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INTRODUCTORY. 
The llea'\'y Chemioals and the Electro-cnemical ln,d®t~~g,JFan.elil 

were coll:stit-r:ted .by.th? _Plannmg.~d J)evelQpment 'D~pa:rt.iu6~~:(~Yel'n.~ 
ment of lndia) m the1r letters No. P-1(11)l44_andP:1(21H14i".datedthe 
8th March ·1945, respeci ;ively, ·the ~members t being is ·'fo1lows :-

H. 0. Panel.- E. 0. Panel.-
Ohait·inan.-

Sir. Sln·i iRaruf" 
~Iembe-rs.-

Mr. Kapilram 'Vakil. 
Dr. :M. · S. 'Patell. 
Mr. ·V.' Sesliasa.y~e. 
1\Ir. S. G.· Sast1ry. 
Ivfr, P. R. ·Crerar. 

Oltairman.-
Sir · J. ·C. ·Ghosh. 

·Member• .-
·nr. 13. K. ·.Ram Prasad. 
1\fr. Kenneth 'Hall. 
Dr. M . .S. ·Patel. 
Mr. Kapilram ·vakil. 
Mr. T. 'Parker. 

2. The General Dire~ctive to Industrial Pane].q 'called for recommenda
tions o£ the P~nels on , the following points:-

3(1) ·The scope and extent of development, including the-type· of 
·products recommended. . 

{1-'.A) 'The estimated requirements of capital goods together with 
such. 'details of those· re1quirements · as may. be available in Tridia and how 
much should be· imported from· abroad. 

(2) Whether the iindustry should be -under Government ownership 
either on grounds of national hiterest or'because·private capital is un
likely to tal~~ it up, amd if .so. whether it .should be wholly or .uartly 
managed by'~ Government. 

(3) In the case of Industries to be developed other than under State 
o·wnership, th~ capital ~:equir_ed f~ s~c~ tlevelopment, ":hether ,the whole 
of it is likely to be avaHlable·by pubhc mvestmen.t and,•1f not, the extent 
to which Government assistance may be required. 

( 4) T,he -.extent tn:> whiclt tecb:nical a!Wice from abroad may be 
necessarv. 

(4-A) The availal l>ility and t the future ; re,quiremen ts Of technical 
personnel so as to .obtain a clearer indication of: the present short-comings 
and £uture needs. 

(5) 'l'he -mmliter and the degree. of co-operation with foreign firmS: 
considered necessary and desiral'Jle,'both as ·regards· capital and manage
n1ent. 

(6) The ·location .of the industry. 
G7) .Th<Lnature .of .the assistanee required from Government in the 

form of protective duties, boll\Ilties, research grant, expert advice, etc. 
(7-A) 'l'he relative inCidence 'of the import 'duty on the ful.ished 

goods in comparison with · the duty on the l'aw materials from which 
they· can be manufact.~ed. 

(8) If the industry is to be under _private ownership and :J))anage
men.t, what controls, if any, ~houM -be exerc-ised l,ly Goverp.ment. 
L830Mofl&S 



(ii) 

{9) What sho'u.ld be the Qrrranisation of the different units of the 
industry, e.g., sbould there be a: industrial association Y W C'uld. a ct.rtel 
be desirable ~ 

(10) The stages by which the·industry should be developed. 

(11) Should the industry cater 'for the export market 7 
(12) Should the industry be developed, as in Japan, on the cottage 

l.udustry basis and if so, to what extent Y 

3. Since many of the subjects to be dealt with by the two Panels 
were common, the Chairman a~d the members of. these Panels agreed to 
have joint meeting;s and discuss all the subjects together. This was found 
to be more satisfa;ctory for expeditious work· arid unnecessal'y duplication 
of work was thml' avoided. We have ·also submitted only one rep?rt, 
Part I dealiug with Heavy Chemicals and Part U with Electro-cb.e:tmcal 
Industries. Four meetings in all including the meeting with the .Provin
cial Government. and State representatives were held. The Elec,tro
chemical Jndustrit~s Panel also held a joint .. meeting with the Non-ferrous 
)fetals Panel at which subjects of common· hiterest, such as copperl 
_:_ .... -1-~~~.:-.: .... -... ______ ....,..: .... ~ ......... .3 .J'! ____ ,, --

:f.lllC, 11!u.uuuHuu, w11gu~J.um uuu J.erro-auoys were discussed, 
4. :Mr. 1\:apiJr;am Vakil who was a member of both the Panels attended 

only the first meE~ting._ He passed away; on th~ 29th January 1946 and 
the Panels were depnYed of the benefit: of· his valuable views. on the 
different themicall industries, of which he was a pioneer in India. · 

Two members, Messrs. P. R. Crerar ·an~ T. Parker resigned before 
the completion o_f the wo~k of the Panels, as they relinqui::;hed their 
appointments and left Ind1~: Mr. Crerar ~ttended _one meeting and Mr. 
Parker,· two and they were m. agreement With the VIews expressed in the 
report, although their signatures do not appear herein. · 

5. At the. meeting of the Panels with/the Provincial .and State I"e
presentatives .on the 31st May 1946, Sir Shri Ram, the Chairman ·of the 
Heavy Chemi'.'als Panel annoU;IJ.ced _that he had j'?-st been informed of the 
decisjon of the Gfov~rnment .of India that they did not think it necessary,. 
to fix- imy targe1ls or location for Heavy Chemical and Electro-chemical 
Industries. Thil; was certainly unexpected. The value of all plannin(J' 
lies· in a proper and organized control of the developme~1t of Industrie: 
in different ~;~reaH having.re~gard to'the availability of l'aw materials in.the 
different area~:~ a:od prOXImity to markets. Targets and location form t111~ 
c~re of auy iutelligent planning and no rational planning is possible 
·without them. If the Panels, after thorough consid~ratiou durin()' a 
period of nearly· a year, are not to make any recommendations on thes~ 
points, we feel that all our work may be considered to have been wastecl. 
'fhere was also unanimity of opinion· in that meeting of Provincial and 
State GoTernme_nt repre.sentatives that this decision of the Government 
would lead to c.haos as It would enable persons to start industries wher2 
~v~r they liked. .we have retai~ed th~-.contents of the report as they were 
before we were mformed of this decisiOn of the Government, as we fee\ 
strongly that Government control as regards targets and location. is essen
tial. We hope the ~overnment of India will recohsi<ler their decisiOR 
in the light of our VIe:vs _and a1so of those express9d by all the repre-
sentatives of the Provmc1al and .State Governments. · · 
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.t1~AVY CHE:M.ICALS. 

Im}lOrtance of Heavy Chemical Industries.-The absolute depenJ 
deuce- of a wuntty on a sound Heavy Chemical. Industry. for success 
whether~ in war or peace has b'een so thoroughly demonstrated since the 
first World ·Wax, that it is superfluous to arg:~:m for the establish1nent• and 
development of·s_uch an indUstry in this country.. Great strides. have been 
:niade in India iri a number of industries, such. as ir.on .and steel, textiles; 
sugax, cement and jute during ·the last war, b't~t the advance ~ chemical 
industries bas be~n much less, as can be seen from a compariSon of the 
capital ·invested. in: those fudustries and in Heavy Chemicals respectively 
(Appendix ~). Vje are; the:efore, _of the: opinion that in. any future 
planning· wh1ch aiJllS at the md:ustnal. advancement of India, the esta
blishment i of ·a sound Heavy Chemical Industry is essential. 

Heavy Qhemicals . 

. 2. Th'e term '' Heavy Chemicals '' is generally understood to refer 
to those chemicals that are produced in large· quantities-lllffially at low 
cost, and serve as raw materials or treating agents for other proceSS! 
industries.: The importance of heavy chemicals, therefore; lies in the 
fact: of th?i! · being . essential for other industries like. textiles, sOap; 
rayon, fertilisers, glass, .leather; paper, etc., and their consumption 
depen~ ·on tb~ activi~y of lhose ind·t;IB~ries. Consequently, while the price 
of: basic chemiCals will undoubtedly influence the development of other 
industries, there mw.t be an all~round development of consumer industries 
to enable a sound. Heavy Chemical Industry to be established. The nmm 
Heavy: Chemical<; are, a~ generally understood, sulphuric and other mine
ral acids and ·related· compounds, soda ash, caustic soda and fertilisers; 
b'ut·taking into account 'the new chemicals that have cDme into industrial 
m.e- dl,iring recPnt'years, as a result of'newly developed proce~es, the list 
woulcl include a much larger number. A compreheMive list of Heavy 
Chemical~ is given in Appendix II. Consumption of Heavy Chemicals 
per head of population is an index of the industrial dev~lop_ment of a 
country ·and India's very-·unfawurable position can be readily seen from 
the following figures· in · respect of three important Heavy Chemical!'>, 
-sulpbnrjc arid; soda· ash and- causti-c soda. 

TABLlll I. 

A.nmtal consumption per head of popula.tion. 

Sulphruio acid. Soda ash. Caustic soda. 

Indi~• 
U.K. 
U.S;.A~. 

0·33lb 
44·811> 

113·0lb 

0·6lb 

56·0lb 

.I .. SULPHUR AND ITS COMPOUNDS. 

(a). Sulphuric Acid. 

0·301t 

19·4'10 

3~ There k scarcely an. important industry which is not- dir . 
indirectly dependant to some extent on sulphuric acid one f ~:tly or 
or•derivatives., The-manufacture of ~he acid involves b; far· th :t ~ stalt: 
C'OU8nmption· of elemental and combmed sulphur, From an e glre~ es0~., ana ys1s .1. 
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the main Jines or consumptiop. in the u.s.A. and in India (Table II), it 
is seen that some of the industries which consume sulphuric acid in large 
quantities in other countries have not been: developed in .. India to ·an~ 
appreciable extPnt. In considering the future expansion 9f the industry, 
we have therefore been guided by the possibility 9f establishing new 
consumer Unes or expanding those already existing. 

TABLE II. 
U~S.A. (1940) 

QtY\ (tons). %age. 
India. (1944). 
Qty. (tons). %age. 

Fertilisers . . . !,i06,00C 24·7 20,000" 35·9 
Petroleum refining .• . . . 790,000 13·9 1,611 2·9 
Chemicals . . . 677,900 11·9 21,000 7 ·1 
Coal products. . . 559,800 9·8 
Iron and steel ~46,400 13·1 } Other meia.llurgical. 

3,995 7·1 . .. 398,100 7·0 
Paints and pigments • 354,600 6·2 
Explosives · • , • 108,800 1·9 
Rayon and .cellulose film. . . 292,300 5·2 
Textiles .. , . 77,750 1•4 3,286 5·9 
lliiK:ellaneous 279,900 4·~ 5,868 10·5 

-)>,691,550 100·0 65,760 100·0 
{Figures rclatmg to the U.S.A. are from .Rogers' !ndustr111.I ChcmJstry) 

4. Frnm an· analysis of consumption of sulphuric acid in In&ia 
(Table III); it js seen that although chemicals and fertilisers ta1te up the 
largest proportion of the acid. produced, the quantiti~.s consumed . are 
very small as compared with those used for these purposes in other coun
tries: T.he figures for. fertilisers are particularly significant, beariu(J' ill 
mind the area and population of India. · "" 

TanLl!l .Ill 
Analysis .of consumption of sulphuric acid, i'l1. India (in tons). 

1. Chemicala 

2. :rertilisers • 

3. Metals 

'· Cotwn Textile 

IS. c.c.i.>. (S) • 

8. Mineral Oil 

7. Leather 

8. Battery acid 

g, Dilltillery 

10. Miscellaneous 

11· Rayon Industry 

· · -- target. 

\ 

Present consumption Five-year 

· Pereentage. Qty. 

37. 7 21,000 35,000 

35·9 

7·1 

5·9 

4·0 

.2·9 

1·4 

0·7 

0·6 

3·8 

20,000 

3,995 

3,286 

2,236 

1,611 

'790 

410 

318 

2,114 

55,760 

63,000. 

. 7,000 

5,100 

1,000 

2,000 

1,000 

l,OOO 

1,000 

2,600 

34,000 

152,600 
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5. We are _aware that many industries formerly using su).phuric acid 
are now becoming independent of this chemical in other countries, typi
.cal cases being those of ammonium sulphate, hydrochloric acid, nitric acid 
and superphosphate. Ammonium sulphate is now made at some placeg 
from gypsum, hydrochloric acid directly from hydrogen and chlorine, 
and nitric acid from atmo.spl).eric nitrogen; Although enormous quanti
ties of superpho::;phatc are still made by the use of sulphuric acid, there 
are indications that it may also be made sooner or later by the use of 
electrical energy, eliminating the use. of the acid altogether.· . In- the 
U.S.A.. this process has already been developed and . plants have been 
erected and are wo.rking in the Tcnnesse Valley, but it may take some 
time before we are able to .develop this technically difficult• process in 
India. We understand, however, that one firm in Sou,th India is con
sid~ring the installation ,of a plant. 

6. On the other hand, the use of chemicals like sulpl1ate of alumina, 
alum·· copper sulphate and Epsom salt would increase in the post-war 
peridd. SupE>rphoSphate production will, at least" for some- time to come, 

· consume a large quantity of the acid. Expam;lon in the textile, metallur
gical and paint in<Justries would take up more acid. Rayon and dye.stuff 
industries when l'itarted would be large col~Rntncrs, A 11 1!1ese factors 
have to be taken into acoount in considering the qu~tion of establislling 
this industry on a sound footing. · 

TABLE IV 

Year. Production: Capacity. 

Tons. Tons. 
1937-38 26,755 57,000 

1938-39 25,585 57,000 

1939-40 30,730 57,000 

1940-41 

1941-42 42,909. 57,000 

1942-43 40,646. 57,000 

1943-44 59,000 57,000 

1944 59,000 About 65,000* 

1946 About 77,000 

7. From tl1e figures of production of sulphuric acid in InJia as also· 
!hose ~f caj'lacity during a number of ye~i's (Table IV), it is seen that 
mcludmg·tbe four new contact plants winch h&ve been recently erected 
the total" procluction capacity is 77,000 tons per annum. One uns ti ' 
factory feature of the sulphuric acid industry in India in the pa tal s. 
been that although capacity was as high as 57,000 tons actual· pro ~s t;as· 

nl ' · • ' · CLUe lOll 
was o y about 26,000 toM, becau;se the h1gh priCe of the acid preYented 

*Capacity is probably more, if all the small plants installed during war are t k . 
account. a <n mto 



the consumer~indUEtries from thriving· on. account of foreign competition. 
On ·account ·of the high :freight and insurance charges, the .acid itself 
coilld, not :.ordinarily: be ·:imported 'and· marketed ·in ·India at competitive: 
prices,_ but its salts and other solid pro'ducts derived 'fvom it enjoyed 
favourable sea freight rates 'and having· been manufactured from cheap 
acid ·in. other· countries, competition · was intense in these. The result 
:wasi that ,Indian' factories coUild work only· for short periods and the cost 
of ·production became still higher on •that account. Therefore, in any 
.expansion ·planned, we consider that capacity should be increased cau
tiously .and new !Plants allowed to be installed only after a profitable: 
outlet • for the acid. is assured. 

8. Whatever may be the .development of new.· processes, involving: the 
elimination of the use of .sulphuric acid, .it may be stated, with •!!. fair 
hmount of certainty that the low .cosf,of the acid made. under favourable 
·conditions tends to prevent any sudden or radical change in the economic. 
status of· this important chemical. It· is true· that India's. present capa
eicy· is Slifli,cient for her immediate needs. Newplants are also likely to 
be- insta:l~ed bj some firms. On the other hand, .developments should be: 
·expected· along new lines .. ·About- 410;000-tons of ammonium sulphate .are 
proposed· to be manufactured in . Sindhri, Alwaye and Belagula ; corres
ponding to this, at least'lOO,OOO tons ·of superphosphates would be neces
sary. Although there is difference of ·opinion among some. agricultural 
expe.rts as to the utility of sU(Perph~sphates in certain parts of India, we 
conS'lder that the five-year target for superphosphates should be -100,000 
t0ns -per _year. Provision for the acid required for this quantity of 
superphosphate has been made under " Fertilisers " in Table III. 

Rayon Industry will also require large quantities of acid. ·we under
stand that the ·Rayon Panel has fixed a five-year-target of 60 · tons o£ 
viscose r~yon; per day. This Will requi:e abou.t 99 tons of 60° Be sulp];luric 
acid eqmvalent to 77 tons of 100% ·acid per day or about 28,105 tons per 
year. Auxiliary chemicals for the rayon industry would require about 
6,000 tons of acid per year, making up a total of about ,34~000 tons .for 
this industry. Sulphuric acid will also be required for the manufacture 

. of ammonium sulphate from ammonia obtained during the ·distillation of 
coal. We anticipate that there will be increased· distillation of coal here-
after, sinc~!larger 'quantities of· coke for metallurgical purposes and of 
organic chemicals for the . dyestuffs industry will be required. Provision 
for the extra acid required has been ~de under "Fertilisers" in Table 
III. The acid will also be required in the electrolytic alkali. plants for 
drying ehlorjne, but it is no_t used up and can be utilised .ror the manUfac
ture of saJts, Taking into account the expansion visualised in. the differ
ent acid,consuming industries detailed in . Table III, we consider that 
the five-year-target for sulphuric acid should be 152,60~ tons. per. ·year. 
It is estimated that the. DyestU;ffs In~u.<;tr! may. reqmre ~bout· ,2(},000 
•tons of acid pf different strengths,. which IS not mcluded m the above 
target. 

9. We understand that the Government of lndiahave ~ranted import 
licenses . for one ·35~ton-p~r-~a1 dplantpfor .!he man~tdfacture 

1
o
0
f acid fr

1
om. 

. n to be erect'ed m nta ras resw.ency an one .ton-per-( ay 
gypsmt 1 nt for Bihar. We also und~rstand that the Travancorc .J.i'er
contac P a 
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tiliSers & Chemicals propose to instal a 75~ton-per-day plant for their 
·ammonium'"Sulph'ate"'milliUfact"\lXe. The Travancore firm, would however, 
·consume most of the acid ;in'their own works, only a:bout 3,000 toM being 
available for· sale: ·When> the other two plants ·with a total annual cap a~ 

·city· of 13,500' tons. are· instaJled, ·the ·total produ:ctive capacity 1nclusive 
of :-the quantity available in·- the Travancore plant will. be · 93J500 ·tons. 
\jTh~ balance· required' to· make up the 'target figure will be. 59,100 . tons. 

· 10; ,Appendix-III ·gives the production of ·Sulphuric· acid in Iniliii: in 
. 1944.area-wise,; from which-it-is seen:that the greatest-production was. iil 
. Bihar .and Bengal (many, of the plants produced the acid for their own 
consumption) .. :There :was no .production in the C. P. . 

. li; Before :suggesting location of ·new 'plants, we wish to m~ke certain 
()hServations :""'":"' 
. (i) One important . feature· of sulphuric acid production is that it 

·must be,manufactured ·at or very near the place of consumption. "rhe 
·.host of:' transport even-in steel'diumsi'or tank cars is high in propurtion 
:'to the value ~of. the -~ro_duct .. 

. ·. (ii) Out :of about 41 plants· in India including the four new onE's, 
only 9 are contract plants, the rest ·being chamber plants, many of them 
:old .. and .. inefficient .. Further~ there are about 10-12 plants, each :with a 
. capacity::o£ less than 500 tons which, a,lthough · working at a ·profit· iiow, 
will not be able to withstand competition in normal times, except in those 

,, rare cases where they are situated iii inaccessible places. They will have 
.,t0,T be. scrapped· sC~onel" or later,-· thus reducing the productiYe capacity in 
. the . country· ·1)~' .. al;>out· · 3,000 tons. Further, most of the old chamber 

plants will. La·,.e-to·.be replaced-and in many instances, we understand 
. the owners are already taking steps in this direction. 

. (iii) Since·there ·are .no known deposits of 'element sulphur in In1.ia.-
. the..smaU_.quantity ·available at Koh-i-Sultan has·not proved economical
·we .co11sider ·that immediate: steps should be taken by Government to 
.l,1tilise r the -.enormous quan:tit!es of gypsum available in· the country J 

. for . the· manufacture of· sulphuric acid and for conversion· -into :ouhhur. 
·we would speciaUy.lay· str~s on the latter, becatl!Se ·gypsum deposits 
occur mostly .. in --the P.unjab and Rajputana, where sulphuric, :acid is 
not required in any large quantity. Transport of gypsum to different 
parts of India would involve carriage of five times the weighi; of 

'sulphttr cont.ained in the mineral. In view of -the intricate nature of 
the chemical process· and ·the financial risk involVed, it is possible that 
':Private capital will not be forthcoming to start this 1ndu)Stry. 'rherefore, 
we recommend that Government should immediately instal a ;plant Qf 
proved efficiency ·and soilnd design ·for the manUfacture of 35 tons of 
sulphuric acid and of 12 ton.S ·of sulphur per. day''from gylpsnm cement 
being obtained· as a by-product. Large deposits of gypsum occw in the 
Punjabr.and' Rajpt'Ltana -and we -are of the- opinion that the ·Govtli:':timent 
.experimental-factory-!lhonld·be·Iocated in one of 'the-se two areas in th 
North .. This .<'l-overnment experimental. plant will be mainly for u e 
poses of training technical ·personnel and investigation 'Of the econo P • r
o~ the.-prQce~s. It will also be folllld llSe~'\11 in time of wa:r when :r:h~ 
~1~1. be. cut off. from sulphur sQurces. Smce manufacture of sdphuric 
&e1d and.sulphur from gypsum is not yet a well-standardised nrocess: 
LS30:M:ofJ&S .t" · ' 
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we recommend that the Government of India. should depute Indian. te?h
nologists of eAperience in su;J.phuric acid manuf~ncture and m~ustn~ts 
associated with this industry· to foreign countries to study tge eeonom~cs 
and the technical aspects of the processes in practiice in different countne~ 
and ·on their -recommendation, orders should be 1 )laced for the most eff!· 
cient plant. If it is folmd that sulphu;r can be manufactured by t~1s 
process at a competitive price in comparison witl1 the imported ma.tE'r.Ial, 
more factories can be put up and the country p: 14,de independent of ~
ported sulphur. In this connection, we would Nfer to the South India 
plant for the manufacture of 35 tOllS of· sulph111ric acid per day £:om 
gypsum (vide para 9) and suggest that the entre;preneurs may be adV1s:d 
to take up the manufacture of sulphur in addition to tQ.e acid; the1; 
results would give us valuable data. We also recommend that the poss;
bility of importing Spanish pyrites from whic: h. copper and snlph-.;tno 
acid· can be mannfactmed should be examined. ~~his, if found economical, 
will prove to, be of g_reat benefit as the Indian resou;rces of copper ~re 
slender. We undel'Stand that the Government of\ Bihar have un<!er't 
considel·ation a scheme for starting a spelter industry from imported zinc 
concentrates. We support this scheme which would enable both _:rinc nnd 
sulnhuric acid to be manufactured. 

12. Taking into consideration the small consumption of chemicals in 
different parts of India and the small rayon units proposed to be installed, 
we are ():f the opinion that plants o£ large capacity as in the U.S.-A., U.K. 
or. Germany are not suitabl~ for Indian conditions. .Although small 
umts may pr~ve less eco~o~cal on account of large overhead cha~ges 
and comparahv~ly .l~r~e Imtlal cost, we consider that the saving in 
transport and diStnbution would more than outweigh these advantages. 

13. We a:e of the opin!on t~at 20 to 25:ton-~er-day sulph"il.ric ·acid 
plan~s are s~~table. econor;nc un1ts, but ta1{lng _mto consideration the 
special conditions m ~ndia, we ';t'e~ommen~ that 10-tion,per-day units 
would be the most smtable except m special eases \vhere larO'er units 
would be justi:ffed. On this basis, for the extra productiOn of 5'9 100 tons 
req11.iretl, fifteen. unii;s will b7 necessary in addition to the -Go~ernment 
gypsum-rolphurxc acxd expel'l~ental plant of 10,500 tons capacity. We 
sllggest that of these, plants wxth a total capacity of 30,000 tons may ·be 
located as follows:-

. (i) .Sind: The;~ is .at _present only a :rery small plant which nay 
not surVIve competition I~ the P?st-war period. This province is isolated 
from other parts of India and maccessible and has al<so large tracts of 
land brought under tp:e lplo;ugh as a result of the} Sukkur Barrage. There
fore largely to prov1de acid .for the manufactujre of badly needed phos
phate fertilisers, it seem!!' desirable that a plant of at least 3,000 tQllS 
capacity should be established there. 

(ii) 'Dornba,y : In view of the large developments eontemplated in 
-other ·industries, _it i~ lik?ly ~hat consumption of acid in this. area will go 
up. Therefore, mst:allabon In that area o£ one or two plants producing 
6,000 tons in the aggregate would be desirable. 

(iii) Bihar: For the extra production of ammonium sulphate in coal 
di8tiJ.iation ~lants in Bihar, about 13,000 tons of a·cid wi).I be req}lired. 
Therefore, installation in that area of two,or three plants of 13,000 tons 
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total cg,pacity is necessar.y We also understand that the Government of 
Bihar has approved of a scheme for the manufacturd of 15,000 tous of 
superphosphate which would require 15,000 tons of sulphuric acid. For 
this purpoee, a plant of 15 tons capacity per day would be necessary. 

(iv) 0. P. : There is no manufacture of sulphuric acid in this 
Province, but large developments are contemplated by the Provincial 
Post-war Planning Oommitte.e. A 3,000-ton plant may therefore be 
installed there. This ·will be exclusive of any demand that might arise 
due to the installation of steel plant in this province. 

When the Government experimental plant of capacity 10,500 tons 
per year re~OlJ~.rnende~ in l?ara

1 
~1(iii) and th.e plants r.J.entionefl above 

are all installed, capacity Will be mcreased by 40,500 tone 'Per year. The 
balance of 18,600 tons will have to be allocated after the location of rayon 
plants by the Rayon Panel is decided. 

14. With reference to the General Directive, we wish to make the 
following remarks:-

3 (1-A) Including freight and insurance charges, the cost of each 
of the 10-tou planUI with equipment for producing oleum also, imported 
recently frorg. the U.S.A. was $75,_000 Therefore, the capital goodS 
(to .be imported) requirements for the 15 plants are estimated at about 
$11,25,000 or 37. 5 lakhs of rupees. The cost ·of the Government experi
mental plant is not included in this fi,oure, as we are not able to estimate 
it AppencHx IV ·gives the list of sulphuric acid plant equipment that 
can be manufactured in India. This has not been taken into account in 
the above estimate, as it is not possible at this stage to work out the cost 
of manufact.ure in India. 

3 (2) All the plants except the Government gypsum-sulphur and 
sulphuric acid plant should be permitted to be installed by private in
dustrialists. 

3(3) Vide replies to 3(1-.t\.) and 3(2) 

3 ( 4) Foreign technical experts would be necessary only for the 
Governmental experimental plant. 

3 ( 4-~) Some s~holars proceeding to U.K. and U.S.A. may be direct
ed to sp~ciDlise in this work. In our opinion, the G;overnment experi· 
mental plant will :require three chemists and three engmeers and each of 
the other plants one chemist and one engineer. 

3(5) None. 
3(6) Vide para 13. 
3(7) Go~ernment should have a staff of experts who should pay 

occasional visits to the di:ffex;ent factories on request, at a ft-c if necessary 
This would condu,ce to a general increase o.f efficiency iu lhe industry~ 

Since large quantities of sulphur are purchased annually both fo 
the acid plants and sugar factories, we consider it desirable that th: 
whole q~antity ~hould .be pur~h~ed bY: a single corporation-Govern
ment-a:HleJ. or othe!'W1se.-dehver1es be1ng arranged at su.ch intervall!l 
~s will enable minimum tonnages entitled to Special freig·ht rates to be 
1m ported. 



8 

- we understand. that at present, · most qf the sulphur is imported 
packed in .gunny bags which raises. its cost appreciably. Arrangem~ts 
·should be made. t~ import sulphur .loose;_ facilities should be pronded 
for unloading it in Indian ports and ~or transporting jt in railways. 

These would reault . in cheaper !Sulphur~ 

We: consider that the .present tarifl; 1;ates on .the- acid are sufficient. 

3 (7-A) There is no import duty- on -_sulphur which. is not available 
in India -and there. is a revenue duty of 30 ·per cent. ad. valorem o:n sui. 
'phuric . acid. Therefore, until the- manufacture of sulphur in India· is 
established;.consideration of (7-A) does. not arise. 

3{8.) We·.understand that even at present chamber _plant~ of small 
capacity are being ·erected in different- parts of tne··country without ~ny 
controL We· consider this harmful. to a. he~ thy ,growth of thiS ,tndustry 
and are of the opinion that cha'!llber plants should not ordinarily be allow· 
ed to be installed unless the. ac1d· manufactured is for consumption in the 
'pla~t itself and not for sale . 

.As far as possible~ chamber acid ~hould be :used without further- con
centration for the ,marp~..facture of fertiliSers, contac.t acid .being reserved 
for specialTmes ; exception may be made only in very.. special cases. 

Wherever waste acid is availabl~,- its use for· the mam~fa~ture of 
fertilisers and sulphates should be encgm:aged . 

