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INTRODUCTION 

The Non-Fe:rous M:eta.l Industries Panel was constituted by the 
Planning and Developalent Department of the Government of India to 
make recommendations to the Goven1ment regarding the postwar develop
ment of b:>th existing a:ld new Non-Ferrous Metal Industries in India. 
The General Directive to Industrial Panels (Appendix I) consiitutes the 
te,ns of reference of the Panel and is very wide in ~ts scope. 

Initially we had considerable trouble in carrying out the work of the 
Panel sin:e n:> Se:re:o::y 0 . cle:i-;al staff had been appointed. Our thanks 
are due to the Indian Alu"Tii~iu:l} Company Limited, Calcutta !or loaniQg, 
partirne, the services ·of their Metailurgist Mr. D.P. Antia from June lst, 

19-15, to act as H'Jno:ary Secretary to the Pan~. Our thanks are aJs.o due 

to :\ir. M. S. Krishnamurti Qlld Mr. G. Anant Ram for doing the secretarial 

wurk. 
The w.:dc of the Pane~ was carried on fro:n the Offi.;es of the 

Dire.:torate Geae""al of Munitions. Production, 6, Esplanade East, Calcutta. 
Altogether five meetings of the Panel were held, one at Calcutta, two at 
New Delhi* and two at Bomb.1.y. Besides this, a joint meeting with the 
Electro Chemical Industries Panel was held at New Delhi. The Panel 
visited the Katni and Ambernath Ordnance Factories, and the factories of 
the Star Metal Refinery, B::~mbay and Kamani MetaJ Industries, Bombay 
and Jaipur. The Secretary als:> visited several factories both at Calcutta 
and Bomb~.y and we thank the Metals Directorate of the D.G.M.P., 
Calcutta and the Director of M1mUons Produ.::tio:t, BJ:tlbay for arranging 

these visits. 
For collecting relevant information questionnaires (Appendix II) were 

sent to industrial firms, Chambers of Commerce and provincial and State 
Governments. Deputations from All India Manufacturers' Organisation 
.and Indian Non-Ferrous Metals Manufacturers' Association were also received 
by the Panel. Besides, members of individual firms were interviewed. 
The MetaJs Dire.::tora~e of the D.G.M.P. also h>!lped considerably in 
collecting infonnation. 

Mr. G.C. Mitter of H.M's Mint, Bombay and Mr. j.G. Berry, Director of 

Metals (Non-Ferrous) were co-opted as members during the first meeting. 
On the mineral side of our work we received considerable help from 

Mr, D.N. Wadia, Mineral Adviser to the Government of India. Our thanks 
are also due ta lhe Geological Survey of India and Mr. B. Rama Rao, 
Director, My;;ore State GeJlogical Survey. We a1so thank the Metals 

• Includios (IIIC whh Ptovirll~ial and Slate RepreaenlativQ. 
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Committee of the Board of Scientific and Industrial H.esearch for permitting 

us to include their notes on • Possibilities of a Light Metal Industry in 
India' as an appendix to this report. These notes have been slightly 
modified to suit our requirements. 

The Plarining and Development Department was unable to give us 
any provisional production targets to be aimed at during the first five 
postwar years; We therefore had to set our own targets after considering 
the requirements of the various industdes. We regret to sa~· that in spite 
of all our efforts the nature of information available to us from industrial 

firms, without few exceptions, ~as not satisfactory. This may be due to 
the firms -not being certain about their postwar de\·elopments due to the 
present up.stable market conditions. Altogether over fifty firms were 
approached for information. Twentyone firms replied and their relevant 
answers are summarised in Appendix III. The recommendations made in 
this report are on an all Indian basis and wherever the word • India ' is 
used it includes both British India and Indian States. Indian States 
should be represented on all Committees; deputations etc. organised by 
the Central Governm~nt. 

