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Errata to the· Scientific Monography No. 3 of the Imperial CouncU 
of Agricultural Research, entitled "The Open Pan Srstem of 
White Sugar Manufacture." · · 

Page 14, paragraph I, line 2,for "eaneu f"ead "cane". 

Page 18, fifth line below Ta~le IX, (Of" " full " ,-ead '' fuel.". 

Page 47, lines 8-9,/0f" "defectants" nad "defecants ''. 

Page 53, paragraph 2, section (~) . · : 
Juice Boiling, ••• for "(boiling foreman) (on contract)'' read'' {boiling 

foreman on contract)". 

Page 76,.1ine 20, inatead of the formula for available sucrose 
(jm)" · s(j-m)" 

per cent." 100 X' read "100 x -.---
(s-m) j (s-m) 

Page 91, paragraph 3, line 2, in&tead of ''the object the finding out" read "the 
object of finding out". · . · · 

Page 94, line 3 from bottom, for '' barbon" read ''carbon". 

Page 101, Table L,. No. 6,for "Sen-dried, f"ead 11 Sun-dried". 

Page 107, line 11 from bottom, (Of"'' distribution'' read" distributed" •. 

Page 109, Table LV, A .. Bhopal P,-oceaa, No. 5,for '' pottod" read" potted';·. 

P~ooe 1~1, paragr.aph 2, line 3, for "pr~" read "prov• '~. 

Pa~e 131, line 8, for " Process " f"ead " Processes ". 

Page 141, line 2,. from bottom,fo1' "ap."' ~ead "sp.'' 
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INTRODUCTION·. I 

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 
Dritish 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 l1as 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 totaJ 
production of 35·2 million tons of cane in India in 1927-28 was 
utilised:-

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 • • 25,450,000 

ToTAL • 35,200,000 

These figures show that the Bel process accounts for over five 
times the quantity of cane used for the manufacture of w~ite 
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 
is of considerable impo'rlance. : . · 

It is of still greater importance in relation to the agricultural· 
system particularly of the United Provinces and, possibly, jn the 
near future, of the Punjab. The ~Khandsaris being small-scale 
co11cerns 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 
greatly rest.ricted and the installation of central factories later on 
will be much more difficult .. 

* See " The . ~(!part pf the ~dia~ Tanlf llosrd ou tho Sugar Iqdqstq .. , 
1931. page H~ . . 



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 i! estimated at 6·79 annas per maund of cane crushed as against 
Re. 1 per maund of cane crushed in Centrals " . 
. . ~:ppreCiat~g t~e .importance of the K~andsari industry and 

reahsmg that 1t willm any case be a [ong time before the factory 
_industry of tliis country will have developed sufficiently to dis­
place the indigenous and the imported sugar, the Imyerial Council 
of Agricultural Research took up the question of 1mproving the 
industry. 1 

Through the c~urtesy and .kind co-operation of the Bhopal 
Durbar and the ready .assistance of their Director of Agriculture, 
Khan Bahadur S.M. Hadi, a preli:t:ninary test was conducted there 
by Mr. P. B. Sanyal on the" _Bhopal " bel, designed by Mr. Hadi 
and described in his book "The Indian Su~ar 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 
canditions, a Bhopal bel~ and a Rohilkhand bel being worked side 
by side and proper chemical control being maintained. 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 pro-vided by 
the Durbar for carrying out the tests described in Part I of this 
Report. 

The Bilari experiments were under the charge o:! Mr. Gupta. 
in whose name the grant from.the Imperial Council of Agricultural 
.Research was sanctioned. The writer was in technical <:ontrol of 
the work. Mr. Hadi with a large staff, voluntarily came to Bilari 
at considerable inconvenience to himself and personally supervised 
thP 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 DirectoT~ 
The Imperial Institute of Agricultural Research, Pusa, for the 

• Report of the Indian Tariff Board on the Indian Sugar Industry, 
p. 51. -

t "The Indian Sugar Industry" by Khan Bahadur S. M. Hadi, 1929. 
. :t" 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 acceptecl by the author as it Rerves to distinguish the plant 
and process now tested from those evolved by 1\Ir. Hadi earlier in his career 
~nd 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 C'hemists 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 auspices 
of The Imperial Council of Agricultural Research, 

India. 
--+---

PART I. I 

The Bhopal experiments. • 

CHAPTER I.· 

SUGAR MAKING TESTS. 

Limitations under wlLich the tests were carried out. Before 
proceeding to describe. and disc:uss the Bhopal experiments, it is 
necessary to state the limitations under which these tests were 
c!arrieJ 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 vai·ieties 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 
J>lant 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 t-ests were made. 
when a power-driven mill was ~ed. 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 b~ Mr. P. B. Sany~l. M.Sc., _before th.e 
autbot"'s appointment as Sugar Technolog\st to the Impenal Co~nci), of A~­
c•ultura) Research. . 
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!.b) llathi Mill (made by JJurn &. Co., J,tcl., CJulcuUtl), 
c) Mill (made by Marshall Sonw ,\ Oo., 1Jtcl., Uomh .. y), 
d) Kisan Mill (nmde by KirloMhr JJro~t., KirluMkurvucli, 
· · J>istrict Satara), 

(e) Mill made locally by Haj i )( uaa. 

l!~or boiling the juit·e ,.,nioua l~tll of Jllwrat tnu'l wcro uAetl. For a 
description of theHe, a·efcrt'lwt' nu'y })0 ma,Jo to )( r. Jla,Ji'a l""'k 
" The· Indian Sugar lndu11try ". 'l'he Jlhopul l1rl c'Onllillla eMen• 
tially of a rautnlK!f of Bmall pnn• plnc~rcl in aerira on a long flue, 
the arrangement having Ute doul1Jc ohjt'ct of (a) rai"ing the juic·e 
!luirkll to boiling point nne~ of aprcd!ng up hothng ~ n• .to reduc·e 
mverston, urul (b) of reduCing charrang nncl rnrnrnelumt1on. Tbe 
strike is not cfl'ectecl by ladling out arrUJ! which hna reacl1ocl tho 
conr.entrntion for crystallization, as Jn the ltohilkhancl bel bd 
hy the removal of the last pnn from the fire, this being made 

\
loHsihlo by the use· of an. auxiliary bel consisting of one ftat­
,nttomed galvanized iron pnn and two round-bottomed iron panM. 

'l'be syrup is transferred to the latter bel at a lower concentra· 
tion thnn pertains in the finiHhing pan of the Rohilkhand bel, and 
'~uramelizution is considf!rably reduced.· The methotl of clarifica· 
tion is similar to that followed in Rohilkhand. In making first 
rt1l1 (that is, Mas11ec:uite from juice), the mucila~enous infus1on of 
IJeola ( 1/illi•cu• ficulnet~l) or of Bhindi (llil"'C11' e•culentu1) is 
u11ed, a solution of 1ajji (crude 11odium carbonate) being added for 
1mrtiaJly neutralizing the acidity of the juice. If dark colourml 
JUices are znet with, sodium hydroilulphite is used as a bleaching 
agent. The boiling of second rab from the first molasses is carried 
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 1'ab are taken out 
and poured back from a h~ight,, "the J:apid cooling that results pro- . 
ducing crystallization. , After .t}ie desired amount of crystal forma- · 
tion lias taken place, the rab is filled into empty kerosene · o.il tins 
(each of abo"!-t. fou,r gallop.~ c~pacity) which are stored for seven 
.to ten days 1n the case .~.f::;fi.r~t .rab and ten to :fifteen days for 
second rab. At the ·end . bt·this ·.period crystallization is Oomplete. 
The tins are then· emptiea mtq a shallow trough or pan for lireak­
ing lumps of rab (or .th.e operation is, conducted in a pugmill 
work~d by hand) .. The ·pugge~ rab is m~hined ~ centrilugal 
machmes, the particular ·machme used haVIn~ a bracket of 18 
inches ,diamete~. and run· by a· separate 2! H. P •. oil-engi~e giving 

, a basket speed of.l,SOO to ·2,100 R .. :P ... M. ·The sugar 1s washe<l 
·~·.-w,ith hot water containing a·IitU.e sta11rious·c~lo~ide. · The .molasses 

obtained' from· the :~st ·1'ab is'':D).ixed :with wash water (from the 
centrHugals; pugmill:: and· empty ·.tins .in which· rab.· was· stored\ 

· till its.:den~~ty is 6&~~7.0~·.13~:t·.-,. T~e .dilu~e mol~sses •is boiled 
for. making secoild·.rabf.:'-The )v~~ s:ugar obtamed from the centri­
fugal machine is dried iii ihe .:su~~ ··lumps 'being broken· bv crushing 

.with a wooden ha:tid~ro~l~(:·~g~~ils~ ,~.board. The rolling breaki 
. ~ ' : ,' 
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U_P the crystals (without completE~ly_powderi_ng them) and the Yun­
hght bleaches the sugar and m the. end a :fimshed sugar of moderate 
whiteness is obtained. · · · · · -~ ' · · ·. · · 

Nature of ettperimental work .done at B'lwpal. The experimental 
·work done at Bhopal consisted of-· :·: . 

(a) Tests with full :df,\y's supply df 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 teats were made. . . .. 

(b) Small-scale tests. Small quantities of canes of difierent 
. ·. varieties were crushed and the juice worked up into f'ab. 

All weights were carefully. determined and accurate 
chemical control was maintained. Although the tests 

· were not o~ a .. commercial scale, they have nevertheless 
provided ·useful data regarding this method of sugar 
manufacture. Incidental~ ·they constitute a com:para­
tive study of the sugar' manufacturing characteristics 
ol a number of import~nt varieties of sugarcane·. 

(c). ~xperiments for studying special :problems. The object ·of 
these experiments was to examme more minutely a few 
important aspectS' of the proceBB, as distinct from study­
ing the process as a whole. The special experiment.'3 

· consisted of-
(i) Coinpa:r:ison ~f sugar-yielding properties of entire cane, 

·cane with top cu:t off, and wps only, 
(ii) Improvement due to the substitution of a removable 

finishing pan for a . fixed one in a bel, . 
(iii) Determination of. the working capacity of the Bhopal 

· bel and its fuel consumption, 
(iv) Determina~ion of inversion losses during the boiling of 
· juice to first rab. · 

Large Scal·e Experiments. These tests were carried out with 
Co. 281 .canes (whole canes with tops) on one day and Manjav 
canes· (w1th the tops cut . off) on the second day. The figures for 
the two tests are given in Table I. .• 

TA:BLE I~ 

Working figures fo'r large scale. teits. 

Test number 
Particulars 

1 2 

. . Co. 281 Manjav 
(whole cane). (top out). 

. lba. • 7,063 8.483 . .... 1,575 1,957 . •• 738 . , 808 

·A. Variety of Oane • 

B Quantities-
1. Juice • 
2. IRab 
3. llRab . 
4. :Mola.BBeB Gur 

• ... ·'f'> .. 
. . . .· - . . •• 683·9 856·4 . .. Not machined • .. 5. I Sugar 

6. II Sugar 

~· 



TABLE I-eonttl. 

1Y Of' ling tigurei jor large-8calt te&ta-contJ. 

l Test number 
Particulars 

I 2 

C.· Yield8 per 100 Juiu;-

1. IRab _ ' 22·3 23·07 ,.. .. . • . . . 
2. II Ra.b . ~ . . . . ,0 10·45 . . 
3. Molasses Our . . . •: 9·53 . . . .. 
4. I Suga.t ' 9·68 10·10 .. . . . . ~ . . 
5. USugar .. . . • . . . 2·79 .. 

I (Calculated). 
6. Total Sugar . ' 

• • • . . . 12·47 .. 
.' • 

D. .A. nalyses- I . 
1. Juice-

Sucrose 1 . . . . . . 16·67 17·58 . . 
Brix - • .. . • • . . 19·59 19·18 

. Purity • . • . . . . 85·08 87·07 
Invert Sugar . . . . . ' . 1·25 0·7 

2. II Bab.1 II Rab. Gur • 

Sucrose . . • . . . . 57·16 52·12 
Brix . . . . . . . 92·58 96·28 
Purity • . . . . . . 61·75 54·13 
Invert Sugar • • . • . . 13·71 .16·00 

3. I Sugar-. '. 
Sucrose • . . . . . . 95·8 95·8 
Invert Sagar . . . . . . 1·71 1·62 

E. EJficiency-

l.; Sucrose in I Sugar per 100 sucrose in juice . 55·66 55·03 
2. Sucrose in II Sugar per 100 ~ucrose in juice . 15·79 .. 

· 3. Sucrose in Total Sugar per 100 sucrose in juice 
(Calculated). 

71·45 .. 
In the first test 85"8 rods. (7~063 lbs.)· of juice were boiled. The 

yield of. first · rab was 22·3 per cent. on juice and of second. rab 
10·45 per cent. For want of time the second rab was not machmecl 
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-

Sugar I • 
Su~ar I~ • 

• 
• 
• 

• 

Ton~ 

Per cent .. 
9"68 on juice. 
2"79 " , 

! 12'47 



Assuming a juice extraciion of 66·6 per ceni. on cana (which u 
allpro.ximately the average figure for the small-ecale tests), the 
recovery of sugar on the basia of cane was--

Per cent. 

• 6·45 on cane. 

Sugar II • -· 

• 8"31 

In the other experiment with Manjav cane (with tops removed) 
only first sugar was prepared, the resulting molasses having been 
conTerteJ. into gur {the so-called " Molassein " Gur). The yields 
were--

Sugar I • 

Uur -· 

Per 100 juice. Per 100 cane. 

1()-10 6•74 

9·53 6·35 

The percentages on cane are based on an assumed extraction of 
GG·G per cent. juice on cane. 

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

Doth the varieties of cane used for these experiments were of 
:r>od quality compared with the average cane used in Indian sugar 
factories, ihe 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 sngar. The Khandsari sugar, however, fetches a better 
price on sentimental grounds, eTen though it is of such low quality. 

The efficiency of the process (that is, the proportion of sugar 
~:dracted in first and second sugars calculated as a percentage of 
the total quantity of sugar present in the juice). is 71•45. The 
cotTespcnding figure for efficiency of Indian factories is between 
85 and 90. The quality of juic~ treated in the factories is con­
siderably poorer, owing partly to the inferior varieties of cane 
treated, 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 propo~ion 
of the impurities are also pressed out of the cane). 

Sma.ll-scale Tests. EleTen such tesh 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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dilierent materials (juice, f'ab, sugar, molasses and scum) produced 
in each test are given in Table II. 

The yields obtained (calculated per 100 of cane, juice and f'ab) 
are tabulated in Table III. The average yields of sugar and final 
molasses are-- · 

Per 100 cane. rer 100 juice. 
I Sugar • • • 6•65 10"06 • II Sugar • ' • • .. 1•94 . 2"87 

Total sugar 8·59 12•93 

Final · molwes 
. .. • 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 
s~cros~ in juice is. gi':en in Table V. From the average figures 
g1ven 1n_Table V, 1t w1ll be observed that out of 100 parts sucrose 
present in the juice 71•35 parts is recovered as first and second 
sugar, the balance of 28"65 parts being lost. The average efficiency 
of the process in these small-scale teats 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 • 8·93 . 8'00 5"69 

Efficiency per 100 sucrose in juice 72"72 70·64 60·33 

It is evident from these figm·es that, where possible, it is a good 
practice to crush only topped 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 m most of the cane tracts of the Northern 
India. · 



Teat Vartetrof 
No. oane 

-
1 Oo. 281 , 

2 Oo. 200 , 

8 Oo.l18 , 

' Oo, 281 • 

I s. 48 • 

e Java • 

7 D,100 • ~ 
' 

8 Oo, 221 • • 

D Co.l87 , • 

10 Oo.l18 • • 

11 .A1bey :Maurltlu1 

TOTAL • 

TADLE II. 

Varietie1 of cans u1ed and quantitie1 of different material• productd 
in eack lmflll•ICale te1t. 

WIIOB'l' JB LDI, 
QuaUty :Name of Farm 

Cane Juloe. Iltab IID.ab I Buaar II Buaar 

Plant :Nlabat Alza • 8,000·0 2,014·6 428·8 107-76 186-711 64-21 

D.atoOD • :Nablbaab • . 1,472·8 068·0 226•86 011·116 . 101•116 28·47 

Plant ::NllhatAfza • 1,000:0 1,787·0 874-46 18N 168•71 48•84 -
D.atoon • • :Nablbaab • . 2,260•0 1,401•8 880·10 1110•86 1114-17 48·28 

I 
Plant • Parawlya • . 4,0110•0 8,0711·8 788·8 806-80 844•08 Dl-10 

Plant • :Nablbagb , • 040·0 880·2 188•110 67-&0 84·88 11•811 

Plant • :Nablbaab • • 1,460•0 1,008·8 100oi!O 88-711 80•80 27•811 

2nd B.atoon :Nablbaab • . 1,060·0 1,288·8 106-76 Uo-711 114•80 88•28 

llatoOD • :Nablbagh , . 1,820•0 828-4 187•00 78•110 80•88 INS 

Plant • . From cultivator• 8,400·0 11,209·0 408-711 208•00 286•20 60•77 

•• .. 1,280·0 8'1Qo4 181•211 78·60 86•21 ~ 11-21 

.. .. 14,882·8 1G,118·1 ' 8,000•011 1,680•811 1,021-21 462-24 

I Molaue1 Final 
diluted llolauu Scum 

228·26 161•00 44-26 

186-16 78•20· 21•76 

887-06 118-00 88-00 

1111·0 118·86 27-60 

882·06 114•46 110•110 

88•00 88•16 11•211 

124•0 60·26 11•110 

111-26 112'25 82-711 

111-711 61·26 18•71 

187-111 148•1111 80•0· 

10'1•211 48-211 17•0 

1,000•00 1,12HO 88•211 



PartJculars 

J.. l"ielrlt P" 100 Ca11,_ 

1. Juice • . • , 
2. I Rab • • • 
8. II Rab • • 
4. I Sugar • , 
6. II Sugar , , 
6. Total Sugar • • 
7. I Molasses diluted • 
8. Final Molasses • 
9, Scum , • • 

B. l"ielrlt per 100 Juicf-

1. I Rab , • • 
2. II Rab . • • 
8. I Sugar , • 
4. II Sugar • • 
6. Total Sugar • • 
6. I Molasses diluted • 
7. Final Molasses • 
8. Scum • • • 

C. l"ieltf per 100 Bab-

1. I Sugar per cent. I Rab • 
2. II Sugar per cent. II Rab 
8. I Molasses (diluted) per 

cent. I Rab. 
4. Final Molasses per cent. 

IIRab. 

Average 

66-16 
14-80 

6•48 
6•65 
1·94. 
8·69 
8·61 
4·61 
1·27 

22·87 
9·81 

10·06 
2·87 

12·98 
18·0 

6·97 
1·98 

44·9 
29·25 
68•28 

71-15 

T.ADIJn III~ I 

l'ielrla of different iroclucta in small-scale teats. . . . 

1 

67-15 
U•28 
6•69 
6•19 
1-81 
8·00 
7•4.4 
6•08 
1-47 

21•26 
9·82 
9·22 
2•68 

11·90 
11-0 
N9 
2-19 

43·88 
27·18 
52-12 

76·85 

• 2 

23·65 
10·48 
10·68 

2•97 
18·60 
14.•1 

8•15 
2·87 

44-90 
28·48 
60•01 

78·23 

a 

42·4.4 
27·67 
68•64 

67-46 

22·78 
10•12 
10·83 

8•10 
18•4.8 
14·4 

7-79 
1•84 

45·46 
80·60 
63-40 

77-12 

66•15 
15·88 
6·67 
NO 
2·00 
9•40 
8·21 
4·61 
1·08 

46·58 
80·16 
61-72 

70·24 

I 

68•0 
14·73 
6·12 
6·85 
2·27 
9·12 
8•82 
8•86 
1•80 

21-67 
9•00 

10•07 
8·84. 

18·41 
12·9 

6·67 
1•91 

46•47 
87•17 
59•92 

63·04 

,. 

69·116 
13-76 
6·12 
6·95 
1•91 
7·86 
8•65 
4·15 
1·06 

111-78 
8·80 
8·65 
2·" 

11·29 
12·2 

6•97 
1·58 

43·26 
81·20 
.62•16 

67-88 

8 

62·86 
14•48 

f-80 
6·60 
1•77 
f·87 

10·8 
6·47 
l-69 

22·95 
11·62 
8•92 
2·81 

11-72 
16·8 

8·71 
2·64 

88·80 
24.·23 
71•42 

74·95 

' 

22-71 
9·58 

10·85 
8·84 

1H9 
18·6 

6·22 
2•08 

47-78 
85·07 
60·29 

65·28 

10 

47•85 
29-16 
68•79 

68·87 

11 

70·76 
14-74 

6·20 
7·01 
1-72 
8•78 
8•71 
8•92. 
1-88 

20·82 
8•78 
9•111 
2·'3 

12·84 
12•8 
6•54 
1•115 

47-57 
27·74. 
69ol7 

63·07 



'l=l 
1-4 • ..... 
I 

(7) 
0 

0 

l'artlculara· 

A, Juice-

Sucrose 

Drlz . . 
Purity • 

Invert Sugar • 

ll, 1 !lab-

Sucrose . 
Drlx: . . 
Purity . 
Invert Sugar • 

o. llllab-

Sucrose . 
llrlx . 
Purity • . 
Invert Sugar • 

. . . . 
. . . 

. . . . 

. . . . 

~ 

. . . . 

. . . • . . . . 

. . . . 

. . . . 

. . . . . . . . 

. .. . . 

TABLE IV. 

Analysis of different materials in small 1cale tests. 

'I:&sr No. 

1 2 8 4 6 6 7 8 G 10 11 ----
16-42 18·91 16-50 18·09 19·07 17-53 1H9 17-27 18·20 18·06 16·16 
18·99 21-19 18·92 2o-19 21-84 19-11 17-27 20·75 20·44 2o-15 18-87 
86-48 89·24 87-21 89-58 89·87 91-71 8HO 83·25 89·05 89·55 85-67 

0·65 0·41 0·64 0·29] 0·65 0·77 1-49 1-49 0·69 0·29 1-46 

72·28 72·91 72-47 72-60 . 78-58 7H7 70·65 67·62 75-2, 74·0 72·23 
87-90 88·,9 86·81 90·25 88·97 87-08 87-69 8N9 8H5 91-94 88•49 
82-21 82-89 8N8 80·44 82-70 85·04 80·56 76·42 8H1 80·48 81-65 

4-80 4-54 6·41 H4 6-66 H8 8·78 10·88 5-26 5-82 8·78 

~ .. ... 

. 
60·66 62·02 62-67 62-88 62·09 66•17 58·66 64-58 62-61 69•85 57·81 
90·67 87-98 9H9 90•01 91•94 88-49 89·86 91-25 91-70 98·07 89·05 
66·85 70·64 66·58 69·26 67-68 74-77 65·29 69•81 68-17 64-81 61r·92 

-~, 

HS 8·26 10·97 9·60 12-69 9·97 14-77 18-78 10·97 12·0 lN5 



TABLE IV -coned.,, 
' > 

$' ,. 
" 

_ T:ES~ :NO. 
Partloulan '-

1 s 3 4 6 6 1 .a 9 10 11 . -
~.I Molu1e1 (Diluted)-

Sucrose . . . . . . . . . 45•87 45·67 52·03 47•69 43•87 40·88 44-15 49•12 41-82 

Brix 
. i . . . . . . .. . . 67-43 65·86 75·92 65·44 65·39 66·42 65·86 70•78 66•42~ 

Purity • . . . . .. .. .. 67•28 69·29 68·53 72·88 66·83 61-56 67·03 611·39 62•97 

Invert Sugar • . . . . .. .. 7•68 6'63 9'14 6'58 .11•29 13·24 7•68 8·89 13-71 

' E. Final Molium (Diluted)- " 

Sucrose . . . . . U•51 42·59 45·80 42·45 43·06 
.. 

42-76 38·38 37·29 43·57 43·23 40•73 

Brlx . . • . . . 79·07 71·98 84'27 71-93 • 77·95 70·85 '17·98 78·85 80·21 85-12 711•07 

Purity • . . . . . 52·49 59·21 53-75 59·01 55·24 80·78 49·21 47-29 5'·32 110·77 51-52 

Invert Sugar • . . . . 11-63 10·10 13-72 11-84 18·0 12·59 22·59 21-80 1N6 15•80 22•58 

F. 1 Sugar- -Polarisation . . . . . 97·8 98·6 98·0 96·7 97·9 98·0 97·8 97·0 96·4 96•4 96•0 

Invert Sugar • . . . . 0·71 0;75 0·74· 0·86 1-10 0·91 1·22 1·01 0·75 1·07 2•10 

G. 11 Sugar-

Polarleation . • • . • 98·6 95-4 95·0 95·8 98·2 96·5 98·0 113·8 92·6 94·8 118•8 > 

Invert Sugar • . • . . 0·81 1·22 1'40 0•68 2·84 1-28 1-81 2·58 2·26 1-87 1•8 I 

B. Scum-

Sucrose . . . . . 15·0 17·0 U·S 11>·8 16-1 111·1 13-3 15·3 111-1 18·0 18·3 -



1'AIILE V. 

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

PartJculara Average TES:r N17liDU 

1 ! 8 4 a: 8HI 7 81 t 10 11 
A. Sucro11 reeort11red- lt 

1. In I Sugar . . . 65-72 54-81 56-82 56-81 55·28 67-42 56·81 57-04 50o0l 57-48 50·87 68·88 2. In II Sugar • . . 15-117 15·88 14-98 15·86 16·40 111-10 18·88 18-06 15-28 17-00 1N5 U•57 

Total recovered • 71-29 70·84 89·80 69·67 71·86 7~a-&2 THO 75-10 85-28 THII Tl-82 7N() 

. 
l.l, Sucro111 Lon-

1. In Scum . . ,.- 1·76 2-01 lll-14 1·65 11·81 1-88 2·09 NO 2-25 1-80 1-70 .NL :i. During bollln!J juice to I 5-64 4·40 e-e• 8·89 7•U 5·98 5·110 2·88 7·90 4-82 CI·OI •·ea ltab \esclu ln11 loa• In 
a cum. 

a. Durin/ bolUna lloluae1 0·114 .. .. 1-011 HI H7 1·09 1-10 2•08 0·47 1-71 0•411 
to 1 Rab. 

4. During machlnlna and 2·5 .. .. 2·89 .. 1-88 0•70 1-14 1·05 8-20 I·U 2•4() 
drylnJ I Suaar. 

5. Durlnfl maohlnlna and 1-7 . . .. 8•42 0•15 1-48 ·1·76 1-01 1·08 0·88 1-25 2-SD 
. , drylnJ II Sugar • 

6, In1!nalllolaue• . . 16·117 18•95 18·87 17•85 18-81 15-7, 18·8· 111-71 18·80 14-90 15•68 18·97 

Totalloat • 28-71 . . .. 80•85 .. INS 25-02 24·90 86-71 26-112 2&oe8 "26•80 I 
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TABLE VI. 

\ Ezperime-nfl tcith whole and top C'tlt canes . 
- ·Top-cut. t' 

~Particulars Whole cane Tops only "'-' . 
eane --

A. .A nalr,·Be.t. 
· · I. Juice-
~ (a) Sucrose • . . . 17·55 16·42 15·7'1 
. - I (b) BriA: I • . . . . 19·80 18·99 19·55 

' (c) Purity . . . . . . 88·62 86·46 80·86 ., . · (cl) Invert Sugar . . . . 0·43 0·65 0·84 : --
; 2. Babl- ' 

, (a) Sucrose • . . . 73·68 72·28 66·89 
'(b) Brix • > .. . . . 89·4 ~ 87·9 89·4 
(c) Purity • . . . . 82·37 82·21 74·78 

: (cl) Invert Sugar . . . 3·76 4·80 5·91 
_.;} 

3. Babii~. I 

(a) Sucrose ·- . 
62·68 60·55 57·74 . . . . .. 

{6) Brix 91·7 90-5 89·6 . . . . .. 
(c) Purity • . . . . 68·24 66·85 M·« (cl) Invert Sugar ~ . I 

8·73 9·48 10·1 . . 
1 ' 

4. BllfTMl-
(a) Polarisation . . . . 96·8 97·6 [97.0 ;, (b) Invert Sugar • 0·81 0·'11 0·71 . . . 

s. sugar II-
(a) Polarisation . . . . 96·0 96·6 94·0 

' 
(b) Invert Sugar • . . . 1·20 ()-81 1·06 

i 

B.· Becoveriea-
1. Juice Extracted per 100 cane • 
2. Rab I produced- · 

. 67·60 67·15 67·34 

12·08 i (a) Per 100 cane . . . 14·98 14·27 
(b) Per 100 juice . . . 22·16 21·26 21·08 

3. Rab II produced-
(a) Per 100 cane . . . . 6·29 6·59 6·70 
(b) Per 100 juice . . . 9·31 9·82 ll·68 

4. Sugar I produced-
(a) Per 100 cane ] • . . 7·02 6·19 4·22 
(b) Per 100 juice . . . . 10·38 9·22 7·36 

5. Sugar U produced-
1·47 (a) Per 100 cane . . . 1·91 1·81 

(b) Per 100 juice . . . 2·83 2·68 2·56 

6. Totals suga.r produced-
5·69 (a) Per 100 caue • • • . 8·93 8·00 

' (6) Per 100 juice . . . 13·21 11·90 9·92 

C.' Efficiencies- ., 

1. Sue~o~e in I Sugar per 100 sucrose in 57·23 54·81 45·07 
JWce. 

2. Sue~~ ~ II Sugar per 100 sucrose 15·49 15·83 15·26 
. mJmce. 

60·33 3. Soorose in Total Sugar per 100 sue- 72·72 70·64 
rose in 1uice. 

.. ~ - -- - - - .. -



.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 1·ecovery of sugar from pooi·er 
juice is more than that causeu by a diliei·ence in the sugar content 
of juice alone. Test Xo. 8 (with Cp. 221 second ratoon cane) and 
the test with Uo. 281 topped and untopped canes (Table YI) sho~ 
this difference in a marked degree. 