. Ceiling_ ~rices sh?:uld be .fixed by the Government periodically -{)n. the 
bruns . of a fmr margm of profit . o:ver the -cost o~ .manufact1ll'e This is 
necessary, since' cheap acid is essential £or development-of 'CO~SUffiet' iL~ 
dmfries: .AJtho~gh o~ acco!IDt of its co:rosive .natu,r~ ~nd h.igh -cost of 
transport, the aCid enJoys ~rtual pre:tect~on, ~ohd products such as :salts 
and.dichromates prepa.red.from-sulphlp.'Ic atnd.d.o not pos~;~ess thes~ lid
vantages a~d cannot be developed if they .are not assured of a supP.ly 
o£ cheap a<'Id. 

3(9) To .safeguard the interests- o\£ the -industry; an association of 
SulphU;ric Amd Manufacturers sho:uld be formed. We are not in favour' 
of cartels. 

3 (lO: Vide para 7 
3(11 ~ In ·th~ present stage of development. of the bidnstry,. we dO! 

not think there lS any prospect of export. Whe-n the industry- is well 
established, tbis question will have to be taken up. 

3(12) There is no possibility of a cottage indu.<>try. 

Note.--All t~e :fi~res civen in this section refer· to 100 per cent. 
Sulpb~ri<}• Ac~d 

SUI,.PHATES. 

I (b) (i) Sulpha.te pf Alumina.. Alulll$ .. 

15 Alumino-ferrie! i.e.; . sulJ!hate of alumina with .a s~all quantity 
nf iron nresent as an ~mpunty- IS largely used for pUrification of .watP.l' 

lies and sizing in paper; industry. For nse as. a mordant in .dyeirig 
sn~P rinting of cotton. textiles, s~phate of alumma .free fl:om 1ron is 
an .P d Alun:is "(double salts mth sulphate of alumma) are also used require . 
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in dyeing, paper-malting, tanning and textile industr'ies. The raw ·mate
r~als:requir~d of -alumina_ ~e b!'-ux:ite.·which is available in large .quanti
ties !li India and- sulphuric aCid. The .process of manufactlire is quite 
simple, no elab?rate. plant .being .required. The salt has been prepared 
by'·the sulplmnc acid manufacturers for some years. 

16. P1·csent production is 16,00k11,00Q tons per year, total require;. 
ments being about 20,000-21,000 tons. Takip.g into account the :expan
sion plam1ed in the paper an~ other industries, ~d the el'pected iucreas~ 
ed consumption of, the :chemical in water pUj'rificaHon, we· consider. that. 
a five-year-target of 38,000 tons as sh9wn in -Table V would be suitable. 

Paper industry ' · 
·water purification 
Others 

TABLEJ v. 

Present. Five~y~ar 
consuJllption hrget 

"' .. _om,, 
IO,QOO 
.8,500· 
2,000 

Tons. 
. 20,000dJ 

14,000 
4,000 

20,500 ~8,000 

17. Sine~ the • quantity wanufactured at pre$ent is all consumed 
locally,. there is )no: immediate likelihood of export When; however, 
there: js increased maJiufacture1 the question Qf .export;. will have• to be 
re-examined. This. is one of those ind_w;t:cles for which .the raw materials 
are availabJe _in Indi~ and on this account it d~serves Special encourage
ment. we· recommend-that such protection as will enable it to develop 
13ij;CCeSSfu1Jy shoUld .be giVen to. this' industry, 

(ii) ~agnesium Sulphate (Epsom Salt). 

18. ,'l'hjs _salt .is used e;x:tensively in medicine, in the finishing 9f 
c~iton fabrics for .weighting silk~ paper and. leather and for textile 
dyeing. In idedicine, it is used in the form o~ Epsom salt. Before the 
war,. im'Ports of thjs salt were about 600 tons per annum mostlt from 
Germany where it is obtained :from: thE:~well;;known potash deposits at 
Stassfurt. In India, it was made D!.ostly by treating mag_nesite with 
sulphuric acid, but no.w it is also being recove:red from bitterns: The 
total.Indian; pro~uctionds estimated: at .about 3,500. 4i000 tons•and can 
be increased; if "t.equired, without any special difficulty We do not 
consider any special efforts necessary. 

(iii) Iron .Sulphate (Greenrcopp~ras) 

19. Green copperas is hydrated ferrous S1Jilphate used largely for 
the manufac.~ure of ink and in t):Le paint· industry It is obtained by 
dfssolving scrap J.ron. in sulphuric acid. As .a matter of fact, larg~ -quan. 
tities are oh~ained as a by-product. in the_ 'Pickling industry •. in the steel 
plant~.. The pJ:esent production of apout 2,000 tons 'Per annum is more 
than sufficient and can be increased, if necessary. No action· is required 
in this case. 
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(iv) Copper Sulphate. 

20. Copper sulphate is used. principally as a :Dungicide, the chief 
purchasers being coffee, tea and rubber estates and the Department of 
Agriculture. It is made from scrap copper and sulphuric acid, imp.ortt5 
into India have been about 1,800-1,900 tons per annum, agriculture 
ta1;.inD- up 80 per cent. of the material. .Defence requirements were 2,000 
tons for rot-proofing of bags, but this demand is fast disappearing. 
Estimated Indian production per annU)m. is about 900 tons. Although 
coppet' sulphate is an hnportant chemical required in agriculture for 
destructio~ of pests, we consider that tb.e slender copper resourc(ls of 
India should not be used fqr the manl¥acture of copper sulphate, but 
ahould be utilised for more important purpoSes. The possibility of 
manufacturing copper sulphate from imported copper pyrites may be 
examined. La1·ge qwmtities of copper sulphate would, however, be 
necessary for use in agriculture and this demand is expected to increase. 
with greater applicability of scientific methods · of control. Since this 
will be for the benefit of the ryot, we recommend· that the copper sul
phate imported for agricultural purposes should be free of duty. 

(v) Sodium Sulphate. 

21. Sodium sulphate is. employed in the manufacture of wood pulp 
and glass, and in the textile ind~try as an auxilia:ry in the dyein<Y' of 
cotton and woo). Purified and crystallised, it is known fl.S Glauber's ~ ... lt 
Na2, S04, lOH20 and is used in medicine in large quantities. Pre-wa; 
consump·tion .of ~dium. sulphate which 'is obtained as a by-p~OI~u~tl 
(salt-cake) in the manufacture of hydrochloric acid was about 3,000-
4,000 tons. Production used to be about 2,000 tons and imports abnut 
1 700 tons. Recently, large deposits of the salt have been discovered in 
th-e Didwana Salt Range in Jodhpur. We do not therefore consider 
that any special efforts for manufacture are necessary and do not suggest 
any target. 

OTHER SULPHUR COMPOUNDS. 

(c) (i) Sodium Sulphide. 
22. Sodium sulnhide is lllSed as a depilatory in the tanning industry 

for ((ehairing hides, in textiles as a developer of sulphur dyes, as a cau. 
sticising agent in paper industry and to a small extent in photography. 
Pre-war imports were about 2,000-3,000 tons, there being no manufac
ture in India. We understand small quantiti.es are .now being manu
factured Textiles, leather, paper and other 1~dustr~es constrme about 
3 700 tons of this chemical. TWring into consideration the expansion 
Ianned for in these in.dustries durin'? the next .five _rears, we expt>ct 

p larger consumption of sodium sulphide as detailed m Table VI and 
8 f recommend a five-year-target of 7,000 tons per year. 
there ore 
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I.BLE VI. 

Present Five-year tar· 
consumption. get of PJ.'O· 

duction., 

Tons. Tons. 

Textiles • 2,500 4,500 

Leather . 500 1,000 

Soda ash plants 600 1,250 

Paper 100 250 

About 3,700 7,000 
-----· 

23. We understand that the Jodhpur State has undertaken the 
manufacture of this chemical. We have no doubt that the State 
l'.Uthorities are fully alive t.o the importance of making arra,ngements fur 
the production of all the sodium sulphide required in India, within a 
reasonable time and making it available to . the consu,mers at reasonable 
prices. If, however, this sch~me does not become successful within a 
period of one year, the Government of India should make other arrange
ments. We also recommend that . at the same time alternative sourceS 
should be developed. •Sodium sulphate is obtained as a by-product in 
dichromate and hydrochloric acid plants and tlte management of these 
factories should be encouraged to manufacture sodium- sulphide by the 
gran:t c:·f special concessions. 

(c) (ii-) Sodium Sulphite . 

. 24. :S·odium s~lphite is employed in India mainly in photography 
and to a small extent in some industries. Pre-war imports were 100 tons 
per year. Pre~ent pr6duction is adequate and we· do not consider any 
special st€ps necessary. 

(iii) Sodium Thiosulphate. (Hypo). 

25. The pre-war r~quirements of sodium thiosulphate which is used 
chiefly in photography (80 per cent.) and to a small ext~nt for leather 
(20 per .cent.), were of the order of 500 tons. There was no manufac
ture in India before the war. But now, produ,ction hag been started by 
a. number of firms, plants of 300--500 tcms capacity having been put up 
recently. lt is expected that local manufacture will cover the require
ments; we, however, consider that this infant industry should ·be pro
tl'cted. 

(iv) Sodium Hydrosulpbite (Hydros). 

26. Sodium hydrosulphite is an important chemical used in th 
textile and E>ugar industries. Pre-war requirements were about 1 60~ 
tons per annum, 80 }ler cent. of which was U.S~d in dyeing, 15 per ~ent 
for sugar manufacture and 5 per cent. for miscellaneous tpurposes. We 
suggest a five-year-target <>f 2,500-3,000 tons. W.e understand that the 



manufacture of this salt hilS· ·not•-been' taken .up in India, cheap zinc and 
sulphUl'e dio.xide being necessary for its economical production. We. 

.:rrel!ommend that. investigations which are being carried out by the 
Council; of Scientific and industrial Research on the possibility of deve
loping' alternative_ processes _utilisj!lg Indian raw materials should be 
-eontinued. . 

II: ALKALI INDUSTRIES. 

27. One Qf the mo.st important· operations ill Chemical Industry is 
the manufachJ.re of alkali, ·which is essential for the manufacture· o£ 
many of the goods in ~veryday use. Gla8s, s_9ap, . paper an<! textiles are 
all alkali products, while vegetable ghee, leather disinfectants, dyes and 
numerous other industries require alkali for tJ!.ei~ ·manufacture; Chlorme, 
one of the products of the caustic alkali industry is essential for water. 
purification, in the paper and textile industries and for manufacture- or 
chlorinated solvents, medicinal. preparations and. dves. · . 
(a) Common- Salt. 
~ · 28. Common salt is the most important ·raw material- of· the alkali 

iridustry, :finding us¢ directly as such in LeBlanc · ammonia-soda· electro
lytic caustic; glass, •leather,• soap;· textile; paper, ·' ceramic . eua~el and 
o.the:i':in~listries.; Ikis also· a '.preservative and is: used' in :fiah-euring, 
·m~at-packing,·. dairying .. and · otp.er indU{:ltries. · ·It is. the · preponderant 
mmeral • constituent:: of sea water -and also· of the deposits which have 

::resulted :from •_.the; desiccation • of· ancient Jakes and seas. ·· Salt is· chiefly 
used . in ~Ind~a for edi~le purp~ses;J'its: us.e in i~dustries being, ver.Y small 
·compar.ed ·Wlth that· m ·other: ·mdustr1al ·co-qntr1es. But hereafter· when 
in~ustrial development takes place. the consumption<o.f sait'Win naturally 
go up enormously !lnd it will be necessary to·,provide _for this. increase • 

. The total consu:mption. of salt in India is about 2~25 million tons ·0r which 
7Heavy · Chemical· Industries. recently. ·established.: are' estimated. to con
sumoJabout. 225,000 tons;, but with the develo:pment :of new industries 

:this, may·, be expected to :increase to.· half-a-rirllli.on: tons .easily, . 

· 29. Co!-ilplai~ts ~ave been re~E:ived ~hat ~a!t ~s abnormally expen-
sive, especially m Bengal, resultihg -thereby m·-higher•. cost :of. alkali, 

. which, in. turn, affects . the cost of manufacWre of other products. .A.s 

. regards purity, although· the ·salt available at present is suitable .for most 
·p'Qrposes, -its pm:ity is not siJ.ffic~ently high. for. use in the alkali industry, 
·as can be seen· from the analysis of tha d1frerent. types ,of salt ~manufac-
tured ·hi -Indh.! .and of. that used. in: the .U~S.A. for .alkali industries (Ap

-pendix 1V). · ;We·!l~e; 'theref~re, of .the _opinion that in order ~o "establish 
8 fiUCcessful alkalundustry I.n.India, pure salt .must be ~upplied at cost 
price. Because :Of the necessity of transport over long d1stan;es be~ween 
the factories ~nd the centres of sa~t ma~ufacture, s~ecml ra1lway 
!rei ht conce.ssJOns are also necessary .. In •blew .of ·the .Importance· of 
this g subject, the C~ntral. Board. o~ Re.ven1.1e a:rangep, at our req~e&t, 
for Mr. Jl. A:·c.:'Gil.l, .Collector o~ Central Jhmse and J?r. S. ~- ~~yar, 
·Ch' t "Cbe:mist;''.Cep.t.ral ,Board ·of ne:ven,ue; to ,meet ·,the· :r~nel_ m order. 
',1el .... 1 : -orne points·.about the·manufacture··and· supply of common· salt 

·to c ar1 y s · · · · 
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to chemical industries. We give below the points clarified rus a result 
of discuE>Sion :-

(i) It was suggested that the C.B.R. should permit manufac
turers of. common: salt to use such methods of· >puTification as would 
make the salt suitable for use directfy in their industries. The 
officers .did not anticipate any trouble in permitting this to be done. 

(ii) The .Panel wanted that the C.B.R. should supply pure salt 
to. all industries. 'l'he l'epresentatives said that conditions varied 
in diiierent places, the source being rock salt in some places and 
brine in the other~. It 1,VOUld be, therefore; difficult to lay down a 
l.i.lliform policy for all places. 

(iii) A request was made that owners of salt pans w;I10 manufac
tured salt for industries should be· permitted to remove small quan
titi~s of brine for purposes of experiment after paying duty if nect!s
sary. :Mr. Gill said the1•e was no objection to it. 

(iv) The Panel was of the opinion that by-products of bitterns 
sl10ulu be perniitted to be recovered. 'l'he reply was that this was 
permitted and even encouraged. 

(v) The Panel desired that the use of brine for recovery of salt 
should be permitted all the year round. It was stated in r~ply 
that in a few places, clima~ic conditions were against working of: 
salt 1ians all the year rou;nd; otherwise, no objection coul<l be seen. 

(vi) The Panel was keen that the price of salt should be reduced 
by improved metl10ds of manufacture. It was stated in reply that 
although just at present, due to increased cost of manufacture, the 
price of salt was a little higher. than usual, normal price was as .low 
as cost of manufacture permitted. At the salt sourc~s controlled 
by the Go\ernment of India, salt was sold at cost price and all possi
ble methods were being applied to prodtljce the salt at the lowest 
possible cost. (We understand, ho:wever, from .Messrs. Imperial 
Chemical Industries that while salt was being supplied to their 
Rishxa plant at Rs. '75 per 100 "mds. in 1940, the present price is 
R"'. 400 ior many of the consignments. This would seem to require 
examination in view of, the statement made by the Collector of Cen
tral Excise). rrhe question of introducing illJ.proved methods in 
privately owned salt works was outside the scope of the Central 
Excise Department; but if individual manufacturers could reduce 
the price still fu1·ther by improved methods, there would, of course, 
be no objection from the point of view of the Government Salt 
'V'orks. 

(vii) It was suggested that salt dust should be given free of 
charge or at least at the same uniform rate to all industries. Salt 
dnst, it was stated, was being issued at the same uniform rate to 
all mdustr~es, except that under the terms of a contract entered 
into with the Alkali & Chemical Corporation of India the warte 
salt of Khewra Mine, which includes salt dust arid marl, to which 
,they were entitled under th~ir agree1nent. "\vas being issued to their 
Khe"l\'ra factory at a special fixed rate. Limited quantities ~f 
dust sal~ fr~m War~ha mine and of crushe~ salt !rom Khewra mine 
wcrc .. .l1e1nl! Is&ued, lt was stated, to other 1ndustrm1 con~erns to the 
extent available. 

L830Mofl&S 
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{b) Lime. 
0 '-'1 k · · t't" fo preparation OJ: 3 ,;::) ac ed lime is used in enormous qua~ 1 1es :s in a large 

mortar and to a small extent in the l;Ugar mdnstry and . Jt. is 
variety of chemical operati<ms being the cheapest .form of alka1;1· tin,.,. 
an esse~ntill:l raw material fo; causticising soda as~ and for li~~ra a ted 
ammorua _fro~ ammonium. salts as in the soda ash mdustry. . E_stn.n.tons. 
consumptiOn .11:1 chemical industries in India is abou.t ha~-a-~mLh~n are 
Large quantities of limestone sufficiently pure for us~ ln llld~stry vail
stated to be a~'ailable at a number of centres, b;rt the mf:ormatlon :is of 
a.ble (Appe~!li,x VI) seems to be insufficient, smc~ chemical analY.bilitY 
hme:stone will ~ot itself give an indication of .~t~ easy c.ouvertl utial 
to lrme b~. b:urmng in the kiln. we consi~er th1_s_mform~t10n. es:tries 
for the locahon and successful working of 1mportant chemiCal 1nd . te 
dep_(;lnding one lime and recomm~nd that the C.S.l.R. should in~estiga. 
the .burning qualiti~s of the different sa;nple~ of limestone. available ak 
India, m collaboration with the Geolog~cal :Survey or India. Yl, e of 
a;lso of the opinion that complete -information ab~ut the quant1t1es ted 
limestone available, uniformity of ..,.rade and analysis should be colle~ 1 and made available to the indust;ialists. It is essential that cP,emlC~ 
industries should. be able to obta1n lime of guaranteed quality for t~el~ 
use. Although hme of ..,.00u qu,ality is produced in soda ash plants, . 
is c?nsumed in th_e plants themselves. At present there is uo vlant. 1~ 
!nd1a ~anufactu:mg lime by modern pr~cesses. for .supply to _chemica 
mdnstnes, especially to the sugar factones, where It Is essential. We 
are, therefore, of the opinion that Provincial Governments should en
eourage the illstallation of modern lime kilns suitable for burning the 
limestone &vailab1e in the province to supply high grade lime to the 
sugal' anJ other chemical industries. 
(c) Soda Ash. 

31 Soda ash is one of the most extensively used chemicals in the 
world, glass industry alone consu'ming a fourth of the productiOn 
World production in 1941 by the chemical process ·w~ about· (j million 
tons. Large. deposits of this chemical al<>o occur in different parts of 
the world, ~It Mexico Persia Southern Russia, California anu the 
.1\Iagadi lake in British East Af;ica. An analysis of consumption of soda 
ash in the U.S.A, in 1940 is as follows:-

Glass 
Soap • · • 
Caust-ic and bicarbonate • 
Other chemicals . • 
Cleaners and modified sodas 
Pulp and paper_ 
Water softeners 
petroleum refining 
Textiles · : 
Ex:ports • 
}iisceHaneor\1! 

1rABLE VII. 

Tons. 
807,000 
163,1)00 
700,000 
634,000 
121,001) 
!}9,000 
zn,ooo 
11,000 
40,000 
·54,QDO 
16:3,000 ---

. 2,823,000 

(RogQr's Industrial Chemistry). 
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In IncUa, about 107,500 'tons of soda a.Sh were consumed in 1944, .':ls 
detailed below :-

Glass 
.Papers 
Textiles 
n;n'h. ... ,... ..... a<f._oa 
~J.VJ. .. &VLI-&UI\IVQ 

Sodium Silicate 
Ordnance factories . 

TABr..E VIII. 

Misc. Chemical industries • . • • 
Washing and cleaning • • • • 
For manUfacture of 57,000 tons of caustic soda 

. ·-----------. ....::::... 
Present Five year 

consumption. target. 

Tons. 
25,000 
12,000 
9,000 
5,000 
3,500 
3,000. 
2,000 

48,000 

107,500 

Tons. 
50,000 
24.000 
12;500 
5,000 
3,500 
3,000 
4,000 

70,000 
95,000 

267,000 

(or about 
270,000 tons). 

32: 'rhere are three soda ash plants in India at present, but although 
their capacity has been of the order of 74,000 tons pe-r annum (Table 
IX)~ actual production· has been only about a half of it. 

Dhra.nga.dhra Chemical Works 
Tata. Chemicals, Mithapur 
I.C.I. Plant at Khewra. 

TABLE IX. 
Tons. 

18,000 
36,000 
20,000 

74,000 

.As we have stated before soda ~.sh is essential for g-lass, paper and 
other indu:>tiJes• which have all been established in India and are; .ex
pectPd to e~pa1:d iu the post-war pctri.od. As det'ailed in Table VIII, 
taking into account the expansion of these and other soda-ash-consum
~ng industries during the next five years planned by the respective 
pa:l1f~i's. we :ne of the opinion that a :fiye-y•ear-targt>t of 270,000 tons 
sl10uld hP. aimerl nt.. This targ'et includes the. soda ash required for 
manufactm•ingo 57.000 tons of caustic soda by the caustic;sing poroce;s..<> 
(para 50). If we assume that the present c.apacity will be translated 
into production soon, the balance of productive capacity to achieve the 
target will be 196,000 tons. 

33. WP. understand that one of the present plants is planninO' ~:x: 
pansi?n from a production of 18,000 tons to 24,000-30:000 ton,; per 
year an<} tlv'lt the Government of India have granted an Import licence 
to a firm. in 1\Iadras .Preside1ncy for one ~l~nt of capacity 15,000 tons 
per _,Yea~ m the first 1nstance, to he later t'alsPd to RO,OOO tons. E:x.tr:\ 
pr~c~u~tron to be arranged for would, therefore, ibe about 160,000 tom. 
Tlns Js. an mdustry which has been establish!ed in other countHes 01~ 
the bas1s of plants. ~f lm>:g~ . capacity-about 70,000-~00,000 tons per 
annu'm. For Ind1:an conditions this scale of ope.'rabon may not be 
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pl·acticab~e:. We consid.tt' however that pi:ants of fai.rly large capa
c-ity are necessary and reco~end th~t four units, two of 50,000 tons each 
and t\vo of '10,000 tons each be installed. 

Locatiorl.--Without a detailed ex,ami,)lation of all the conditions 
necessary for the proper location· of a soda ash plant, it is difficult M 
~;uggest exact locations for the ~our plants mentioned above. Each ton 
of soda ash requires for its manufacture 1.7-l.S tons of salt, 1.3-1..5 
tons o:f limestone, 0.1-o.n ton of coke and 0.7-1.05 tons of coal J.!l 
addition to r,mall quantities of ammonia. Further plenty of water lY 

required-2,000-2,500 Cft. i.e., a:bout 12,25(}-15.500 gollons per ton. of 
soda ash. Punjab is the only Province wh~re almost all tlie ra~v matenals 
are avaiLable, but there is already a plant :..vor'klimg there. Sind has 'both 
salt and lime~tone.; coat and coke will have to be transported. Bihar h~s 
limestone, coal ana coke : salt will have to be transported. South Iudra 
near one (Jf the sea coast towns has both limestone and salt : coal and 
coke will ha-r.e to be transported. The Central P·rovinces have both 
.Limt>stone and coal ; salt and coke. will have to be transported. There~ 
fore, it is seen cthat aD. the raw materials are not available in any part of 
India except in the Punjab. Taking all the factors into consideration, 
we recommend tl1at the .four· soda ash plants be located as follows:-· 

(i:) One. 50,000-ton 'Plant.-In Sind, as near to Karachi as possi
ble, where both lime:stone and salt are available. Coal and coke 
will hav£ to be taken by sea from Bihar via Calcutta. 

(ii) One 50,000-ton plant.-In Bihar, ne:ar Shahalbad where lime~ 
stone cf good quality is available. Salt will have to be taken from 
the Pnnjab salt mines or from S'ambhar lake4. Attempts should a!so 
be m~'de to manufacture the nec.essary amount of s8.lt-about 
85,000 tons per year from llea water at the nearest coastal town. 
Coa,i and coke are available and ammonia a1foo will be available in 
the new Sindhri plant. 

(iii): OnPI 30,000-ton pumt.-In South India, near one of t'he sea. 
coast towns. Lime will have to be made from shells. Coal and 
rcl~e can be transported from Bihar yia Calcutta. 

(iv) One 30,000-ton plant;-ln the Central Provinces. 
The ayailability of water .and :aw materia~ ~ear the selected site 

h~s to be e:lqamined in consultatro:q wrth the Provincial Governments. 

It may be mentioned that the consumption of soda e.sh in the ·differ
ent parts ci India is as follows :-

-······· 
1939-40 1943-44 

B'h Up inolnding Delhi, 
Calcutta Zone (Bengal, Assam, ... 1 ar, · · · · 

orissa and a part of C. P-C.) . t I India· psrt of C.P. andJRaj-
Bombay Zone (Bombay en .ra ' 

putana) • M e and other South Indian Statel'l 
1\fa<'h·as Zone (MArti'IIB, ysor 

a,nd a ya~ of I_JydeBrablnd~. tan. Punjab and N.W.F.P.) 
J{arach1 Zone (Smd, a uc IB • . 

Total 

Tons. Tons. 

46,579 30,031 

16,895 30,627 

7,830 6,57 
14,039 8,89 

85,343 76,128 
----~---

-------------------------



17 

, 34. S.~al! quantities. of the chemical now being collected from the 
heh ~epmuts lll: Cutch, S~nd, ~he U. P., Bihar and· the C. P., have not 
be.o.1 mcluded m the ;pr?rluctwn :figure given ~ Table IX. But this 
WO!"k has not ibee.n organiSed properly and an :fuportan,t source of soda 
ash is thus not being utilised. We recommend that the Governments of 
tl1e abo\"d-me.ntioned pro~inces should organise this collection J;roperly 
on a I!C.•ttage mdustry basis and thus utilise the resources of the country. 
Soda ush c.ollected in this manner may not be sufficiently pure for chemi
cal mdusti·ics, but it will be useful for domestic purposes. 

35. With regn~d to the soda ash industry we make the following 
recomme11da.tions With reference to the points in the General Directive 
to IndliStrial Panels :-

3(1-.A.) Taking into consideration the present abnormal conditionii 
as reg-ard'l pJ.·ice and availability of pi'ants, we al'e not in a po.sition 
to g·ive the estimated requirements of capital goods in this case with 
any accuracy. The late Jvir. Kapilram Vakil was of tha opinion 
that the pre-war cost of a soda ash plant worked out to Rs. 1,10,000 
per ton per day, and on this basis the pre-war price for r~Iants of 
total production capacity, 1,60,000 tons p~ year or about 530 tons 
per day would be nearly Rs-. 6 cror.e13. The present· cost would 
probably lb:e more. 

S(2 & 3) We consider this industry, essentiai by i-t~\'lf and for 
the :inanufa~ture of produc.ts in daiiy use. The manufacture of 
extra produetian rNJnired to aG}lieve the target ~hould b.e ~rran~ed 
ror by Government O;\mership entirely· or partly Ill- assoc~tlon With 
private capital 

3 (4 & 4A) For this industry, we consider that te~hnical ~dvice 
fronJ abroad is necessary. Indian chemists and clieiUical en,~Pllieers 
st·ould however, be trained as eiarly as poss,~ble to tak.e up positions 
o~ rr~'>ponsibility. We would suggest, in this tJonnecti?n,. t~at .aomt 
(.-o·;ernment scholars. who are being sent abroad ~or trammg may 
be asked. to snecialise in this industry W~· consider 12 ~'hemical 
engineers in ali would be sufficient! 

3 (7) This industry requires ,protection, . either l.righ~r duty or 
suhc;idy. but only to such an extent as w1ll not pe~ahse the COl;L

smaing industries. 

8 (7-A)\ noes not. applY. 
3(9) The chemical ·should be made a-vailable to the consumer at 

a r~asonabla price. 
3 ( 9) No associatimi or cartel is 11 eces10a l'Y. 

3(10) We cons:der that the plants s1wuld be irultalled 11s soon 
f! sur;vey of th€ proposed sitesf,is completed a.'!' 

3(11) We do not con<;ider that there is any lik~lihood of e. 
at lenst for the p'resent. · · · ~w~:rt, 

2(1~) 'There i&: no possib.i.Jity of a cot.tagr.r industry, exee:pt· th 
oollectwn from alkal'ine earth deposits ref.erred to in para ~4 . e 
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(~) (i) Sodium Bicarbonate. 

36. The use of sodium bicarbonate is chie,Hy in medicinal prepartions. 
food ma:terials and fire-extinguishers. It also serv.c,s as a source of 
carbon dioxide in baking powders and in artificial mineral waters. India 
consumes about 6,000-6,500 tons per ~Mum, present production being 
uuly about 1,500 tons. A.s this chemical depends on soda-ash for its 
manufactur.e~ it would be comparatively ea,sy to develop it when soda· 
ash production is increased. We do not consider it necessary to make 
any special recommendation. 

(ii) SodilllD. Silicate. 

37. Sodium silicate, is empyoyed in the lining of casks, weighting of 
silk and in the manufacture of soaps of cheaper quality. It is a·iso 
employed as an adhesive either alone or with cement materials in the 
making of concrete su'i'faces. The manufacture is fairly si~ple, the 
chemical being pro·duced when soda-ash and clean sand are, heated in a 
special furnace. It is difficult to estimate the production of sodium 
Bilicate in India, as manufacture is .carried on by small firms all over 
-~he country. The only indicator is th.e quantity of soda-ash i~sued for 
the purpose which, in 1943 was 3.500 tons. The preparation is com
paratively easy and a number of man1ifacturers have tak~n it up ; but 
modern methods are not used and the quab:ty of the product is not good. 
We consrder !ha;t improV.E'jllle~.ts must. be effected in both these :respects. 
Success of th'Is mdustry would. however. depend on the p·riee of soda
ash. 