A. H. PANDYA. (Chairman) 
J. G. BERRY. 
RAJ RATNA R. H. KAMAN! 
D. R. MALHOTRA 
G. C. l\IITTER 
ANJ'ON SCHWARZ 
H. K.SHAH 
MOTICHAND G. SHAHA 
D. P. AXTIA (Hon. Secretary) 

CHAPTEK I 

A BRIEF SURVEY OF PRESENT POSITION OF MINERAL 
AND METAL INDUSTRIES OF INDIA 

Mineral Position of India 
There is no justification for the widely prevailing opinion that India: 

is poor in her mineral resources for developing large-scale non-ferrous 
metal industries. It is the usual practice in India to dismiss without 
detailed prospecting non-ferrous ore deposits which occur in a scattered or 
disseminated state as not worth the attention of modem metal miner or 
smelter. This practice has worked to the detriment of the industry since· 
an ore deposit having once been rejected as too small or uneconomic to 
work has never again been touched for further prospecting in spite of wide-
-spread evidence in the form of slags and mine dumps indicating the deposit 



having been worked by the ancients. The attention of the Geological 
survey of India bas hitherto been confined to the more immediately paying 
and larger metalliferous deposits, the less extensive deposits receiving 
hardly any attention. A systematic prospecting for metaUic ores bas never 
been attempted in India and hence the information available to the Panel 
has been sketchy and incomplete. 

The relative position of India with regard to supply of industrial 
minerals bas been given by Mr. D. N. Wadia* the Mineral Adviser to the 
Government of India, as follows :-

" 1. Minerals of which our exportable supplies can dominate the 
world market :-

Iron ore, Titanium ore, Mica. 
"2. Minerals of which our e:xportable surplus forms an important 

factor:-
Manganese ore 
Bauxite 
Magnesite 
Refractory minerals 
Natural abrasives 
Steatite 

Silica 
Gypsum 
Monumental granites 

Monazite 
Beryllium 
Corundum 

" 3. Minerals in which India may be considered self-sufficient for 
present ne~ds and those of the immediate future :-
Coal Alum 
Cement materials 
Aluminium ore 
Gold 
Copper ore 
Chrome ore 
Building stones 
Marble 
Slate 
Industrial clays 
Limestone and Dolomite 
Mineral Pigments 

Glass sand 
Pyrite 
Borax 
Felspars 
Nitrates 
Phosphates 
Zircon 
Arsenic 
Antimony 
Barytes 
Precious and semi-precious stones 
Vanadium 

Sodium Salt and Alkalies Rare earths. 
u 4. Minerals for which India has to depend largely or entirely on 

·foreign imports :-
Silver Mercury 
Nickel Tungsten 

* The Mineral outlook in India by Mr. D. N. Waclia, Science and Culture, 
Vol. VII p. 51~518, 1941-f2. 



Petroleum 

Sulphur 
Lead 

Zinc 

Tin 
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Molybdenufi1 

Platinum 
Graphite 
Asphalt 

Potash 
Fluorides. " 

The approximate value of ores, minerals and metals whkh Jnd[a has 
been producing of late ranges from 30 to 35 crores of rupee;; per yenr. An 
·analysis of the figure for the year 19il7-38 shows that to the annual 

estimated aggregate value of our mineral industries, metals, ferrous and 

non-ferrous, contributed 13 to 14 crores of rupee (about 40 to 4..1 per cent. 

of the total). Of this the industrial non-ferrous metals produced in India 
contributed a mere half a crore of ruppees. Mineral. fuels consisting of 
coal and petroleum contributed 9 to 12 crores (about 20 to 25 per cent) ; 
industrial minerals including mica, manganese ores, chromite, magnesite 

and several others about 8 to 8·5 crores (about 20 per cent) ; and building 
materials like stories, clays, sand, cement, etc., about a crore (3 to 3·5 