The eftect of this in practice is that all open pan processes are 
unsuitable excepting where fresh cane, of the best vaneties and in 
optimum condition of maturity, is available; Where this is not 
the case and the juice contams appreciable quantities of invert 
sugar anu other impm·ities, the loss of sucrose during open pan 
boiling is so great that the percentage recovery is seriously affected. 
~·he reason for this is that at the high temperature to which the 
juice is raiseu in the open pan system, combined with the small 
elimination of impurities during the crude system o:£ clarification 
employed, rapid inversion and decomposition of sucrose take place. 
It is in this respect that the modern factory system (employing 
vacuum evaporators and pans) has the greatest advantage over the 
open pan system. It is an unfair comparison to say that the 
:Uhopal system gave an average recovery of 8·59 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 ~0 in factories, because the two systems work on en­
tirely difterent 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 th~ 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 jui~e, ~ 
efficiency of no~ more than 58 could hav~ been expected. ~t IS this 
figure of 58 whiCh has to be compared With the factory efficumcy of 
85-90 and not the figure of 71·35 actually obtaine~. with the 
juices of much higher quality. Under such conditions, the 
recovery of 8·59 per cent. (obtained in the small-scale ~es~) would 
have been reduced to about 6·9 per cent. as compared with 9 per 
cent. in the factories. 

Another. consequence of the considerable l?wering of efficiency 
with juices of poor quality .is that sugar makmg. by the open pan 
process is possible only dur~ng that\ part of ca~~;e s~ason when. the 
cane is fully mature and at Its best. In the beginnmg and towards 
the end of the season the recovery of sugar would be so low as to 
make manufacturin(J' 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 si~ to eight we~ks 
ig the most that can he expected. The plant therefore remams 
idle for a much longer period than in a factory. 



, , 1t, may be added that the Bhopal tesis 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 hanested. 

·· Tli.e total losses of sugar in the Bhopal process are high amount· 
ing on _an average ,to, 28·66 per cent. of the total sugar in juice. 

· Next to· the loss in molasses, the biggest individual item of loss 
is in boiling juice to r6b. (~able V). As the improvements claimed 
for, the Bhopal system consist mainiy in the boiling of juice, a 

· lower :figure~ for ~oss ~~ flugar at this stage of the process was to be 
expected •.. ' : · · 

. ' 
~ ' • • • li 
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CHAPTER II.· 

SPECIAL TESTS. 

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

lmp·rovement 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 ilS 
finished is not J>ermanently fixed on the furnace as in the ordinary 
Rohilkhand bet The pan is removable and is made smaJll 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 
to L~ ta_ken off the f~na~e for crystallizatio~ and . coolin~); the 
pan Is h.fted off, emptied mto the vessel provided for coohng 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
centrating the syrup) and replaced on the furnace. In actual 
practice a spare removaLle 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. • · 

The object of this modification (which, as is explained later 
on, is quite common in the Bijnor District) is to prevent the 
chaiTing of syrup which takes place in a fixed finishing pa.n every 
time it is emptied by ladling out the rab. To test how far this 
ouject is actually served, an experiment was made in which the 
juice was conoentrated 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 bol 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:- . 

Sucrose 
Dri.x 
Purity 
Invert sugar 

I 

... 

Rab from 
Fixed pan 

69'72 . 
88·32 
78"94 -
8•53 

Removable pan 
71"6 
88"32 
81•24 
7·68 

The actual yields of sugar on kachining the two rabs are·· not 
repmt.ed, but the analysis clearly indicates the superiority of tht1 
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 standa~d 
bel (with fixed finishing pan) and the Combined Standa.rd and 

- ' 
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. ll.uxiiiai-y bei can bOil per day of 12 hours. The bels used were 
both of eight pans each, . the sizes of the pans being approximately 
the sam.e~ excepting for the finis~ing pans which were smaller in 

· the aUXlhary bel. Table VII g1ves the results of the tests and 
the dimensions of the pans ()f 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. 
TABLE VII. 

'.) ' -
' Juice b()'l,"ling capacity of Bhopal bels: 

; ':' ' ' 

P&rtioul&ra 

I. Weight of juice boiled • 

i 
i 

; • lbs: 

2. Time for, boiling • • . • .. • hours 

3. Juice Boiling oa.pacity per 12 hours m~. 

4. _Equ iva.lent weight of c&ne per 12 , 
·. ·. hottrs (a.t 66 per cent. extraction). 

5. No. of p&nS in the Bel • 

6. OyeraJllen~ of Bel upto the chimney • 

7. Diameters of pans­
P&n 1 Fla.t .bottomed 

} ' / ~' ; ' \ ·' 

•• 3 do • 

" 4 do. 

, 5 • • 

,, 6 

• 

• 

• 

, 7 Round bottomed 

, 8 do. 

• • 

. . 

.. . 
• 

. . 
• • 

Col!Oll{ED STA.MU.BD 
B:m. 

Test I 

2,931 

5-48 

84·5 

128 

20' 9' 

2' a· 
2' 5' 

2' 31' 

2'9' 

8 

I 
Test II 

. 8,483 

14-38 

70·7 

107·1 

2' 10' (Round) 

2' 71' (Round) 

1' 10' 

1' 9' 

STA.NDA.BD 
BEL 

8,292 . 

11-0 

101 

153 

8 

23' 4' 

2'10' 

2' 91' 

2' n· 
2' 10l"(Fla.t) 

. 2' 10' (Flat) 

3' 1' 

3' I" 

· Fuel consumption in Bhopal Bels. The supp!ly of sufficient 
fuel is always a matter of some difficulty in all open pan pwcesses. 

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 iots 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
en.ce 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 
lbs. 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 52·5 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 lbs. of juice would have been lower. 

TABLE VIII. 

Statement showing quantity of dry bagasse available as fuel. 

'fisT No~ 
Particulars Average 

or total 
1 2 3 4: 

1. \ariet.1 of cane . . .. Manjav s. 48 8.4:8 8.4:8 

t. Mill in w-hich crushed . .. Power Po-wer :Bullock ' :Bu1Iock 
(Marshall) Chattanooga 

3. Weight of cane crush- lbs. 500 200 100 100 100 
ed. 

4. Weight of juiCE ex- " 320·5 129·5 61-() 6-!·25 65-75 
tracted. 

5. Extradion juice per cent. 64·1 64·75 61-() 64·25 65-75 
cane. 

6. Wet bagasse per cent. cane 35·9 35·25 39-() 35·75 34·25 
(calculated). 

7. Dry bagasse obtained lbs. 85·25 34-() 16·75 16·'15 17·'15 

8. Dry bagasse per cent. cane 17-()5 17-() 16·75 16-75 17·'15 

I 

9. J.Ioisture lost per cent. w-et 52·5 "' 54·61 57-()5 53·12 48·17 
baga&-«e. 

10. Dry bagasse produced per 26·70 26·26 27·46 26-()7 2'1-()() 

100 parts juic-e ext~ted. 

Having determined the quantity of dry- bagasse available ~or 
every 100 lh::~. of juice, the next test was to find out the quantity 
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whlch the Bhopal bel consumes in boiling that quantity of juice. 
'fhe results obtained i~ ~he latter test · a.re given in Table IX. 

TABLE IX. 
Statement 1howing quantity oj dry ba,qasu: consumed as fuel m 

boiling juice to I rab only. 

TEsr No • 
:· Partioulart . Average 

or tota.l 
' ., 1 2 3 .. 

- . : 
I. Variety of cane. 0 . . . ; s. 48 Manjav 1\Iixed Cane • 
2. Type of Bel used . 

t Combined Combined Standard • • . .. ' 

i Stao.dard & Standard & 
-· auxiliary. auxiliary. 

3. Time for boiling • Hrs. .. 5-48 t 14-38 11-0 
4. Weight of juice boiled lbs. 19,706 2,931 8,483 8,292 
5. Weight of 

consumed. 
bagasse .• , 5,789·25 921-() 2,631·75 2,236·5 

6. Dry bagasse consumed .. 29·37 31·42 31-()2 26·97 
per 100 lba. juice . 
boiled. · 

7. Dry bagasse available " 26-70 2&70 .26•70 26·70 
per 100 
boiled., 

lbs. juice •' 

8. Exce88 dry bagasse " 2·67 ~4·72 _4·32 0·27 
· consumed ' per 100 

· lbs. joice boiled. 
9. Excess dry bagasse .. ,9·09 117·67 116·18 t-01 

consumed per 100 
lbs. dry . bagasse 
available. . 

They show. that the standard bel is more efficien~ 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 a-vailable, using almost no extra · 
full, whilst the latter requires about 17 per cent. additional fuel. 
These figures relate only to the boiling of juice to first rab. }'or ' 
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 o:f sugar by 
inversion being less. It is unfortunate therefore that these advan~ 
tages are partially neutralized by its low fuel efficiency. 

Rate oj 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 molas8es the greatest loss is during the process of boiling juice 
io first rab. An experiment was. therefore, made for the purpose of 
studying more closely the rate of inversion as the boiling pro· · 
gresses. The combined standard and auxiliary bel was used. To 
begin with, all. the pans were ruled with juice and heating wa'3 



'!'ABLE X. 

T~st for determin'ing the rate of inversion of juice during btiling. 

Acidity AlU.LYSIS 
Period for (in terms 

Sample Pan No. Particulars ot juice which heat· Temperature of grams 

I No. ed before of Pan H1 SO, per Invert 
sampling 100 grams Sucrose Brix Purity 'iuga.r 

juice) 

- -
• ..4.. Samples taken befO'T'e tran~~Jer of juice fr""" pan to pan WIU commenced • 

I 

1 Original juice' • J nice from cane crushed 0 25°0 0·625 17·70 20·46 86·53 0·68 
at night and sampled 

('-
at 6 A.M. 

2 Pan I (Nik:har) • Heated . . . 1·8 76°0 0·638 17·97 20·53 87·51 0·71 

3 Pan 5 (Manjha). Heated and slightly 
concentrated. 

1·35 99°0 0·646 22·00 25·76 85·40 H2 · 

4 Pan 8 (Perchha) A little before striking 1-18 106-1Q7°0 2·211 66·53 80·58 82·57 4·52 
point. apparent, 

5 Pan 7 (Perchha) At striking point . 1-25 109°0 2·30 69·33 83·45 83·03 . 4·80 
apparent. 

B. Samplu taken after the transfer of juice frMn fan to pan WIU t:Mnmenced. · 

6 Pan 6 (Manjha). After concentration was 3-18. 99-1oooo· J.·344 40•42 49·56 . 81·55 3•12 
about half complete. .. 

7 Pan 8 (Perchha.) At striking point . 3-46 109°0 2·476 67·15 83·05 80·86 6·62 



TABLEXl. 

Record of time ~reguired for manufacturi'!-g operation•. 

._ 

l'ES! NVHBE:a 
Part1eulare 

I . 
1 I a ' 6 8 7 8 0 10 11 

1. Date of boling I ltab . . . .18·1·80 19·1·80 20·1·80 21·2·80 22·2·80 . 23·2·80 23·2-80 14-z..eo 14·2·80 25·2·80 25·B-8r 
-:. 

\ 

!. Date of machlnlng I Rab • . . 21-1a-8o 1·8·80 6·8·80 1·8·80 4·8·80 7·8·80 11·8·80 11·8-SO 11·8-SO s-s.ao 7·8·80 . 
. 

.' 

8. Date of bolUng II Rab . . • 27·2-SO 1·8-SO 6·8·80 2·8-SO 4-S·SO 7·8-SO 11·8·80 ·-11·8·80 11·8·80 8·8·80 7-S-80 
• 

• ,_ . .,........, 

4. Date of macblnlng II Rab . . lS·S·SO 14·8·80 17-S-80 u-s-so 18·8·SO ll·S·SO 16-S-SO 27·S·SO 16-S-SO 21·8-SO 22-8-30 

.. . 

5. Days I Rab cooled . . . 9 10 u I 10 12 16 16 15 11 10 -
' 

6. Days II Rab cooled • . . . u 18 u 12 u u 15 15 15 18 1~ 

7, l'otal days from crushing cane to flnlsh· IS 23 85 21 24 26 81 S1 80 24 25 
lng 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. S"amples were again drawn after some 
time and analysed. These analyses are noted against samples 6 
'nd 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 is maximum; 

(b) 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 Bitari and the results 
are discussed in a subsequent section. 

Time 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 rab 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 
describe'd in Part I. 



PART II. 

The BiJari Experiments. 

CHAPTER I. 

PURPOSE AND GBNERAL PLAN OF THE EXPERIMENTS. 

NecessZ:ty for further experiments. 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 
tPsts were not conducted on a commercial l!cale and consequently 
the results ohtained 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 lltb August 1930, 
to arrange for and finance a test under commercial conditions, ex­
t.ending over one full season. The Nagalia Farm in Bilari, District 
Uoradabad, 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 
calrulate and compare their efficiencies. . _ 

Although it was not expressly stated as one of the objects . of 
the experiment, it was understood that suggestions for improve­
ment and for further research work in the light of the results 
ol>tained were also required. For this purpose a few special tests; 
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 callOO.~ practical rather than technical or 
scientific lines. Th~re is consequently no scientific data. on the 
suhje<'t available, which could form the basis for rorrectly 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 fo;r filling up this lacuna so far as 
it waF~ possible, and the present report has accordinglv ha.d to be 
made more detailea than would have been necessary otherwise·. 

General Plan of the E:zperi1Q..ents. . The experiments were to 
have begun on the 1st January 1931, but owing to delav in the 
arrival of some of the machinery, work was actuallv commenced 
on the 20th January. Cane cr11~hin~ and juice boiling continuec1 
till the 31st Mnrrh and the machining of rab was complet.ed and 
the experiment :finished on the 24th April. Cane. was supvlied 
hv J.fr. Ounb. from his Na!!alia farm. - The rnne was mostlv of 
the Co. 213 variety. a small ouantitv of Co. 290 and some cane 
of in(ligenous 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., 
:U.R.Ag.S:, Director of Agriculture, Bhopal, came to Bilari volun* 
tarily and remained there with a lar~e staff of trained workmen, 
and personally looked after the work throughout the period during 
which the experiments wer~ 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 'York was done in 
accordance., ,with ; tl1e 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 ~nterruptions were caused by bad. weather an~ breakdowns 
of machinery. When these took place, It became drfficult to get 
dry bagasse for fuel and to regulate the supply of cane at short 
notice. Some accumulation of cane was, therefore, in-evitable re­
sulting~- in dryage and deterioration. Such irregular! ties ar~, 
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. 

Ar'fangement 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 proceu 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) Gene'fal wo·rking 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. 

(c) Comparative costs of the two pTocesses. 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 ~h~ two 
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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 o£ samples o£ intermediate and :finished 
p;oducts from some local Khandsaris have~ also been 
g1ven. 

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

U) Recommendations. Suggestions are made in the :final 
chapter for the lines on which the plant and pracess 
may be improved. The necessity for further research 
on proper scientific lines by the establishment of a re-
search station is emphasized. · 
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CHAPTER II. 

DESCR.IPTION OF PLANT . AND PROCESS EMPLOYED. 
t: ' : ~ 

· Necessity· for desc:ibing the P.lan~ and process employed. The 
purpose of the experiments at Bllan 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
cestors have been manufacturing sug-ar by the Rohilkhan<l method 
for. @'e:Derations ... )\Ir. Hadi has been i.uteres~ipg himself in _im­
provmg the ' Open Pan ' system of sugar makmg for nearly thuty 
years and has recently developed a modification of the Rohilkhand 
system, which he calls the Bhopal method, as jt 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 wltich they 
were 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 boiHng bel 
described there consists of four :O.at-l;>ottomed 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 bel.,, 
were used for different tests. What was called the standard bel 
bad 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 advooates the use of bels consisting o:f two pans for this 
r1upose, the clarifier being either :flat or round-bottomed. The bel 
used at Bilari on the other hand had three pans all round­
bottomed. 

Similar objections are raised regarding the Rohilkhand process 
· 8.3 employed for these experiments. Some critics contend that the 
process was not typical and had incorporated several improvements 
wl•\ch are as a rule unknown to fhe average Rohilkhnnd Khanclsari 
Among'\t these impro"tements (which are saifl to nave bee~ copied 



l~om the Bhopal process) tl•e following are particu'tarly men­
honed:-

(a) The filtrate from the scum removed from the clarifying 
pan was collected in the pan next above instead of in · 
separate earthen tubs (N ands). · • 

(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 per., 
fectly visible and then potted. This procedure, it is 
said, led to tl1e production of t·ab of homogenous texture 
a~d quality, which would not have been the case other .. 
WISe. • . 

(c) Tins were used ag 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 in addition to the still 
heavier loss which oc.curs 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. · · · 

(d) The most important parts of the improved process of 
boiling the molasses were, it is stated, adopted repbcing 
the usual Rohilkhand methods. 

(e') 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 Dilari. • 

. It will involve one in an almost interminable controversy if an 
attempt were to be 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 assum~d 
that the Bhopal process was worlred at Bilari under the most favour­
able conditions. It may be added that, under ~he writer's instruc­
tions, the entire manufacturing work of both the processes was in 
~barge of, and supervised by, Mr. Sibte Safdar, Mr. Hadi's assist-
ant from Bhopal. . , · _ 

Whilst therefore it is not necessary to investigate, and record 
a finding on the point whether the Rohilkhand and Bhopal methods 
adoptecl at Bilari were or were n~~ typical, it is essential that the 
exact cletails of the plant and proc.ess as actua1ly. employed should 
he fullv described so that the basis of comparison may be clearly 
clefinecl. It is with this object in view that- the description con 
tained in the following- paragraphs, which would otherwise be re 
clundant, is P"iven. For the sake of completeness the cane crusll­
ing plant, which was common to both the processes, has also ~en 
(leRcrilJc~. · 

List of ·machinery. In acldition to work connected with these 
tests, l.Ir. 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 ~ petty cultivators, although sometimes 
after sufficient juice had been supplied to the Experimental bels, 

· the power:-driven :Mills were also used for crushing 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 :- . · . ·. .. · . 

(1) One Ransome's Portable Steam Eng~ne and B_oi~er, 12 
· · N~ "H .• P. (30 H. P.) for coal burnmg, for dnvmg the 

· two cahe · mills. ; : · 
. J .. 

(2). Necessary countershafbng, pulleys and belting. 
(3) One three-roHer Chattanooga Cane :Mill No. 192, top roller 

. 12° X 12~, bottom rollers 8R X 126 • t 

(4) One three-roller :Massey's Cane Mill, rollers 12" x 18". 
(5) One Bhopal bel, for fust rab, consisting of 11 pans. 
(6) One Bhopal bel, :lor second rab, 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 (one by 
) ~, . . . Broadbent and the other by Watson Laidlaw & Co., 

. · ·· _Ltd.). 
(10) Three centrifugal machines, with baskets 18" dia. x9" 
· deep, Type 17B, made by Thomas Broadbent & Sons, 

... , . . Ltd., each complete with separate petrol-kerosene engine 
2f B. H. P. . 

· (11) ·One centrifugal machine with basket 18" dia. x 9" deep 
· · by" Messr.s. Thomas Broadbent & Sons, Ltd., hand 
·" · drivenby gearing and rope. 
{12) 2,000 empty kerosene tins f~r carrying juice ana storing 

(or "Potting.") rab. · 1 

{13) One platform weighbridge, 20 cwts. capacity, for weighing 
· cane. 

· (14) One platform weigh bridge, 5 cwts. capacity, for weighing 
rab and sugar. 

(15) Four-pattas for drying sugar. 
.. l 

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 
the 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. . · 



PLATE II. 

The Bhopal BJ for juice boiling: , 
(with fr~>nt wall ~ally removed). 



There were two cane mills· for use in connection with these 
testa. One of these was a three-roller Massey Mill with rollers 
126 dia. x 18° long, and the other a three-roller Chattanooga Mill 
No. 192. Full particulars of both these mills are given · in 
Table XII. - · · . 

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

Juice Boiling (a) Bhopal Method. The particular Bhopal 
Bel used for these tests consisted of eleven pans, seven of which 
were 1Iat-bottomecl cylinc:h.ioal vessels and four round-bottomed 
howl-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 
1fab. 
\ The construction of the furnace is similar to that of a Rohil­
khand furnace. The Hue leading from the furnace to the chimney, . 
and. passing under all the pans, differs from the Hue of a· Rohil­
khand bel m 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. 1-8 are called Hau.z 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 fiat-bottomed pans have 
the same depth, which is 18 inches. The diameters of the three 
Hauz pans Nos. I, 2 and 3 are 36, 37 and 38 inches respectively. 

The next four flat-bottomed pans, Nos. 4, 5, G 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' sn 
diameter and 156 deep. The juice entering this should have been 
completely clarified in the preceding pans. In the Khau.la 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. · 

Pan No. 9 measures 3' 26 d,ia. x 14" deep. It is called 
the Jlanjha 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 anJ over pans Nos. 10 and 11, so that when juice is ladled !rum 
pan No.8 to pan No.9, any dripping may not fall into pans Nos. 10 
and 11 which contain almost finished f'ab. 



·~he two Parchha,,' pans Nos. 10 and 11, are made small, mea­
su.rmg 208 dia. x 6} n deep each, and ·are light enough to be 
rem'?ved by hand when the syr~p in them has reached the desired 
consi~tency for finishing. The use of removable Parchha~ prevents 
burnmg and caramelization of rab at the time of making a strike 
~hen only a ~mall quantity of rab is left in the pan, mostly adher­
mg to the sides and exposed to· the full heat of the :fire. The 
rem?vable Parchha1 constitute the principal improvement em­
bodied ~n 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 itsell a new one. The bel used 
for juice boiling In the district of Dijnor, not far from Bilari, 
~ons1sts of three pans, the middle one being the removable finish· 

, mg: pan.- One such bel was insta'lled 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. drawin~ :~bows the close resemblance between the Dijnor 

·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 paTchha arch is bricked up. 
About three quarters of a tin of juice is put into each of the two 
paTchha8 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, however, 
io. starl 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 Sajji 
(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 · 
~ul•5equent operations are thus described by Mr. Radi in his book 
(v~"tle pages 125-128) :- . 

· " Fire shmud then be applied and feeding through the 
Dilaiya continued zealously (by even two .feeders if necessary) 
so as to sufficiently beat tne furnace within an hour or so. 
In 10 to 15 minutes the juice in the paTchha should attain 

, the bolling temperature when cb.rification 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 Jf anjha will be ready to undergo the clari­
fying process,: which should at once ~e tak~n in hand. It . 
very often happens that the clarified hquor In both of these 
pans shows . a tend~ncy to ove.~ow. Should it be found 
difficult to ·check It by additiOn of cold water,. part 

• See Hadi's u Indian Suga.r Industry ", . page 125, for a detailed 
Uescription. 
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of the clear liquor shauld be taken out into a tin in. order to 
rep~enish ~h~ tw.o pans ~t intervals and to keep them Loiling 
until the JUice m the Khaula has been clarified. Saturated 
l~me water should be used tipar1Ii:gly as soon... as · the 
liquor becomes transparent, in each case sajji' solution 
being .put in before liming. In order to save fuel, labour, 
~nd hme,. and to avoid . as far as possible any avQidable 
Increase m the volume of the liquid requiring con­
centrahon, the Uohilkhand boiler is averse to introducing the 
mucilaginous liqyid defecant in quantities sufficient to ens'U'~ 
complete liberatwn of the separable 11itrogenous bodies con­
tained in the juice, with the result that the liquor obtained b:v 
him in the Khaula or Nikhar is singularly wantins- in cleai~ 
ness and is loaded with finer particles of impurities in s~· 
pension. This procedure should be looked upon as bad eco­
nomy. No less than a tinful of the liquid de£ecant .has been 
found to be the quantity adequate for clarifying 8 tinfuls of 
juice. Care must also be taken to introduce the mucilagi­
nous Ji9.uid after the temperature of the juice has risen to 
the boihng point and the cracking of the scum layer ·on the 
top has well advanced, and not before. 'Vith fall in the tem­
perature, which follows, any separable particle still contained 
1n 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 soutl1 to north, it should be concluded that the fault Jies 
in construction of the furnace, which must be remedied when 
the furnace is cooled down, by removing the Klwula or the 
Nikltar pan, as the case may .be, from the furnace and so 
rectifying dimensions of the oven below that it may receive 
the higll{>st 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 Lad clarificatior:. and defects 
in the quality of the massecuite. 

'Vhen a fairly clear ·liquor has been obtained, the sajji 
water should be more freely used than is the rule in Rohil­
klmncl. A.t the time of using this agent, however, the fire must 
be lowered by reducing the rate of feeding at the Bilaiya, other­
wise the violent ebullition which follows its introduction into 
tlle pan may be too severe, causing an uncontrollable over­
flow. B~~ides, the cl1emical and physical ehanges due to the 
agent take. place better ~t a tB!Dperature below the boili~!:I 
point. It 1s well known m Rob.ilkhand that the use of Sanr. 
beyond a certain limit darkens the colour of the resulting rab 
an·d therefore affects adversely the market price of it. The 
Rohakhand boiler is therefore exceedingly unwilling to u:..e 
it exrept 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 fa.r 
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b~lieved to b~ p~rmis~ihle, very remarkably lavours lorma.­
~Ion of a heaner crop of strong crystals in the Tab while cool­
~g, and the dark or darkish Tab obtained yields a perceptibl1 
h1gher percentage of normally white Khand in the centn­
fugal. The author has seen on several occasions that the rab, 
nearly as dark as the· Indian hazar 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. vVhether the Sewar 
weed will e:ffectively bleach such dark coloured rab in the 

· Klu.mchi 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 f~r trea~~nt in the centri!ugal, sajji water should 

. be used 1n· quantiti-es 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 thre_e 

·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 . Tab and there are reasons to think that it also 
increases the amount of crystals though it cannot be said de­
finitely·that·th.e latter is invariably the result. If, however, 
the object is to produce white sugar having large and bril­
IJ.iant ·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 Saiji ' 
are over, the ~emperature of the liquor should be raised agam 
by the continuous feeding of the furnace and a boiling t~m­
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 Nikha1 
~hichever vessel may .be .used for the time being for carrying 
out the clarification process. The Khaula usually serves the 
purposes. of a clarifi~r in . the firs~ ~harge, thereafter. the 
N,ikhar 1s the vessel m whiCh the JUICe un4ergoes clanfica­
non. 

Lastly, the main pul'l>ose of the first pan (Hauz I) is 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 po.ssible at difierent hours in the natural course. As 
has been 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. 
"\\'hen the boiling operations are well advanced, the 
juice in H auz 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 II is empty, the partially c)arified juice 
should b-. ladled into the last named pan and its place taken 
in llauz 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-
6ene tins and found them more advantageous. Th~ earthen 
jar has to be broken in order to take the rab out fGr curing • 
. Minute particles of the broken jar usually get mixed with 
the rab and can never be separated :from the resulting sugar. · 
'!'his feature affects the quality of the sugar. I:f tins are used 
for storing the rab, this particular disadvantage is avoided 
and the same vessel can be used several times for potting. 
/lab 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 
receptacie), 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) Rohilkharul JI etlwd. 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 11 5" dia. x 21 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 
<·ut from their fields and supply 1the juice to the bel as soon as a 
sufficient quantity has been obtai'ned. 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 oi utilizing some of the heat which 
would otherwise have ~ne 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 



tilorage pan is not 're<J.uired. The '\n·iter saw two Rohilkhand 
bels near Dilari, consish~g. of only four pans each as both of these 
were 1·eceiving juice f:rom power-driven cane mills worked by the 
owners of the bels. In Dilari also, during the present experiments, 
the storage- p~n 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 llauz is· called the Nikhar. · It measures 

6' ~0" dia~ x 22~ d~ep. It is used for clarifying the juice by 
adding the ~uCil.agmous extract of Deula and Sajji solution, fol­
lowed by sk1mmmg. The scums are thrown on · a strainer made 
by spr~ading a pjece of coarse cloth over a basket placed above the 
precedmg pan. · · · 
· The next pan measures 5' Sf! dia. x 20 11 deep and is called the 

Khaula. The .clarified juice is ladled into this from the Nikhar 
and is boiled vigorously. Sotne scum fornis again, is skimmed ofi, 
and throwp. on toa cloth· strainer placed over the Nikhar pan. 

· The next pan below the Khaula is called the Phadka. It mea­
sures .4' 98 dia. x 1~}11 _deep. · In this the .c'lncentration of the juice 
proceeds further, bll 1t 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. 1 This measures 3' 3" dia. x 8}" 
deep and is set so that its top is 6 to 7 i~hes below the :Boor 
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 
soundwhich the bursting of these bubbles makes. Even at night, 
whilst working in the dim light of a kerosene lamp, a skilled work­
man is able to make strikes at the right consistency. The striking 
tem'peraiure ·was noted on several occasions and was found to be 
a:Iways between 110° C. and Ill ° C. 

There is a· considerable amount of frothin!! in the last three 
pans {the Khaula, Phadka ·and ParchltaJ, 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 Parchha, 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 ti~ to a stick, the brush peing s~bse~uently d_ipp~d 
into the precedmg pan and the adhermg sem1-sohd material 1s 
washed off. No caramelization therefore takes place and the sur­
face of the pans above the level of the boiling juice always remains 
clean. It should be observed that the vertical-sided pans of the 
Bhopal bel have an advantage in this respect as any accumulatiop. 
of adhering material takes place at a level where tl1ere H; 
no risk of burning. As against this, it should be noted tl1at the 
four pans (the Khaula, Jfanjha, and the two Parchha~) where .the 
syrup is more concentrated and where the temperature 1s also h1gl1, 



involving risk of caramelization, are bowl-shaped and not vertical­
sided and are therefore at the same disadvantage as the pans of the 
Uohilkhand 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 J{lwula, always collected on the side of the 
pan away from the furnace. This is an improvement over the 
llhopal l.Jel 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 rose of the Bhopal bel. 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 
whid1 faces the furnace. This. portion therefore gets hotter 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 nearest 
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 easily removed and transferred 
t{) 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 Hat-bottomed pans of the Bhopal 
bel, if set in an ordinary level position, will be unsuitable. 
lienee it becomes necessary to set them in a sloping posi­
tion and to cover their back portions with day in order to pre­
vent heating there .and thus securing unilateral circulation of · 
juice. Tl1e 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 
seeondlv 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 
reatly for striking is ladled out of the· fixed parcldza into a channel 
from which it flows into the first of a series of three earthen 
tubs set in the ground. The laclling out is done as quickly as 
possible aml when the parchha is almost empty, a fresh charge 
of syrup is transfened int() it frolll the ~'hadka. The rab. ·which 
has been transferred to the earthen tub IS aerated. by takmg out 
portions of it in a cup with a handle and letting it drop into 
the tub from a hei"bt. The sudden cooling which thus takes 
place disturbs the un~table equilibrium of the supersaturated solu­
tion and crystallization immediately sets in. The process of ae~a­
tion is continued till the requisite amount of erystalli~ation (wh1c~ 
is known f~om experience) has taken place. :Meanwh1le the rab 18 
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transferred from the first to the second tub and thence to the ·last 
one. The rab thus get~. mixed with the product of previous strikes 
and a more homogenous material is obtained. After the cooling­
has proceeded to. the desired extent, the rab from the last tub IS 

"p~tted ", 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 wee.k after which they should be ready for machining .. 
. When the rab is ladled out of the. parchha, a small quantity 
1s alway~ le_ft at the bottom, adhenng to the sides. As the 
Parch1ta 1s duectly ov,er the fire, burning and caramelization takes 
place e!en during the· few moments that elapse before a fresh' · 
charge 1s transferred from· the· Phadka. Inversion of sucrose and 
charring tak~ 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 arab does not give 
good ~econd rab on re-boiling and the resulting second sugar is 
also of an inferior quality. ·The removable Parchha used in the 
Bijnor and Bhopal ~els has the advantage that no burning can 
take place. This is one of the ·reasons why more and better second 
sugar is produced by the Bhopal method. · . 

