane crushed, was used.
This consisted of bagasse purchased from other neighbouring
khandsaris, cane trash and dry leaves of trees. The total cost of
this extra fuel was Rs. 230-11-6. The fuel was burnt in both the
- experimental bels and also in another Rohilkhand bel which was
worked non-experimentally. It was not possible to keep a record
" of the quantity burnt in each bel separately, but it could be seen
in a general way that all the three bels were taking extra fuel.
- For allocating the cost of additional fuel to the Bhopal and Rohil-
" khand bels an arbitrary basis has therefore been adopted. Out of
" the total sum of Rs. 230-11-6, a third (viz., Rs. 76-4-6) has been
charged to the non-experimental bel and the balance of Rs. 154-7
~ has been distributed between the two experimental bels in propor-
tion to the quantities of juice boiled in each. The cost of extra
fuel for the Bhopal and Rohilkhand bels calculated in this way
comes to Rs. 66-5-3 and Rs. 88-1-9 respectivelv. For the normal
- figures, half these amounts are taken, as the bels can be worked
Ionger under non-experimental conditions.

" For boiling molasses .to second rab, both bels used outside fuel
‘and the cost of this is shown in the statement (Table XIX). No
reduction in these figures is anticipated under normal non-experi-
mental conditions. ,
~ Tor potting rab empty kerosene oil lins were used. The life
of these tins has heen assumed to be two seasons, and cost of tins
 vequired has been calculated accordingly. For ‘“ normal » figures,
" half the cost of tins with which a khandsari can deal with the rab
resulting from the quantity of juice treated, has been taken as the
* hagis. o : ' ’
Depreciation on juice boiling pans and machinery has been al-
lowed at 10 per cent. No depreciation has been allowed on build-
ings, furnace, and other masonry work nor has any all.owance been
made for interest on working capital or remuneration of the
Manager or Proprietor. A v
In addition to the ifems covered by Table XX, fur.ther ex'pen'(li-
tvre amounting in the aggregate to Rs. 395-6 was incurred, but
‘this was of such’a nature that it had to be excluded ¥rom the cost

A
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accounts of these experiments. Partlcuhrs of this expenditure are
ziven in the statement in Table XXI.

TasLe XXI.
Statement showing certain Items of Ezpenditure actually mcurred
but not included in the cost of 'manufacture. i

_ Rs. A,
1. Pay of Chowkidars . . . - e 72 0

.
\

2. Pay of a man employed for sampling juice
and counting tins of juice supplied to the bels . 45 0

3. Lakour employed for weighing cane . . . 4014 .
4. Munshi for taking weight of cane . . . 60 O
5. Pay of store-keeper . . . . . . 67 8
6. Bhopal Centrifuger—Pay for January . . 250
7. Bhopal Bo:ler——Pay for January (for boiling - -

molasses) . 40 O~
8. Bhopal Mechanic—Pay for January ., . . 30 0‘
9. Bhopal Oilman—Pay for Janua.rjr .' . . 15

-

Total . . 395 6

This includes wages paid to watchmen and to mer emploved
for samplying juice, countmo tins, weighing cane and doing other
similar work 1n connection with the chemical control. As ehemical
control is never adopted in a khandsari, it will be incorrect to .
charge these items of expenditure to the cost of production of
sugar. Another item of expenditure which had to be left out of
the account of the experiments is the wages paid to four workmen
from Bhopal during the month of January, when the commence-
ment of the experiments was delayed owing to late arrival of some
of the equipment. . :

Receipts. The receipts from the sale of sugar and molasses by
the two processes are shown in, Table XXTII. The molasses pro-
duced by both processes feiched the same price—viz., Rs. 1-8 per:
standard maund. The sugars, however, were of different qualities
and fetched different prices. The first sugar of the Bhopal process
was inferior to the Rohilkhand first sugar, but the second “sugar"
of the former process was better in appearance than that of -the
latter. As the quantity of first sugar is proportionately much larger
than that of the second, the average price for the total quantity
of sugar produced by the two processes was Rs. 9-5-6 per standard

2
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maund for the Rohilkhand process and Rs. 9-1-8 for the Bhopal

. process.

o Tasre XXII. ¢

T - ‘. ! 3 . ' '
Statement showing Income obtained by Rohilkhand and Bhopal
R : ' Processes.

Sertal BHOPAL S‘YSTBM 4 ROHILKHAND SYSTEM

Ko. :

Particulars 1 Amount Particulars Amount
Bs. 4.P. Bs. A.P.

‘ \.1 Price of sugar I at Re. 84-8 pér 8,258 18»‘§ O | Price of sugar I at Rs. 86 per {8,903 183 &

- Palla(38localMds.)equivalent Palla (or Rs. 9-9-7 per 8td.
to Bs. 0-3-3 per Std. Md. Md.) ’

2 | Price )of Sugar IT at Re. 83 per.| 920 4 6 | Price of Sugar Il at Ra. 82 per ! 849 9 4
. ﬁ!:{l: (pr Rs. 8-12-9 per Std. | - . lr&ll;; (or Ra. 8-8-8 per 8td. | .

8 | Priceof final molasses at Re.1-8 | 853 13 7 | Price of final molasseaat Rs.1-8 | 553 10 4
-per Std. Md. per Std, Md. . ‘ .

. ToTaL . |4,54115 1 ‘ 5,307 1 1

. Profits. The working profit under the two systems is obtained
by_deducting the total expenditure from the total sale proceeds of
sugar and molasses. Figures for this are shown in Tabge XXTIII.
The total quantity of juice treated was 60-6 kardas by the Bhopal
gystem and 80-5 kardas by the other system. These are within the
 Himits of the usual capacity of an average khandsari. The profit
calculated per karda of juice (which is the basis of calculation
amongst khandsaris) is higher for the Bhopal process than for the
Rohilkhand process by Rs. 3-7 per karda actual and Rs. 31 per
karda normal, that is, by 43'5 per cent. and 30-4 per cent. respect-

. . TasLe XXIIT.
Statement showing Working Profits.
BHOPAL SYSTEM ROHIIEHAND SYSTEM
Paxticulars
Actual Normal Actual Normal
BS. A.P. RS. A. P, Bs. A.P. RS. A. P.

Total lnoomes‘ frou; Sagars and 454115 1 454115 1 5307 1 1 5,307 1 1
Molasses. :

Total expenditure inclading price of | 8,803 1510 3,620 6 3 462115 9 4,486 65 8

cana. . .
Net Profit . 73715 3 921 8 10 6385 1 4 82011 &

Weizght of jalce treated (Kardas) . 60-6 60-6 80-5 80-5

Yet profit per Karda of juice . 12:2 15-3 ‘85 10-2

- The total profit under the Bhopal system amounts to Rs. 737-15-3 '
“and under the Rohilkhand system to Rs. 685-1-4. Considering
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that nothing has been provided for the remuneration of the pro-
prietor or for interest on the money invested by him, the business
cannot be regarded as particularly lucrative.

Cost of Production. The cost of production of one maund of
sugar is calculated by deducting the sale proceeds of molasses from
the total expenditure (including the cost of cane) and dividing the
balance by the weight of sugar produced. The cost of sugar, cai-
culated in this manner, under the two systems and under actual
and normal conditions is shown in Table XXIV.: The cost per
maund, under actual experimental conditions is Rs. 7-8 for Bhopal
process and Rs. 8-0-6 for Rohilkhand process, and under normal
conditions Rs. 7-1-7 and Rs. 7-12-2 respectively.

TasLe XXIV. v
Statement showing cost per maund of sugar.

BHOPAL SYSTEM ROHILKEAND SYSTEM
Particulars ,

Actual Normal Actual Normal
RS. A.P. Rs. A.P. RBS. A.P. 23, AP
Tctal cost of production 3,803 15 10 3,620 6 3 462115 9| 4,488 5 8
DNeduct price of Final molasses . 353 13 7 353 13 7 553 10 4 553 10 4
Net expenses 3,450 2 3 3,266 8 8 4,068 5 5 3,932 11 4
Total sugar produced 459-81Mds. 459-81Mda. 506-5 Mds. 506-5 Mds.
Coast of sugar per Std. Ma. Bs.7 8 0 Bs.7 1 7 Rs.8 0 5 Bs.712 2

A detailed analysis of the cost of production is given in Table
XXV. In this table the cost for each sub-head is shown per
maund of sugar. It will be observed from these figures that the
expenses per maund of sugar for the two processes are approxi-
mately the same, being Rs. 3-6-11 for the Bhopal process and
Rs. 3-5-4 for Rohilkhand actuhls, and Rs. 3-0-6 and Rs. 3-1-1
normals. The difference in the total cost of production of sugar
is due mainly to the difference in the cost of raw material (cane)
per maund of sugar, which in turn is a result of the difference 1n
the recovery of sugar per cent. cane hetween the two processes. In
other words, this means that from the point of view of the fotal
working expenses the two processes are on an approximately equal
footing, the advantage in favour of the Bhopal process being due
only to the higher yield of sugar.
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g , TasrLe XXV, -
~dnalysis of cost of production per maund of sugar.
) BHOPAL ROHILKEARD
- . _Items of Cost ! -

i1 UV : Actual . Normal Actual Normal .
. AcEzpenses— . oo RS. A.P.| Bs. A.P.| BS. A.P.| RS. A. P
© . 1. Supervising Staff : - . . . .10 81 0 3 1 0 210 0 210
2, OapeCrushlng . . . - .1 012 2 011 6 014 8| 013 11
- » 8. Juice boiling .. . ., . . «} 012 0 0 9 6 0 9 7 0 8 8
¢ .7 de Molasses boiling < .. . . . 05 6 08 9 o 2 17 o 2 7
£ 6, Potting Rab - . . " . 05 8 0 4 3 0 611 0 4 9
"6, Contrifugalling . "~ ..~ .- . ", 0 9 8 0 9 3 0 8 4 0 8 4
7. Drying, Weighing, ete,ofsogar. . .{ 0 1 2 012 01 6 o186
.- 8. Depreciation of machinery e e 0 38 9 0 8 9 0 4 5 0 4 5
9. Doapreciating of Boiling plant . . 01 2 01 2 01 7 6 17
*10. Miscellaneous « ;. -4. o < . 011 0 11 0 o1l 0 011
T T POTAR . 8 611 6 T3 11

B. Raw material—" - S sos 55 4
_CostofcaneatBas.permd. . ~ . .}'' 413 b 413 6 512 7 512 7
7 ToTAL - . 8 4 4! 71311 9 111 813 8
Deduct price of Molasses at Rs. 1-8 per md. 012 4 012 4} 11 6 116
Net cost of 1 Md. Sugar . . . 78 0| 71 7] 8 05| 712 2

oI slgould,be pointed out, however, that the total working ex-
* penses, in respect of which the two processes have been shown to be
- equally good, include several iteins which have no direct connec-
~ tion with the efficiency of the processes under test. Items 1, 2, 8,
- 9 and 10 in Table XXV fall under this category and should not be
- taken into account in comparing the economic aspect of the two
.- processes. ; For this purpose the expenses on_juice boiling, molasses
boiling, potting rab, centrifugalling and drying and weighing of
sugar (that is, items 3, 4, 5, 6 and 7 of Table XXYV) should only be
taken into consideration. The totals for these items amount to
Rs. 2-1-8 per maund of sugar for the Bhopal system and Rs. 1-10-11
for Rohilkhand, actuals, and Rs. 1-11-11 and Rs. 1-9-5 respectively,
normals. The Rohilkhand system is therefore at a distinct advan-
tage from the point of view of the working costs. .
- Cost figures for individual manufacturing operations in the two
processes have been worked out separately and are shown in Table
XXVI. These comprise the cost of crushing one maund rcave
" (which is common to both processes), of boiling 100 maunds juice
to first rab, of boiling 100 maunds molasses to second rab, and of
- drying, weighing, etc., one maund of sugar. These figures show
that the Bhopal process is approximately 50 per cent. more expen-
sive than the Rohilkhand process in boiling juice to rab and the
cost of boiling molasses to second rab in the former is two to three
times of that in the latter process.

. TasLe XXVI.
Cost figures for individual operations in the two processes.
BHOPAL ROHILEHAND
Particulars ~
: Actual Normal Actual Normal -
Cost of exnshing eane (pies per md. of cane) 1127 | 1068 1140. 108
‘2. ((’:g;t of b:ﬂinzg juice to I Rab (Rs. per 9:09 798 895 517
B 1060 Mds, jnice). . »
3. Cost of boilinz Molasses to IT Rab (Rs. per 35-89 22.04 12-82 12-82
100 mAs, dilute mnlasses). .
4. Cost of machining T and I Rab (annas per 3-66 : 3.68 2.77 2.77
. of rab). : . )
5. Cmb“:;} gry'ing), weizhing, ete. of T and IX 1-16 1116 153 1-53
* " Sugar (annas per md. of sugar). - ! L .
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It would appear therefore, that whilst the Bhopal process givés
a higher yield of sugar, there is still considerable scope for lower-
ing the working costs.

Before leaving the subject of costs of production, reference may
be made to Table XXVII in which figures for an average Indian
factory have been given for comparison. These are %ased on
information contained in the Report of the Indian Tariff Board on
the Sugar Industry, which has recently been published.

TasLe XXVII. .
Cost of pypduction per maund of sugar in an average Indian

factory.
Rs. A. ».

1. Cane at As. 6 per maund . .- . . 4 27
2. Other raw materials (including sulphur, ﬁlter

cloth, eic.) . . . . . . . 020
3. Labour . . . . . . . . 08 0.
4. Power and fuel . . 01 3-
5. Supervision, office charges, etc. (1nclud1ng pay .

and travelling allowance of European and

Indian Supervising and Technical staffs, ‘

head office expenses, clerical estabhshment c

Directors’ and Auditors’ fees, etc.) o1n 3
6. Current repairs 070
7. Packing . . . . . . . ..0 2 9
8. Depreciation . . . . . . 0 80
9. Miscellaneous (including ’\Ianaamo- Agents’

commission at 7} per cent. on proﬁt) . . 010 0

Total . 7 410

Deduct for Molasses at Rs. 1-8 per maund at

. 4 per cent. on cane = . - 010 8
Net cost per maund of sugar . . . . 610 2
Nortes.

(i) This statement is based on figures given in Chapter V of the Report
of the Indian Toriff Board on the Sugar Industry.

(id) The price of cane usually paid by the factories is ahout As. S per
maund (including delivery charges), but as a price of As. 6 has been allowed
for cane at Bilari, the above statementihas also heen based on tbis price.

(iii) The above figures are for a factory crushing 13,00,000 maunds of
cane per season and yielding 9 per cent. sugar and 4 per cent molasses.

(iv) Interest on working capital has usually to be paid by factories, but
it has not been allowed in the above statement, as no prov1s1ou for this has
been made in the costs at Bilari.

(v) Ttem No. 5 (supervision and office charges) mcludes salanes of Manager
and other expert staff. Nothing has been provided in Bilari costs for these
An allowance of As. 4 to 6 per - maund w111 be necessary for this difference.
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"CHAPTER V.
CHF.MICAL CoNTROL DATA.

"~ System of Chemical Control. The system of chemical control
which.was prescribed in connection with these experiments is de-
_scribed in detail in Appendix B. Briefly, this contains instruc-

“tions regarding the methods to be adopted for determining quan-
tities, for sampling and analysing and for maintaining the

laboratory records. e ' ' v

*.~ 'The methods ‘ot sampling and analysis adopted at Bhopal during
the tests of February and March 1930 differ slightly from those

adopted at Bilari.. As these differences have an effect on the ana-

lytical data obtained in the two tests, a note indicating the differ-

“ences is given at the end of Appendix B. :

. Chemical Control Data. Daily and Weekly analytical and
control figures were systematically recorded throughout the season
in accordance with the prescribed system. It is not necessary,
‘nor is it possible, for want of space, to reproduce these figures in
~ full here. Tables XXVIII to XXXVI contain totals and averages
-of the more important items, for each week as well as for the
entire season, as per particulars given below:—

@) Weekly average figures for analysis of materials for Bhopal
, y ge g 1aly

-+ process (Table XXVIII) and Rohilkhand process (Table
- XXIX). : . : '

(b) Weekly average ﬁghrés for quantities of materials and
 yield percentages—for Bhopal process -(Table XXX)
and Rohilkhand process (Table XXXI).

‘ (c)"Ahalysis figures—whole season’s averages for the two pro-
- cesses (Table XXXII).

(d) Quantities and yields of material—whole season’s averages
for the two processes (Table XXXIII).

(¢) Account of sucrose recovered and lost—whole season’s ave-
_rages for the two processes (Table XXXIV).

(f) Brix account—whole season’s averages for the two processes

-~ (Table XXXYV).

(9) Invert Sugar account—whole season’s averages for the two
processes (Table XXXVI).. ‘

The tables are self-explanatory and hence a detailed discussion
of the chemical control data is not called for. Only the more
salient features of these are dealt with in the following paragraphs.

Cane. The cane crushed was of good quality throughout as
compared with the canes which Indian sugar factories have to
deal with. The sucrose content varied between 11-49 and 14-30
per cent., whilst fibre was between 1361 and 1546 per cent. (ex-
cluding one doubtful figure of 11'19 per cent. fibre). The average
for the season was 13-33 per cent? sucrose and 13-88 per cent. fibre.



Bhopal Process.—Weekly average figures for analysis of materials.

Tasrt XXVIII.

- | Serial No.

Average FIGURES FOR WEER ENDING
Particulars of Analysls for the
peasol, 251 1/2 8/2 15/2 22/2 1/3 8/8 15/3 22/3 29/3 5/¢ | 12/4 | 19/4

Cane— .

(a) Sucrose . .percent 13:83 . 12-25 11-49 o .o 13-25 18-67 13-17 13-89 14:00 14-80 .e .e

(b) Fibre . . » 13-88 . 15-46 | 14-72 . . 1887 | 1119 1361 1400 | 1441 | 1362 | .. .o
Bagasse— ) .

(a) Sucrose . L o» 8:85 .e 779 7-61 . ‘e 8:06 9-87 8-18 8-54 8:49 868 . .

(b) Molsture . ¢ . 51-02 - 48:47 | b56-65 s ‘e 6414 | 5758 | 5160 | 4825 | 4677 4984 | .. .
Juice—

(a) Sucrose . . » ' 1608 | 1517 | 14:82 | 1461 e . 1642 | 1602 |, 1588 | 1591 1689 | 17-28} .. .

(d) Brix . . 19008 | 17-83 1761 ] 1768 . . 1851} 1853 { 1887 | 1942 | 2022 2052 [; ..

(c) Purlty . . 84-85 | 8781 { 8418 | 82:63 . . 88:60 | 86-42 | 84'16 | 8191 | 8353 | 8421] .. .

(d) Invert Sugar , ,, 110 0-98 1-18 121 o ’e 056 074 0-81 1-84 1-16 125 | . .
I Rab—

(a) Sucrose . « 6983 | 70-6 70:0 6566 .e . 7000 | 70-00{ 70-00| 68-80] 708 72-0 . .

(d) Brix . « » 8703 | 83652 | 8425 8841 . . 8826 | 8810 | 8689 8062 | 9017 89:82] .. .

(¢) Purlty . e w 7042 | 84-62 | 83-00 | 7885 . . 7981 ] 7946| 8066 | 76-85| 7852 8061| .. .

(d) Invert Sugar . ‘ 781 7-28 7-68 9-72 . . 6:86 6201 662 8-08 878 788 .. ve
11 Rab— . o ' ,

(a) Sucrose . o« 52-63 . ve 504 we . 52:00 542, | . 534 524 51-2 52-00 | 55°6 .

26/4




“TaBLE’ ‘(XVIII—-(mncld)

Bhopal Procesé.;-T/Veekl y average figures for analysis of materials.’.

g Average " FIoURES JOR WEEK ENDING
- Particulars of Analysis for the - —
E | ' ‘ sosson o | yz | ez | wsi [eayz | ows | oss | ass | oexys | oeus | s | a2 10/4 | 26/ °
5 | I Rab—contd. _ R B _ ,
@) Brix . .peroent| 9089 | .. | .. | 805| .. | .. | sss2| ss26| o210| os72| ozes| o14sorez| .. | ..
() Purity . . 8810 | .. o | 02| L. . | e85 evar| sroz| sser| sss3| soseleosr| .. | ..
(@) Invert Sugar . , | 1674| .. v | 1388] .. . | wes| 18n| 1530 | 16| 1920 | 1320 |1e8a] .. | ..
6 | I Molasses (diluted)— ‘ R S T Y I B : t
(a) Suorosa . . w0l . . a265 | .. o | 4282 aese| a0 4500 | 4164 ae01ieeno) .. | ..
@Bix .., fores| L L orem| .o | . | meer| ms| mae] 7eor| 7sas| 7seo [mas| .. | ..
(@ Purlty . . , so67 | .. . 6o81| .. | b909| e277| eoea| se9s| s520| 6306230 | .. | ..
(@) Invert Sugar ., 1321 . . 1227 . . 1309 | 1105 § 1199 | 1224} 1599 | 1390 1311] .. o
7 | Final Malanea—- . : ' ) .
-1 “(a) Sucrose . . . 8364 | .. . . . 840 | .. s280 | .. 36-40 | 30-0 |33-2 |s3:80 |33-00
G Brix . ., 8560 | .. .- . .e s151{ .. 8363 .. 86-69 |  83-65 |80-¢1 |85-85 |86:19
() Pwrity . . 8026 | .. B . .- an| .. 3027 | . 4100 | 4400 {38-42 |38-21 |38:20
(@) Invert 8ugar . 2338 | . . . . 2183 | .. 240 . 2133 | 2021 [2258 [23-00 | 2560
8 | First Sugar— !
(a) Sucrose . . pe4 | .. . 052 | .. . 960 | 080 | or4 | 962 | 966 | 967 jore | .. | ..
() Molsture . ., 081 | .. . 12 . o50| o40f os0| oso| eso]| osofoe| .. | . -
9 | Second Sugar-— ' ‘
(a) Sucrose . . » 0952 . . . . o 970 . 96-2 060 060 064 |96-0 {946 |03-6
(b) Molsture . . 068 | .. .- . .- . o8 | .. o50| 120| o40| o4 |05 |06 | 00
10 | Scum—
Sucrose " 1410 1482 | 1416 13909] .. - 18| 1512) 1584 1375) 1261 1e18f .. | .. ) ..




TapLe XXIX,
Rohilkhand Process.— Weekly average figures for analysis of materials.

" l Se;'ial No.