per cent.) 
Comparing these figures with those of the United Kingdom •. Canada, 

and other Industrially advanced countries, we find that India's production 
is the lowest. For instance, in 1935 the estimated value of metals 
minerals rutd mineral fuels produced in the United Kingdom was <tpproxi
mately 220·87 crores of mpees; in the Union of South Africa 112·10 crores 
in Canada 84·59 crores; in Australia 28·01 crores and in lndia (inculding 
Burma) 26·01 crores. _Subsequent to 1935 India's position has slightly 
improved-the value of her annual production increasing by mme s to 10 
crores of rupees. But this incre.lse bears no comparison with the impro,·e

ment which Canada and other countries have shown during the same period. 
canada has made vast strides in developjng ~er mineral industrie£-her pro
duction increasing to 132·6 crores of rupees m 1938, to 14t·O crores in 1939 
and to t69·2 <;rores in 1942. In other words, while Canada has doubled 
her production-from 84 to 169 crores-between 1935 and 1942, India's 
increase for the same period-from 26 to 35 crores- hardly exceeds b 

two-fifths. Similar progress could be noticed in the case of the Union :f 
South Africa and Australia. 

Considering the extent of the . country and its total population, the 
progress of India's mineral and metalmdustries--dudng the last so years

though not quite negligible cannot be regarded as speedy or extensive. 
Among the causes ~f this tardy growth may be mentioned the following:-

1. Lack of policy and organised plans for prospecting, mining and 
utilization of ;ninerals. 



5 

2. Lack of eficdh•e State control, a~sistance and encouragement. 
3. Absence of b:tsic industries. 
4. Lack of trained men and technical skill. 
5. Want of 1·eliable information on the industrial application of 

minerals. 

6. The haphazard mining of the ore bodies with an eye for im
mediate gains leading to the rnpid depletion and waste of the 
useful portions of the deposits. 

1. Inroads of foreign lirms who have taken up concessions for most 
of the important Indian minerals. 

In India, mining and prospecting have been left entirely to private 
enterprise and Indian industrialists and entrepreneurs generally fight shy of 

investing their funds in large-scale mining and merallurgical industries 
where they have to compete against foreign interests. Those who do. 
nmture concentrate their attention on raising only such of the minerals 
and ores-like mic.t, mang.tnese ore, chromite, etc., as could be rapidly 
exported or sold without elaborate processing or metallurgical treatment. 

That the people of India never lacked enterprise in venturing into 
mining and metallurgical fields is amply manifested in the old workings for 
gold, copper, lead, zinc and other metalliferous ores scattered about in 
different parts of India. The ~;kill which the people of this "country had 
attained in the metallurgy of iron and steel and non-ferrous metals is too 
well known -to be mentioned. But this indigenous industry could not 
withstand the competition of western countries where primitive industry 
has been replaced by mo.:lern metallurgical industry whereas no similar 

change has taken p!:ice in India. 
The argument that India lacks deposits of non-ferrous ores needs 

further scrutiny. Copper at one time used to be smelted in large quantities 
in Sou them India, Rajputana ami in the regions along the foot of the 
Himalyans, e.g., Kulu, Kangra, Sikkim and Bhutan. Interest has revived 
in the copper deposits of Khetri in Rajputana and in Sikkim and these two 
deposits should be immediately prospected. Lead and zinc are reported to 
exist in many places such as Singhbum, Central Provinces, Central India, 
Rajputana, Hazaribagh and ·Kashn1ir. Nickel and cobalt are known to 
exist in Nepal and tin is known to occur in Hazaribagh. India is parti
cularly blessed with \'ery extensive deposits of aluminium, magnesium and 
manganese ores'. All that is required is to tap these sources in a planned 
and scientific manner and in the naticnal interest. 