Molasses Boiling (a) Bhopal Method. The Molasses boiling 
bel used in the Bhop.al process consists of three pans. The dimen-

. sions of the pans and the general construction oi 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. x 11! inches deep. The next 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 Parc1tha is removable. There are three earthen tubs 
provided for aerating and cooling the second rab, till it is ready 
for potting. 

For boiling second rab, the molasses obtained from the centri­
fugal machines whilst machining first rab 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 molassea 
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 liqui~ is t~in, the suspended i~:puri.ties rise ~o t~e .surface 
more eastly · durmg the process of clanficabon and sklmmmg. 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. 

·· · ltf olasses Boiling (b) Rohilkhand J,J ethod. The bel used _for 
· boilinO' molasses into second rab by the Rohilkhand method conststa 

of twg pans. rrhe details of the bel are sho"!n in Drawing E. 
Plate· V shows a general view of the bel. The first pan measures 



The Bhopal Bel for molasses boiling. 



The Rohillmand Bel for molasses boiling. 
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5 ft. dia .. x 13! inches deep and the second pan used for finishing the 
boiling is 3 ft. dia. x 9! inches deep. , · · 

The dilution of molasses as well as defecation by- means of lime 
water are done 1n the same way as described above for·. the ,Bhopal 
method. The Rohilkhand bel however did not work satisfactorily· 
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 su:fficie~tly 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, involving all the disadvantages enumerated under the 
Rohilkhand juice boiling bel, with only this difference that as ~he 
molasses rab contains more invert sugar and ."other easily decom­
posable constituents, the losses due to overheating are bound to be 
much heavier. · ' 

The second rabs were allowed to crystallise· for ~bout 20 day~. in 
the case of the Bhopal method and 2~ days :in the· Rohilkhand 
process. 

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

>I 

(a) Deula (Hibiscus ficitlneus).-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 clarifying 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 o:li. 
The scum is at first of a dirty dark. green colour. but 
later on, as clarification becoines complete, it becomes a 
white froth . consisting mainly of_ steam and juice. 

{b) Bhindi (Hibiscu~ esculent"(:s).-· This is a cultivated varietr. 
The extract IS prepared from the stems and used In 
exactlr the same manner as extract of Deula stems. 
Deula. however is to be. preferred, as it is more efiective. 

(c) Barli of Semal tree (Bombaz malabaricus) and bark of 
Falsa tree (Grewia asiatica).-Extracts' of .these ~re also 
used for clarifying juice. , They are however not a!'l 

_efficient as deula or bhindi, and ar~ used only when the 
latter are not available. · · 
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(d) Sajji (a mixtu~e. of crude sodium carbonate and sodium 
. sulphate).-A sample of Sajji was analysed and was 

found to have the following compositi~n :-

Organic matter • 
. Insoluble matter 

Moisture .. 

.. 
Per cent;. 

50·9 
6·42 
4·43 
2·75 
7·71 

27·79 

A solution of Sajji in water is prepared and is boiled 
. before use. Sajji solution is addecl to the boiling juice 
after clarification with Deula and skimming are com­
plete. A copious. evolution of carton dioxide takes 
place, and the heavy froth which forms consists chiefly 
of gummy impurities of the, juice 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 bleachi_ng 
action on the juice. It is for this reason· that 

, the . use. of Sajji is preferable to sodium carbonate or 
bicarbonate, which do not contain any sulphur. Strong 
.~lk~lies have also a tendency to form dark-coloured com­
pounds in the presence of invert sugar, which eventually 
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 ·neula and Sajji. Lime water is of 
special advantag~· whilst treating juices from inferior or 
diseased canes. The quantity used ~s very small and is 
fudged '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. It 
is added after clarification and addition of lime water. 

{g) Castor Seed e:et'fact.-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 hi subsiding the froth. 

(h) Stannous chloride.-. A very ~eak solution is used for :final 
washing of sug-ars in the centrifugal machine. It has 

· a bleaching effect. 
· Tools anll imtplements used.-· ·nraw:lngs C and· F show the tools 

;tnd implements used in the Bhopal ·and Rohilkhand processes ~es­
pedively~ · The items used for juice ho.iling and molasses boilmg 
are shown separately and the ·number of each required i~ also 
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mentioned. The purpose for which th~ various tools are used is 
explained below :-

(a) Karanga.-a ladle for transferring juice from one pan to 
another. -

(b) Dori.-A ladle of smailer size than the Karanga, used for 
aerating the rab for inducing crystallization. 

(c) Pauna.-A perforated ladle for removing tlie scum from 
boiling juice. The perforations permit of the juice· 
being drained off, whilst the scum is retained on the 
ladle. 

(d) Adha.-A perforated ladle similar to a "pauna" but of 
smaller size. ·. 

(e) Khurpi.-A scraper, for scraping solidified Tab from sides 
. of pans. . · . 
(f) Chhanna.-A filter or strainer for juice or scum. · 
(g) Donga.-A large ladle for transferring juice or hot Tab. 
(h) Sabar.-An iron rod with a flattened end, used for break-

ing crust of Tab in tins. 
(i) T1"pai.-A wooden frame for supporting the basket ·over 

which a cloth strainer is tied for filtering the scums. 
Centrifugalling of first and second mbs. The three machines 

used for centrifugalling the first and second Tabs 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 itsel£ was of similar conRtruction 
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. · 

All the machines are fitted with three screens each, the inner­
most one consisting· of a coarse copper wire gauze 26/30 wit.h ::t 

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 eng-ine used 'for driving· this type of machine has a rated 
speed of 560 R. P. M .. , but it can be r11n at higher speeds. · The 
normal speed of the machine is J,,SOO R. P. M. or a peripheral 
~peed 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 operatin~- the. machine, the 
speed is kept low (about 1,600 R. P. M.) at nr~t til! the greater 
portion of tl1e molasses has escaped, after which the. throttle is 
opened and the speed'increased to 2,000 to 2,100 R. P._M_. 

The en(J"ines were not founa very satisfactory. in :working. They 
are not r;bust enoug-h for' working by unskilled labour and the 



cost of fuel is also high. A simple type ol engine- of stronger 
construction would be· ·preferable. In localities where electric 
power is available, variable speed motors will be more suitable. 

As regards the metP.od 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 
.tl1e relevant portion is given in Appendix A. 

. Drying oj Sugar. Wet sugar obtained from the Centrifugals 
by both the processes was dried in the sun by spreading it on a 
Pata {thick· gqnny carpet) ·and tJeading over it bare-footea. 
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. 

. . . • . . TA:BLE XII. . • 
PaTticular& of cane ~shing_ mill!. 

Serial . Chatt&noog~ Particulars . 
' Massey Mill No. . Milla 

- .. 
1 Size of rollers-· 1 

·Top . . . . . . 12'X18' 12'X12' 
Bottom-. . . . . . 12'X18' S'Xl2' 

2 Setting of rollers-
Feed •' . • .. . . . 5/16' . 5/16' 

· Discharge . . • · • . . . . 3/16' l' 
3 Speed of rollers- · 

· (a) R. P~ M. Top roller • • . 4 5 
(b) Peripheral speed, top roller • . 12·5 15·6 

4 Roller grooving-. . 
(a) Circtpnferential, depth •• • 1/16' 1/16' 

. · · number per mch ~ 6 6 
(b) Chevron, number per ·roll on all 

6 6 . rollers • • .• 
. Depth. . . .• 3/16' 3/32' 
Width . ... . . 1'. 1' 

5 Flanged rollers . . . . . . Bottom only • Top only. 
6 Gearing . ~ .. .. . .. " 

Double reduc- Double reduo• 
tion. tion. 

7 Gearing ratio . • . . . 27·5: 1 19·5: 1 
8 Pulleys • • . . . . - . Fast & Loose . Fast only. 
9 Pulley dimensions-

(a) Face. • . . . . 6' - 7'' 
(b} Diameter . • . . • 3()6 40~ 

(c) R. P.M. . . . .. . . . 110. 78 
1() Belt- - . . -. 

Canvas. (a) Type • . . . . Canvas . . 
(b) Width • • • . 6'· o• . . 
(c) Thickness • • • . . l' i' 

11 Speed of belt, feet per minute . . 864 817 
12 Cane feeding shoot . . . . Not provided . Provided. 
13 Bagasse Carrier . . ... . . Not provided . Not provided. 
14 Juice Pump . . . . . Do. . Do. 
15 Performance- .. . 

· (a) Cane crushed per hour (aver-
· ;b.ge for season) • . • mds. 40·74 33··iS 

(b) Juice extracted per 100 cane (aver-
64·6B 56· 52 age for season) • • mds. 



Sugar drying in the sun. 
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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 wit11 sometimes a little indigenous "Dhaul" cane. 
As a result of tests carried out by the Department of Agriculture, 
llhopal, on the cotilparative merits of different varieties of canes 
for the Open l 1an system of sugar manufacture, Co. 213, though 
quite good for making gu·r, was found unsuitable for sugar manu­
facture and its cultivation was eventually abandoned there. The 
following extract from the Heport 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. 0. J. 33 in the second series of thick canes, 
anJ Co. 244, Co. 281 and Co. 290 in the third series of 
Coimbatore seedlings yield juices of very high purity with low 
percentages of reducmg s~gar 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 recover:y of 
sugar from them is high. . The best second sugars, equal to 
first sugars in a:ppearance, 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 yellaw sugar which will not yield 
to treatmenL But it has many good points in other respects. 
It grows well wi~h ·very little manure or irrigation, it yields 
a satisfactory ratoon crop iii 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 tile scale were 1;Fundia and Cavengerie. As 
noted in paragraph 26 both proved particularly susceptible to 
frost and Pundia )Vas quite immature in January. This p~­
hably accounts for its results, as in the Bombay Presidency it 
is regarded as one of the best canes. Cavengerie, on the oihet· 
hand, has proved there also to be one of the poorest of the 
~Ianjri canes both in sucrose content and quality of its gur .. " 

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

m-1-60 E 



42 

quantities of colouring. matter possibly" ant.bocyan. 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, a_nd did not coirtain as high a percentage of sucrose as 
it should have done. There is need for a systematic study of the 
manuring of qoimbatore canes in ~rd·er to determine the quantity 
an{~ kind of manure which would produce in the cane a maximum 
percentage of sucrose and a minimum of glucose, without materially 
afiecting the tonna~e. High tonnage is not the sole desidf'ratmu, 
because when the JUice contains an excess of glucose (due to ex­
cessiv·e vegetative growth), the quality as welL as the yield of sugar 
are always low, however efficient tbe boiling may be . 

. Cane crus11ing. Nominally the cane crushing season lasted from 
the 20th January to tbe 31st March or 71 days, but there were so 
many intenuptions that actuaiiy 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 
(c) Breakdown of ~ane mills 5 
(d) Festivals 4 

TOTAL 32 

The ~or king period was spread over the three months as follows:­

January • 
February 
March .. 

ToTAL 

Days. 
7 
7 

25 

39 

The total quantity of cane crushed was 13,742·15 mds. In order 
to ensure that juice_ supplied to the two experimental bels was of 
the same quality, cane for both bels was crushed in the same mill . 
• Juice was sent to the bels in tins and it was arranged tbat 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 supp'lied s~parate~y. to the two bels 
each day was determined. As the extraction of JUH'e per 100 cane 
was calculated daily, the quantity of cane used for each b_el was 
fo11_nd out by calculation. The total figures for the whole ·se-ason 
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for cane crushed and juice extracted, calculated m this manner. 
are as follows:-

Bhopal RohilkluJJad 

Cane cru!!hed, maunds • 5,925·54: '1 ,816·61 
.Juice extracW, maunds 3,788·29 5,0.'31·01 
Extra£"tion (pt>r 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 caue mills were heing tested during this period to determine 
their eapacity, in order to organise the work and the quantity of cane 
crushed was therefore not sufficient to feed both bels. 

'l'he llaiisey llill was 'Worked for 32 days, durin(J' which period it 
~rush~d ll,s:n·R7 md~. of cane in 292·33 Jwurs, giving an average 
cru~h!ug capacity of 40·~4 m~s. cane per hour. The total quantity 
of JUICe extracted Ly this mill was 7,650'43 mds., thus giving an 
average extra(·tion of G-l·G6 per cent. The working of this mill 
was not foun(l 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 feedin(J' 
arrangement, the fet-d is uneven resulting both in ~ 
lowering of the capacity and efficiency. --

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

(d) Tl1e belt pulley on the mill has a peripheral speed of 864 
feet per minute. Tbis is too low and there is consequent­
ly a tendency for the belt to slip eYen under slight 
oyerloads.• 

The Chatanooga Mill used was about five years old and was a good 
deal the worse for wear. It 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 juire was very poor. In all this mill worked for 21·51 hours, 
and crushed 120·20 mds. cane yielding 407·07 mds. juice. The 
crushing capacity there!o~e was 3.'3·48 mds. cane per hour and ex­
trac-tion 5G·52 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 M 
davs, the total number of hoursrworked being 4.'l2·09 and 458·57 

·respec-tively. On an averag-e the Bhopal ~el worked for 11·61 hours 
per day and the Rohilkhand bel for 12·74 hours. 

The average juice boilin(J' capacities of the two bels, calculated 
on the basis of the total qu:ntity of juice boiled in tlle season, are 
8·7G and 10·97 maunds of juice per hour respediYely or 105·12 and 

• The Mas.<Wv canf' mill usM iu th~ tt'sts was an old model, borrowed 
from the Department of Agriculture. The models made by this finn now 
are free from most of the d~fects referred to here. 

E2 
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131·64· maunds respectively for a 12-hom day. Figures for capa-
cities calculated in terms of cane treated and rab produced itt. each 
bel are given in Table XIII. 

l 

TABU~ XIII. 

A:oerage ·working capacitit}l of Bhopal and Rohilkhand bell fo·r 
juice boiling. 

ParliculaTI 
1. BeZ 'worked, daya . 
2. 1Jd worked, hours . • • 
3. Bel worked, hours per .. day 

(average) . • • •• • 
4:. Juice. boiled, maunds J 
5. I Rab produced, maunds 
6. Capacity in terms of cane­

, (a) Cane per hour, mauncls • 
(b) Cane per day of 12 hours, 

maunds .. .. 
7. Capacit1 in terms of juic~ 

, (a) Jwce per hour, maunds • 
(b) Juice per day of 12 hours, 

· maunds • • • • : 
8. Capacity in terms of I Bab--
. (a) I Ilab per hour, maunds 

. r ~(b) I ·Bab per day of 12 

·Bhopal 
37 

432·09 

11'67 
3,788•29 

802'75 

164'4: 

8"76 

105'12 

1·86 

Bohilkhand 
36 

458·57 

12·74 
5,031'01 
1,02()-57 

204·0 

1()-97 

131•64 

2·23 

hours, maunds 22'32 26·76 
. Non. 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 n ~iven in the above statement 
include those for the 1~pan bel for 2 days. The quantity of juice treated 
in. the l~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 1~pan 
bel are as follows :- · · 
• Bel worked for 2 days or 22·49 hours and boiled 160·24 mds. of juice, 
~iving a boiling capacity of 7•13 mds. juice per hour. 

· The Bhopal bel was ~esigned for a dapacity o:f 100 maunds juice , 
per day of 12 ho:urs, and actually it treated, on an average 105·12 
maunds 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. It is not clear why mor~ juice was treated in 
the tatter 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 dailv than the two experimental bel1 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 ac('ount o:f more rapid boiling, the recovery 
ll:f sugar mav alf"lo have been increaRed. This is a point which 
deserves the attention of those using Rohilkhand bels on a commer­
cial basis. It would be worth their while even to put on an extra 
man on the bel, if by doing so thf}y c~n work it tQ its full capacity. 



Tlaat it should have been possible to deal with more juice it1 
the ltohilkhand bel was shown by two tests which were carried 
out for dett:Jnuming the fuel consumption and maximum juice boil­
ing capacities of the two bels. The question of fuel consumption 
w11i Le dealt with later on, but the results obtained in connection· 
with the maximum capacity may be considered here. · . 

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. '!'he figures for the test are given in Table 
XIV. The maximum capacity was found to be 10·10 and 13·70 
ma unds of juice per hour for the Bhopal and Rohilkhand bels 
respectively or 12~f4 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 llhopal 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. 'fhe figure obtained in the first test may be ac-
cepted for this also. . ' · .· · 

'l'hese high capacities are. partly due to the tests having been 
conducted towards the close of the season, when the juice was oi 
high Lrix. The analysis of juice given in Table XIV confirms this. 

TABLE XIV.· 

1'ests jo1· determining ma.ximum capacity of Bhopal and Rohilkhand 
bel.s. 

Particulars 
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. 

Bhopal 

115•92 
10·83 
10·70 

(a) Juice boiled, maunds • • 
(b) Time taken for boiling, hours • 
(c) Juice boiled per hour, maunds • 
(d) Juice boiling capacity per 12 

hours, maunds • • . 128·40 
B. Second Test on 22nd March 1931-

In this test both bels were worked 
for approximately the same period 
(about 13 hours), boiling ~ing 
conducted as rapidly as eacll' bel 
permitted. 

(a) Juice boiled, maunda •• 
(b) Time taken for boiling, hours 

131·10 
13·16 
9•96 

Bohilkhand 

115·92 
8•45 

13"70 

164·40 

178·(~ 
13·~l 

13·78 (c) Juice. boiled per hour, maunds . 
(d) Juice boiling capacity per 12 

hours, maunds 119"52 164·76 
(NoTE. During the second test an arch of the Bhopal oefsupporting the 

parchha.s collapsed. This was due tG the .fire having been made too strong 
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wi~h the object of increasing the capacity of the bei. The ra!e of boilinl& 
1.hJs bd had to be requced after this. Hence the low filitures for capacity.) 

C •. Analysia of juict (jor both bela)-
' Brix . • • , • • . 
· Sucrose • 

Purity ' • 
; Invert Sugar ... 

.. 
Firat Test Second Test 

19"17 
15·92 
83·07 
o-so 

19•35 
16"00 
82"69 
1·21 

' ' · ; · ·. ' ' . Bhopal Rohilkhand 
D. An~lysia ofrab (composits for the we~k)-

. Bnx • • • • • • . 89'52 89·37 
Sucrose 68·80 67"20 

.· Purity • 76·85 75"19 
Invert sugat 8"93 9·36 

' Reverting to.the question of the average working capacities of 
the two bel1, .and comparing these with the figures for maximum 
capacity' obtained in the · above tests, the following comparative 
figures are given :- ' · ! 

- · Bhopal Rohilkhand 
. (a) Average capacity (malinds juice 
. . per 12 hours) 105·12 131·64 
··(b) Maximum capacity (mawids juice 

' per 12 hours) • • • · • . 128:4 164·4 
(o) Difference • • . 23·28 32"76 

As ~egards the yields of rab by the two processes, the average 
. :figures for, tlie entire season are as follows:-

Bhopal Rohilkhand 
· ·· I Bab per 100 cane 13·54 13·05 

I Bab per 100 juice 21·1 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 o·2 out of the difierence 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 39·82 respect­
ively per 100 rab. 

Jlolasses bo·iling. 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. Calculated as a 
percentage on the :first rab of each vrocess 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 boiHng and 
crystallization of the Bhopal Tab, 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 
qual}ty and thirdly, the ins'?fficient washing of th~ Bhopal su~ar 
leavmg some li!'olasses adhermg to t~e cryst~ls, whtch, though m­
crea.sing the yteld of sugar, lowers Its quahty. 

The quantity of second Tab obtained from the above molasses 
was 361·41 maunds and 495·6.1 maunds respectively, or 9·6 and 
3·85 respectively per 100 juice. But though the yield of Rahilkhand 
II rab was more than that of B,hopal rab, the recovery of rogar 



wa" mote from the latter, the figures being ~ ·gg and 2·79 respec­
tiHly per lOU juice. .At the same time the sugar from the Bhopal 
rab was of a better quality. 

There is no doubt that in 1·espect of producing second sugar the 
Uohilkhand system is at a considerable disadvantage. 'fhe principal 
defects in this l)rocess have already been pointed out in Chapter 
II and it is a comparatively simple matter to rectify these. 

Cla.rif!Jing a9ents used. The quantities of the different defec-
tants used during·the season were as follows:- · 

Material. Bhopal. Rohilkhan.d. 

1. Castor seed 
2. Sajji • • . • 
3. Deula, Bhiudi and Falsa bark 
4. Lime • . 
5. Stannous chloride 

Seers. 

56·87 
37·37 
65"12 
10·0 

l. 
Calculated in seers per 100 maunds juice. . 

Seers. 

76·0 
49•5 
88·5 

1. Castor seed 1·5 1·51 
2. Sajji • • o·99 0"98 
~. Deula, etc. 1·72 1·75 

Centriju9alling. In order to determine the capacity of the 
centrifugal machines under average working conditions, o. 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. 

TABLE XV. 
Test to determine the capacity of centriju9al machines (Bhopal 

process II rab was used). 

T.&n Ntt. 

Particulars 
Average I II m IV 

I. Weight of rab . . . lbs. 49·88 50 49·88 49·63 50 
2. Weight of moist sugar . I be. 15·82 15·5 14·25 16·88 16·63 
3. 1\loisture per cent. sugar . . 2·36 2·86 2·~6 2·10 1·6 
4. Water used fo1 spraying . lbs. ·72 ·72 ·72 ·72 ·12. 
5. Time for slow running. minutes . 2 :2 2 2 2 
6. Time (from start) when water 4·5 5. 4 4 5 

sprayed, minutes. 
7 1'otal time (from st.art) for centri- 12·5 12·5 12 12 13·5 

fugatling, minutes. 
25 2! 20 8. Tot.a.l time (from start) for com- 22i9 22·5 

plete cycle of operations, minutes. ' 9. Output moist sugar per cent. rab • 31·7 . . . . . . .. 
10. Water used for spraying per 100 1·45 . . .. .. -rub. 
II. Calculated capacity, maunds rab 19 . . . . .. -per 12 hours. 
l2. Pra.ct.ical capacity, at 80 per cent. 15·2 . . . . .. -of calculated capacity, maunds 

I rab per 12 hours. I 
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When the machine is started, it is kept running below the normal 

speed till part of the ID:.olasses has been· I'emoved. This is judged 
!row the v1scosity of the molasses coming out. T.\le time requneJ 
for this preliminary operation was foun~ to be two minutes. ]four 
to five minutes ~iter the machine comes ~o full speed water .is 
sprayed, one syringe of water (about 325 c.cs.) bemg 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 1nto the basket about a gallon of hot water. The 
mac.hine is then ready for charging again. · 
. The total time required for the complete cycle of operations from 

:the time of statting till the machine is again charged and ready 
for starting is about 23 minutes for each charge ot about 60 lbs. 
rab. This gives a theoretical capacity of 19 maunds Tab per day· 
of 12 hours, or allowing 80 per cent. of this capacity in practice, 
the machine can deal with 15 maunds of second Tab per day of 12 
hours. · ·. · 

Wit4 first rab, there is an increase of about 30 to 40 per cent. 
in the capacity. . . ; 
· Yield oj1u9ar and mola3ses. The working :figures for the entire 
season, in respect of the output of the principal products, may be 
summarized as follows :-

1 

(a) ·Per 100 cane­
Juice 

· 1 Rab 
UBab 
SuGAR­

First • 
S!3cond. 

- Total 
Final molasses 

(b) Per ·100 Juice­
! Bt1b • 
II Bab 
SuGAR- · 

. 

Bhopal 

63•94 
13•54 
6•09 

5·97 
1·78 
7•76 
3•98 

21•1 
9•6 

Rohilkhand 

64·36 
13·05 
. 6·34 

5·20 
1•27 
6•47 
4·70 

20·27 
9·85 

.First • 9· 35 s·os 
Second 2· 79 1·98 
Total • 12'14 10·07 

Final molasses 6·23 7 ·33 

.Mo1·e detailed :figures are given in the tables of Chemical Control 
!Uata in Chapter V. . . 

Comparison 'with indigenous Khandsaris. Tbe.advocates of the 
llhopal process are constantly drawing attention to the fact that 
the· Rohilkhand process adopted at Bilari was not the process a:~ 
commonly followed by the indigenous khandsaris and that it had 
incorporated several improvements borrowed £rom the Bhopal pro­
cess~ It is alleged that the recovery of sugar obtained hi the 
ltohilkhand process at Bilari is, in consequence of these improve-

_·· menta, : bighe! than what it ordinarily is in Rohilkhand. In 



corroboration of this, it is pointed out that the Indian Sugar 
Collllllittee, 1!J.:.!O, in its report (pa1·agraph 278) says:-

•' On the basis of the extraction we have mentioned above, 
this is equivalent to 11 maunds of rab to 100 maunds of cane. 
'l'he wastefulness and inefficiency of the process are sufficiently 
delllonstrated by its net result, which is 4 per cent~- of sugar 
only as against 9·5 per cent. which we estimate as possible in 
a tllorougnly efficient iact01-y." 

The suppoitei·s of the claims of the llhopa.l pi·o<;ess also refer to 
the following senten<;e which u<:curs on page ':19 of the Report of 
the Department of Agricultuie, United 1"1·ovinces, for the year 
ending oUth J une 192~ :-

· .. The growth of better quality canes, namely, canes con­
taining a. higher percentage of juice and available sugar, has 
put the manufactw·er of sugar by the indigenous process in a 
:stronger position to meet competition by increasing the outturn 
ui sugar obtained per 1UU sugarcane from ;3j- to just over 5." 

It is otated on behali of the Bhopal p1:ocess that the above reference -
<;ontains the otlicially recognized recovery n·om the improved canes 
under the bel-centrifugal system and that the recovery under the 
ilhopal oystem, with the same canes was a good deal more. IIi 
other words, an attempt is made to prove that the recovery of 7•76 
pe1· cent. obtained at liilari by the Bhopal process is to be compared 
with this officially recognized recovery of 5 per cent. from the 
Uohilkhand process and not with 6·47 per cent., the figure actually 
obtained. 

It is not the purpose o:f 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 
Dilari and one of these, situated in Bichaula about two miles from 
the N agalia 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 Maul vi Afzal Ahmad, 
the proprietor of the farm. 

The cane grown on the f~rm was found to be almost all of Co. 
213 variety but the c.rop was not good. There appeared to be insuffi­
cient manuring and lack of irrigation, which resulted in stunted 
growth. · 

The cane was c.rushed in a :Massey :Uill 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 thf:'m. The mill was also run­
ning at a l1igh speed. The <·rushing was consequently of poor 
quality altlwugll the quantity of cane put through was large. 'l'he 
extraction of juiee was said to be 58 per cent. 
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For boiling the juice there were two Rohilihand bei& of which 
only one was in use. The- bel& were of a type similar to the one 
used in Bilari, with only this difference that the large llauz pan 
was · not fitted 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 himsell (instead of the common 
practice of purchasing juice froni 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. . 

The ~our 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 Tab, there were two earthen. tubs 
for each bet After aerating, the rab was put into Kalsis (earthen 
pots} for cooling and crystallization. Th·e 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 rf!-b, the Khanchi sy~­
tem as ·well as centrifugal machines were used. The molasses 
boiling bd was under construction at the time of the visit. Pre­
sumably .no second Tab had been made till then. 

·· · The pro:Rrietor of the farm was good enough t.o supply from hi~ 
books the following figures for recovery of Tab and sugar:-· ' 

'
1

' (a) Yield of I rab-10 to 11 local maunds of I Tab is produced 
per karda of juice,* . 

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

(c) Machining-'1n 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 in the form of a comparative statement in Table XVI. 
' . TABLE XVI. 
Statement s'lwioing figures obtained from Bichaula Far'm, as com­

pared with those of Bilar·i (for Bhopal and Rohilkhand 
processes). 

Particulars 

A. Per 100 Cane­
Juice . 
I Rab • 
I Sugar • 

B. Per 100 Juice-
1 Rab . 

· I Sugar . • 
C. Per 100 I Rab-

1 Sugar 

Bichaula. 
At At 

58 P!lr ce.o.t. 64 per eent. 
e:xtwaction extraction 
(actual) calculated 

58·00 64·00 
12·18 13·54 

4•93 5·64 

21 
8•5 

44·3 

* 1 Local maund=l"25 Standard maund of 82·3 lbs. 

Bhopal 

63•94 
13·54 

5·97 

21·1 
9·35 

44·12 

1 Karda =50 local maunds = 62· 5 standard maunds. 

Rohilkhand .. 

64·36 
13·05 

5·20 

20·27 
8·08 

39·82 
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Corresponding figures for the Bhopal and Rohiikhand procesself 
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 
work{'d at Bilari, was high because it had incorporated improve­
ments copied from the Bhopal process, or that the efficiency of all 
llohilkhand type of Khandsaris is always lower than that of the 
Bhopal process. 

It was unfortunate that second sugar had not been prQdu"Ced at 
Bichaula till the date of the visit. This fact rend{'rs 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. · 

TABLE XVII. 

"Working figures. 

Whole season's average for a sulphitation factory of .moaerate 
efficiency. , 

Particulars 
1. Analysis of Cane­

Sucrose 
Fibre . 

2. Juice Extraction-
Dilute juice per 100 cane 
Added water per 100 cane . 
Undiluted juice per 100 cane 

3. Yields per 100 cane­
Wet Bagasse 
I & II Sugar 
Final Molasses 

. . 

4. Yields per 100 Juicw (undiluted)­
! & II Sugar 
Final Molasses 

5. Efficiency-Cane crushing- _ 

Data 

12·13 
15·00 

86·20 
18·95 
67·25 

32·75 
9·21 
3•58 

13·69 
5·32 

Sucrose in juice per cent. sucrose in cane 86·15 
6. Efficiency-Boiling House-- . 