FIGURES FOR WEEK ENDING

Particulars of Analysis %ov: ?iﬁae

season | 95/1 1/2 82 | 152 | 22/2 1/3 8/8 | 15/3 | 22/38 | 20/3 6/4 | 12/4 | 19/4 | 26/4
Cane—
(a) Sucrose . Percent| 13-37 .e 12-25 11:49 . . 13:25 13-67 1317 13-89 14-06 14:30 .e .e .e
(b) Fibre . . 13-88 .. ‘1546 | 1472 .. . 13-87 | 11-19| 13-61| 14-00 | 1441 1862 .. . e
Bagasse~—
(@) Sucrose . . 885 " 779 761 .. . 8-06 9-87 818 | 854 8-49 853 | .. . .
(b) Molsture . .. 5102 | .. 4847 | 5665 | .. - p4-14] 5758 5150 | 4825 | 4677 49841 .. . o
Juice— .
(a) Sucrose . . 16-08 | 1557 | 1482 14:61 - . 1642 | 1602} 1588| 1591] 1488 | 1728 .. . .
(&) Brix C e 19.08 | 1783 | 1761| 17-68 . . 1851 | 1853 | 18-87 1942 | 2023| 2062 .. . .
(©) Purtlty . .+ » 8481 | 8731 | 8418| 8263} .. . 8s-60 | 86-42| 8416 8191 8353 8421 .. v e
(d) Invert Bugar . 101 0-93 1-15 21| .. . 055 074 0-81 1-84 116 125 .. . ‘e
I Rab— | : _
(@) Bucrose . . 6059 | 6913 | 6720 6780, .. . 7040 | 7040 | 70-20| 6720 | 7140 | 71460 .. . .
(b) Brix . e 80-02 | 8300 | 8633 | 8473 . 8882 | 8633 | 8914 | s987| 9007 | 00:72| .. - .
(¢) Purlty . . 7817 | 8241 | 77-84( 8002] . . 7926 | 8155| 7878 | 7519 7878 | 7892} .. . e
(d) Invert Sugar . 822 819 9:36 984 | .. . .7:38 629 | - 698 9-30 914 776 | .. -
II Rab— ' :
(a) Sucrose . . 59-57 . " 510 440 . 49-2 5320 [ 5240 | 488 398 508 |504 | .. e
(b) Brix v 90-08 . . 8696 | 8505 | .. 0083 | 89-30| 89-38 | 9074 | 0o1:64| 9098 (9001 [ .. e
(¢) Purty . ~ . 66-15 .. . 5864 | 5174 | .. 5417 | 5952 | 5863} B53-78 | 4348 558355901 .. .
(d) Invert Sugar - . . 1828 [ 1020 .. 2075 | - 1600 | 1508 | 1020 2021 1045 [2021| .. | .

1870

(=r



'ILABLE XXIX—-(comld )

Rokilkhand Process—~Weekly average figures for analyus of materzala. T

Sucrose

zt:“ » | Average lemns FOB WEEK ENDING
3 Partioculars of Analysls +for the- ' ‘ - - -
k| season | g5/1 | /2 | 8/2 | 152 |23 | s .| &8 | 153 | 228 | 20/3 | o4 | 12/4 | 19/¢ | 26/4
6 } I Molasses (dlluted)— , : 1 :
() Sucrose . . percemt.| 43:48| .. . 4252 33-_0 . 3980 | 4508 | «363| dees] azs5) 4207|620 .. | ..
®Brix . . | | .. nee| T404| . 6041 | 7320| 7808 778 | 7509 ] 705 7024) .. | ..
@Purlty . . u 6885 | .. o | so0| 27| .. 5744 | o145| bso12| o786 | bedo| sraafsesr) .. | ..
(@) Tnvert Bugar . 4 1402} .. . 1368 | 1588 ) .. 1406 | 1285 | 1264 | 1874 | 1494 | 148¢[1485] .. |- ..
7 | Final Molasses— ‘ -
(a) Bucrose . 8314 | .. . . . . 3100 | 2760 | 8440 3600 | 8520 [360 |20 [85:0 »
@B . . om 8383 | .. v “ . - . 80-89 | 6855 | 8543 | 8488 | 8005 |85-85 8544 |8477
@Pulty . . u 8963 | .. . . . . 8832 | «o26 | ¢o027| «241| ¢348 |4061 |37.45 |41-20
(@) Tovert Bugar . 2806 | .. . . S B - 2309 | 1969 | 21:83| 21-83 | 20.21 |22:68 |23-27 |25-60
" 8| I Sugar—
(a) Sucrose . . o 9702 | .. v o760 | 970 | .. 0720 |- 070 | o068 | 9062 | 970 | opeeofos0 | .. | ..
(b)) Molsture . . u oss| .. . ose| os0f| .. o25| o4 os0] o0so| oeo| oe|o2| .. | ..
k 9 | II Sugar—
(a) Bucrase . < u 9546 | .. . . . . . 9640 | 0500 | 0560 06-20| 94-20 |93-20 |05-20 {950
() Molsture . . ., 057 ]. . . . . .- . o60| o40| o40] oes| os0| 10 | 060| 00
10 | Scum— .
. e m 1508) 1806| 145 | 1470 .. . 1420] 1579] 162! 1505) 1516 1505) .. | .. | .o




_ TasLe XXX,
Bhopal Process.—Weekly quantities and yield percentages.

] Serial No,

Average * FIGURES FOB WBER ENDING
Particulars and total :
for the ——
80ason 25/1 1/2 8/2 15/2 | 222 | 1/3 8/8 15/8 22/3 | 29/3 5/4 | 12/4 | 1974 204
1l
Quantitics— .
(@) Camo . . . Mds, | 592554 | 30181 | 453-10 | 859:556 | .. .o | 839-31| 461-06 | 002:02 [1,138-71 [1,105+48 | 80075 | .. | .. | ..
() Juice . . . , | 878820 | 21175 | sse-08 | 203-20 | .. .- | 52024 | 208:36 | 58254 | 746:60 | 73527 | 20427 | .. | .. | ..
()TRab. . . , 80275 | 4486 5772 | 4360 .. .o | 10773 | 59-88 | 12084 | 16015 { 16262 | 4585 | .. | .. | ..
(@ITRad . . sel41 | .. . 26761 .. . 3601 | 59-07| 25563 28-08] 5514 ] 0173 [ss190] .. | ..
(&) ISugar . . o, 35428 | .. o 32:09 | .. . 8278 | 6722 2502 2369 5282 8262 (4209 .. | ., -
¥
(f) 1T Sugar . e 10560 | - .. .e e . . 658 .o 7-09 8-49 14-89 810 |15-64 [36-20 |18.72 [l
(9) Total Sugar . o | 45083 .. . 8209 | .. .o | 8988 | 5722 | 8301 | 8218 6751 | 8572 (57-73 |36:20 {1872
(») I Molasses (diluted) ,, | 44693 | .. . 8414 | .. .o | 4680 | 7266 | 8185 | 8422 6034 | 11268 4720 .. | ..
(¢) Final Molasses , ,, - 235-90 . .. . . . 18-80 . 17.03 805 | 2059 6:65 [34-40 |82-72 | 3888
() Seum . . ., 8033 | 480 58| 203 .. . 812 | 635 | 12008 2175 | 2158 | 579 .. | .. | ..
-
Eficiency—Cane Crushing— ‘
(a) Julce per cent, cane . 63-93 § 5856 | 6314 | 656-51 . 6198 | 6471 | e458| 6586 | ee52| eses| ..
(b) Sucrose In julce per cent, " 7768 ve 7601 | 7229 . . 70837 7688 | 7800 7822 | 7944 | 7960 .. . .
sucrose In cane. . X .

N



Bhopal Process.-——-—Weekly guantztzes and yzeld peroentages.f

TasLE. XX X—(concld.) -

w |Berisl No.

A‘(Tleia%:l FIGUBEB IOE WEEK ENDIKG _' « .
“and to : x
Pastioulars for the — T — - 1. ; .
season |- og5/1 172 | &2 15/2 |22/ 18 8/3 [-15/3 22/8 20/3 6l4 12/4 | 10/4 | 26/4
Eficiency—Juice Boiling— - . , . ‘ O :
(2) I Rab per cent. cane 18-53 1241 1274 | 1298| .. . 1284 | 1200 | 18:40 1418 ] 17t ] 1460 .., . .
(%) I Rab per cent. Julce . 2110 | 2119 | 2018} 2146 | .. | . [ 2071 2007| 2074] 2145 2212 2220} oo | o0 | a0
(c) Sucrosein I Rab per cent. 9186 98-78 | 9417 | 06-83 ve o | 8882 8790| ‘ore5] o270 o272) o287 . . o
sucrose in juice, S : A DR TR : o ’ :
| Efficiency—Molasses Boiling— : S - :
(a) II Rab per cent. I Molas- 80-06 . . 78-88 . . 8148 81-80 | "~ 81-44 82'06 79-62 8144 18076 | . |: ..
\ ) B .
(b) Sucrose In IT Rab per 96:40 . . 0064 o - 100-10 0828 | {9720 94-80 97:86 94-31 [05-72 we .e
: cent. sucrose in I Mo- . . . :
lasses, "
E’ﬁcmwy-—l Suaar Curin
and Drying— ? . )
(@) I Sugar per cent. I Rab 44-11 e . 4727 .e . - 4187 44011 44671 4620 44-18 42:30 {4600 | .. .e
- (B) Suoroto in T Sugar pet 61-03 . .. 63:92 .. .. 59:50 6035 6215 6349 61-68 5845 |65-10 . .e
cent. sucrose in I Rab. , -
Y ‘
Efficiency—1IT s
ﬁ}md Iv;ym’w_‘ftgar Curing | ‘
(a) 11 Sugsfrper‘"ge'nt II Rab 2000 | .. . . . e | 2a80| .. 2810 | 29-88 | 80-38 | - 2019 |20-19 |20-28 [30-63
() Sucrose In II Bugar per 51-94 .o . . .o o 47-39 . 52:00 55-16 53:70 51-00 | 52-08 | 53-63 {5270
cent. suorose in II Rad. X . ,
‘a 2“:._ ¢
A

0L



TasLe XXXI,
Rokilkhand Process.—Weckly quantities and yicld percentages.

| seriat No.

Average FIGURES FOR WELK ENDING
Particulars milgr tt’“l’)te“l
season 25/1 1/2 8/2 15/2 | 222 18 8/3 15/8 2¢/3 20/3 5/4 | 12/4 | 10/4 | 26/4
Quantities—
(a) Cune . . . Mds. | 7,810-61 | 534-71 | 430-03 | 860-90 . «o [1,146-12 | 728-04 {1,247-08 [1,604-78 |1,815-10 | 45400 | .. . .
(b) Julce . . .« » 5,081:01 | 838-07 | 27262 | 208-87 e . 711-97 | 468-13 | 806-36 [1,066-60 | 873-04 | 20046 | .. . .
(¢) I Rab . . . » 1,020:57 66-87 | 5208 | 41-67 . . 142-06 03-82 | 103-43 | 216-70 | 18178 | 6226 .. o e s
(d) II Rab . . 405-63 . o 29-88 1825 | .. 88-:07 80-05| 74-74¢| 7798 4879 92-55 | 86-92| .. .
(¢) I Bugar . o 406-49 . . 2717 | 1089 .. 26-44 | 8578 7-09 7-07 86-52 74-87 | 16:168| .. .
(f) 1I Sugar . P 09-88 . . R e 1-95 6-81 7-19 6-68 2-04 | 14-20| 87.2823-46
(g) Total Sugar « 506-87 . . 2717 1080 .. 26-44 8778 | 1840 | 14.26 | 438-07 77-81 | 90-86| 87-28 {23-46
(%) I Molagses (dlluted) ,, © 620-12 . . 88-38 1669 | .. 4262 | 47864 | 00-67 08-63 | 61-18 { 117-66 (100-70} .. .
(i) Fipal Molasses . ,, - 86812 o . . . . . 608 | 2760 | 8585 | 2100 10-756 | 44-78(138-52|82-79
() 8cum . . . 120-78 6-05 5-15 8-40 . . 138 | 1026 | 1825 8057 | 24-86 844 | .. . .

Eficiency—Cane Orushing— ' ‘ l
(a) Julce pér cent, cane . 64-36 63-43 63-36 | 66-50 . o 62:00 | 64-67 64:66 | €585 | 6680 | 6506 | .. .- ve
(b) Sucrose in juice per eent. 7778 o 7626 | 7143 . . 7685 7672 | 7798 | 7822 | BOOS| 7974 .. . .

sucrose in cane. : :

Efficiency~Juice Boiling— '
() I Rab per cent. cane . 13:06 | 1241} 1208 | 1156 . . 12-44 12:89 | 181t 18-51 18-82 1871} .. . .
(b) I Rab per cent. julce . 20-29 19-57 1008 | 20-47 . . 20-15 1008 | 2027 | 2052 2082| 2079 | .. . .
(c) Sucrosein I Rab percent. 8718 88:80 87-84 9488 . . 86:06 87-51 8941 36-71 88:08 8618 .. . .

stcrose in julce. q [ )

1L



. TABLE XXXI——concld
Rohzlkhand Prooess.—-Weekly quantities and yield percentages. |

S

2. A‘('lert%%:l I’mms ¥OR WEEK ENDING. v
‘ an
4 Particulars for the , —r ' . .
‘ % sea.eon 25/1 1/2 8/2 15/2 1 22/2 | - 1/8 8/3 , 15[8‘ 22/3 29/8 | b/4 12/4 } 19/4 | 26/4¢ -
Efficiency~Molasses Boiling—| : ' \ . : N A -
(e) 11 .Rab per cent. I Molas- 78-78 . - . 7772 7980 ) .. 7750 | 8214 7781 7807 79}75_‘ 78-66 | 7928} .. .e
(b) Bucrose in II Rab per 89-58 . .. 0167 | 8956 | .. 95:76 | 0701 | 0284 | 8685 | 7405| 02088334 .. .
cent. sucrose In I Mo« , . ) : -
lasses,
L3
Efficiency-—~I Sugar Curing
and Drying—— g .
(a) I Bugar per cent. I Rad 89-88 . e 40-94 8868 | .. 8881 | 4288 89-60 | 8884 88-52 80-56 | 40-7¢] .. .
(d) Sucrose in I Sugar per 64:81 . e 6780 | 65841 .. 6582 | 5883 | bB444| 5365 | bB4-T4 B5-80 | 55-87] .. .
. cent.gucrose in I Rab, ) .
6 | Efficiency—~II Sugar Curing ’
ﬂ;ind Drying— . .
(a) II Bugar per cent. II Rabd 20-15 . v . . . . 21-67 1879 | 16-45 2305 21-32 | 23-33] 19-50 | 2039
(b) Bucrose In IT Sugar 38-87 v . .o . . .o 41-21 87-00 81:34 £1-68 88-33 | 41-44}89°35| 3837
cent. sucrose in IT ab

oL
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TasLe XXXII. :
Analysis figures—1Whole season’s average for Bhopal and Rohilkhand
processes. o
S. No.  Particulars of analysis Bhopal Rohilkhand
1, Cane—
(a) Sucrose e+« .« e . 13383 - 13:37
(b) Fibre . . . . . . 138 - 1388
2. Bagasse— » o
(a) Sucrose . . . . . . 835 835
(V) Moisture . . . . . 5102 51-02
3. Juice— . ,
(a) Sucrose . . e e s . 1608 1608
(b) Brix . . . . . 1908 1908
(c) Purity . . . . . . 84:35 o 84-31
(d) Invert Sugar . . . . . 110 - 101
4. 1 Rab— | ' | .
(a) Sucrose . . . . . . 69-83 69-69
(b) Brix . . . . . . 8793 89-02
(¢) Purity . o e . . . 7942 7817
(d) Invert Sugar . . . . . 781 8-22
5. 1I Rab— ‘ '
(a) Sucrose . . . . . . 5263 59-57
(b) Brix - . . . . . . 9059 . . 9006
(¢) Purity . .« . . . 5810 6615
(d) Invert Sugar . . N . 1674 18-70
6. I Molasses (diluted)— S |
(a) Sucrose . . . . . . 4420 4348
(b) Brix . . . . . . . 7408 7451
(¢) Purity . . . . . 5967 5825
(d) Invert Sugar . . . . . 1321 | 14-02
7. Final Molasses— ,
(a) Sucrose . . . . . . 3364 3314
(b) Brix . . . . . . . 8509 - 8383
(¢) Purity . . . . . 3926 - 3953 -
(d) Invert Sugar . . . . . 2338 23-06
8. I Sugar— &
(a) Sucrose . . . . . . 944 9702 *~
(b) Moisture . . . . . 051 0-38
9. 1I Sugar— .
(a) Sucrose . . . . . . 952 95:46
(b) Moisture . . . . . 066 057
10. Scum— '
Sucrose . . e . . .« 1420 1508

111-1-60 | . G
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"Tapte XXXIII.

'Juanmws and yzelds of materials.—Whole season’s avetages for Bhopti
and Rohilkhand processes.
8, No.  Particulars - ' Bhopal Robilkhand

1. Quantity— . . ,
(a) Cane . . . . Mds. 6,925-54 7,816 61
(b) Juice . . . 5y 3,78329 5,031:01
(¢) Wet bagasse (ca.lcnxated) . 3 2,137:25 2,785-60
(d) Dry bagasse (calculatal) . ,, 1,046:83 1,364'39
"(e) I Radb . . e, e e s 802-75 1,020-57 .

~(H II Rad . N 361-41 495-63
(9) I Sugar P e T » 354-23 406-49
(k) II Sugar . . b . 10560 - 9988
(i) Total Sugar . o e g 459-83 650637
@M1 Molasses (dlluted) L e 3y 44693 629-12
- (k) Final Molasses . « e 235-90 368-12
(D) Scum . . « s . 3 8933 120:78
2. Yields per 100 C’anc—- o . :
(a) Jmce . . . ‘. . « 63'94 64'36
(b) Wet bagasse . . . . 36-06 3563
(¢) Dry bagasse . . . S 17-66- 1744
(dy 1. Rab S e e s S 1354 13-05
- (e) II Rad . . . . .6-09 634
(/) I Sugar . e . . . 597 520
~(g) IT Sugar . . . a7 . 1-78 1-27
(k) Total Sugar - .- . . . 7-76 6-47
(@) I Molasses (diluted) . . 764 8-04
() Final ‘Molasses . . . . 398 470
(k) Scum .. . . . . 1-50 1:54
3 Yields per 100 Juice-—
(@) Wet bagasse = . 56-41 5536
(b} Dry bagasse . 27-66 271
(c) I Rab . . 21-1 20-27
‘(d)II Rab .. . . . . 96 9-85
(¢) I Sugar . . s . . 9-35 808
() II Sugar . . . . . 279 198
(g) Total Sugar . 12-14 10-07
I Molasses (dlluted) . 11-8 1261
(i) Final Molasses Te e . 623 7°33
@G) Scam . . . . . ‘ 2-36 2:-40
4. Yields per 100 Rab—
- (@) I Bugar % I Rab 44-12 39-82
(b) II Sugar % II Rab . 29-22 2015
() I Molasses (diluted) % I Rab 5585 61-64
(d) Final Molasses %II Rab 65-29 743
5. Efficiency—Cane Crushing—
Sucrose in Juice % sucrose in cane . 7726 77-42
0. Efficiency—Juice boiling—
Sucrose in I Rab % sucrose in juice . 91-86 87-78
7. Efficiency—Molasses boiling— ‘
Sucrose in 1II Rab % sucrose in
I Molasses . . . 96-40 8968
8. Eﬁ’iclency—I Sugar C’m*mg & Drymg—
Bucrose in I Sugar %sucrose in I Eab 61-:03 54-81

9. Efficiency—II Sugar euring & Drying— .
ucrose in II Sugar % in II Rab . 51-94 3887
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Bagasse. The sucrose in bagasse was low in the beginning of
the season when cane contained less sucrose but gradually increased
towards the end of the season. Xor four weeks the ciushing was
particularly bad and during this period the moisture in bagassé
varied between 51'50 and 57-58 per cent., the sucrose going up to
937 per cent. The mill was re-set and the efficiency increased,
the moisture in bagasse going down to 46'77 per cent. The average
sucrose and moisture content for the season were 8-35 and 51-02
per cent. respectively.

The quantity of bagasse (undried) produced, average for the
season, was 36-06 and 35-63 per 100 cane respectively fur the Bhopal
and Rohilkhand processes. Allowing for the moisture content of
01-02 per cent., the corresponding quantities of dry bagasse are
17-66 and 17-44 per 100 cane. The extraction of juice per 100
cane for the two processes was 63-94 and 64-36. From these figured
can be calculated the ratio:— o '

Weight of juice per 100 cane. .
Weight of dry bagasse per 100 cane. '

The importance of this juice-bagasse ratio lies in determining
whether the bagasse available is sufficient for boiling the con-
comitant quantity of juice or not. The values of the juice-bagasse
ratio (average for the season) for the Bhopal and Rohilkhand
processes are 3'62 and 3-69 respectively. : h

A distinction should, howev’er, be made here between bagasee
absolutely free from moisture (as assumed above) and the ordinary
sun-dried bagasse as actually burnt. Some fuel tests were made
towards the end of the season, the results of which are ‘described
in Chapter VI. The moisture content of sun-dried bagasse was
determined in connection with these tests and was found-{fo be.
about 4 per cent. The ratio of juice to sun-dried bagasse calculated
on this basis, average for the entire season comes to 3-48 and

3:54 respectively for the Bhopal and Rohilkhand bels.

- Juice. Excepting when the cane was for some reason not
crushed soon after cutting (which happened on several occasions
~ owing to bad weather or shortage of labour), the juice was always

of high purity, the highest weekly average being 88-69. The
experiments were, in fact, conducted with fully mature cane
throughout and due allowance should be made for this fact in
considering the high yield of sugar obtained.

The invert sugar content of the juice was unusuz}lly high, the
dverage for the season being 1-10 per cent. This is due partly
to cane getting stale, but the principal reason appears to be over
manuring of the cane. A high invert sugar content is much more
detrimental to good recovery of sugar by the open pan process than
by the vacuum pan process, s invert sugar is rapidly decomposed
at the high temperature to which juice is heated in direct fired pans.

First rab.. The average brix of the first rab produced by the
. Bhopal and Rohilkhand processes was 87-93 and 89-02 respectively.

a2
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The Rohilkhand rab was, in other words, made of a higher con-
centration.. This is not conducive to good crystallisation and is
partly responsible for the lower yield of sugar from it. The sugar
- recovered from Bhopal and R {ilkhand rabs amounted to 44'12
and 39-82 per 100 parts of rab respectively.