Freedom of export of raw materials out of India has been the chief 
feature of India's mineral trarl.e. It is no use concealing the fact that 
heavy profits are made abroad on minerals like manganese ore, mica, beryl, 
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monazite and ilmenite sands of Travancore, etc., which are exported out of 
India in unrestricted quantities. Minerals are wasting asset;; and un
nstricted export has. deprived the country of many of its valuable minerals. 
The Travancore sands are a case in point where it is feared that because 
of the present rate ol growth of e."<ports the easily workable depos:ts will 

be depleted within two decades. 
It is obvious that sorrie sort of restriction should be imposed on export 

of Indian minerals. The material prosperity of the country depends not 
merely 00 the proper deve1opment of its resource~ bat on their intelligent 
utilisation as well. Unlike forest and agricultural products, minerals can
not be replenished and their conservation and CJ.reful utilisation are of 

greater importance than those of the otheo natural resources of the country 
and consequently, need careful attention. It should not be construed. 
that we take a narrow view regarding conservation of minerals for the 
country's exclus;ve use. On the contrary, we fully realise that modem 

industrial civilisatio:t rests upon a raw material ba~e that is unavoidably 
international, because of uneven geographical distribution of phys!cal 
usources over the earth. India has for long been a principal source of raw 
materials. We have misgivings about this idea of free export of raw 
materials because we apprehend that foreign counties will menace our own 

industries with the goods manufactured with such raw materials and that 

in the ordering of our own internal economic life we shall be required to 

defer unduly to the needs of other countries. The war has completely 
aJtered the basic industrial position of the country and has given a power

ful impetus to mineral processing and manufacturing industries. The 
mineral raw products of India thus enter a new phase of increased produc
tion and utilisation and other countries will be welcome to blly our 
manufactures rather than raw materials. 

This leads us to the question of the direction and help the Government 

can give to the development of metal and mineral industries in India and 
the important questions of royalties, mineral tariff and taxation, the 

granting of leases for prospecting, protection to indigenous industries, etc. 
It is evident that unless the State can give proper direction and enunciate· 

its policies in detail on the above questions, proper development of metal 
and mineral industries" is hardly possible. At present in most of the 
Provinces and in the majority of the Indian States, the mineral rights vest 

absolutely in their respective Governments, except perhaps in the perman

ently settled estates in Bengal, :Qihar and Orissa where the ownership of 
the mineral rights may vest in the holders of the land, So for,, the Central 

and Provincial Governments and the Indian States have been functioning 

merely as the custodians of their mineral riches and as collectors of rent 
and royaJties where they lease their mineral deposits to private enterprise. 
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There is no uniform procedure, policy, control or terms and d" . 
con ttlons 

about granting of mineral leases or prospecting licenses Con=,. 
· --"'tuently 

the development of India's metal and mineral industries hasp 
. . . . . roceeded 

till now without any well orgamsed plans or pohctes laid by the St . ~~ 
meet the growmg needs of the country. No part or province of Ind" 

Ia can 
be regarded as self-sufficient either in respect of all minerals of indUstri 
importance or in possessing the required mineral fuels, hydroelectric al power, 
easy means of transport, adequacy of capital and such other facili"t· tes as 
are necessary for the progressive growth of metal and mineral m· dust · · nes. 
Th~ best interests of India require full co-operation and concerted plannin 
among her various prmincial units, industrial associations, researc: 
organisations, Geological Survey Department, etc. 

It should be realised that the cost of production of virgin metals can
not possibly be the same in all countriCs. The cost mainly depends upon 
the location_ and purity of ores. The cost Of prOduction therefore differs a 

great deal. The normal ruling price is the world parity of the chea
pest production and other countries subsidise the industry to the extent of 
the difference between the world parity and cost of production. 
PRODUCTION AND FABRICATION OF NON-FERROUS METALS 

IN INDIA 

The present position of the non-ferrous metal industries in India can 
be classified into the following four groups :-

1. Prjmary production or production of virgin metals from Indian 
ore deposits. 

2. Secondary production or reclamation of metals and alloys from 

non-ferrous scrap. 
3. Processing of primary or secondary metals and alloys into semi· 

finished materials like sheets, rods, pipes, tubes, wire, etc. 