Sucrose in sugars per cent. su&rose in juice 86·79 
7. Overall Efficiency- "' 

Sucrose in sugars per cent. sucrose in cane 74·78 

.._ 

It is .observed from these figures that workin~ with a cane con­
taining a lower percentage of sugar and extractm.g 67 ·2? per cent .. 
_juice a recovery o£ 9·23 per cent. sugar o~ cane 1s obtaui.ed. The 
overall efficiency is 74·78 per cent. as agamst 55·06 and 46·85 per 
cent. respectively for the Bhopal and Rohilkhand processes. 



',CHAPTER IV. 

OoMPA.B.ATIYE CosTs oF THE Two PRoCEssEs. 

Capi~al. Cost. In comparing the capital costs of the two pro­
ces~es., It IS not necessary to take into consideration those items 
which are common. 'fhus the Cane Mills, Engine, Pugmills and 
Ce~trifugal machines ai·e common to both pz·ocesses and may be 
omlt.ted .In the comparison. All that it is necessary to compare is 
the mit1al costs of the Bhopal and Rohilkhand bels for boiling 
first and second r~bs. 

As regards the construction of the two types of furuaces, there 
is no standard· design for the ltohilkhand 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, a fair amount of 
b1·ickwork has to be made. -The Rohilkhand furnace is usually 
built by the Jhonkas (firemen) under the supervision of the juice­
boiler. These men ai·e engaged on contract for the whole season 
and building the furnace is part o:f their work under the contract. 
}'or this reason the cost of the Rohilkhand furnace does not a:mou11t 
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 Bilari 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 o~ three years, whilst the Rohilkhand fur­
nace has to be re-built every year. Moreover a Khandsari can­
not, as a rule, a:fford to build a iurnace o:f a permanent nature in 
any village as he is never sure of being able to carry on his busi­
ness 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 usecl :for these experiments cost Rs. 325 and 
Rs. 500 respectively. One season's experience is insufficient for 
determining the durallilitv of tl1e pans. The flat bottomed pans 
of the Bhopal bel are made of 1/16" sheet, the bottom plate being 
f" thick. These are exceptionally heavy and should last for many 
years. 
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'l'he total cost of the twa bels,· may, therefore, be stated as 
follows:-

(a) Cost of furnace 
(b) Cost of pans 

Total cost of Bel 

Bhopal 
Rs. 
so 

• ' 325 

410 

Rohilkhand 
Rs. 
.30 
500 

530 

Labour requirements of the two processes. The labour actually 
employ<'d during the tests was as follows:-

~. r 

(a) Cane Crushing (Common to both processes)-
(i) Engine-

Mechanic . • 
\Vater and coal man 

(ii) Cane Mills-
Oilman . 
Cane feeders • • 
For removing bagasse 
Spare man • • 

.. 
•. 

For carrying juice . . • • • 
For carrying bagasse (work done by ,rhonkas) 

1 
1 

'1 
2 
1 . 
1 
3 
2', . -

Total 12 

(b) Juice Boilino-
(i) Rohilkhand bel-

Karigar (boiling foreman) (on contract) • 1 
Nikharas (clarification men) • . • • . 3 
Jhonkas (firemen). They also attend to drying of 

bagasse, carrying dried bagasse, feeding furnace 
and doing other sundry work (on contra<:t) . ' 5 

Total' 9 

(ii) Bhopal bel-
Karigar . 1 
Nikharas 3 
Jhonkas . 5 
Extra labour 2 

.Total 11 

(c) Molasses Boiling-
(i) Rohilkhand be'l-

Karigar 1 
Jhonka .. 1 
Labourers ~ 

'\.' 2 

Total . 4 

(ii) Bhopal bel- • 
Karigar (on contract) 1 
Jbonka . 1" 
Labourers . 2 

Total 4 
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(d) Centrifugal ~achines (common to both processes)-
:Mechanic • · ~ · • • • • • • 1 
Centrifugal attendant 1 

: Pugmill man . • 1 

Total 3 

In addition sundry labour was provided as required. 
(e) SugaT Drying (common to both processes}-

Generally two men were elJlployed over each Patta but the number 
varied according to the quantity of sugar to be dried and also 
depended on the weather. If .sufficient suuar was available for 

. drying, rp to four men per Patta were req;'•ired. · 

F'_inancial aspect of the E.xpe~ments. From a financial point 
of VIew, the results of the experiments may be considered under 
the following heads-

(a) Expenditure, 
(b) Receipts, 
(c) Profit, 

.(d) Cost of production. 
Each of these items is discussed in detail in the following para-

graphs. . · · 
E.xpenditure. (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 boiler:; and Nikharas 
(clarification men). It is also usual to give them food and to pro­
vide them with a few other facilities. These have, however, 11ot 
been taken into account in the statement. 

The Supervising staff, consisting of four Munshis (clerks), was 
common to the two processes and hence the sala1y 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 hoiliitg 
JUICe and molasses and working Centrifugal machines are high as 
specially trained men were bronght from Bhopal. It is possible 
to train local men for the work on a lower scale of wagPs. 'rl1e 
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 ~comes still higher. 

The statement in Table XVIII snows actual as well as normal 
expenditure. For cane crushing and work unde1· the Rohilkhand 
process the expenditure actually incurred was on the usual com­
merciai scale and hence there is no difference between " actual '' 
and " normal " figures. For the Bhopai process there is_, however, 
an appreciable difference betwee~ the two, due, as explamed aboYe, 
to the higher scale of ~ages paul to men from Bhopal. 



cS 
z; Particulars. 

T.tBLE XVIII. 
Statement of E~penditure under Salaries and Wages. 

Common tO -both Robllkhand and :Bhopal :Bhopal 

A.ctu&l Normal Actual Normal Actual 

Robllkhand · 

Normal 

} l----·---l~ _na_te_ Amount _No_. -R-ate_ Amount ~ _Jta_t_e Amount1 No. ~~-"'-m_o_uu_t_.,.N_o._ ~1 -A_m_o_u_nt_ No. ~~ Amount 

Its. lls. A. P. Jta. Its. •· '· :as. Jts • .a.. P. Ita. •· P. :as. •· P. ltB. A. P. 

-·-·--·-..~18;.;0_,;0__.0~·-~~·~-1-~·~-~:-1-1-..;.'-.' - -""ll'l:-~·~-:.- -·~----·-·-
l Supel'flising Staff, 

lt:uosbls • • 4 15 180 0 0 
--::-::-'""~-::-1- ---Proportion eharg- • , 

ed to each pro­
cea. 

11000 ..... 11000- 110 0 0 .. - 110 0 0 

8 

C~~t~e Crushing. 
Mechanic , • 
Water & Coal man 
Crusher men • 

Weighing men , 
lulce auppUers • 

TOr.A:L , 
Proportion charg· 

ed to each pro· 
eeea. 
Juice Boiling. 

:Boller • 
Nlkharas • 
Jhonkas 
Extra labour , 

TOT.U:. , 
4 M ola11e1 Boiling. 

:Boller • 
Fe~der , • 
Labour for sundry 

work. 

TO'l'J.L • 
6 Centrijugalling. 

Driver • • 

84 9 0 
28 11 6 
61 7 10 

'3 .. 2~__i5 0 ... 

- - 186 11 4 -:7 -- ~· -

84 9 0 
28 11 8 
61 7 10 •• 

211'is o " :~ :.: ___ ....;;;.... __ , 
1•41 I .....:..:-., _______ -1-_ .. __ , __ .;..;"~-··-- _ _.....;'..;,' --

...;;,;18;.;;.6..:1;.;,1....:.4 -I...;'.;,' •.• 
79 6 9 

. . --..:.::.,__ -~·~-· ::--::-
711 .6 9 

·~· _:.:...... -:-:~· "'::' ~:- ...:.:.. ---=-- ....,..~·.;..,· ,.....,_, 
106 2 1 • • •.• 106 2 1 

1 40 
s ... 
5 
2 .As:' 

98 5 8 
58 8 0 
66 0 0 
19 0 0 

1 
8 
6 
2 

55 0 0 
68 8 0 
55 0 0 
19 0 0 

iCon~act{7880 i} 
II .. 78 li 0 "II 

U611 0 

J:er 
- -1---- - ---1----- --!l. 1---:=--=--=-1 J~_,...,~,.,.......,...l ....,...,...,...,.,.......,.. - - --·-·-- --1---·;..;.·-- - ~1__,;2;,;;;2..;.5...::1\~8_;;.8,,....;.'..;,' == 187 8 0 -:;---:;-- 146 11 0 7. ~ 146 11 0 

1 40 94 10 8 1 } { 45 0 0 1 } ..&1. 4 {1~ } 1 •.• .. 
2
1 ._ • 88 0 0 1

2 
per 4a y 87 12 0 

2A.L4 8800 , 

- _, ____ - - ---- - r.:. 1-:=-"::"::""'-:.- - - 1--=-_,..~ - --1--::-::-~~ - - ~=-=:-::--~ 
- _,_....;..;, .. _ - -1--..:.:":...--1....:.:. - 127 10 8 -- 78 0 0 - _..:...:_.. 87 12 0 - __ .. _ 87 12 0 

87 12 0 

1 so 
Centrlfuger • • , 
Labour for sundry •• 

1 so 
1 26 

41 0 0 
67 8 0 
64 0 0 

40 0 0 .. 

} 76 4 0 
work. 

TOTAL , 
e Drlliflg, Ulftgla.ing, 

ete., ojaugfU', 

--·------r-------- _...;•..;,·•- -- -....:.·:....· --1--... . . --
TOT& L , ., 

182 8 0 
86 14 0 

721 8 8 

- ~ l-:1:-:6~2 -::-8-0:- - -::-1"""'!:1:':'16-:--4.,..-0'"' - --::-1"""'!:1:":1'::"6"'"':"4-::"0-1 

-::- - 86 14 0 -::- J'8:T .a 10 0 ---=~--.....:-=-~t--';;;8;..;1;;;0;,_.;;0;..1 
- 68J a p;;iiiay .. ·~ 8 0 ... . ... . 1145 7 1 ... ·- 546 7 1 

-

ICODOIIJ pol• 
llblo udez 
normal COD• 
dltlou by 
tnlnlDI local 
labcnlr. 



rA.Bu :XIX. ·· .• -

Statement 1howing Ezpenditure Ezcluding Salarie1 ana ·Wage1. ·· 
' ' v· COHMON BliOPAl'l B.OIULitHJ.XO 

Bartal Particular. 
. ~· 

No. . . . .. . . 
" '- ~~ Actual Normal 'Actual · Normal . Actual · Normal . -

1 Cane Cnuhing-

Cost of Coal . . . . . . . . . . 299 18 8 260 0 0 ' .. .. - .. . . . - .. . 
Cost of lubrlcanta • . . . . ' . . . . . 87 9 ' 85 0 0 .. .. .. .. 
Rent, freight, cartage, etc. of Crusher . •. . . . 169 9 a 169 9 II .. .. . . .. . 
Repalrl to crusher . . . . ~ . . . 119 8 0 119 8 0 ... ,c 

I , . . .. . . 
TOTAL . 626 8 8 584 1 II .. · .. .. .. . . 

Proportion charged to each process . . . . . .. .. 268 8 0 250 II 0 858 0 8 838 12 II 

2 Juice Boiling- .. \- .. . 
Cost of fuel • . . . . . . . . . .. . . 116 II 8 83 2 8 88 1 9 '" 0 10 

Cost of defeoanta , . . . . . . : . .. .. "";<i'.• 

112 ' ' 112 ' ' 6911 8 69 11 3 

8 Molasse1 Boiling-
' Cost of fuel • . . . . .. . . . . .. .. so 8 0 so 8 0 u 15 0 42 15 0 

' Potting Rab- . 
Cost of tina (proportionate depreciation) • . . . . .. . . 168 11 -0 112 8 0 217 5 0 150 0 0 

5 Centrifu.gaUing-

Cost of oil, petrol and sundry stores . . . . . .. .. 10, . 2 ' 1M 2 ' 14615 8 U815 8 

6 Depreciation of Machinery at 10 per cent. . . . . . .. .. 108 8 6 108 8 8 141 7 6 1U 7 6 

7 Depreciation of Bolling Plant at 10 per cent. ... . . ; 82 8 0 82 8 0 50 0 0 50 0 0 . . . . 
TOTAL . .. .. 829 7 5 723 u 0 l,lU 8 II 975 u ' 
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(b) Other e:Ependiture (e:Ecluding salaries and wages). Other 
items 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 lls. 626-8-3 plus lls. 185-11-4 for wages or 11·35 pies :(>er 
maund. This is hi_gher than usual. As there was a steam engme 
aYailable at site, th1s 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. 

TABLE XX. 

Statement s'howing total E.rpenditure including cost of Cane. 

BHOPAL SYS'fE][ ROHILKH.UfD SYSTEJI: 
&>rial Particulars 
No. 

Actual Normal Actual Normal 

--
Rs. A. P. Rs. A. P. Rs. A. P. Rs. A. P. 

1 Supervising Staff • . . . 90 0 0 90 0 0 90 0 0 90 0 0 

2 Cane Crushing . . . 3!7 13 9 329 10 9 464 2 4 439 14 6 

3 J u.Ice Boiling . . . . 3H 6 10 272 15 0 301 8 0 260 .7 1 

4 Molasses Boiling . . . . 158 2 8 108 8 0 80 11 0 so 11 0 

5 Potting of rabs . . . . 166 11 0 122 8 0 217 6 0 150 0 0 

6 Ccntrifugalling . . . . 266 10 4 266 10 4 304 8 0 260 7 1 

7 Drying, Weighing, etc. of sugar . 35 H 0 35 14 0 48 10 0 4810 0 

8 Depreciation of :llachinery . .. 108 8 6 108 8 6 U1 7 6 141 7 6 

9 Drpreciation of Boiling Plant . 32 8 0 32 8 0 50 0 0 5(} 0 .o ' 
10 :lli8cellaneous . . 30 12 0 30 12 0 30 12 0 3012 0 

TOTAL I 1 1,897 14 s 1,690 11 6 1,555 1 5 . 1,581 ,7 

Cost of cane at As. 6 per SM. Yd. . 2,222 8 9- 2,222 8 9 2,931 4 3 2,931 4 :; 

GIUND TOTAL . 3,803 15 10 3,620 6 3 !,621 15 9 4,486 5 s 

With cane at six annas per maund and juice extraction of 63·91 
per cent. and 64:36 per cent. respectively for the Bhopal and 
Robilkhand prol;esses. the c.ost of juice comes to Rs. 42·2-5 and 

III-1-60 F' 
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Rs. 42-7-2. per Karda, or .say an average of Rs. 42-4. For pur-· 
poses of comparison, enquiries were made [ocally for the current 
rate of, juice. It was ascertained that three zemindars in the 
\icinity sold their juice, at Rs. 48, Rs. 45 and Its. 44 per Karda 
respectively, giving an average of Rs. 45-11. It would appear 
therdore that even t.hol!gh the crushing charge.i for the tests were 
high and the.· ~xtraction of juice was not particularly good (with 
efficient mills this should be allout 68 per cent.), the juice supplietl 
to the· experimental bels was cheaper than the current markE't rate 
by Rs. 3-7 per karda: J)ue allowance should be made :for this in 
the :figures for cost of production of sugar which are given later 
on.· . ·,· . , · , .· 

··For 'boiling' jui~e to ':first ~ab, a large quantity of :fuel in· addi­
tion to the bagasse obtained :from the cane crushed, was used . 
. This consisted of bagasse -purchased from Pther neighbouring 
khandsaris, cane trash and drv 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-experimenta11y. It was not possible to keep a record 
?f the quantity burnt in each bel separately, but it could be seen 
tn a Jreneral way that all the thrPe be1s 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 

charg-ed to the non-experimental bel an·d the lialance of Rs. 154-7 
has been distributed between the two experimental bels in propor­
tion to the quantities of ittice boileil 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 
fiooures,. half these amounts are taken, as the bels can be worked 
lo;ger under non-experimental conditions. 
. For boiling molasses .to second rab, both bels URPd outRide 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. 

F(•r pot.tj11g rah empty kerosene oil tins were used. The life 
of these tins has been assumed to be two seasons, and cost of tins 
l'equired has been calculated accordingly. For "normal" figures, 
ba'lf the cost of tins ·with which a khandsari can deal with the rab 
l'esult.ing from the quantity of juice treated, has bee-n taken as the 

· hasis. - -

Depreciation on juice boiling pa!ls and machinery ~as been. al­
lowed at 10 per cent. No depreCiation has been allowed on butld­
ings, furnace, and other masonry wo;k nor ha~ any al~owance b~en 
made for interest on work~ng capttal or remun('rahon of the 
}Tanager or Proprietor . 

. .In a·ddition to the Hems covered hv Table X:X, fu:r:ther e~ven'di­
brre amountinl!' ,in the ag-l!'~eg~te to Rs. 395-6 ~as mcmTnlJ, but 
this was of such a nature that It had to be exclutJed !rom the cost 

. ' 
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accounts of these experiments. Particulars of this expenditure are 
given in the statement in Table XXI. 

TABLE XXI. 

Statement show£n,q certain Items of Ezpenditure actually incurred 
but not included 1'n the cost of manufacture. 

Rs. A. 

l. Pay of Chowkidars 72 0 

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

3. LalJour employed for weighing ca~e • 40 14 

4. 1\Iunshi for taking weight of cane • 60 o· 

5. Pay of store-keeper 61 8 

6. Bhopal Centrifuger.;_Pay for January 25 0 
l . 

7. Bhopal Boiler-Pay for January (for boiling 
molasses) . • • • • 40 0-

8. Bhopal 1\Iechanic-Pay for January • 30 0 

9. Bhopal Oilman-Pay for January 15 0 

Total 395 6 

This includes wages paid to watchmen and to mei~ employed 
for samplying juice, counting tins, weighing cane and doing other 
similar \mrk in comH•ction "·ith the chemical eontrol. As c~hemical 
control is never adopted in a khandsari, it will be incorrect to . 
charge these items of expenditure to the cost o:f production oi 
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 Janu~ry, when the commence­
ment of the experiments was delayed owing to late arrival of some 
of the equipment. · 

ReceZ:pts. The receipts from the sale of sugar and molasses by 
the two processes are shown ifit,Table XXII. The molasses pro­
du:ced by both processes fei<:>hecf, the same price-1.Jiz., Rs. 1-8 per· 
standard maund. The sugars, however, were of different qualities 
and fetrht>1l different nrices. Tht" :first sug-ar of the Bhopal process 
was inferior to the Rohilkhand first sugar, but the second ··sugar · 
of the form('l' rn·oce-:s was lwtter in appearance tllan that of the 
lat.tE'r. As the fJU::mtity of first sug-ar jg proportionately much larg-er 
than that of tl1e second, the average price for the total quantity 
of sugar produced by the two processes was Rs. 9-5-6 per standard 

F2 



maund for t~e R_ohilkhan,d. process and Rs. 9-1-9 for the Bhopal 
process. · 

TABLE XXII. ' 
I . 

_Statement, 1howing Income obta·lned by Rohilkhand and Bltopal 
Procel8el. 

Serial 
. :BHOP.lL SYSTBlll RoHlUHUD SYSTBll 

' 
No. 

Partlculara Amount Partlculan Amount 

B.s. .... 1'. B.s. .l. P. 

1 Price of sugar I at :Re. 84-8 per 8,258 13 1 0 Price of augar I at lta. 88 per 8,903 13 5 
· Palla(Slocalltda.)equlvalent 

' 
Palla (or :B.a. 11·11·7 per Std. 

to :B.a. 11·3·3 per Std. ltd. ltd.) . . 

2 Price of Sugar n at B.s. 83 per. 11211 ' & Price of Sugar n at B.a. 82 per 849 II ' Palla (or B.a. 8-12-11 per Std. Palla (or Ra. 8-8-1 per Std. 
Hd.) . . . ltd.) 

a Price of lnal molasses at B.s.1·8 853 :iS 7 Price of Ina I molasse& at B.a. 1·8 653 10 ' · per Std. ltd. per s~.ltd • 
. 

TOUL • 4,64115 1 . ... 6,807 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 Table x:xiii~ 
The total quantity of juice treated was 60·6 kardas by the Bhopal 
system and 80·5 kardas by the other system. These are within the 
!imits o:f the usual capacity of ali 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. 3·1 per 
!l:arda normal, that is, by 43·5 per cent. and 30·4 per cent. respect­
ively.. . - · 

TABLE X1XIII. 

Sta-tement sho1oing Working Profits. 

:BHOPAL SYSTBll B.OHILKHAlfD SYSTBll 
Pattlculan 

Actual Normal Actual Normal 

-
B.s. A. P • B.s. A. P. B.s. .&. P. Rs. A. P. 

.. 
r otat Incomes from Sugan and 4,641 15 1 4,54115 1 6,807 1 1 6,307 1 1 

Molasse1. 

otal expenditure Including prle& of 
cane. 

Net Prollt 

eigbt of Jlllee treated (Kardas) w ,. et prollt per Karda of )alee . 

. 

. 

S,SOS 15 10 8,620 

737 15 3 921 

60·6 60·6 

12·2 15·3 

6 s 4,62115 9 4,486 6 8 

810 685 1 4 820 11 6 

80·6 8()-5 

8·5 10·2 

· The total profit under the Bhopal system amounts toRs. 737-15-3 
and under the Rohilkhand syst~m 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 Le 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. 8-0-5 for Rohilkhand process, and under normal 
c·onditions Rs. 7-1-7 and Rs. 7-12-2 respectively. 

TABLE XXIV. 
Statement showing cost per maund of s".lgar. 

BHOP..U. SYSTEll ROHILXlU.ND 5YSl'E1l . . 
Particulara 

Actual Normal Actual Normal 
I 

:B.s. A. 1'. :B.s. A. 1'. Rs. A. 1'. :&8. A. r. 
Tctal cost of production . . 3,803 15 10 3,620 6 3 4,621 15 9 4,488 6 8 

~ 

Tleduct price of Final molasses • . 353 13 7 353 13 7 553 10 ' 553 10 ' 
Net expenses . 3,450 2 sl 3,268 8 8 4,068 5 6 3,932 11 ' 

Total sugar produced . . . 459·8Ulds. 459·8Ulds. 606·5 llds. 508·5 Mds. 

~t of sugar per Std. Md. . . Ea.7 8 0 Ea.7 1 7 Ea.S 0 6 Ea.7 12 2 

I 
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 t~e 
expenses per maund o! sugar for the two processes are approxi­
mately the same, being Rs. 3-6-11 for the Bhopal p_rocess and 
Rs. 3-5-4 for Rohilkhand actu\tls.1 and Rs. 3-0-6 and Rs. 3-1-1 
normals. The difference in the total cost of production of sugar 
is due mainlv to the differcmce in the cost of raw material (cane) 
per maund of sugar, which in turn is a result of the difference in 
tl1e recovery of su()'ar per cent. cane between the two processes. In 
other words, this 

0

means that from the point of view of the total 
working expenses the two processes are on an approximately equal 
footing, the advantage in favour of .jhe Bhopal process being. due 
only to the higher yield of sugar. . 



• TABLE ·XXV. 
J.nalyn1 of cost of production per maund of augar. 

:BHOPAL ROHILKHAND 
_Items of C011t -----·--- -'----.,.----

Actual Normal Actual Normal 

:B.s. A. 1'. Rs. A. :r. 
0 2 10 0 2 10 
0 14 8 0 13 11 
097 088 
027 027 

------·-- --------- -- 1----·1------ , ______ -----
A.·Eqen~~ett- / ' 

1. Supervising Staff • • • 
. 2. Cane Crushing • • • • 
· 8. J nice boiling . • , • • • 
· -'· Molasses boiling . • • • 

;_ 6. Pott.tng Bab · • · • • • 

RS. A. P. 
0 3 1 
0 12 2 
0 12 0 
0 6 • 
0 6 9 
0 9 3 
0 1 2 
0 3 9 
0 1 2 

:B.S. A. P. 
0 3 1 
011 6 
0 9 6 
0 8 9 
0 4. 3 
0 9 3 
0 1 2 
0 8 9 
0 1 2 
0 1 1 
8 0 6 

0611 04.9 
084 084 6. ContrifugaUing • • • • 

7. Drying, Welgning, et11.0 of sugar. 
8. Depreciation of machinery . • , 
9. D1preciatlng of Boiling plant • • 

' 10. M.iseellaneoua • ·. . • • · •· · • 
--'l'OUL 

:0. Raw mataial-- ' ' 

.....__0 1 1 
3 611 

016 016 
046 046 
0 1 7 0 1 7 
0011 0011 
8 6 .- ---- 3 1 1 ~ 

Cost. oleane at 6 aa. per md. , • • 1 • 4 13 6 4 13 6 6 12 7 6 12 7 
'l'OTAL • 1---8-- 4.- 4 - 7 13~11 9 1 11 8 13 8 

Detfue&priceofMolassesatRa.l·Bpermd. o 12 4 o 12-· 4 -~--1 6 1 1 6 
Net cost of 1 Mel. Sugar • • • -7-SO -=7--::-1---=-7 o~--8-0-5- -7--12_2_ 

.· It s~ould be pointe~ out, however, that the total working ex­
penses, m respect oi whiCh the two processes have been shown to be 
equally good, inciJ.ude 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. i. ;For this purpose the expenses on juice boiling, molasse3 
boiling, potting rab, centrifugalling and drying and weighing of 
sugar (that is, items 3, 4, 5, 6 and 7 of Table XXV) 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.l-10-11 
!or_ 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 figureA 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 rane 
(which is common to both processes), of boiling 100 maunds j nice 
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. 

TABLE XXVI. 
Cost figures for individual operations in the two processes. ---

1 
2 

Particulars -.. 

• Coll of eTFl'lhing cane (pies per md. of cane) 
• CMt of bJ1lin~ juice to I Rab (Rs. per 
_ 100 llrl!l. jnl~!>). 

Cost of bollin~ Molasses to II Rd (R.s. per 
• 100 mi~. d!lnte m'lla<~!leo;). 
. co~t of m'l.chining I and II Rab (annas per 

3 

4 

5 
md. of rGll). 

Cost of drvinlt, wehbin(, etc. of I and II 
• Sugar (antias per md. of sugar). · 

:RliOPAL ROHILKHAND 

I 

Actual Normal Actual Normal· 

11·27 10·1\8 lHO 10·8 
9·09 7·20 6·1)5 5·17 

3/)-89 22·0~ 12·82 12·82 

3·66 3·66 2·77 '1.-77 

1·16 1·16 1·53 1-03 
' ' . 
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it would appear therefore, that whilst the Bhopal process gives 
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 X~VII in which ~gures for an average Indian 
factory have been g1ven for comparison. These are based on 
inf01n1atiou contained in the Ueport of the Indian Tariff Board on 
the Sug-ar Industry, which has recently been published. 

TADLE X·XVII. 
Cost of ~duction per maund of sugar in an at•erage Indian 

factory. -

1. Cane at A.s. 6 per maund . 
2. Other ra.w materials (including sulphur, filter 

cloth, etc.) 
3. Lab()ur 
4. Power and fuel . 
5. Supervision, office charges, etc. (including pay 

and travelling allowance of European and 
IndJan Supervising and Technical staffs, 
head office expenses, clerical establishment, . 
Directors' and Auditors' fees, etc.) 

6. Current repairs 
7. Packing 
~. Depreciation 
9. Miscellaneous (including :Managing Agents' 

commission at 7l per cent. on profit) . 

Total 

Deduct for 1\Iolasses at Rs. 1-8 per maund at 
4 per cent. on cane 

Net cost per maund of sugar 

NoTES. 

Rs. A. P. 

4 2 7 

0 2 0 
0 8 0 
0 1 3 

011 3 
0 7 0 
0 2 9 
0 8 0 

0 10 0 

7 4 10 

010 8 

6 10 2 

(i) This statE>ment is based on fi!!_;ures given in Chapter V of the Report 
of the Indian Tariff Board on the Sugar Industry. 

(ii) The price of cane usually paid by tl1e factories is about As. 8 por 
maund (including delivery charges), but as a price of As. 6 has been allowed 
for cane at Bilari, the above statement\has also heen based on this price. 

(iii) The abm·e figures are for a fact-ory crushing 13,00,000 rnaunds of 
cane per season and yielding 9 per cent. suga·r and 4 per cent. molasses. 

(i v) Interest on working capital has usually to be paid by factories, but 
it has not heE>n alJowed in the abo>e stat~ment, as no provision for this hal! 
been made in the costs at Bila·ri. 

(t·) Ttem No. 5 (supervision and office charges) includes salaries of 1\fanager 
and other expert staff. Nothing has been provided in Bilari costs for these 
An allowance of A.s. 4 to 6 per maund will_ be necessary for this difference. 



'CHAPTER V. 

CHEMICAL CONTROL DATA. 
I 

Syst~m 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. ... . 
. , The methods 

1
of sampling and analysis adopted at Bhopal during 

the tests of February and March 1930 difier slightly from those 
adopted at ~ilari. As these differences have an efiect on the ana­
lytical data obtained in the two tests, a note indicating the difier-

~ ences is given at the end of Appendix B.. 1 

. Chemical Control Data. . Daily and Weekly analytical and 
control figures were. systen;tatically recorded throughout the season 
in accordance with the prescribed system. It is not necessary, 
nor is it possible1 for want of space, to reproduce these figures m 
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 b~ow :-. 

(a) Weekly average figures for analysis of materials for Bhopal 
· process (Table XXVIII) and Rohiikhand process (Table 

·XXIX). 
(b)· ·weekly average figures for quantities of materials and 

. yield percentages-. for Bhopal process ·(Table . XXX) 
· . and Rohilkhand process (Table XXXI). 

·(c) Analysis 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). 

(e) Account of sucrose recov~red and lost-whole season's ave­
rages for the two processes (Table XXXIV). 

(f) Biix. account-whole season's averages for the two processes 
· ·· . (Table XXXV). 

(g) 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 crt.shed was of good quality throughout as 
compared. 'Y'ith the canes which· Indian sugar factories have to 
deal with. The sucrose content varied between 11·49 and 14·30 
per oent., whilst fibre was between 13·61 and 15·46 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. 



TABLE XXVIII. 
Bhopal Process.-Weelcly average figures for analysis of mater~als. . 

'cl 
Average FIGURES P'OR WEEK ENDING l;l< 

';:; Particulars of Anail'Bis for the 

~ 
season ' 

12/4. 1~ ~~,, 25/1 1/2 8/2 15/2 22/2 1/3 8/3 15/3 22/3 29/3 5/4. 

- --- _, -· 
1 Cane-

(a) Sucrose . • percent 13·83 .. 12·25 11-49 .. . . 13·25 13·67 13-17 13·39 14.·06 14-80 .. .. .. 
(b) Fibre . . .. 13·88 .. 15-46 14-72 .. .. 18·87 1H9 18·61 14.·09 1H1 13•62 .. .. .. 