~ The average purities of the Bhopal and Rohilkhand rabs were
79-42 and 7817 respectively, the drop in purity from juice to rab
amounting to 4'93 and 6°14 points respectively. This indicates the
- comparative inefficiency of the Rohilkhand process of clarification
and boiling. It may be mentioned that in sugar factories there
is always a rise of purity from juice to syrup and massecuite, the
~ exact amount of rise depending on the clarification process adopted
and on the extent to which clarification has been effective.
The amount of sugar which can theoretically be recovered from
that present in the rab depends on the purities of 'the rab, the result-
- -ing sugar and the molasses obtained from that rab. The available
sugar can be computed by the following formula® (in the deduction
gf‘v;hi_cl; the only postulate required is that there is no loss of
L e o ‘ ’ (j m)
"™ Available sucrose per cent.=100x Tlo—m)

where 8, j, and m are purities of sugar, rab and molasses
respectively. - ' ‘

- It is obvious from this formula that a drop in the purity of
rab lowers the proportion of sugar recoverable from it. In this
respect the Rohilkhand rab is inferior to the Bhopal rab, the latter
being however at a considerable disadvantage as compared with a
factory massecuite, the purity of which, as explained already, is

higher than that of juice. -
 Reverting to the average figures for analysis of rab, it is ob-
served that the Bhopal and Rohilkhand rabs contain 7-81 and

822 per cent. invert sugar respectively, whilst the invert sugar
present in the juice treated by the two processes was 1'10 and
1-01 per cent. respectively. The larger increase in invert sugar
in the Rohilkhand rab shows that much more inversion takes place
in that process as compared with the Bhopal process.

Second rab. The remarks made above regarding first rab apply
to a great extent also to the second rab produced by the two pro-
cesses. The higher percentage of invert sugar in second rab
made by the Rohilkhand process again points to more inversien as
compared with the Bhopal process.

A noticeable feature of the Rohilkhand second rab is its high
purity as compared with the purity of the Molasses from which

" it was boiled and also with the purity of the Bhopal Second rab.
This shows that the process of clarification adopted in making
Rchilkhand second rab was superior to that in the Bhopal process.
~ Owing however to ‘defective boiling and the presence of too much
invert sugar, the formation of crystals was not satisfactory with
the result that in spite of the higher purity of the rab, the yield

* See ‘¢ Cane Sugar ”’ by Noel Deerr, 1921, page 556.
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of second sugar was lower in the Rohilkhand process than in
the other one. : '

First Molasses (diluted). There is no special feature in con-
nection with the first molasses produced by the two processes. .
The slightly lower purity of the Rohilkhand molasses is due to
the higher concentration of the first rab from which it is obtained,
but this gain is more than counterbalanced by the much larger
quantity (12'51 per cent. on juice) of molasses produced as com- '
pared with that for the Bhopal process (11:80 per cent. on juice).

Final Molasses. The composition of the final molasses pro-
duced by the two processes is also very similar, the average figures
for the Bhopal and Rohilkhand processes respectively being 39-26
and 39-63 for purity and 23-38 and 23°06 for invert sugar. ,

Sugar. The first and second sugars produced by the Bhopal
process are both chemically of a lower quality than those made
by the other process. This is particularly.the case with the first
sugar (which forms the major portion of the total output). The
percentages of sucrose and moisture (average for the season) in
the Bhopal process first sugar are 94-4 and 0-51 as against 97-02
and 0'38 in the Rohilkhand process sugar. The colour of the fcrmer
sugar (which forms the major portion of the total output., The
fetched a lower price. The higher moisture content also involves
- risk of deterioration of sugar on storage specially during the damp
monsoon months. Tf the Bhopal sugar had been sufficiently washed
in the centrifugal for improving its quality to the standard of
" Rohilkhand sugar, the recovery of sugar would have been reduced
by much more than the difference between the polarizations of the
lwn sugars as the loss of crystal sugar by solution is particularly
high during the finishing stages of the washing operation. This
is a point which has an important bearing on the comparative -
merits of the Bhopal and Rohilkhand processes of juice boiling,
is the additional yield of sugar due to insufficient washing in the
centrifugals has nothing to do with the efficiency of the boiling

rocess. ;

P The second sugar made hv the Bhopal process was chemically
of lower quality to the Rohilkhand sugar. the percentage of sucrose

and moisture being 952 and 0-66 for the former and 95-46. and
0-57 for the latter. The colour of the Bhopal second sugar was;
however, superior to that of the Rohilkhand sugar. The explana-
tion for this anomalv lies in the fact that on acecount of greater -
charring during the process of boiling second rab by the Rohii-
khand process. the molasses adhering to the crystals has a darker
eolour, so much so that even thoughi\a smaller quantity ¢f molasses
adheres to the crvstals in the case of Rohilkhand suear (as evi- -
denced by the higher sucrose and lower moisture) the deterioration
of colour is more than in the case of the Bhopal second sugar.

Comparing Bhopal second sugar with the first sugar made by
the same nrocess it is observed that {contrary to the case of the
second and first snears of the Rohilkhand process) the nolariza-
tion of the former is hicher althonch the enlour 1s slightlvy inferior.
The explanation for this is similar to that given above for the
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difference in colour between the second sugar made by the tweo
processes. The enveloping film of molasses in the case of the
Bhopal ‘second sugar, though less in' quantity than in the first
sugar (as shown by the higher polarization), is of a darker colour
owing to more caramelization in boiling second rab.

Scum. The averuge sucrose content of scum cbtained from the
juice boiling bels of the Bhopal and Rohilkhand processes was 14-10
and 15-08 per cent. respectively, the corresponding figures for the
quantity produced being 2-36 and 2-40 per cent. on juice. Im
both these respects the Rohilkhand process compares unfavourably
with the Bhopal process. If the scum had been washed and allowed
$o drain more, better results could easily-have been obtained.
- Efficiency Factors. In Table XXXIII are given, in a compara-
five form for the two processes, the figures for efficiency for each
of the five operations: cane crushing, juice boiling, molasses boil-
ing, first sugar curing and drying and second sugar curing and
drying. Excepting for cane crushing (which has no connection
with the process under test), the Bhopal process shows higher effi-
cigney throughout.: = ' : ‘ .

" TABLE XXXIV.

: Acéqunt'of suorose recovered and lost.—Whole season’s averages for Bhopal
| o .7 .and Rohilkhand processes. ‘

LR .o z

.Per 100 sucrose in cane | Per 100 sucrose in juice

-~ Particulars ¢ — _
-7 % Bhopal | Rohilkhand | - Bhopal | Rchilkhand

x;

&

" . Sucrose recovered—

" 1. InTSagar.. .| . 4233.] . 3173 5479 go14
"y, 2. InTI Sugar ., 1273 | 912 )6:47 178
" Total recovered . 5508 46-85 71:26 60°52
B Sucrose lost— s e ;
1, Ip bagasse . A 22-74 22-58 — —_
2. InSeum .0 . 164 1475 1-99 223
8. During. - boiling| ™ '

juice to 1 Rabd
(excluding  loss : w o
in Scum) . . . 474 772 615 9-97
4. During ~ boiling '
" Molasses to 1I ‘ .
Rab - . 091} 2:70 119 349
5. During -machining |
’ and drying -]
, Sugar . . 3:62 405 469 523
6. Durieg wmachining :
and drying II| N
. Sugar . 135 .- 268 171 346
7. In final molasses . 1004 - 187, 13-00 1508

Total lest .| 4404 " 5315 2874 3948
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TABLE - XXXV.
8riz Account.—Wkole S€aSon’s . ﬁgures for Bkopal and- Rohukhand
processes.
Particulars » Bhopal ° _Rolii!k_hand ,
A. Total Brix present in— N T I
1 Juice . . . . Mds. 72209 85971
.1 Rab . . . . . ., 70580 908-52
3.ILRab . . . . ., .33  4eH
4. X Molasses . . . . , 33108 46874
5. Final molasses . . . , 20204 30860
6. I Sugar- . . . . . 5 35242 404-95
7.108ugar . . . . ., 10500 . 9932

——— epemm———

B. Brix recovered—
' Per 100 B'm: in juice.

1. In I Sugar . . . . . 48-7& : 42 19
2. In II Sugar . . . . . 1452 1085
8. In Final molasses . . . . 2802 3215
Total recovered . 9128 8969
O. Brix lost— T ]
1. During bmlmg juice to-I Rab (1n~ - :
cluding loss in scum) . . 2-39 5-36
2. During boiling molasses to IT Rab . . 0-52 2-33
3. During machining and drying I - | ‘
Sugar . . . . . . 3-00 3-62
4. During machlmng and drying II : :
Sugar .., . 281 4-00
Total lost . 872 15-31
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Invert sugar account ——TWhole season’s ftgures Jor Bhopal and
| Rahdkhand processes.

‘«Parhcnla.r- . Bhopl  Rohilkhand

A Immrt Sugar prcsent in—

1. Juice Govoe e e Mds 38w 50-93
2. 1 'Rab ".« Lo, eer 83-98
3. I Rab S 6049 92-66
4. 1 Molasses L. L0, s0s 8322
‘iv5. Fﬂ.‘a_l Molassesy .‘i . - 5513 84-89

B. Im:reusc o,l Im:e'rt Sugar—

L me Juice to I Rab . ., o240 3305
.2 From I R:}b‘to T Molasses . ,, —362 424

" 3. From I Molasses to 11 Rab . . 144 444
5 ' 4. From II qu té Final Molasses ,,  —5'36 —777

5. Total increase , . . . ,, 168 3396

C. Increasc of Invert Sugar per 100 Invert
Sugar in jutce—

1. Froni juice to I Rad . . . 637 - 64
2. 'From I Rab to I Molasses . . 94 83
3. From I Molasses to Il Rab ., . 37 . 87
. 4. From II Rab to II Molasses . . .~140 —153
5. Total incresse . . . . 440 6871

Sucrose Account. Of the total quantity of sucrose present in
"cane or juice, the proportions which are recovered in first and
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second sugars by each of the two processes are shown in .Table
XXXIV. The losses of sucrose in each of the three bye-products
(bagasse, scum and final molasses) as also in the following four
mzin stages of the manufacturing process are also shown in this
table : —

(¢) During boiling juice to I Rab (excluding loss in scum);
~ (it) During boiling molasses to IT Rab; '
(i4i) During machining and drying I Sugar; and
(iv) During machining and drying II Sugar.

The figures for sucrose recovered as well as for the losses are
computed, for both processes, per 100 parts of sucrose in cane and
also per 100 parts of sucrose in juice. S

Comparing the figures for the two processes, the most notice-
able feature is that in every ilem, the recovery of sucrose is less
and the losses are more in the case of the Rohilkhand process, thus
indicating the higher efficiency of the Bhopal process at every .
slage. DBut, whilst this is so, the absolute efficiency of the Bhopal
process itself is not very high, as it recovers only 55-06 per cent.
of the sucrose in cane and 71'26 per cent. of the sucrose in juice.
The losses in boiling juice to I Rab and in machining and drying
I and II sugars are unquestionably high. : - ‘

A minor point of technical detail may be mentioned here. In
preparing sucrose accounts it is usually found that a small per-
centage of sucrose is generally left unaccounted for. The sucrose
account in Table XXXIV, however, balances perfectly and no un-
accounted losses have to be allowed for. The reason for this is
that in sugar factory sucrose accounts, the losses of sucrose in
bye-products ouly (e.g., bagasse, press;cake, and molasses) are taken
into consideration, whilst in Table XXXIV, in addition to losses
in the bye-products, those in different stages of the manufacturing
process have also been included. The latter losses in the aggre-
gate correspond to the ‘‘ unknown loss *’ of a sugar factory sucrose
account. - : N ‘

Briz Account. The purpose of a brix account is to show what ~
proportion of soluble solids (comprising sucrose as well as non-
sugars) originally present in juice is recovered in the form of the
two grades of sugars and of molasses, and what proportion is lost.
In interpreting a brix account certain essential differences from -
a sucrose account should be kept in mind. Thus if inversion takes’
place during manufacturing operations, sucrose is converted into
1uvert sugar and a loss of sucrose is indicated in the sucrose account.
But no loss of dissolved solids takes place in consequence of this
inversion and the brix account should therefore remain unaffected.

Suspended matter, e.g., cush cush, does not affect the brix.
Clarification removes some of the dissolved solids, but generally
a certain proportion of the clarifying agent (e.g., lime or sajji)
enters into solution and causes a corresponding increase of brix.



- Losses of brix are mostly due to mechanical loss of material
in process. Thus when centrifugal machines are washed after dis-
charging the sugar, the wash water carries away the .molasses
“adhiering to the basket and the outer drum, and a loss of brix
" takes place. Similarly if rab is allowed to get overheated io such
an extent that some of the sugars and organic matter “are. burnt
off and volatilized, there will be a loss of brix.

" The figures for losses of brix in Table XXXV indicate serious
mechanical loss' (in both the processes) in machining and drying
I and II Sugars. This is partly due to the washing of centrifugal
machines referred to above. But some loss also ta%es place owing
to spillage of rab and molasses. The method of drying sugar in
the sun, where it is trampled under feet at a time of the year
when there is generally a strong wind, is also responsible for the
loss of an appreciable quantity of sugar.

.. The loss of brix during boiling I and II rabs is due to removal
of dissolved solids in scum along with suspended impurities and
- also to charring. ‘ : : :
" The figures in Table XXXV show that the losses of brix are
lower in the Bhopal process than in-the Rohilkhand process.
 Invert Sugar Account. Starting with the invert sugar ori-
ginally present in the juice, and determining the invert sugar in
‘the -intermediate and finished products, an invert sugar. account
has been' prepared in Table XXXVI, for the purpose of deter-
mining the progress of inversion during the manufacturing process.
In a well-conducted modern sugar factory inversion losses are
usually so small that they are not ordinarily detectable. But in
the direct fired open pan system inversion constitutes the most
important source of loss of sucrose and hence an invert sugar
account is of greater utility as a method of control in this system
than in a’sugar factory. . S
~_ Referring to the figures for increase of invert sugar given in
Table XXXVI, it is observed that in boiling juice to I-Rab, the
Bhopal and Rohilkhand processes are on approximately the same
level, the former process having only a slight advantage over the
latter. But in-boiling the second rab (i.e., in the part of the
process from first molasses to second rabd) the.increase of invert
sugar under the Bhopal method is 3-7 (per 100 invert sugar in
juice) as against 8-7 under the other method. This confirms that
the comparative inefficiency of the Rohilkhand method of boiling
second rab is to a great extent due to more inversion.
Tt will be obseryed from the statement in Table XXXVI that
some. of the figures for increase of invert sugar are negative, or,
in other words, in some parts of the process there is (at least appa-
rently) a reduction instead of an increase in the quantity of invert
sugar. - This is specially the case with the following:— . :
(a) For the Bhopal system, from I radb to I molasses—i.e.,
) - for the following operations,—aerating I rab, cooling
and crystallizing it, pugging and machining the rab
and drying and bagging the I Sugar.
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(b) For both the systems, from II Rab to I1 Molasses—-—thls
covers the following parts of the process, aerating IL-
Rab, Cooling and Crystallizing it, pugging .and -
machmmg the rab and drying and baogmg the II Sugar.

This apparent decrease in the quantity of invert sugar may be .
due, inter alia, to the following reasons :—

{a) When the hot rab is cooled by the process of aeratlonl 1ts
purity increases and, in some cases the- percentage- of
invert sugar decreases. As the ‘¢ purity *’ throughoutv
these tests is ‘‘ polarization—gravity solids purity ', it
is apparent that a reductlon in the quantity of invert
sugar will result in an increase of the purity also.

An explanation of these changes appears to lie in the
fact that decomposition of reducing sugars particularly.
fructose takes place at high temperatures in the presence
of air.* As fructose is the levorotatory constituent of
invert sugar, its decomposition produces an exaggerated
effect on the polarisation. Samples of Bhopal first and
second rabs were analysed before and after aeration to’
test this theory. The results of the analyses are given
in Table XXXVII and appear to bear out the exp ana-

tion given above.

Tasie XXXVII.
Analysis of Bhopal Process Rab before and after Aeration.

. Bhopal process.
Particulars . - Before After
aeration aeration
First Rab— ' ' :
Brix - . . . . . . 8868 89-77
Sucrose . . . . . . 6840 7060
Purity . . . . . . . 812 8226
Tnvert Sugar . . . . . 92 78
Second Rab— - - '
Brix .. s . . 8743 91-36
Sucrose . . . . . 510 536
Purity . . . . . . . 583 586
Invert Sugar . . . . 183 18-3

(b) In curing the rab, the centrifugal machine baskets are
washed with water after the sugar has been discharged,
the wash water being run to waste. The water contains
appreciable quantities of. molasses mixed with it, the
invert sugar containe{l in which is lost.

(c) The finished sugars (of both grades) are of low quahty
and contain invert sugar. The exact amount of this
was, however, not estimated and does not therefore
appear in the Tnvert Sugar Account.

* See *‘Cane Sugar » by Noel Deerr, page 499.
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Considering the importance of a correct Invert Sugar Account
as a ‘method of control over the open pan process, a more detailed
study is necessary.. The time and staff available.at Bilari were
not adequate for this purpose.

~ Comparison with Indigenous Klhandsaris. In order to ascertain

_if the analytical data obtained at Bilari were comparable with
those for average indigenous khandsaris in the neighbourhood,
samples of Rab, Sugar and Molasses were obtained from three
khandsaris and analysed in the Bilari. laboratory. The samples
~were taken at random and special care was taken to avoid selection.
All the three Khandsaris work by the old-fashioned methods and
their products cannot therefore be said to have derived any benefits
from the improvements embodied in the Bhopal or any other similar
process.’ , 3 ;

Comparing the figures for analyses given in Table XXXVIII
with those for Bhopal and Rohilkhand processegy given in Table
XXXII, it is observed that on an average the former compare
favourably with the latter. This is particularly the case with the
polarisation and moisture content of both grades of sugar,—even of
the Khanchi Sugar. T

,. | Tasre XXXVIIL
. Analysis of Samples obtained from Khandsaris near Bilari.

Invert | Mois- -

Seriall  Kpandeari Sample Sucrose| Brix | Purity | ghvert | Jioi
1 Raﬁv;lar?.atan ‘Jain, 1 “;l:,‘al\st;).(only surface 77-20 | © 95-16 8}-13 7-46 .e
2  Ditto .l IMolasses = . .| 4300} 8185} 5253) 1860| ..
3|  Dpitte .l 1sugae . . .| o740} .. .. . 030
4| saitpurFarm . f1Rab . . .| 7re0| o189| ses5| s0s| ..

5] opite . .|mmap . . .| 4140] 0357| 4424 1820| ..
6 Ditto ‘ . « | I Molasses « . 48-00 78-57 61-09 12-80 .
7 Ditte . .| Final Molasses (fer-| 28-00| 81-97) 3416] 2081 | ..
menting smell).

Ditto . « | 1Sugar h. . .| 9920 . . . - 020

Ditto® . . |IISugar . . .| 9480] .. . . 0-60
10 | BichaulaFarm . |IRab . . .| 7120| 9061| 7888| 960| ..
‘12| opitto . .|IRab . . .| 6140 0313 6593| 1536| ..

12 Ditto e o} X M;)lasses (Centrifu- 46-40 81-43 56-98 16-00 .
: - gal). :
13 Ditto . . | I Molasses (Khanchi 4140 | 7845 | 5277} 1920 .

fermenting).
14 Ditto . .| I Molasses (bags fer- | 4180 | 7748 | 5395] 1828} ..
. menting). )
15 Ditte . . | ISugar(Centrifugal) . | 9680 | .- .. .. 030
16 Ditto . PRR Sug'ar {Centrifugal) 95-60 e .e . 0-20
17| Ditte .. .| ISugar(Khanchi)y .| 9640) .. . . 040"

Note. (i) All the above khandsaris are near Bilari. They work aceording to the con.mon Robil.
khand process. .

(ii) The samples were obtained and analysed during the third week of April 1931.

The quality of cane and juice was similar to that at Bilari at this period.
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Comparison with Indian Sugar Factories. Some analysis figures
taken from the report of a Sulphitation factory of moderate effi-
ciency are given in Table XXXIX and a sucrose account for the
same factory will be found in Table XL. A comparison of the
figures in these tables with the korresponding figures for the
Bhopal and Rohilkhand processes is of interest as showing the
difference in the quality of the material handled by the two and
the higher efficiency obtained by the factory. The sucrose account
(Table XL) shows that for every 100 parts of sucrose in juice, the
factory recovers, in the form of the finished sugars, 86-79 parts as
against 71'26 parts and 60562 parts respectively recovered by the
Bhopal and Rohilkhand processes. ‘

TasLe XXXIX. -

Analysis Figures.—Whole season’s a'berages for. a Sulphitation
factory of moderate efficiency.

.~

S. No.  Particulars Analysis
L. Cane— - :
(@ Sucrose . . . . . . = . 1213
(b) Fibre . . . . . . . . . 1500

2. Bagasse— .
{a) Sucrose . . . . . . . . . 4-89
(b) Moisture . . . . . . . . 5066

3. Mized Juice— )
Sucrose . . . . . . . . . . 1212
Brix . . . . . . . . . . 1513

Purity . . . . . . . . . 8010
4. Syr‘up—- -

Sucrose . . . . . . .. . 4277

Brix . . . . . . . . . . 8065

Purity . . . e . . . .. . 8144

5. I Massecuite—

Sucrose . e e . . . v R . 7681
Brix . . . . e . . . . . 92:06
Purity . . . . « e . . . 8346

6. 1I Massecuite—

1
Sucrose . N . . . . 6141
Brix . . . . . 9576
Parity

- . . . 6726
7. 11T Massecuite—
Sucrose . . . . . . . . ©&716
Brix . . . . . . . . . . 9879
Purity . . . . . . . . . 5786
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TaBLE XXXIX-——contd

i Analyszs figures—~1Wholé season’s averages for a Sulphitation
‘ factory of moderate efficiency—contd.

._ 8 Final Moldsses— '
‘ Sucrose . - . . . ‘ - » . . . 35'51 .
' Brix ., . h0 L] . . a . . . 9372

Pilrity . e [ é " » Y . - - 87'88

- -

9. I Sugar— . .
Sucrose . . . T e g+ 9960
, Mbisturg‘_ o . e e . . . . 004

10. I Sugar—
Suc;o_se e . . . . . PR .. 980
L Moiéture e e e e . .. . . o015
. »11 Press Oake— | » o "
] Sucl'ose e ™ ) » P I € e * ) ° ’ 3'25
3 TasLE XL

: Sucrose Account .—Whole season’s average for a Sulphitation
factory of moderate efficiency.
Per 100 Fer 100 Per 100

: Particulars cane sucrose  sucrosé
in cane  in juice

A .S‘ucmse Recovcred—-
In I and II Sugar . . . 907 7477 86-79

B. Sucrose Lost— .
1" In bagasse - . - Y 1'68 13.85 —

2. In press cake . . . 008 066 - 077
3. In final molasses . . . 127 _ 1047 1215
4 1loss undetermined . . 003 025 0-29

Total lost . 306 , 2523 13-21
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Turning to the cane crushing efficiency, the factory, on account
of the high fibre content of the cane which it had to deal with,
extracted 86-20 per cent. juice employing 18-95 maceration, that -
13, the extraction of undiluted juice was only 6725 per cent. as -
against about 64 per cent. at Bilari. If a cane of the kind used
by the factory had been treated at Bilari, the extraction of juice

as well as the recovery of sugar would have been considerably
reduced. '
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CHAPTER VI.
SPECIAL TESTS.