(iil.) Cyanides and Ferro-Cyanides. 

38. Sodium cyanide in the presence of oxygen diSS{)lves almost all 
metals except lead and platinum and this property b made use of in the 
extraction of gold and silver from their ores. It is a] so u~ed in case
hardening of steel and in electro-planting. Calcium cyanide is used in 
fumigation since it is easily hydrolysed by water evQlving h:vdro"'en 
eyanide posse--sing lethal properties. Ferro-cyanides are used jn ~d
mi~ure~ with other products like starch etc. for the manufActure of 
commercial blues. In India, sodium cyanid.e is used chiefly in Kolar 
Gold Fields, Myso're State. for the extr~wbon of gold. avera~e con
.sumution per year being about 200 tons valued at Rs. 2.!) l~khs Since 
the quantity required js not very large and there is oni'y one large con
sumer,_ we do not consider it necessary to recommend an:v 'lteps to manu
facture this product immediately. 

(e) Caustic Soda, Caustic Potash and Chlorine. 

39. Caustic soda i,.q Oll.P the most important he~vy chemicals, its 
· • al usps being jn the rayon, soaP, paper, mercer1zerl cotton, explo

rpncipd ~ ~s veO'etable ojls chemica] and other industries. From SIV6S, ye.P.tUH., :r- · · ' 
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r:uhlisihed da.ta, we find that a quantity 0be~rly a million tons was. 
produced in 1940 iu the Unite.d States and ~S8ed of as showu below :-

Soap • 
Chemicals • 
Petroleum refining • 

-Rayon and cellulose film 
Lye 
Textiles . 
Rubber reclaiming 
Vegetable oils •. 
Pulp and paper 
Exports 
Miscellaneous uses 

TABLE X, 

Tons, 

. 85,000 
196,000 
79,000 

205,000 
42,500 
42,500 
18,000 
14,000 
47,000 
93,000 

l/)5,000 

977,000 

40. In Iiltlia, manufacttm~ has been d~b~~ed only to a small c:;:
tent but cowmtnption :is appr.e,Ciable and ~k!Jly to increase hereafter. 
ou· the bm;ie of unre&tricted oif-take of the ~ling consumer in.dustl1cs, 
about 54,ooo tons of caustic soda are re~d annually. 

TABLE· XI. 

·-----------·~--=~~ 

Soap 
Textiles • 
Paper · . • • · ·: 
Miscellaneous including oil-rcfiiUng, vege-

table ghee etc. . • · ·. · 
For the manufacture of 60 tons of VIscose 

rayon per day 

Present ::S'?imption. 

%•go.j Quantity. 

Tons.· 
23,500 
15,400 
9,000 

.'1( 6,000 

Affi )U 54,000 

-- -----

Fh·e-ycar 
.tr•rget. 

TouR. 
52,0(}{l 
21,000 
18,000 

12,000 

. 30,000 
---~ 

'133,000 

41. The present Indian capacity forpdnufacture is 12,600 ton.s: 
per annum, and with the three el:ctrol~~Plants which are expected 
from the U.S. A., productive capacity Wlllo&!p to 17,600 ton:s ; manu
facture will still be largely short ·0~ CONfu.ption. No ~ountry e:m 
afford to depend on i~po-.rt~: of ~IS e~~~ial chenri,caL ·Cbnsumell" 
industriE"S are well established m Jndta an<&,ft. be easily devel d . • 

· · · · t' ·1 I t t' ope · we therefore consider 1t e.'isen 1a t 1a · caus 1c d d t' . 
, so a pro uc Ion 1u India 

6houlcl be stepped up as early as po&~:~ible. · 

42. Both the methods of manufacture, ele(;ttoly;'Sis of bric.e and 
r.aust}cising of soda ash arP, heing used more or laB! to an equ:al extent 
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m other eol.intries, although there is a generaJ tei~dency to change o~'e.I 
gradually to the electroi;yti~ process as can be seen from the .fulllowlllg 
table of productiQn in tthe U:.S.;A..,.:-

1921 

1925 

1929 

1933 

1937 

1939 

1940 

TABL~ XII. 

---- -···----------------
Lime-Soda. 

Tons 

146,000 

. I 318,000 I 

469,000 

392,000 

436,000 

474,000 

·446,000 

Electrolytic. I '.fotal-
I ___ 

Tons Tons 

6'1,400 213,400 

126,320 •i44,000 

217,000 1686,000 

221,000 1 613,00~ 

429,000 :sus,ooo 

441,000 iH5,000 

531,000 077,000 

(Roger's Industrial Chemistr,·l 

Electrolytic Alkali. 

43. Capacity to utilise chlorine obtained in an almost equal q\1.antity 
SGts a limit to the adoption of the electrolytic process. In the U. s ,.A.., 
new lL'3es of chlorine have bee;n ·developed because of the urgent ne~ed fo•: 
finding fresh outlets :for the large quantity of chlorine produced :in the 
electrolytic caustic industry. These new uses have been devE~loped 
to such an extent that now there· is actua.l.ly a move towards chlorine with
out alkali. The precentage consumption o£ the large quantities of chlo
rine produced hi the U.S. A., is as follows :-

Pulp bleaching. 
Chlorination products 
Disinfectants and sanitatio11 
Textiles • 
!fiscellaneolis uses • 

TADLE XIII. 

% 
21 
60 

6 
5 
8 

44. The prospect of our dev.elopu1g all these lines· in India. imme
diately d012s not look promosing·, al~hot~gh t~e nee.d is there. To take 
one instance 211 per cent. of chlorme prod'Uced 1n U.S. A. or aboo.t 
SO,OOO tons ~ere used for ·bleaching pulp, a ·~nbstantia.l portion. of which 
was ~used for ·paper manufacture. PopulatiOn of India is three times 
that of the U.S.~. and when universal compUlsory educatiQn is intro
rjuced, as has been visualis~d, t~e dema~d for paper will be enormous 
;~JJ((} lwe e,Stimate that India will. req~re more than 100,000 tons of 
chloriner for bleaching~ pulp. Th1s wilL, howeve;r:, form a long-te'rnl 
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programJ[Ue, the question ·be~ng bound up with the educational policy o£ 
the Government and_ expansion programme of the paper industry. For 
the present, we understand that the Paper Panel has fixed a five-year
t~rget of double the· present production o~ 62?000 tons of white paper per 
annum, To revert to Tablet XIII, chlormatwn products include a large 
variety of chemi~als. Carbon tetrachlo~ide, chlorinat€d, napthal(:mes, 
chloroform, refngerants and hypochl01'ltes con~ume large quantities ; 
txtraction of bromine from sea: water and chlorinated rubber are res
ponsible for a good orr-take. '.Preatment of drinking water of sewa"'e 
and effluents from industrial plants, and of water i:n swi~ing p~S 
uses up 6 per cent. If electrolytic caustic industry is to •be developed 
m India, proper disposal of chlorine is essential. This problem is im
portant from two aspect~the higher cost of caus-tic due to non-utilisation 
of chlorine and what is equally serious, the disposal of the poisonous ga.s 
produced. 

45. We consider that in addition to pulp manufacture, which w!Jl 
be the obvious large outlet tfor chlorine, the most promisi!ng lines are 
manufacture of DDT and hexachlorocyclohexane (benzeille hexachloride ; 
666) the two most valuable insecticides. 0 In a country where malaria 
takes its heavy annual toll and there is enormous damage to crops by 

-insects pests, the importance of these two chemicals cannot be over
emphasized. In the· absence of de-.finite programmes of the Department$ 
of· Public Health and of Agriculture, it is difficult to estimate the 
possible annual requi-rements. We und.e:rstand from the Public Health 
Commissioner to the Government of India that while he; finds it difficult 
to forecast the proba;ble reqtiirements of DDT and 666 with .any degree 
of accuracy for the neXJt five years due to the results of large scale field 
controls not being ready, he does not consider that the av-eTage demand 
over the next five years is Iike:Iy fo! exce-ed 5,000 tons per yea;r for ani.
malaria purpose only. This was clarified by the Deputy Public Health 
t;ommissioner in a discussion with the Panel. With the present grants 
and on th.Ct cost of DDT, which is, exclusive of the solvents and cost o£ 
preparation of the final spray, about Rs. 9,000 per ton, we unders,tood 
that more than 5 000 tons could not possibly be used. We consider 
this price of DDT' very high. While its pubUshed price: in England is 
4 shillings per lb. it is only 26 cents or about 15 ann as to 1 rupee in the 
,U. s;. A. 'T;heref9re, if the material can be

1 
had at a . l?wer price, it 

should· be possible to use more of it. The army authorities seem to be 
~f the opinion that the dosage to be aimed at should be __ 2. 4 ounces of 
l)DT per acre. About three applications per season would be necessary 
and this would have to be done over large areas. The estimate of the 
Public Health Conimi.ssioner does not' ~eeni to include the whole Of India. 
Further, agricultural uses and othet: civilian uses such as sprayiw,. in 
homes to .kill mosquitos, £lies, etc., have to b~ ~a:ken into account. Taking 
all these nito consideration; we are of the op1mon that an evenJtual annual 
target of 30,000 tons in all of DDT and 666 should be ai-med at. 

(.a) 30,000 tons of DDT woui'd require abou,t. 75,000 tons .oi: 
~hlorine for its manufacture. The complicating factor. however 
lS the disposal of large quantities of liydrochloric add obtained a~ 

Lq30Mofi&s 
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a by-product. In addition to the acid produced in the· .manuf~c~ 
ture of chlorohe.nzene and chloral, . the two compone;p.ts for the pr 0 

duction of DDT. large quantities are also p"r..od_uced due to the for
mation of dichlorobenzene in appreciable quantities. Actually, about 
40.000__:..15,000 tons of hydrochloric acid will be obtained as a by 
product. 

(b) 666 is easily made by the addition of chlorine to benz~ne and 
the production of hydrochloric acid is small. There are four 1som~rs 
produced, only one of which is 15 times as active as D~T for- In
secticidal purposes, the other three being inert. The active compo
nent is,· however, produced only to the exte.nt of 10-12 per ce~t:, 
the remaining 88-90 per cent. being useless, according to the In
formation available at prese;nt. Since, however, a mixtJire of a~l 
the four isomers is almost as active as DDT, it may be more practi
cable to use tile crude product as such, for most purposes. 30,000 
tons of 666 require a.bout 22,000 tons of chlorine. 

In view of the established production of both these chemicals o.n a 
!arge scale in other countries and possibility of shortage of benzene i~· 
India due to manufacture of dyestuffs, we are of the opinion that thiS 
scheme should be taken up gradually after the programme o£ the Govern
ment is known. The ~anufacture of benzene hexachloride will ob
viously have to be done near the coal distillation plants in Bihar. Even 
for. DD:r, :we recommend th~t in 'brder to avoid the transpo.rt of benzene 
wh1ch 'Is mfiammable, to U1fferent parts of th.e country chlorobenzene, 
should. be prepa:red near t.he coal distillation plants and transported to 
the different parts of India. We are of the opmiott however that in 
the first instance, a central alkali plant of 10,000 t~ns annual chlorine 
capacity (11,400 tons caustic) should be installed f~r th~s purpose in 
Bihar. The balance of 10,000 tons of chlorine would have to be distri
buted in different areas in close ·proximity to_ disti,leries. It is there
fore seen that for the prtlsent, only 20,000 tons of chlorine will be used 
per annum for th~ manufacture of these insecticides the production of 
which will be limited to that extent. 

46. ·For all other uses, such as water purification, textiles paper in
dustry, etc., !tbout 10,000 tons of chlorine in addition to the p;esent· con
sumption in different forms estima!ed at about 10,000 tons per year 
would be necessary. We, th~refore, fix the five-year-target for chlorine 
at 40,000 tons per annum, the corre~ponding target for electrolytic alkali 
being 45,000 to.ns. 

47. Present productive capacity is, as stated already, 12,600 tons of 
caustic soda per year and with the !hr~e ne\v plants, it will be 17,600 
tons. Therefore, the balance of production to be ar-ranged for, to realise 
the five-year-target of 133,0~0 tons (Ta?Ie XI) is 115,400 tons. 0£ thtl 
17,600-ton-capac.ity, 11,400' Is el~~trolyt1C and the balance o£ 6,2'00, 
lime-soda. Therefore, the provision to be ~ade for _extra. prqduction 
to brid(J'e the IJ'ap betwee.n the present capacity· and the five-year-target 
i.~ 8 bOut .33',600.., tons of electrolytic ~lk~li ana about ~2,000 tons of .alkali 
hy the Jime-soda process fqr some tlme· to come. 
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48. Before suggesting the location of plants, we should like to mall 
the following remarks:-

(i) This_ important i11d,ustry should be widely distributed as a 
most all Provincial Governments. are taking up hydro-eleqt.ri 

schemes on hand; 

(ii) In connection with the manufacture of DDT, :for which 
r:hlorobenzene and chloral are required, sufficiency of Indian produc
tion of benzene has to be examined especially in ·View of the c. n
templated manufacture of ·dyestuffs for which large quantities of 
this chemical would be required. In order to avoid the transport 
of this inflammable liquid to the different ~entres for the manufac
ture of DDT, we are of the opinion that chlorobenzene, one of the 
ingredients for the manufacture of DDT, should be manufactured 
at the site of the production of bem:ene, that is, ;near the coal dis
tillation plants in Bihar. The resulting chlorobenzene should be 
transported to the different parts of India. The chlorine required 
would be available in the central alkali plant to be established in 
Bihar, as suggested i.n para. 45. Chloral requiring for its manufac
ture absolute alcohol and chlorine .should be made near the distil
leries and DDT pr~pared on the spot by combining chloral with 
chlorobenzentl obta1ned from the central factory. 

(iii) Similarly, the benzene hexachlori<le also should be made at 
the site of production of benezene, i.e., in Bihar, where chlorine 
would be avail1.tble in the Central alkali plant. 

(iv) We understand that very pure caustic soda is requirtld for 
the Viscose-rayon industry, the chemical made in the diaphragm 
cell not being sufficiently pure for tl1e purpose. Since only a 
small quantity of chlcnzine is required in the vi3cose-rayon industry, 
disposal of chlorine obtainerl simultaneously with the caustic soda 
would present a problem. To solve tllis, we are of the opinion 
that the manufacture of caustic soda for the rayon industry should 
be Tiiiked np with the chlo'rine required for DDT and benzen'i! 
hexachloride. In (ii) above, w~ have suggested that a central 
alkali plant producing about 10,000 tons of chlorine may be locat
ed near. the coal fields. This plant will p:oduce about ll,400 tons 
of caust1c soda and we rec.ommend that th1s plant may be of the 
mercury cell type, manufacturing caustic soda suitable for- use in 
the rayon industry. Of the 30,000 tons of caustic soda required 
for the Viscose-rayon indp.str~ .. , the balance of 18,500 tons wouid 
have to be made by the hme-l!loda process or imported for th . 
s~~ e~~ 

(v) Common salt. cheap P.lectric power and market fo . 
soda and chlorine would decide the location of electrolyf r caus~1e 
We would lay special stress on cheap power, 3,500 kw caus~H.'. 
required for P.ach ton of c::>,, <'tic soda !llanufactured. 0 . H benl~ 
would anyhow have to be lllb1alled near Bihar .and fields ne Plam 
manufacture of chloronenzene a-nd benzene hexachloride, for the 
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49. We understand that the Government of India have granted ~m
port licences for 5-ton-per-day pla;n.ts, two to be installed in Bombay 
and one at Porbandar, and a 10-ton plant for Mandi State. It is als<> 
understood that Mettur Chemicals are duplicating their plant. Govern
ment of Mysore have ag~eed to the installation of a plant of 8 tons 
capacity at Bhadravati, near the Mysore "Paper Mills. Governm~nt ?f 
Hyderabad also propose to instal a plant of 5-ton-per-day capacity In 
Hyderabad. A well-established firm of manufacturers in South India 
is contemplating to put up a 8,000-ton pla.nt on the East Coast 
c:f the Madras Presidency. All these total up to 21,000 tons. The 
total production.,capacity Of electrolyti~ alkali froni the existing plants, 
the three already ordered, the central plant in Bihar and the new plar.ts 
referred to above would be about 44,000 tons. Since chlorine utilisa
tiOn is the only limiting factor for the installation of more electrolyt1c 
:1lkali plants, we are. of the opinion that these may be permitted to be 
installed if the applicants .can demonstrate a definite scheme for thE' 
proper disposal of chlorine. 

Lime-Soda-Caustic. 

50. The present production capacity of lime-soda is about 6,200 tons 
and ~or ~he bal~nce of about 82,000 ton~, we are not suggesting any 
locatiOn Immediately, as these plants will naturally be worked in ron
Jlmction with the soda ash plants and therefore their location will Je
pend on the locat~on of the latter. Provision for the soda ash r'·quired 
for causticising bas been made in the soda-ash-target. It must be 
rememb~red, ho:wever, that wi~h t~e ii1crease in consumption of chlorine, 
productiOn of hme-soda caustic will have to be reduced. Therefore in 
the soda ash target, ~e have provided f_or sufficient soda ash to give dnly 
.)7,000 tons of caustlc soda, m. the be~Ief that after some time, a b mt 
25,000 tons more of electrolytic caustic and chlorine can be manufac
tured and consumed. 

Caustic Potash. 

51. There is no production of caustic potash in India now but we 
understand that one firm in Bombay has been given permissio~ to instal 
a plant. This is expectec;l to be ad,equate for the present. Sinr>e 
caustic soda and caustic pota~b. are pro~uced by similar processes bv the 
same equipment, ~here would be no difficulty in expanding prodt1ction 
when ther~ is need. 

52. In connection with the General Directive to the Industrial 
Panels we recommended as follows:-

3 ('1-:A.) A rough estimate wou] d be 16 lakhs of rupees for each 
5-ton plant. . . . . 

3 (2') We are of the opmwn that this mdu;<;try sho.uld ~e financed by 
private ca!J:ital. Only the mercury cell alkah plant In Bihar may be 
iw;t.alled by Government. 

3 (3') Vide replies to 3(1-A) and 3.(2). . 

3 (4) We consider that Governn:e.nt should ha~e a staff of techm-
. t to visit the plants and giVe them techmcal advice when re-cal exper s 

quireJ. 
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3 ( 4-A) There are very few technical men in India~ who are familiar 
with this· industry. If possible, we suggest that Governmen~ shonlcl 
direct some of the scholars who have been deputed to the U.S .A. and 
the U.K. to specialise in this work o.n the basis of one chemical engineet" 
fur each plant. Furthe!, the technical personnel in the exist.ing alkali 
plants should be given facilities for special training abroad. 

3(5) We do not consider any help from foreign firms necessary. 
3(6) Locatio.n has been given in paras. 49 and 50. 

3(7) We are of the opinion that this industry sho)lld be protected 
but. since caustjc soda is an essential chemical for a large number of 
consuming industries, we recommend that such p1·otection as will no1 
penalise the consuming i.ndustries ~;hould be given. We leave it to the 
Government to decide which is perferable in the interest of Indian 
Industry-a higher dut' Pr subsidy, c,r both. 

3'(7-A) Does not apply. 
3 (8) Vide 3 (7) 
3(9) To safeguard the interests of the industry, we recommend 

that caustic soda manufacturers should form an associatio.n, but no 
' artel should be permitted. 

3(10) As regards the stages by which the electrolytic alkali in .. 
dustry should be developed, we are not able to make a recommendation 
at this stage since the demand will depend on the price of the in
secticides The industry should be developed in consultation with the' 
Departme.nts of Public IIealt)l aud of Agrin11ture. 

3(11) We do not think there is any possibility of export. 
3(12) This industry does no.t lend itself. for organ sation on a 

cottagP. industry basis. 
"\Ve are of the opinion that the Government should make available 

to the industry {i) cheap a.nd pure common salt and {ii) electric power 
at not more than 0.15 anna per KWH 

(f) Potassium Chlorate. 

53'. Potassium chlorate i:"l used chiefly in the manufacture of matches. 
in pyrotechnics and blasting powders. ·The raw materials are potassium 
chloride, lime and chlorine, all of which are available in India. Cheap 
dectric power is also necessary, power consumption being 6,800-7,000 
KWH per ton of chlorate. We understand that pre-war imports were 
about 2,000 tons, there being no manufacture in India. After the be~in
lling of the war, we UJ?derstand that Wimcos have developed produ,ctio.n 
to the exte.nt of 1,800 tons per year and SOip.e small firms about i00-200 
tons each. The present production which is not sufficient for the needc;; 
of the ~ountry, w~ll ha:e to be stepped up as the demand may be expect. 
Pd :to mc;ease st1~l further. Sm~ll-scale ~anufacture independentl is 
unecono.miCal and lt would be desirable to mstal-chlorate plants as a Y a 

1 ,,f alkall plants so that overhead charges may be l'educed There · P f 
one firm now manufacturing chlorate on a lal.'O'e scale and this m 

18 
only 

; t d . bl • 11 "' - onopo v ·~no esn:·a e espec1a y as the firm is also a manufacturer of· match · 
We recommend. therefore, that a plant of 1 000-i 500 ton · es 
uhonld be installed in ·one of the alkali plants. ' 8 capa<'It~· 



26 

We understand that potassium chloride manufactured by Indian 
::irms is only 70 per cent pure and not suitable, with the result that it 
has to be imported from Palestine. We are 6£ the opinion that potassiu~ 
chloride of suitable quality for this important industry shoUld be pre
pared in India, the raw material bitterns being available in unlimitecl 
quantities. -

UI (a) HYDROCHLORIC ACID. 

54. Hydrochloric acid is an important mineral acid next on(y . to 
sulphuric and nitric acids in importanee. Manufacture of ammonmm 
chloride, zinc and other metallic chlorides and cleaning of metals prior 
to rolling into sheets or coating with zinc, tin or lead,-;-all these requir..: 
hydrochloric acid. We understand that pre-war imports were almost 
negligible, India producing all her req11irements by the salt-cake pro
cess, i.e., by the action of sulphuric aeid on common salt. Present pro
duction is about 2,500 tons. A more elegant process of manufacture of 
the pure acid is by direct- co~bi~ation of chlorine and hydrogen, both of 
-.vhich are produced whe;n brme IS electrolysed. Only one or two firms in 
India are using this-what is quite a simple process--now. In order to 
eleminate the use of sulphuric acid manufactured from imported sulphur 
and to provide a suitable outlet for s?me of the chlorine produced in the 
electrolytic alkali industry, we consider that all the hydrochloric acici 
required should be manufact~i·ed in this manner and suggest that · in 
future only direct synthesis plants should be permitted to be . install.~,].. 
A quan1ity of about 1,000 tons of chlorine will be utilised for the 
ntannfacture of about 3,000 tons of acid, which we estimate as the pro
bable quantity required per year. Any shortages can be s~pplemented 
bv the acid obtained as a by-proflnct in organic chlorinations, e:g., 
manufacture of DDT. -

(b) (i) Zinc Chloride. 

55. Zinc chloride is ns~d in th~ textile industry to prevent growth 
of mildew, as a raw mater1~l for the manufacture of dry cells and i_n tt 
few other industries. Small quantities are being made by the action of 
hydrochloric acid on zinc dross and skimmings, but to· supply the de
mand it ha.s been necessary to import 1,800-2,000 tons annually. No 
speci~l technical difficulty seems to be involv~d and .we understand tJ:is 
manll.facture can be developed when cheap zmc res1d~es become avail
ahie in sufficient quantities. No special aetion seems to be necessary at 
t.his stage. 

(ii) Magnesium Chloride. 

56 :Magnesium chloride finds use in the man~1facture or oxy-chloride ts in the textile i;ndustry for sizing, in refrigeration, in the prepaeefen 'r special :floors and ::~lso in the man·ufacture of magnesiu~. 
ra 1?n ° and is about 7,000 tons. We ·nnders.tand that .two firms. m 
Ind~an dem nre it from bitterns; it is also bemg made by the action 
Indut. manufact 't Not onlv is the entire Indian demand met. but 
of ac'd on tl?t~gne~~ e~lso e:x:ported. No special action i8 called for. 
~mali Quan 1 1es a · · 
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(iii) Calcium Chloride. 

57. The chief uses of calcium chloride are as a refrigerant and aa 
a dust layer on roads. It is obtained as a by-product in the manufacture 
of potassium chlorate by the chemical proc,ess and can be prepared from 
<listiller waste--a waste· materia). available in Solvay soda-ash plants. 
J)·e-war average annual imports use to be about 850 tons and consump
tion was about the same. .Although the present Indian capacity is more 
than enough to meet the existing requirements, we feel that consump
tion will increase and future demand may be estimated at l;G00--2,000 
tons per year. We understand that expensive chemical processes are 
~alng used for manufacturing this chemicaL It would be des rable the1t 
1t should be recovered only as a by-product. 

(jv) Potassium Chloride. 

58. Potassium chloride is a raw material for the manufacture of 
potassium chlorate, caustic potash a,nd other important potassium l'lalts 
like potassium carbonate and bicarbonate. It is also an important fert~
liser. Imports into India of the fertilb:er grad.c chemical have been 
acout 3,00( tons per annum. One or two firms are manufacturing it 
now from bitterns, but the quality is not sufficie.ntly good for the mahu
fncture of potassium chlorate and ha);l to be improved. Potassium 
!!hloride is also obtained as by-product in the preliminary refining of 
c1 ude saltpetre. We are o.f the opinion that this manufacture should 
l)e organised properly and developed when there should be no need fr,r 
iru1-orts. 

(v) Barium Chloride. 

59. Barium chloride is used i.n leather tanning and refining of com
mon salt solution to remove sulphates and make it suitable for thE: 
~nanufa·;ture .,J caustic soda. Small qu-antities are being made by the 
manufacturers of electrolytic, cau!:>tic soda, but the cost of proditcti•Hl 
i.s abnormally high. We consider that in the interest of Indian alkali 
in,iustry, one firm should take up production of about 1,000-1,500 tour; 
peL" year. 

IV (a) NITRIC ACID. 

60. Nitric acid is used chiefly for the manufacture of nitro-glycerme 
nitro--cellulose, picric acid, T.N.T., dye~tuffs, pickling of steel, gold re:fi.n~ 
in~, manufacture of chemicals, fertil'sers, etc. Indian production ha!" 
usuall:y bee~! from i!llp~rted sodium nitrate except '\\·hen indigenous 
potassmm mtrate w~uch 1s more costly had to be used during the war du'e 
10. r;h?rtage of the Imported .prod;tct. In other. parts of the world the 
aCid IS manufactured by oxwdatwn of ammonia which if adopt 'a · 
India, will result in elimination of the use of 's'Ulphu~ic aci'd ec· l~ 

• 1 • I d' b 750 ' . lVll. rcqmre.men,s ,In n Ia a.re a out · -~ons of 65 per cent. acid 
Depar:ment ~t•'nwnrls . b;mg met b.y K~rke? and Aruvankadl'l. Ordn War 
factorJPs, wlnch are usn~g ammoma:ox1dahon process. LC:Ieal su an~e 
equal to the demana, wh1ch was until recently about 1300 ton· .PPly 18 

· ' s In all. 
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61. Nitric ac_id is a very important chemical both for peace-time 
needs and for the manufacture of explosives and other chemicals used 
both in peace and in war. The demand is likely to go up in post-w'lr 
years and we are of the opinion that a rough five-year-target of about 
4 000 tons should be aimed at. In view of the reduction of the demand by 
the War Department, we understand that productio.n has Leen reduced 
in Kirkee and Aruvankadu factories and we recommend to Government 
that this capacity should be utilised for manufacture of peace-time ex
plosives. An ammonia-oxidation plant may be installed later in o;ne of 
the ammonia plants. 

(b) Potassium Nitrate. 

62. The important uses of potassium nitrate are as a fertH1ser, for 
manufacture of gunpowder and for nitrepots in the lead chamber process 
for the manufacture of sulphuric a.cid and sometimes for the manufa~
ture of nitric acid itself. We understand that large quautities are 
collected on a cottage industry basis in Bihar, the U.P., the Punjab, 
Patiala, Bikaner and Bharatpur, indigenous production bein"' more than 
15,000 tons per ytlar: it is stated that during the first World War, a 
production of 2'5,000 tons was reached. Cost of the product seems to be 
high due to want of prop.er organisation and of employment of chemical 
methods potassium chloride, a by-product not being recovered. we re
commend that this industry should be organised properly lJy the Provin
cial and State Governments; 

V (a) AMMONIA. 

63 . .Ammonia is an important base essential for the manufacture of 
important ammonium salts,-the important fertiliser ammonium sul
phate, and other salts like ammonium chloride, carbonate, bicarbonate 
and phosphate, for the manufacture of urea and nitric acid and for 
use as a refrigerant. A certain quantity is always produc~d during 
di~tillation of coal but this has been developed in India only in a few 
centres. India produces about 1,500 :t.ons of synthetic ammonia per yc"'.r, 
the only existing plant bei.ng at :Selagula in the :M:ysore State. We undtr
stand that this plant will be duplicated to increase the production of 
ammonium sulphate. A large plant is being installed at Sindhri in Bihar 
in connection with the scheme for the manufacture of sulphate of am
monia sponsored by the Government of India and another at Alwaye in 
Travancore. It is understood that the Government of Hyderabad has 
under co.nsideration a scheme for the manufacture of 75 tons of ammonia 
p~r day which will be used for preparing ammonium sulphate, urea and. 
ammonium nitrate. 