2 Bagasse-

(a) Sucrose . ('.;.. .. 8·85 .. 7-79 7-61 .. . . 8·06 9·87 8·18 8·54 8·49 8·58 .. .. .. 
(b) Molature • . .. 51-02 .. 48·47 56·55 .. . . 54.-14 57-58 51-50 48·25 46·77 49·84 .. .. .. 

8 Juice-

(a) Sucrose . . .. 16·08 15•17 14·82 14-61 .. .. 16·4.2 16·02 15·88 15·91 16·89 17-28 .. .. .. 
(b) Br!x . . .. 19·08 17-83 17-61 17-68 .. .. 18•51 18·53 18·87 19•42 20·22 20·52 ••• . .. .. 
(c) Purity . . .. 84-85 87-81 84.-18 82·63 .. .. 88·69 86·42 84-16 81-91 88-53 84-21 .. .. .. 
(d) Invert Sugar . .. HO 0·93 H5 1-21 .. .. 0·55 0·74 0·81 1·84 H6 1-25 .. .. .. 

' I.Rab-

(a) Sucrose . . .. 69•83 70·6 70•0 65·6 .. .. 70·00 70·00 70·00 68•80 70·8 72·0 .. .. . . 
(b) Brlx . . .. 87-93 83-52 84.·25 88-41 .. .. 88·26 88-10 86·89 89·52 9o-17 89·82 .. .. .. 
(c) Purity . . " 79·42 84-52 88•09 78·65 .. .. 79·31 79·46 80·56 76·85 78·52 80·61 .. . . .. 
(d) Invert Sugar . " 7-81 7-28 7-58 9·72 .. .. 6·~6 

. 
6·29 6·62 8·93 8·78 7·88 .. .. .. 

II.Rab-
.. 

5 

(a) Sucrose . . .. 52·68 .. . . 5o-4 .. . . 52·00 54·2. . 58·4 52·4 51-2 52·00 55•6 .. .. 
• 



. . · TinL:E 'XXVIII-:-{co·;clrl.) · · · 
Bhopal Process._:_lVeekly ·averaoe fio~res. for an~lysis ·of ·materials.'·. 

ol .. , '· •.· 
$i!4 .Average FIGtrJUil8 lOll WBElt J!:NDnTG 

) l'artlculara of Analysll for the - , 
aeason 

'22/2 26/4 ·. 25/1 1/2 8/2 15/2 1/3 8/3 .. 15/3 22/3. 29/3 ,,, 12/4 19/4 - - - - - -IS II Bab-contd. 
. ·~'- '·.-

.. 
(b) Brlx . ~per cent. 90·59 . . .. 85·05 . . .. 88·82 88·28 112-19 . 93·72 92·54 91-48 9H2 .. .. 
(c) l'uritr . . .. 58-10 .. . .. 59·26 . . .. 58·55. 61-'1 57-02 55·91 __ 65·33 56·84 60·81 . . .. 
(d) Invert Sugar . .. 18·74 ·-· .. 15·36 . . .. 1N5 13•'71 15·38 15·88 19·20 18·29 16·U .. .. . 

r 6 I Molasre1 (diluted)...;. 
(a) Sucrose • • .. 44·20 . . .. 42·65 .. .. 42·82 44·84 • 44·69 45·59 41-64 44·91 46·90 .. 1 •• 

(b)Brix 
. j 

'IHQ 
, . . .. 74·08 .. .. 70·71 .. . . '11·61 71-43 '16·01 'iH3 75·89 75-18 .. . .. 

'' (c) l'urltr . . ,. 59·67 .. .. 60·31 .. . .. 59·09 82-77 80·23 59·98 55-20 63•40 61-39 .. . . . . 
(d) Invert Sugar . •• 13·21 . .. .. 12·27 . . .. 13·09 11•05 11-99 12·24 . 15·99 13'90 13-11 . . •• 

7 Final MolaBBel-
(a) Sucrose . . •• 83·64 . . .. .. . . .. 34·0 . . 32·80 . . 811-40 89·0 33·2 33·80 33·00 
(b) Brlx . . .. 85·69 . . .. . . ' .. .. 81-61 .. 83·53 . . 88·69 88-65 86·41 85·85 86·19 
(c) Purity . . .. 39·26 .. .. .. ... .. 41-11 .. 39·27 .. 41-99 44-00 38·42 38·21 38~29 

(d) Invert Sugar . •• 23·88 .. .. .. .. .. 21·83 . . 24·0 . . 21·33 20·21 22·58 23·99 25-60 
8 Firat Sugar-

(a) Sucrose . . ,. 96·4 . . .. 95·2 .. .. 96·0 96·0 97-4. 96·2 96·6 96-'7 97·6 . . • • 
(b) Moisture • . " 0·51 .. .. 1-2 .. .. 0·50 0·40 0·50 0·30 8·SO 0·50 0·40 .. .. 

9 Second Sugar-
(a) Sucrose . . • • 95·2 .. . . . . .. . . 97·0 .. 96·2 96·0 96·0 96·4 96·0 94•6 93·6 
(b) Moisture . .. 0·66 .. .. .. .. .. 0·8 . . 0·50 1·20 0·40 0·4 0·5 0·6 0·9 

10 Scum-

Sucrose . . " 14•10 14-32 1H6 13•99 .. •• 11-83 15-12 15·84 13-75 12-51 1H6 .. •• •• 
' 



TABLE XXIX. 
Rohilkhana Process.-lVeekly average figures for analysis of materials. 

C) FIGURES FOl!. WEEX ENDING 
z Average -
3 Particulars of Analysis for the 

. .. season 25/1 1/2 8/2 15/2 22/2 1/3 8/3 15/3 22/3 29/3 5/-i 12/-i 19/-i 261' 
JS -- --
1 Cane-

(a) Sucrose • Percent 13·37 .. 12·25 11-.49 .. .. 13·25 13·67 13-17 13·89 H·06 U·80 .. . . . . 
(b) Fibre . . .. 13·88 .. 15·46 1-i-72 .. .. 18·87 11·19 13·61 U·09 1H1 13·62 .. .. . . 

2 BagaBB6-
(a) Sucrose . ,, 8·85 .. 7-79 7·61 .. .. 8·06 9·87 8·18 8·5-i 8·-i9 8·53 .. .. .. 
(b) Moisture • ' . .. 51·02 .. 48·-i7 56·55 .. .. 54·U 57-58 51-50 48·25 -i6·77 49·8-i .. .. . . 

8 Juice-
(a) Sucrose . . .. 16·08 15·57 14·82 14·61 .. .. 16·42 16·02 15·88 15·91 16·89 17-28 .. .. .. 
(l>) Brlx . .,.- " 

19·08 17·88 17·61 17-68 .. .. 18·51 18·53 18·87 19·42 20·23 20·52 .. .. . . 
(c) Purity . . .. 84-81 87-81 84-18 82·63 .. .. 88·69 86·42 84-16 81-91 83·58 8-i-21 .. .. .. 
(d) Invert Sugar . " 

1·01 0·93 1-15 1·21 .. .. 0·55 0·7-i 0·81 1-3-i 1-16 1-25 .. . . .. 
4 IRab-

(a) Sucrose . . .. 69·59 69-13 67-20 67·80 .. .. 70·40 70·40 70·20 67-20 7HO 71-60 .. .. .. 
(b) Brlx 89·02 83·99 86·33 84-78 . 88·82 86·33 89·14 89·87 90·97 9o-72 . . .. . . .. .. .. .. 
(c) Purity 78-17 82·41 77·84 80·02 . 79·26 81-55 78·76 75-19 78·78 78·92 .. . . .. .. .. .. .. 
(d) Invert Sugar . " 

8·22 8·19 9•86 9·84 . . .. 7-38 6·29 . 6·98 9·86 9·U 7-76 .. .. .. 
5 II Rab-

(a) Sucrose . . .. 59· 57 .. .. 51·0 44-0 .. 49·2 53·20 52-40 48·8 89·8 50·8 50·4 .. .. 
(b) Brlx . . " 

90·06 .. .. 86·96 85·05 .. 90·83 89·39 89·38 9o-74 91-54 90·98 90·0i .. .. 
(c) Purity . " 

66-15 .. .. 58·64 51•74 ' .. 54-17 59· 52 58·63 63·78 43-48 66·83 55·91 .. .. 
(d) Invert Sugar . " 

18·70 .. .. 18·28 19·20 .. 20·75 16·00 15•06 19·20 20·21 19-45 .20·21 .. .. 



. T•BLE XXIX-(concldJ. . . . 
RohiZlchand P1·oceu.-1f"eelcly ave1·age jigurea for anaZysia of mate1·ial1.· 

~ Average . FIGlTltllil JOB WDK :ENDING 

- Partloulars of Analysis ·for' the .!1 season . 

~ Jj 25/1 1/2 . 8/2' 15/2 . 22/2 1/S ·· 8/8 15/8 22/8 29/8 5/4 19/4 26/4 - - -
I MolaBBu(dlluted)-

' 
8 

.. 
• 

(tz) Sucrose . • per oent. 43-48 .. . . 42•52 89·0 .. 89·86 45·04 43·63 4H3 . 42·85 42·97 45·20 .. . . 
(b) Brl% . . •• 74.-51 .. .. 71·84 74·04 •• 69·41 73·29 78·06 77'18 . 75·09 74-95 76·U .. . . 
(c) Purity . . .. 68·8;) '. . . 59-19 52·67 .. 6N4 61-45 69·72 57-86 66-40 57·U 59·87 .. . . 
(d) Invert Sugar . .. 1H2 . . .. 13·63 15·86 .. 14·05 12·85 12·154 13-74 14-94 14-84 14.-85 .. ' . . . 

7 Final MolaBBeB- . 
(a) Sucrose . •• 33-14 .. .. .. .. .. .. ltl-00 27•60 8HO 86·00 85-20 84·0 82·0 85·0 • 
(b) Brl% · . . •• 88·83 .. .. . . . . .. . . 80·89 68·55 85-42 84-88 80·95 85·85 85'44 84-77 

• (c) Purity . . •• 39•53 .. .. .. . . . .. . .. 88·82 40·26 40·27 42·41 . 43·48 49·61 37•411 41-29 

(d) Invert Sugar . .. 23·06 .. .. .. .. • • .. 23·99 19·69 21-38 21-33 20·21 22·58 23·27 25·60 

8 I Sugar-

(a) Sucrose . . •• 97·02 .. . . 97-60 97·0 . . 97·20 97·0 96·8 96·2 97·0 96·60 98·0 .. .. 
. (b) Moisture • . •• 0·88 .. .. O·U 0·80 . . 0·25 0~40 0·50 0·30 0·60 0·40 0·20 .. .. 

9 II Sugar-

(a) Sucrose . . ., 95-46 .. .. .. .. . . .. 96·40 95·00 95·60 96-20 114-20 93·20 95-20, 95•0 

(b) Moisture • . • • 0·67 .. .. .. . . .. . . 0·60 0·40 0·40 0·45 0·50 1·0 0·60 0·40 

10 Scum-. 

Sucrose . . •• 15•08 18•06 1H 14-70 .. .. 14-20 15-79 16·22 I 15·05 15-16 15·05 .. . . .. 



TABLE XXX. 
Bhopal Process.-Weekly quantities anil yield percentages. 

0 ' FIGURES FOR WEEK ENDING z Average 
Particulars and total ------

~ for the 

Jl season 25/1 1/2 8/2 15/2 22/2 1/8 8/8 15/8 22/8 29/3 5/4 12/4 19/4 2il/<& 

--- ·-- --- - -- - - --- - --- - -
I 

1 Quantitie$-

(a) Cane . . • Mds. 5,025•54 301·61 453·10 859·55 .. .. 839·81 461-06 902•02 1,138·71 1,105•43 809·75 .. . . .. 
(b) JuJce • . . " 

8,788·29 211-75 886·06 203·20 .. .. 520·24 298·86 582·54 746·60 735·27 204-27 .. . . .. 
(c) I Rab • . . " 

802·75 44·86 57-72 43·60 .. .. 107-73 59·88 120·84 160·15 162·62 45·85 .. .. .. 
(d) II Rab . . " 

86H1 .. .. 26·76 .. .. 86·91 59·07 25·53 28·08 55-14 91-78 88•19 .. .. 
(e) I Sugar . . •• 354-28 .. .. 82·09 .. .. 82-78 57-22 25·92 28·69 52·82 82·62 42·09 .. .. 
(f) II Sugar . (' .... " 

105·60 .. .. .. .. .. 6-58 .. 7·09 8·49 14·69 SolO 15·64 86·29 18·72 

(g) Total Sugar . .. 459·88 .. .. 82·09 .. .. 89·86 57-22 88·01 82·18 67-51 85•72 57-73 86·29 18·71 

(h) I Molasses (diluted) 
" 

446·93 .. .. 8H4 .. .. 45·80 72·66 31-85 84-22 69·84 112·68 4.7·29 .. .. 
(i) Final Molasses . " 

. 235·90 . . .. . . .. .. 18·80 .. 17·08 8·05 29·59 6•65 84-40 82·72 88•66 

(J) Scum • . . " 
89·88 4·89 5·86 2·98 .. .. 8·12 6·85 12·06 21-75 21-58 5-79 .. . . .. 

• 

-
2 E.fficiency-Cane Crushing-

(a) Juice per cent. cane . 68•93 58•56 68-14 56•51 .. .. 61•98 64.-71 64.-58 65·86 66·52 65•95 .. .. 
' 

(b) Sucrose In juice per cent. 77-68 .. 76·91 72•29 .. .. 76·88 70·88 78·09 78·22 79•44 79•60 .. .. .. 
sucrose In cane.· 

' 



TABLE, ~XX-(conclti.) c 

Bhopal Pro~ess.~lVeekly quantities and yield percentagel.,; 

0 Average . FIGVUS JOB WEEX JJ!J)IlUl " f ~ 
~ 1'articular1 and total ' .. - tor the s . aeason 25/1 1/2 $/2 15/2 U/1 1/3 8/3 . 15/3 22/3 29/3 6/4 12/4 lG/4 26/4. ~- ~ - - - - - - -8 BjJicienty-Juicl Boiling- ' . 

(a) I .Rab per cent. cane . 18·53 t2·n 12-7, 12-13 .. .. 12·84. 12·99 18-40 1H3 1Hl 14-60 -,." . . .. 
(b) I Rab per cent. juice . 21-19 21-19 2o-18 21-46 .. .. 20·71 20·07 20·74 21-'5 22-12 22·20 .. . . • • 
(o) Sucrose In I Rab per cent·. 91·86 98·73 9H7 96·33 .. .. 88·82 87-90 91-'5 92·70 92-'12 92-117 .. . . .. t .. sucrose in juice. .. . 

·,\ 

• BjJiciency-MolaBBet Boiling- . 
(a) II Rab per cent. I Molas· 80·96 . . . . . 78·88 . . .. 8Hi 81-80 81-t, 82·06 '19·52 81•U 80·76 . . . .. les. . ,_ .. __ 

~ _, 
\ . (b) Sucrose In II .nab per 96·40 .. . . 90·54 .. .. 100·10 98-28 (97-29 9'·80 97·86 9"81 95•72 . . . . \ . . cent. sucrose in I Mo· · .. · · lasses. • . ..; 

6 E~~--1 Sugar Curing 
and Drying-

(a) I S~ar per cent. I Rab 44·11 . . . . 47-27 .. .. . 41-87 "·01 44-67 .,6•20 4H8 42-80 45·99 . . .. 
(b) ~ucrose In I Sugar per 61·08 .. . . 63·92 .. .. 59-50 60·35 62-15 63-49 81-68 68-45 65-10 .. .. eent. aucrose In l Rab. ' 

\ \ .. 
' a E.fficiency.;_II 'sugar Curing 

and Drying- . 

<a> II SugarperClent. II .nab 29·90 .. . . . . .. .. 24-59 
\ 

.. 28-10 29·88 so·ss 29-19 29-19 29·28 '80·63 
(b) Sucrose In II\Sugar per 

cent. sucrose ll1 II .nab. 
liH" . . .. .. ... •• 47-89 . . 62·00 65-16 liHO 61-90 62·98 53•63 62-70 

' -... \ 
\ \ ! 

\ 



T t\BLE XXXI. 
Roldlkhanil Prooess.-Wecldy quantities ar~d yield percentages. 

0 Avern!le FIOUJlEB FOR WEEK ENDING 
IZi and t.otal 
-a rnrtlculars for t.he 
;:; sen son 25/1 1/2 8/2 15/2 22/2 1/8 8/8 15/8 22/8 20/8 5/4 12/4 10/4 26/4 J5 
- - --- - - - - - - -

1 QuantitieB-

(a) Cane . , Mds. 7,816·61 534·71 430·08 860·00 .. .. 1,146·12 728·04 1,247·03 1,604·78 1,815-10 454-00 .. .. .. 
(b) Juice , . .. 5,031-01 838·97 272·52 208·87 .. .. 711-07 468·18 806·86 1,056·60 873·04 209-46 .. .. .. 
(c) I Rab , . . .. 1,020·57 66·87 52·08 41-67 .. .. 142·06 93·82 168·45 216·79 181-78 62·25 .. .. .. ' 

(d) II Rab . .. 405·63 .. .. 20·88 18·25 .. 88·07 89·05 74·7' 77-98 48·79 02-55 86•92 .. .. 
(c) I Sugar . .. 406·49 .. . . 27-17 10·89 .. 25-44 85-78 7-09 7·07 86-52 74-87 76·16 .. .. 
(f) II Sugar . ,. .... .. 99·88 .. .. .. .. .. ... 1-95 6·81 7-19 6•55 2·94 14-20 87-28 23-46 

(g) Total Sugar . " 
506·87 .. .. 27-17 10·89 .. 25-44 87•78 18·40 14.26 48·07 77-81 90·86 87-28 23-46 

(h) I Molasses (diluted) .. 629·12 .. .. 88·88 16·69 .. 42·62 47-54 96-67 98·6~ 61-18 117·66 109·70 .. .. 
( i) Final Molasse! . .. 868·12 .. .. .. .. .. .. 6·08 27-50 85·85 21-90 10·75 44-78 188·52 82-79 

(j) Scum • . . .. 120·78 6·05 5-15 8·40 . . .. 18·8 10·26 18-25 So-57 24·86 8·44 .. .. .. 
2 Efficiencu-Oanc Crushing- , 

(a) Juice per cent. cane . 64-86 63·43 68·85 56·50 . . .. 62·00 64-67 64-66 65·85 '66•89 65·96 .. .. .. 
(b) Sucrose In juice per eent. 77-78 .. 76•26 71-49 .. .. 76·85 75-72 77-98 78·22 80•05 79·74 .. .. .. 

aucro$e In cane. 
' 

8 Efficiency-Juice Boiling-

(a) I .Rab per cent. cane . 18•06 12·41 12·08 11-56 . . .. 12·44 12•89 18-11 18·51 18•82 1.8•71 .. .. .. 
(b) I Rab per cent. juice . 20·29 10·57 19•08 20·47 .. .. 20·15 l9·98 20·27 20·52 20·82 20·79 .. .. .. 
(c) Sucrose In I Rab per cent. 87-78 88·80 87-84 94-88 .. .. 86·06 87-51 89•41 86-71 88•08 86-18 .. .. . . 

sucrose In juice. r·\ 
I 



.T.4.BL:z ·XXXI.:_concld • . 
Rohilkhand Process.-Weekly g_uant_ities and yield percentages .. 

0 Average FIGlnlltB JOB 'WDK DDING. ' .. 2i 
Particular• and total ) for the . season 25/1 1/2 8/2 15/2 22/2 1/3 8/, • 16/3 22/3 29/3 6/4 12/4 19/4 26/4 . - - - - - -. 

~ 

' 

' E.fficie11C'Jl-Mol4BBuBoiling-
F 

' . ' 
(a) II Rab per cent. Utolas· 713-78 . . . . .. 77-72 79·39 .. 77-59 82·14 71-81 78·&7 79·76 78·66 79·23 .. .. ses. . 
(b) Sucrose In II Rab per 

. 
89-68 .. .. 91·67 89·66 . . 96-76 97·01 92·84 88·86 74-96 92·98 88·84 .. 

·~ 
cent. sucrose In I Mo· -· -lasses. 

• 
' 

__ ...,.. 
-

5 Effi,ciertC1J-1 Sugar Curing 
an4Drying-

(a) I Sugar per cent. I Rab 89•88 .. .. 40·94 88-68 .. 88·81 42·83 89·60 88•8, 88·62 89•56 40·'14 . . •• (b) Sucrose In I Sugar per 64·81 .. .. 67·80 66·84 . . 65·82 68·83 64-44 68·65 64-'14 65·80 65·87 . . .. . cent. sucrose ln I Rab • 

.• 

. 6 Effi,ciency-11 Sugar Curing 
an4Drying-

(a) II Sugar per cent. II Rab 20•15 •• .. .. . . .. .. 21-67 18·'19 18·45 28·05 21·32 28·38 19·50 20'39 
(h) Sucrose In II Sugar Eer 

' cent. sucrose in II ab. 
38•87 .. .. . . .. .. .. 41·21 87·00 81·34 41·68 38·33 41·44 39'35 38'37 
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TABLE XXXII. 

Analysis figures.-Whole season's average for Bhopal mul RohilklUJnd 
processes. 

S. No. Particulars of analysis Bhopal Robilkhand 

I. Vane-
(a) Sucrose . 13·33 13·37 
(b) Fibre . 13·88 13•88 

2. Bagasse-
(a) Sucrose 8·35 8·35 
(1J) 1\Ioisture . 51•02 51·02 

3. Juice-

(a) Sucrose 16•08 16'08 
(b) Brix . 19'08 -19·08 
(c) Purity . 84·35 84·31 
(d) Invert Sugar 1·10 . 1:01 

4. I Rab-
(a) Sucrose . 69·83 69·59 
(b) Brix . 87•93 89·02 
(c) Purity . 79·42 78·17 
(d) Invert Sugar 7•81. 8·22 

5. 11 Rab-
(a) Sucrose . 52·63 59·57 
(b) Brix . 90·59 90·06 
(c) Purity . 58·10 66"15 
(d) Invert Sugar . 16·7, 18·70 

6. I Molasse~(diluted)-

(a) Sucrose . «·20 43•48 
(b) Brix . 74•08 74·51 
(c) Purity 59•67 58·25 
(d) Invert Sugar . 13·21 14•02 

7. Final .Molasses-

(a) Sucrose . 33·64 33·14 
(b) Brix . 85·G9 83·83 
(c) Purity 39"26 39"53 
(d) Invert Sugar . 23·38 23·06 

8. I Sugar- I .... ,. 
(a) Sucrose . 94·4 97·02 
(b) Moisture 0•51 0·38 

9. II Sugar-

(a) Sucrose . 95·2 95·46 
(b) Moisture .. 0·66 0·57 
. 

10. Scum-
Sucrose . • • . 14·10 JIS-()S 

III-1-GO G 



• 
TA.DLE XXXIII . .. 

t}ti.aft.tities and yields of, materials.-Whole season,, averages /of' BlUJpci 
· and Roh~1khand processes. 

S. No. Particulars · Bhopal Rohilkhand 
1. Quat~tity- · 

(a) Cane Mds. 5,925·54 
(b) Juice • • , • • ,. 3,788·29 
(c) Wet bagasse (calcuiated) • , 2,137·25 
(d) Dry bagasse (calcu!atN) • , 1,046·83 

• (e) I Rab • • , 802·75 
(J) II Bab • • , • , 361·41 
(g) I Sugar • . • , 354·23 
(h) II Sugar 4. • • '! , 105·60 
(i) Total Sugar • • • · • · , 459·83 
(1) I Molasses (diluted) . • • ;, 446·93 
(k) Final Molasses • ,, 235·90 
(l) Scum • . .• • ,. 89·33 

2. Yields per 100 Cail.e­
(a) JtP.ce • 
(b) Wet bagasse 
(c) Dry bagasse • 
(d) I_ Rab • 
(e) II Rab 
(j) I Sugar 
(g) II Sugar 

• 

(h) Total Sugar • 
(i) I Molasses (diluttld) 
(J) Final ·Molasses 
(k) Scum • 

3. Yields per 100 Juice­
(a) Wet bagasse 
(b)·Dry bagasse 
(c) I Rab 
(d) II Bab 
(e) I Sugar 
(f) II Sugar 
(g) Total Sugar • 
(h) I Molasses · (diluted) 
(i) Final'Molasse.s· · • . 
(J) Sctim · 

4. Yield& per· 100 Bab-
(a) I Sugar % I RatJ 

... 

.. 
. / 

(b)'II Sugar %'II Rab . • 
(c) I Molasses (diluted) % I Rab 
(d) Final Molasses %II Rab 

5. EjJicienc'Jt:-(Jq,ne Crushing-
Sucrose in Juice % sucrose in cane • 

a. Efficiency-Juice bOt1ing-
Sucrose in I Bab % sucrose in juice . 

1 .. EjJicieney-MoZasse& boiling-
Sucrose in II Rab % sucrose in 

I Molasses · 
8. EjJiciency-1 Sugar Curing & Drying-

63·94 
36·06 
17·66 
13·54. 
.6·09 
5·97 
1·78 
1·16 
7•54 
3·98 
1·50 

56·41 
27·66 
21·1 

9·6 
9·35 
2•79 

12·14 
11·8 

6•23 
2·36 

44•12 
29·22 
55•85 
65·29 

77·26 

91·86 

96·40 

Sucr~e in I Sugar %sucrose in I Rab 61·03 
9. E{ficiency--11 Sugar curing & Drying-

. ~ucrose in II Sugar % in II Rab • 51·94 

7,816•61 
5,031"01 
2,785·60 
1,364"39 
1,020·57. 

495·63 
406·49 

99"88 
506·37 
629·12 
868·12 
120:78 

64·36 
35·63 
17"44 
13·05 

6·34 
5•20 
1·27 
6·47 
8·04 
4"70 
1"54 

65"35 
27•1 
20·27 

9•85 
8·08 
1•98 

10·07 
12"61 
7•33 
2·40 

39·82 
2()-15 
61:64 
74·3 

77·42 

87·78 

54·81 

38·87 
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Bagasse. The sucrose in bagasse was low in the beginning. ot 
the season when cane contained less sucrose but gradually increased 
to\Vards the end of the season. For four weeks the ci'ushing was 
particularly bad and during this period the moisture in· bagasse 
varied between 51·50 and 57·58 per cent., the sucrose going up to 
9·37 per cent. The mill was re-set and the efficiency in,creased, 
the moisture in bagasse going down to 46•77 per cent. The aver_age 
sucrose and moisture content for the season were 8·35 and 51·02 
per cent. respectively. 

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

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 Rohilk:qand 
processes are 3·62 and 3·69 respectively. . -. 

A distinction should, howe?er, be made here between bagasee 
absolutely free from moisture (as assumed above) and ~he 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. to 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 wlien 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, th.e highe·st weekly :average being 88·69. The 
experiments were, in faqt; cond~cted with fully mature cane 
throughout and due allowance should be made for this fact in 
considering the high yield o£ sugar obtained. . 

\ 
The invert sugar content of the :JJ:tice was unusually high,. the 

average for the season being 1·10 per cent. This is due partly 
to cane getting stale, but the principal reason appears to be <'Vel 
manuring of the cane. A high invert sugar content is much more 
detrimental to good recovery of sugar by the op~n pan process than 
by the vacuum pan process, a.s invert sugar is rapidly decomposed 
at the high temperature to wl1ich juice is l1eated in direct .fired pans. 

l!'irst rab.. The average brix of the first rab produced by the 
Bhopal and Rol1ilkband processes was 87·93 and 89·02 respectively . 

. G 2 



The Rohilkhand rab was,' In other word~, made of a higher ~on­
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 RQ.hilkhand rab1 amounted to 44·12 
and 39·82 per 100 parts of rab respectively. 

The averag-e purities of the Bhopal and Rohilkhand rab1 were 
79·42 and 78·17 respectiyely, 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 e:xtent 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 rah, the result­
. ing sugar and the molasses obtained from that rab. The available 
sugar can be computed by the following formula* (in the deduction 
of which the only postulate required is that there is no loss of 
brix):-· . . . . 

· .: .';.·Available sucrose per cent~=100 x ·/j m)) . . Ja-m 
where 8, j, . and m are purities of sugar rab anti molasses 
respectively~ . · ' . 

It is obvious from this formula that a drop in the purity of 
Tab lowers the proportion· of sugar recoverabie from it. In. this 
respect the Rohilkhand rab is inferior to the Bhopal rab, the latter 
being h,owever 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 rab1 contain 7·81 and 
8·22 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 Rohilkhaild 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 bv the Rohilkhand process again points to more inversion 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 Tab was superior to that in the Bhopal process. 
Owing however to "defect.ive boiling and the presenc!" of too ml!ch 
invert suo-ar, the formatwn 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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o£ second sugar was lower in the Roh:Nkhan'd process than in 
the other one. 

First 'Alolasses (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 ann Rohilkhand processes respectively bei!lg 39·26 
and 39·53 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 Tihopal process :first sugar are 94·4 and 0·51 as against 97"02 
and 0'38 in the Rohilkhand process su~ar. The colour of the fermer 
sugar (which forms the major portion of the total output. The 
fetched a lower price. The higher moisture content also ir:volves 
risk of deterioration of su1rar on storage specially during the damp 
monsoon months. If the Bhopal sugar had been sufficiently washed 
1n fhe centrifugal for improving its quality· to the standard of· 
Uohilkhand sugar, the recovery of sugar would have been reduce'd 
by much more than the 'difference between th.e polarizations of the 
f.wn sua-ars 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 
mPrits of the Bhopal an'd Rohilkhand processes of juice boilin~~ 
is the additional yield of sugar aue to insufficient washing in the 
rentrifugals has nothing to do with the efficiency of th~ boilinl! 
process. 

The seconn sugar made bv the Bhopal process was chemically 
of lower quality to the Rohilkhand sugar. the percentage of sucro'Se 
and moisture being 95·2 ann 0·66 :for tlle'former and 95·46. and 
0·57 for the latter. The colour of the Bhopa1. second sugar was; 
however, Auperior to that of the Rohilkhand sugar. The explana­
t.ion for this anomaJv lies in the fact that on acc01mt of v-reater 
r'harring during the process of boiling second rab bv the Rohii­
khan'd process. the molasses adhering to the crystals has a 'darker 
t:>olour, so much so tlut.t Pven though~ a srnalle,. ouantitv c:f molassPs 
flilherNl t.o the crvstals in the case 'of Rohilkhand su!"ar (as evi­
dPnced bv the hig-ber sncroAe and lower rooisture) the deterioration 
of co lour is morA than in the case of. the Bhopal seconn su~ar. 