 This report has so far dealt with the various aspects of the
commercial test of the Bhopal and Rohilkhand processes. The
processes could not be studied in detail from a scientific and
technical point of view as, by reason of the tests having been
primarily intended to be run on commercial lines, neither the
staff nor the equipment provided was adequate for such scientific
' study. In spite of these limitations an attempt was made to
collect as much data as possible and to study in more detail, by
means of special tests, some of the important parts of the pro-
cesses. A _
‘ The special tests, the results of which are discussed in this
chapter, covered the following subjects:—
~ (a) Normal temperature of liquid in the pans,
(b) Brix and acidity of liquid in the pans,
(c) Hydrogen ion concentration of juice in the pans,
(d) Analysis of flue gases of the bels.
(e) Furnace and flue temperatures of the bels,
" (/) Heating surfaces and furnace data of juice boiling bels.
(9) Heating surface of molasses boiling bels,
(k) Output and fuel value of bagasse,
(?) Fuel consumption test,
(j) Work done by individual pans of juice boiling bels,
(k) Work done by individual pans of molasses boiling bels,
(1) Comparative test of Bhopal and Rohilkhand molasses boil-
ing bels, ]
(m) Comparison of losses in potting rab in Kalsis and tins.
. Normal temperature of liqguid in the pans.—The purpose of
.this test was to determine the temperature of the juice (or
molasses) in each pan after the bel has attained normal working
conditions and also the time taken in reaching this condition.
The tests “were made on the four bels,—that is, the juice and
molasses boiling bels of the Bhopal and Rohilkhand processes.
‘Each test extended over one complete working day, and, starting
from the time when the fire was lighted, readings were taken
every half hour. Throughout these tests the bels were allowed
to work in the usual manrer. '

The results of the tests are noted in Table XLI. It will be
observed that the Bhopal juice boiling bel reached normal work-
ing condition in 2 hours after the firing commenced, whereas ihe
Rohilkhand bel took 2 hours 45 minutes. On the other hand, the
Bhopal second boiling bel took 30 minutes as against 15 minutes
in the case of the Rohilkhand bel to come to normal working.



Tasre XLI.

ol Temperature in pans at normal working of bel.
o —
éoa . BROPAL 1sT BOILING BEL ROEILEKHAND 1ST BoOILING BEL BHOPAL SECOND BOILING BEL ROHILRHAND SECOND BOILING BEL
Time taken Time taken Time taken T ime taken
No. of pan Tempera- | to come No. of pan Tempera- to come No. of pan | Tempera- to come No. of pan | Tempera- t0 come
ture °C. | to normal ture °C., | tonormal ture °C. to normal ture °C. | to normal
working . working working working
- Raw Juice . . . 25 Raw Juice 25 - Raw Molas- 32 Raw Molas- 32
Bes. ses, .
13t Pan . . . 69 } 2hours .. | 1stPan . 69 | 2 htrs. 45 | 1st Pan . 57 | 30 mts. . | 1stPan . 41 15 mjnutés-
: . mts, :
2nd ,, . . . 77 .. 2nd Pan 82 2nd Pan 92 2nd Pan . 106
LS .
8rd - ,, . . 85 3rd Pan ., 101 . 3rd Pan . 111 . (Striking 110 ..
temp.)
4tbh ,, . . 91 . 4th Pan . 101 (Striking 111 - .. .
temp.)
6th ,, . . 99 6th Pan . 110-5 .- - - . . .e
Gth Py . - . 98 .o (Stﬁking 111 - - .- e - e .e
temp.) - : - :
R »
th ,, . . . 100 .. . .o - - . . . ..
fth ,, . . . 100 . oo . . e ve ..
- 8th » . . . 102 s e .o e - - s - .o e
ot 10th , . e 107 - .o L . - . . .
11th ,, . . R 107 - .. . . - - .. .
(Striking temp.) . . 111 . e . . - .. . . .. -

63



Briz and acidity in each pan.

Tapte XLII.

BHOPAL 18T BOILING BEL

3

ROHILEHAKD 1§1‘ BoiLing BEL

BHOPAYL SECOND BOILING BERL

ROBILEEAND SECOXD BOILING BEL

" Brix of

Brix of

.

—

.+ . XNo.of Pan material | Acidity - No. of Pan‘ material | Acldity No. of Pan ?nrge(r)lfal Acidity No; of Pan xfft:r?:.l Acldity
in pan . in pan in pan . in pan
(Raw Julce) . 20-45 28 (Baw Julce) . 20-45 28 (Raw Julce) . 781 610 | (Raw Julce) .| ° 781 61-0
st Pan . 24-25 81 1st Pan . . 28-28 45 1st Pan . . 80-16 602 | 1st Pan. . 651 013
2nd ,, . 24-05 208 |20d , . . s072| 428 |oend , . . 7887 | 1076 |20d , . . 77-3 128:2
8rd ,, . 27-02 4278 | 8rd ,, . . 43-64 857 |8rd ,, o . 79:07 130-7 (irflnlizlt:gd pro- 88'5 1485
éth ,, . 2762 | 2088 |¢th ,, . . 48-27 25.7 (Fléﬂshed Pro- 89-6 ue1 | ' " e g
_ uot.)
5th ,, . 2672 206 |6th , . . 80-40 .80 - - - - - v '
6th ,, . 24-92 23-88 | (Finished Pro- 88-62 6 |, - - - - - e
duct.) . ¢
7th ,, . 26-85 24-58 v - - - - - - ve e
sth ,, . 4126 800 - - - - - - v -
oth ,, . 6105 85:7 - - - - - - - -
10th ,, . 8861 5857 - . - - - - - -
11th ,, . 8851 | - 5857 - - - - - - - - -
(Finished Product) 89-62 60-0 - - - - - - - - .

Note.—The acldity is expressed in terms of the number of c. ¢'s. of -1%6 NaoH Solution required for neutralizing 100 ¢.cs of material in the pan, using phenolph-

_thalein as indicator,
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_The initial temperature in the first pan of both the: juice
boiling bels is the same (69° C) as also the finishing temperature
(111° C). The increase in temperature from pan to pan is much
more rapid in the case of the Rohilkhand bel. This is due to the
lh(j,c:titinig) lsurfaces of the pans being correctly proportioned in the"
atter bel. :

Of the two second boiling bels, the Rohilkhand bel is at a
disadvantage as very little heating takes place in its first pan.
In the Bhopal bel, the heat is well-distributed over the three
pans, and the temperatures are therefore in proper gradation from
pan to pan. | ‘ "

|

Briz and Acidity of Liquid in the pans. This test was con-
ducted with the object the finding out how much concentration
takes place in each pan and what 1s the increase in acidity.
Samples were drawn from each pan, composited for the whole
day and analysed. The results are shown in Table XTII.

Referring to the Bhopal juice boiling bel, the most noticeable
point is that all the seven flat-bottomed pans put together do
less evaporation than the first or Hauz pan alone of the Rohil-
khand bel, as the brix of the juice in No. 7 Bhopal pan is 26-85%
~and in No. 1 pan of Rohilkhand bel 28:28°. This confirms what
was observed in connection with the temperatures of the pans
. that the Bhopal bel is not correctly or scientifically designed.

The increase in acidity of juice from the first to the last pan
in both bels is the same, but the average acidity in the first three
pans of the Rohilkhand bel is higher than in the first seven pans
of the Bhopal bel. A possible explanation of this may lie in
the fact that very little evaporation takes place in these seven
pans, whilst at the same time large proportions of clarifying agents
are added which neutralise some of the acids.

In the case of the molasses boiling bels, the Bhopal bel again
shows its superiority in that the progress of concentration is more
uniform and the increase of acidity is kept in better check.

Hydrogen Ion Concentration of Juice in the pans. Closely
connected with the increase in acidity as the evaporation pro-
gresses is the pH value of the juice in each pan of the bel. Fox
determining the pH values a Hellige Comparator was used. For
want of time the determination could not be made for the molasses
boiling -bels.

In the first experiment, the pH value of the juice in each
pan was determined every hour from the beginning till it became
constant, which took 4 hours, The results are shown in Table

.
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XLIII. The Bh’:sal and Rohilkhand processes both show sérious
'l[V)P in pH towards the finishing end. -

: ":‘,‘ v-c.?‘ ',l ' A TABLE XLIII. .

pH. Values of Juice in the bels at different stages of boiling.

Pau No. PH. at Start.  p H. after 2 pH.after3  pH.after4
hours’ hoars hoars

A. Bhopal bel.

1 54 54 54 54
-2 54 54 52 52
3 54 54 52 5-2
4 54 52 52 52
5 54 . 52 51 4-9
6 54 51 49 49
T * 54 - 49 4-9 4-9
. 54 49 46 46
9 54 . 46 44 44
10 54 46 44, 44
11 , 5f4 46 44 44
" B. Rohilkhand bel.

1 54 54 54 54
2 .., .. 54 52 52 52
377, 54 52 48 48
4 54 4-8 - 46 46
5 54 46 $ 44 44

" In the 'second set of experiments, composite samples of juice
were taken from each pan for the whole day (Mercuric chloride.
heing used as preservative) and pH values were determined in
these. The tests were conducled on five days, and the results are
given in Table XLIV. They mostly agree with the figures in
Table XLIIT which they serve to confirm.
B Tapie XLIV.
it Values of composite samples of juice in the bels.
- Pan No, 1st Test 2nd Test  3rd Test  4th Test  5th Test
Raw Juice 58 58 58 58 58
_A. Bhopal bel.

1 60 56 56 58 56
.20 ‘58 56 - 56 5-8 52
- 5-8 I 52 . 52 56 52
4 - 56 52 50 56 52
5 56 50 50 56 52
6 56 50 50 52 52
.7 56 4-8 50 52 50
8 48 48 44 52 4-8
9 4-4 4-4 4-4 4-8 44
10 4-4 44 4-4 44 4:4
11 44 44 - 4:4 4-4 4-4
Rgb. 4-4 44 44 44 4-4
B. Rohilkhand bel.
1 56 58 . 58 58 58
.2 . 56 58 58 52 54
3 586 56 56 52 54
4 - 46 * 44 46 4-4 46
[ 4-4 44 4-4 44 4-4
Rab 44 44 44 44 44
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Analysis of flue gases of the bels. In order to determine the
efficiency of combustion in the furnaces of the bels used for these
experiments, the flue gases were sampled by means of a pipe let
into the chimney near the base, and analysed using an Orsat.
apparatus. The results are given in Table XLV. The low CO,
content and the high percentage of CO in the gases from all the
four bels show that combustion is very imperfect and that only a
small portion of the heat of the fuel 1s being utilised for evapora-
tion purposes. The Bhopal and Rohilkhand juice boiling bels are
equally bad in this respect, but the Rohilkhand molasses boiling
bel is slightly better than the corresponding Bhopal bel.

Tasre XLV,
Analysis of flue gases from different bels.

. Q0. Co 0 N

S&r‘:al Particulars ? , ot
E Per cent, Per cent. Per cent. Per cent. :
1. Bhopal Juiee boiling Bel— : &

1st sample . . . . 13-2 14 38 81-6

2nd ,, . . . . 122 16 44 8I8

ord .« . . 100 39 66 795

4th 0 . . . . 12:0 - 20 52 80-8

Average . 11'8 22 50 809

2. Rohilkhand Juice boiling Bel—

1st sample .. .. 96 14 68 822
2nd " . . . . 11-2 18 66 804
3rd v . . . . 1002 .38 6'6 794
4th . . . . . 14-0 1-6 4-6 798

' Average . 11-2 2-1 61 804

3. Bhopal Molasses boiling Bel . 58 40 72 830
4. Rohilkhand Molasses boiling DBel 88 206 T2 814

Furnace and flue temperatures of the bels. The furnace and
flue temperatures of the two juice boiling bels were determined
by means of a pyrometer. The figures are given in Table XL VI.
The temperatures of the gases of the two molasses boiling bels
could not be determined for wakt of time. The furnace tempera-
ture of the Bhopal bel is 717° and that of the Rohilkhand bel
843°—a difference of 126°. From the point of view of the rate
of evaporation, the temperature of combustion is of the greatest
importance, because the higher the temperature of the gases, the
higher will be the temperature difference between gases and the
contents of the pans. As explained later on, the.heat transmis-
sion (on. which depends the rate of evaporation) increases with
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- the temperature difference. In a well designed boiler furnace for
burning green bagasse, the furnace temperature is 1,100—1,200°C.

} | . Tasre XLVI.: : )
Furnace and flue temperatures of different bels.
S‘E}f:l: ‘\ ?_ : Particulars Ten:&eratnre
" 1. Bhopal Juice boiling Bel— ;
. (a) Furnace Temperature— -
1st reading e e e e e e . 760
211(1 ” . ] - . . . . . 690
3rd 3 ” - : . . L] . ‘. - L] . 7m

Average . T17
L

(b) Temperature of flue gas (at base of chimney)—

- - 1st reading Y1)
2nd ,, . . . . . « . e . 450
S 450 -

. 8!&_ 2 L] L] ‘. ! L] . L) L]
Average . 450

) ——
{(t) Drop in temperature from furnace to chimney -
(ﬂvel'age) . - L) . . .. ] . 266

9. Rohilkhand Juice boiling Bel—

(¢) Furnace Temperature—
1st reading s e e e e e . . 850
211(1 (1] - . e . . L) . . 850 '
. 3rd " - . - L * . . - L] 830

: A:verage . 843

~ (b) Temperature of flue gases (ab base of chimney)—

1st reading . . . . . . . . 850
2nd ,, . . . . . . . . 350
8rd -, o« . . . . . . . 3850

Average . 350

(c) Drop in temperature from furnace to chimney
. (average) . . . . . 493
3. Atmospheric temperature . . . . . . . 28
(Nore. Temperatures of gases of the molasses boiling bels could not be
taken.) '

The reasong.for the low temperature of the bel furnaces are
firstly that as there is no grate and the bagasse burns on the floor
of the furnace, air cannot pass through the mass of burning bagasse,
secondly, that the total quantity of air admitted into the combus-
tion chamber is insvfficient (as shown by the high percentage
of carbon monoxide in the flue gases) and thirdly, that the design
of the furnace is such that before all the combustible barbon in
the furnace gases has had time to burn and generate the maximum
amount of heat, the gases are brought into contact with the under
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surface of the juice pans (placed directly above the combustion
chamber), whereby their temperature is lowered and the carbon
passes out unburnt with the waste gases. ‘

Complete combustion, with the excess air kept at the miniraum
requisite for such combustion, ensures high furnace temperature.
The benefits accruing from such improvement are firstly a con-
siderable saving in fuel as more heat is generated by the same
quantity of bagasse; secondly, an acceleration of the rate of
evaporation, which reduces the time during which the juice
remains in process and minimises inversion losses, and thirdly,
with higher temperature of furnace gases the boiling capacity of
the bel 1s considerably augmented, thus reducing the capital cost
and working expenses for a bel of a given juice capacity. Com-
pared with the importance of a correctly designed furnace which
will ensure efficient combustion, the shape and size of the pans,
which appear to have engrossed the attention of those who devised
the Bhopal process, are unimportant details. It is not svrprising,
therefore, that the Bhopal furnace is so defective that it has a
working temperature considerably lower than that of the Rohil:
khand furnace. ! ' .

The inefficiency of the Bhopal furnace as compared with that
of the Rohilkhand type is shown in a much more marked degree
when the temperature of waste gases is taken into consideration.
The temperature of these for the Bhopal furnace is 450° C.,
giving a total drop of temperature from the furnace to the chimney
of 266° whereas in the Rohilkhand bel, the waste gases are at
350° C. and the drop in temperature is 493°. This drop in tem-
perature is a measure of the quantity of heat utilised in doing
useful work,—that is, in heating and evaporating the juice. The
ficures for drop in temperature indicate that the Bhopal furnace
has an efficiency in this respect of only about 55 per cent. of
that of the Rohilkhand furnace. This fact was pointed out to
the advocates of the Bhopal process, who offered the following
explanation:— ' :

“ This is explained by the fact that the plant specially
constructed for the Bilari test contained one pan less than in
the standard plant used at the Bhopal model factory, as it
was thought originally that the plant will have to deal with
only a little over 100 maunds of juice daily and the cost of
pan may therefore be as well saved. Had that one pan been
provided behind the last ‘° Hauz >’ in the Bhopal plant at
Bilari, the temperature of the flue gas would probably have
been equal to if not lower than in the Rohilkhand one and the
output of the rab would have increased proportionately too.”

This explanation cannot be regarded as adequate. In the first
place, the *‘ Standard ’’ bel used at Bhopal during the 1930 tests
consisted of 8 pans and not of 12 pans as stated above unless the
reference is to some other ‘‘ Standard ’’> bel brought out subse-
quently. The important point, however, is that the addition of
one pan, as suggested, cannot bring about a fall in temperature
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of 1002 C, because the available heating surface through which
this heat will have to pass-into the juice will be entirely insuffi-
cient for the purpose, assuming that the additional pan will
‘be of approximately the same dimensions as those in use. The
real cause of the inefficiency of the Bhopal furnace lies in the
incorrect proportioning of the dimensions of comsecutive pans
forming the bel. In a subsequent paragraph, particulars are
given of the exposed heating surface of each pan of the two bels.
From a comparison of these it will be observed that the sizes
- and setting of the pans in the Rohilkhand bel are so arranged
that the pans farther away from the furnace have larger exposed
heating surfaces. ' In this way, as the temperature of the gases
~ falls during their passage through the flue, the heating surfaces
of the pans become bigger and the heating effect on each pan is
thus correctly balanced. In the Bhopal bel, the sizes of conse-
cutive pans have been fixed in exactly the revergje manner, as the
pans farther away from the furnace have smaller heating surfaces,
-and in consequence of this only a small proportion of the heat
contained in the gases is absorbed by the pans at the end of the bel.
 Heating Surface and furnace data of juice boiling bels. Before
-proceeding to compare the merits of the Bhopal and Rohilkhand
bels the factors on which the evaporating capacity and the thermal
efficiency of a bel depends may first be briefly considered. The
~ pan and furnace data relating to the Bhopal and Rohilkhand

juice boiling bels have been brought together in Table XLVII. -

A juice boiling bel is essentially a system for the transfer of
heat, by conduction, from the hot products of combustion of the
fuel to the juice contained in the pans. The extent to which it
performs this function effectively and rapidly is a measure of
the efficiency of the bel. -

The number of heat units which can be transferred through a
plate depends principally upon the difference in temperature of
the gases on one side of the plate and of the liquid on the other
side, and in a less degree upon the thickness of the plate. For
- small temperature differences, which are near to each other on
the thermometric scale, the rate of heat transmission is propor-
tional to the temperature difference. A different law, however,
obtains when the temperature difference is very great, as is the
case in ordinary juice boiling bels. Rankine* gives the following
approximate formula for such conditions—

. H=32x(Ty-T,)
where H=the number of B. T. U.s of heat transferred per sq. ft.
heating surface per hour—
T, and T, =Temperatures on the two sides of the plate in °F.
C=a factor lying between 160 and 200.

Bleychyndén'l‘ subsequently showed as a result of an exhaustive
series of experiments, that Rankine’s empirical formula was sub-

* Seo ** Manual of the Steam Engine and other Prime Movers *’ by Rankine.
% See * Transactions Institution of Naval Architects >, 1894.



Pan and furnace data relating to Bhopal and Rohilkhand juice boiling bels.

Tasre XLVII.

Serial
No.

10

TOTAL POR THE BEL

BHOPAL BREL—FIGURES FOR EACH PAN

Particulars Rohil
, Bhopal’ ihand I I nx Iv v VI VII
A, Pan Data—-
Diameter of pan, inches . . . . . . - - 30 31 32 39 40 41 42
Depth of pan, inches . . . . . . - 18 18 18 18 18 18 18
Full capacity,-gallons . . . . . . 566-72 8000 458 489 62-1 774 814 855 89-8
Exposed heating surface, sq. ft. . . . . 52-356 82-311 4-27 4-58 49 524 - B-58 594 6-3
Exposed heating surface of each pan (taklng H. S. of 100 100 81 88 94 iO-O 10-6 11-4 12:0
complete bel as 100).
Ratio—gallons full capacity per 8q. ft. heating surfacé . 10-8 97 10-7 108 . 106 147 b 14-3 142
Ratio—gallons full capacity per sq. ft. heating surface - - 369 365 365 606 500 493 489
(taking figures for finishing pan as'100).

B. Furnace Dato— _ ,\
Temperature of flue gases °C (interpolated) . — - 450 454 478 496 546 588 633
Temperature of pans °C (avérage fof normal working) . . .j. 69 ” 85 L2 i 99 08 100

. - 381 877 393 ar 490 533

Temperature difference °C e . . .

405

16



BROPAL Bel—FIGURES FOR EACH PAN

ROBILKHAND Bel—FIGURES FOR EACH PAN

Sﬁ_rlnl Partloulars
o.
VIII IX X X1 I II m IV v
A. Pan Data—
1 Dlamqter of pan, inches . . . . . . 42 38 20 20 89 82 68 57 89
2 Depth of pan, inches . . . . . . 15 14 65 656 28 22 20 10-5 86
3 Full capaocity, gallons . . . R . . 437 83-7 421 421 855-1 229-3 145-8 50-4 10:4
4 Exposed heating surface, 8q. ft. . . . . 77 b 1423 1423 170 8163 178 7-815 7-466
' Ces
b Exposed heatlng surface of each pan (taking H. 8. of 147 06 2.7 27 217 884 213 95 91 @
complete bel as 100).
6 Ratio—gallons full capacity per 8q. ft. heating surface . 56| ° 674 2:9 29 198 72 83 64 2:5
7 Rntlo—gallons full capacity per sq. ft. heating surface 193 232 100 100 792 288 332 256 100
(taking figures for finishing pan as 100). .
B. Furnace Data—
8 Temperature of flue gases °C (interpolated) . 677 720 735 735 850 875 430 512 840
9 Temperature of pans °C (average of normal working) . 100 102 107 107 69 82 101 103 108
10 Temperature difference °C . . . 577 618 . 628 628 281 208 329 409 732
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stantially correct and that the thickness of plate has only a small
effect on the rate of heat transmission. " Some.of the results of
his experiments are given in Table XLVIII.

Tasre XLVIII.
Transmission of heat through plates.*

Heat trans-
mitted per 1°
difference per
square foot

Difference of
Temperature of
the two sides

. of plate. per hour.
°F R.T. U, -
848 12-78 Plate 1-1875 inch thick.
1,018 1526 ”» -
1,278 20-9 . .
626 10-89 - Plate *75 inch thick.
1,058 19-18 » »
1,233 21-92 ”» » ,
563 11-90 Plate *5625 inch thick. -~
1,148 257 » '
503 11-81 Plate *25 inch thick.
723 16-55 . .
893 2065 . .
738 1646 ~ Plate *125 inch thick.
1,083 2548 .