64. Synthesis of ammonia is carried out by the direct union of the 
pJements hydrogen and nitrogen. Hydrogen can be prepared either 
electr~lyti.cally or by: the water-gas method; !fysore ~as been using the 
P.lectrolytic process but the new Government of Indta and Tra':ancore 
>;chemes contemplate manufact!lre by the water-gas method. N~trogen 
is obtained from air by removing the other components. Including a:ll 
thP- electrical energy use~, 20.000 K'Y£I are required per ton Of ammoma 
produced by the utilisatiOn of electncal power. 
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65. About 150 tons of ammonia were being imported per year iPto 
India before. the war, 90 per cent. of which was for refrigeration. Thcrt< 
was no manufacture of ammonium salts or other products. We are of 
the opinion that the manufacture of these products should now be taken 
up For this purpose, .about 12,000-15,000 tons of ammonia per annu.w 
will be a suitable target during the next five years, as shown below:-· 

For ammonium chloride (4,000 tons) and ammo-
nium carbonate (600· tons) 

For nitric acid (3',000-4,00(} tons) 
For urea (10,000 tons) 

For sod~ ash plants 

For refrigeration 

Tons. 

1,500 
2,000-3,000 

6,000-7,000 

4,000-5,000 

200- 300 

The quantities produced at 1\I~y'Sore, Alwaye and Sindhri are proposed to 
be used up for the manufacture of ammonium sulphate; but since hrge 
quantities of ammonia will ·be produced at the latter two places, it is 
eXpected that the required quantity of ammonia will be made available 
from these sources for other purposes a:lso, at least for some time to 
come. The cost of production of ammonia js very high in India and 1f 
iLJustries requiring cheap ammonia have to thrive; We consider that it 
must be made available at a very low price. It is hoped that the ammonia 
plants will be able to supply cheap ammonia to other industries. At this 
stage, we do not think it necessary to r~commend any new plants, .until 
the proposed plants are installed and successfully workea. 

(b) (i) Ammonium Chloride. 

66. Ammonium chloride is used as a flux, as. one of the ingredients 
in batteries, for tinning domestic utensils and for miscellaneous other 
purposes. It is prepared by the com~ination of hydrochloric acid and 
.ammonia. from -calcium chloridt~ obtn:ned from the distiller was~e by 
means of ammonia and .carbon dioxide, and also obta5ned as an jnter
.m:ediate product in the Solvay pro.cess. India used to import nea1·ly 
2.000 tons of this salt beiore -the war. Present Indian prodnetion is 
.negligible. When both ammonia and hydrocblol'ic acid are manufaetur
ed in sufficient quantities-large quantities of hydrochloric acid will 
become available when electrolytic chlorine will be produced in ex<>ess 
of .requirements for ordi:g.ary purpQses-or when soda ash. manufactui·e 
1s further developed, there should be no problem in manufactu:rinO' the 
11.ecessary quantity ·of -ammonium chloride, whicl1 we except will be ~bout 
4,000 tons per year in fiv& 'yeats. 

(ii) & (iii) Ammonium Carbonate and Bicarbonate. 

67. The chief use uf ammontum carbonate and bicarbonate is in 
roedicino and baking powders. Pre.war imports were about 600 tons per 
annum, .Th.e salts are made by the direct combhwtion of a:mmonia a;d 
carb~n dw:ude nnd the m11uufa(!ture can be established .l\t a1mn.onil\ nro 
ductlou centres, ~- " 
~~aouon&s 
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61. Nitric aeJd is a very important chemical both for peace-time 
needs and for the manufacture of explosives and other chemicals used 
both in peace and in war. Thr> demand is likely to go up in post-w'lr 
years and w~ are of the opinh;n that a rough five-year-target of about 
4,000 tons should be aimed at. In view of the reduc~iou of the demand b~· 
the War Depar.tment, we understand tb,at productiO.n has l;cen reduced 
in Kirkee and Aruvankadu ·factories and we recommend to Government 
that this capacity should be utilised for manufacture of peace-time ex
plosives. ~ ammonia-oxidation plant may be installed later in ope of 
the ammoma plants. 

(b) Potassium Nitrate. 

62. The important uses of potassium nitrate are as a fertH1ser, for 
manufacture of gunpowder and for nitrepots in the lead chamber process 
for- the manufacture of sulphuric acid and sometimes for the ma;nufa(}
ture of nitric acid itself. We understand that large quantities are 
collected on a cottage industry basis in Bihar. the U.P., the Punjab, 
Patiala, Bikaner and Bharatpur, indigenous production being more than 
15,000 tons per y~ar: it is stated that during the first World War, a 
production of 2;5,000 tons was .reached. Cost of the product seems to be 
high due to want of proper organisation and of employment of chemical 
methQds, potassium chloride, a by-product not being recovered.. We re
commend that this industry should be organised properly lJy the Provin
cial and State Governments. 

V (a) AMMONIA. 

63 . .Ammonia is a.n important base essential for the manufacture of 
important ammonium salts,-the important fertiliser ammonium sul
phate, and other salts like ammonium chloride, carbonate, bicarbonate 
and phosphate,_ for the manufacture of urea and nitric acid, and for 
use as a refrigerant. A certain quantity is always produced during 
dii!.!tillation of coal but this has been developed in ~dia only in a few 
centres.: India produces about 1,500 :tons of synthetic ammonia per yc:cJ.l', 
the only existing plant bei.ng at :Selagula in the Mysore State. We undtr
stund that this plant will be duplicated to increase the production of 
ammonium sulphate. A large pla:p.t is being installed at Sindhri in Bihar 
in connection with the scheme for the manufacture of sulphate of am
monia sponsored by the Government of India and another at Alwaye· in 
Travancore. It is understood that the Government or Hyderabad has 
u11.der co.nsideration a scheme for the manufacture of 75 tons o£ ammonia 
per da~ 'vhic~ will be used for preparing ammonium sulphate, urea an<l 
ammonmm mtrate. 

64. Synthesis of ammonia is carried out by the direct union of the 
p]eme.nts .hyd~ogen .and nitrogen. Hydrogen can be prepared . either 
electrolytteally or by ... the water-gas method; :Mysore has bee.n usmg the 
P.lectrolytic process but the new· Government of India and Tra':'ancorE> 
o.;cheme~ contemplate manufacture by the water-gas method. N~trogen 
is obta1ned from air by removing the other components. Includmg a:U 
thP- electrical energy used, 20.000 KWII are required per ton of ammonla 
produced by the utilisation of electrical power. 
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. 65. About 150 tons of ammonia we~e being imported per :rear u~to 
India before. the war, 90 per ce~t. of which was for refrigeration. Thor~ 
was nC? ~anufacture of ammon1um salts or other products. -....ve are of 
the opnuon _that the manufacture of these products should now be taken 
up. For th1~. purpose, about ~2,000- 100 tons of ammonia per amm.m 
w1ll be a smtable target durmg the t five years, as shown below:-

For ammonium chloride ( 4,001 
nium carbonate (600· tons 

For nitric acid (3',000-4,000 

For urea (10,000 tons) 

For sod;:t ash plants 

For refrigeration 

us) and ammo-

IS) 

Tons. 

1,500 
2,000-3,000 
6,000-7,000 

4,000-5,000 

200- 300 

'!'he quantities produced at 1\fysore, Alway~ and Sindhri are proposed to 
be used up for the manufacture of ammomum sulphate; but since hrO'e 
·quantities of ammonia will be produced at the latter two places it is 
expected that t1le required quantity of ammonia will be made a~ailable 
from these sources for other purposes also; at least for some time to 
come. The cost of production of ammonia js very high in India and :if 
ir.Justries requiring cheap ammonia have to thrive; we consider that it 
must be made available at a very low price. It is hoped that the ammonia 
plants will be able to supply cheap ammonia to other industries. At this 
stage, we do not think it necessary to r~commend any new plants, until 
the pro]posed plahts are installed and successfully worked. 

(b) (i) Ammonium Chloride. 
66. Ammonium chloride is used as a flux, as one of the ingredients 

in batteries, for tinning ·domestic uten~ils _and for· miscellaneous. o+her 
purposes. It is prepared by the com~m,at10n of hydr?c~loric aCid and 
ammonia. from ·calcium chlorWt) obta•ned .from the distiller waste by 
means of ammonia and carbon dioxide, and also obtained as -an jnter
.m·ediate product jn the Solvay p1·o.cess. India u:sed _to import nearly 
2.000 tons of this salt be:rore the war Present _IndJ~n production is 
,negligible. W-hen both ammonia and h):d.rochlonc ac1cl are_ manufactur
ed in sufficient quantities-large quantit_Ies o~ h;rdrochloric acid will 
become available when electrolytic chlorme will be produced in ex<'ess 
of .requirements for ordiQary purpQses-or wh~n s_oda ash manufactui·e 
Js further developed, there should be .no pro?lem 1ll manufactu:ring the 
necessary quantity ·of ammonium chloi'Jde, winch we except will be about 
4,000 tons per year in five- years. 

(ii) & (iii) Amm.onium Carbonate and Bicarbonate. 

~~- The chief use of ammonium ca:bonate and bicarbonate is in 
ltJ.edrcino and baking :powders. Pre~war Imports ;were about 600 tons per 
annum, .Th.e salts are made by the direct combmat~on of a:mmonia aud 
carb~n d10:x1de ~Jnd the m:mufac1tur~ can be establisheCl at ammop.i~ prCI,. 
duchon centres, 
J4~~0Mofl&S 
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VI. FERTILISERS. 

68. Of the three essential elements necessary for plant fooa,-nitro
gen phosphorus and potassium, nitrogen may be made availaBle to the 
plant in the form of ammonium sulphate, ammonium nitrate, urea, cl:).l
cium cyanamide, calcium nitrate or as ammonium phosphate, in addi
tion to what can be supplied in the shape of farmyard manure; phos
phorus in its salts, superphosphate and ammonium phosphate; and 
potassium in potassium nitrate and chloride. 

(a) NITROGENOUS FERTILISERS. 
(i) Ammonium Sulphate. 

69. We do not propose to_consider ammonium sulphate as the Gov· 
ernment of India have recently examined it carefully. About 6,000 to11s 
are being made in Belagula, 20,000 tons from coke-ovens in Bihar and 
according to the new schemes, 50,000 tons in Travancore and 350,000 tons 
at Sindhri, Bihar, are going to be manufactured. 
(ii) Urea.. 

70. Ure~ .contains t~e largest percentage of nitrogen of all the nitro
genous fertilisers and Is a very valuable plant food. It is also a raw 

-material for the manufacture of the jmportant class of urea-plastics, 
the manufacture of which is under consideration by the Plastics Paud. 
Urea is manufactured from ammonia and carbon dioxide and can be pro 
duced. in sufficient quantity when the synthetic ammonia industry is 
establlshed on a large scale. We recommend that to begin with, a plant. 
cf ID,OOO to~s capacity .Per year .be ~stalled at Sindhri by the Govern
ment of India along With the Smdhr1 ammonia plant. 
fill) Ammonium Nitl'a.te. 

71 . .Ammonium nitrate contains nitrogen both in its acid and alkaline 
portions and has a high nitrogen content. Although it is beinO' used as 
::~. nitrogenous fertiliser in other countries, Indian Agricultural"' Authori
ties are not in agreement as regards its suitability for India. It wou1d 
be necessary, however, for the manufacture of explosives. Its produc
tion would present no serious problems when both synthetic ammonia 
and synthetic nitric acid industries are established. We are not makin~ 
any recommendation now in view of the fact that the question of its snit
.t bility for use as a fertiliser and of the establishment of explosivtls manu
facture for civil use is still undecided. 

(iv) Potassium and Calcium Nitrates. 
72. Potassium nitrate has already been considered in 'Para 62. Cal

eium nitrate is another fertiliser, manufacture of which can be taken 
up when cheap hitric acid becomes available. 
(v) Calcium Oya.na.mide.-This is considered in Part ll; para 11. 

(b) PHOSPHATE FERTILISERS. 

73. In the U.S .A. large quantities of thes~ ~ertilisers .are added to 
the soil in higher proportions than other fertiliser const1tuen~~th T~f 
main sources of phosphorus are phospbatie

1
. r?cks ~d ~~tesiu. either 0~ which ":1:e \"!Sed extemlively, The ne\ltral c1:1, c1um P os:p e · 
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these ·has to be converted to soluble phosphate by the action of sulphurj.:J 
acid or of phosphoric acid. Phosphate rocks or steamed bonemeal are 
also used as such for acidic soils or when a slow-acting fertiliser is l.'e
quired. .At present in India, superphosphate is prepared by treatius 
bones with sulphuric acid; this is a very wasteful method since the other 
constituents of bones like glue, gelati,ne, grease and fat are not utilised. 
Competition with foreign products will ba difficult if the industry i,; 
worked in this wasteful manner. Therdore, to establish the bone-super
phosphate industry on a sound footing, a large scale factory with ;facili
ties for recovery of glue and gelatine for which there is great demand in 
and outside India, before the bones are treated with sulp~uric acid is 
ne!.;essary. .At the same time, we recommend that the possibility of us1ug 
bonemeal itself as a fertiliser to a greater extent than is being done at 
present, should be e~a,m~ned .. Thi~ would save s"!llphuric. acid .. Anothe.r 
important raw materialm India, viz., :.:ock phosphate available In quanti· 
ties as apatite in Singbhum area. and as phosphatic. nodules in the Trichi
lH.poly District might well be utilised for the benefit of land. No sustain
ed efforts have been made so far to work up these deposits. We con
sider; however, that it should be possible to utilise these for the ma1;1.ufac
ture of fertilisers of low concentration by the thermal process. As 
already stated (vide para 8) we recommend a :five-year target of 100,000 
tons per year for superphosphates. 

We should like to refer in this connection to the use of ammonium 
phosphate as a fertiliser. This has the advantage of serving a double 
purpose since it contains both uitro_gen and phosphorus~ 

7 4. To eliminate the use of sulphuric acid, it. seems desirable to utWse 
electric power for the manufacture of highly concentrated soluble phos
J•hates. Valuable work has been done in the U.S.A. by the T.V.!>- :J.nd 
a new process has beep. developed. The process is technically diffi<'.ult 
involving, as it does, manufacture of phosphorus from the ore, its con
version to phosphoric acid and combination with the phosphate to .form 
soluble phosphate. Private enterprise may not be forthcoming to start 
this industry. We, therefore, recommend that Government of India 
should put up a;n experimental plant for manufacture of 10 tons of 
phosphorus per d&y and concentrated phosphates by the electro-thermal 
1wocess. In order to conserve the phosphate resources of the country, 
we are of the opinion that it is necessary to prohibit the export of bones 
anJ bonemeal out of India. 

Phosphorus. 

75. Phosphorus is used. m_ostly in the match industry in the red or 
amorphous f?~m, apart from 1ts use for manufacture of war chemicals. 
Small quantities, are used for the production of various metallurgical 
alloys such as phosphor-copper and phosphor-tin. Pre-war imports wete 
about onedht~ndrethd tons. bWarhJ?epartm~nt demand was about 700 tons 
per year . urmg e war, ut t 1s has dis.appea:red. When manufactu.,.~ 
of concentrated phosphates by the. use or electrical energ· • t k · 
th t 't h h . Y IS a en up e necessary quan 1 y of p osp orus will become available easil W ' 
do not, therefore, consider that by itself manufacture of thi y. e 

quantity of phosphorus justifies installing ~ plant. 8 ,.mall 



(c) POTASH FERTILISERS. 

76. Potassium may be used as a fertiliser in the form of chlori~e, 
.f>ulphate, nitrate, or carbonate or as organic potash. Tlre raw matertal 
z.vailable in India in this respect is potassium nitrate, about 151000 tons 
of which are, we understand, ,produced from large. tracts of saline ea~th 
in Bihar, U .P., Punjab, Bikaner, Patiala and Bharatpur. Product~on 
can be increased, if necessary, without any difficulty. Cost of productwu 
is high, due probably to want of proper organisation and we recommend 
that this may be examined in consultation with the Provincial and State 
Governments. 

VII. OTHER INORGANIC CHEMICALS. 

Calcium Carbide.-This is considered in Part Ir, para 10. 
(a) Magnesia. 

77 .. The most imp~rtant use of magnesia is in the preparation of 
magnesJ,a: cements and m the manufacture of refractories. Imports have 
hen about 500-600 tons. Recently, one of the firms in India has start
ed production and Rince it is expected that the requirements will be met 
oy local manufacture, no action is necessary. 
(b) Arsenic Oxide. 

78. The importm1t civilian use of arsenic oxide is as an ins~cticide. 
Pr~war average impo~ts were a~out 250 tons. We understand that 
f'J hral State has deposits of arsenic ores but no supply has been possible 
due. to. want of proper communications. We suggest to the Governmclnt 
uf India.tha~ they may approach th~ Chitral State authorities to improve 
commumcat10ns to e.nable the chemiCal to be brought into India cheaply. 
{c) Borax . 

. 79:. Borax is used in the manufacture of glass and ceramics, imports· 
haVIng been of the order of 1,500 tons. There has been no production in 
India so far, but we understand that there are borax resources in some 
parts of India a.nd recommend that they must be exploited. 
(d) Dichromates and Chromic Acid. 

80. Sodium and potassium clichromates are extremely important 
d·,emicals used for khaki dyeing, in chrome tanning of leather and to 
a smaller extent in the production of chrome yellow primrose chrome, 
lemon chrome, middle chrome and orange chrome, chr:ome green and 
chrome red pigments requjred by the paint industry and for chemical 
bleaching of some oils and fats. Potassium dichromate is also used In 
the match industry. Chromic acid required for Ghromium plating in the 
<1lectro~plating industry and for anodising aluminium and its alloys is 
also prepared from the dichromates. 

81. This industry started and developed in India purely as a war 
measure has been assured of protection against unfair competition ~rom 
llhroad after the war. In spite of the fact that the raw materials: 
r.'hrome ore, soda ash, lime and sulphuric acid are available in India, cost 
of production is even new high compared to the imported product. The 
annual maximum capacity is. about 5,000 tons but production has been 
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only about 3,50(} tons. .Annual imports before the wa:t" were only of the 
order of 1,000 tons, but the demand during the war increased to nearly 
6,000 tons. If all the pla,nts continue to work; we fear there will be ov~r
production in the post-war period, unless the1·e is a very large increase 
in the 0hrome tanning industry and manufacture of khaki tt-'xt·les. The 
wdustry is now controlled by Government both as regar,ls pril'e aud 
distribution; but when this control is removed au(t 11n opeu wark~t 
established, the industry may not be able to survive compe,itiuu u the 
post-war period. We consider that this industry should be given en
couragement by grant of protection. A list of dichromate factories with 
th-eir annual capacities is given in Appendix VII. 

Some dichromate and other factories are manufacturing small quanti
ties of chromic acid, but the use of the. acid on an appreciable o;;cale has 
yet to be developed. Prese.nt production 'is about 25-50 tons. 

VIII. OTHER ORGANIC SUBSTANCES & DERIVATIVES. 

(i) Alcohol.. 

82. Alcohol is required for the manufacture of ether, chloroform, 
acetic acid, pharmaceutical preparations, perfumery, spirit varnishes and 
a.host of oth-er products. Next to water, it is the most important solvent. 
It is also used on an extensive, scale in spirit lamps and stoves and ·for 
motor engines. Its widecsp,read use· as a beverage is well-known. There
fore it is seen that it is a very important chemical for chemical industries 
in addition to its other uses. 

A number of distilleries have been in existence in India during 
many years, but the al-cohol produced in them was used mostly for the 
preparation of alcoholic beverages. It was far too costly to be used in 
industries. During recent years, however, large distilleries with equip
ment for manufacturing power alcohol have been installed and there are 
now five of them~two in the U .P. and one each in Bombay Presidency, 
Hyderabad and Mysore States. Their total maximum capacity is 2.5 
million gallons of power alcohol per year, although their present pro
duct on is only one million gallons. We understand that the Sugar 
Panel has fixed a target of 1 .'6 million tons of sugar per year and has 
eome to the conclusion that when this production is reached 26 millioE 
gallons of alcohol can be produced from all the surplus molasses avail 
abk For chemical industries, only a fraction of this will be sufficient, 
b'at we have to emphasize th~t for the development of these industries 
it·must be available at -a very low price and free of duty, denatured with 
different dep.aturants suitable for use in the various chemical industries. 

(ii) Acetic Acid. 

8~. The chief commercial uses of acetic acid are in the manufactur~ 
of white lead .a.nd rubber, ?f a~etates particularly cellulose acetate and 
solvents. Indian consumptiOn 1s about 400 tons per, annu Th · ; 

b f t d · m. e ae1c 
can e manu ac ure m. a number of ":ays-by wood distillation fro 
ethyl al.co~ol ?r synthe~Ically .from .calcmm carbide. There is on.i 

0 
~ 

wo.od d.J.stlllat1on plant m India winch has enou{)"h raw mate · 1 t Y ne 
d'W'..Il 300 t f t• ·a ., na o pro · · ons o ace 1c ac1 per annum if conditiolli! are fa.vo bl · ura e. 
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But, due to the high cost of wood it _is unlikely tha~ ace~ic acid produced 
by wood distillation can compete w1t1i the synthetlc acid. Manufacture 
of power alcohol from molasses is likely to be taken up on a large scale 
all over the country and wheu the present ab.normal conditions are ov~r, 
the alcohol situation is likely to improve. We understand the Rayon 
Panel has recommended the manufacture of 10 tons of .Acetate Hayon per 
day. This would require about 7,200 tons of acetic acid and of acet!c 
anhydride each per year-eq~valent in all to about 16,000 tons .of acetic 
acid. We recommend that this manufacture be taken up startmg from 
alcohol in distilleries. Without taking rayon into account, we estimate 
the demand to be about 600--700 tons pe:r year. To meet this ordinary 
demand, no further steps are necessary as. we understand that the Govern
ment of India have already granted an import licence for one plant of 
<>apaeity 2 tons per day to one of the distilleries in the U.P. 

(iii) Lead Acetate. 

84. Im-ports of lead acetate have been about 80 to~s pgr annum. We 
have not considered this subject as it more legitimately belongs to the 
Paints and Varnishes Pauel and is being considered there. 

(iv) Sodium Acetate. 

85. Sodium acetate .yhich is used in the textile industry is being 
manufactured in small quantities by a number of firms startin,. from 
acetate of lime obtained in the wood <;listillation industry. Whe~ manu
facture of acetic acid is taken up, this salt could be more conveniently 
prepared from it. We do not consider any special steps necessary. 

Glycerine. 

_86. The chief uses of glycerine are in pharmacy (70 per cent) ex
plosives such as nitro-glycerine (18 per cent.) and in textiles etc: (12 
Per cent.). Before the war, consumption in India was 850. ton~. produc
tion in the soap industry was about 650-700 tons and nearly '100 tons 
Used to be imported. The present a;nnual production is 2,500 tons. al
though this is more than sufficient for India's .requitement, it. is un'der
stood that there has developed. recently ~re3;t demand from the U.S.A. 
for glycerine from India and this demand 1s likely to last for some time. 
Whether any increased manufacture has to be permitted in view of this 
demand, may be exami.ned by Government. We understand that the 
Government of India have given import licences for two more glycerine 
recovery plants, -one to be installed in Kathiawar and the other in 
Calcutta. Considering the large num?er of soap factories working 
su<:cess!ully :i,n India, we are o£the _opimon that. manufacture of glycerine 
W~lch 1s obtained as a by-product m the soap mdustry can be increased 
'Without any difficulty, when larger quantities will be required for the 
:manufacture of nitro-glycerine explosives for use in connection with 
Post-war schemes, such as construction of dams, highways, etc. 

(Vi) Methyl Alcohol and Formaldehyde. 

87. Apart from the use of formaldehyde for the preservation of 
specimens and as an antiseptic, its industrial importance lies in its being 
one of the :most important raw materials for the manufacture of J?lastics 
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~nd plastic glue necessary in plywood manufacture. The raw material 
Is methyl alcohol from which it is produced in the Mysore Iron & Steel 
Works, to the extent of 60 tons per annum. We are of the opinion, how
ever, that large scale manufacture of synthetic methyl alcohol should 
be taken up in the proposed ~monia plant at Sindhri, which will enable 
the required quant~ty of formaldehyde to be produced in India. 

(vii) Starch. 

88. Indian textile ·mdustry consumes about 20,000 tons of maiZe 
s!~rch per annum. We ~nderstalid that production in India now is suffi
Cient, a number of firms' havi,ng taken up manufacture. Starch is also 
the raw material for manufacture of glucose which, in addition to beinO' 
an important medicinal product, will also be required in large quantitie~ 
for the man~facture of confectionery and in the Viscose Rayon industry. 
Small quantities of glucose are manufactured at present. We undel'
stand that one complete plant for the manufacture of glucose (both liquid 
and solid) is likely to be installed jn Calcutta • a.nd recommend that 
glucose manufacture from starch should be further developed to supply 
·the requirements. 

(viii) Acetone. 

89. Acetone is an important solvent used _for dissolvin~ acetylene 
and Yarnishes and for the manufacture of cordite. The Ind1a~1 Oxygen 
and Ac~tylene Company uses about 7,000 gallons of acet?ne for dissolved 
ucetylene, but all this .is not consumed, only evaporati9n losses bein('f 
replenished. Government plant at .Aruvankadu has fl capacity of 1,000 
tons per annuni for manufacture from alcohol. Yve understand "that an 
import Iicenee for an acetone plant of 300 tons annual capacity startinO' 
from alcohol has been granted, the plant to be .imtalled in the u. p ~ 
Civilian demand is at present very sn~all, bu.t with the development of 
the paint, lacq·1er and acetate rayon mdustries, much larger qu_antities 
would be required. For· the manufacture of 10 tons of acetate rayon 
per day as recommended by thP- Rayon Panel, 12,000 tons of aceto 
will he required per year, but aJl of it will not be consumed and mo~~ 
Qf it can be recovered. We unders~and. that c~emand from . the \Var 
Department is reduced and productiOn Is considerably curta1led in the 
Government Ordnance Factories. ·w P_ ~~erefore, recommend that Gov
er~Jmr•nt j)rodur!t on be released for <:IVIhan uses and for additio 1 quantities. manufacture from alcohol l1e. started. We also recomm~~ 
that production of acetone by fermentatiOn of molasses ~honld be t k 
up, afl it would give butanol, a. useful solvent for the pamt i.ndustr; ~1 

a by-product. ' s 

IX. INDUSTRIAL GASES. 

(i) Oxygen. 

90. Oxygen may be ma~e either from l!quid ~ir Ot' by the t>le • 
of water, both processes bemg- in nse. It 1s obtamed as a by-p chol:v-s1s 
n1any of the hydrogenation fact0ries where hydrogen is man. r~dt1ct in 
by ~_Iectrolysis of water for hydrogenation ~f oils and also i: a.ctured 
mon1a factQfY ~t Belal2:ula and i§ collecte-d m 1nanr of these f. the am-

. .a.qtories, 
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It is usually compressed into cylinders and sold as .such for oxy.acety· 
lene welding. Production in 1937 was 22 million eft., which increased 
in 1942 to nearly 53 million eft. and is probably more now. In this con· 
nection, we recommend that transport .charges for oxygen should be re· 
duced, the weight of cylinders being more than that of the gas. 
(ii) Hydrogen. 

91. We have not considered hydrogen as its chief use now is for 
hydrogenation of oils and would be dealt with by the Food Department. 
(iii) Carbon Dioxide. 

92. Carbon dioxide is obtained as a by-product in the fermentation 
industry and is being collected in. a few of the factories; it is largely 
.used for the manufacture of aerated waters, in fire-extinguishers and 
also as a refrigerant in the form of dry ice, use of which unfortunately 
has not been developed in India, especially for preservation of food 
stuffs. It would also be required for the manufacture of urea and soda 
.ash,• when these are developed, but for these, it would be prepared in 
the . factories themselves, 

X. COAL TAR PRODUCTS. 
93. Of coal tar prod~cts, .we have considered only naphthalene, 

creosote, phenQl and cresyl1c aCid under the category of Heavy Chemicals. 
There are nine tar producing and five tar distillation plants in India 
(Appendix VIII), ,average annual production of the four chemicals men
tioned above on the basis of the present working of the tar distillation 
plants being as follows:-

25 tons of phenol 
60 tons of cresylic acid (commercial). 
600 tons of naphthalene. 
500,000 gallons of heavy creosot~ oil. 

We understand,·however, that production at present is much less only 
3,000 gallons of tar being available per month for distillation, while be
fore the war, out of 7,000 tons of coal tar manufactured per month, 
5 000 tons were being distilled. We understand that the total annual 
o~tput of benzol is 2.4 million gallons from which 1.2· million gallny; of 
pure benzene can be obtained; benzol is being used now as liquid fuel 
in admixture with petrol. We are of the opinion that cheap 'benzene 
is P-ssential and should have the benefit of a reduced duty. We consider 
that production of all these chemicals has to be incr~ased but as a special 
Indian Coalfields' Committee has been appointed, we have not examined 
this question in any detail, at this stage. 