CO'mparingo Bhopal second SU!!ar with the first sugar ma.de l,y 
the snme nroC'ess it is observed that (contrary to the case of the 
SPC'ond nnd first snrr::trs of the R.ohiJkhand process)· thP- nolariz:a­
t1nn of t'he former is J,io-her alt'honJ?h the rnlour is sli!!'ntlv inferiol'. 
The explanation for this is similar to that gi-ven above for the 



~ifTe;renc~ in colour b~tween the second sugar made by the twQ 
processes. The enveloping. film of molasses in the case of the 
Bhopal· second sugar, thourrh less in· 9.uantity 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 obtained from the 
juice boiling bels of the Bhopal and Rohilkha»d -processes was 14·1') 
and 15·08 per cent. respectively, the correspondmg figures for the 
quantity produce<l being 2·36 and 2·40 per cent. on juice. In 
both these respPcts the Rohilkhand process compares unfavourably 
with the Bhopal process. If the scum had been washed and allowecl 
tn· drain more, better results could easily· hnve been obtained. 

-·Efficiency< Facto1'1. In Table XXXIII are given, in a compara­
tive form i lor ~he two processes, 'the figures for efficiency for each 
of the five operations:· cane crushing, juice ·bbiling, molasses boil· 
ing '· :fiist s.ugar ~urin_.g ancl drying . and sec?n~ sugar curing a_nd 
drymg. Exceptmg tor cane· crushmg (wh1ch has no connection 
with the process under test), the _Bhopal process shCJWs higher effi-
.ci~Jl".Y throughout.· · 

. ' ' ... 

TADLE XXXIV. 
Ac~~unt•of ~uorOJe recovered anillost.-H'lwle season's averages for Bhopal 

.. · ·· .and Rok~1knanil processes • . 
. 

- ~ ' ·. 
. fer 100 sucrose in cane Per 100 sucrose in juice· ·. 

., 

P3l"tieulars ,. . 

'. ·• 
Bhopal Rohilkhi\nd ·• Bhopal R(hi]khand -

·' .. . ' . 
.J..: 8ucro1e recO'J]ered-

. l .. In· I Sngar .• . 4233' 37·73 1>4•79 ft'74 
•. 1 , ~ In !I ~u~a-r . ' I, 12•73 9•12 )6•4.7 :18 

.. 
Total recov~red · 05·o6· 4tt·85 71•26 60·M~ . 

--- -
11. 811crose lost- ' . 

· 1. I~ bagasse . 22·74 22•58 - -. 
2. In Scum·· . . 1•54 1•75 1-99 2•2,j 
s.. During boiling 

. 
juire to 1 Rab 
(excluding lo~ I 

in Scum) • • ~·74 7·72 6"15 0·97 
.J. During .'boiling 

:Molasses to II -
R.,lJ . 0·91 2•7() 1•!9 3·4U 

5. During ·lnachining 
· ::.nd drsing · J 

3·62 4•05 4o'69 5•23 Sng!\r • . 
V. During machining 

and · drying II 
2·68 1•71 3·4.S . Sugar . 1•3;) 

Z. In final molasses • lOOJ, 11"(}7.: 13·00 1~"03 

- --. 
Total lost . ~4·9j 63•15 28•74 39·48 

. t .. ., --
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TAJ,ILE XXXV~ 

Briz Aooowtt.--Whole season's ,figures for B!Wpal, and,, Rohitkhand 
processes~ 

Particulars llbopal H.oliilkhand 

A. Total Brix present in-
-. 

1. Juice Mds. 722·99 959•71 

2. I Rab . ., 705·80 008·52 

3. II Rab . " 327•39 446·34 

~- I Molasses . , 331•08 468·74 

o. Final molasses . , 202·04 308·60 

6. I Sugar· . . , 352·42 404•95 

7. II Sugar . . " 
105·00 99·32 

B. Brix recovered-
Per 100 Bii~· '" juice. 

1. In I Sugar 48·~ 42·19 

2. In II Sugar 14·52 10·35 

3. In Final molasses . 28·02 32·15 

Total recovered . 91·28 84·69 , 

0. Drix lost-

1. During boiling juice to I Rab (in· 
eluding loss in scum) • 2·39 5·36 

2. During boiling molasses to II Rab • Q-52 2·33 

3. During machining and drying I 
Sugar 3·00 3·62 

' 4-. During machining and drying II 
Sugar . . .. 2"81 4·00 

Total lost 8·72 15·31 

-



TADLE XXXVI. 

lnveTt 1uga1' account:.:.:_lVlwle 1eason'1 figuTe& }or Bhopal and 
Rahilkhand pToceues • 
. I • 

n. Imrerue o/lnvert Sugar-, 

,. ' 

~ 

1> From Juice to I Bab 
' " 

2. From I Rab to I Molasses 

. , 

. " 

24•40 

-3·62 

3. From I Molasses to 11 Ilab 1·44 

. 4. From II Bab to Final Molasses , -5·36 

5. Total increase • . , 

(]. lncreau of lnverl Sugar per 100 l1tverl 
Sugar in juice-

16·86 

1. Froni juice to I Bab 63·7 

2.''From I Rab to I Molasses • • -9-4 

3. From I Molasses to II Rab • 3·1 

· 4. From II Bab to II Molasses • , • -14·0 

5 .. Total increase 44·0 

33·05 

4·24 

4·44 

-7·77 

33'96 

64·91 

8·3 

8·7 

-15·2 

66·71 

Sucrose Account. Of the total quantity of sucrose present in 
cane or juice1 th.e 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 
main stages of the manufacturing process are also shown in this 
table:-

(i) During boiling juice to I Rab (excluding loss in scum); 

( ii) During boiling moiasses to II Rab; 

(iii) 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 sucro~e in juice. . . · 

Comparing the :figur~s for the two processes, the most notice~ 
able feature is that in every item, the recovery of sucrose is less 
and the losses are more in the case of the Rohilkhand process, thus 
indicating the higher efficitlncy of the Bhopal process at every 
stage. But, whilst this is BO, 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 uetail 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 noun­
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 only (e.g., ba~asse, 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 eorrespond to the " unknown loss, of a sugar factory sucrose 
account. · r .' 

Brix Account. The purpose of a brix account is to show -what · 
proportion of soluble solids (comprising sucrose as well as non­
sugars) originally pre·sent 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 
invert sug-ar and a loss of sucrose is inClicated 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 .. q., 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 ~ajji) 
enters. into solution ana causes a corre·spon~ing increase of brix. 
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. Losses of bri.x are mostly due to mechanical loss of material 
m process. Thus when centrifugal machines are _washed after dis­
~harg~ng the ~ugar, !he wash .'Yater· carries away the. molasses 

· adliermg to the basket and the outer drum, and a loss of brix 
~takes place. Similarly" if Tab is allowed to get overheated to 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 bri:X: in Table XXXV indicate serious 
mechanical losS" (iri 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 takes place owing 
to spillage of rab ana 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 app~eciable quantity of sugar. 

· _ The loss of brix during boiling I and II rab& is due to removal 
of dissolved solids __ i~ ~c:um along with suspended impurities and 
also to charring. · . 

:· Tpe figures in Table XXXV show that the losses of brix are 
!ower in the l3hopal process than in-the Rohilkhand process. 

· !nvert Sugar Account. Starting with the invert sugar ori­
gi~~!ly',p_r~se~t _in the Jn!ce, an~ deter~inin&" the invert sugar in 
. the ·Intermediate and finished products, an . Invert sugar_ account 
1!~:!" be.tm· ;prepared in Table XXXVI, for the purpose _of deter­
mini~g the progress of inversion ~uring the ma~ufac~uring process. 
In a· well-conducted modern sugar factory mvers10n losses are 
usually s-o small that they are not ordinarily detectable. But in 
~he 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 ~n a~ ~~g~.r:- factory. . . . . . 

Referrmg to the· figures for Increase of mvert sugar given In 
Table XXXVI, it is observed that in boiling juice to· I- Rab, the 
Bhopal and .Rohilk}land 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 fro;m first molasses .to second rab) the. increase of invert 
su~ar nnd~r the Bhopal method is 3·1 (per 100 invert sugar in 
jmce) as against 8·7 und~r the other method. This confirms that 
the compar~tive ii;tefficiency of the Rohilkh~nd m.ethod of boiling 
~e.Gond ·raT:, IS to a great extent due to more 1nvers10n. 

It will.he' observed fro:rn 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 lea·st 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 sy~tem, from I rab to I molasses-i.e., 
- · · for the followjng operations,-aerating I rab, cooling 

and~ cryst~llizing it, pugging and ~achining the rab 
-~p.g ~!yin~ and ba~gin~ the I S;of?ar. 
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{b) For both the systems, from II Rab to II ::Mo1a!JSes-thiil 
covers the following parts of the process, aerating ll · 
Rab, Cooling and Crystallizing it, pugging and ·· 
machining the rab and drying and bagging the II S~gar. 

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

(a) 'Vh(m the hot rab is cooled by the process of aeration1 its 
purity increases and, in some cases the· percentage .o~ 
invert sugar decreases. As the " purity " throughout 
these tests is '' polarizat~on-gravity solid.s.purity ",:.it. 
is apparent that a reduction in the quantity of· invert 
sugar will result in an increase of the purity als?.. . . 

An explanation of these changes appears to Jie in the 
fact that decomposition of reducing sugars parti<?ularly. 
fructose takes place at high temperatures in the pres~nce 
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· 
t.e~t this theory. The results of the analyses are given 
in Table XXXVII and appear to bear out the explana­
tion given above. 

TABLE XXXVII. 
A i1alysis of Bhopal Process Rab before and after 'Aeration. __ 

Bhopal proress. 
Particulars Before After 

aeration aeration 
First Rab-

Brix . . 88·68 89·77 
Sucrose 68·40 70·GQ 
Purity 81•26 82·26 
Invert Sugar 9•2 7·8 

Second Rab- · 
Brix 87·43 91•3& 
Sucrose 51·0 53·6 
Purity . 58·3 58'6 
Invert Sugar 18•3 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, Jhe 
invert sugar containe\:1 in which is lost. 

(c) The finished sugars (of both g-rades) are of low quality 
and contain invert sugar. The exact amount of this 
was, however, not estimated and does not therefore 
appear in the Invert 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 ana staff available. at Bilari were 
not adequate for this purpose. 