4. Fabricating and casting industries making finished products out'of 
sheets, wires, etc., and castings out of primary or secondary 
metals and alloys. 

1. Primary Prodt4ction--The only primary metals produced in India 
are copper, aluminium, antimony and small quantities of lead. The present 

production is as follows :-
Annual production in 

Long Tons. 

6,000 

Percentage of present annual cdh. 

Copper 

Aluminium 

Antimony 
Lead 

sumption. 

~ 800 (from Indian Bauxite) I 
( 1,600 (from imported Almj>ina) 

250 
100 

15 to 20 

30 to 40 

75 
less than 1 
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Evidently the present production of primary me:als is not large. 
Copper was the only metal smelted in India befot~ the War. Aluminium, 
antimony and lead only began to be produced dur.n_g the War, Almost all 

h r requirements of non-ferrous metals valmng over 10 to 12 crofes t e prc-wa 
of rupees per annum were met by imports. Appenji:x IV shows the 
im rls of non-ferrous metals in India from 1923 to 1939. 

po2. Secondary Production-Even in countries pro::lucing lar~c t :mnagcs 

f ·• ;.., metals the recovery of metals from scrap is a highly organised 
0 VLg.... . 

industry. It was only during the War that lridia be.5an to pay any serious 
attention to refining of scrap metals which wece originruiy exPorted to 
-countries like Japan. Several finns are now·cngaged in the refining of 

white and yellow metals. 
3. Processing of Primary or Seco~tdary Metals-The semi-manufactur~ 

ing industry has largely been .developed during the War, when SO<~rces of 
impo:ts were totally cut off and the country was forced to rely on her own 

resources to meet her essential requirements. In spite of handicaps con~ 
nected with imports of heavy machinery India was able to meet most of 
the defence requirements in respect of sheets, rods, wires etc. of aluminium 

copper and brass. 
Most of the leading semi-manufacturing firms have plans for installing 

modem plant and equipment and we believe that within five years India 
will be able to meet all her tequirements of semi-manufactures such as 
sheets, strips. foil, rods, fubes, shapes, wires and cableS etc. 

In this cmmection it may be pointed out that the Railways will con
tinue to be one of the major users and semi-manufactures of non
ferrous metals. It is therefore essential that their non-ferrous 
foundries and workshops should ·be installed with modem plant and equip
ment for the proper and economic productio11 of the various requirements. 
The Railways should moreover depend on indigenous industries for their 
requirements and not on imports from other countries. 

4. Fabricating and Casting Industries-Large-scale fabricating 
industries are limited only to the manufacture of aluminium and brass 
utensils, Small non-ferrous foundries are scattered all over the country but 
(IDlY a few of them produce articles of industrial value. 

It is obvious from a very brief s11rvey of existing non-ferrous industries 
that up- to- date the development bas been meagre and import was the 
chief feature of the metal industry of India. We bave dealt with the 
development of each metal industry in detail in a subsequent chapter. 
However we cannot say that we--have exhausted all the possibilities. 



CHAPTER f 

Sl,JMMARY 

The non-ferrous metal industry is closely tied to the mineral industry 
.and hence a brief outline of India's mineral position as at present known is 

given. :Ihe ~urvey however is confined to minerp.ls and ores needed for 

11on-!errous metal industries. India possesses vaSt deposits of Bauxite, 
Magnesite, Beryllium. i\Ianganese ore and :ritanium ore. With regard to 
·ores of Antimony, Chromium and Vanadium the position may be regarded 
.as satisfactory. Howevzr very few workable ore deposits of the important 
industrial meWs like Copper, Lead, Zinc, Tin, Nickel, Tungsten and 
Molybdenum have been discovered so far. This does not indicate that 
ihere are no ore deposits of these metals 'in India since India did maintain 
.a prosperous indigenous non-ferrous metal industry in the past. Compared 

to. U. K .•. Canada, Australia and South Africa, the progress of india's 
mme•·al mdustry during the last 50. years cannot at all be regarded as 

:speejy or ext~_nsive. Among the causes of this tardy growth may be" 
mentioned the following :-

1. Lack of policy and organised plans for prospecting, mining and 
utilisation Of minerals. 

2. Lack of effective state control, assistance and encouragement. 
3. Absence of basic industrie:;. 

4. Lack of reliable information on the industrial application of 
minerals. 

5. Lack of trained men and technical skill. 

6. The haphazard mining of ore bodies with an eye for immediate 
gains leading to tf1.e rapid depletion and waste of the useful 
portions of the deposits. 