XI . . MISCELLANEOUS. 
94.•We }rave not also considered the manufacture of dyestuff~ as the 

question had been referred to the Dyestuffs Exploratory Committe~ of 
the Board of Scientific and Industrial Research, whose report has smce 
:been: pnbJi~hed. We u_ndersta~d .that ~n indu~t~y is now being starte~ 
by an Ind1ar• conc~rn m assoCiation With a. British firm. For. the sam 
reason. chemicals such as phosphorus ~hlorldes, sulphur chlorides, c;lo 
rosulpbonic acid, etc., which a:e required for t.h~ manufacture of . ve 
/Stuffs ftre not referrP.n to in th1s report. 
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95. We understa.nd that in many countries which do not possess 
mineral oil resources, crude petroleum is imported and industries hav~ 
be~n established for cracking and refining it. This has enabled many 
chemical :industries to be developed in those countries. Indian resources 
of mineral oils are not plentiful and we l'econimend that Government of 
India should give facilities for importing crude petroleum and for the 
installation of plants for cracking and refming it. This would be a very 
desirable industry in India. 

96 . .Although reliable :figures are not available regarding the con· 
sumption of explosives for civilian purposes, the quantity is comider
able. Except for the manufacture of explosives in the Ordnance fae
tories there is no manufacture of modern explosives in India. In future 
India: we estimate that very large quantiti~s of explosives. will be re
quired in the Post-war schemes such as highway and dam construction 
development of mining industries, etc. We, therefore, recommend that 
manufacture of explosives for civilian purp·oses should be taken up by 
the Government of India very early. 
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ELECTRO-CHEMICAL INDUSTRIES. 

In addition to the extensive use of electricity in modern chemical 
p!ant .for driving machinery, for lighting1 recorders, communication~ 
SI~nals and temperature control~ there are applications where electrical 
energy is directly responsible for chemical decompositions resultinoo in 
production. of useful substances and in other cases, for supplying· heat 
through. the agency c;>f which chemic-al reactions are brought about. 
Although electro-chemical indust:ries are of comparatively recent 
o:r;ig·in, electricity has proved to be a most" valuable tool i:.D. the hands· of 
the chemical engin,eer. and has not only revolutionalised older methods 
of· chemical manufacture, but has aiso been responsible. for altogether 
new industries. 

Electro--Chemical Vs. Chemical Processes. 

2. In the former category, the older purely chemical have to compete 
against the newer electro-chemical processes. Lime-soda caustic iS still 
competing successfully against electrolytic caustic soda. Hydrogen is 
being· manufactured both from electrolytic cell and by· the watergas 
method. Electrolytic zinc has. not completely -displaced spleter. from the 
older retort processes; In many cases,. however, the older methods have 
b.een completely. supplanted. Where the older processes have survived~ 
it,is. generally due· to some special circumstances such as availability of 
cheap raw materials; non-availability of cheap electricity or hesitation 
of· the owners of older plants to scrap them and. change over. 

S'. The electric furnace and electrolytic cell; have been responsible 
for entirely new industries.. AluminiUm., magnesium carbide and arti
fiCial abrasives might not have become. commercial ~roducts except for 
the· electric· furnace. Electrolytic caustic soda has· g1ven so much. cheap 
chlorine, that new uses have been found· fol' 'it and many of the outlets 
would never· have been possible except for the cheapness of the gas; 
Synthetic chemical industry has benefited enormously by the production 
of metallic sodium in electrolytic cell at less than a tenth of the cost- b' 
the- older method, 

Classiftcationl 

4. Electro-chemical industries are based on electrolytic ana electro. 
thermal processes or a combination of botli. In the electrolytic Process 
electrical energy is entirely responsible fb:t: the chemical' reaction, In th~ 
electro-thermal, it is used only as a thermal agent, after having been 
converted into heat;_ extremely high temperatur~s can. be attained in a 
very clean way by this means. The former reqmre~ dl.l'ect cu~ent; for 
electro-thermal industries, either direct ox alternatmg current ma.y be 
USed, pref~rably the latter. 
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Importance of Cost of Power. 

5. In many of these industries, electrical energy forms the major 
porti_on of the cost of the product, success or otherwise of the ind~stry 
being largely dependent on the rate at wbjeh power is made available 
to the industry. In such cases, the industry has to be located very near 
the site of power generation, as for example, in the case of aluminium, 
magnesium, carbide, ferro-alloys and abrasives. In some industries, e.g., 
electro-plating, manufactu:J;e of storage batteries, organic chemicals, etc., 
however; cost of energy may form only a minor portion of the total cost, 
and in. those eases, other considerations ma.y prevail to determine ~he 
location. Individual eases have to be decided on their own merits, taking 
all factors into account. In view of the importance of electrical power 
for these industries, we are of the opinion that cheap and abundant power 
is essential for them. 

Development in Other Countries. 

6 The greatest developments in electro-chemical industries have 
taken place mostly in Norway where electrical power is availab~e at 
extremely low rates and in the U.S .A. and Canada also. Price of eleetri• 
cal energy supplied to electro-chemical industries in different parts of 
the world compared with rates in India is given in Appendix IX. As 
regards the power consumed in these industries, in the U.S.A., we :find 
from published data that in 1939, 73 X 109 KWH were consumed jp. 
industries of which chemicals alone consumed 9 X 109KWH being second 
only to iron and steel and paper industries; but in 1944, 32 X 109 KWli 
were consumed by chemical industries-the highest in a total cons1unp·· 
tion of 168 X 109 KWH by all industries. The consumption by chemicals 
was not all for electro-chemical industries only. Table I give~ a fair 
idea of analysis of consumption of electrical energy in the U.S.A. by 
different industries just befote the recent war and in a typical war year. 

Almost no Development in India. 

7. In India, there has been very little development except for one 
or two areas. We anticipate, however, that with the completion of the 
hydro-electric projects now being planned, abundant power will become 
available and it will be possible to establish niany electro-chemical in· 
dustries. Capacity and location of the existing elec~ric power stations, 
as .also of new stations planned, are given in Appendix X. 

8. A comprehensive list of electro-chemical industries is given in 
Appendix XI. Cost of power related to the price of product in the 
tJ.S.A. is indicated in Appendix XII. 
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TABLE I. 

Thousands of Kilowatt-hours. 
Industry group. 

1939 1944 

MANUFACTURING INDUSTRIES-

Chemicals . . 9,356,998 31,859,753 

Non-ferrous metals . . . . . 6,085,358 28,901,486 

Iron and steel . . . . . . . 12,781,648 25,192,502 

Paper . . . . . . 9,462,556 11,980,422 

Textiles . . . . . . 6,272,654 9,278,018 
/ 

Transportation equipment • . . . . . 493,310 8,071,418 

Stone, clay and glass • . . . . 4,503,209 5,978,131 

Food . . . . . . . . 4,521,733 5,753,495 

:Machinery, except electrical . . . . 1,805,704 5,672,008 

Automobiles . . . 2,432,205 4,590,838 

Electrical machinery . . . . 1,392,951 3,747,589 

Rubber . . . . 1,557,227 2,034,946 

Lumber . . . 1,132,235 1,525,728 

Miscellaneous . . . . .. . 339,803 810,930 

Furniture . . . . . . 412,043 604,609 

Leather . . . 294,5Io 373,409 

Printing . . . . 289,933 346,165 

Tobacco . . . 81,255 108,432 

Apparel • . . . . . 72,585 102,673 

All manufacturing . . . . 66,399,859 152,902,999 

E XTRACTING INDUSTRIES-

Coal mining . . . . 3,035,015 4,617,680 

Metal mining . . . 1,993,912 3,234,810 

Non-metallic mining . . . 536,477 805,994 

Petroleum and natural gaB • . . 549,001 619,050 

All extracting . . . . . . 6,114,405 9,277,534 

Government . . . . ; 609,688 5,983,123 . 
All industries . . . . . . . :73,123,952 168,163,656 

I 



L ELECTROLYTIC· PROCESSES. 

T Caustic.. Sodaj Qa:ustic Potash, and Chlorine; Potassium Chlorate 
'hese have been considered in Pa:rt I, paras 39-53. 

'P Oxygen and Hydrogen.-These have been considered in Part I, 
E ,aras- 90-91. 

[ydr()gen Peroxide. 
e 9. We understand that hydrogen peroxide is fast becoming a serious 
i ompetitor to chlorine for purposes of bleaching and is often preferred 
r n some cases, because it leaves -no harmful traces. In India, its use ha~ 
1l(lt been developed to any extent. I:f commercial"production is started, 
j ;here may be good demand in the manUfacture of superior class of 
i :abrics. We understand that the Governme:r;tt of,. India have granted aT£ 
i mpo:r;t licence for a plant of 350-400 capacity per year to be installrd 
1 in· Bombay. More plants may lie permitted to be installed in 
1 textile centres. where ther~. is a de~te ~emand. Reference may be 
; made to the new anthraquinone autoxidation process for the production 
i of hydrogen pelOxide which basically consists of the umon of hydrogen 
and- oxygen to form hydrogen peroxide, 2-ethyl anthraquinone acting 
as a carrier for hydrogen. Nickle-aluminium and silver-nick(';} catalysts 
nre used and the 20 per cent. solution of· hydrogen peroxide obtained hns 
to be subjected. to two distillations for raising the strength to 85 p~r 
eent. The process may be presumed to- be satisfactory as the Germans 
had planned to-instal two very large facto:ies, each of them of capacity 
to produce 24,000 tons of hydrogen peronde, 85 per cent. strength per 
year. Whether this new process which has been patented, is of dirrc:t 
interest_to India: for the present is doubtful since apart from. the special 
Mtalysts, 2-ethyl . anthraquinone, very highly purified benzene and a 
mixture of secondary alcohols (07 'to Cll) are necessary. · 

II. ELECTRO-THERMAL PROCESSES. 

Fhosphates.-These have been considered in Part I, paras 73'"75. 
Calcium Carbide. 

10. The chief applications of calcium carbide ~tre in the manufacture 
of c:alcium cyr~uamide fertiliser, of acetylene required in oxy-acetylene 
welding and in chemical synthesis of a variety of organic.- compound~ 
·u.sed as medicines, dyestuffs, solvents and for the manufacture of 
synthetic rubber. Calcium carbide is produced only in the electrie 
fnrnace, a large block of power being required for its manufacture. 
Electric furnaces used are of the submerged are type. Heat is produced 
by shott arcs· taking place between the electrodes, the crushed materials 
closely surrounding them. Power consumption is about 3,500 KWH per 
ton in the modern furnace. Electrode consumption is also heavy, form
in!! about a sixth of the cost of the product. Production in the U.S .. A· 
before the war was about 150 000 tons, electric power consumed bei_:ng 
nearly 500 million KWH. Pre-~ar ~tverage imports into Ind~a of carbide 
were about 3,500 tons per annum most of it for the production of ace~y
lene goas-· during the war demand was, however, about 7,ooo· tons, I~
cltiding ~ar requirements.' In the absence of chemical indu~tries depen -

!TJg on ca-lcium- \:J~i~~u.;; yve no not think that future requirements are 
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likely to exceed this figure in the first five-year-period and we recom· 
menCLed 7,000 tonS as the target. We. understand the Government of 
India have granted an .import licence for a 5,000 ton plant to .be installed 
in Bihar. For the. balance of 2,000-2,500 tons, we recommended that a 
plant may be put up in South India where electric power is :~~.vailable 
immediately, as in the Jog area. It is uriderstood that the necessary 
equipment which is ah·eady available in l\'l:ysore is being· used now for 
manufacture of ferro-silicon, but that shortly, it is proposed to instal a 
larger unit for the latter, when the existing equipment can be utilised 
for manufacture of carbide. 

(b) j(1alcium Cynamide. 

11. Calcium cynamide is obtained by passing purified nitrogen 
obtained· from air over calcium carbide maintained at a temperature of 
2 OOOF. Its use as a fertiliser has not been established in India ~and 
there: seems to be no urgency to take up this question in .preference to 
other nitrogenous fertilisers, as it is understo~d that its use as a fertiliser 
is declining in other countries. Its. manUfacture could be considered, if 
necessary, when the. carbide industry is well established in India. 

Ammonia.-This has been consider~d in Part I! paras 63-65. 

(c) (Jar bon Disulphide. 

:ll2. Carbon disulphide is an .important chemical required i_n the 
manufacture of rayon by the Viscose process. For each ton of rayon, 
0.4 ton of disulphide is necessary; the Rayon Panel have, we understand, 
fixed a target o.f 60 tons .of viscose ray<>n per day, which would require 
about 8,760 tons of disulphide per year. We consider, however, that 
the ehemical should be prepared in the rayon factories themselves in 
suita'ble units. Large quantities of carbon disulphide would _also be 
required for the manufacture .of carbon tetrachlor~de .required in the 
oil industrv as a solvent in the solvent extraction process. We.. are not 
able to arrive a.t a decision as regards the quantity required in the 
.absence of the ree<:>mmendations of the Soaps and Oils· ·Panel. Carbon 
disulphide is made from sulphur and (!harcoal in the electric ·furnace 
which is found to be more .convenient .and durable, although the reaction 
takes place- -at a comparatively low temperature. 

(d) Artificial Abralives. 
13. The ·enormous. increase in the :use of. -artificial abrasives in recent 

years, has made possible the grinding ~and polishing of high-anoy ·steels 
and high speed precision grinding. India has taken up the manufacture 
mostly of coated abrasives •. abrasive papers and cloth .only. Annual 
imports are of the value -of about Rs. 10 lakhs while the value 'Of indi
genous_production iS. about Rs; 5 1akhs. Precision grinding ·wheels are 
also bemg fabricated by one or two firms, most of the abrasive grains 
being impo:ted. Garnet sands are f~und in the Tinnev:elly District of 
1\fa~ras, JRipU: and a .few other Indian StB;tes. We understand that . 
Indian emerv Is not suitable and hence Turk1sh emery has to be import 
ed. ~ atdural cdorrl!ndum is found i.n many parts of India, but n~ 
orga:~use pro uctlon seems to ]lave been taken up. We reeommen'il 
that the question of utilisation of -all these sho-qld be carefully ex~~ed, 
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n 14.. Artificial abrasives are manufactured only by electro-thermal 
Jthods in the furnace. Carborundum and a few other carbides, a~d 
;;J;ed alumina are of impo~'tance. There is no manufacture of these m 
:ddia at present, but in any scheme of development of electro-chemical 
n\lustries, they must' find a place, especially as the raw materials are all 
dSily available and cheap electrical energy may be expected to become 
,"\§3.ilable shortly. 

;mcon Carbide (Carborundum). 

~ 15. Silico~ carbide is made by heating_ ~ilica san~ and ~xcess of 
1a'rbon to a high temperature. A ton of silico-n carbide requ1res about 
J,V00-10,500 KWH for its :rp.anufacture. It is extremely hard and 
:>dssesses excellent cutting properties, but we understand that because 
,f its brittleness it cannot be used for grinding wheels of high tensil'e. 
rthngth and does not therefore from a satisfactory substitute· for 
1~tural emery. 

Fused Alumina. (Conmdum). 
1 16. Fused alumina is a very important abrasive and has, we under

stitnd, largely replaced natural emery. Calcined bauxite is mixed with 
c11rbon, sufficient to reduce the impurities to the metalic condition but 
insuffident to react with alumina. The starting materials have t~ be 
ehosen very carefully in order to make a satisfactory product. Electrical 
energy consumed is 2,600-3,200 KWH per ton. 
Boron Carbide. 

17. Boron Carbide made from boron oxide and carbon in the electri<& 
furnace is one of new abrasives recently come into prominence and has 
been claimed to be the "hardest material ever made by man." 

18. There is no manufa-~ture of artificial abrasive grains in India, 
~s already ~tated .. InformatiOn as to how much of these are imported. 
IS not readily avmlable. The manufacturers of coated abrasives are 
small establishments scattered all over the country and in these circum
stances, it is difficult to collect any data as regards the demand for these. 
We recommend, however, that to begin with, furnaces with a capacity 
of 2,000 tons for each of these abrasives may be installed near a source 
of power. We understand that some firms who 4have already establish
ed the manufacture of bonded abrasives successfully are desirous of 
preparing the grains also, provided some concessions such as cheap power 
etc., are given. We are of the opinion that they s~J.Ould be encouraged. 
Since this is such an important industry, we are of the opinion that the 
manufacture of grains should be developed On cheap seasonal 'POWer, 
~nd. further, as Rome firms have demonstrated that they can manufacture 
bonded and coated abrasives successfully Government should give them 
very cheap power and other concessions to develop this industry. 
(e) Artificial Graphite. 

19. Pure carbon cannot be transformed into graphite merely .by 
heating but it must pass through the stage of a carbide. Anthracite. 
uetrolettm coke or any other carbon carryf.ng enough ash matter can 
be used. for the furnace charge, the ash furnishing the metallic po_rtion 
necessary. For manufactur~ of electrodes, the powder ia moulded first 



45 

into shape with the use of tar or pitch binders and then graphitised. 
If only praphite powder is required, the carbon powder itself is usea 
in the furnace. Power consumption is highly variable depending o.n 
the size and condition of the charged materials, the required degree of 
baking OJ;' graphitising, etc. We understand that the average is about 
3,600-9,000 KWH per ton of product. 

20. All electro-chemical industries require electrodes-graphite or 
carbon, which are continuously consumed. Those which deliver energy 
to the electric furnaces and many of the electrolytic cells are massive 
rods or plates of carbon or graphite and are themselves· manufactured 
in the electric furnace. Although many types of carbon-aceous matter 
were used as starting substanees in the beginning only two are chiefly 
used now, low ash coals with very little volatile matter and petroleum 
coke. They- are first freed o! their volatile matter by heating to a white 
l1eat and then ground to a fine powder in special machines. Mixed with 
the binding material-coal tar or "pitch, in steam-jacketed mixers, the hot 
plastic mass is made to pass through extrusion presses to give the re
quired dimension and shape, and _ihen cooled undel' A snrav of cold 
water when it becomes comparatively stiff. These are called • green, 
electrodes. The first baking is done in furnaces at a temperature of 
not more tnan l,l00°C During this process, the binder is carbonised 
and freed of all volatile matter. The electrodes are then gradually 
cooled. A second baking is done in electric furnaces (4,100°0) for 
graphite electrodes or in gas-fired furnaces for carbon electrodes as 
the case may be. The importance of electrodes in electro-chemical in
dust:ries can be seen from the fact that they are essential for the manu
facture of electric steel, ferro-alloys, calcium carbide, aluminium, mag
nesium. electrolytic caustic, phosphorus, etc. Table II gives an indica
tion of electrode consumption .in some of these. 

Product. 

Non-ferrous castings 
Iron castings, cold scrap 
Iron ca.stings, duplex: 
Electrolytic Chlorine 
Stet>! ca.stings 
R tee 1 ingots 
Caloiuni carbide 
Aluminium .• • 
Ferro-sili~on (15%) . 
Ferro-silicon (50%) 
F~rro.~i~icon (80%) . , 
High-silicon ferro-silicon. 

TABLE II. 

Pounds per t-on of product. 

Carbon. 

10-22 
19-33 
33-.220 

1'100-22110 
~ 
50-71 
80-UO 
150~'lM 

Graphite. 

2·8-11 
5·6-U 
3·4-15·i 

7 

.. 

" ·-·------~-----

Although electrod~s a~·e being u~l)d in many factories no data ar~ a.vai}. 
a~Ie !or .the con.sumpt1on qf electrodes in India at presen:, . The ·(l~mtind. 
Wlll lnCiease Wltli.. the deyeloPment of elef!1:l'Q•~t~mi~1 UW,U.tml Wt 
t;e~o~rorr&s · · · · 



d. • 'I' vancore with a capital 
undet•stand that a company has been starw J.D. ra · ' · 1 required 
of Rs. 25 lakhs to manufacture carbon RJ?-d graphite materia selectrodes 
for electro-chemical industries. We eons1det: manufaetur~ ~f and ar~ of 
of the utmost importance for all electro-chem1cal devel~ptne t two 
the opinion that Government of Indill: s~ould. it~elf mstal 0~ie 0length 
plants, if manufacture does not mater1ahse w1tlnn a reasona in t'bis 
of time in the factory planned in ~ravancore. We recommend should 
#!Onnection that jn ord~r to sav~ fretght ch.arges, petrol~um. colm beeu 
be supplied to the electrode pl~nts only after first calcmat10n has 
earried out in the oil refinery 1tself. 

Til-ELECTRO-METALLURGY OF METAI.S. 

(a) Iron & Steel. 

21. In. place of coke or charcoal, the use o£ electricity as a thelma! 
agent for the smelting of iron and. st.eel will be of speci~l \'alue in P a~tl· 
where fuel is expensive and not eas1ly available, electncal supply bem~ 
cheap and plentiful .. Po,yer cousump~ion per ton of pig iro~1. :prodn~~e 
is 2,800 KWH. Apphcat10n of electr1cal energy does not eh;nmate. 
use of coke or charcoal altogether but the quantity is curta1Ied to. ! 
third, the function of the carbon becoming only that of a ;ec~nclll~ 
agent. We understand that the electro-metallur()'ical process 1S lU ~s 
in Norway and Sweden (in Italy and Japan befo;c the war). In India, 
where metallurgical coal resources are not plentiful and large s~ale 
hydro-electric developments are being planned, eleet'ro-luetaUurgical 
processes will be valuable ~specially in those areu~ whel'tl tltel'tl 'ifl no 
~dequ~t,e coa\ or charcoal sup_ply an~ electric P?wer is available .. :M:ysor~ 
[ron & Ste~?l Works are plannmg to mstnl electric blast furnaces, m or?e 
to r;ave ch·ar~oal which is .expensive and in short supply. ~or manutac· 
tnrc of spec1al steels wh1ch are obtained by methods of refining and 
alloying involving high tempe~atures and accurate procesR control, the 
electric furnace possesses spec1al adv,antages. Such furnaces are· work
in~,! in Tndia in many places. 

'1 \V e have not considered this subject in our report in any uetal ' 
as it helongs more l~gititrtately to the Iron & Steel Pnnel. 

(b) Ferro-Alloys. 
22. Alloy steels require the use of small quantities of ferro-alloYS 

for their manufacture. These ferro-alloys 'vh;ch are electric furnac~ 
products contain more of the other metal constituent than of iron. 111 

gmall proportions, some of these non-ferrous elements are responsible 
for tbe removal of impurities from iron while in larger. proportions. 
they enter into combination and give rise to special steels, Ff:.\rro-alloys 
are produced in electric furnact'S of the submerged arc type. 
Ferro-!v'Ianga.nese. 

23. Ferro-manganese is now manufactured in the blast furnace ~t 
Jamshedl?ur as for o~dinary J?rades (40-70 per cent manganese) electriC 
fu:~ace ~s not cons1clered more advantageous. For higher grafie;~ eon
tamm.g ~0. per cent manganese, however, we understand that · the 
e1ectncal process is more satisfactory The raw materials are manganese 
Qr~ ~n~ ~arbon; and power ~Qn.~\lW..~t;Qu ia lb.Qut 4,500-5,000 KW:S: for. 



p-roduct ~onta.inin.EJ 75 pe:t cent. ma.n:ganes~ .ll.D.d 6,7~7;"850 kWH per 
ton for 80 per cent. ferro-manganese. We are informed that exc-ellent 
manganese ore and iron ore of good quality are available in the Sandur 
State and it 1s probable that electric power also will become availa.ble 
shortly. We recommend, therefore that this area may be cons dered as 
suitable for manufacture of ferro-manganese in large quantities and also 
later, steel of good quality. 

Ferro-Silicon. 
24. The raw materials are quartz, iron scrap anti charcoal. There 

are no technical difficulties and 70 :per cent. grade is usually manufac
tured. The energy consumption for 50 per cent. ferro-silicon is 5,500-
6 750 KWH per .ton, for 75 per cent. product 10,000-12,000 KWH per 
t~n, and for 90 per cent. alloy 15,000 KWH per ton. The total Ipdian 
demand is estimated at about 4,000 tons, but· may be expected to go- up 
to ~0,000 tons in :five years. We understand that l\Iysore is manufac
turinO' :ferro-silicon with two small l,GOO KVA furnaces of 1,000 tons 
capacity each per annum and supplying it to all the Iron and Steel 
manufactures in India and that it is proposed to increase production to 
4,000 tons or more if necessary in the Jog area. No further action seems 
to be necessary. 
Ferro-Chromium. 

25. Anticipated demand in india is about 3,000 tons. The raw 
materials are chromite ore and charcoal or coke. This ferro-alloy is 
essential for production of sta.inless steel and 60 per cent. gra(le is 
usually used. The power requirements are about 12,000 KWH pPr ton 
of low carbon alloy and 6,000-7,000 KWH per ton of l1igh carbon 
ulloy. Wll undon;tnnd that one of the 1\iysore furnaces wa~ earmarkell 
for ferro-chrome, but since more ferro-silicon was required <.luring the 
war, this could not be taken up. Chrome ore is available in plenty, but 
most of it is of po01~ quality and would. require beneficiation to render 
it suitable. Development of ferro-chrome which is linked with the 
manufacture of stainless and other chromium steels can be taken up 
when the programme,of development of the Steel Industry is decided. 

(c) Aluminium. 
26 . .Aluminia dissolved in a. molten bath of the double flouride 

ni aluminium and sodium (cryolite) to which some calcium flouride 
(fluorspar) is added, is electrolysed to extract this important metal. 
lt occurs generally in the mineral bauxite to ~he extent of 50-60 p~r 
cent. as alumina. Indian t·es?urces .. of baux..tte are-enormous, tLc 
reserves of the better grade bemg estimated roughly at 250 million tons 
p:ov~d workable dep~sits bein~ th~se of Jubbulpore and Balaghat 
districts . of .the Ranch1 plateau m B1~ar and the Shevaroy hills of the 
Salem District and small occurrences m 1\lysore, Central Tn(lia etc With 
such large resources, India should hold a leading position in' the· world 
but. very little I!rogress ~as been poss~b~e for want of very cheap powe; 
wluch IS es~:;entlal and 1s the determnimg factor~ Although Oa d 
possesses none of the raw materials with the possible excepti~ na ~ 
:fluorspar, it imports baux.i~e from B:itish Guiana and with the adva~
.l~ge of chea~ bydro-electr1.e power, 1t has developed the largest ahimi· 
mum produemg centre in the world. 
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·21. _The ra.w·material& for 14e production o~ 81Umii:Uiun (per ib.) 
are:- · ' · · . . 

T.A.BLE III. 

; 

, 10 KWH. 
4lbs. 
0·15 lb. 
0·05lb. 

Electric power 
Bauxite • 
Caustic sod& • · 
Cryolite • 
Alumini!lm fiourlde . 0 · 03 lb. 
Fluorspar 0 • Ollb. · 
Petroleum coke 0 · 65 lb. 
Pitch 0·07lb. 
Coal _ • 3·50 lbs. 

. The •quantity of caustic· soda required is quite small and can' easily be S';l p
plied from local manufacturers. Natural cryolite and aluminium fluonde 

- have to be imported, the former from the only source Greenland-. Fluor· 
spar although available in India, is not, we understand: upto the purity :e· 
quired and it may not prove profitable to introduce special purificat1on 
methods in view of the small quantities required. Petroleum coke · an_d 
pitch ·are required for the manufacture of electrodes . the former lS . 

available at the oil refineries at Digboi and the latter ~an be obtained 
from the coke ovens in Bengal and. Bihar. High cost of transport and 
want o~ cheal? electric poyver are impending the development of this in· 
dustry m In.dia. We are mf.ormed that it is cheaper to ship bauxite fro~ 
South Amer1ca to. a factory m Northern Canada than it is to transport 1t. 
from the C.P. to a factory in Bihar. Bauxite itself costs little but the 

. transport charges are much higher. A factory on the West ' Coast of 
India can get petroleum coke cheaper. from the U.S.A. than from Digboi. 

.. . 28. U.S.A: consumes 2 lbs. of aluminium per head per ~nnum, U.~· 
1 lb., but India less than 0.025 lb. There was no production in India 
before the y;ar, imJ?orts being on the average about 4,000 tons per ye~r. 
Most of thiS quantity was used for manufacture of utensils industrial 
uses having been negligible. 'There are now two firms manuf~cturing alu
minium, one in Travancore and the other in Bengal. The total produc
tive capacity is about 15,000 tons of alumina and about 7 500 tons of 
aluminium per year with provision for developing it to H) 000 tons. . . ' . 

29. It is difficult to foresee the demand in future industrial India. 
With· the development of the engineering industries, estimates have been 
put up as high as 20,000 tons, which may not be improbable considering 
the large developments-electrical, 1:1?-echanical and chemical, planned~ 
.As regards demand for utensils, even if we plan on the basis of one plate 
and one tumlller per head for a- half of India's population, the demand. 
for aluminium will be very large. Since Indian reso!ll'~es of copper and 
zinc are very scanty, we are of the. opinion that aluminium should · be 
utilised in a greater degree for utensils. We understand that if metai 0l 
lluffic1ent purity is used, the utensils are not corro!led by highly SI?l~t' 
food. Transport services could consume . the metal in large · quant1t1es. 
Taking all these into consideration we recommend that production should 
be raised to 15,000 to:p.s per annum immediately, with provision for 20,~0 
tons later. GoVJ'llment of India are therefore, requested to arrange .::~Jr 
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ano~er aluminium plant of 5,000 tons i.mmediate. capacitY-· uhimately to 
be ra1sed to 8,000-10,000 tons near a source of power supply. _ We are of 
the opinion that this industry requires special treatment for the next :five
years or a shorter period if-power situation improves after ::which it may 
be expected to stand competition if railway concessions comparable · to 
Canadian and U.S.A. rates are given and the present tariff rates continu
ed. In this connection, it is of interest to compare the freight rates in . 
Canada and India (Table IV). In order to safeguard the fabrication·in
d'~tries, we suggest that during the interim period, they also should be 
protected, jf they are not able to get the metal at the IS!Lme rate as the 
imported material. We, therefore, recommend a suitable subsidy to this 
industry, based on a periodical examination of costs. 