3y
Tt Is evident from these theoretical considerations that for a given

temperature difference, the rate of evaporation in a pan of a bel
will depend on the value of the ratio— )

Juice capacity of the pan.
Heating surface of the pan.

If the value of this ratio is small, the rate of evaporation will
be high. It will be observed from Table XLVII that the -value
for the Bhopal bel is 10'8 and for the Rohilkhand bel 9-7 which
would indicate more rapid evaporation in the case of the latter.
There is, however, -an uncertain factor involved here which may
alter these results,—namely, the actual quantity. of juice carried
by each bel under normal working conditions as distinct from the
calculated full capacity of the pans. It was not found possible to
obtain reliable figures for the former. * '

As the quantity of heat transferred varies as the square of
temperature difference for a given reduction in the temperature
difference (as, for instance, the fall from pan to pan of a bel),
the above ratio must be reduced at a correspondingly increased
rate, for the same quantity of heat to enter the several pans of a
bel. The Bhopal bel is not correctly designed in this. respect
also as the sizes of the pans and their relative heating surfaces
are arranged in an order exactly the reverse of that required by
these essential conditions. This is clearly shown by the figures
for the above ratio given in Table XLVII for éach pan of the
two bels and the corresponding figures for temperature difference

* See ‘* Mechanical Engineering for Beginners '’ by R. S. McLaren, page 65,
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It may be pointed out, however, that it is not obviously required
lo have the pans so designed that equal quantities of heat may
be transmitted into all of them. In the pans where juice has
simply to be heated, much less heat will be sufficient than in pans
in which evaporation 'takes place. The exact quantities of these
can be easily calculated from the specific heat of juice and latent

‘heat of steam. - B

It is somewhat surprising that the Rohilkhand bel, which is
after all only the willagers’ device for concentrating the juice,
should on scrutiny be found to conform to the elementary prin-
ciples of thermal engineering, whereas the Bhopal bel, which. is
. the outcome of nearly three decades of research work should be
's0 lacking in these fundamentals. The explanation, however, is
not far to seek. The Rohilkhand bel was not. designed by an
engineer, but it is, as it stands to-day, the product of generations
of experience. During these long years it has doubtless under-
gone many changes and what a capable designer could have done
at the beginning has been brought about, much more gradually,
but none-the-less equally effectively, by a process of trial and error.

 Heating Surfaces of Molasses boiling bels. The dimensions of
pans as well as the heating surfaces and values of the ratio of
pan capacity to heating surface are given in Table XLIX. The
furnace temperatures could not be taken and hence the furnace

data are mot given. . 0 -
R
, . : Tazre XLIX. A
Pan data relating to Bhopal and Rohilkhand Molasses boiling bels.
Total for the Bhopal bel figures for Rohilkhand bel
‘ bed each pan figures for each
‘Serial} Particalars. pan
0. : , Z
N - - Bhopal | Bohil- I I Iz I II
S ‘ ‘ khand
-1 { Diameter of pan,inches . ve .e 30 27 20 60 36
2 | Depth of pan, inches . .. . 11-75 825 65 135 9-25
3 | Full capacity, gallans . 31721 91-6 18 9-51 f4-21 73-2 184
4 Exbosebd heating surface, | 10-225] 12-12 5-372 3:43 1-423 7-3 482
8q. ft.
b | Ratio—Gallons full capa- 31 75 3-3 2-7 2-9 10-0 3-8
city per sg. ft. heating
surface.

The general principles enunciated in connection with the juice
boiling %els app};y equally to the molasses bels. The design of
the Bhopal bel for molasses boiling is more in conformity with
- these theoretical principles and the result of this is reflected .in
the better working of this bel. o

Output and fuel value of bagasse. A simple test was made to
 determine the amount of bagasse fuel available when cane is
crushed. A quantity of wet bagasse as coming from the mill was
weighed and spread 1n the sun for drying in the usual way. After
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iwo days the sun-dried bagasse was weighed. Moisture was deter-
mined in the original wet bagasse and also in the sun-dried bagasse.
The results are given in Table L.

Taste L.
Quantity of bagasse fuel available.

Particulars '
. Juice extraction per 100 cane . . . . 652 per cent. -

. Wet bagasse per 100 cane . . . : : 34-8 5
. Moisture per 100 ‘wet bagasse . . s 610 ,,
Moisture per 100 sun-dried bagasse . : . 39
. Sun-dried bagasse per 100 wet bagasse . . 52:6 ’»
Scn-dried bagasse per 100 cane . v . . 1830 ,,
7. Ratio: weight of sun-dried bagasse to juice » 1:3-56 ,,

O o

With 652 per cent. extraction of juice, 34'8 per cent. wet
bagasse (containing 51 per cent. moisture) was obtained. On dry-
ing in the sun for two days, a bagasse containing 3-9 per cent.
moisture was. left, the proportion of which was 183 per cent.'’
on the weight of cane and 526 per cent. on the weight of the
original wet bagasse. The ratio between the weight of sun-dried
bagasse thus produced and the juice extracted was as 1:3'56.

Another sample of bagasse obtained from Co. 290 cane was -
analysed to determine its composition and calorific value. The
following results were obtained:— ! :

\ Per cent.
Sucrose . . . . . . . . . 842 -
Moisture . . - . . . . . . 51°10
Total dry solids . . . . . . . 44-10
Fibre (or solids insoluble in water) . . . . 85-00
Volatile matter . e e . .S 2186
Fixed carbon . . - . . . e 19-61
Ash . . . . .« . . . . . 19
Calorific value (dried sample) . : . . . 8300B.T.U

Fuel Consumption test. The subject of fuél consumption is of
very great importance, specially in Rohilkhand where firewood is
now too expensive to be used for supplementing the fuel supply,
should the available bagasse prove to be insufficient for boiling
the concomitant quantity of juice.’ '

To test the fuel consumption of the two' juice boiling bels, two
tests were carried out. In the first one, conducted on 21st March
1931, equal quantities of juice ‘?15'92 maunds) were given to
each bel and the fuel consisting of sun-dried bagasse was supplied
after weighment. In the second test conducted on the next day,
both the bels were worked for approximately the same time (about
13 hours) and as much juice as each bel could boil was supplied
to it, weighed quantities of sun-dried bagasse being again pro-

vided as f?lel.
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. \
. These tests were meant for two purposes,—firstly, for determin-
Ing the maximum juice boiling capacities of the two bels and
secondly, for finding out their minimum fuel consumption. Data
relating to the former are given in Table XIV on page 45 and
the results have already been discussed in Chapter III. It is only
the second aspect, namely, the determination of the minimum fuel
consumption, which will be considered here. The data relating
_to this are given in Table LI.'

‘ o Tasre LI. -
Test . for determining the minimum fuel consumption of juice
- boiling bels.
o Bhopal  Robilkhand

A. First test on 21st March 1931— v ,
" {(a) Juice boiled, maunds e . . 11592 115-92
_(b) Time taken for boiling, hours . .  10-83 845
(c) Sun-dried bagasse burnt, maunds .  $0-70 2396
(d) Heating surface of bel, sq. ft. . .  52:356 82311
(¢) Juice’ boiled per maund, bagasse .

maunds R . & 4 341

(/) Juice boiled per maund bagasse, per
' s8q. fb. heating surface . . . 0-072 0-041

(g)’Bagasse burnt per hour, maunds . 2-83 3-07

(h) Bagasse burnt per hour maunds per
. 8q. ft. heating surface . -~ .- .

" B, Second test on 22nd March 1931—
(a) Juice boiled, maunds . . . . 131110 17842

0054 0037

(b).Time taken for boiling, hours . . 1316 13-00
-(¢) Sun-dried bagasse burnt, maunds . 3699 44-90
(d) Heating surface of bel, sq. ft. . . 52356  82-311

(¢) Juice boiled per maund bagasse,
maunds . . . . . 354 3-97

() Juice boiled per maund bagasse, per
: sq. ft. heating surface . . . 0-067 0048
(g) Bagasse burnt per hour, maunds . 2-81 345

* (k) Bagasse burnt per hour maunds per
sq. ft. heating surface . . . 0053 0-042

C. Average for the season—
,(a) Juica boiled, maunds . . . 3878829 5031-01

(b) Sun-dried bagasse (containing 4 per
cent. moisture} available, maunds 10904 14212

‘(c) Ratio. Juice to sun-dried bagasse . 3-48 3-54
(Note. See remarks in Table XIII, page 44, and Table XIV, page 45, re-
garding the conditions under which these tests were conducted. Analysis of
juice and rab are also given in Table XXXII.) <
Before proceeding to discuss the results of the fuel test, it is
necessary to consider a few preliminary points. The first one of these
is that the tests were carried out towards the end of the crushing
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season when the juice was of high density (see analyses given in
Table XIV). The brix of the juice on the two days of the test
was 1917 and 19-35 as compared with 19°08, average for the season.
As a result of this difference in brix, less fuel will be required to
boil 100 maunds of juice under the test conditions than if the
juice had a density corresponding to the average brix for the
season, 1 ‘ S

The second point to be noted is that the bels were not worked,
during the fuel tests, under normal working conditions as on other
days of the season. This is obvious from a comparison of the
figures for the quantity of juice boiled in each bel per hour and
for the number of working hours per day, during the fuel tests,
with the corresponding averages for the whole season, which are

given below:— o
Bhopal Rohilkhand

’ ' | Mds Mds.
A. Juice boiled per hour— I
(@) During 1sb test . . . . 1070 ~ 1870
(b) During 2nd test . e 9-96 - 1373
(c) Average for the season . . . 876 10097
Hours Hours ’
B. Working hours of bel per day— '
(a) During 1st test . . . . 1083 845
(b) During 2nd .test . . . . 13-16 13-:00 .
(c) Average for the season . . . 11-67 1274 .

The results of the fuel tests are, therefore, of very little practical
value. They only show what the minimum fuel consumption
under ideal conditions can be,—when the juice is of high density -
and the bels are being run at their best. It is entirely incorrect
therefore to say that because the available bagasse was found
sufficient during the tests to boil the equivalent quantity of juice
extracted from the cane, therefore the bel will, under actual
normal working conditions, need no extra fuel. This is confirmed
by the fact that large quantities of additional fuel purchased from

outside had to be used during the season at Bilari. .

The correct method of conducting.fuel tests would have been
to have weighed daily the fuel supplied to each bel, if not for
the whole season, at least for one or two weeks. This was, however,
found impracticable as the cost of labour would have been prohi-
bitive and also as there was not always sufficient stock of bagasse
to permit of this, nor was a separate weighbridge available for
weighing the bagasse. ! . . ,

‘Reverting to the results of the test, such as they are, a com-
parison may be made between the two bels. The weight of juice
boiled per maund of bagasse burnt in the first test was 377 in
the Bhopal bel and 341 in the Rohilkhand bel. These figures
cannot, however, be compared, because the latter bel worked for
only 845 hours as against 10'83 hours for the former. The fuel
consumption in starting and finishing a bel is abnormal and hence.
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if the entire run is of a much shorter dura.tion in one bel than in
the other one, the former bel will be at a considerable disadvantage.

In the second test, both bels worked for approximately the
same time and the quantily of juice boiled per maund of bagasse
in the Bhopal and Rohilkhand bels was 354 maunds and 397
maunds respectively, showing that the latter bel has a better fuel
consumption. This is what might have been expected from the
data regarding furnace and flue temperatures and the ratios of
heating surfaces and capacities of pans, which have already been
discussed in detail, '

: H

It may be mentioned that during the second fuel test the arch
supporting the Parchhas of the Bhopal bel cracked. This was due
~ to a miscalculated attempt at forcing the capacity of the bel
beyond what it was intended for. The accident, however, did not
materially reduce the rate of burning bagasse, as the figure for
bagasse burnt per hour was 2'83 maunds in the first test and 281
maunds in the second test. Even if the higher of the two figures
for the Bhopal bel for juice boiled per maund of bagasse,—
namely 3-77 maunds in the first test,—be taken, it is still lower
than the figure of 397 maunds for the Rohilkhand bel, when the
latter is worked for 13 hours, which is close to the average daily
working figure for the season of 1274 hours.

In Table LI the calculated figure for sun-dried bagasse (con-
taining 4 per cent. moisture) available.during the season is given,
 as also the ratio of juice to sun-dried bagasse for the two bels.
.The values of the latter ratio for the Bhopal and Rohilkhand bels

are 3'48 and 354 respectively. According to the test figures of
377 and 8'97 maunds juice evaporated per maund of bagasse, the
bagasse produced during the season should have been sufficient to
boil all the juice. Actually this was not the case and large quan-
tities of extra fuel had to be purchased. This confirms that the
test figures for fuel consumption are not correct.

Allowing for the artificial conditions under which the fuel
tests were carried out, the conclusions which can be drawn are—

(a) That the Rohilkhand bel is at an advantage as compared

‘ with the Bhopal bel, in fuel consumption, both bels

" being worked under ideal conditions. This is also con-

firmed by the data obtained regarding furnace and flue

. temperatures and the ratio of capacities of pans to their
heating surfaces; ' .

(d) That neither of the two bels is efficient enough in respect
! of fuel consumption to be able to do without additional

fuel even for juice boiling; and

~ (c) That both processes require extra fuel for boiling molasses

to IT Rab.

These results indicate a serious handicap for the open pan system
" of sugar making, specially in view of the high cost of firewaod.
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Work done by individual pans of juice boiliﬁg bels. .The object’

of these experiments was to determine the extent to which clari-
fication, evaporation, inversion and increase in acidity take place
in each pan of the Bhopal and Rohilkhand bels. The procedure
adopted was to take samples of juice each time it was ladled from.
one pan to the next one and to composite these samples for the
whole day. The samples from each pan were preserved separately
in two portions, one for brix determination using formaldehyde
as preservative and the other for sucrose and other determinations

using mercuric chloride. -

The results of the analyses are given in Table LII and the -
following conclusions based on these may be noted:—

Tasre LII. -

Analysis of material in individual pans of juice boiling bels.

ANALYSI8
Particulars of pan Tempe-
rature - :
°C. Drix | Sucrose | Purity:!| Invert [ Acidity
Sugar
A. Bhopal Juice Boiling Bel.
Raw Juice . . . . . . 25 20-45 16-56 86-63 1-22 28
I Pan—Hauz (flat bottomed) . . 69 2425 19-18 79-01 1-75 31
i, » ”» . . . 77 2495 | 1924 | 7712 206§ 208
ur o, ., " . . .| s5 2792 | 2203 7880| 194 4278
IV ,, Nikhar 2 . . 91 2762 | 2201 79-69 208 | 29-38
v ., - ”» . . . 99 26-72 | 21-01 78-65 2:36 | 205
v ,, » »» . . . 98 24-92 | 19-81 | 79-48 226 | 23-88
viI ,, " " . . .| 100 2685 | 2145 7990 225 2458
VIII ,, Khaula(round bottomed) .| 100 41-26 | 34-00 | 8241 329 | 800
IX ,, Manjha » . . .| 102 61-05 | 50-20 | 8222 506 | 857
X ,, Parchha »w e s . | 107 88-51 68-40 77-28 9-16 5867
X ,, » » e . .| 107 8851 6840 77-28 918 68567
Rab after aeration . . . . . e 89-62 70-60 78-78 7-85 60:0

<

B. Rohilkhand Juice Boiling Bel.

Raw Juice . . . . . .| 25 20-45 | 16-56 | 86-63 1221 28

I Pan—Hauz . . . . . 69 | 2828 | 23:90| 8450 1-93 45
II ,, —Nikhar . v . . 82 80-72 | 24-49 » 79-73 254 42-8
IIT ,, —Khaula . . . . .| 101 43-64 | 350 | 80-20 3-40 857
1V ,, —Phadka . . . . «| 101 148-27 89-0 80-80 5-18 25-7
v ,; —Parchha . . . .| 1105 89:40 | 694 7763 863 600
Rab after aeration . . . . . .. 88:62 68-60 77441 10-52 €09

(a) There is a large drop in purity between the raw juice
and the juice in the Hauz pans of both bels, the drop
being specially large in the Bhopal bel. This is partly
due to the addition of deula extract, which, until it

I11-1-60 I
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s heated.‘to, coagulation point and is removed by

the purity. The principal reason for the

skimming, increases the brix and consequently lowers
grop in purity,
however, .appears to be inversion due to increase in
acidity and to enzyme action, the temperature in these
pans not being *high enough to inhibit decomposing
action of the enzymes.
 The initial drop in purity is a serious handicap for
both the processes. The entire process of clarification

"which follows does not even bring the purity of the

juice to the level of that of the original juice. If
therefore the initial drop in purity could be avoided
or reduced, the subsequent clarification would produce

‘a juice of higher purity. As the amount of available

sugar depends on the purity of the clarified juice (as
explained on page 78), the benefit from increasing the
purity of the latter is obvious.

(b) The increase in invert sugar and -acidity and the drop

in purity (compared with that of the juice in the first
Hauz pan) are comparatively small in both the bels

till the juice has attained a brix of 45° to 50°. The

latter is approximately the brix of the syrup coming

" from a multiple effect evaporator in a sugar factory.

It should be possible therefore to devise a process in
which juice may be concentrated to 50° brix in open -
pans and may then be sent for final concentration and
graining in a vacuum pan. Such a combined process
will entirely change the aspect of the indigenous
industry. 4 ;

he major portion of the loss of sugar takes place in the

parchhas of both the bels, as up to this point the purity
goes on increasing. Using a vacuum pan as suggested

" above is.one method of avoiding this loss. A cheaper

method will be to use a shallow film evaporator, placed

" at a suitable point on the flue so that the temperature

may not be so high as {o cause local overheating and

yet evaporation may proceed rapidly.

(d) There is an increase in purity and reduction of invert

sugar after aeration of rab in the Bhopal process, whilst

‘the reverse is the case in the Rohilkhand process. A

chemical explanation of the changes which take place
in the former case has already been suggested in
Chapter V. The fall in purity and the increase of in-
vert sugar in the latter case appear to be due to the
caramelization which takes place in the fixed parchha
of the Rohilkhand bel. The effect of this is that the
final rab from the latter bel has a considerably lower

~ purity than the rab from the Bhopal bel, and the yield

of sugar is correspondingly reduced.
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Work done by individual pans of Molasses boiling bels.
Figures similar to those for the juice boiling bels discussed above
are given for the two molasses boiling bels in Table LIII. Here
also it is noticed that there is an initial drop of purity in the
first pan and also that the purity rises on aeration. Similarly
the purity of the final 7ab is lower in the Rohilkhand process
and this combined with the lower brix, explains the low recovery
of IT Sugar by this process.

Tasre LIII. -

Analysis of material in tndividual pans of mblaésgs boiling bels.

ANALYSIS ‘
Particulars of pan 11:?;?“1;:. - T :
°Q Brix -| Sucrose| Purity sﬁ;:i.t Acldity '
A. Bhopal Molasses Boiling Bel, ‘

RewMolasses (diluted) . . . .| 82 | 67:08| 706 | 6003 137 | 100 :
IPan—Nikhar . . . - .| 57 | 8250( 484 | 586 | 1665| 8873
I ,, —Nikhar . « « | 92| s383| 486 | 570 | 167 | o324

oI , —Parckha . . . . .| 111 | 8743| 510 | 583 | 183 | 98z

Rab afteraeration « o .+ . o] .. 0136 | 636 | 586 | 188 | vem

B. Rohilkhand Molasses Boiling Bel, -

Raw Molasses (diluted) . . . .| 82 | 6708| 796 | 6003 137 | 100
I Pan—Nikhar . . = . .| e | 7269]| a24 | 583 | 1538] s128

II , —Parchha . . . . .| 106 | 8549 404 | 577 | 1021 8778

I 88:0- | 510 | 579 | 183 | o873

Comparative test of Bhopal and Reohilkhand Molasses boiling
bels. The object of this experiment was to ascertain how far the
better results obtained from the Bhopal bel were due to the bel
itself and bhow far to the skill of the workmen and the quality
of the molasses boiled. For this purpose the two bels were worked
simultaneously under the following conditions:— ’

(a) Ist test. Molasses obtained on machining I Rab of the .
Bhopal process was diluted and distribution equally
between the two molasses boiling bels. The workmen of
each bel worked on their respective bels. _

(0) 2nd test. Molasses from I Rab of Rohilkhand process
was similarly distribited for reboiling and the work- -
men continued working on their own bels. o

(c) 3rd test. Molasses from I Rab of Rohilkhand process was
again distributed for re-boiling, but the workmen of the
two bels were exchanged. ' :

The yields of rab and sugar obtained in the three tests are noted

in Table XLIV. In all the tests the production of rab per 100
’ 12
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wolasses and of sugar per 100 rab are higher from the Bhopal

- bel than from the Rohilkhand bel. This indicates the superiority
of the former bel. ‘ '

s , Tapre LIV.:
Comparative trials of Bhopal and Rohilkhand bels for Molasses
. ' boiling. = :

Particulars Bhopal bel Rohilkhanlbel

1st Test. Molasses from Bhopal I Rab boiled
in both bels. Workmen of each bel
worked ‘on their respective bels—

1. Molasses boiled, maunds . . . 6:39 6-39
. 2. Rab produced, maunds . . . 474 4-54
- 3. Bugar produced, maunds . . . 1-39 1-10
. 4. Rab per 100 molasses: . . . 74-18 71-05
-~ 5. Sugar per 100 7 . . . . 2932 24-23
. 2nd Test. Molasses from Rohilkhand I Rab
, .+ boiled in both bels. Workmen of
» - each bel worked on their respective
- bels— ]
1. Molasses boiled, maunds . . . 1227 12:27
. %. Kab produced, maunds . . . 9-32 8-80
" 8. Sugar produced, maunds . . . 187 1-56
‘4. Rab per 100 molasses . . . . 7612 71-88
) 5. Sugar per 100 rab . . . . 2006 15-45
8rd Test. Molasses-from Rohilkhand I Rab '
o *" boiled in both bels. Workmen of -
the two bels were exchanged— ,
1. Molasses boiled, maunds . . 868 868
2. Rab produced, maunds . . . 7-23 688
3. Sugar produced, maunds . . . 1-41 113
4. Rab per 100 molasses . . . 83-28 79:26
5. Sugar per 100 rab . . . . 19-50 16-42

Comparing the production of sugar in the first and second
tests, it is found to be higher in both the bels in the first test
(in which Bhopal I Molasses was reboiled) than in the second

~ test (in which Rohilkhand I Molasses was reboiled in both bels).
This shows that the Bhopal I Molasses is better for reboiling than
-the Rohilkhand Molasses.