7. Inroads of foreign firmS who have taken up concessions for most 
of the important Indian minerals. 

ln~an minerals such as Mica, Beryl, Manganese ore, Monazite and 
ilmenite sands are freely exported. at ridiculoJ!sly low prices and huge 
-profi.t~ ma:!e on the:n by ciat;iders in foreign countries. Minerals are 
wasting assets and the -country is deprivei of its mineral wealth due to 
1bese unre;tricted exports. It is necessary to prohibit or at lease curtail 

-unrestricted exports of these minerals. 
Before the war, non-ferrous metal· industry was almost non-existent 

in India and almost all heir requirements were met by imports. To help 
-the war effort a few refining and semf-manufactnring plants have been put 

up which should fonn the nucleus for a sizable non-ferrous industry in 
India. To-day India produces about 6000 tons of fire.refined Copper, 2,400 
ions of Alumiinium, 250 tons of Antimonv and 100 tons of lead per year. 
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Compared to India's total consumption of non-ferrous metals this produc
tion is very insignificant with the' exception of antimot!y. 

CHAPTERil 

GENERAL CONSIDERATIONS AND. RECOMMENDATIONS 

FOR POST-WAR DEVELOPMENT OF NON-FERROUS METAL 
[N])USTRIES. 

After careful discussion and Consideration we have been ·able t() 

arrive at certain conclusions regarding the lines on ·which post-war 
development of Metal and Mineral Industries should take place in ·India. 

All our subsequent recommendations regarding the development of individ-, 
.ual metal industries are based on these general policies which iil our con
sidered judgment should b.e adopted if a rational development of Indian 
industries is to tak? place. 
Department of Metal & Mineral Industries. 

In the first place we recommend that a Government Department 
~f Metal and Mineral Industries with a Minister-in-charge should be est
ablished. The following sub-sections headed by a Director should be 
under the Depadment of Metal and Mineral Industries :-

(1) Geological Survey of India. 

(2) 
(3) 
(4) 
(5) 

Department of Mines. 
Department of Metals. 
Mineral and Metal Research Bureau. 
Fuels and Refractories Department and such other Depart
~ents as are technically correlll.ted to Mineral and Metal 

Industries. 

Metals and Minerals Board. 
To assist the Minister-in-Charge of Metal and .Mineral Industries we 

recommend the formation of a Metals and Minerals Board under the
Chairmanship of the Minister-in-Char~. with members drawn from In
dustrial Associations. The Geological Survey of India, the proposed 

National Metallurgical Laboratory and such other associations and agencies 

as are vitaiiy interested in the development of metal and mineral industries. . 

. of India. 
The functions of the.Metals o,nd' Minerals Board should be to discuss 

and decide the policies to be adopted with regard to the development of 

metal and mineral industries, such as control or prohibition of export of 

minerals,. examination and revision of customs and minerai t'ariffs -and 

taxation, granting of protection and assistance to indigenous industries,. 

terms and conditions of granting minerai leases and prospecting licenses,. 

proper utilisation of economic minerals, metals and their product~ control 
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of import and export of metals, desirablity of starting new metal and 
mineral industries, etc., The Department of Metal and Mineral Industri~ 
should execute the policies formulated by the Metals and Minerals Board. 
Re-organisations of the Geological Survey of India •. 