TABLE IV. 

Rates per Ton-Mile . 
. 

I - Canadian Dollars. Rupees. 
Commodity. - •. -

India. Canada. India. Canada. 

. ·0180 ·0050 0 0 II 0 0 2·9 Aluminium Ingot . . ... 
Aluminium sheets and circles ·0090 ·0060 0 0 5·5 0 0 3•5 
:Rauxite ·0205 ·0160 0 1 0 0 0 9·3 
Alumina \ ·0237 ·0068 0 I 1 0 0 4·0 . . 
Petroleum coke * .;·0060 ·0050 0 0 4 0 0 2·9 
Pitch . / . ·0158 ~008<11 0 0 ~ 0 0 4·6 . 

*This is the rate in India chargeable as Coke. However, it is now proposed to classify this 
material, used for electrodes, as carbon black, which will result in this rate being practically 
doubled. · · 

(d) l'rtaguesium. . 
30. This metal is one-third lighter than aluminium ·with most of the 

latter's desirable properties, its value being in alloys, the most important 
of which carries about 95 per cent. magnesium and 5 per cent. of other 
constituents like aluminium.] chromium, manganese and antimony. Such 
alloys are specially strong and rigid in the different fabricated forms 
and have found exten~ive us~ in the manufacture of aircraft and other 
light structural products. The only difficulty seems to be in imparting 
corrosion resistance to them. Magnesium is used also in incendiary 
e;x:plosives. !n the U.S. A.", the present rated o:utput of all tp.e magne
smm plants Js about 2.60,000 tons, although the highest production in any 
one year has so far been only 165,000 tons. The· rated output is manu
factureu by different processes in the following proportions: electrolytie 
72.4 per cen~., ferro-silicon 23.? per cen~. a~d carbon 4.1 p,er cent. For 
the electrolytic process, magnesmm chloride 1s the raw material calcined 
dolomite and ferro-silicon for th~ ferro-silicon process, and 'magnesia 
for the carbon process. Magnesmm industry consumed in 1S3S nearly 
72 X 100 KWH which increased to 6,000 X 106 in 1944. This gives ~ome 
Idea of the enormous development of the industry in the· U.S.A. during 
the war.· · . 

I • . 
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. , 31. oD.ly· the tWo stan~~rd. processes, electrolytic and the more r_eeent 
ferro.,silicon. need to be considered ·for our purposes. In the :first,. anhy
drous magnesium chloriae is the electrolyte, the equipment used being 
very much the -same as for aluminium. Consumption of power· is about 
29,000. KWH per ton. Iri the. ferro-silicon process as developed by Pid
geon, magnesia of calcined dolon1ite is reduced by means of ferro-silicon 
at a. temperature of about 1160°C, the necessary' condition being that the 
reaction is carried out in a vessel with a very high vacuum 0. 05 · mm. · · 
.A.ppendix X Ill gives some-details of the pro-cess worked in one of the 
magnesium plants in. Canada. Ferro-silicon process is stated to give a 
metal of higher purity, the capital cost being only a- third of the elec
trolytic process. Power consumption including that for ferro-silicon i<;~ 
about 21,700 KWH per ton. · ·: .. • . 

32. In India, there has bee~ 1io manuf~cture so far although the raw 
materials for either process are available, but unless aircraft and auto
mobile production resultin~ ill, d~mand for special alloys develops, 
we--are not able to see any Immediate use for magnesium. . Both develop
ments must be taken :UP pari pasu,, In view of the importance of J the 
metal, w:e recommend t~at a small plant producing 3-5 tons a day by the . 
Pidgeon Process may be put up by Government as a measure of national 
~mportance, although capit~l co~t ma:r be high for ·such a small plant. It 
Is understood that magnesmm 1s available at a low price in U.S. A. and 
Canada. In order to create ~ market for. the metal and to encourage the 
manufacture of its alloys, we recommend that Government of India should 
purchase and stock 1,000 tons of this metal ana make ·it available to 
Indian manufacturers at• cost price. · ' - ·. 

·(e) Copper. 

33. Copppr pyrites containing 3-±.5 per cent. copper .. 30.5 par cent. 
/iron and 35 per cent. sulphur is the principal copper mineral and is fairlv 

widely met with in India. The metal seems to have been manufactured 
in the old days as evidenced by- the enormous heaps of . slao- in J ai{mr 
State, in._Bihar, in Sikkim) Patiala, Madras, Alwar, Rewa a;d other areas 
in the Himalayas and to a small extent in Mysore State. India's con-

. sumption of copper and its alloys in 1943 was eP-timated to be 72,400 tons 
and if Ordnanc_e factories requirements of 21,5000 tons are not taken: 
into account the "demand works out to abont 50,0bO tons. . Exclusive of 

·brass and bronze, 10,000 tons of copper used to be imported before the 
war. Only 01ie mining concern produces now about 6,000 tons of refined 
-copper annually by treating roughly about 340,000 tons o-f. the ore, con
taining only about 2. 5 ·per cent. copper. Electric refining is not practis
ed and the copper which is produced is inferior to the imported product 
from Africa and the- U.S.A. This :firm ·manufactnres brass sheets which 
stand foreign ce:inpetition successfully, but all electrolytic copper has 
to be imported. - The Non-ferrous ·Metal Industries Panel have estimated 
the average annual .consumption of copper during the next five years at: 

Copper ·for c~pper base alloys 25,009---30,000 tons 

Electrolytic copper 16,000-20,000 tons 

Indian resources of copper ores, as at present known, are sle~der and. 
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· are not sufficient for the manUfacture of these large quantities o£ the · 
·metal. 'Ve recommend that· ~or the present attempts must be made - t<> 
produce 10,000 tons annually. Reference has been made in this report, 

Part I, para 11 (iii). to the possibility of importing copp~r pyrites fron:. 
Spail: and manufacturing both copper and sulphuric acid. If this be
found possible, we recommend that the target for electrolytic copper 
may ·be raised to 16,000 tons. 

1 34. CrJppel' industry has to be developed in two directions (1) pro-
duction of electrolytic copper and (2) increase of production. Fo.:: 
increase of production, the opmion of geologists is that the ores are 
wideiy distributed and there is no concentration of the pyrites in worlra 
able load~, veins or massPs ~o that as at present lmown, the resource~ 
of India in these materials majr be considered small. In other countries, 
ores coniaining 1-:-2 per cent. copper are being used to extract the meta: 
and it sliould be possible even in India· to utilise the power grade;; o£ 

• ore to obtain this important metal. At present the only proved deposits 
in Ghatsila arr being \\:or ked. We recommend that the deposit's in 
Jaipur, Sikkim. Khetri and Dadeeling also should be examined. Uti
Jisittlcn of' scrap seems to possess great possibilities. We under3tand 
that in Germany, many primary metals used. to be recovered in con
sideratile quantities by dectro-ch<!'!nical separation from about 250,000 
tons )f scrap annually. 'Ve recommend that this be followed in Inu3a 
also, both locally available and imported scrap being ujlised, which 
could be done if the industry is located near the sea ports. We are of 
tlJe opinion that for this· purpose, srrap should be permitted to be im
ported fre~ of duty. We understand that 5,QOO-ton units would -be"" 
economical zinc or zinc oxide, tin, antimony· and lead (somP.times goid 
and silYPr 'also) all being recovered by this method and we recommer,ri 
that one unit ·with capacity to deal with 5,000 tons of sc·rap be installed 
at one of the sea port towns where power is available. · 

:33. In order to conserve the scanty Indian resources of copper, we 
consider it desirable to utilise all scrap· copper and refine it making it 
suitable for use in industry. The possibility of using low grade copper 
ores for the purpose of making copper salts w6'uld have _to be exumined. • 

. IV. ELECTRO-PLATING. 

36. Althoun·h uG data are available, there is a very large number cOt 
small establish-~ents all over the country carrying out refining of metals 
and electro-plating of small articles. This. in~ustry has attained great 
importance as very valuable and durable articles can be manufactured 
by coating on a dteap metal a thin layer o! a valuable one. This is 
a very important industry and of great. Importance. t? . the COUJ).try, 
':V\e. tllf't'Pfore, :!;<'ronunend that lar~<'r nmts to deal With mdustrial equip-
nwnt slionld hr jn;;tallecl. -~ · 

V. GENERAL. 

(a) Storage Batte~ics. , 

37. Electric accumulators are becoming increasingly important · in 
In din,. with jnt>rCClf:e in the standard of living of- the people, .Apart from 
the~r ~::;sf;)nt~al, lJ.$~ ip. ~utomo"bUe~ &nq f~~hva~s, they; ~so fill.d e~telUiive 
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application for radio receivers in those places where there is no electric 
power supply and to a small extent, as the usual emergency sets in pow:er 
stations, hospitals, picture houses; etc., the safeguard emergency essential 
lights in the event of a breakdown of the main supply. Before the war, 
most of the batteries required used to be imported. No definite data 
1seem to be available as regards the number of batteries required, manufac
tured and imported annually. Both Dr. Thomas' report and Sea-borne 
Trade statements give 7-8 lakhs of ,rupees as the value of pre-w~r annual 
imports exclusive. of the standard equipment of batteries · in cars and 
other vehicles. The D.G.M.P. also agrees with this figure and estimates 
about 22,000-25,000 batteries used to be imported annually as standard 
equipment. If the price of a battery, ex-duty is assumed to be about 
Rs. 16-201-, Rs. 8 ~akhs would correspond to about· 40,000-50,000 
batteries. Both the Items together make up about 75,000. Som~ manu
facturers have estimated the consumption figure to be very much· higher. 
We consider that 100,000-125,000 batteries per annum would be a fair 
estimate of the requirement during the next five years. Most of the 
raw materials 11re available in India and even before 'the war one or two 
:fh-ms were producing acid accumulators in India. Now the;e a,.e five 
:firms in all, specialising in manufacture of batteries and w.ith assistance 
they received from Government such as .supply of raw material etc.- they 
did valuable service during the war. There 'vill be keen competition' here
after from forei~n sources and ~e are of ~he opinion that this important. 
industry can thrive successfully If reasonable protection is given. 

·. We understand th~t app:eciable quantities of alkaline cells are pur
ehased and used by Indian Railways. We are of the opinion that attempts 
must be...-made to manufacture them ~lso in India itself. . . 

(b) Dry Cells. 

38. Dry cells are-extremely convenient and handy sources of electri
cal energy and have deservedly become immensely popular. Manufacture 
has been by millions all over the world and their chief uses are. in the 
radio flash-light, ignition and signal systems. There are different sizes 
and ~hapes to suit every ttpe of requirement. The raw materials are 
manganese dioxide, carbon rod, graphite, amm?nium and other chlorides, 
soot lamp-black, wheat flour, starch and contamers. The dolly materials 
are 'm~nganese ~~ox~de (natural . and artificial) as depolariser, graphite 
(natural and artifiCial) as electrical conductor, carbon rod as electrode 
and soot and lamp-black as por9sity agents. Electrolyte materials con
sist of ammonium, zinc, calcium, magnesium and mercury chlot•iaes of 
high purity and whe~t floor. and starch as gelati~ising agents. Contain
ers caps and • connectmg strips are made from zmc and brass sheets.' 
Soldet):flux, sealing compound, wrapping cloth and card-board are the 
other accessories. 

39 Before the war, India used to import about 25 lakhs of rupees 
worth ~f dry cells and batteries, 60-70 per cent. from the U.S.A., 10 
-12 per cent. from Germanv,, 15-20 per cent. from !he British Empire 
· d , I1 quantitieR from Chma and . Japan. Indian industry has 
an ~rna · nd· now there are about ten firms. Unfortunately, most 
stea_dily gro~te~alC! valued at ~bQl.lt ~· 10 lakhs (:p+e·war) aJ;e im:portet'r ot til? rtlW w.~ ~- •... 9 . . . ... • . ·. 
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-
even now; although they are available in India, their quality is not quite 
suitable. We understand that as a result of. investigations carried out bv 
the Council of Scientific and Industrial Research, many of them .cau be-' 
used now after processing. Many Indian firms are using only manually· 
operated or semi-a-qtomatic machines which have the advantage of lower 
initial investment and permit greater flexibility, but rate of production is 
lower. Before the war, competition from the U.S.A., Germany, China 
and Japan was very keen; cells from China and Japan were not good, but 
~xtremely cheap: We are informed that many Indian concerns are plan-· 
ning to increase their output by installing automatic machi;n~ry, z_inc 
rolling mills and carbon electrode plants. We feel, however, that they 
should also use indigenous chemicals, after some processing if necessary. 
We understand that dry cells used to be manufactured in Japan on a 
cottage industry basis. . This can be- adopted in India also with advantage. 
A good begirining has been made in the dry cell industry and we are of 
the opinion that it should be developed further. In order to safeguard its 
future; we recommend that this industry should be given protection against 
foreign . compet~tion .. .' . . . . · _ · . · · ·· 

·VI.· ORGANIC CHEMICALS. 

40. Reduction and oxidation of organic compounds .have been carried 
out· commercially in other countries through the · agency · of electrical 
energy. The importa!nt chemical$--anthraquin:one from anthracene. 

·chloroform from so!lium chloride and acetone, iodoform from potassium, 
iodide and alcohol or acetone, calcium gluconate, sorbitol and ,mannitol 
,from glucose, para-aminophenol and benzidine from nitrQbenzene are being 
manufactured _in this way. Methods· are fairly well lmown, but in some 

- cases,· technical difficulties have to be ·solved. Calcium gluconate is bein-g 
manufactured on a small scale by ·some firms in India. The question of 
large scale manufacture of all these would naturally be taken up when a 
synthetic organic chemical or. dyestufl; _industry is established and the use 

· of electricity becomes more. extensive. This is an important line which has 
made great progress in the U.S .A. in recent years a;nd we think that in 
India also ·it should be developed by encouraging planned and systematic 
:research in estabiished scientific institutions. · · · 
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. GENERAL CONSIDERATIONS· AND CONCLUSIONS. _ .. 

It is seen from t~e foregoing pages that Heau -and Electro-Chemic:;al : 
Ind~tries can be divided'into.tm-ee broad groups~- . 

_ (i) Sulphuric acid and salts; (ii) Soda ash and lime-sod~~ a~~: 
(iii) Chemicals ·which· can be manufact1:J.red o~y wh~re ple Y uld 
cheap electrical' energy is ·available; electrolytic caustic. soda wo the. 

-belong. to thiEt group. Although it would have been. desirable at b 
'outset to ·locate these groups in specially ·Selected . areas, . there r 

· creatin(7 industrial centres, it·. is not possible to do s9 now as h~aVf· 
chemic:l industries have already been located in :p1any ... places distrl• 
buted all· ov~r the country. · . · 
In conclusion, we recommend· as follows :--,. · · . _ 

2. (i) Heavy· and· Electro-Chenrlcal industries should be devel?P" 
ed in India. For want of these, India suffered ·considerably, durmg 

· . the recent ·war. ·In view. of the large · hydro,-electric- development~ 
being planned in different part~ of. India, the availability .of · r~w 
materials in many ·cases and the importance of electro-chemical In
dustries to the country, conditions are specially favourable for the 
establishment of these industries a~o on a large scale.. . . 

(ii) ·In order. to establisb..these ·4tdustries.•on a· ~ound.footing, th~ . J 
Goverp.m.E;nt {)f India .shq,uld have a staff of experts whose · qervices 

· would be.. available to· the ,various. industries, particularly .small scale 
• ones. 

(iii) Governme~t sho~d gi'!e the necess.ary protection· against 
imports to· those· mdustnes ·which· find it .difficult to compe1;e, due to 
the higher cos.t· of these- Chemicals (manufactured in 'Indi~!.) 'they re
quire for the~r manufacture. Rel~vant examples are soap whicb 
requires caustle soda and glass whiCh depends on soda . ash. "' - . 

(iv) l1xd~e 'd'?-~i~ as.in tl_!.e case of salt, alcohol, benzene, etc.,-_or 
any other disabilities, e.g., .lice~ce required for the storage of .su.l· 
phur which are not conducive" to development should "be temQved,~ 

(v) Raw mate:ials ~eluding fuel_oils, plants:and;~cienti:fic intru· 
ments for these mdustries should ~ot be subject to any .duty. . 

(vi) Cheap. transport. of raw materials and finished products from • 
and to the different parts of the country is an essential cond.ition 
for _the success~ul d.evelopn;ent of these industries, which in the case 
of elect~o-chemic3:l mdustr1es h~ve to be located at sites of power 
generation to '!hich raw m~er1als have to be transported. There 
have been persistent complamts that freight charges are very heavy 
in India. We have already referred to the case &f raw materials for 
aluminium m~ufacture. ~e feel that railways have ·to ·consider 
Indian Industnes ~s a national asse: and give all necessary help to 
enable· them to t~nve an~, face foreign competition, by the grant i>f 
specially low freight rates. _ . . 

(vii) The development of eleetro-cheniical industries and their 
mccessful working depends on the supply of cheap abundant power 
t these industries. Heavy Chemical In~ustries also would .bene~~ b; the supply of r-heap pQwer! O~lculat10n of ll9W.~J; ~Qs~ lll tlia 
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old. orthodox way allowing for interest, depreciation, etc., will put 
up: the cost of power with ·the consequence that the consuming indus
tries will be strangled. Even though a hydro-electric~ p:r_oject may· 
not. by itself, pay an adequate return on the basis of -orthodox 
canons. of :finance; the indirect benefits to the country by the develop-· 
ment; of these: industries will more than compensate for this apparent 
loss. The importance of the use· of electricity in India where the 
fuel resources are not too plentiful and even those available are con
centrated, in one area cannot be too- strongly- emphasized. Rates . 
for, electrical energy· in .foreign countries for such industries are, we 
understand, as low as £3:-or even less per· H.P. year. In India, 0.1 
to 0 .15 anna per KW~ would be a fair rate for those electro-chen;llcal 
industries in which cost of power is-a major. factor. Such a low rate 
is essential, >\•hen one takes into account the other disadvantages such 
as smaller production, heavy freight charges, etc., suffered· by them .. 
Reference may be. invited to Appe~dix. IX, in this connection. _ 

(~ii) We· understand that minerals which form important· raw 
materials· for chemical industries belong, at present, to the Govern
:ments of the Provinces and States, ill which. they occur. In order 
to· ensure the development o_;f the mineral resources on an All-India 

.. basis, we recommend to the Government' of· India that mineral' re-
so1lrces must be included _among the Central Subjects. " 

(ix) Manufacture of electrical· equipment--electrodes, furnaces and 
transformers, is being carried on to some extent now~ but has to be 
developed much. more if India is to·. be self contained with regard to 

-}hese industries. Special mention must be made of electrodes, large 
-quantities· of -whiclr ·are· consumed continuously by these· iil:dustries. 

·Appendix XIV deals with the· electrical equipment req't;lired for 
· elect:co-chemical; industries. 

_ ·. · (x) We understand that planned dovetailing of se~s~r~.al fmploy
ment has been taken up in the U.S.A. and the possibility of orga. 
nising _it in· India also may be examined. Cheap. secondary_ power 
could be made available duririg t];le flood season; m some places we 

·,understand that o~d. machinery whose cost- has.: been co~pletely ' re
, covered is available and. we recommend that- such machmery. should 
. be: utilised for generation. of· secondary p~wer;- in such .c~ses, power , 

would be . available at a~ost no cost. ThiS ~onld be ut~sed. by the 
.electro-chemical- industries wjth profit. D~mg ~he :penod when,no 

: s~condary· power is available, . these · industnes will either have to 
suspend operations or be worked on power from ther~al· stations · 
The latter may not be economical in most parts· of In~a. Even _. if 
these factories are cl~ed -~uring the ·Off-season, the. staff ~nd.Iabour 

: can. be usefully eiUployed 111 any. cottage or other JJldu~tnes not re 
-quiring much power. If this ~s possible, it is only. capital cost -charg • 
' that will have to be distributed over: half the ye~s' production. . Thla 
scheme requires careful organisation ,an<t goodWill and we recornm d 
that it may be examined by the Government and by the other Pan:t. 

(xi) ~~ should also l~e to_ refer t? the ~esirabi~ty o~ rnanufact 
lng ·. m~cliinllry. a:J?-d eqmpment reqmred for c~enu~al m~ustries lll>- ..,_ 
Jndia 1tself, Th1s, however; may·not be poss1ble l~edu~.telr. -~--
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" . . · · · ·. hin Panel is exa.mm· 

unders~nd th~t t~e lnd~trial Pl:~~ M:ec to ~~mmend, however,· 
ing this q~est~on m detail. a: \s taking up the fabrication of such 
that a begmmng ruay be ~bl ~th the capital machinery already 
equ~llJmblent. aslnmdi?-aY hL/::~yec:es lease of patents may not be. ava1 a e 111. ~ • , 

' necessary. 
. . . . f th rt the consumption of 

I 

I 

· 3 As stated at the begmnmg o e repo ' . · dus-
the~e chemicals depends on the developm:e~t of tJ:le e~nsu~~em con- 1 

tries the extent of which is difficult to estunate m v1ew o f it 
tinu~usly chan.,.ing conditions in the world to-day. There tore,ets 1 

"' :a_ 'th urae five year~ arg has not been· easy for us to .u.&. ~ a:nY ac~ Y . • · ous 
for Heavy Chemicals, whos~ .consumptlon will ~~pena upo~ v:;ries 
other factors such u.S expans1on of and competit1on from md f 
in other co~tries, the support Indian ind?Stri~s wi~ get rom 
Go:vernment, etc. . Synthetic dye and explos1ves mdustnes . are .1~! 
consumers of Heavy Chemicals and .. development of t~s m . 
try will depend on the successful establishment of those mdustr1es. 
Reference has been made (vide para 94) to the contemplated e~~?: 
start of synthetic dyestuffs industry in India. The effect of . WW". 

industry will be large on development of other chemical industries
coal tar distillation, heavy ~hemieals, etc., which supply the rayT 
.materials and others like fine chemicals, pharmaee:ntieals, synthetlC I 
.resins, explosives, etc., which develop from the dye industry. Sombe 
, of the raw materials for the dyestuffs industry will have to. e I 
·manufactured by the industry' itself while some others will have to 
be ob1 ained from other' sources. There has been no attempt so far 

:for ii>tarting the manufacture of peace~time explosi~es, but it will h~t.ve to. 
be taken up soon. Therefore, while the targets suggested are based 
on a consideration of the existing conditions, those who will be en· 

· trusted with the task of giving effect to our recommendations may 
· h.ave to modi£~ them s:W-t9:bly, should the changed conditions at the 
· tune ·of execution reqrure 1t. - · ·, 

_ 4-. Reliable statistics form the basis of ~Y well organized plan or 
. development. We w~re handicapped. at the very outse~ by lack ·_of 

co-ordmated and rehable data. relating to the industr1es dealt Wlth . 
in this report. Attempts have been made at different times by varioUS 

· Del)artments and bodies including the Indian Tariff Board to collect 
. reliable figures of production and distribution of many articles in. 
·this country, but it would be difficult indeed to accept as strictlY 
. -accu;rat~ the data collected by any single individual or Department or 
-· · Ins?-tut1on. We have made .an earnest attempt to collect the data froiD. 
-var1~us sources and reco~ile. them. Although we do not claim an1 

~ finality for our :fi~es, 1t will be generally accepted, we are sure, 
that our report will serve a. useful and practical purpose when deal.:· 
ing .with the chel¢.cal industries in. India. · : 
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The Panels had the benefit o:E. discussions at separate meetings with 
Mr. Morton S. Cressy, Chemical Expert from The Chemical Construe: 
tion Corporation of America, who had been invited by the Government 
of India to advise them on the development of chemical industries ill 
India. We are thankful to the Government for giving us this opportu- -

. nity of discussing with .l\fr. Cressy the scope of Chemical developments 
in India. Mr. Cressy toured all over India with our Secretary~ Dr. K. 
A. N. Rao and his report on chemical industries will, Wt~ understand, be 
submitted to the Government of India shortly.- Owing to the desire · of 
Government for early ·submission of our report, we have not had the. 
full benefit of Mr. Cressy's views:· · 

,' i . --

We wish to thank .l\fr.' D. N. Wadia, Mineral Adviser to the Govern
ment of India, who attended all the meetings of the Panels and gave 
valuable suggestions on all -the subjects relating to minerals. To assist 

. the Panels in their consideration of the subject · of common salt the 
.Central Board of Revenue deputed .l\fr. H. A. C. Gill ,and Dr. S. S. Myar 
to meet the Panels and clarify certain points. The Public Health Com-

.·missioner also kindly deputed Major 'l'. C. Puri, Deputy Public Health 
Commissioner to clarify_ some points about DDT. 0-q.r thanks are due to 
all of them. -

. i 

We wish to place on record our appreciation of the arduous work of 
our energetic and liard:-working Secretary, D~. ·K. A. N. Rao. He came 
to us, apart from his scientific .a~tainments, With a fund of research and 
industrial experience, and we would ~ke to express ou~ thanks to him 
for his valuable work. The . Secr.etary s ~taff have put m excellent team
work arid they also deserve special mentwn. 
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PART' I. 

suw,t.AR.Y. oF., MAIN, RECOMMENDATIONS. 

Importance of- a sound Heavy, Chemical· Industry for the industrial 
advancement of India. . 

·Sulphuric. Acid:, 

Present production 
Existing · capacity · 
Present consumption · 

About 59,000 tons. 
About 77;900 tons. 
'About 55~760 tons. 

(i) .Five-year target including the acid.required for rayon industry: 
·: 152,600 tons. 

(ii) This target to be achieved by the installation· of :fifteen _10-ton 
- ._. p.er. day units and one Government experimental· plant for producmg· ~5 

· tons of. sulphuric acid and 12 tons of sulphur ·per· day ·from gypsum, Ill 
.. addition to plants for which· import-licences .have been granted. Bal_an~ 
of 23,600 tons to be allocated after location of rayon plants is decided . 

. ·cost of capital equipment, Rs. 37 .5.lakhs, excluding the Government 
plant. ·· 

, .· NOTE.-Ati figures are expt·essed in terms of ioo per' cent. Szilphuric 
~c~d. . · . · . 

(iii) Import of Spanish pyrites to be arranged for the manufacture 
of copper and sulphuric acid. · . 

(iv) Location.-Sind, Bombay, Bihar and· C.P. 

(v) A staff of Government experts to be maintained for paying visits 
to factories and give technical advice. · · 

(vi) Some schol~rs proceeding to the U.K.· and' the U ... S.A. to· 
specialise in sulphuric acid ·industry. · 

(yii) Foreign techllical· experts necessary· only for the Government. 
expenmental plant. · · . 

(viii) Bulk purchase of sulphur by a single corporation to b~ arrang
ed for supplying sulphur t_o all the industries requiring it. 

(ix) Ceiling prices ~or. the acid based on the· cost .of sulphur to be 
fixed by Government periOdically. . . 

(:~) Chamber acid to be used as far as possible for the-manufacture 
of fertilisers.. · · . . . . 

Sulphates: 
I 

o 1 

Sulphate of alumina.-Present sonsumption . . 20,500 tons. 
Five-year target · . 38,000 tons .. 

. Magnesium sulph~te.-Total Indian production : · 3,500-4,000 tons. 
This can be increased if necessary. 

. J.ron sulphate.-Present production of 2,000 tons sufficient, This can 
be increased if necessary. , . 



•. '0 opper-s'lilphate...,:...,Estim~ted ; Indian production: -900 ·tons. n~quire
ments about 2,000 tons. 

. (i) No increase. of manufacture from slender Indian resaurce.s of 
copper. · · . . . . . · · 

. (ii) Manufacture to be arranged from ~mported copper pyrites. 

~: (iii) Copper ·sulphate :importe~ for agriculturai. purposes. ~houl<i.he-
free of duty. . ' · . . ·-

t·· . Badiu_rn sulph!lte.~Consumptiqn-about 4,00~ tons .. ~Large deposit~ ar~
:tvallable m t~e D1dwana Salt Range Jodhpur, m add1t10n to. manufacture 
In. hy~rochlo;ric acid and dichromate plants. No action is.necessa~y, · .. ' 

Other sulphur Compounds: 

-· Sodium, sulphide: Present demand about 3;700 tons · per ann::Im 
Five-year target 7,000 tons. · · · · · · · . .. . · · - · 

. (i) Jo~hpu.r State to be addressed by the Government of India to· 
'expedite manufacture.-· · · · · · · . ·· 

.. •. ?odiwm ~hiosu_lphate (Hypo).-:-:Dema:I?-d more th_an ?OO tons; Iio~al 
manufacture- Is expected to meet the demand. No actiOn Is necessary~ 

: .-,: Sodiztm Hrdrosu~phite. (Hydros).~Pre-war requirements 1,600 tons. 
(i) Five~ year target 2,.500-3,000 tons. -~ 

.. . _ (ii) 1\fanu.f~:tctu:re _to be .taken up in _India for whjch ch~ap zll:!c and 
· 'sulphq.r dioxide are ·necessary.· · 
. . (iii) Investigations· of alternative proc.esses u~ilis~ng _·Indian raw 
·,materials should be continued by the Council of SCientrfic and Industrial 

Research. . 