A comparison of the second and third tests shows that with the
same raw material (that is Rohilkhand I Molasses), the workmen
of the Rohilkhand bel produced a lower percentage of sugar on
the Bhopal bel (19-560 per cent.) than on their own bel (20°06 per
cent.), whereas the Bhopal workmen, when placed on the Rohil-
khand bel, improved the percentage of sugar from 1545 to' 1642
per 100 rab, This indicates that the Bhopal workmen are better
trained. ,
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.I.t is clear, therefore, that in all the three respects, that is,
efliciency of the bel, suitability of the molasses and skill of the

workmen, the Bhopal method of making Second sugar is superior
to the Rohilkhand process. '

Comparison of losses in potting rab in kalsis and tins. In
order to determine the losses which take place when rab is stored
in kalsis (earthenware pots) and to compare these with the losses
on storage in tins, an experiment was arranged in which one
day’s output of first rab from the Bhopal and Rohilkhand bels
was weighed and filled partly into tins-and partly into kalsis,
the number of tins and kalsis used for the rab of each bel being
kept approximately equal. After completion of cooling'and crys-
tallization, the 7ab was taken out of the containers, weighed and
wmachined. The weight of rab left adhering to the containers was
determined by difference and the amount of this was calculated
as a percentage on the weight of rab originally potted. It was
found that on an average 5-61 per cent. of the rab originally
potted was left adhering to the kalsis and 254 per cent. to the
tins, giving a difference in favour of tins of 3:07 per cent. Detailed

figures are given in Table LV.

' . ' TasLe LYV.

Tests for comparing losses in potting rab in kalsis and tins.
Particular Kalsis Tins
A. Bhopal Process ' '
1. Quality of rad . . . First First
2. Rab stored, maunds . . . 8:63 15-78
3. Rab machined, maunds .o 813 15-39
4. Loss of rab, maunds . 0-50 0-39
5. Loss of rab, per 100 rab potted . 579 2-47
B. Rokilkhand Process :
1. Quality of rab . 5 - First First
2. Rab stored, maunds . . . 1080 A 21-20
3. Rab machined, maunds .. lo21 20-65
4. Loss of rab, maunds . . 059 0-55
5. Loss of rab, per 100 rab potte . 5-46 2-59

This experiment, ‘which was carried out during the writer’s
absence, is inconclusive, as it was not conducted under normal
conditions. As a rule, kalsis are broken when rab is taken out
and it is then possible to remove the adhering rab more completely
than was the case in this expériment. Moreover, it is usual to
wash off with water the last traces of rab from the containers
(tins or kalsis) and this also was not done in the present instance.
The figure for Icss is therefore unduly exaggerated.

It does not, however, need an experiment to demonstrate that
losses in using kalsis are more than with tins, and it is for this
reason that ting are being used so extensively wherever rab is
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made for machining and not for selling. When a khandsari does
2ot machine the rab himself and sells 1t .to centrifugal owners, it
1s cheaper and more convenient to use kalsis as there is no trouble
:.}Jout returning or paying for them as would be the case with
ms. - :

There is a common belief amongst rab makers that crystalliza-
tion takes place better in kalsis than in tins. No tests were made
to investigate this point, but it is likely that the belief is correct
because the rate of cooling in a kalsi is slower than in tins (as a
result of which the crystals formed are bigger and harder), the
~exposed . surface at the top is also much smaller, thus reducin
_crust formation and, finally, as there is no local cooling or chilling
~where the rab comes in contact with the walls of the container the
formation of fine and uneven grain at these places is avoided.
It is possible, however, to secure all the advantages of kalsis,
without the disadvantage of higher loss due to absorption and
breakage, if wooden containers are used as ctystallizers. Boxes
‘of suitable size are convenient and cheap. The writer has seen
‘wooden casks being used for this purpose. The rab is filled into
the cask through the bunghole, and the cask is allowed to stand
on end during the period of crystallization. When the rab is
. "to be taken out, the iron band near the top is loosened, and the
end of the cask removed. The rab can then be easily baled out
or poured into a suitable mixer. If, before opening the cask, it
is rolled for some time, the rab gets fairly well mixed.

. After washing out the cask the end is refitted and the cask is
ready for use again. An ordinary 45 gallon cask has the capacity.
of a dozen tins, costs only slightly more and lasts very much
longer.. ‘ :
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CHAPTER VII.
RECOMMENDATIONS.

The experiments described in this report were primarily in.
tended to be commercial tests. The few technical investigations
which were made had to be of such a nature that they did not inter-
fere with the commercial work. From a scientific point of view,
therefore, the experiments did nothing beyond touching the fringe
of the subject, but even so, they were sufficient to give an indica-
tion of the problems involved, and to emphasize the almost com-
plete absence of even the essential technical data. Although work
on the improvement of the indigenous process has been carried on
for years by several workers, it has not been conducted on scientific
lines and no substantial progress has therefore been made. The
principles involved in this process are just as much the principles
of chemical engineering as in any major industry of a similar
nature and the methods of research should therefore have beer-
analogous. '

The first and most essential recommendation that has to be made
is that a research station for the scientific study of the indigenous
process should be provided in the western part of the United Pro.-
inces, where the Khandsari industry has long been established.
Without an institution of this typ: in which sustained work can be
done for at least four or five years it will not be possible o obtain
the technical data necessary for improving the plant and process
on scientific lines. ~

The location suggested will also be convenient and central for
the important cane belt of Northern India, comprising the Punjab
on the one side and Bihar and the eastern districts of the United
Provinces on the other. The research station should be staffed by
qualified technicians and equipped with up-to-date instruments.
It should -be part of the functions of the station to test machines
and processes employed in the indigenous industry and to report on
them. In this way the public will be able to know, from an im-
partial authority, the comparative merits of different types of
machines and processes and the manufacturers of machinery will
also have an opportunity of getting their machines tested under
local conditions. .

Coming to details, some specific suggestions are made below
regarding the lines on which improvement appears possible. It is
hardly necessary to point out that, before the suggested modifica-
tions can be brought into general use, they should be tried out
experimentally and amended in the light of the experience so
gained. Tt is hoped, however, that'the recommendations mad will
assist machinery makers in studying more closely the requirements -
of the industry and will also give some indication to Khandsaris -
of the lines on which they can improve their methods. :

Cdne Crusling. (a) Single or Multiple M:lls. The common
practice is to use three-roller belt-driven mills. Tt is difficult to
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obtain maximum extraction of juice from such mills and in at-
tempting to force them to do more work than they are capable of
doing, break-downs take place.

Five-roller mills, consisting of a two-roller crusher of the
Krajewsky or Splitter type and an ordinary three-roller mill, have
been placed on the market by one or two firms. Such mills natur-
ally give a higher extraction and also increase the capacity.
They have, however, not been taken up by the public to any very
‘great extent so far. ’ :

- The writer believes that a six-roller milling plant is preferable
to a five-roller unit, provided the rollers of the first mill of the
former are provided with Splitter type of coarse grooving. As
compared with the five-roller mill, the six-roller type has the
advantage of one more crushing and with the larger grooving sug-
gested the splitting effect produced by the crusher in a five-roller
unit is obfained to a better extent in a six-roller mill-—thus increas-
ing the capacity and efficiency of both. There'is the additional ad-
vantage in a six-roller mill that if one of the mills breaks down the
other one can continue to work (though at a reduced efficiency).
From quotations obtained from some of the important manufac-
turers, 1t appears that the price of two three-roller mills (for marking
up a six-roller plant) of the sizes commonly used in this country
“(viz., 10" x 14” and 12” x 18” rollers) does not differ materially from
that of a five-roller unit with rollers of the same size. If allow-
-ance is made for the increased capacity and efficiency, the six-roller
plant' will really work out cheaper. -

The above remarks apply to mills of what may be called medium
and large capacities, that is, for mills having over one ton cane per
hour capacity. For smaller sizes vertical three-roller mills of the

‘type driven by bullocks are more efficient than horizontal three-
roller mills. For the same size of rollers the vertical mills are
lighter and cheaper than horizontal mills. The power consumption
per ton cane crushed per hour is much less in the former as the
friction on the trash plate is absent. The power attachment, and
reduction gearing are, however, important factors affecting the
efficiency. A power driven vertical mill of this type, specially
.designed by the writer, is at present on order from abroad. The
mill has a capacity of half a ton of ‘cane per hour and is so com-

act that it can be mounted with the oil engine for driving it on a
trolley, the total weight of the mill, engine and trolley being under
two tons. ' .

(b) Roller details. Some of the more important details in con-
nection with the six-roller mill suggested above may be mentioned
here. The grooving of the first mill should be half-inch pitch for
rollers of 10”7 x 14”7 and 127 x 18" sizes, and somewhat bigger for
larger sizes. It should be deep and intermeshing. There should
be chevron grooves on the top and feed rollers. The trash plate
should be suitably grooved on both sides to fit into the feed and
discharge - roller grooves. The second mill should have finer

groovieg, six to the inch! ard intermeshing. v



113

The peripheral speed of the rollers should be 15 to 18 feet
per minute. A lower speed will give better extraction but will
reduce the capacity. ’

(¢) Power required. Most manufacturers of belt driven mills
err on the side of quoting for engines of too small sizes. This
makes the price of the plant appear lower but is in the end false
economy. A mill with an engine of insufficient power can be
worked only by either making the roller openings too big or giving
a light feed of cane, and in both cases the capacity and efficiency
suffer. For doing efficient work a three-roller mill requires half
a horse power per maund of cane crushed per hour and a six-roller
mill requires 30 to 40 per cent. more. } .

(d) Flywheel and belt speed. In large milling plants, such as
are used in modern factories, the engine is directly coupled through -
a compound gearing, to the mill tandem, and a heavy flywheel is
provided on the Engine Crank Shaft. The energy of the flywheel
serves to equalize any sudden fluctuations due to uneven feed of the
niills. In a small belt driven mill, the conditions are different.
In this case the opportunities for variation in power required are
much larger. Thus if four or five sticks of cane more are fed at an
time or if several canes happen to be fed with their roots together,
the mill may become overloaded to the extent of 15 to 20 per cent.
In the absence of a flywheel either the engine stops when this .

happens or the belt slips, the mill coming to a stand still in either
case.

This is a serious defect and a great deal of milling trouble is
traceable to it. To remedy it, the first condition is to make the
feed as uniform as possible. This is dealt with later on in con-
nection with cane shoots. But to equalize the power, it is sug-
gested that a flywheel, of sufficient size, should be fitted on the
shaft carrying the belt pulley on the mill gearing. This is not
likely to increase the cost by more than 8 or 10 per cent., and will
greatly improve the working of the mill.

To prevent the slipping of belt, it is necessary to increase its
speed or the width. The average cane mill used in this country
has a belt speed of 800 to 900 feet per minute. This is much too
slow, as belts are usually run in factories at speeds above 2,000
feet per minute. But to do so in a cane mill, a triple reduction
gearing will be needed, which will considerably increase the cost.
The only practical remedy, therefore, is to provide as wide belts as
possible. For 10” x 14” and 127 x 18” mills, belts 51 inches and 61

inches wide are recommended.

(e) Cane and Bagasse Shoots. Bagasse carriers are provided in
some mills, but these are nsually unnecessary, a simple-discharge
shoot being all that is needed.

Cane feeding shoots are much more necessary—but are either
not supplied, or if supplied, are too small to be of much use beyond
supportine the cane. What is required is @ fair sized wooden
hovver which will hold enough cane for 10 to 15 minutes crush.
With a hopper of such dimensions, the mill attendant has simply
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to keep on sliding the cane down into the mill and a uniform feel
can be maintained more easily. In most cases it will be cheaper
if the makers of the cane mill supply only the iron parts for fitting
the hopper and send out drawings and complete instructions for
making the hopper at site. _ ,

() Juice Pumps. The use of juice pumps, apart from saving
a great deal of labour, also ensures continuous feed of juice to the
boiling pans and prevents accumulation of juice which gives rise
- to bacterial action. In spite of these advantages pumps are not
- commonly used with small power driven mills, the reason being
» their high cost.- For a 10” x 14" mill (costing Rs. 1,425) one Maker
quotes Rs. 280 for the pump, whereas another maker quotes
Rs. 650 for the same size. The pumps are of the plunger type and
are made of gunmetal. :
- Very much cheaper pumps of the semi-rotary wing type can be
used for pumping juice, provided a fine strainer ig used at the mill
juice tank for removing all cush cush. Such pumps made of cast
-iron can be had for under Rs. 25 for dealing with juice from up to-
‘100 maunds of cane per hour. If made of brass, the price will be
somewhat higher, but will still be considerably below the price
for the plunger type pumps referred {o above. The semi-rotary
pumps can be easily driven from the mill.

" (g) Disinfection of Mills. In order to inhibit bacterial action
it is necessary not only to keep the mill, juice tanks, pumps and
piping scrupulously clean but also to disinfect "them daily. Fot
this purpose the use of electrolytic chlorine or.a solution of bleach-
ing powder is recommended. :

Juice boiling. The Bhopal and Rohilkhand bels for juice boil-
ing have been examined in detail in previous chapters and the
following recommendations are made on the basis of the conclusions

arrived at already:—
(a) The Bhopal and Rohilkhand bels both have been found to
g be inefficient in respect of fuel consumption and furnace
temperature. To remedy these defects, an attempt
should be made to fit a fire-grate with firing doors on tha
top and in front and ash door below the grate. Such
grates can be fitted to both types of bels. -

(b) Excepting for the removable parchhas, the Bhopal bel has
" not been found to possess any other advantage over the
Rohilkhand bel. Hence a Rohilkhand bel, with two
removable parchhas, is recommended in place of the

Bhopal bel.

(c) The Hauz of the Rohilkhand bel is unnecessary specially
where cane is crushed by the owner of the bel. Hence
the Hauz pan should be eliminated. This will reduce
the cost of the bel by about one-third, and will not
lower the eapacity or efficiency. . v

* (d) An improved juice boiling bel has been designed by the
writer on the basis of the above suggestions. Details
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of this are shown in Drawing G. It consists of the
usual Rohilkhand bel with two parchhas of small size
placed between the Khaula and Phadka pans and a fire-
grate fitted for burning bagasse. The Hauz pan has
been omitted. The drawing shows the setting of the bel
in brickwork. This, however, is not necessary, except-
ing for the front part of the furnace. If desired, the
iron fitlings of the furnace can also be simplified and
cheapened. '

Amongst the advantages which the proposed bel pos-

sesses are, firstly, that its pans are of the usual Rohil-
khand type and can be easily made locally and, second-
ly, that being fitted with a fire-grate and improved type
of furnace, it can burn partially moist bagasse, thus
making the working of the bel more independent of
weather conditions.

It is necessary to point out in connection with the
improved bel that it has not been fested so far. It is
possible that some modifications in the size and position
of the fire-grate and in the shape and size of the com-
pustion chamber and flues may become necessary.
Pending a proper test the design should therefore not
be taken as final. : :

(e) It is very probable that a simple type of plant, combining
the open pan and vacuum pan processes, and employ-
ing liming and sulphitation for clarification can be
devised which will be cheap and will turn out sugar_of
better quality than the average Kbandsari sugar. It
will be premature, however, to go into details of this
here as a plant of this kind will have to be put up and
tested first. This can be done if a Research Station
is opened, as suggested in an earlier section.

Molasses boiling. TFor boiling Molasses to Second Rab, the
Bhopal bel is recommended for the present. It should be possible,
however, to improve on this without much difficulty by adopting
a modification of the syrup evaporator commonly used in the
United States. This will ensure much more rapid evaporation and
higher fuel efficiency. It will also be almost automatic in opera--
tion. ‘

Storage of rab. For this purpose wooden boxes or casks are
recommended. If the former are used, they can be conveniently
made in the form of truncated pyramids, with removable sliding -
bases. This will facilitate the discharging of rab after crystalliza-
tion, : v .

Centrifugalling. The arrangemnt of having a separate kero-
sene engine for each machine should be discarded. Belt driven
machines, fitted with fast and loose pulleys and driven off a com-
mon countershaft, are simpler and cheaper in running cost. Where
eleciric power at cheap rates is available, electrically - driven
machines may be found advantageous. - :
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- Sugar drying. Under the conditions obtaining in a Khandsari
it is difficult to improve on the existing method of sugar drying
‘even though it is admittedly wasteful. :

Supplying complete plants. One of the difficulties in the way
of those intending to take up sugar manufacture on a small scale
. is that there is no firm, either in India or abroad, which can tender
for and supply complete plants of this type of different capacities.
It is in fact easier to buy and instal complete plants for large
. sugar factories because machinery makers not only send out the
plant complete in every respect, but also provide erection drawings
_and full instructions for erecting and operating. The small scale
sugar maker needs such assistance and guidance much more as he
is generally without any technical knowledge and the size of his
business makes it impossible for him to employ any technical men.

From the machinery-makers’ point of view, although individual
installations for the indigenous system are much smaller in value
- and size than sugar factory plants, the volume of business which
they represent in the aggregate is much larger. As pointed out
already, the Khandsari industry takes up five times as much cane
as all the sugar factories of India put together. Moreover, it is
~ likely to expand much more rapidly than the factory industry if
- suitable ‘machinery is available, because of the small amount of
capital required. , '
~ .If a Research Station, suggested in a previous paragraph, is
established, it will be possible for the machinery makers to have
their plants. tested before actually placing them on the market.

-~ Supply of trained workmen. A great deal of trouble with
machinery and inefficient working is due to lack of men who under-
stand how to erect and operate the few simple machines which a
 Khandsari uses. Much of the apparently higher efficiency of the
Bhopal method during the Bilar: experiments was due to the con-
siderable experience which the workmen employed for the purpose
possessed. - Such men are, however, not easily available and unless
the owner. of a bel happens to know the work himself, the fate of
- his business usually depends on what type of man he happens to
get for working the bel. - There is need for some arrangement for
training men for this industry. The training should not be given
in a technical or agricultural school as the type of men who come
out of these institutions will expect higher salaries and different
working conditions than the industry can provide.” A better
arrangement will be to give grants fo selected Khandsaris calcu-
lated on the basis of a fixed number of men to be trained during a
given period. An instructor may be kept for going round the
different places where men are under training and giving them the
necessary theoretical instruction. The cost of training under this
arrangement will be much less than by maintaining a regular class-
and .the training will be of an essentially practical nature.

. If the proposed research station is established, training of work.
men <an also be undertaken in if.
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The following are suggested as subjects in which training should
be imparted : —

(a) Oil engines and electric motors—their erection, ma.mten-
ance and repair. :

(0) Cane mills—their erection, maintenance and repalrs
Setting of rollers and trashplate

~ (c) Juice and molasses bels—Method of building the furnace
and operating the bel. Use of different clanfymg 2
agents,

(d) Centrifugal machines—their erection, maintenance and

repair. Method of operatmg for different qualities and :
textures of rab.



General View of Centrifugal machines and Pugmills.

TIA dA1V1d
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APPENDIX A,

" Usk oF. THE CENTRII‘UGAL.

The centnfugal has gradually been gaining favour in Rohllkhand dux'm;5
the last 25 years, but up till now most people there have not been ablo
entirely to control the quality of the sugar made with it, which is commonly-
termed ‘' machine-sugar ’’. Ordinarily the centrifuger puts the pugged rab
(magma) into the centrifugal, after perhaps treating it with soda bi-carbonate
to reduce viscosity, spins it with no special regard to speed. or variations
of speed, washes the sugar in the cage with warm or cold water; or u
decoction of the Ritha fruit (Sapindus Mukorassi or Soap-nut) and regards
the haphazard result as the best that can be got. If the:sugaf: ‘mass_has
been over-washed, the resulting product is white but the recovery is low;
if it has been underwashed the recovery is higher, but the product is a
more or less yellow sugar in which the crystals are coated with a thin film
of molasses that spoils the keeping quality of the sugar by making it liable
to fermentation. Incomplete elimination of  molasses . ‘and consequently
inferior quality of sugar is particularly common where the" centnfugmg is
done on contract, as is often customary in Shahjahanpur. "It is owing to
such defects that machine-sugar is generally regarded by the trade as of a
far lower grade than Khanchi sugar which usually receives more careful
treatment from the manufacturer. On their side the owners of small sugar
concerns attribute their want of success to the inefficiency of their :centri-
fugals, whereas really it is mostly due to the ignorance of thelr _centrifugers
of the proper methods of manipulating the massecuites of varying quahtles
and different textures which they have to deal with in: the usual cqurse.
There is not the slightest doubt-that if. each specimen of rab is’ rightly. -
treated in the pugmill and in- the centrifugal the whole of the resulting
sugar should be superior in quality to the finest’ grade phul’ sugar ‘of the
bel-khanchi system, and should be infinitely better than-the lower: grade

(adhauta and tarauncha) sugars of that system whlch ‘are bleached w1th
sewar. ,

The second great mistake of the Roh1lkhand sugar-manufacturer lies
in the method of re-boiling the molasses from ' the first sugar, to make a
second massecuite (rab) for the production of second sugar, in which boiling
the second masseculte never- escapes charring. Whether the - single or 'the
double pan system is adopted, part of the boiling material ‘is 1nvar1ably
caramelised in the finishing pan, the sugar crystals becoming. charred: by
excessive and uncontrollable heat in the same way that -corn is parched
by the burning sand in the earthen vessel on the oven of the Indian grain-
parcher. The brown colour which the sugar acquires from 'this charring,
though not perceptible at the. time to the naked eye, is so permanent:that
it is impossible to remove it either by treating.the massecuite ‘with -soda
bi-carbonate or any other alkali before machining it or' by washing: the
sugar mass with water earth or a solution of chemical: bleaching  agent,
while it is spinning in the centrifugal. Besides, the ‘second massecuite
ordlnarlly prepared in Rohilkhand is so viscous that it cannot be effectively
cured in the centrifugal by the.ordinary treatment of washing, however
efficient or fast running the centrifugal may be. As a result,.the local
product is brown or dark coloured second sugar having a polansatlon of
86 to 88 which sells at only a slightly higher price than gur, whereas it is
possible under the Bhopal system o produce from the same basic material

a second sugar which will polarise- at 96 to 98 and is so good. that when

properly dried and sifted it can be mixed with the first sugar without
reducing the market value of the latter,

Tn these days of keen competition with foreign sugars on the ome hand
and of high prices of cane and cane juice on the other hand, the salvation

* Extract from the ‘ Annual Report of the Department of Agriculture,
Bhopal ** for 1928-29, pages 21-28.
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of the indigenous industry from gradual extinction lies in producing a
second sugar of a quality at least as good as that of the first khand of
- Rohilkhand, and in obtaining as high a recovery of that as is possible by
manipulative skill. A{ present the Rohilkhand manufacturer does not
- possess the requisite skill for either boiling or spinning the second massecuite,
with the result that he cannot obtain the maximum profit from the raw
material he employs. 8o long as this wastage continues in spite of the
adop.tlon'of the centrifugal, there is little hope of the indigenous industry
holding its own in open competition, however much the Indian product
may be patronised by orthodox consumers. Here, too, the failure in this
branch of the industry is commonly, though erroneously, attributed to the
centrifugal, which is supposed to be unable to cure second rab: and the fact
that it 1s really the second massecuite as ordinarily produced which is hope-
‘lessly bad is not understood for want of technical knowledge. The result is
. that many manufacturers, disappointed with the results obtained, give up
. irying to produce second sugar with the centrifugal and so lose what might
be one-third of the weight of first sugar, to the great detriment of the
indigenous industry. = ' ! ' .