The first step in the development of" non-ferrous metal industries 
Should be in the direction of prospecting for ores and minerals. We feel 
that the Geological services at present available for these purposes are 
absolUtely inadequate. The staff of the Geological Survey qf India is too 
meagre and ill-equipped to undertake, in addition .to its routine work of 
survey and mapping an intensive mineral Survey and prospecting throughout 
India. We therefore strongly recommend an _immediate and complete 
re-orlf.misation of the Geological Survey of India and the establishment of 
a Mineral Survey Department-with adequate s~a:ff of competent geologists 
.and mining engineers-to conduct intensive mineral investigations. We 
.also recommend that the Geological Survey of India should luive Regional 
Survey officers in all the major Indian States and Provinces. 

We also hold that the Mineral Survey Department should help private· 
prospectors in the way of technical advice, equipment, instruments, etc . 
.and that the G;lVernment sh:mld als:) give financial help to private prospect
ors, i~ the prospects do not materialise into leases due to popr or inj 

sufficient quantities of ore deposits. 
Espansion of Indian School of Minea1 Dhanbad. 

It is evident that any systematic prospecting of a vast country like 
India will need a large staff of trained geologists and mining engineers. At 
present only 7 out of 17 Universities in India have prescribed Geology as 
.an optional subject for their degree examinations and only three institutions 
·in India are offering courses in Mining or Metallurgy: We feel that the 
UniversitieS should be encouraged to· give extensive courses in Geology, 

l&ining and Metallurgical s:tbjects and recommend that the Indian School 
·of Mines, Dhanbad, should be expanded and re-organised so as to give not 
-only intensive education in Mining but also to make it the premier institu
tion for training and research in Mining and Geology in all their various 
:aspects. · Mining, Geology and Metallurgical departments Should also be 
.added to the proposed four higher Institutes of Technology to be est

ablished in India . 
. Reduction or Freight rates. 

The most serious disadvantage facing the proper development of the 

industries o( the country is -the high cost of transport of raw materials 
within the country. India's inineral re~erves are scattered and for the 
purpose of manufacturing the majority of finished products. it is necessary 

1o transport large quantities of heavy and bulky ·minerals and fuels over 
:great distances. For instance it is necessary to move seven tons of raw 
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materials to produce one ton of aluminium. The freight rates on raw 
materials moved to the coast for export purposes are much lower than the 
freight rates on minerals which ~re·being moved from mines to the smelters. 
in India. In our op;nion the reverse·shOuld be the~case. Only .one,instance 
of comparative· freight rates will suffiCe to prove that the cost of transporta
tion is a great handicap to Indian industries: Ingot aluminium produced 
at Alwaye (in Travancore State) is rolled into sheets at Belur, :{lowrah .. 
The ·freight rate for this distance of about l, 500 miles is Rs. 82/12/-per 
ton, and 'this rate ·it should be noted is a preferential rate. In Canada the
freight rate from the big smelting area at Arvida (Quebec) to Vancoovet 

(BritiSh Columbia), a distance of about 3,000 miles is $19.00 or Rs. 57/-per 
ton. ObViouslY the Indian rates are much too high. We recommend that 
the Government should immediately look- into the possibilities of drastie 
reduction and adjustment of freight rates On-industrial raw materials. and 
finished products. Such revision would ~ish in most cases the burden
of tariffs, bounties or subsidies· which would otherwise be necessary to
protect the industries. The possibilities of developing inland water and 

road transport for carriage ot heavy-and bulky articles like minerals should 
also be investigated. 

Control of Mineral ExportS. 
As indicated in the previ5us chapter India exports large quantities of 

minerals. We feel that no mineral shoula- be exported· without a com..
pensatory return in 'the nature of much needed raw .materials, machinery, 
skilled personnel, patent rights.- etc. and recommend that :-

(1) Export of Beryl and ilmenite Sands of Travancore should be 
Stopped altogether. 