'~Alkali indust~ie~: 
· Common salt.-(i) Chemical industri~s to be supplied. common :~alt 
by Government at cost of manufacture which should be reduced to as low 
a figure as possible. · · 

(ii) Salt dust to be given free of charge: or' atlea.St··at the .. same· um. 
f9rm .rate to· all i~dustl'i~$. · · · · .· . 

Limc.-Lime of guaranteed qu~lity essenti.al for"ehemi<:lal mdustries. 
, {i) ~Installation Q.f• nwde:rn' lime- kilns' in .different· ·areas. . · 

Soda as h.-Present cons~mption. 107;500' tons per annum. Present • 
capacity 74;000 tq:t:J.S; :p-rQ€jluc~OJ.l.,.muGh .Jess. 

(i) Five-year target:' 270,000 tons. 
.. . (ii) To achieve rthi~ ;target,; foul·; ne'Yo pl~nts ·are -l'ecomrne:nded. 
50,000-to~ plants, one. each i!l Smd and m J?thar,,, two- 30,000~to.n, i two 
one each m South India a,r:~;d m the.C.P. . - I> ants, 

, _ , (iii) . OolJe~tion Qf ,the chemjcat' fro~ Reh deposits· to . be or a • 
properly. _ · · · . . · g nised 

. '. 
(iv~ Estimat.r.~.=tr~qu)r~ments of capital goo~: about_ Rs, 6 erores 
( v) Tech!!ic~tl ~<lvice ffQ111 ~broad n~c~sS.ary, · 
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·(vi) Indian chemists. and engineers to be trained in the U .K: and the 
U.S.A. · 

' Caustic Soda.-Present consumption about 54,000 tons. Present. 
capacity 12,600 tons. 

: ,(i) .Five-year target 133,00~ tons including requireme~ts of rayon 
industry ( 45,000 tons electrolytic and· the balance by· the hme-soda pro-. 
CE'.SS). . . . 

. (ii) ReqUirements of capitai goods: about Rs. 16 lakhs for each 5-ton 
plant. .. . 

(ni) Location.-One 11,000-ton mercury cell plant in Bihar and the 
others distributed in different parts of India. . · . 

(iv) Manufacture of 30,000 tons in all of DDT aiid Hexachlorocy
clohexane ( 666), the two valuable insecticides from, the chlorine produc· 
ed in electrolytic alkali plants. 

(v). Government to employ experts to visit plants and give technical 
advice. 

(vi) Indian chemical engineers 'to be trained in the U.K.· and . the 
U.S.A. · -

(vii) Such protection as will not 1penalise the consuming industries 
I • 
. to be given. . . . . . 

· -Potassium chlorate.-Pre-war consumption ~bout 2,000 tons per year. 
Existing production about 2,000 tons. -

.. .f. 

(i) A plant of 1,000-1,500 tons capacity to be installed in one of the 
alkali plants. 

(ii) The raw matE>rial, potassium chloride manufactured in India 
. not sufficientlv pure and must be made suitable for the manufacture of 
. potasc;inm chlorate. ' · · · 

Budror,hloric Acid! 

Present production 2.500 tons. 

. ( i) For any extra production required, manufacture from hydrogen 
and chlorine must be adopted. • . · 

Zinc chlor1~de.-Ab.out 2:000 tons· imported annually. Cheap zine 
residues essential for manufactur~ in India. 

Maqnesium chlorii'-e.-tndian· demand 7,000 tons. Manufacture iS 
more than sufficient. • 

Onlciwm chloride.-Pres~nt Indian capacity is more than sufficient to 
meet the demand of 1,01'10 tons. . 

p0 tassi1lm chloride. ·-Imports about 3,000 tons. 
(i) Existing manufar+,ure from bitterns and from Reli 'deposits should 

bP in crl"aserl. . 1 . : 

-" B.. • m chloride.-:Manufacture of 1,000-1,500 t.ona pt;~r yea.r to b~ 
arrMt h Jk t. lants , 

taken up in one of t e ,a a I p . 
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Nitric A.oid.-Local· supJ?lY iS equal' to ·the demand of about '1,300 
tons; 

_ .( i) Five-year target: -4,000 tons. 
(ii) Production _in Ordnance. factories: sholild be u_!;ilised for civilian 

purposes. 

Potassium nitrate.-Indigenous production is sufficient to meet ·the 
demand if this industry is organised properly . 

. Ammonia.~(i) 12,00h15,0dO tons of ammonia manufactured-- at 
Sindhri or Alwaye should be reserved for: the manufacture of ammonium 
salts and other chemicals. . ~ . · . 

(ii) No new plants-to be. installed for the present. 

Urea.-(i). FJve:-year target:. 10,000 tons. 

(ii) To be manufacture~ at-Sindhri from-ammonia available there. 

Phosphates.-(i) Five-year target for su.perphosphates 100,000 tons . 
per ~ear. · 

(ii) .An exp~rimental plant for manufacture of '10 tons of phosphorus 
p-er day and of concentrated phosphates. by the electro-thermal process 
should 'be installed by Government. 

Cal0ium. Car...bid_e.-See Part II. 
Dichromates.-Present capacity of 5,000 tons per year is· more than 

sufficient to meet the demand. '· . . ·. . . . . 

, Glycerine.-Present production is more t}:tan sufficient for In<Uan 
requirements. · · · 

Methyl A.lcohob and .Formaldehyde.-Large scale manufacture to be 
taken up at Sindhri. 

·Coal Tar Products.-Manufacture should be inc1'eased. /. . r:. . ~ - . ... . 
. Other Inc»ustries.-The desirability ·pf developing crude petroleum 

cracking and refining, and peace-time explosives industries. 

PART II. 

Importance of 'Electro-chemical· Industries, which are ~uperior "'in 
many cases to the older chemical processes. Importance of cost of electrical 
energy •. 

'Oa1tstic Soda, Oa~t~tic Pot'ask and Chlorine; Potassium Ohlorate.-
See Part l. · · · 

• . Hydrogen Peroxide.-One plant· of 350-400 tons' capacity per year 
expected to be installed in Bombay. · · 

•(i) More plants ,to be installed when ther~ is a de:finite demand. . 
' . . . 

Calcium- Carbide.~Present- Indian deman,d : .. 3,500 tons. 

(i} Five-yea~ target 7,000' tons. 
L!l30~\1ofi&S . . . 

,_, 
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d 2 000-2,500 (ii) Locatian·.-One. 5,000-ton plant in Bihar an one , 
ton plant in South India. 

Ammonia.-See Part I. . . 

Carbon Disulphide.-Required for ·rayon and oil industries. ' 
· ··· b pared (i) 8,760 tons per year required by Rayon Industry to e pre · 

in the rav<fu: factories themselves. . - ' 
. Art·ificial Abrasive~.-(i) Installation of furnaces with a cap_acity

1
tl 

2,000 tons for each of the abrasives given in the report sho1J}d ~e 1nsta e 
near a source of power. 
· (ii) . :F'irms wbo have al~eady established manufacture of. bonded 
abrasives should be given ·concession for the manufacture of grams. 

Art·ificial Graphite and' Electrodes.-Small · quantities of carbon_ 
electrodes are being made at present in India. 

,. (i) Government itself should insta:l~ one or· two plants' for manufa.c
ture of gr!iphite electrodes,, if manufacture by th"e Company st~rted Ill 

. Travancore does not materialise within a reasonable ,length of tune. 
. - (ii) First calcination of petroleum coke should be carried out. in the 
oil refinery i~self before supply of coke to graphite plant; this w1ll .. save 
freight charges. · 

Ferro-Alloys: 

Ferro-manganese.-Sandur State is considered suit~ble for locating 
this industry. 

Perro-silicon.-Mysore is manufacturing 2,000 tons per annum. 

(1) Total Indian demand is expected to be 4 000 to~s which :Mysore 
(;ell supply. · ' . ' . ·· . 

. A.lunMnfum.-Present total proq.uction capacity: 7 500 tons per yea_r, 
with provision for ~eveloping i~ Jo 10,'000 tons. . · ' · · · 

. (i) Fiye-year target 15,000. tons per a~um, with provision fot' 
20,000 tons later. . · · 

~ 

. (1i) To a.chi:ve th~s target, another aluminium plant of 5,000 · tons 
ImmfdlatEo ca,pac1ty ultimately to be raised to 8 000-10 000 tons shoulJ 
bP installed near a source of power supply. ' ' 

f !ii) Special concessions s~ch as . cheap · transport and prot~cti(J:1 
(subsidy to protect consumer mdustries) should be-given to this 1nd;1::." 

~ry clurin'5 the ne:X: fi:':'e ;years, 'Yhic~ can. be reduced if power ~ituat10n 
Improvf>s, after whiCh 1t IS sufficient 1f railway concessions comparable to 
Canadian and the 'Q. S~ A. rates are given. · · 

lolaanesium.-(i) Governm~nt should put up a small plant of ·3-5 to.OS 
a day; Manufacture by the Pidgeon process. • 

rii) Government' should purchase -~hd -stock 1,000 tons of the metal 
fflr supply to Indian 'ma~ufacturers at co~t 'price._ 
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'CopzJer.-Present production 6,000 tons .. Consumption of copper and 
allovs 50,000 tons. 

(i) . Five-year target: 10,000 tons of copper: _ 

(ii) Other deposits of copper should be examined in order tQ develop· 
production. · I' 

(iii) Import of copper pyrites should be arranged for manufacture 
of con per and sulphuric acid. . . .. . . . · . 

(iv) One 5,000-ton unit for manufacture of primary metals fi·on•. 
scrap shottld be established at one of the sea port towns. Scrap for thi!,l 
purppse rhould be permitted to be· imported free of duty.· 

_ (v) Low grade copper ores should b~ used for making copper salts. 

Electro-Platinff.-Large units for eiectro-pla~ing industrial equip~ 
ment should be installed. · . 

Storag~ Batteries.-Present es~im~ted. requirement 75,000 per year. 
(i) Five-year target: 100,000--'-'125,000. 
(ii) Existing five firms will be able to _supply the requiremepts - if 

reasonable protec~ion is given. _ · 

Dry Ct>Zls.-Factories in ~ndia are supplying .the de:ri:uind: . 
(i). Tndigenou~ ra~ materials are not being used. This must be 'd.one 

after some ~rocessmg If necessary. . . · . . . ' . ..; ' 

(ii) Possibility of. manufacture on a cottage industry· basis as. in 
Japan o;hould be exammed. . . 

No rnmmary of "General Consideratioi:ts and Conclusions." is given 
as that selltion itself is in the nature of a summary. . Therefore, that will 
have to be considered as supplementary to the "Snmmary of Recommenia-
tions" of Part I and. II. · '· ·• · . 

. . ..... 

Industry. 

Cotton textil~s 
Iron & Steel 
Sugar 
Jute 
Heavy Chemicals 
Cement . 

APPENDIX I. 

I 

.. 

' ' 
Note.-*Both. preference and debenture capital inol~ded. 

. \ .. 

.· 

· •cap,ital inves-
. · ted in India. 

Rs. 
lQO crores. 

*25 crores. 

33 crores. 

*30 crores. 
-5 crores, 

17 • 5 Cl'ores. 

Regarding Iron & Steel, no statistics are available with regard to money invested· ll' 
mills, as also investment_ i'\> R-ngip"""~'l\g !ndlJ~tr!~. , . . . m re-ro mg 
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. APPENDIX II . 

. REA. V.Y CHEMICALS. 

I. &~lphur· and its compounds.-:
( a) Sulphuric Acid: 
(b) (i) Aluminium sulphate and ~alums. 

{ii). Maine.sium sulphate (Epsom. salt);
(iii)· Iron. sulphate. 
(iv) Copper· sulphate. 
(v) · S!>dinm sulphate, 

tc) (i). Sodium sulphide . 
. (ii) S10dium sulphate. _ 

'. 

(iii). Sodium. thiosulpha.te. · 
(iv) Sodium hY.dr.osulphite .. 

11. ;J..lkaKind1istr.ies . ..,- -
fa) Common salt. 
(b)· Lime. 

III. 

(e) Soda ash,· 
(d) (i) Sodium bicarbonate. 

_.-(ii) Sodium silicate. 
(iii) Cyanides .and Ferro-cyanides. 

(1') Caustic ·soda & chlorine .. 
(Caustic __ potash), 

(f) Potassium Chlorate . 
• 

(a) Hydrochloric acid. 
(b). (i) Zinc chloride. 

(ii) Magnesium chloride. 
(iii} Calcium. chlo:Q.de. 

· (iv) ;E'ota:sshim .chloride. 
(v) Barium chloride . 

.: (vi)" Ferric chloride. 

IV. (a) Nitric acid. 
(b) Potassium nitrate.-

v. (a.) Ammonia. ' 

(b) (i) Ammonium~ chlm:-lde. 
(ii) . .A.mmonill1ll" carbonate. 
(W) Ammonium bicarbonate. 
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\~T. FerUlis~rs.-

t a) Nitrogenous fertilisers :

(i) Ammonium sulphate. / 
(ii) Urea. . / . 

(iii) Ammonium nitrate./ 

(iv) Potassium nitrnte. / 
( v) Cyanamide. / 

(b) Phosphate fertilisers. / 

{ ~hosphorus). 

(c) Potash fertilisers.· 
/ 

VJl. Other lnm·ganic Chemicals.

Ualdum c:a1·bide. 

(a) Magnesia. 
(b) Arsenic. 

(c) B.orax. , 
(d) Di("h~omates and. chromic ~cid. 

' 
VUI. Otlw organic substances:an~ derit'atives. 

(i) 'Pthy! al~ohol. . , 
(ii) A-cetic acid. 
(iii) Lead acetate.~ 

( fv) ..,Sr.dium ace tat~ 
( v) Glycerine. -

(vi) Formaldehyde. 
I . ~ 

(vii) Starch and glucose. 

(viii), Acetone. 

IX.· Indust1·£al gases. 

(i) Oxygen. 

(ii) Hydrogen. 

(iii) Carbon dioxide. 

X. Ooal tar products. · 

(Phimol, Cresylic acid, Naphthalene, Creosote and benzen~). 

XI. Miscellaneou~. 
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APPENDIX III. 

AN~uAL PRoDucTioN oF SULPnuRrc Aero IN TONs (AREA-WISE). 

(Calculated as 100 per cent). 

in ( 1944) 

(1) 

Bengal-

C 1. :Bengal Chemical and Pharmaceutical 
Works Ltq., Calcutta 

c. 

2. :Bellighatta Acid Chemical Works, Cal
cutta 

3. India Chemical Industries Ltd., Cal
cutta 

4. The Indian Iron and Steel Co. Ltd., Cal. 
cutta ' 

IS. D. Waldie and Co. Ltd., Calcutta 

One 10-ton contact plant recently in
stalled ____ ..;_, ____________ --· 

Assam-

C. *1. Assam Oil Co., Digboi . ' 
Bihar.., 

*1. Rohtas Industries, Dalmianagar • 
C. *2. The Tata Iron & Steel Co. Ltd. 

*3. Tinplate &'Co., Calcutta 

c. 

*4. :Bararee Coke Co., Calcutta 
*5. :Burrakar Coal Co. Ltd., Calcutta ·--

One 10-ton contract plant recently in
stalled •. 

One I 0-ton contact plant (Import license 
granted) 

U.P.-
1. Cawnpore Chemical Works, Cawnpore ·, 
2 Mining & Chemical Industries Ltd., Agr_a 

· 3. U. "'P. Glass Works, :Bhajori. 

Delhi.- ' 
1. Shambunath -& Sons Ltd. Delhi 
2. D. C. M. Chemical Works, Delhi. 
3. Ajodhya Prasad Chemical Works, Gha· 

ziabad • . • · 
4. _Frontier Chemical Works, Delhi . 
5. Delhi Acid & Chemical Works, Delhi •1 

c. One 10-ton piant recently installed 

3,970 

695 

498 

6,341 
1,403 

1;'490 

1,433 
12,651 
. 3,241 

842 
-SOl 

.4,436 
425 
39 

406 
2,202 

- 254 

, .. 

Total 

New Plants 

Recently 
erected. 

Import_ . 
license 
granted. 

(2) (3) 

13,000 I ) 

3,000 

1,490 

19,000 

3,000 

3,000 

4,900 

3,000 
3.000 
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P11.niab~ 

1. Cawnpore Chemical Works, Khasa 
2. S. P. Chemical Works, Amritsar . 
3. Shambu Nath & Sons Ltd., .Amritsar 
4. Amritsar Chemical Works; Amritsar 
5. Frontier Chemical Works, Rawalpindi 

Sind-

L Ganga Ram Khusal Das, Sukkur (Sind) 

Bombay-
, 1. Dharamsi Morarji Chemical eo: Ltd. '. 

2. Eastern Chemical Co. Ltd. • 
3. Sonawala Co. Ltd. 

Baroda and .A.hmedabad-

1. Ramco Chemical Works, Ahmedabad 
· 2. Star Chemical Works, Baroda . . 

3. Petlad Turkey Red Dye Works, Petlad 

c. One 10-ton contact plant recently in· 
stalled_: 

M!Jsore--
C. I. The My/sore Chemicals and Fertilisers Lt~. 

Madras- ·-. 
••1. The East India Distilleries and Sugar 

Factories Ltd. (Managing Agent : M/1!. 
Parry & Cp. Ltd.) 

One 35-ton gypsum-sulphuric acid plant 
(import licence granted) · . . 

Hyrlerabad-
1. Hyderabad Chemicals & Fertilisers 

Travancore-

111. Travancore Fertilisers anq Chemical.; 

Note:-

@ 
Capacit:y 

1,680 

1,680 

159 

160 

59,000 
65,000 Cap.77,000 

• Producing acids mostly for their own consumption. 

10,500 

3,000 

Capacity 93,500 

-• 

, . ••·Mes.<!rs. Parry & Co. propose to expand production to 4 000 tons Th" 
will be used up to manufac~ure superphpsphate for supply to the Goverdmen~s o~X:aadpr~duction 

. ras. 
_ • II This firm proposes to put up a 75-ton plant per d·~y. hut only 3 000 t~ . 
Sl!;le.· . ' ns will be available for 

C Contact plants. 

@ Production in· 1944. 



APPENDIX IV. 

EQUIPMENT FOR A cc>NTACT SULPHURic A em PLANT • D:AIL Y, CAPACITY : , 
~ 10 TONS. 

nz,;wer: 
It is understood that there ·is no commercial concern in India mauu

facturmg these blowers at pr'esent. Ordnance factories are, howP.ver, 
rm-nufacturing other types· of. blowers and they could make these also pro
vided they are supplied machfue drawings. 

The V-Belt drive, complete with sheaV'es, can also be manufacturEld 
in India; it is understood. . '· . . 

· 20 H. P .. Motor can b~ made in electrical workshops .. 
2. SUlphur melter, sulphur burner. shell, converter shell, intercooler, 

SOa ·cooler, drying tower shell and absorbing tower /shell can all be made 
in India~ except for tubes. . · . 

·a. MoUen sulphur. pump.:-It is understoo~ that'. some' engineerin~. 
firms and Ordnance factories can manufacture these pumps, but expe1·1-
~nce alone will show whether they will be satisf~tory. ·, · · · 

. 1-H.P. Motor •with starter-can be manufactured in· electr,.i.cal work 
l:iliops. · .. ' . . .. ~ 

. - ~- . . 
1!. Vanadium cataZust.-This will J;lave to be :iiliporLed .. 
5. 98 per cent. acid and, oleum.tanks·and p'!t-mps.-The tanks can be 

manufactured if drawings and 'detailed specifications are available .. Pu~ps 
fc.r 98 per cent, acid pump tank.and oleum pump tank cannot be made in 
India as the intern~! _bearings, journal~ and' impeller clearance rings. 

- have all to be of llimm. . . 
5 H.P. totally enclosed motors can be made in lndia. . 
The pump packings and packing rings ea~ot he made in India, as 

they must be hard 'burnt ·and vitrified· and of approved chemlcal acid re
sic::ting ware. 

- 6. ·chemicalware orifices cannot be made in India. 
7. !twill be necessary to import an oil burner and perhaps a blu.;ver 

for starting the plant. · / . .. .· . 
8. It i_s understood that acid-proof bricks are available, but use aione 

can decide whether they will be suitable. - · · · 
. Whether acid proof cement is also available ·is npt known with 
ce~tainty. Insulating concrete may be 1!-Vailable in India. Quartz pebbles 
for tower packing and other·purposes may perhaps be obtainable in Indib. 
Whether all these are satisfactory has to be examined carefully. - . 

It is understood that there ~re no facilities in India now for manu:. 
facturing gas or acid pipes.. · ~ 

Valves and fittings also have to be obtaine~ from outside1 

All indicating and recording instruments -will have 'to be·imported at 
least for some time to come. . 

It •has to 'be stated that since the number of units required will b€ 
small the cost of manufacture would be high compared to that of 'the im· 

orted machinery. · Further, in all the ~ases, complete w~rking dFawings 
P d 8 ecifications from the•designers 'Y!~l be necessary .. Wheth~r thesf' 
an bp bt · ed without payment of royalty fees has to be exal,llmed. can e o am . . . ... 
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Analyses of the type of salt used in, America for el~ctrol;rsi~ ~ ah4 . ~ 
few typical samples of Indian salts are given below:- · · · ·' , . 

' . Rock salt considered suitable 
for electrolysis in the U.S.A. 

Sodium chloride 
Insoluble matter 
Moisture . 
Calcium oxide (CaO) 
Magnesium Oxide {MgO) 
Sulphate as S03 • . • \ 

Iron as Fe1 0 8* 
• Rajputana Salt-. 

Sodi1P!l chloride 
Insolube matter 
Moisture 
Sodimn sulphate 
Calcium sulphate 
Magnesium snlpbate 
Magnesium chloride 
• Kharaghoila~and Kucla salts-

Sodium chloride 
Insoluble :ill!itter . · 
Calcium snlphate 
Magnesium sulphate 
Magnesium chlorid,e 
Potassium chloride 
Calcium carbonate 
Magnesium bromide 

Sodium chloride 
Insoluble matter 
Calcium snlphate 

Magnesium sulphate 
Magnesium chloride 

*Salt imported into Bengal-
)loistnre • . ·, 

ON A DRY BASIS : ' 
Sodium chloride 
rDsoluble matter 
Calcium snlphate 
Magnesium snlphate 
Magnesium chloride 

' I, 

98·5% 
'0·57% 

0·07% 
0·2?% 
Trace 

0·12%: 
Trace 

.. . 
*Clean rock sal' from Kbewra mines. 

Sodium chloride 
Insoluble matter 
Moisture • 
Sodium sulphate 
Calcium sulphate . • 
Magnesium. sulphate. ·~ .• 

Sambhar. · 
98·14%. 

O·t3% 
0·65% 
o:27% 
0·34% 

~ 
Kharaghoila. 

:. .. } 

98·31% 
o-u%-
0.-IO% 
0·44% 
0·71% 
0·33% 

Pachbadra. 
97.•Hi% 
O·:l~% 

0·~0% 

1:29%. 
0;2'70/o 
0·12"4 

Kud~.; 

96·99% 
0·13% . 
1·66% 
0,19%. ,, :' 

:98:47% 
0·31% 
0·81% 
0·08%' 
0·~2%, 0·90% 

0·08% 
0·03%. 
'0·02%' 

·.;-.,.a 
• • l , t 

II*Bombay Prei!J.- ·II*Madr~ 
denoy salt. salt. 

.. 

'95·43%' .. ~· 92·'72%: l 
0·94% . 2·82% 
1·12% '. . 0·98% 

. . ( calcumi salts} :I 
1·10% 1·36%7.! 
1·41% . ·2;fj%J:. 
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APPENDix.· VI. 

The f~llowfug are -examples of important Indian li~estones with tbeir 
analyses :- . . 

s:· Compositio_n 

~ -- Other Remarks, Locality. _CaCOa MgC08 Al20a Silic, . 
Fe20s Insolu· impu-CD 

.hies. rities. -- ---------
i Katni. Jubbulpur~O. P •• 94·65 2•98 .. 1•79 0•58 Practically in ex. ' 

haustible; 

I Ma~ (Rewa), C. L . 96•03 1·75 . 0·96 . 1•15 O•ll Practically inex· 
- ha.ustible. -

I B!sra (Ga.ngpur), Eastern States 
0·34 Very large 95·18 1·67 . 1·04 1·87 ex• Agency . . . 

tent, but aas·o; ... 
cia. ted with dole 
mite bands •. · • Bythet (Assam) 911-4 1·81 1·72 . 0·58 0·49 Practically un· 

' limited. -
• Chela (Kbasi Hilla Assam) 98·6 . 0·55" 0•3 ' 0·55" .. Very large, bu• .. exact exten· 

< unknown..· • · Hanspa.tha.r, C.P. • 83•43 . 0•78 16·18· 0·'! Very large. 
7 Dalli, Drng, O.P 83-li 2·0 0·9 13·6 .. Very large • • Xandiira, Chanda, C.P • 94 .. 3·0 2 .. Quantity un· .. to to •to known, bu~ pre 96·8 1·2 2·5 

"' · sumably large, .. &uth of Rohri, Bind . 98·67 0·43 1·02 ·. 0·18 0·025 Very large. 
10 Wardha Valley ·(Penganga) 96·8 

.. 
1·2 2·0 .. .. 

11 Palavana.tham, Madras ., 98·24 "0•43 0•06 ·0·67 0·7 
tl Ananti'giri, Vizage.patam 91!·73 2·50 0·23 0•56 .. 
ll~ (1) Bihar and Eastern States. · 

~ . . High grade limestones occur at many places. in Bihar, but data o! 
tlieir phosphorus content are· wanting. Supplies. of limestones · fOJ 
metalllirgical purposes come from· Birmitrapur in the" Gangpur Stat~;' 
According· to Dr. · M. S. Krishnan, the reserves are approximate!~ 
137,500,000 tons. · Of this quantity, 10 per cent. ca11 be classed as first 
grade: and 2Q. p_er cen~. as useful for lime m~~ng. The . above figure; 
are a conservative estimate. Very large quantities of Gangpur limeston! 
are annually burnt £or lime and for cement making. · 

The best limestone in Bihar occ.urs in the Shahabad district, th 
Rohtas limestone. In Mirzapur di-r;trict, ·it occurs -in beds, 700 ft. it 

:maximum thickness. There are a g.ood number of other limestone dE 
posits in Bihar, but the deposits are not so pure and not of . such wid 
extent. Hanspathar limestone (Si02 upto l!Y per cent.), come.s under thi 
category. · . ' · · · . 

(2) Bombay.-Lime\sto~es of _good qualify for use in: the High E~ 
plosive Factorr, Kirkee, are :fo~d. f-q the .A.ll.xn.~~~~l.l:l:' CV~tfi~t~ the local 
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tl·es b.em· g .abo· ut. · 80 miles from Poona. The ·reser h ves, owever, are .no~ · 
large,...about 15,000 to 20,000 tons. 

(3) Central Provi'f}CeS & Central'India.-O.P. contains valuable de-· 
posits of limestone,· :fit for -bt!riling to lime for Sugar Factories. There 
is also ,a l_arge quantity of high g~ade limestones, :fit for fluxing -purposes. 
These limestones have been exa~med rec.ently for their suitability 'ior 

· use in the manufacture. of CalCium Carbide. Analyses of samples and 
· other data p1ay be obtamed from the G .I:!. I. .Limestones, carrying upto 
1 p~r cent. MgO and 2_ pe! cent. Si02, have been .used successfully ·-in 
carbide manufacture, provided phosphorus content ~s below 0.04 per cent. 
The reserves are ~ot estimated in .all cases, lm~ it is probable {hat iarge'· 
quantities ate available and are bemg worked for supplying to suaar fac-
tories ·to lime kilns and to the i~on works. . · "' · . ' ~ . ._ ..:._ . : 

The following .are the chief liniestone areas of the C.P. :-

(a) Jubbulpzw-Katni-Sat?~a area. 
- (i)- Katni area. 
· ~ {ii) Jukehi-Kymore area. 

(iji) 1\faihar ai:ea .. ·. 
, .(iv) Satna area .. 

(b) Raipur district. - · 
There are se.ve~·al _quar~ies situ~ted within two miles from Raipur · 

town. The K?-tili hme~tone IS q?-arried to ~he. large~t extent in the c. r .. 
It is largely used for lnne burnmg. · · The hm~stone· IS tough, massive and 
dark grey in colour. The Ca<;JOa conte~t varies from 93.20 to· 96.4. and 
the MgO is below 2 per cent: . . · 

· .. ( 4). Madras.-The limestone. dep~sits. ~f th~ Sale~ district ~ave been 
examined by the G. S. I. for their smtabilit~for Calcmm Carbide manu
facture and also for lime burning. The maJority of the Salem limestone 
is found to be of good qualitJ:', rich. in ·CaCOa :with very .s~all am~u~ts of 
impurities. B.ut some. of the limestones are partly dolomitic. Prelinnnary 
prospecting gives a ::figure of about 700,000 tons. . 