Comparison with Indigenous Khandsaris. 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 arid 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 improvemen~s embodied in the Bhopal or any other similar 
~~~. . 

Comparing the :figures for analyses given in Table XXXVIII 
with those for Bhopal and Rohilkhand processP.~ given in Table 
XXXII, it is observed that on an average the former compare 
£avourably with the _[atter. This is particularly the case with the 
polarisation and moisture content of both grades of sugar,-eve~ of 
the Khan chi Sugar.. · ' 

TABLE XXXVIII. 
. I 

·- · Analysis o J §amples obtained from Khandsaris near Bilari. 

SeTiat Sample Sucrose Drlx Pluity Invert Mots• 
No. Khandsari Sugar ture 

-- . 
I Rab (only surface 77·20 95-16 81-13 7·46 1 Ram Ratan Jain, .. 

Dilari. ~rust). 
43·00 81·85 52·53 16·69 2 Ditto . I Molasses . . .. 

3 Ditto . I Sugli'r . . . 97-40 .. . . .. .0·30 

' Jaitpur Farm . IRab . . . 77·60 91·89 84·45 5·05 .. 
5 Ditto . . IIRab . . . 41·40 93·57 44·24 18·29 .. 
6 Ditto . .. I Molasses . . 48·00 78·57 61·09 12·80 .. 
7 Ditto . . Final 'Molasses 

menting smell}. 
(fer· 28·00 81·97 34·16 20·21 .. 

8 Ditto I Sugar . . . 99·20 .. .. .. 0·20 . . 
9 Ditto• II Sugar . . . 94·80 . . .. .. 0·60 . .. 

10 Bicbanla Farm . IRab . . . 71·20 90·61 78·58 9·60 .. 
·u Ditto . IIRab . . . 61·40 93·13 . 65·93 15·36 .. . 

12 Ditto . I Molasses (Centrifu· 46·40 81·43 56·98 16·00 .. . 
e:al). 

41·40 78·45 52·77 19·20 13 Ditto . . I Molasses (Kkanchi .. 
fermenting). 

14 Ditto . . I Molasses (bags fer· 41·80 77·48 53·95 18·28 .. 
menting). 

15 Ditto . . I Sugar (Centrifugal) • 96:80 .. . . .. 0·30 

16 Ditto . . II Sugar (Centrifugal) 95·60 · .. .. .. 0·20 

17 Ditto • • . I Sugar (Khanchi) . 96·40 .. .. . . 0•40 I 

Note. (i) All the above khandsaris are near Dilari. They work according f.o tbe cou.mon Hobtl• 
khand process. . 

(il) The samples were obtained and analysed durin!! the third week of Aprll1931. 
The quality of cane aad julce was similar to that at Dilari at this period. 
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Comparison with Indian Sugar Factories. Some analysis :figures 
taken from the report of a Sulphitation fact-ary 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 tabl~ with the :torresponding figures for the 
llhopal 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 
(Tallie 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 71·2G parts and 60"52 parts respectively recovered by the 
Bhopal and Rohilkhand processes. -

TABLE XXXIX. 

Analysis Figures.-· Whole season's averages for. 
factory of moderate efficiency. 

a Sulphitation 

S. No. Particulars 
l. Cane-· 

(a) Sucrose • 
(b) Fibre 

2. Bagaue-
(a) Sucrose • 
(b) Moisture 

3. Mixed Juice­
Sucrose 
Drix 
Purity 

4. Syrup­
Sucrose 
Brix 
Purity • 

5. I :Mmlsecuite­
Sucrose 
Brix 
Purity 

6. 11 Massecuite­
Sucrose 
Brix 
Purity 

7. III Massecuite­
Sucro.<;e 
Brix 
Purity • 

' -
Analysis 

12·13 
15•00 

4·89 

50·66 

12·12 
15·13 

80·10 

42·77 
• 50·65 

-8-1•44: 

76·8-t 

.. 92·06 
83•46 

6!·41 
95·76 
67•26 

57·16 
98·79 

57·86 
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TABLE ·XXXIX-contd. 

, An,alysis figuTes.-lVhole season's averages for a Sulphita.tion 
·· , jactoTy of modeTate efficiency-contd. 

8. Final Molasse,_ 
l.k 

Sucrose 
·",. 

•· Brix 

Pittity 

9. 18ugaf'­

Sucrose 

. 
~ 

Moisture. 

10. II Sugar­

Sucrose 

MoUtture 

11. P'l'esa Oake-

Sucrose 

• 
f • 

• 

.• 

-· . .. 
• J 

• ·I 

• 

• 

• .. 
TABLE XL. 

.. 

• • 

• 

• • •• 

.. . 
• 

35·51 

93-72 

37·88 

99·60 

0•04 

98• 0 

Q-lli 

,.. f ~ 1 

SucTose Account~-Whole season's aveTage joT ~ Sulphitatima 
factory of modeTate efficiency. 

Pat·ticulars 

A. SucTlise Recovered-

In I and II Sugar 

B. Sutrose Lost-

1 •. lJI bagasse 

2. In press cake 

• 

3. In final molasses • 

I. :f.bss undetermined 

Total lost 

Per 100 
cane 

• o-01 

1•68 

• o-os 

• 1·21 

• 0·03 

• 3•06 

PerlOO Per 100 
sucrose sucrose 
in cane ift juice 

74:77 86·79 

13·85 

0•66 

1()-47 

0·25 

25·23 

0·77 

12·16 

0·29 

13·21 



sz 
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 · 
is, the extraction of undiluted juice was only 67·25 per cent. as 
against about G4 per cent. at Dilari. If a cane of the kind used 
by the factory had been treated at Dilari, 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. '1.1he 
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 provid~d was adequate for such scientific 
study. In spite of' these limitations an attempt was made to 
collect as much dat~ as possible and to study in more detail, b;y 
means of special _tests, some of the important parts of the pro· 
cesses. 
· The special tests, the results of which are discussed in this 
chapter, covered the following su~jects:-

(a) Normal temperature of liquid in the pans, 
(b) B_rix and acidity of liquid in the pans, 
(c) Hydrogen ion concentration of juice in the pans, 
(d) Analysis of flue gases of the bel.r. 
(ej Furnace and flue temperatures· of the bels, 
U) Heating surfaces and furnace data of juice boiling bel.. 
(g) Heating s~face of molasses boiling bel.r, 
(h) Output and :fuel value of bagasse,· 
( t) Fuel consumption test, 
(j) Work done by individual pans of juice boiling bels, 
(k) Work .. done_ by individual pans of molasses boiling bels, 
(l) Comparative test of Bhopal and Rohilkhand molasses boil-

.ing bels, · 
(m) Comparison of losses in potting Tab in Kalsis and tins. 

. NoTmal tempe'l'atu'l'e of liquid 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 manner. ' 

The results of the tests are noted in Table XLI. It will be 
observed that the Bhopal juice boiling bf!ll reached normal work­
ing condition in 2 hours after the firing commenced, whereas the 
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 o:f the Rohilkhand bel to come to normal workmg. · 



'l'A.DLE XLI. 

+-1 Temperature tn pans at normal working of bel. ·1-l 
1-j 
I 

+-& 
I 

BHOPAL 1ST BOILING BEL ROIDLKHAND 1ST BOILING BEL BHOPAL SECOND BOILING BEL ROIIILXHA.ND SECOND BOILI:qG BEL O':l 
0 ' 

Time taken Time taken Time taken Time taken No. of pan Tempera- to come No. of pan Tempera- to come No. of pan Tempera- to come No. of pan Tempera- to come ture •c. to normal ture •c. to normal ture •c. to normal ture •c. to normal working working working working 

Raw Juire • . . 25 . . Ra~ Juice 25 ·-· Raw Molas- 32 .. Raw Molas- 32 ses. ses. 
'. l3t Pan . . . 69 2 hours . 1st Pan . 69 2 hrs. 45 1st Pan . 57 SO mts. . 1st Pan . 41 15 minutes • mts. 

2nd 
" . . . 77 .. 2nd Pan 82 .. 2nd Pan 92 ... 2nd Pan . 106 .. 

("-

Srd .. . . 85 .. Srd Pan . 101 .. Srd Pan . 111 .. (Strl kIng 110 .. 00 temp.) co 
4th ,, . . -· 91 .. 4th Pan . 101 . .. (Strl k 1 n g 111 ·- .. .. .. temp.) 

5th .. . . . 99 .. 5th Pan . 110-5 ·-· ... -- .. .. .. .. 
6th 

" . . . 98 .. (StrikIng 111 
~· - ·~ .. ... .. .. temp.) 

• 7th •• . . . 100 .. ·-· .. .. - - .. .. . . .. 
l'th .. . . . 100 ... ·-· .. .. .. ·- .. .. .. .. 

... 

9th 
-~ 

. . . 102 ·-· .. .. .. ·-· - .. 
~· .. .. 

107 -· 

= 
lOth .. . - . ,_. - .. .. 

r ~- .... .... •·• .. .. 
11th .. . . . 107 - .. .. .. ·-· ... ... .. .. . .. 
(Striking temp.) • . 111 .. .. ... .. ... 

I 
.. .. .. .. -' 

.. 



' ·, l 

TABLE XLU. 

BTi:» and acidity in each pan., 

:BHOPAL lsr BOILING BEL J ltO.HILB:IU.!iD 1ST :SOILING :BEL BROP..U. SECOND BOILING llBL ltO.HILB:.H.lND BBOOND BOILING BBL 

Brlx of Brlx of Brlx of Brlx of 
' ' 

No. of Pan material Acidity No. of Pan material Acidity No. of Pan material Acldltr No. of Pan material Acidity 
lnpan In pan In pan lnpan -· . ., 

(Raw Juice) . . 20·4.5 28 (Raw Juice) .. 2H5 28 (Raw Juice) . 78·1 61·0 (Raw Juice) . 78-1 61·0 

1st Pan . . 24-25 31 1st Pan • . 28·28 4.5 1st Pan • . 8G-16 69·2 1st Pan • . 65-1 91·3 . 
2nd .. . . 24-95 29·8 2nd .. . . 30·72 42·8 2nd .. . . 78·87 107·6 2nd .. . . 77-3 12~·2 

3rd .. . . 27·92 42-78 3rd .. . . 43·64 35-7 Srd .. . . 79'07 130·7 (Finished pro· 88·5 148-5 
_dupt.) 

4th .. . . 27-62 
' 

29·88 4th .. . . 4.8·27 25-7 (Finished Pro-
duct.) 

89·6 146-1 . .. ... ..• 
I 

6th .. . . 26·72 29·5 6th .. . . 89-40 .60 ... ~ ... - ... ... . .. 
6th .. . . 24-92 28·88 (Finished Pro· 88·62 60 - .... ... ... ... ··l duct.) ! 

7th .. . . 26·85 24.-68 ... . .. ~· 
.... ... ... .... - .. 

8th II . . 41-26 30•0 .... ... .... ... ... .... ... ... ... 
9th .. . . 61•05 85·7 ... ' ... . .. .... ... .. - . ... . .. -

lOth .. . . 88·51 68·57 
. ... .. . .. .... ... - .... .... .... 

11th .. . . 88·51 58-57 ... ... ... ... ... .... ... ... ... 
(FlnOOled Product) 89·62 60·0 i . ... ... N 

~· ... ... ... ... - -
Note.-The acidity Js expressed In terms of the number of o. o'a. of ~0 :N'aoJI Solution required for neutralizing 100 o.os of material In the pan, using pbenolph· 

. thalein as indicator. 

.CO .o 
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The initial temperature in the first pan ~f. 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 
heating surfaces of the pans being correctly proportioned in the· 
latter bel. 

Of the two second boiling bels, the Rohilkhand be! is at a 
disadvantage as very little heating takes place in its first pan. 
In the Bhopa!J. bel, the heat is well-distributed over the three 
pans, and the temperatures are therefore in proper gradation from 
pan to pan. 1 1 

I 
Bri.x 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 is the increase in acidity. 
Samples were drawn from each pan, composited for the whole 
day and analysed. The results are shown in Table XLII. 

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 o:f the juice in No. 7 Bhopal pan is 26·850 
and in No. 1 pan of Rohilkhand bel 28·28°. This confirms what 
was observed in connection with the temperatures o:f the pans 
that the Bhopal bel is not correctly or scientifically designed. . 

The increase in acidity o:f juice from the first to the last pan 
in both bels is the same, but the average acidity in the first three 
pans of t)le Rohilkhand bel is higher than in the first seven pans 
of the Bhopal bel. A possible explanation of this may lie iD 
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 o:f 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 pdns. Closely 
~onnected with the increase in acidity as the evaporation pro­
gresses is the pH value o:f the juice in each pan of the bel. Fo:! 
determining the pH values a H.ellige 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

1 
which took 4 hours,. The :results are shawn in Table 

JI2 



XLII~. The Bhopal and Rohilkhand processes both show serious 
dt,np 1n p~ towards the finishi_ng end. · 

' '' TABLE XLIII. 
tJ!l. Values of Juice in tAe bell at different ltages of boiling. 

Pan No. pH. at Sta:-t. pH. after 2 pH. aFter 3 pH. after 4 
hours · boors boon 

1 
·2 

3 
.4 
5 
6 
'l 

I; : " 

10 
11 

. 1 

·2 
·':.a: 
'4 
5'. 

5·4 
5•4 
5·4 
5•4 
5•4 
5·4 

'5·4 
. 5·4 

5·4 
5·4 
!>·4 

5·4 
.. 5·4 

J • 5·4 
·
1 5·4 

5•4 

A. Dhopol. bel. 
5·4 
5•4 
5•4 
5·2 

. 5•2 
5•1 

. 4·9 
4·9 
4·6 
4·6 
4·6 

B. Rohilkhand bel . 
5•4 
5·2 . ! 

5·2 
4·8 
4•6 

5•4 
5•2 
5•2 
5•2 
5•1 
4·9 
4·9 
4•6 
4•4 
4•4 
4•4 

5·4 
5·2 
4•8 
4•6 
4·4 . 

5·4 
5·2 
5·2 
5·2 
4·9 
4·9 
4·9 
4·6 
4·4 
4•4 
4•4 

, . In. the .'seco"nd . s~t of experiments, composite samples of j.uice 
were· taken from each pan for the whole day (Mercuric chloride. 
bemg used .as preservative) and pH values were determined in 
these. The tests were conducted on five days, and the results are 
given in Table XLIV. They mostly agree with the figures in 
Table XLIII which they serve ro confirm. 

~ ' • "• ~ ~ I 

. ' . TABLE XLIV. 
'" Values of composite samples of juice in the bels. 

Pan No. bt T~sl 2nd Test 3rd Trst 4th Te~t 5th Test 

Raw Juice 5·8 5•8 5•8 5·8 5·8 

. A. Bhopal bel. 
1 6•0 5•6 5·6 5·8 5·6 

:2. ' 5·8 5·6 5·6 5·8 5·2 
·a 5·8 I 5·2 5·2 5·6 5·2 

4 5·6 5·2 5·0 5·6 5·2 
5 5·6 5·0 5·0 5·6 5•2 
6 5·6 5·0 5·0 5·2 5·2 

.7 5·6 4·8 5·0 5·2 5·0 
8 4·8 4·8 4•4 5·2 4·8 
9 4·4 4·4 4·4 4•8 4·4 

10 4·4 4•4 4·4 4•4 4·4 
11 4·4 4•4 4·4 4•4 4·4 
RQ.b · 4·4 4•4 4•4 4·4 4·4 

B. :Rohillchand bel. 
1 5·6 5·8 . 5·8 5·8 5·8 

.2 5·6 5•8 5·8 5·2 5·4 
3 5·6 5·6 5·6 5·2 5·4 
tl 4·6 . 4•4 4·6 4·4 4·6 
5 4•4 4•4 4·4 4•4 4·4 

Rab. 4·4 4•4 4•4 4·4 4•4 



93 
• 

Analysis of flue_ gases of the bels. In order to dete~mine 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 Lase, 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 is being utilised for evapora· 
tion purposes. The Bhopal and Rohilkhand juice boiling bels are 
equally bad in this respect, but the Rohil.khand molasses boiling 
bel is slightly Letter than the corresponding Bhopal bel. 

TABLE XLV. 

Analy'lis of flue gases from different bels. 

Serial 001 co 0 N 
No. Particulars 

Per cent. Per cent. Per cent. Per cent. 

1. Bhopal, J uieB boiling bel-
'. 

1st sample 13·2 1·4 3·8 81·6 
2nd " 

12•2 1•6 4·4 81·8 
UtJ " 10·0 3·9 6·6 79•5 
4th " 12·0 - 2·0 5•2 so-a 

Average 11·8 2·2 5·0 8(}9 

2. Rohilkhand Juice boiling Bel~ 
1st sample 9•6 1·4 6·8 82·2 
2nd " 11·2 1·8 6•6 80·4 
3rd " 10·2 3·8 6·6 79•4 
4th 

" 
14·0 1·6 4·6 79•8 

Average 11·2 2·1 6·1 80·4 

3. Bhopal Molasses boiling Bel 5·8 4·0 7·2 83·0 
4. flohilkhand Molasses boiling Bel 8·8 2·6 7·2 81·4 

Furnace and flue temperatures of the. bels. The furnace anti 
flue temperatures of the two juice boiling bels were determined 
by means of a pyrometer. The figures are given in Table X~Vl. 
'l'he temperatures of the gases of the two molasses boiling bels 
could not be determined for wah.t 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 o.f the greatest 
importance, because the higher the temperature o£ 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 rat& o£ evaporation) increases with 



94 

the t.emperature difference .. In a well designed boiler furnace for 
burnmg green bagasse, the furnace temperature is 1,10~1,200°0. 

. TABLE XL VI •. .. 
-. Furnace and flue temperatures of different bels. 

SP.riaJ 
·No.·· Particulars 

'· 
Temperature oo. 

·: J. Bhopal Juice boiling Bel- i 

. (a) .Furn&cf'l ,Temperature- · 
1st reading • 
2nd ., • 
Srd , 

' . 
(b) Temperature of :flue gas 

· 1st reading • 
2nd ,, • 
3rd , 

• • 

Average 
• 

(at base of chicxney}--

• . . . 
Average 

• 760 
• 690 
• 700 

• 717 

• 450 
• 450 
: 450 

• 450 

(c) Drop in temperature from furnace to chimney 
(average) • 266 

2~ Rohilk.hand Juice boiling Be'L-
(a) Furnace Temperature-

1st reading • • 
2nd , 
Srd , . 

Average 

(b) Temperature of flue gases (at base o1 chimney)­
lst reading 
2nd , 
Srd , ·-

Average 

• 850 
• 850. 
• 830 

• 843 

• 850 
• 350 
• 350 

• 850 

(c) Drop in tilmperature from furnace to chimney 
(average) • • 493 

3. Atmospheric temperature • 28 
(NoTE. Temperatures of gases of the JOOlasses boiling bels could not be 

taken.) 
, 

The reason_s. 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 insufficient (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 combustil>le 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 o£ 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 minimum 
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 hi~her temperature of furnace gases the boiling capacity of 
the bel IS 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 sl!rpr.i.sing, 
therefore, that the Bhopal furnace is so defective that it has a 
working temperature considerably lower than that of . the Rohil.; 
khand furnace. l I . 

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 o£ the quantity of heat utilised in doing 
useful work,-that is, in heating and evaporating the juice. The 
figures 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 £act 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 :Hue gas would probably have 
been equal to if not lower. than in the Rohilkhand one and the 
output of the rab w<mld hate 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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ol 100° C, because the availabl~ heating surface through ;hich 
t~is 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 
incor.rect proportioning of the dimensions of consecutive pans 
lormmg 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 far~er away from the furnace have larger exposed 
heatmg 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 ..rever~e manner, as the 
pans farther away from the furnace have smaller heating surfaces, 

·.an~ 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 bela. Before 
-proceeding to compare the merits of ·the Bhopal and Rohilkhand 
bela .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 numbe! 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 othe1 
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 th~ 
case in ordinary juice boiling bels. Rankine* gives the following 
approximate formula for such conditions--

H= ~ X (Tl-Ts) 2 

where H=the number of B. T. U.s of heat transferred per sq. ft. 
heating surface per hour-

T1 and T.,. =Temperatures on the two sides of the plate in °F. 
C=a ,factor lying between 160 and 200. 

Bleychynd(mt subsequently showed as a result of an exhaustive 
series of experiments, that Rankine's empirical formula was sub-

* See " 'Manual of the Steam Engine and other Prime Movers " by Rankine. 
t See "Transactions Institution of Naval Architects", 1894. 



TABLE XLVII. 

Pan and juTnfl,ce data relating to Bhopal and Rohilkhand juice boiling bels. 

i TOTAL POR TRE BEL I BHOPAL BEL-FIGURES FOR EACH PAN 
Serial Particulars No. Robil-

I 
Bhopal:" khand I II m IV v VI VII - ~ 

.A. Pan Data--

1 Diameter of pan, inches . . . . . . 
·~ ~· so 81 32 89 40 41 42 .. . 

2 Depth of pan, inches . . . . . . ·~ •·• 18 18 18 18 18 18 18 . 
8 Full capacit".gallons . . . . . . 566·72 800·0 45·8 48·9 52·1 77-4 81-4 85·5 89·8 

4 Exposed heating surface, sq. ft. . . . . 52·856 82·811 4·27 4·58 4·9 5·24 5-58 5·94 6·3 

5 Exposed heating surface of each pan (taking H. S. of 100 100 8·1 8·8 9•4 10·0 10·6 11·4 12·0 
complete bel as 100). . 

6 Ratio--gallons full capacity per sq. ft. heating surface • 10·8 9·7 10·7 10·6 10·6 14·7 14-5 14-8 14·2 

' 7 Ratio-gallons full capacity per sq. ft. heating surface ~ ~· 
869 865 865 506 500 493 489 

(taking figures for finishing pan as 100). , 
. 

B. Furnace Data--

8 Temperature of flue gases °C (interpolated) . . - ,_ 450 454 478 496 546 588 633 
'· 

) 

9 Temperature of pans °C (average for normal working) • - ~ 89 77 85 91 99 98 100 
'"' 

.. 

. 

10 Temperature difference oc . . . . . . .. - 881 377 393 405 "7 490 533 



Serial 
No. 

Particulars 

-
..4.. Pan Data-

1 Diameter of pan, Inches . . . . . . 
2 Depth of pan, Inches . . . . . . 

3 Full capacity, gallons . . . . . . 
. 

4 Exposed heating surface, sq. ft. . . . . 

6 Exposed heating surface of each pan (taking H. S. of 
complete bel as 100). 

6 Ratio-gallons full capacity per sq. ft. heating surface , 

\ 

7 Ratio-gallons full capacity per sq. ft. heating surface 
(taking figures for finishing pan as 100). 

' 
B. Furnace Data-

8 Temperature of flue gases •c (Interpolated) . 

9 Temperature of pans •c (average of normal working) 

10 Temperature difference •c . . . 

BROP..U. Bel-FIGlmES li'OR EACH PAN 

vni IX X XI 

42 38 20 20 

15 u. 6·5 6·5 

48·7 83•7 4·21 4·21 

N 5 1-423 1-423 

14-7 0·6 2·7 2·7 

5-6 
. 6-74 2·0 2·0 

103 232 100 100 

677 720 735 785 

100 102 107 107 

577 618 '628 628 

ltOBILXliAND Bel-FIGURES J'OR EACH PAN 

I II m IV v 

89 82 68 57 89 

28 22 20 10·5 8·5 

855·1 229·3 145·8 50·4 19·4 

17-1» 81-63 17-5 7-815 7-466 

21-7 88·4 21·3 9·5 9·1 

10·8 7-2 8·3 6·4 2·5 

792 288 832 256 100 

-

850 875 430 612 840 

69 82 101 103 108 

281 298 329 409 732 

. ·cc 
00 
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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 XL VIII. 

Difference of 
Temperature of 

the two sides 
• of plate. 

TABLE XL VIII. · 
Transmission of heat through plates.* 

Heat trans· 
mitted per 1° 
difference per 
square foot 

per hour. 

R. T. U, 
848 12·78 Plate 1·1875 .inch thick. 

1,013 15•26 , , 
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 25·7 " " 

503 11·81 Plate ·25 inch thick. 
723 16· 55 " " 
893 20•65 , ., 
738 16·46 Plate ·125 inch thick. 

1,083 25•48 " , 
It rs 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 result~,-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 r·eliable 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 r-everse of that required by 
these essential conditions. This is clearly shown· by the figures · 
for the above ratio given in Table XLVII for each pan of the 
two bels and the corre~ponding figures for temperature difference 

*See "·l\Iechanical Engineering for Beginners " by R. S. :McLaren, page 65. 
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1t may be pointed out, however. that it is not obviously required 

to have t~e pall:a so designed that equal quantities of heat may 
b.e transmitted mto all of them. In the pans where juice has 
e1mply to be heated, much less heat will be sufficient than in pans 
in which ~vaporation ·takes place. The exact quantities of these 
can be eas1ly calculated from the specific heat of juice and latent 
heat of steam. · · 

. It is somewhat surprising that the Rohilkhand bel, which 1~ 
a.fter all only the villagers' device· for ()oncentrating the juice, 
should on scrutiny be found to conform to the elementary prin­
ciples of thel'Jl'!al engineering, whereas the Bhopal bel, which. is 
the outcome 9f nearly three decades of research work should be 
so lacking in these fundamentals. The explanation, however, is 
not far to seek. The Rohilkhand bel was not. designed by an 
engineer'· but it is, D:S it .stands to-day, the. prc:>duct of generations 
of expenence. Durmg 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 efiecti~ely, by a process of trial and error. 

Heating Surfat;el of Jfola$ses boiling bel1. 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 not given. · ! ~ • 

~ ; ~ . . 

TABLE XLIX. 
Pa~ data relating to Bhopal and Rohilkhand Mola3ses boiling bels. 

Total for the Bhopal bel figures for Rohllkhand bel 
bel each pan figures for eac!J 

13erial l'artiClllars. pan 
,No. 

I 
~ 

- • Bhopal Rohll- I II III I II 
khand 

- - --
1 Diameter of p~n, inches . .. . . 30 27 20 60 36 

2 Depth Of pan, inches . .. .. 11·75 8·25 6·5 13·5 9·25 

3 Fall capacity, gali.Qns . 31•72 91·6 18 9·51 14-21 73-2 18·4 

4 Exposed heating surfa~, 10·225 12·12 5·372 3·43 1·423 7·3 4·82 
sq. ft. 

6 Ratio-Gallons full capa· 3·1 7·5 3·3 2·7 2·9 10·0 3·8 
city per sq. ft. beating 
surface. 

' The general principles enunciated in connection with the juice 
boiling bels apply equally to the molasses bela. The de.sign 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.-

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 in th& sun for drying in the usual way. After 
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i wo days the sun-dried bagasse was weighed. Moisture was d-eter­
mined in the original wet bagasse and also in the ·&un-dried bagasse. 
The results are given in Table L. · 

TABLE L. 

Quantity of bagasse fuel available. 
Particulars 

1. J nice extraction per 100 cane . 65·2 per cent. 
2. Wet bagasse per 100 cane . 34·8 ,., 
3. Moisture per 100 ·wet bagasse . 51·0 , 
4. Moisture per 100 sun-dried bagasse • 3·9 ,; 
5. Sun-dried bagasse per 100 wet bagasse . 52·6 , 
6. Sen-dried bagasse per 100 cane , • · 18·30 , 

7. Ratio : weight of sun-dried bagasse. t<;» juiM • 1 : 3·56 , 

With 65·2 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 18·3 per· cent.;· 
on the weight of cane and 52·6 per cent. on the weight o£- 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:- \ 

Sucrose 
Moisture 
Total dry solids 
Fibre (or solids insoluble in water) . 
Volatile matter • 
Fixed carbon 
Ash 
Calorific value (dried sample) • 

' 

Per cent. 
8·42 

51·10 
44•10 

35·00 
27·36 

19·61 
1•93 

8,300B. T. U 

Fuel Consumption test. The subject of fuel 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, con-ducted on 21st :March 
1931, equal quantities of juice '(115·92 maunds) were given to 
each bel and the fuel consisting of sun-dried ba.ga.sse was supplied 
after. weighment. In the second test conducted on the next day, 
both the bels were worked for approximately th1e same time (about 
13 hours) and as much juice as each bel could boil was ·supplie'd 
to it, weighed quantities of sun-dried, bagasse being again pro­
vided as fuel. 
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' • These tes~ were ~~ant fo! _two purp~s~s,-:firstly, for determin-
Ing the maximum JUice bo1lmg 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 ~abl~ LI. 1 

TABLE LI .. 
~ 

Test .jof' determining the minimum fuel consumption of. juice 
boiling bel1. 

A. Ji'irsl test on 21st March 1931-
(a) J uioe . boiled, maunds 

. (b) Time . taken for boili.Iig, hours • 
(c) Sun-dried bagasse burnt, maunds 
(d) Heating surface of bel, ·sq. ft. • 
(e) Juice· boiled per maund, bagaBSES 

· maunds 
(f) 1 uice boiled per maund bagasse, per 

. ·· sq. ft. heating surface . • . 
(g) Bagasse burnt per hour, maunds 
(h) Bagasse burnt per hour maunds pel\ 

sq. ft. heating surface . . 
B. Second test on 22nd March 1931-

(a) Juice boiled, maunds . 
(b). Time taken for boiling, hours • 
(c) Sun-diied bagasse burnt, maunds 
(d) Heatfng surface of bel, sq. ft. . 
(e) Juice· boiled per mS.und bagasse,. 

maunds 
(f) Juice boiled per maund bagasse, pet 

sq." ft. heating surface . • • 
(g) Bagasse burnt per hour,. maunds 

• (h) Bagasse burnt per hour maunds pet 
sq. ft. heating surface . • 

C. Average for the season-

Bhopal 

' 115•92 

1()-83 

30·70 
52·356 

3·77 

0·072 

2·83 

0·054 

131·10 
13·16 
36·99 
52·356 

0·067 

2·81 

()-053 

, (a) Jui'ce boiled, maunds • 3788·29 

(b) Sun-dried bagasse (containing 4 per' 
cent. moisture) available, maunds 1090·4 

(c) Ratio. Juice to sun-dried bagasse . 3•48 

RoMlkb~nd 

115·92 

8"45 
33·96 
82·311 

3·41 

0·041 

3·07 

0·037 

178·42 

13·00 

44·90 
82·311 

3·97 

0·048 
3·45 

0·042 

5031·01 

1421·2 

3·54 

(NOTE. See remarks in 'fable XIII, page 44, and Table XIV, page 45, re­
garding the conditions under which these tests were conducted. Analysis of 
juice and Tab are also given in Ta.ble XXXII.) · 

Before proceeding to discuss the·· results of the :fuel test, it is 
necessary to consider a few preliminary points. The first one o:f these 
is that the tests were canied out towards the end of the crushing 



103 

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 19·17 and 19·35 as compared with 19'08, average for the season. 
As a result of this dllierence 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. ; 

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:- · . 

(c) Average for the season • 11·67 · 12·74, 

The results of the fuel tests are, therefore, of very littie 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 
t.l1erefore to say that because the available bagasse was found 
sufficient during the tests to boil the equivalent quantity of juice 
extracted from the cane, therefo-re 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. 1 ~ 

Reverting to the results of tfie 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 3•77 in 
the Bhopal bel and 3·41 in the Rohilkhand bel. These figures 
cannot, however, be compared, because the latter bel worked for 
onlv 8·45 hours as against 10·83 hours for the former. The fuel 
consumpti~n in starting and finishing a bel is a~normal and hence. 
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il the entire run is of a much shorter dur~tion in one bel than in 
the other one, the forme:r bel will1e at a ·considerable disadvantage. 

In the second test, both bels worked for approximately the 
~ame time and the quan~ity of juice boiled per maund of bagasse 
m the Bhopal and Rohl'lkhahd bels was 3·54 maunds and 3·97 
maunds respectively, showing that the latter bel has a better fuel 
consumption,. This is what might have been expected from the 
data regardmg furnace and :Hue temperatures and the ratios of 
heating surfaces and capaciiies of pans, which have already been 
discussed in detail. I 

I . 

It may be mentioned that during ihe second fuel test the arch 
supporting tl1e Parchhas of the Bhopal bel cracked. This was due 
to a miscalc~lated attempt at forcing the capacity of the bel 
beyond what it was intended for. The accident, however, did not 
materially ·reduce the rate o.f burning bagasse, as· the figure for 
bagasse burnt per hour was 2·83 maunds in· the first test and 2·81 
mal,lnds 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 :fi~st test,-be taken, it is still lower 
than the figure of 3·97 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 12·1 4 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 fcn the Bhopal and Rohilkhand bels 
are 3"48 and 3"54 respectively. According to the test figures of 
3·77 and 3·97 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 :Hue 

. tem~eratures and the ratio of capacities of pans to their 
heating surfaces ; 1 • 

(b) 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 II Rab. -

These results indicate a serious handicap for the open pan system 
of sugar making, specially in view of the high cost of :firewood. 
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Worl.: done by in(lz"t•idual pans of juice boiling 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 separatelJ 
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:-

TABLE LII. . 

Analysis of mater1'al in individual pans of juice boiling bels. 

ANALYSIS 
Partkulars of pan Tempe-

rature oc. Drlx Sucrose Purity; Invert 
Sugar 

Acidity 

--
A. Bhopal Juice Boilin11 Bel. 

Raw Juice . . . • . . 25 20·45 16·56 86·63 1·22 28 

I Pnn-Hauz (flat bottomed) . . 69 2!·25 19-16 79·01 1-75 81 

II " .. .. . . 77 24·95 19·24 77-12 !01-06 29·8 
-

III .. .. .. . . 85 27-92 22·03 78·89 1·94 42·78 

IV .. Nikhar .. . 91 27·62 22·01 79·69 2·08 29·38 

v .. .. .. . . . 99 26·72 21·01 78·65 2·36 29·5 

VI .. .. " . . . 98 24·92 19·81 79·48 2·26 23·88 

VII .. .. .. . . . 100 26·85 21·45 79·90 2·25 24·§8 

VIII .. Khaula (round bottomed) . 100 41·26 34·00 82·41 3·29 30•0 

IX " 
Manjha 

" . . 102 61·05 50·20 82·22 5·06 85·7 

X " 
Parchha 

" . . 107 88·51 68·40 77·28 9·16 58· 57 

XI " .. .. . 107 88·51 68·40 77·28 g.:~.o 68•57 

Rab after aeration . . . . . .. 89·62 70·60 78·78 7•85 60·0 

B. Rohil1:hnd Juice Boiling Bel. 

Raw Juice . . . . . 25 20·45 16·56 86·63 1·22 28 

IPau-Hauz . . . . . 69 28·28 23·90 8-t-50 1·93 45 

II , -Nikhar . . . . 82 80·72 24·49 79·73 2·54 42·8 

III , -Khaula . . . . 101 43·64 35·0 80·20 3·40 85·7 

IV , -Phadka . . . . 101 I l48·27 39·0 80·80 5·18 25·7 

v , -Parchha • . . 110·5 89·40 69·4 77-63 8·53 60·0 

Rab after aeration . . . . . .. 88·62 68·60 77-41 10·52 1!0·0 

(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 additio.n of deula extract, which, until it 

III-I-GO I 
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is. hea!ed .t? coagulation point and is removed by 
skimmmg, Increases the brix and consequently lowers 
the purity. The principal reason for the drop in purity, 
however, . appears to be inversion aue to increase in 
acidity and to en.z)"me action, the temperature in these 
pans· not being •high enough to inhibit decomposing 
action of the enzyines. 
. The initial. dr~p in purity is a serious handicap for 
both the processes. The entire process of clarification 

· '!V~ich 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. r~duced, ~he 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 ·jmce 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 1n 
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 procesR 
will entirely change the aspect of the indigenous 
industry. 

(G) The 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 sui,table point on the flue so that the temperature 
may not be so high as to cause local overheating and 

· yet evaporation may proceed rapidly. 

(d) 'l'here is an increase in purity and reduction of invert 
!mO'ar after aeration of rab in the Bhopal process, whilst 
th~ reverse is the case in the Rohilkhand process. A 
chemical explanation of the changes which take pla~e 
in the former case has already been suggest~d m 
Chapter V. The fall in purity and the increase of in­
vert suO'ar in the latter case appear to be due to the 
carame'lization 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 ~r?m the ~hopal bel, ana ihe yield 
of sugar is correspondmgly 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 rab is lower in ihe Rohilkhand process 
and this combined with the lower brix, explains the low recovery 
of II Sugar by this process. 

TADI.E LIII. . 

Analysis of material in ind·ividual pans of wWla~ses boiling bel!. 

AlULYS18 
Tempe· 

Particulars of pan rature Invert oc Brlx · Sucrose Purity Sugar Acldlty 

---- -·-

.A. Bhopal Molalsu Boiling Bel. 

' Raw Molasses (diluted) . . . . 82 67·08 79·6 60·03 13·7 100 

I Pan-Nikhar . . . .. . 57 82·50 48·4. 58·6 . 16·55 98·73 

II .. -Nikhar . . . . 92 83·83 48·6 57·9 16·7 93·24. 

UI ., -Parchha . . . . . 111 87·43 51·0 58·3 18•3 98·73 

Rab after aeration . . . . . . . 91-36 53·6 58·6 18·8 94•21 

B. Rohilkhand MolaBBel Boiling Bel. -. 

Raw Molasses (diluted) . . . . 82 67·08 79·6 60·03 13·7 100 
1:1~ 

I Pan-Nikhar . . . . . 41 .. 72·69 42·4. '58·3 15·36 81·28 

II ., -Parchha . . . . . 106 85·49 49·4. .. 57-7 19·21 87-76 

Rab aft.er aeration . . . . . I . . 88·0 51·0 57·9 18·3 98·78 

Comparative test of Bhopal and Rohilkhand J!olasses boilinq 
bels. The object of this experiment was to ascertain how far th~ 
better I'esults obtained from the Bhopal bel were due to the bel 
itself and how 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) 1st 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. 

(b) 2nd test. :Molasses froJ)l I Rab of Rohilkhand process 
was similarly distributed for reboiling and the work­
men continued working on their own bels. 

(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 

I2 
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molasses an(l ot sugar per 100 f'ab are higher from tlic Bhopal 
bel than from the llohilkhand bel. This indicates the superiority 
of the former bel. 

TADLE LIV .. : 

CompaTative trials of Bhopal and Rohilkhand bels for :Molasses 
boiling. , 

P!lrtieulara 

1st Test. Molasses from Bhopal I Bab boiled 
in both bels. Worj[men of each bel 
worked 'On their respe~tive bels-

l. Molasses boiled, maunds • 
2. Bab produced,_ maunds . 
3. Sugar produced, maunds • 
4. Bab per 100 molasses 

- 5~ Sugar per 100 rab • 
, fnd. Test. Molasses from Rohilkhand I Bab 

· boiled in both bels. Workmen of 
each bel worked on their respective 
bels-

1. Molasses boiled, maunds • 
~. ltab produced, maunds • 
3. Sugar produced, maunds . 

· 4. Bab per 100 molasses 
5. Sugar per 100 rab • 

6·rd Test. Molasses- from· Rohilkhand I Bab 
' boiled in both bels. Workmen of 

the two bels 'Were exchanged-
1. Molasses boiled, maunds 
2. Bab produced, maunds • 
3. Sugar produced, maunds • 
4. Bab p~r 100 molasses 
5. Sugar per 100 Tab • 

Bhopal bel R.oh ilkhanl be I 

6·39 6·39 
4·74 4·54 

' 1·39 1·10 
74·18 71·05 

. 29·32 24·23 

12•27 12·27 
9·32 8·80 
1·87 1•:36 

76·12 71·88 
20·06 15·45 

8·68 8·68 
7·23 6·88 
1·41 1·13 

83·28 79·26 
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 f<econd 
test (in which ltohilkhand 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 

Bame raw material (that is Rohilkhand I Molasses), the workmen 
of the Rohilkhand bel produced a lower percentage of sugar on 
the Bhopal bel (19·50 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 15·45 to· 16"42 
per 100 Tab. This indicates that the Bhopal workmen are better 
traine·d. 
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It is clear, therefore, that in all the three respects, that is, 
efficiency of the bel, suitability of the molasses and skill o.f the 
workmen, the Bhopal method of making Second sugar is superior 
to the Rohilkhand process. 

Co1nparison 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 [osses 
on storage in tins, an experiment was arranged in which one 
day's output of first rab from the Bhopal and Rohilkhand be·ls 
was weighed and filled partly into tins· and partly into kalsis, 
the number of tins and kalsis used for the rab of each bel ~ing 
kept approximately equal. After completion of cooling' and crys­
tallization, the 1·ab was taken out of the containers, weighed and 
machined. 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 lf.ft adhering to the kalsis and 2·54 p~r cent. to the 
tins, giving a difference in favour of tins of 3·07 per cent. Detailed 
figures are ~iven in Table LV. 

TABLE LV. 

Tests for companng losses in potting rab tn kalsis and tins. 

Particular Kalah Tins 

A. Bhopal Proces1 
1. Qua1.ity of rab First First 
2. Rab stored, maunds 8·63 15·78 
3. Rab machined, maunds 8·13 I 15·39 
4. Loss of rab, maunds 0·50 0·39 
5. Loss of rab, per 100 rab potttod 5•79 2·47 

U. .llot~ilkhand Process 
1. Quality of rab .... First First 
2. Rab stored, maunds 1o·so 21·20 
3. Rab machined, maunds 10·21 20·65 
4. Loss of rab, maunds 0•59 0·55 
5. Loss of rab, per 100 rab potted 5·46 2·59 

This experiment, ·which was carried out during the writer'~ 
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 t11e case in this exp'lriment. ·Moreover, it is usual to 
wash off with water the last traces of rab from the containers 
(tjns or kalsis) nnd this also was not done in the present instance. 
The figure for lc·ss 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 tins are being used so extensively wherever rab is 
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made for machining and not for selling. 'Vhen a khandsari does· 
not machine the rab himself and sells it. to centrifugal owners, it 
is cheaper and more convenient to use kalsis as there is no trouble 
a~out returning or paying for them as would be the case with 
tms. · I 

' 
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 reducing 
crust formation and, :finally, as there is no local cooiing 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,· howeyer, to secure all the advantages of kalsis, 
without the disadvantage of higher loss due to absorption and 
breakage, if wooden containers are used as c:tystallizers. 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 bungholef 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. 

RECOMMEl\""lJA.TIONS. 

Tl~ 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 oi 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 bee:r;­
analogous. 

The first ana most essential recommendation that has to be madr 
i~ that a research station for the 3cientific 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. 
'Vithout an institution of this typ:' in which sustained work: can be 
done for at least four or five years it will not be possible to 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 &n 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 appean 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 
O'ained. It is hoped. however, that~the recommendations mad will 
~ssist machinery makers in studying more closely· the requirements · 
of the industrv and will also give some indication to Khandsaris 
n:f the line!; mi which they can improve their methods. 

Cdne Crushing.·, (a) Single or llultiple Mills.. The common 
practice is to use three~roller belt-drjven mills. It is 'difficult to 
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t)btain maximum extraction of juice frctm such mills and in at­
tempting to force them to do more wo1;k 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 
for:iner are provided with Splitter type of coarse grooving. . A<i 
compared with the five-roller mill, the six-roller type has the 
advantaO'e of one more crushing and with the larger grooving sug­
gested the splitting effect produced by the crusher in a five-roller 
unit is obtained 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, it appears that the price of two three-roller mills (for marking 
up a six-roller p}ant) of the sizes commonly used in this country 

·(viz., 1011 x 1411 and 1211 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 vet·tical 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 ar~, however, important factors affecting the 
efficiency. A . power driven v:ertical mill of this type, specially 

. desi~ned by the writer, is at present on order from abroad. The 
mill has a capacity o.f half a ton of 'cane per hour and is so com­
pact t~at it can be :r;nounted· with. the oil. engine :for drivi~g it on a 
trolley, the total wetght of the mill, engme and trolley bemg under 
two tons. 

(b) Roller detail~~ Some of the more important details in con­
nection with the six-roller mill suggested above may be mentioned 
here. The groovin'g of the first mill should be half-inch pitch :for 
rollers of 10" x 14" and 12" 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 
shoulJ. be suitably grooved on both sines t? fit into the feed and 
'discharge . roller grooves. The second mill should have finer 
gTOovil!g, six to the inch: aTJd intermeshing. 



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. -

(c) 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 engme 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 
mills. 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 any 
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 
!eed as uniform as possible. This is dealt with later on in con .. 