(2) Export of chromite, bauxtte, manganese ores, etc., should be 
restricted while domestic treatment of these ores or their whole or part 
rnallufacture before export should be encouraged. 

Scope and Extent o£Devel9pment of Non-ferrous Metal Industries. 
We feel that there is a vast scope for the development of non-ferrous. 

metal industries in India, and -recommend that :-

(1) Those metals whose. ores are found in sufficient quantities in India 
should be smelted locally under Government protection, if necessary. 

(2) Ores and other raw materials and virgin metals not available from 
Indian sources should be imported duty free. 

(3) All semi-manufacture and fabrication of finished articles should 
be done in India. 

Ownership of Industry. 

We feel-that the ownership of semi-manufacturing ,and fabricating 

industries should be left entirely to priv.ate enterprise except in cases where· 

·Govemment·help is specifically solicited for special reasons. With regard-
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to industries producing virgin metals which are not well established in 
India partial Go\•emment ownership would be necessary, whereas there 
might be other metals the production of wbich .wquld have. to be ~der
taken by the GoYernment. 
Capital Requirements. 

With respect to semi·manufacturing and fabricating industries we 
feel that sufficient capital would be available through private investment. 
It might, however, be necessary for the State to finance in part or wholly 
the production of S1me of the virgin metals. 
Technical Advice. 

Expert technical advice from abroad would be necessary .in the initial 

stages of starting new industries. We .feel that the Govenunent have taken 
the right step in encouraging and assisting studepts to go abroad for train
ing. We however suggest t]:lat technicians and engineers who already have 
some experience in India should be sent to foreign_ countries for training 
in graduate schools and industrial plants for obtaining further experience 
in their own branc.hes of engineering. These trainees on their return shOuld 
be able to replace the teachnical personnel recruited from abroad in the 
initial stages of development. We also feel that in view of the recommendae 
tions that the Indian Railways should greatly increase the use of light 
metals for locomotives· and coacQ const.ructiori, a number of Indian_metillur
gists and engineers would be sent from the Railways _to the U. K. and 
U.S.A., to acquaint themselves with the latist development and technique 
for the utilisation of light metals in ·Railways. 
Co-operation with Foreign Firms. 

We are of the opinion that co-operation with foreign firms regarding 
patent rights, technical help, etc. would be welcome. Foregin participation 
in capital should .. be discouraged as far as possib,te and _shquld of course be, 
limited to the extent of 30 to 40o/0 oniY in cases where particiPation in 
capital is made a condition precedent to the co-operation soiicited or whe_re 
the help needed is not available from any otber source without participation 
in capital. Management shJuld however remain entirely Indian. 
Location of Industries._ 

We feel that the location of industries in most cases would depend upon 
the availability of raw materials, power, labour, freight rates, defence cone 

siderations, markets, et~. H;wever, fabricating industries s~oul~ be decen
tralised as far as possible subject to the production unit being econ-~mic. 
In this connection as already indicated we draw the attention of the Gov~ 
ernment towards'the necessity of a downward revision of freight rates. 

Government Assistance to Industries .. 
W~ suggest that Government assistance to non-ferrous metal industries 

should be on the following lines :-
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(I) Lifting of all impart duties on scrap metals anO on raw mater'ials 

and virgin metals. 
(2) Giving subsidies to high cost producers of virgin metals like copper~ 

aluminium and antimony who have to compete with cheap imported 

metals. 
(3) Le\Wing import duties on semi-manUfactures and finished goods 

to protect Indian industries. 
(4) Lowering of inland freight rates imd providing better transport 

-facilities. 
(5) Purchasing all the Government Stores required for -railways. 

ordnance factories, telegraph and telephone, etc., of Indian manufacture 
unless the articles required are not manufactured or could not be easily 
manufactured in- India. 

(6) Making available to the industry the services of the proposed 
National Research Laboratories. 

(7) Making available to the industry the services of expert personnel 
in the Planning and Deveiopment ana other Departments of the Govern
ment of India. 

(8) Giv:