Very high grade cry~talline l~estone (~n part· dolomitic) occurs in 4 

the Tinnevelly distri!lt, swtaQle fo~ lime bur~ng and f?r cement manufac
ture. : Part of the limestone of Tmnevelly IS of_Ahenncal grade. T,b.e.se 
latter are estimated .at ~bou~ 200,000 tons. . Otlle'r deposits hav,e been 
located in Madura diStrict. \ · , · 

(5) Punjab.-Limes.tone .is 'abundan~ in all ~e ~istdcts of Northern 
, Punjab, and N. w. F. p. , a large proportiOn of which 1s of excellent quali· _ 

ty, accarding to :Mr.· E. R. Gee of .the G.S.I. . . ' . 
, Salt Range.-Enormous deposits of :fine quahty limestone occur here · 
along alillost the whole ·Ien~t~ uf the Range. A number of analyses sh..owa , 

95 .to _98 .per cent. CaCOs, silica less than 2 pe~ cent. generally, alumina 1 . 
· ,to.ll per cent., 1\fg~ ~ess. than IJ?er cent. It 1~ possible to .select beds <Of 

the -re9-uir~d cho~pRosition and punty ,from the limestones ~f different ages 
o!!curring In t Is ange. . 

Kalabagh,· Makarwa~ ~nd Kohat cUstricts. 

Th~ large J.iinest.one .deposits ~f this area are also of aitnil- t . 
both -as regards quality and quantity. · - ar na ure1 
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Post-war area.-The lime&tone deposits of Wah analyse upto 98 _per 
eent. CaOOs, . and are largely quarried ·for cement manufacture. . Bes1des 
these, the hilly areas of Kalachitta and neighbouring hills ~ontam large 
stones of good limestqne. 
. . ( 6) Rajputana.-The limestones of the Arawali hills are usually. 

_impure and dolomitic and are not fit for burning for l~e. There .are,. 
however, a few deposits, e.g., Makrana marble, :which yield excellent hme-: 

· Jodhpur State.-Sojat-Bilara limestone are burnt for lime. · 
Makrana limestone (a hig·h quality marble) ·contains 98 "per cent CaCOs, 
insoluble re&idue about 1 per cent. and MgO under 2 per cent. 

S.irohi State:=:-The quality of the limestone of Sirohi varies greatly, 
but. a large number of kilns use ~t for burning. · 

Udaip.ur State.-Exports~ large quantities of limestone in f\_ags and 
slabs. . It is also. good for ma~g lime. Ajmer-Merwara, . .Alwar State, 
Bundi St~te, Jrupur State, Ja1salmer and· Jodhpur, produce marble of 
good quality and of varegated colours. This limestone is put to use a:s an 
ornamental stone a:s well as for lime making. · · · · 

(7). United .Provinces.-A considerable amount' of limestone, as a 
source of chemical lime and for the manufacture of Calcium Carbide 
-occurs round Mussourie. The G. S. I. estimate conservatively the reserves 
at about 34 million tons. The CaCOa content varies from 95 per cent. to 
99.10 per cent.; Silica varies from 0;15 to 0.02; Alumina varies from· 
0.25 to 0.1 and M:gO from 0.36 to 0.07. ' 
IlL Production of li~esto'Ybf, in.the_ principa~ Provinces of India in an 

Bihar 
C.P. . . • 
Eastern States Agency 
Madras • · 
Other areas 

average year. .. 
'. 

(Nc.to hy Mr. J.), N. Wadia) .. 
·. 
A~PENDIX VII. 

680,000 tons• 
· 550,000 tons. . 

• 1,000,000 tons. 
• about 200,000 tonff1 

l,OOJ,OOO tons. 

List of Dichromate Factories ·i~ r:ndia. 
Bombay..-. 

Poineer Chromates 
Premier Chromates 

. Indentors Syndicate · . 
Golden Chemicals • 

Calcutta- . 
. · Bengal Chemical a~d Pharm~ceutical Works •. 

Chemical Corporatwn of India . • 
Krishna Chemical Works • · .-; 
Chemical Industries Co. Ltd. 
Zenith Commercial Co. · 

Madraa-
Buckfugham Camatic Mills • • 
Msore Government 'Factory~ Belagula • 
National Chemicals, Masaulipatam . 

U. P.- · 
Cawnpore Chemical Works, Cawnpore . 

.• 

' . 

Total 

Capacity. 

500 torui per annUlll. 
700 , , , 
250 , , " 

• . 300 \, ,. , 

200 tons per annum. 
100 , , " 

• 75 , ., , . 
..~- 80 ·, ". " 
• Just commenced, 

capacity not known. 

• 1,200 tons per annUlll. 
• 350 , •• . , • 
• Just comme:aced, 

capacity not known.· 

• 1,200 tons per annum, 

4955 tons. 
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Tata Iron &·Steel Co. '·· 

Indian Iron & Steel.Co. 

BBrrakar Coal Co. .• 

Bararee Coke Co •. 

Bhowra~ .. Cok!! Co.·. 

Lodna Coke Co. . .• 

.APPENDIX VIIL 

COmpany. 

E. I. R. By.Prod~~t Coking Plant 

Oriental Gas Co .. 

Bombay Gas Co •. 

Til DISTILLATioN PLANTS" rn I:troa: 

Company. Location. .. 
. . 

Capacity per 
month. _ 

Shalimar Tar Products Co. Ltd. J.odna, Jharia. 4,000 tons 

B~ngal Chemical aud Pharmaceutical Work. L~d .. · 

Baratee Coke eo: : 
Bihar Chemical Traders • 
Mumtaz& Co. 

t 

Calcutta. 

Kustinda., Jharia. · 

Howrah 
Calcutta 

400 •• 

300 .. . .. 
156 · .. 

50 .. 

4,900 tons, 

I 

Apart from these, there are at least 5 others mostly in Calcutta and 
Howrah whose plants had been working before the. War but may not be 
considered as. efficient ones. 
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APPENDIX. IX. 

PowER cosTs AT CERTAIN EiEcTRo-CHEMICAL CENT:aES OF TBE WoRLD· 
. ' 

S~urce of power Locality. Sour.ce of power. Power cost 
anna. per 
KWH. 

Alabama. U.S.A. --' Steam. 0· l67 to 0·270 

~lifo~ia. U.S.A. Steam: 0•167 to 0·270. 

:Montana U.S.A. Hydro 0·131 to 0·176 

Massena. U.S.A. Hydr? 0·167 

Niagara. Fa.lls U.S. Hydro, 0·131 
/ 

- St. Louis U.S.A •. Steam· . 0'176 to 0·220 

Tennesse U .B.A. . Steam 0;167 to 0~270 

A.rvida. Canada. 
. 3 . 

Hydro 0.044 tO 0·066 

-Ontario Canada Hydro . ,0•066 to 0·176 

ShawiniganFanB Canada. . ' -Hydro 0·0(4 to 0·066 

.·England 
., 

Steam 0·176 to 0·220 ;-

Scotland • . Hydro 0_:131 to 0·176 

French Alps. Hydro . 0·090 to 0·131 

Germany Steam 0·154to0•176 

Switzerland, -. Hydro .0•131 
I 

Norway Hydro 0·044 to 0·066 .. 
Sweden Hydro 0·044 to 0·066 

N~te.-Rates in India vary considerably in different proviilces a~d no !speci~l_ rates have · 
been fixed for electro.chemical ~dustries, such industries ·being -v~ few in India. The lowest ·: 
rate charged by the Government of.Mysore ~ 0 ·125 anna per KWH and that by the Govenunent. · 
of MadraS,~Rs. 60/· per KW year. 
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.~P.ENDIX.·X.. 

Installed generating cap&city (Kilo
watts). 

----------...... ------!· St.am I D- ~~-H-y_d_r_o-~·-T-otal ___ ;.., r 

.Auam

:Bengal 

BBITIBB lNDU. 

·Bihar Public Utilities • 

Tata Iron & Steel Co. • 

Bombay 

C. P. 

Delhi 

MadriiB • 

N. W.J'.P. 

. Punjab 

·Sind • 

U.P, 

.. 

ST.&.TE8. .. :Baroda 

B.ibl)er 

Hyderabad 

'KBBhmir •. 

Hysore 

'travancore 

'OtherStatcs 

. . 

208 

330,?<J7 

23,200_ 

107,200 
,_ .. 67,407 

12,639 

17,900 

47,150 

.. 
26,478 

2,025 

109,995 

.. 
4,000 

9,750 .. 
.. 

--... 
8,824 

··-· 

1,706 500 2,414 

4,1.74 2,360 336,541 

3,886 .. 21,osa 
.. - 107,200 .. 

16,494 2._32,114 316,015· 

3,894' .. - 16,633'· . 

4,386 .. 22,286 

6,035 69,650 122,835 . 

1,030 9,600. 10,630 
~ 

12,907 49,750 89,135 

15,365 .. _17,390 

8,120 _22,700 14.0,815 

4,761' .. 4,761 

.. .., 4,000 
' 

3,151 .. 12,901 

265 4,315 4,580 
r 

. . 61,000 61,000--
1,543 '15,400 16,943 

27,506 410 35,740 

(H. ?ti •• M~~. Journal. Institute of Engineers, India, page 7,vol 26,No. 1. 
September 1946). _ 
.APPBOXDUTB J'UTVBB DEVELOPMENTS .&.BJ!I NOTED BELOW :--.. 

Bombay- · _-
Tata Hydro Elect. Agencies Ltd. 30,000 KW 
Future Govt. Developments · 50 00 
Ahmedabad Electricity Co. Ltd. • • • • • • liO ~ KW 
Bengal (including developments of calcutta Electricity Co. Ltd., ' KW 

and Indian Iron & Steel Co.)- • • • • • 120 000 · 
Madras (Hydro). • • • · • • • • • 50 KW 
Bihar (Including ·Tat a Iron & Steel Co. and Pa.tna Electricity SlipPiy ,000 KW 

JJo.) • • • . • • • . • . • 35 
Damodar Scheme • • • • -30' 000 X\V 
U. P. (including hydro and steam) St~tlon11. • 1~000 X\V 
Punjab (including hydro and atc~am) • , • 30000 K\V 
-~; l~h 
fraTROOl'f • ' • • ;, ~~000 R:W 

J>r :p. K. l41Dl>faah~. .ooo xw 



AP~ENDIXl 'Xi. 

• ELEcT&o:cmoo:oAL INDusTRIES. 

I. Electrolytic- Processes~ .. 
(a)···caustic soda, Caustic potash -and chlorine.-
(}>) Potassium. Chlorate. •' · : : 

-(c) Oxygen 'imd Hydrogen. 
(d) Hydrogeli PeroXide. 

II. Electro-thermal Processes. 

(a) Phosphates .. 
. _ (b) Phosphorus. ' 1 : • 

(c) Calcium carbide ... _.,i 
(d) C~lciuin cyanamid_e. 
(e) Ammonia. 
(f). Carbon disulphide:· · 
(g) -:Artificial aprasives._ 
.(h) Artificial_ Graplii~e. 

ITI. Electro-metailurgy of metals. · . . ,, ' . ' . 
{a) Iron and Steel. 

- (b) -·Ferr_o-alloys. 
(c) .A.l~minium. 
(d) ·Magnesium. 
(e) Copper. · _ 
(f)- Zinc. · 

. IV. -Electro-plating. 

y. General. 

(a) Storage batteriE. ... 
(b) Dry cells . 

. ·VI. Oraanic Chemicals. 
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APPENDIX XII. 

! I I Ratio of electric energy cost to selling prl'oe of fiiniahed product at ~elected ·I Energy 
I ' Unit · • unit coeta-percent. . 
I L" r Unit of · electrio ooa t9 of Produata. ntt o maa.sure. Selling ene~y repreaen· 

Price (1). requ:tre. Average unit cost of energy in cents per kilowatt-hour. ,/ iat vo 
menta producen 

(2). 

0·1 ~ 0·26 ~ 035 ~~~~4~~ ---
Electrolytic 

400·00\ 

KWH Cents pe 
KWH( 

nium Short Ton . 23·988 6·0 12·0 15·0 18•0 21·0 24·0 30·0 36·0 42·0 .48·0 54·0 60·0 
r ( e lectrolyti~ leach- (4) 

3·8 . . . . Do. 220·00 2,820 1·3 2·6 3·2 . 4·5 5·1 6·4 7·7 9·0 10·3 11·5 12·!! 0.65 
• (electrolytio refin-

0.70 Do. 220·00 367 0·2 :o·3 0·4 0·5 0·6 0·7 .0•8 1·0 1·2 1·3 1·5 1•7 
Do. 100·00 3,714 3·7 7·4 9,3 11·1 13·0 14·9 18·6 22·3 26·0 29·7 . 33·4 37·1 0.25,0. 

sium Do. 
11 (~etallic) Short ton 'of m~-

tallio sodium and! 

600·00 20,000 3·3 6·7 8·3 10·0 11·7 13·3 16·7 20·0 23·3 26·7 30·0 . 33·3 (3) 

3083 lbs. of chlo· (5) (4) 
.. 

rine .. 376·28 14,400 3·8 7·7 9·6 11·5 13·4 15·3 19·1 23·0 26·8 30·6 34·4 38•3 0.35 
te and caustic soda Short ton of cans· ' . 

tic soda and 1770 (6)':!{"'" 
I bs. of chlorine • 109·15 3,009 2·8 5·5 6·9 8·3 9•6 11·0 13·8 16·5 19·3 .22•1 24·8 27·6 0.35 

Electro-thermal 
(4) 

24;9 1anganese, 80% Long ton I02·oo 7,280 7•1 14·2 17•8 21·3 28·4· 35·5 42·6 49·7 56·8 63·9 71·0 (3) 
(4) I 

ilicon 50% do. 69·50 6,160 8·9 17·7 22·2 26·6 31·0 35·5 44·3 53·2 62.·0 '10·9 80·0 88·6 0.3,0.1 
alumina Short ton 56·04 I 3,143 t 5·6 11·2 14·0 16·8 19·6 22·4 28·0 33·7 '39·3 44·9 50·5 56·1 0.31i 

1{,/.'(7) 
carbide . Do. 72·03 9,380 12·9 25·7 32·2 38·6 45.·0 51·4 64·3 77·2 90·0 102·9 115·8 128·6 o·a 

rn carbide - • Do. . ' 100·00 3,150 3·2 6·3 7·9 9·4 11•0 12·6 15·8 18·9' 22·0 25·2 28·4 31·5 0·3 
A lied. 

i.7 10·2 rous ammonia Do. 90·00 1,530 3·4 4·2 5·1 6·0 6·8 8·5 ll•9 13·6 15·3 '17·0 0.3-0 
' 

-

I' 

(I) Represents manufacturer's prices as of January 3, 1938 from prices published by the Oil Paint and Drug Reporter, Engineering 
and Mining Journal, and Industrial and Engineering Chemistry except as noted, , · 

(2) Represents all energy directly chugeable to, each product for the operation specified, including electrolytic, electrothermal, 
mota ; lightiny and-incidental loads. . . 

(3) Representative data are not available. . 
(4) Represents energy directly chargeable to process only. 1 (5) Based on a. price of 15·5 cents per pound for metallic sodium and 2·15 cents per pound for chlorine. 

·(6) Based on a. price of 2•7 cents per pound for caustic soda (76 per cent solid) and 2·15 cent per pound of chlorine. 
(7) A-yera.ge value of United Stateil and Canadian production of crudetma.terial during 1936, from data published by the U.S. Burenu of 

3) 

...;r 
...;r 
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~PPENDIX VIJ;_I. 

Note on the Pidgeon Process of .Mg. production at the works o.f 
Dominion 1\fagnesium Co., Haloy, Ontario. 

-For plant yielding 14.3 tons of distilled Mg. per day, the quantities 
of materials required to make a ton of distilled metal are as under :-

Raw Dolomite. 
or Calcined Dolomite 
Ferro Silicon • 
Fluor Spar 
Coal for calcining dolomite 
Power required per ton distilled metal : 

. , 

9•3 tons 
4·9 " 
1·06 " 
0·17 " 
·1·7 " 

Heating retorts • • 
Manufactme of ferro.silicon •. 

11,000 K.W.H. 
10,700 K.W.H. 

Total 21,700 K.W.H. 

The loss on melting distilled metal· appears to be in t:Ue· order of 1 
per cent. o)ving to some fine powder being disc~_rded. · 

Raw 

The ferro-silicon contaip.s on the average 76.5 per cent. silicon. 
The dolomite used has the following analysis :-

MgO 22·,2% MgO 
CaO 30·1% CaO 
RaOa 0·2% Calcined Rzos 

.&:.-=· Insol 0·3% In sol 

Ratio of dol()mite to ferro-silicon: 

If theoretical proportion used, yield of Mg is 60 ·per cent. 

40·5% 
58·1% 

0·8% 
0·6% 

I 

· If ferro-silicon is 20 per cent. in excess of theoretical needs, yield u~ • 
Mg is 84 per cent. - · _ · 

Actually about 18-20 per cent. ferro-silicon in e;x:cess of theor~tical 
needs is u~ed. · 

JJreparation of 1'ftaterials: 

Dolomite gyound-so that 
Ferro-silicon crushed-so that 
Fluorpar (as bough:t)-so that 

1----

60% passed 200 mesh 
all passed 55 mesh 
80 % pa~sed 200 mesh 
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APPENDIX XIV. 

EQUIPMENT FOR-ELECTRO-CHEMICAL lNDUST~Y. 

!terns of.. equipment required in the electro-chemical industry may be 
classified as follows :- - · _ 

(1) Transformers for furnace and for rotary convertors. 
(2) l\Iotor generators, rotary convertors and rectifiers for elec- · 

trolytic works. 
(3) Switchgear and metering equipment Jor control .of the r"bove 

'(including equipment for measurement of temperature~ pressure and 
high voltages). ' 

_ ( 4) Electro<les and electrode mechanisms (graphite carbon and 
self-byking tjrpes, for all electro-chemicar processes). · ' 

( 5) Furnaces: Arc, resistance lmd induction type. 
(6) Materials for the manufacture of furnace and electrolytic cells 

refractories for linings, operating :r.gachanisms and elements·. ' 
Ii1 the following paragraphs mll be described the range of capacity 

of tbr items I,nentioned above. Such of these that can be manufactured 
jn India. in the immediate future will have to be selected from those, 

(1) Transfonners.-The design. of transformers differs accoruing to 
the- various applications as noted below and should be properly selected. 

(a) For .steel £u:rnaces they may be 3 phase arid 500 to 5,000 KVA 
oil-immersed with secondary· voltage taps rating 250-235-205-

. 175_:_118 with on load or off load tap changing gear. Primary vo1t
aO'es may be 11,000 volts,· 6,600 volts or 3,300 volts acwrding to the 
n~ture of the supply available i!l a particular locality, The tabular 
statement of the capacities for various sizes of steel furnaces is noted 
below:- , 

ma. 
Ht. 
5 ft. 
6ft. 
7ft. 
8ft. 
9ft. 
10ft. 

. Normal charge. 

800-1,000 lbs. 
1,500-2,000_ lbs. 
3,000--4,000 lbs. , 
5,000-6,000 lbs. 
7,000-9,000 lbs. 

_ 10,000-12,000 lbs. 
16,000-20,000 lbs. 

Transform:Jr ratina, . - ~ 

250-350 KV A. 
500-750 KV A. 
750- 1,ooo -~v A. 

1,000-1,500 KVA. 
1,500-2,000 KV A. • 
2,000-3,000 KV A. 

2,500-3,000 KV A. 

(b) For ferro-alloys such as ferro~silicon and ferro-chrome. the 
size of the transformers ranges from 2,500 to 10,000 KV ~ a?-d the 
secondary rating will ~e 140Jl30Jl·20JHOJ100J80 . (open cn:cmt aud 
the primary voltage will be 11,000, 61600 or 3,300 depending upon 
the locality). _ ___ . . · _ _ 

(c) For carbi'de furnaces, the tran~formers will be slightly differ
ent' in tappin·g· arrangement and: the sizes range from 5,0Q(') to 10,000 
KVA. Three phase transfor~ers· can be used for ranges 1_lpto 
5,000 KVA and above that- smgle ·phase transformers are preferable 
Secondary volts ate 150!14'4!138!126!114 volts. · 

(d) For graphite and ca1.:borundum; single phase· trTansforrners 
ranghig froin 1,000 to 2;000 KV A' would be· required. he initial 
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l~w tension voltage will have to be about 220 and capable of being 
adjusted down to about 75 volts in steps of about 10 volts from 
beginning of operation to the end of the run. __ 

(e) Special transformers for: rotary convertors-and r..ectifiers are 
required. 

The smaller size transformers can be manufactured in India in one 
'of the existing transformer factories. The windings for. the trans
formers may be made locally,. as the Indian Cable Co. can supply ~ th:! 
copp~r wire or strips. Stampmg from alloy steel plates may be. obta1ned 
from the Tata•Iron & Steel Co. . : . . . 

. (2) Motor generators, etc., fo; e~ectrolytic work.-For plants engag_- ~ 
ed in electro-plating and electro"wmnmg. work, small motor generator sets 
upto 100 KW !rlth D.C. voltage ranging from 30-to 220 volts would be 
required. The motors would normally b_e squirrel cage type and 
o-enerator of the Standard Types. These motor ·generators may be. con-
;tructed in the motor -works in India. · 

-For large scale plants such as alkali-chlo;ine and- hydrogen manu
facture, equipment ranging from 5,000 to 10,000 amperes· would be re
quired and the machinery will be of the ord~r of 3;090 to 4,000 KY'f
The power supply may be from motor generator· sets, the motor bemg 
of the synchronous type and with a voltage of 3,300 volts. Rotaj:j con
verters will also work satisfactorily and will probably be sliO'htly lower 
ill initi~l cost. For large size machines, it may not be possible to obtain 
all the necessary equipment in India, but the major items can be made 
loc.ally. · - · 

Merc~ry arc rectifiers of about 500 and abo~e volts are ;atisfactory for . 
large plants of electrolytic work. With the present trend of develop
ment of vacuum type ·equipment, the possibility of its manufacture in 
India needs careful examination. 

(3) Switchgear and rnetering equipment.-Switchgear for the trans
for:rp.ers and motor generator sets will all be of the standard t;ype. . T_he 
larger sizes will have to be imported for some time more. -But several 
firms in India are already manufacturing. _the small size equipment and 
will be able to supply the needs of the electro-chemical industry to a certain 
extent. 

':J.lhey will consist of : 

(1) Oil circuit breakers .. 
(2) ·Disconnecting. switches .. 
(3) Fuse-gear. 
(4) Bus bars and supports. 
(5) Switchboard panels with meters~ relays, etc . 

. (4) Electrode.~.~This is~ ·very important item· which is needed in 
large quantities. by the existing industries and will be :required !in large 
quantities as extensions are carried out. -There is a small factory in 
Travancore to manufacture graphite 'electrodes and similar plants maY 
be started in Northern India, The graphite· electrodes· have got current 
~arr;fiilg capacities varying from 500 _to 30,000 amperes according to the 
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diameter, as per the scale of c~t:>re,nt capacity -noted below. The 
materials for electrodes are anthracite coal and petrolewn coke. 
binding purposes, t!;!r or harrl and saft pitch are necess.ary. 

Sizes and current capacities are noted below:-

Graphite. Carbon (Amp.) 

2' 600/1,000 Amp! 

4' 1,800/3,000 

6' 3,100/5,400 " 
8' 5,500/9,000 .. 2,000/3,000 ·Amps. 

10' 7,800/12,500. " 3,000/4,800 

12' Il,300Jl7,000 " 
14' 1"5,400/21,500, " 5,400/8,500 

" 
16" 20,100/26,100 " 
18' 25,500/30,500 " 
20' 28,300/34,600 " ll,000/17,300 

24" 5,800/24,8()0 .. 
JO"" 24,'700/35,300 

" 
40' 37,700/50,200 .. 

raw 
·For 

·· (5) Fu.rnaces: Arc, resistance- ~nd Induction Types.~The follow 
ing types of furnaces .would. be reqmred :~ 

. (a) Register type "using either carbon plates ·_or carborundum rod~ 
or resister wires. 

(b) C.arborunqum and grap!Ute fur~aces are o~ the ~imple . com-
-bined resister type and all their materialiJ are a'\'a!lable m India and 

. the desi!::ns are very simple. . The graph!te electrodes have to be of 
large siz'e~ and could. be manufactured locally. 'l'he capacity of the 
furnaces "'-ill be rangmg from 1,000 to 2,500 KV A and they are very 
simple in operation. . 

. (c) . Special types of tumiel kilns woul~ be requir~d for porcelain, 
enamel and glass J.nanufacture. . The designs .are Simple and the 
materials for coi!struction can be locaUy obtamed. 

(d) Arc furnaces of 3 p~ase type a~e required for. ferro-alloys, 
steel manufacture and carbide productiOn. The furnace capacities 
are noted below. . . 

3 Phase furnaces for ferro-alloy~ 
and- steels. · 

. Chamber will .. be. a steel bowl with 
a refractory lining. In steel fur
naces, roof is removable, donie shape 
refractory structure carried on steel 
roof ring. Temperature around 
1600°0 . Design-Holdip.g capacity 
sb~ll Dil).. Pouring capacity melt-

. ing rate. are to be. worked out. 

J ... Single p~s~ furnaces used 
{ ~or \Non~:ferrous alloys , (dock· 
I mg type.). Ranges in 25\100. 

· ~ 250!600 KW .sizes.· 

(Two vertical electrode type~ 
are also used) . 

·1 80 ·to. ,7,000 lbs. · c.apacity. 



82 

(e) Indruction furnaces.-Induction furnaces of the standard and 
also high frequency type ate going to be in use as metallurgical 

· developments improve. Standard frequency f]Irnaces range from 
50 to 200 KW with a voltage rating on the primary .. side of 220, 440 
or 550. The construction is simple and the windings are of th~ 
transformer type. The lining is made of insulating bricks and with 
the binding materials of cement. For larger sizes upto 2 tons 3 phase 
furnaces would be necessary. 

High frequency furnaces ranging from 400 to 1,200 cycles are built 
in 500 to 100 KW units. The voltage rating would be about 500 to 2,00ll 
,-olts, but the majority of them operate at about 600 volts and 1,000 cycles. 
The equipment for producing the high frequ~ney co.nsists of" either spark 
gap type which can be easily constructed locally, bsing some of the special 
Items imported from a~road. For large sizes, special motor generator set§ 
upto 300 KW are reqUired. . . • 

( 6) ,·Materials for the manufacture of furnace; and electrolytic ceUs, 
refractories for linings, operating mechawisms and elements.-(a) The 
shells are to be specially designed. ~Furnaces of 2 000 KV A would be · 

.- the usual for ordinary requirements, but in speciai cases, furnaces of 
10,000 KVA ;may be nec~essa~y. In South India, as production of pig 
iron in electnc furnaces IS bemg contemplated, furnaces of 12 000 KW 
are being designed. The designs are simple, the materials. for the hr
Ll.aces can be obtained locally and electrode holders, regulating mechanism 
and the relay equipment could also. be made il!- the country. However 
in the beginning, the relay equipment will have to be. imported, ' 

For small size furnaces for. non:ferrous metal work, single phase 
furnaces of the rotary type rangmg from 25 to 600 KW would be requir
<ld with a capacity of quarter of a ton to 3 tons. Most. of these can b~: 
1nanufactured locally and ·arr!lngements should be made for immediat~· 
investigations therefor. · 

· (b) In the electrolytic industry, alkali chlorine cells of various types 
rtre in use in the country and if suitable arrangements can be made with 
the patentees, most of the cel~s can be built locally. The important types 
are:-"(i) Vorce cylindrical type, (ii) Billiter, Bell jar type, "(iii) Allen 
!\foore. and Nelson rectangular ·type and (iv) Mercury type. Items (i) 
and (ii) would require stoneware containers, whereas, items (iii) and (h') 
would require cement and asbestQS materials. The cathodes can be built 
of steel plate and the anodes of graphite electrodes. 

' I . 

(c) For hydrogen and oxyg~n production, several standard types are, 
in use "in the _country, V1:z., steel tank type, and filter pres~ type. The 
~tcel containers are easily built and the electrodes and diaphragms can 
be made locally. 

. (d) Refracton"es.-Most of the .refractorie_s used in furnace could 
he manufactured in ·India including- silica, chromite and carborundum 
brirb whichevP.r is suited to th1e p-articular requirements: Refractory 
brir.ks are being manl.i.factured iniBengal, South India, C:_P_. ."and Bonib~.y, 
as aU the requir~d raw materi~ls;ar~ available.· Tpe posstbihty of!,makmg 
RDt~cial refractories should be ,mveshgated . .. 
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' 
Co.nclusion.-It seems possible to make a start on the manufacture of 

small size transformers and moto! generator sets, the transformers ran•r
jng in size 100 to 3,000 KY A and the meter generator sizes from 100 to 
500 KW. It. is understood that two factories are already manufactur
ing transformers, motors and generators! and a .tJ?rd one is likely to 
·start operation. ThEse :firms s_hould be m a p~s1tion _to make ~e req·1ir
eJ machinery for electro-chemical_work .. The msulatwn materials, wire3, 

cables for windings for the machmes will have to -be obtaiucd from the 
jndian Cable Co., and tile stampings for the core of transformers and 
:~nachines .from the Tata Iron & Steel: Co. The lamp and glass factories 
may take· up the manuf~cture of rectrfiers on a s.mall scale and deve1op 
bigger un_its. Steel rectifiers are ~o~ered by special patents but they cau 
be workea out by arrangements w1th the patentees. 

As alread~ mentioned,_ all electrodes, furnaces and refractory lining 
lilaterials could be made locally. 

.l_pr~ B. K. R.il'lPP~SAD) 
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