nedion 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 tl1e 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 
bas 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 
~earing will be needed, which will considerably increase the cost. 
The only practical remedy, therefore, is to provide as wide belts as 
po:;;sible. For 10" x 14" and 12" x 189 mills, belts 5} inches and 6} 
inches wi<le are recommended. 

(e) Cane and Bagasse Shoot3. Bagasse carriers are provided in 
some mills, hut these are 11sually unnecessary, a simple discharge 
shoot. bein~ 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 beyon"d 
supportin!!'l the cane. What is required is ~ fair sized wooden 
lwnner which will hold enough cane for 10 to 15 minutes crush. 
With a hopper Q! s~ch d.i:p1~:p~ipna, th~ mill attendant has simply 
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to keep on sliding the cane down into the mill and a uniform feetl 
~an be maintained ·more e~~ily. In most .case~ it will be cheaper 
tf the makers of the cane mill supply only the uon parts for fittin" 
the· hopper and send out drawings and complete .instructions fo~ 
making the hopper at site.. · 

(f) Juice Pump&. 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 p~mps are not 

· commonly used with small power driven mills, the reason being 
, their high cost.· :For a 10" x 1411 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 i~ 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 pri('e 
for the plunger type pumps refened to 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 
pi :ping scrupulously clean but also to disinfect· them daily. Fut 
this purp()se the "USe of electrolytic chlorine or. a solution of bleach· 
ing powder is .recommended. 

Juice boiling. The Bhopal and Rohilkhand bel& for juice boil­
ing have been examined in detail in previous chapters and th~ 
following recommendations are made on the basis of the conclusiona 
arrived at already:- · 

(a) The Bhopal and Rohilkhand bel& both have been found to 
be inefficient in respect of fuel consumption and furnace 
temperature. ~o 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 ot~er advanta~e oyer the 
Rohilkhand bel. Hence a Roh11khand bel, with two 
removable parchhas, is recommended in place ol the 
Bhopal bel. 

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

· (d)- An improved juice boiling bel has been des!gned by t~~ 
writer on the basis of the above suggestions. Det:ula 
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of this are shown in Drawing · G. It consists of the · 
usual Uohilkhand bel with two parchhas of small size 
placed between the Kha ula 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. H desired, the 
iron fittings of the furnace can also be simplified and 
clteapened. 

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 tested 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-· 
uusbon 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 ~f 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 Khandsari sugar. It 
will be premature, however, to go into details of this 
here as a plant o:f this kin.d will have to be put up and 
tested first. This can be done i:f a Research Station 
is opened, a.s suggested in an earlier section. 

Ill olasses boiling. For boiling :M:o'lasses 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 
hig-her fuel efficiency. It will also be almost automatic in opera-
tion. · 

Storage of rab. For .this purpose wooden boxes or caslrs 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-
t. J 

lOll. \. 

Centrijugalling. Tlie a.rrangemnt of having a separate kero­
sene engine for each machine should be discarded. Belt driven 
machines, fitted with fast and loose pulleys and driven ofi a com­
mon countershaft, are simpler and cheaper in running cost. Where 
~lectric power at cheap rates is av:ailable, electrically · driven 
machines may be found advantageous. · 
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Sugar drying. Under the conditions obtainin"' in a Khandsari 
it is difficult to improve on the existing methodb of su"'ar drying 
even ,though it is admittedly wasteful. . b 

· Supplying complete plants. One of the difficulties in the wav 
of those intending to take up sugar manufacture on a small scafe 

. is that there is no :firm, either i!l 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 lar~e 

. sugar factories because machinery makers not only send out the 
plant co~plete i~ every respec~, but also pro~ide' erection drawing!! 

·.and full mstrucbons for erecting and operatmg. 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 empl~y any technical men. 

· From the ma~hinery-makers' point of view, a'lthough individual 
installations for the indigenous system are much smaller in value 
and size than sugar factory. plants, the volume 'lf 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 an· 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 
,c~pital required. . · 

If a Research Station; suggested in a previous paragraph, is 
established, it will be possible for the machinery makers to havA. 
their plants. tested before actually placing them on the market. 
· Supply of tTained 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 tlie apparently higher efficiency of the 
Bhopal method during the llilari 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. ora bel happens to know the work himself, the fate of 

·his business usually depends on what type of man he happens to 
get for workin~ the bel. · There is need for some arrangement for 
training men for this industry. ·The training should not be giveu 
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 to selected Kha~dsaris c_alcu­
lat.ed on the basis of a :fixed number of men to be tramed durmg- a 
given period. An instructor may be ~ept for go~ng round the 
different places where.men ar~ under trammg and _gt_vmg them t~e 
necessary theoretical ~nstrucbon. The cos~ of. t!ammg under thts 
mTang-ement will be much less than by mamtammg a re~ular class 
and_ the training will be of an essentially practical nature . 

. ·. ·· If the proposed research station is established~ training of work. 
llll'll '!all also be undertaken in it. 
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The following are suggested as subjects in which training should 
be imparted :- . · 

(a) Oil engines and electric motors-their erection, mainten­
ance and repair. 

(b) Cane mills-their erection, maintenance and· repairs. 
Setting of rollers and trashplate. · 

(c) Juice a~d molasses bels-Method of building the furnace 
and operating the bel. Use of different clarifying 
agents. 

(tl) Centrifugal machines-their erection, maintenance and 
repair. Method of operating for different qualities _and 
textures of rab. 



., 

~ 
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General View of Centrifugal machines an::l Pugmllls. 
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APPENDIX A. 
lJ SE OF • THE CENTRIFUGAL.* 

'l'he centrifugal' has gradually been gaining favour in Rohilkhand duri11g 
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 comirionly 
termed " machine-sugar ". Ordinarily the centrifuger puts the pugged Tab 
(magma) into the centrifugal, after perhaps treating it with soda bi:...carbonate 
to reduce viscosity, spins it with no special regard to speed. or variatious 
of _speed, washes the . sugar in the ·~age with warm or cold water; ·~r ·u 
decoction of the Ritha fruit (Sapindus Mukorassi or Soap-:nut) and reg~rds 
the haphazard result as the best that can be got. If the :sugar :ma!!s 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. co)isequentlj 
inferior quality of sugar is particularly common where the . cejltrif:Uging is 
done. on contract, as is often customary in Shahjahanpur; ~It is -owing to 
such defects that machine-sugar. is generally. regarded by :th~ t~ade 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 their ce~~rifugers 
of the proper methods of manipulating the massecuites of vary~ng qualities 
and different textures which they have to deal with in the usual cqurse. 
There is not the slightest doubi{ ·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· gr~de 
(adhauta and taratincha) ·sugars of that system -which ~ ~;tre bleache~ ·-with 
sewar. 

• ••• I" 

The second great mistake of the· Rohilkhand. 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 inassecuite never. escapes charring. Whether the ·single :Or :. the 
double pan system is adopted, part of the boiling material ·is invariably. 
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 '~(he earthen vessel on the oven of the Iridian 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 c by washing; the 
sugar mass with water earth or a solution of chemical • bleaching: agent, 
while it is spinning in the centrifugal. Besides,· the cseoond massecuite 
ordinarily prepared in Rohilkhand is so viscous· that it cannot be effectively 
cured in the centrifugal by the. ordinary treatment of washing,. h9wever 
efficient or fast running the centrifugal may be. As · a result, , the ·local 
product is brown or dark coloured second sugar havifig a polarisation of 
86 to 88 which sells at only a slightly higher price than gur, ·whereas it is­
possible under the Bhopal system ;to produce from the same basic material 
a second sugar which will polarisO- 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. 

In these days of keen competition with foreign sugars on the one 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 
seco!id sugar of a quality at least as good as that of the first khand of 
Roh~lkhan~, and. in obtaining as high a recovery of that as is possible by 
manipulative slull. At present the Rohilkhand manufacturer does not 
~ssess the requisite skill for either boiling or spinning the second massecuite, 
with ~he result that he cannot obtain the maximum profit from the raw 
ma.te~al he employs. So long as this wastage continues in spite of the 
ado~tlOJJ of the centrifugal, there is little hope of. the indigenous industry 
holdmg its own in open competition, however much the Indian product 
lnay 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 is 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, disa_ppointed with the results obtained, give up 

. trying to produce second sugar with the centrifugal and so lose what might 
be one-t.hird 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 t,o be dealt with 
by a sugar manufacturer, especially on~ 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
lighten 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 i(he 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 .(e) 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, at.d the centrifuger must be fully trained 
in it to obtain consistently good results. 

1\Iassecuites 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 be!:lt skill. 
Some specimens will always be better and richer than others, while ar number 
will 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 form& 
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 method1 

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. 

1\fassecuites (rabs) can be distinguished under the following heads:­

(a) Loose (Dhili). 
(b) Soft (Masin or Patli). · 
(c) Close-boiled-medium (Ausat). 
(d) Close-boiled-bard (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, 
specimens 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 l9ng, 
the crystallised mass below the molasses is apt to become very compac1t 
anJ 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 o'nly 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 ty~e. · 

In the category "close-boiled-medium '' should be included the different. 
grades of the consistency known as Jaukbasi (barley-grained). This is th~ 
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 J a ukhasi ", and " tbick-J aukhasi ". 
Thin Jaukhasi is only ~ 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 
C'ategory having little viscosity in them are easy of curing and generalll 
yield crystals of the size most highly ptized in the Indian market. The 
surface layer of the rab always sinks in tlie crystallizers in the case of these 
massecuites and the space vacated thereby is occupied by the liberated 
molasses which rises to the top. 

Under "close-boiled-hard " should be classed the massecuites of the 
eonsistencies signified by the terms Mohr-Jam and Klmnta-Thonk. These 
forms are the outcome generally of eareless boiling or want of pron.er 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. 

In-1-60 
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They are difficult to deal with in the lentrifugal and require special treat. 
~ent in machining. If the average J aukhasi is kept too long in the crystal­
h~ers, it ~ecomes as hard (owing to Joss of moisture by evapora.tion) as Tab 
of this type and .should tbPn undf>rgo Rimilar treatment. 

The first duty of a centrifuger is to decide as to ·which of the various 
types described above the p~rticular 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 necessary, 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 18" 
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 
cage should be sprayed with a l to ! 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 -...bite but not brilliant . 

. The larger the size of the crystals in the rab, the less will be the lustre. 
fn order to impart brilliancy to the crystals, it will be necessary not only 
to expose the sugar inass to the bleaching action of the sun but to crush if 
gently with a. wooden. roller on a. plarnk of wood placed over a carpet (pata) 
which is: usually made . of hemp fibre in Rohilkhand. Over the pata it is 
best io spread a piece of dark cloth so as to show the .degree of whiteness 
distindlv to the observer from some little distance. The crushing shC'11M 
be done u carefully' so that the crystals may only be reduced in size bnt not 
smacilied: othehvise the sugar will look mealy which is an undesirable feature 
from the customer's point of view. It gf>nerally takes 6 to 8 hours for 
the action _of strong sunlight to complete the bleaching. DiffE-rent variE-ties 
of Cl!lie 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 grE>en or 
yellow tind, yield white crystals in the centrifugal : whereas the crystal• 

. from red and purple canes are dull white or shew a slight tinge of palf't 
pink or brotvh bl' yellow at the time of scraping the sugar from the cage. 
but whel\ blenched .in the sun and crushed become white. Sugar while still 
moist 1 is seldom perfectly white. Evaporation of moisture improves the 
colour . vcty remarkably. In the cage the top layer of abou~ one-half to 
one· inch in thickness is usually whiter than the inner layer which almost 
always contains more moisture, especially when big charges are dealt with. 
Rabs of type (a) are not ordinarily manufactured for commercial workin~, 
because large crystals are not wanted by the Indian market and because the 
yield of 1st sugar, whether such rab is treated in the centrifugal or the 
Khanchi, is low as " mle. In the centrifugal system it varies from 4 t.o 5 
per cent. on the cane. However, rabs of this type arE'! not rare in Indian fac­
tories, as a result of want of discretion on the part of the boiler in striking the 
la..<~t par.; and fo:r that reason thfl type has bef'n discussPd at the above length. 
It would reduce thfl yield further if such rabs W£'re subjf>cted t0 the special 
treatments to be described presently. 

For the sake of convenience soft rabs of type (b), which include second 
massecnites, will be noticed later on after the other forms of first massecuite 
have been fully diRcusRed. 

In the case of "close-boilf>d medium " forms of first massecuite of class (c), 
it is the various gradPs of the .Tankhasi ("barley-grained ") rob that the 
manufacturer has generally to deal with at preSE>nt 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. Jf it is true to tvpe and 
has been boiled with care,' the molasoos 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 eertain superior canes be 
snow white. If there ii'J a thick dry crust on the top of the crystalliser 
as is sometimes the case, it should he removed by an iron scraper (khurpi) 
to he boiled later with the first mo}agses. 

Before centrifuging, the rah should be broken up in the pug mill and 
the magma bleached by treating it with a strong solution of sodium hydro­
sulphite mixed with a little molasses obtained in previous working. From 
10 to 15 graing of the ehemical should be enough ordinarily to bleach 50 lbs. 
of rab: but should that quantity prove insufficient, 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 sLiort space of time. When working on a laorge scale, the rab should 
rereive 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 tl1e respiratory organs of the workers. Rab so 
treated will l1ereafter he referred to in this narrative as 11 bleac\led maj?;ma ". 

While this treatment is in pl'ogress, some clear molasses, first or second, 
olotainml in previous operations slwuld be taken and treated with the 
hydrosulpl1ite until it acquires a bright yellow or orange colour. It should 
then J,,} dilnted into a 11 syrup " with water to bring down its density to 
72° m 7'l0 Brix (the density of pure 1st molasses being about 770 Brix) 
and kept ready for use as explained below. Molasses so treated will he 
styled " sulphited molasses " in this narrative. · 

Aftr; being llleached, i.e., sulphited, the magma should be charged into 
~he rage of the centrifugal (50 to 56 lbs. being the usual charge) and the 
ma(·hine !:t,arted to spin. For massecuites of this (c) class, a high speed 
centrifugal, such as Messrs. Broadbent and Sons' type 17-B which runs at 
2.000 revolutions per minute, is the best and indeed is eRsential for the 
finest results. In three to four minutes after the start more than two-third!! 
of the molasses will have been drained from the cage. · At this stage 7 to 8 lbs. 
of tl1e snlphited molasses should be poured all at once into the cage, while 
it io;; running at full speed. This operation has heen given the technical 
name of " syrup-wash ". T n a minute or two all this syrup will be thrown 
out. The sugar mass in the ca.ge should then be wa.~hed with half a syringeful 
of a \veak solution of stannous cllloride (about one grain to the pint) and 
subsequently with an equal volume of plain water to wa.sl1 out the traces 
of the chloride. Ordinarily about half a pint of the solution and an equal 
volume of plain water should he quite enough to wash a full charge. The 
standard svringe supplied lly Messrs. Broadbent a.nd Sons with their 18" 
centrifugals holds one pint of water. 

When completely cured, the sugar should be scraped out of the cage,. 
bleached in the sun, crushed, sifted and bagg~d. 

With thifl treatment, provided the rab was of normal strength, the 
ouality of the resulting khand should he far superior to that of the be~t. 
Phul of Rohilkhand. 

If rab of class (c) becomes hard by long storage or other reason, as iii! 
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

1 
does not demand large-sized crystals 

nor is much imnortance attacl1ed to spee.ia.l whiteness though whiter sampl~s 
ft>tc1i a somewhat hig:her price. Indeed the Khal sugar of Rohilkhand, 
wllich is a mixture of t,lle two grades phul and adhauta and is the main 
article of commerce, is not really white, whereas the average sugar made bJ 
tl1e llhopal process is white. 

If the ol1ief't is to make a sugar equal to or a little better than KliaJ 
in crystals and colour, the Rhopal process wi1l, if the cane used is rich and 
the extraction of the juice fairly high (a.bout 66 per cent. or. so), give from 
rabs of class (c) a recovery of hehYecn 6 and 7 per cent. of first and shout; 

:K"2 
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2 per cent. of second sngar, making a total 8 to 9 per cent. on cane (as 
compared with the 4 to 5 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 colour•were not objected to. But if the intention 
is 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 Ooimbatore 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 clas1:1es 
who now solely .use w\ite foreign sugars will, in spite of a. real wish to 
help the indigenous industry, be reluctant to replace the foreign by the 
lnd4tn-mad" article in t.heir . households, unless the Indian manufacturer 
will produce a whiter product than the present day Khand. Even ~he 
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 
itisagreeabie to Indian taste that Khand is never used at table until· it 
l1as been reboiled with milk, clarified and converted into the refinefl 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 th~:J 
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. 

r .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 necessarily 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 a~ that stage) is tinted or yellow 
compared with th~ much whiter pachhni from massecuites (a) and {b). 
Although exposure to the sun improves this colour, the standard degree of 
wluteness 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 mnch 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 distribu~ion of the rah in the cage is uneven, the m_achine 
begins to vibrate almost as soon as it starts spinning, and it is very difficult. 
to steady it. It mus~ 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 he Iiqnified artificiaiiy, 
~() as to give the. original molasses associ!lted with the crystals in the magma. 
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fo1·ce tile crystals to separate from one another to some extent. 

l!'or 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 it, 
and the mixtw·e should be stirred briskly until it becomes frothy from the 
escape of the carbonic aCid gas lormed by the action of the alkali on the 
natural acids in the niolas::>es. 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 1811 centrifugal. :When working on a commercial 
scale, tilis m1xmg should 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 ma.ssecuites of class (o), 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. lt may be necessary perhaps to give an extra washing with a 
quarter syringeful of water in completing the spinning. 

Under this treatment the outer layer of the lst 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 minute 
sugar cr~·stals in the outer layer. 'l'he sugar can also be •• blued " with 

· a final spray of ultramarine dissolved in water' before tha spinning is 
stopped. This bluing disguises the tinge in the sugar and used to be · 
pra<.:tised in U.ohilkhand, but has been abandoned therEl.,. because confec­
tioners found that sweetmeats made from the sugar had a bluish tinge 
which their consumers objected to. 

Soft; massecuites of class (b), whether first or second, may be sub-divided 
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 conten~ 
of the first molasses and the purity of the juice with which the first mass~ 
cuite was made. If the recovery of the first sugar has been from 6i 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 massecuite..~ 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 no 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 inner 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 th~ 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 730 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 b~ 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 
oceurs 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 
11pecimen of rab, smaller charges should be used. 
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SECOND SlTGAllS. 

lt has already been observed that the only hope of placing indigenous 
white sugar on the Indian marke\ at competitive rates lies in the recovery 
of second sugar of good quali:ty and white colow·. As that can be done to 
the extent of 11 to 2 per cent. on weight of cane, by the methods here 
described, the importance of strictly folloft ing the details of the processes 
cannot be too strongly emphasised. 
· In dealing with second 'massecuites, which from certain canes will be 
dark aa.d will often be viscous, it is always essential to treat them with 
u carbonated molasses '' and then to ·• aulphite ~, the magma before spinning. 
If the 80da bi-carbonate does not reduce the viscosity sufficiently, a solution 
of sodium hydrate (N aOH) may be used instead, followed by sulphiting 
the magma. · The charge also should Rot exceed 45 lbs. in an 186 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 
·minute from the beginning to the ·end of the spinning operation will :qot 
answer the purpose, because such a speed does not give the molasses a 
chance of liberating itself, and the crystals in revolving g~ so entangled with 
\he molasses .that even copious washings with alkaline solutions and 11 syrup­
washing '' prove almost futile. Messrs.- Broadbent and Sons' type 12 
11 Handelox " centrifugal worked by mechanical power 'and their 141 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 
n.inute 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 density 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
~ion of second sugars as it is thro~ughout 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 usual processes described above should be followed. Without 
the above treatment, it.is !mpossible t<? obtain second SUf?ar of good polaris:"' 
tion or colour with any type of centrifugal. The centrifugal must be fuhy 
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 ~esults will not be obtained, especially in 
dealing with the weaker massecubes of the types of second rab. 

, · It is hoped tlmt the system ~as now been ma~e clea~, and tha~ the reader 
will also realise that su('J'ar-makmg, even as a vtllage mdustry, Is an expert 
business, in which knowkdg~ of theory must go hand in hand with experience 
~d technical skill in all branches of the manufacture. 
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APPENDIX B. 
SYSTEM OF CIIE.MICAL CONTROL PRESCRIBED FOR EXPERIMENt'S 

CONDUCTED .AT BIL.ARI. 
~ 

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 datal contained in this 
report have btlen 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 scien"tific 
accuracy waa not aimed at as the staff and the laboratory equipment available 
were not adequate for the purpose. The aim r~ther was to employ rapid. 
methods of analysis which were at the same time reasonably accurate. The 
number of sztmples 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 A.M. the following 
morning, and a week from 6 A.M. on Monday to 6 A.M. on the follQwing 
Monday. 

1The following system is to be followed for determining quantities for 
chemical control:-

1. Cane. To be weighed on the one-ton weighing machine. By fitting a 
bamboo platforin on the machine, about 25 maunds of cane can bG weighed 
at a time (instead of 12-15 maurids at present). This will save trme 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 
sufficient for weighing cane and juice both. 

Juice should he measured and the weight calculated (the daily determina­
tion of density being part of the routine analysis). 

For measuring juice two vessels (one for ea.ch mill) having lrd or ith the 
capacity of a Kerosene tin should be used. Large lotas or small gagras will be 
quite suitable for this purpose. The e:lact 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 tina. 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 llab. The total quantity turned out .from each bel each day should 
be weighed and the averAge tare of tins deducted. The tina should be 
numbered serially for identification of each day's production. The serial 
numbers should be noted along with weight of rab. 

4. II llab. As for I llab. 
5. Mola3ses for reboiling.-This consists of the following:-

(a) Molasses obtained on curing I llab, including dilute molasses pro­
(l.uced when spraying the sugar with water. 

(b) 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 abov~ 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 tina should be deducted for finding the net 
weight reboiled in each bel each day. 

6. Finai molasses. This is obtained on curing the II llab. Dilute molasses 
should, as far as possible1 be kept separate. When ar sufficient number of tins 
has been filled, they mould be weighed and average tare deducted. No 
attempt should be made to weigh separately a1f'..tJtolasses from each lot of 
II Bab. . 
, 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 
lot separate. 

8. II Sugar. As for I Sugar. 
9. Scum. The total quantity taken out of a.U the pans should be weighed 

\Ogether •. 
· 10. Fuel and Swndry stores. A record should be kept of the fuel, lubri­
~:wts, sajji, deula, bhindi, etc., used and the quantities consumed each u:eek 
should 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 
oonsumption per 100 maunds of cane crushed 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. 
(c) llohilkhand 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 Sugatr Technologists' Association of 
India, should be followed, so that the results may be comparable with those 
ubtained in the Indian Sugar factories. 

1. Cane. Not to be anaiysed. Sucrose and fibre to be calculated daily 
from the analyses of juice and bagasse and the figure for extraction of juice 
per cent. cane. · 

2. Bagasse. 
la) 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. 

(b) 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 P.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 
covered 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. 
(ii) Sucrose in juice per 100 sucrose in cane. 

4. I Rab. To be done separately for Bhopal and Rohilkhand bels. 
(a) Sampling. From each finishing pil.nful of mb, a sample should be 

drawn and composited whole day. Such daily 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 sepa.rately for Bhopal and 
ltohilkhand bels as for I Bab. 

6. Molasses for reboiling. To be done separately for Bhopal and Rohil-
khand bels.. .. 

(a) Sampling. One composite sample representative of the total mate­
rial (i.e., I Rab molasses including dilute molasses of I Bab, and 
dilute molasses of II Bab) 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 a.s 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 dra.wn 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 sepahtely 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. . 

(h) Analysts. ·Percentages of sucrose and moisture are to be determined~ 
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· 9~ 11 Sugar. Sampling and anadysis to be done separately for Bhopal and 
Rohilk.hand bela as for I Sugar. . 

10. Scum. To be done separately for Bhopal and Rohilkhand bels. 
(a) Sampli-Rg. When t~e 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) Analysi&. •Percentage of sucrose to be determined. 

' Abstract of scheme for analytical work. 
i 

DllnRMilUTJON8 BIQt11llED 

Serial :Material Number of Sucrose &am plea .No. Invert Mols· .. Brlx Parity sugar t11re 
. -

' ' 
.. 

' 1 Cane •.. . None ftgurea to 
be calculated. 

.x 

2 Bagasse . . . OnedaUy . X X 

3 lulce . . DittO . X X X X 

' IBab . : . One weekly for 
each bel. 

X X X ~ ' 

' 5 IIBab .. . 'DittO . X X X X 

6 Molasaea for re· One dally for X X X X 
bolling. each bel. . 

7 Fln&l molasses • One weekly for ·X X X X 
each bel. 

8 I Sugar •· . Dltte . X X 

9 USugar. . DittO . X X 

10 Scum . . One dally for X 
each bel. -

LABoRATORY RECORDS. 

·The following registers are to be maintained by the Chemists:­
(1) General Log Book, 
(2) Register of Plant aud Procese employed, 
(3) Analysis Register, 
(4) Register of Quantities, 
(5) Register of working figures far Bhopal process. 
(6) Register of working figures for Rohilkhand process. 

Fibre 

X 

Specimens of the forms to be used for these registers are given at the end. 
A few explanator7 remarks on these are given below :-

1. GeneTal Log Book (Form 1). In this the date and time of startin~ and 
stopping all principal manufacturing operations (e.g., cane crushing, boiling 
juice or molasses in each bel, curing each lot of Tab) should be entered. 
Interruption of work due to any cause (e.u., rain, want of fuel, accidents, etc.) 
should also be noted. The log book is intended to be a complete daily record, 
in chronologis_ml order, of the work of the factory. 

2. Register of Plant and P·rocess employed (A blank book should be used). 
In this should be entered a complete specification (with necessary sketches) of 
th~ 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 BegisteT (Form 2). The daily or weekly analysis figures shonld 
he .entered in this. C•lumns are provided (between those for each Sunday and 
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Monday) for weekly averages. The avemges should be true and not arith­
metical averages. 

4. Rcgiste·r of Quantities (Form 3). Figures for weights of different 
articles are to be supplied to the laboratory daily exeepting in the case of 
stores (items 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. Bcgistc·rs of working figures for Bhopal and Rohilkhand Proc~ss 
(liorm 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 self-explanatory. 'Veekly totals and averages are to 'he entered as 
explained before. 

FORM 1. 

General Log Book. 

Date Time Particulars 



FORM 2. 

Analysis Register. 

. 
·-January 1931 February 1931 " 

Serial 
I <• 

No. Analysis 

2o J 21 22}2sj2412s ~6127,28 1 29,30 131,1 21 3 I , Week· Week . 

i -· 
1. Cane-

I -Sucrose . . • ·• . • . . 
Fibre . . • . • • • . -

'· 
2. Bagasse- .. Sucrose . . ~ . . • . • 

v>,'<" Moisture ·-~-. . . . • . • • 

3. Juice-
Sucrose . . • . • . • 0 

Brix . . . . • . • . 
Purity . . . . . . • . 
Invert sugar ' - . . . . . • • 

4. I Rab (Bhopal)-. . 
Sue1;ose . . . . • • • . • ·-Brix . . . • . • .. 

'Purity . . . • • • • • 
Invert sugar . . . • • . . 

5. 1 Rab (Rohilkhand)-
Sucrose . . . • • • . • 
Brix . . • . . ·• . 
Purity . . . • . . • . : !evert sugar" • • • • • • I • . . 



'6 ll Rab (Bhnpal)-
Sucrose . . . . . . . . 
Brix . . . . . . . . 
Purity . . . . . . . 
Invert sugar . . . . . . . 

'1. II Ra b (Rohilkhand)-
Sucrose . . . . . . . 
Brix . . . . . . . 
Purity . . . . . . . . 
luvert sugar . . . . . . . . 

8. Molasses for reboiling (Bhopal)-
Sucrose . . . . . . 
Brix .. . . . . . . 
Pur~y- . . . . . . . 
Invert sugar . . . . . . . 

9. Molasses /or reboiling (Rohilkhand)-
Sucrose .. . . . . . . 
Brix . . . . . . . 

I Purity . . . . . . 
4 Invert sugar . . . . . . . 

lfl. Winal molasses (Bhopal)- I 
Sucrose . . . . . . . . 
Brix • . . . . . . . 
Purity . . . . . . . 
Invert sugar . . . . . . 

~-

11. Fina.l molasses (Rohilkhand)-
Sucrose . . . . . . 
Brix . . . . . . . . 
Purity . . . . . . . 
Invert sugar . . . . . • . 



FORM 2-contd. 

A.nal!lsia Regiater·-contd. 
' 

January 1931 Februllry 1931 
Set·ial Analysia ' :No. 

20 121 H 23 1 2412~ 2 61 27,28129130 13111 2j a j·4 Week Week 
. 

12. I Sugar (Bhopal)- . I Sucrose . . . . . . . . 
Moisture 

I . . . . . . . 

13. I Sugar (Bohilkhand)-
Sucrose . . . . . . . 
Moisture . . . . . . . 

I 
14. 11 Sugar (Bhopal)-

Sucrose . . . . . . . 
Moisture • . . . . . 

15. II Sugar (Bohilkhanq}-
Sucrose . . . . . . 
Moisture . . . . . . . . -

16. Scum (Bhopal)-
Sucrose . . . . . . . ' 

17. Scum (Rohilkhand)-
Sucrose . . . . . . . . 

I . 



Serial 
No 

Particulars 

FORM 3. 

Register of Quantities. 

January 1931 February 1931 

-----------------------------------1 
201211++1••1 Week ++++H 11 Week I 2 131• 

1. Ca·ne crushed . . . . • 
2. J nice extracted . . . . . 
3. Juice, percentage of cane • . • 
4:. Sucrose in juice per 100 sucrose in cane 
0. Bagasse.-percentage of cane . • 
11 Wet bagasse ~1roduced • . • 
7. Dry bagasse ...,.roduced (calculated) . 

8. 

9. 

10. 

Juice boiled-

(a) In Bhopal bel • • 
(b) In Rohilkhand bel · • 

I Rab produced-
(a) From Bhopal bel • 

(b) Fl'om Rohilkhand bel 

Molasses for reboiling issued-
(a) To Bhopal bel • 
(b) To Rohilkhand bd • 

11. II Rab produced-
(a) From Bhopal bel 
(b~ Rohilkhand bel 

Mds. 

" , 
" ,, 

1\Ids. , 

Mds. 

Mds. 
• IJ 

Mds. 
, 

Mds. 

" 



Serial 
No. Particulars 

12. Final molasses produced-
(a) From Bhopal Rab • 
(b) From Rohilkhand bel 

13. I Sugar bagged--
(a) From Bhopal Rab • 
(b) From Rohilkhlllnd Rab 

14. II Sugar bagged-
(a) From Bhopal Rab . 
(b) From Rohilkhlllnd Rab 

15. Scum produced--
(a) From Bhopal bel • 
(b) From Rohilkhand bel 

16. Stores for cane crushing-
(a) Coal . . 
(b) ]~ubricants • 
(c) • • • 
(d) 0 I I 

17. Stores for Bhopal Process-

~b~ ~Enter names as required • (clJ 

· FORM 3-contd. 

Register of Q uantitiei-contd. 
' ' 

' January 1931-

20 1211 ~2~23 J 24,251 Week 

Mds. 

" 
Mds. 

" 
Mds. 
, 

Mds. 

" 
Mds. 
Srs. . . 

• • • 

February 1931_ 

I. I 
f I I 



18. Stores for Rohilkhand Proeess-

(a} 
(b) Enter names as require~ • 

(c), 

. . . 

19. Labour-

(a) Cane to juice . . . . • No • 

(~) Juice to sugar (Bhopal prpcess). . 
" 

(c) Juice to sugar (Rohilliliand process) 
" 

2Q. :P,ecord of tim~ 

(a) Massey mill worked . . Hours. 

(b) Chatanooga mill worked . . 
" 

i (c) Bhopal Bel' worked I Bab . " I 

(d) Bhopal Bel worked II Bab . " I 
I 

(e) Rohilkhand Bel worked I Bab ; . " ' 

i 
(/) Rohilkha;nd BeZ worked II Bab ,, 

; i 
: 

' 

I 



l. 

. . 
Particulars 

Oane-
(a) Weight of cane • • . 
(b) Weight of sucrose in cane • 

2. Juice-
(a) Weight of juice • • . • 
(b) Weight of sucrose in juice • • 
(c) Weight of Brix in juice • • 
(d) Weight of Invert sugar in juiNo. 

3. I Rab-

IS. 

(a) Weight of I Ra'b • • . 
(b) Weight of eucrose in I Ra'b . 
(c) Weight of Brix in I Ra'b . • 
(d) Weight of Invert eugar in I Rab 

Lnsses in boilina I Rab-
(a) Loss of sucrose . . 
('b) Loss of Brix • . . 
(c) Increase of Invert Sugar . 

MolassP!t for re"b.nilirr,g-
(a) Weight of molasses for reboiling 
(b) Weight of sucrose in molasses for 

reboiling . • • • 
(c) Weight of Rrix for reboiling 
(d) Wei~h~ of JnvPrt Su~ar for re-

"Ollmr;r • • . · • • 

·.FORM4. 
'Reg'ilter oJ Working Figtt/re•. 

Mds .. 

" 
Mds. 
, 
, 

Mds. 

" 
" 
" 

Mds. 

" 
" 

Mds. 

" .. 
•• 

January 1931 

Week 

February 1931 

26 1 27 1 28 f 29130 f 3111 Week 

-



6. 

7. 

s. 

11 Rab-
(a) Weight of II Rab . • • 
(b) Weight of sucrose in II Rab • 
(e) Weight of Brix in II Rab • 
(d) Weight of Invert Sugar in II 

Rab 

'Losses in boiling II Rabr­
(a) Loss of sucrose . 
(b) Loss of Brix • • 

·(c) Increase of Invert Sugar • 

Curing I Rab-
(a) Weight of I Rab cured . 
(b) Weight of I Sugar produced 

9. Curing II Rab...,-
(a) Weight of II Rab cured . 
(b) Weight of II Sugar produced 

10. ]l'inal molasses--
(a) Weight of final molasses • · . 
(b) Weight of sucrose in final 

molasses • . . • 
(c) Weight of Brix in final molasses 
(d) Weigh~ of Invert sugar in final 

molasses . 

11. Scumr-

12. 

(a) Weight of scum • • 
(b) Weight of sucrose in scum . 

Weeldy efficiency cane crushing-
(a) Juice, percentage of cane • • • 
(b) Sucrose in juice, percentage of sucrose 

in cane . 

Mds. 

" 
" 
" 

Mds. 

" 
" 

Mds. 

" 

Mds. 

" 

Mds. 

" 
" 
" 

Mds. 

" 

. ..... 
·~ 
.~ 



FORM . 4-~ontd. 

RefJiater. of 1Yo1'1ci'ng Fipu1·e&~contd. 

I 

Januaryl931 Februa.ry 1931 
Seri~:tol Particulars 

· __ s_~-~--------------~-~~~~2-~LI2_2LJ2_a~l_u~J~2~5 ~ "~~~~w~IMii w~ 2131; 
13. 1 Vee1cly efficiency-Juice boiling.:_ 

(a) I Rab, percentage of cane • 
(b) I Rab, percentage of juice • • 
(c) Sucrose in I Rab, percentage of 

sucrose in juice • · • • 

Weekly efficiency-MolaBses boiling- . ...... 
·~ (a) Weight of JI Rab, ;percentage of Q 

weight of molasses reboiled . . . 
(b) Sucrose in II Rab, percentage of 

sucrose in molasses r.eboiled • . . 

14. 

Weelcly efficiency-] Sugar curing-
(a) I Sugar, percentage of I Rab • . . 
(b) Sucrose $11 I Sugar, percentage of -sucrose j,n I Bab • • • . . 

us. 

·-· W ee7cly effidency-Il S·ugar curing-
(a) II Sugar, percentage of II Bab • . 
(b) Sucrose in II Sugar, percentage of 

sucr.ose in II Bab . .• • . 

16. 

; 
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Note regarding differences in the methods of sampling 
and analysing adopted at Bhopal (1930) and Bilari (1931) • 

.Juice. At Bhopal samples were drawn from E:ach tin of juice and one 
composite sample was analysed for sp. gr. sucrose and invert sugar. Sllcrose 
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 haif 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 !!Ucrose from Direct Reading and invert 
sugar in th~ latter. Invert sugar in both the places was determined by 
titration with Fehling's solution using sta·rch 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 tnethod after sampling and 
chopping the bagasse. 1\Ioisture in bagasse was estimated in samples of 50 
grms. of chopped bagasse. 

Rabs and molasses. Normal or half normal solutions of ·these were pre­
pare.d and analysed exactly as juice. Sucrose was estimated by inversion at 
Bhopal and from the direct reading at Bilari. 

At Bhopai the rab~, sugars and final molasses were separately analysed for 
each day's boiling of the juice but at Bilari they were oomposited and 
analysed weekly. · 

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. 
C1s 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 pl!ices. · 

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 a.nd the dilutions were done with clean tube-well water. · 

At Bhopal 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. 
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