. It is therefore important in the interests of the Indian manufacturers to
-enunciate the principles which govern the highest attainable recovery of
~really good first and second sugars by the use of the centrifugal and to
- describe fully the practical methods by .which such recovery can be secured
-from the different specimens of massecuite which may have to be dealt with

by a sugar manufacturer, especially one who supplements the produce
"of his own bel by buying massecuites from cultivators under the ¢ Khush
Kharid ’* system. It cannot be expected, even where the Bhopal system of
boiling is followed, that all massecuites prepared in the course of the boiling"
" season will be uniformly good. Accidents will happen, juices of varying
richness will have to be dealt with, stale canes will have to be manipulated
and other disturbing factors will crop up. Thus in every season a manu-
facturer will meet with material for spinning which will be good, bad and
indifferent. -Accordingly the object of the following paragraphs is to en-
lichten the manufacturer as to the methods to be employed in order to get
the best possible results from all kinds of rab in a centrifugal, and in all
cases to produce sugar which will be better in quality than any that can
.be produced with similar basic material by the bel-khanchi system.

It has to be borne in mind that the centrifugal is merely a mechanical
appliance, whose sole function is to separate molasses (the liquid portion
of the rab) from crystals (the solid portion which is marketable cane-sugar).
The degrees of elimination of the liquid will depend upon (a) the density
of the liquid, (b) the ease of separation (on the application of centrifugal
force) induced by sufficiently long storage of the rab during which the
crystals naturally separate themselves from the molasses while still in the
crystalliser vessels, and (¢) the speed with which the centrifugal is capable
of throwing out the molasses. Even the best centrifugal cannot be expected
of itself to produce good white sugar in all cases. There is always far
greater difficulty in producing good white sugar with the machine from close-
boiled massecuites than from massecuites of thinner consistency, unless the
former receive special treatment to bring about conditions which will make
sufficient elimination of the liquid possible by the use of the centrifugal force
available. The operation is still more difficult with second massecuites which,
compared with first massecuites, are usually far more viscous even under
the most careful method of boiling and contain much finer crystals as a
rule. It is an art to deal properly with massecuites of different qualities
in different types of centrifugals, a#id the centrifuger must be fully trained

in it to obtain consistently good results.

Massecuites vary in texture, size of crystals, sucrose and glucose contents,
viscosity and colour according to the stage of maturity of the cane, the
richness of the juice, the time intervening between extraction and boiling,
the care bestowed on defecation and clarification of'the Juice and on boiling -
the liquor, the rapidity of the latter concentration and the amount of
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aeration given to the massecuites before storing it in crystallisers. Dealing -
with different varieties of cane in different localities at different stages of

the season under conditions varying from field to field, it is impossible for

the Khandsari to obtain rab of uniform quality or texture throughout

the season, even when boilers are expert and have used their best skill..
Some specimens will always be better and richer than others, while a number

W}H be defective in one respect or another. Good and bad specimens require

different treatment in the centrifugal in order to get the best returns out

of them. There is no treatment which will apply equally well to all forms

of rab. The general mistake, which is responsible for heavy avoidable losses,

lies in the general practice of machining all forms of rab by one method,

namely, merely spinning it in the centrifugal and washing the revolving

massecuite with a spray of plain water or a decoction of ritha fruit, whereas

it is essential that treatments should vary with the particular material.

Massecuites (rabs) can be distinguished under the following heads:—

(a) Loose (Dhili).

(b) Soft (Masin or Patli).

(c) Close-boiled-medium (Ausat).
(d) Close-boiled-hard (Karri).

Under *‘loose massecuite ”’ come the specimens of rab boiled to tha
consistencies known as Kapasi, Sharbati and Mota-dora (for details see
pages 128--130 of ¢ The Indian Sugar Industry ”’). If the cane was rich,
specimeng of loose massecuite should shew well-formed strong crystals fairly
large in size, which separate themselves from the molasses as a natura)
phenomenon in the course of storage, the molasses usually appearing at the
top of the crystallisers. The molasses is usually thin and like the crystal-
lised mass free from viscosity. But if such massecuites are stored too long,
the crystallised mass below the molasses is apt to become very compach
and difficult to dig out for pugging.

Under ‘‘soft massecuites  should be classed specimens which, owing
mainly to the poverty of the juice and sometimes to slow boiling or too much
“ aeration >’ of the rab, contain very small crystals intimately associated
with the molasses which refuses to separate during the period of storage.
Such specimens are generally obtained when the cane is unripe, damaged,
diseased or over-ripe, even though the cane may be naturally of a rich
variety, or when the juice is extra-ordinarily acid. Occasionally a thick or
thin layer of a frothy mass only partially crystallised (known as gobh) will
be found on the surface of rab of this class. All second massecuites, even
those made from the richest canes under the most skilful supervision, exhibit
prominently the characteristic features of this type. ' ’

In the category ¢ close-boiled-medium ’’ should be included the different.
grades of the consistency known as Jaukhasi (barley-grained). This is the
most desirable class of rab for machining purposes, and there are various
grades of this class which may be denoted in order to indicate subtle distinc-
tions in the texture, by the terms ¢ thin Jaukhasi ’, and ‘¢ thick-Jaukhasi ”’.
Thin Jaukhasi is only a shade thicker than mota dora, while thick Jaukhasi
is a shade thinner than mohr jam. Medium Jaukhasi, which is midway
between the two, is the ideal form for sugar-making. Massecuites of this
category having little viscosity in them are easy of curing and generally
vield crystals of the size most highly prized in the Indian market. The
surface layer of the rab always sinks in the crystallizers in the case of these
massecuites and the space vacated thereby is occupied by the liberated
molasses which rises to the top. : o o

Under ¢ close-boited-hard ” should be classed the massecuites of the
consistencies signified by the terms Mohr-Jam and Khunta-Thonk. These
forms are the outcome generally of careless boiling or want of proper dis-
cretion in determining the final consistency, in-other words, of over-boiling
the rab. Specimens of this class are not uncommon in an Indian factory.

111-1-60 ' ! K
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They are difficult to deal with in the centrifugal and require special treat-
ment in machining. If the average Jaukhasi is kept too long in the crystal-
lisers, it becomes as hard (owing to loss of moisture by evaporation) as rab
of this type and should then undergo similar treatment.

The first duty of a centrifuger is to decide as to ‘which of the various

types described above the particular rab before him belongs and then to
deal with it accordingly.

For loose rabs of type (a) no special treatment is needed, nor is very
high speed of spinning mecessary, when the rab is the first massecuite; about
1,600 revolutions per minute will be ample. The magma, after having
been broken up in the pug mill or by hand, has only to be put into the
centrifugal and the machine set spinning. If the centrifugal is one of 187
diameter, the charge should vary from 56 to 60 lbs. The molasses will be
found to drain off quickly. Towards the end of spinning the sugar in the
eage should be sprayed with a } to 3 syringeful, i.e., about 5 to 8 ounces,
of plain warm water or preferably with a weak solution of sodium hydro-
sulphite of the same volume. The sugar when scraped out of the cage will be
_ found to be a mass of fairly large crystals almost entirely free from traces
of molasses. When crystals are large, they will be white but not brilliant.
The larger the size of the crystals in the rab, the less will be the lustre.
In order to impart brilliancy to the crystals, it will be necessary not only
to expose the sugar mass to the bleaching action of the sun but to crush if
gently with a wooden roller on a plank of wood placed over a carpet (pata)
which . is. usually made of hemp fibre in Rohilkhand. Over the pata it is
best to spread a piece of dark cloth so as to show the degree of whiteness
distinctly to the observer from some little distance. The crushing shenld
be done carefully so that the crystals may only be reduced in size but not
smashed : otherwise the sugar will look mealy which is an undesirable feature
'from the customer’s point of view. It generally takes 6 to 8 hours for
- the action of strong sunlight to complete the bleaching. Different varieties
of cane seem to contain colouring matter in different quantities. In some
the colouring matter is washed off easily and completely by moderate spray--
. ing in the centrifugal; in others more washing is found necessary. .Speaking

generally hereby all the so called * White canes?’, which have a green or
yellow rind, yield white crystals in the centrifugal: whereas the crystals
from red and purple canes are dull white or shew a slight tinge of pale
pink or brown or yellow at the time of scraping the sugar from the cage.
but when bleached .in the sun and crushed become white. Sugar while still
moist ‘ is seldom perfectly white. Evaporation of moisture improves the
colour .very remarkably. In the cage the top layer of about one-half to
one inch in thickness is usnally whiter than the inner layer which almost
always eontains more moisture, especially when big charges are dealt with.
Rabs of type (a) are not ordinarily manufactured for commercial working,
because large crystals are not wanted by the Indian market and because the
vield of 1st sugar, whether such rab is treated in the centrifugal or the
Khanchi, is low as a rule. In the eentrifugal system it varies from 4 to 5
per ceni. on the cane. However, rabs of this type are not rare in Tndian fac-
tories, as a result of want of discretion on the part of the boiler in striking the
last pan; and for that reason the tvpe has been discussed at the above length.
It would reduce the yield further if such rabs were subjected to the special
treatments to be described presently.

For the sake of convenience soft rabs of type (b), which include second

massecuites, will be noticed later on after the other forms of first massecuite
have been fully discussed. '

In the case of *‘ close-boiled medium ?* forms of first massecuite of class (¢),
it is the various grades of the Jaukhasi (*‘ barley-grained ') rab that the
manufacturer has generally to deal with at present and should continue
to make his standard by instructing his boilers to confine themselves as far
as possible to the production of this class of rab. If it is true to type and
has been boiled with care, the molasses separated in the natural course
within the crystallisers will be transparent, indicating production in the
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centrifugal of sugar which may in the case of certain superior canes be
snow white, If there is a thick dry crust on the top of the crystalliser
as is sometimes the case, it should be removed by an iron scraper (khurpi)
to be boiled later with the first molasses.

Before centrifuging, the rab should be broken up in the pug mill and
the magma bleached by treating it with a strong solution of sodium hydro-
sulplute mixed with a little molasses obtained in previous working. From
10 to 15 grains of the chemical should be enough ordinarily to bleach 50 1bs.
of rab: but should that quantity prove insuﬂicient, as with the dark
massecuites yielded by some of the purple canes, more hydrosulphite should
be added gradually until the rab becomes yellow or orange yellow, The
action of the chemical is almost instantaneous and is complete within a
very short space of time., When working on a large scale, the rab should
receive this treatment while it is being worked in the pug mill. Care
should be taken not to use the chemical in excess as the gas evolved by its
decomposition may irritate the respiratory organs of the workers. Rab so
treated will hereafter he referred to in this narrative as * bleaehed magma "’

While this treatment is in progress, some clear molasses, first or second
obtained in previous operations should be taken and treated with the
hydrosulphite until it acquires a bright yellow or orange colour. It should
then he diluted into a ‘‘syrup ”’ with water to bring down its density to
72° or 73° Brix (the density of pure Ist molasses being about 779 Brix)
and kept ready for use as explamed below. Molasses so treated will be -
styled ¢ sulphited molasses > in this narrative.

After being bleached, i.e., sulphited, the magma should be charged into
che cage of the centrifugal (50 to 56 lbs. being the usual charge) and the
machine sbarted to spin. I'or massecuites of this (¢) class, a high speed
centrifugal, such as Messrs, Broadbent and Sons’ type 17-B which runs at
2,000 revolutions per minnte, is the best and indeed is essential for the
finest results. Tn three to four minutes after the start more than two-thirds
of the molasses will have been drained from the cage. ' At this stage 7 to 8 Ibs.
of the sulphited molasses should be poured all at once into the cage, while
it is running at full speed. This operation has heen given the techmical
name of ‘“ syrup-wash *>. Tn a minute or two all this syrup will be thrown
out. The sugar mass in the cage should then be washed with half a syringeful
of a weak solution of stannous chloride (about one grain to the pint) and
subsequently with an equal volume of plain water to wash out the traces .
of the chloride. Ordinarily about half a pint of the solution and an 2qual
volume of plain water should be quite enough to wash a full charge. The
standard syringe supplied by Messrs. Broadbent and Sons with their 187
centrifugals holds one pint of water.

When completely cured, the sugar should be scraped out of the cage,.
bleached in the sun, crnshed sifted and bagged.

With this treatment, provided the rab was of normal strength, the
auality of the resultmg Lhand should be far superior to that of the hest
Phul of Rohilkhand.

If rab of class (¢) becomes hard by long storage or other reason, as is
sometimes the case with ‘¢ thick jaukhasi ”’, it should be treated as described
helow for class (d) massecuite.

The yield of first sugar will depend upon the quality and the colour
desired. At present the Indian market,does not demand large-sized crystals
nor is much imnortance attqched to speeial whiteness thonrrh whiter samples
fetch a somewhat hicher price. Indeed the Khal sugar of Ro!nlkhand
which is a mixture of the two grades phul and adhauta and is the main -
article of commerce, is not really white, whereas the average sugar made by
the Bhopal process is white.

Tf the ohject is to make a sugar equal to or a little better than Khal
in crystals and colour, the Bhopal process will, if the cane used is rich and
the extraction of the juice fairly high (about 66 per cent. or so), give from
rabs of class (¢) a recovery of between 6 and 7 per cent. of first and shout

: | K2
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2 per cent. of second sugar, making a total 8 to 9 per cent. on cane (as
compared with the 4 to 6 per cent. now obtained by Khandsaris in Rohil-
. khand), because in that case it-will not be necessary to employ the sulphita-
tion treatments described above or to wash the sugar mass thoroughly with
water. Even a 10 per cent. recovery with rich canes would not be im-
possible, if a tinge of colopr'were not objected to. But if the intention
13 to make first and second sugars with a much higher degree of whiteness,
stronger crystals, better keeping qualities, a more agreeable flavour and suit-
able for consumption at table, then the treatments described must be followed
and, allowing for variations in the type of cane, the stage of the season
and the care in manipulating the materials, a total recovery of from 7 to
over 8 per cent, may safely be reckoned upon at the present stage of our
investigations., The best Coimbatore seedlings generally yield more than
7 and often over 8 per cent. provided that they have not been over manured
and that the crushing mills used are efficient, while inferior canes whether
‘thick or thin yield less, in proportion to their sucrose contents.

. When production increases as a result of these new methods, the classes
who now eolely .use white foreign sugars will, in spite of a real wish to
help the indigenous industry, be reluctant to replace the foreign by the
Indign-made article in iheir households, unless the Indian manufacturer
will produce a whiter product than the present day Khand. Even the
~orthodox classes, too, will come to demand a sugar of a higher degree of
whiteness.. Moreover Khand possesses a molasses-like smell, which is so
disagreeable to Indian taste that Khand is never used at table until it
has been reboiled with milk, clarified and converted into the refined form
of sugar known as bura, the refining operation involving trouble, expense
and an appreciable loss of sugar. :

These matters have been carefully studied here and the research has
evolved the sulphitation of the rab and the subsequent syrup washing, as
above described, which both bleach the sugar and so deodorise it that the
Khand smell becomes imperceptible. Our methods will insure quality and
quantity for first and second sugars alike; but, as already indicated, much
will depend on the skill of the centrifuger and the speed of spinning, even
with massecuite of the finest quality. ‘ .

, Massecuites of -class (d) *‘ close-boiled-hard ** which include rabs of the
mohr-jam and khunta-thonk consistencies are rather difficult to deal with
in the centrifugal. They are not mnecessarily viscous but are always hard
with minute crystals closely packed together in a very compact mass. With
mere spinning and washing, the sugar from them when scraped from the
cage of the centrifugal (called pachhni at that stage) is tinted or yellow
compared with the much whiter pachhni from massecuites (a) and (b).
Although exposure to the sun improves this colour, the standard degree of
whiteness is never attained and the resulting sugar is hardly any better
than the average Khal of Rohilkhand. The recovery of first sugar from
such rabs is, however, very high as a rule, as much as 58 per cent. on the rab
having been recorded. But the spinning takes a long time, which raises
the cost of manufacture and tends to increase the wear and tear of the
machine. Besides, if the speed of the centrifugal is high, the molasses sticks
to the crystals so firmly that considerable washing is found necessary to
liberate it: serious losses of first sugar follow: and yet the final product is
far from satisfactory. If, on the other hand, the speed is lowered, the
-molasses drains off too slowly and the results are still worse. Special treat-
ment of this type of rab is therefore essential.

In the first place care must be taken to break the rab so thoroughly in
the pug mill as to leave no lumps in the magma. If unbroken lumps are
left in it, the distribution of the rab in the cage is uneven, the machine
begins to vibrate almost as soon as it starts spinning, and it is very difficult
to steady it. It must always be borne in mind that even moderate oscilla-
tion of a centrifugal in spinning reduces the quality of the sugar considerably
below the standard. To avoid that, the magma must be liquified artificially,
so as to give the original molasses associated with the crystals in the magma,
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a chance of draining off more qulckly than it would do otherwise, and to
force the crystals to separate from one another to some extent.

For this purpose 7 to 8 lbs. of first and second molasses taken from the
storage tank of the factory should be placed in a vessel, about one dram
of soda bi-carbonate dissolved in an ounce of water should be poured into i,
and the mixture should be stirred briskly until it becomes frothy from the
escape of the carbonic acid gas tormed by the action of the alkali on the
natural acids in the molasses. This *‘‘ carbonated molasses ’’ should then
be mixed very thoroughly with about 50 lbs. of the magma, which is the
maximum charge of it for a 187 centrifugal. When working on a commercial
scale, this mixing shouid be carried out in the pug-mill instead of being
done separately by hand for each charge. Then the magma so treated
should as described for massecuites of class (c), be sulphited with sodium
hydrosulphite and allowed to stand till the bleaching action of the hydro-
sulphite is complete; then it should be spun, syrup-washed, and lastly
sprayed first with a solution of stannous chloride and afterwards with plain
water. 1t may be necessary perhaps to give an extra washmg with a
quarter syringeful of water in completing the spinning,

Under this treatment the outer layer of the 1st sugar in the cage should

certainly be quite white, while the inner layer of about a half or a quarter
of an inch will not be equally white, owing to the moisture in it which
could not be expelled fully because the rush of the air could not force its
way through the sugar mass on account of the compactness of the minube
sugar crystals in the outer layer. The sugar can also be ‘‘ blued *’ with
" & final spray of wultramarine dissolved in water’ before the spinning is
stopped. This bluing disguises the tinge in the sugar and used to be~
practised in Rohilkhand, but has been abandoned thergq because confec-
tioners found that sweetmeats made from the sugar bhad a bluish tmge
which their consumers objected to.

Soft massecuites of class (b), whether first or second, may be sub—d1v1ded
into non-viscous and viscous, the crystals in both kinds being usually
minute, but particularly in the viscous type. All second massecuites belong
to this class, the degree of viscosity depending partly on the care taken
to boil the molasses while quite fresh, but still more on the sucrose content
of the first molasses and the purity of the juice with which the first masse-
cuite was made. If the recovery of the first sugar has been from 5% to
6 per cent. on the cane, the first molasses generally yields a fairly good
second massecuite. There will be no difficulty in boiling the first molasses
drawn from weak massecuites for production of second sugar, especially if
they have been made from poor juices. A treatment of saturated lime water
in boiling the first molasses reduces the viscosity quite appreciably, but
any excess of it darkens the second rab which then yields a brownish sugar.
A judicious use of lime water in limited quantities is desirable in view of
the improvement which invariably follows from it. .

First massecuites of the non-viscous type give mo trouble in machining,
nor is it ordinarily found necessary to spin them in small charges., Their
main disadvantage is that in a high speed centrifugal the inmner layer in
the cage is often not quite so thoroughly cured as the outer one, especially
if the charge is big, though when both the layers (the inner moister than
the outer) are scraped out, mixed together and bleached by the sun, a
sufficiently white product results. If a whiter material is desired, the
revolving sugar mass must be syrup-washed with sulphited syrup having a
density of not lower than 73° Brix, because a thinner syrup would perhaps
leave its own moisture behind in the inner layer and, with it, its yellow
colouring matter. . Care should also bg taken, when spraying the sugar with
water or a solution of stannous chloride, to do so sparingly because otherwise
excess of moisture, which could not be fully expelled owing to the compact-
ness of the sugar mass, would give the same colour to the inner layer as
occurs from washing the mass with syrup of a low density. If heavy charges
of 50 lbs. and over do not yield the standard quality with any particular
specimen of rab, smaller charges should be used.
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SECOND SUGARS.

‘1t has already been observed that the only hope of placing indigenous
white sugar on the Indian market at competitive rates lies in the recovery
of second sugar of good quality and white colour. As that can be done to
the extent of 13 to 2 per cent. on weight of cane, by the methods here

described, the importance of strictly following the details of the processes
~ cannot be too strongly emphasised.

In dealing with second massecuites, which from certain canes will be -
dark ard will ofter be viscous, it is always essential to treat them with
‘ carbonated molasses "’ and then to *‘ sulphite ” the magma before spinning.
If the soda bi-carbonate does not reduce the viscosity sufficiently, a solution
of sodium hydrate (NaOH) may be used instead, followed by sulphiting
the magma. - The charge also should mot exceed 45 lbs. in an 187 centrifugal
acd 40 lbs. may be a safer limit. Also it is very important that the
centrifugal should be one in which the speed can be regulated at will. A
centrifugal designed only to run uniformly at 1,800 to 2,000 revolutions per
‘wminute from the beginning to the end of the spinning operation will not
answer the purpose, because such a speed does not give the molasses a
chance of liberating itself, and the crystals in revolving get so entangled with
. the molasses that even copious washings with alkaline solutions and ** syrup-

washing >’ prove almost fatile. Messrs.” Broadbent and Sons’ type 12
¢ Handelox >’ centrifugal worked by mechanical power and their 14Y hand-
power centrifugal are machines in which the speed can conveniently be
controlled and can be relied upon to give excellent results with second
sugar, Those who wish to make second sugar would be well advised either
to have a battery of two machines one being of the * Handelox ’* type and
the other developing a uniform speed of 1,800 to 2,000 revolutions per
ninute such as Messrs.  Broadbent and Sons’ type 17-B centrifugal in its
present form, both machines to be worked by an oil or steam engine, or
‘else to have on¢ machine of type 17-B which has been fitted with a gearing
to regulate the speed as wanted.

" With second massecuites of the viscous type, the speed of the machine
- should rise gradually from about 600 to 1,200 revolutions per minute until
the greater part of the sticky molasses has slowly been eliminated without .
causing the cage to oscillate. When about three-fourths of the molasses
have drained off, the sugar mass in the cage should be syrup-washed with
a sulphited syrup of about 73° Brix demnsity or, if the rab was very viscous,
with a syrup of still lower density. The speed should then (and not before)
" be raised to-its maximum, which is as necessary at this stage in the produc-
tion of second sugars as it is throughout in the centrifuging of first masse-
cuite into first sugar. As with other sugars, the mass in the cage should
be washed with a weak solution of stannous chloride or plain water and the
rest of the wusual processes described above should be followed. Without
the above treatment, it.is impossible to obtain second sugar of good polarisa-
tion or colour with any type of centrifugal. The centrifugal must be fuliy
trained and shuld gain sufficient experience to be able to deal efficiently
with the massecuites of different types before being allowed to work inde-
_pendently, otherwise the best results will not be obtained, especially in
dealing with the weaker massecuties of the types of second rab.

Tt is hoped that the system has now been made clear, and that the reader
will also realise that sugar-making, even as a village industry, is an expert
business, in which knowledge of theory must go hand in hand with experience
and technical skill in all branches of the manufacture.
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APPENDIX B.

SysTEM OF CHEMICAL CONTROL PRESCRIBED FOR EXPERIMENTS
CONDUCTED AT BILARI.

Chemical control in the sense adopted in a modern Sugar factory, has
never been attempted in a small scale factory making sugar by the open pan
process. It therefore became necessary to lay down complete instructions
regarding this for the guidance of the chemists deputed for work at Bilari.
These instructions are reproduced here, partly as they may prove of interest
to those who may wish to adopt a simplified system of Chemical control, and
partly to indicate the method by which the technical data contained in this
report have been obtained. It is well known that analytical figures relating
to sugar manufacturing operations vary according to the methods of sampling
and analysis followed and it is therefore necessary to know exactly the methods
followed in a particular factory before a valid comparison can be made with
the figures of another factory.

It should also be pointed out that the methods selected for adoption were
similar to those followed in the Indian Sugar factories. Extreme scientific
accuracy was not aimed at as the staff and the laboratory equipment available
were not adequate for the purpose. The aim rather was to employ rapid.
methods of analysis which were at the same time reasonably accurate. The
number of samples was also curtailed and a system of compositing of samples
was adopted which served to obtain a small number of samples which were
representative of the entire quantity of material under examination.

The prescribed system of Chemical control may be described under the
following sub-heads : —
(a) Determination of quantities,
(b) Sampling and Analysis,
(c) Laboratory records.

A note is given at the end indicating the differences between the methods of
sampling and analysis adopted at Bhopal (1930) and Bilari (1931).

~

DETERMINATION OF QUANTITIES.

In what follows, a day is reckoned from 6 A.M. "to 6 .. the following
morning, and a week from 6 A.M. on Monday to 6 A.M. on the following
Monday. :

iThe following system is to be followed for determining qua,ntltles for
chemical control:—

1. Cane. To be weighed on the one-fon weighing machine. - By fitting a
bamboo platforin on the machine, about 256 maunds of cane can be weighed
at a time (instead of 12—15 maunds at present). This will save time and
reduce errors of weighment.

2. Juice. lt is not necessary to weigh each tin of juice as is being done
at present. This requires too much staff and one weighing machine is not
suflicient for weighing cane and juice both.

Juice should be measured and the weight calculated (the daily determina-
tion of density being part of the routine analysis).

For measuring juice two vessels (one for each mill) having ird or ith the
capacity of a Kerosene tin should be used. Large lotas or small gagras will be
quite suitable for this purpose. The eiact volume of each vessel should be
accurately determined in the laboratory and checked once a week. The
volume of both vessels should be the same. If two such vessels are not
obtainable, their volumes can be made equal by drilling overflow holes near

the top.
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These vessels should be given to the men who take out juice from the mill
tanks for filling tins. They should be instructed to fill each tin with the
same number of measures of juice each time. The number of tins filled in
this way and delivered to each bel should be noted separately.

3. I Rab. The total quantity turned out from each bel each day should
be weighed and the averige tare of tins deducted. The tins should be
numbered serially for identification of each day’s production. The serial
numbers should be noted along with weight of rab. .

4. 1II Rab. As for I Rab.

5. Molasses for reboiling.—This consists of the following : —

(a) Molasses obtained on curing I Rab, including dilute molasses pro-

- duced when spraying the sugar with water. '

() Dilute molasses of II Rab, produced when spraying the sugar with

: "water, This should, as far as possible, be collected separately
- - from the molasses proper, as it is of much higher purity.
(c) Washings of pugmills, and centrifugal baskets.

All the above material should be weighed together (no attempt being made
to segregate the products of each day’s rab) whilst issuing to each bel for
reboiling. The average tare of tins should be deducted for finding the net
weight reboiled in each bel each day.

6. Final molasses. This is obtained on curing the II Rab. Dilute molasses

- should, as far as possible, be kept separate. When @ sufficient number of tins
has been filled, they should be weighed and average tare deducted. No
ﬁtelxzn%t should be made to weigh separately glp®gmolasses from each lot of

ab. ,

7. I Sugar. - To be weighed after drying and bagging as each day’s sugar
is sent to godown or is despatched. No attempt should be made to keep each
ot separate.

8. IT Sugar. As for I Sugar. 4

9. Scum. The total quantity taken out of all the pans should be weighed
together, :

10. Fuel and Sundry stores. A record should be kept of the fuel, lubri-
cants, sajji, deula, bhindi, etc., used and the quantities consumed each week
shoutd be communicated to the chemist. The consumption should be allocated
to the following heads : — ' _

(a) Cane Crushing. This is common to the Bhopal bel and the Rohil-
khand bel. An allowance should be made for the quantities used

_ for pumping water and for work other than the running and

) " maintenance of the cane crushing mills.

From the total weekly consumption of fuel, lubricants, etc., the
consumption per 100 maunds of cane erushed should be deter-
mined. The proportion to be allocated to each bel can then be
calculated from the known weight of juice supplied during the

- week and the average extraction of juice for the week.
(b) Bhopal bel. The actual quantities supplied each week.

(¢) Rohilkhand bel. The actual quantities supplied each week.

SAMPLING AND ANALYSIS.

As far as possible, the methods of analysis described in ‘‘ Uniform methods
of chemical control ”’, issued by the Sugar Technologists’ Association of
India, should be followed, so that the results may be comparable with those
obtained in the Indian Sugar factories.

1. Cane. Not to be analysed. Sucrose and fibre to be calculated daily
from the analyses of juice and bagasse and the figure for extraction of juice
per cenb. cane. ’ 4

2. Bagasse.

{a) Sampling. One combined sample per day from the two mills is to be
analysed. Sampling should be done in the forenoon (about
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11 a.m.) and afternoon (about 3 P.M.) on alternate days. Ne
special precautions should be taken for feeding the mills at the
time of sampling.

One large basketful of bagasse should be taken from each mill.
It should be mixed and sub-sampled several times, chopping up
the prices each time. The final sample should be chopped up as
finely as possible. In the absence of a chopping machine, a hand
chopper should be used.

The sampling and chopping should be done quickly and in an
unexposed place to minimize loss of moisture.

(D) Analysis. Percentage of sucrose and moisture should be determined
and that of fibre calculated.

3. Juice.

(a) Sampling. One composite sample (combined for the two mills) to be
analysed daily at about 2 .M. The sample should be collected in
two vessels one for brix determination using formaldehyde as
preservative and the other for sucrose determination using lead
acetate or mercuric chloride as preservative.

Samples are to be taken from the two mill juice tanks, every
half hour, by means of a vessel of fixed capacity and poured into
cover(eld containers in which preservatives have been previously
placed.

(b) Analysis. Percentages of sucrose, brix, purity and invert sugar are
to be determined. The following figures are to be calculated
daily : —

(i) Juice extracted per 100 cane. .
(i1) Sucrose in juice per 100 sucrose in cane,
4. I Rab. To be done separately for Bhopal and Rohilkband bels.

(a) Sampling. From each finishing panful of rab, a sample should be
drawn and composited whole day. Such dmly samples should be
composited for each week and analysed once a week.

(b) Analysis. Percentages. of sucrose, brix, purity and invert sugar are
to be determined.

5. II Rab, Sampling and analysis to be done separately for Bhopal and
{ohilkhand bels as for I Rab.

6. Molasses for reboiling. To be done separately for Bhopal and ROhll—
khand bels.

(a) Sampling. One composite sample representative of the total mate-
rial (i.e., I Rab molasses including dilute molasses of I Rab, and
dilute molasses of II Rabd) to be reboiled should be collected each
day and analysed same day. Samples may be drawn from pans.
If necessary, mercuric chloride may be used as preservative.

(b) Analysis. Percentages of sucrose, brix, purity and invert sugar are
to be determined.

7. Final molasses. To be done separately for Bhopal and Rohilkhand bels.

(a) Sampling. A small sample should be drawn from each tin of
molasses which is to be sold. .Should be composited for the whole
week and analysed once a week.

(b) Analysis. Percentages of sucrose, brix, purity and invert sugar are
to be determined.

8. 1 Sugar. To be done sepal‘ately for Bhopal and Rohilkhand bels.

(a) Sampling. A small sample should be drawn from each bag of dried
sugar before weighing and kept in a corked bottle. Should be
composited for the whole week and analysed once a week.

(b) Analysis. Percentages of sucrose and moisture are to be determmed



430

- 9. 11 Sﬁgar. Sampling and anﬂysis to be done separately for Bhopal and
Rohilkhand bels as for I Sugar. :

10. Scum. To be done separately for Bhopal and Rohilkhand bels.

(@) Sampling. When the total quantity of scum for each day is weighed, -
samples from  different places should be taken and mixed for
. analysis.” One sample to be analysed daily.

"> (b) Analysis. ‘Percentage of sucrose to be determined.

" Abstract of sc'hmM for analytical work.

_ RS DETERMINATIONS REQUIEED
. Serial| -~ Material Numberof i, 000 .
No.. | - . v samples Invert | Mols-
. Lo | : | ‘ Brix | Purity sugar ture Fibze
1]Cane . .. .|]None figures to|] . x _ x
. L be calculated. ’
" 2 |lBagasse . .|Onedally . x x
8 lnice . ., Ditte . x x x . x
4] TRab .: .| One weekly for| . x x x s
S each bel.
5jIXRab .. .} 'Ditto - . x 1 x x | x
6 | Molasses for re-| One daily for| x x X X,
- boiling, each bel. -
7 | Final molasses . { One weekly for] -x x x "X
g ' each bel. : :
8| 1Sugar .» . . Ditte . x x
9 | II Sugar . ol Ditto . X X
10 {Scum - . .|One dally for
each bel. .

; . R LABORATORY RECORDS. :
_'The following registers are to be maintained by the Chemists : —
- (1) General Log Book, ,
" (2) Register of Plant and Process employed,
. (3) Analysis Register, _ :
.- (4) Register of Quantities,

- (5) Register of working figures for Bhopal process.

~ (6) Register of working figures for Rohilkhand process.

: Specimens of the forms to be used for these registers are given at the end.
A few explanatory remarks on these are given below : —

1. General Log Book (Form 1). In this the date and time of starting and
stopping all principal manufacturing operations (e.g., cane crushing, boiling
' juice or molasses In each bel, curing each lot of rab) should be entered.

Interruption of work due to any cause (e.g., rain, want of fuel, accidents, etc.)
should also be noted. The log book is intended to be a complete daily record,
in chronological order, of the work of the factory.

" 2. Register of Plant and Process employed (A blank book should be used).
In this should be entered a complete specification (with necessary sketches) of

the plant and a detailed description of the process employed. Any changes
made during the season should be noted, stating the dates on which they are

made.
3. Analysis Register (Form 2). The daily or weekly analysis figures should
be entered in this. Celumns are provided (between those for each Sunday and
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Monday) for weekly averages. The averages should be true and not arith-
metical averages.

4. Register of Quantities (Form 3). Figures for weights of different
articles are to be supplied to the laboratory daily exeepting in the case of
stores (ilems 14, 15 and 16) which are to be supplied weekly. The figures for
““ Record of time ' (item 17) are to be obtained from the General Log Book.
Weekly totals and averages should be entered as explained above.

5 and 6. Registers of working figures for Bhopal and Rohilkhand Process
(Form 4). Two separate books are to be maintained so that there may be no °
risk of the figures for the two processes under test getting mixed up. The
form is sclf-explanatory. Weekly totals and averages are to be entered as
explained before. ‘

FORM 1.
General Log Book.

Date Time Particulars




FORM 2.

Analym Reguter. |

Serisl
No.

.. Analysis

Janu.ary 1931_'_

. February1031

20

o1|22!23| 24|23/ Week - |

26

27

28

29

30

31

 Week .

3.

Cane—
Sucrose .
Fibre

Bagasse—
Suerose
Moisture

Juice—
Sucrose .
Brix .
Purity
Invert sugar

Suerose
Brix

+ Purity
Invert sugar

Sucrose
Brix

Purity .
Iuvert sugar

I Rad (Bhopal)-—-

I Rab (Rohzlkhand)—-

s e » o - » 8 @

» & ® @

e8I



16.

11.

1l Rab (Blmpal)—-
Sucrose
Brix
Purity
Invert sugar

Sucrose

Brix . .
Purity . .
Invert sugar

Sucrose
Brix _
Puripy -
Invert sugar

Sucrose

Brix .

Purity

i+ Invert sugar

Sucrose
‘Brix

Purity
Invert sugar

Sucrose

Brix . .
Purity

Invert sugar

II Rab (Rohzlkha,nd)——

[Final molasses (Bhopal)——

Final molasses (Rohzlkhand)——

Molasses for 'rebmlmg (Bhopal)—

Molasses for 'rebmlmg (Rohzlkhand)—

. . * .

s s 0 9

€81



FORM 2—contd.

Analysis Register—contd.

) January 1931 February 1931
S;:':)al Analysis

(=]

2021 ’22[ 2312425 Week |2 27‘28‘29 30§31 1 | Week

12. |1 Sugar (Bhopal)—— ' -
Sucrose . . . . . .
Moisture . . . . . .

13. |I Sugar (Rohzlkhand)——
Sucrose . . . .
Moisture . . . . .

14. [lI Sugar (Bhopal)——
Sucrose . . . .
Moisture . . . . . .

15. |1l Sugar (Rohzlkhtmd)—-
Sucrose . . . .
Moisture . . . . . .

16. [Scum (Bhopal)——
Sucrose . . . .

17. |Scum (Rohtlkhand)—

Sucrose . . .

241




Register of Quantities.

FORM 3.

January 1931

February 1931

%?;ial Particulars ‘
‘ 20|21{22|23|24|25| Week |26[27]28|20]|3031 Week | 3
1. |Cane crushed Mds.
2. |Juice extracted . o
8. |Juice, percentage of cane »
4. |Sucrosein juice per 100 sucrose in cane s
5. |Bagasse, percentage of cane . . ’
6. |Wet bagasse produced . Mds.
7. |Dry bagasse produced (calculated) .
8. Juice boiled—
(a) In Bhopal bel . . I Mds.
(b) In Rohilkhand bel . s
g, |I Rab produced—
‘ (a) From Bhopal bel . Mds.
(b) From Rohilkhand bel s ,
10. [Molasses for reboiling issued—
(a) To. Bhopal bel . e Mds.
(b) To Rohilkhand bel . . . s
11. |II Rab produced— ;
(a) From Bhopal bel . . Mds.

(b) Rohilkhand bel oL,

»

cel



FORM 3—contd,
Register of Quantities—contd.

(e)

. ‘Jonuary 1931 ' Pebrusry 1031
Serial e 4 IR SRR B
- No. Pgrtxculars — , —r " , <
' 20{21]22123(24125 Week 2627 201301311 1| Week 2]3
12, {Final molasses produéed— ‘ -
(@) From Bbhopal Rab . Mds.
(b) From Rohilkhand bel »»
13. |I Sugar bagged— -
(a) From Bhopal Rab . Mds. -
(b) From Rohilkhand Rab »
14, |II Sugar bagged— i
. (@) From Bhopal Rab . Mds.
(b) From Rohilkhand Rab -
15. Scum produced— ‘
(a) From Bhopal bel . Mds.
(b) From Rohilkhand bel »
16. Stores for cane crushing— -
(a) Coal . . Mds.
(b) Lubricants . . . Srs,
(¢) . . . . . .
(d) . . . . . .
17, |Stores for Bhopal Process—
(@)
(b)} Enter names as required . l l [
L

My



‘09-TIT

18.

19,

20,

Stores for Rohilkhand Proeess—

(a)
(2) p Enter names as required .
().

Labour—

(a) Cane to juice . . . . . No.

(b) Juice to sugar (Bhopal process) . .
(c) Juice to sugar (Rohilkhand process) ,,

Record of time—

{a) Mdssey mill worked - .  Hours.

(b) Chatanooga mill worked . . »
(c) Bhopal Bel worked I Rab .
(d) Bhopal Bel worked II Rab .
(¢) Rohilkhand Bel worked I Rab . »
() Rohilkhand Bel worked II Rab "

LT



“FORM 4.

Register of Working Figures. |

_Sarial
No.

t Particulara

January 1931

February 1931

20

21

22

23

24

25

Week

26

27

28

20

30

31

Week

Cane— . § .
(a) Weight of cane . - . .
(b) Weight of sucrose in cane

Juice— .
(a) Weight of juice . . .
(b) Weight of sucrose in ]ulce .
(¢) Weight of Brix in juice . .
(d) Weight of Invert sugar in juics .

I Rab—
(@) Weight of I Rab .
(b) Weight of sucrose in I Rab .
(¢) Weight of Brix in T Radb . .
_(d) Weight of Invert sugar in T Rab

Losses in boiling I Rab—
(a) Loss of sucrose .
(b) Loss of Brix . . .
(¢) Increase of Invert Sugar . .

Molasses for reboiling—
(@) Weight of molasses for reboiling
(b) Weight of sucrose in molasses for
reboiling .
(¢) Weight of Brix for rebmlmg

(d) Weight of Invert Sugar for re:
hoiling - . . e .

Mds. |

”

Mds.

»

Mds.

”
124
24

Mds.

b 2]
b3

Mds.

L 3

881



10.

11,

11 Rab— _

(a) Weight of II Rab . .

- (b) Weight of sucrose in II Rab .

. (¢) Weight of Brix in II Rab .

(@) Welizg};)t of Invert Sugar in II
a . . . . .

'Losses in botling 11 Rab—

(a) Loss of sucrose . . .
(b) Loss of Brix . .
-(¢) Increase of Invert Sugar .

Curing I Rab—
(a) Weight of I Rab cured
(b) Weight of I Sugar produced

Curing 1I Rab-~
(a) Weight of IT Rab cured . .
(b) Weight of IT Sugar produced .

Final molasses—

(a) Weight of final molasses . .

(b) Weight of sucrose in final
molasses

(¢) Weight of Brix i m ﬁnal molasses

(d) Weight of Invert sugar in ﬁnal
molasses .

Scum—
(@) Weight of scum . .
(b) Welght of sucrose in scum .

Weekly efﬁczency cane crushing—
(a) Juice, percentage of cane .

in cane . .

Mds.

»
»

»”

Mads.

»
-39

Mads.

»

Mds.

2

Mds.

3
»

L

Mds.

(b) Sucrose in juice, percentage of sucrose

6st



F ORM de—contd.

Rey_z'sterofu‘ Working f’iym'éa?—_-contd..’

Serial
No.

" January 1931

Particularg

- February 1931

13.

14,

16,

16.

Weekly efficiency—Juice boiling—
(a) I Rab, percentage of cane
(b) I Rab, percentage of juice . .
(c) Sucrose in I Rab, percentage o

sucrose in juice .

Weelkly efficiency—>Molasses boiling—
(a) Weight of II Rab, percentage of
weight of molasses reboiled . .
(b) Bucrose in II Rab, percentage of
sucrose in molasses reboiled , .

Weekly efficiency—I Sugar curing—
(a) I Sugar, percentage of I Rab . .
(b) Sucrose in I Sugar, percentage of
sucrose in I Rab . . . .

Weekly efficiency—II ,S'u&a'r curing—
(a) II Sugar, percentage of II Rab .
(b) Sucrose in II Sugar, percentage of

. sucrose in I1 Rabd . .

20

21

22

23

24

25

Week

26

27

28

29

30

31

{

Week

0%1



141

Note regarding differences in the methods of sampling
and analysing adopted at Bhopal (1930) and Bilari (1931).

Juice. At Bhopal samples were drawn from each tin of juice and one
composite sample was analysed for sp. gr. sucrose and invert sugar. Sucrose
was determined by Herzfelds method of double polarisation. At Bhopal canes
were crushed by bullock mills in 3 or 4 hours time for small scale variety tests.
No preservatives were used there for collection of the sample of juice.

At Bilari juice was collected once every half hour till 2 p.M. in two bottles
containing preservatives, one formal and the other mercuric chloride. Sp.
gr. was determined in the former and sucrose from Direct Reading and invert
sugar in the latter., Invert sugar in both the places was determined by
titration with Fehling’s solution using starch potassium iodide as outside
indicator. -

Bagasse. No bagasse was analysed for sucrose or moisture at Bhopal.
At Bilari the sucrose was determined by the Java method after sampling and
chopping the bagasse. Moisture in bagasse was estimated in samples of 50
grms. of chopped bagasse.

Rabs and molasses. Normal or half normal solutions of these were pre-
pared and analysed exactly as juice. Sucrose was estimated by inversion at
Bhopal and from the direct reading at Bilari. : »

At Bhopal the rabs, sugars and final molasses were separately analysed for
each day’s boiling of the juice but at Bilari they were composited and
analysed weekly. . i :

Dilute molasses were analysed the same day they were produced. At Bilari

they were collected in vessels containing mercuric chloride and sometimes’
analysed next day.

Scum was analysed at Bhopal the very day it was produced and no pre-'
servative was used, while at Bilari it was collected in vessels containing Hg.
C1, and mixed every time the sample was collected and analysed next morning.

In both places 26 grms. was made up to 100 c.c. clarified with basic lead
acetate and polarised.

Rab samples were taken from Pugmill at Bhopal on the day of curing
and not on the day of preparation as was done at Bilari. ’

_ Polarisation of Sugar. 13-024 grm. sugar was dissolved in water, clarified’
with a small quantity of basic lead acetate and polarised after filtration. This’
was done in the same at both the places. ’

_ At Bhopal all the solution of rabs, molasses, sugars, etc.,, were made with
distilled water, while at Bilari distilled water was only used for making re-
agents and the dilutions were done with clean tube-well water.

) At' Bhopa! juice was weighed, while at Bilari it was measured by volume
in a jug having a overflow hole and its weight found out from the ap. gr. of
the composite sample of juice collected for daily analysis.

ITI-1-60 M
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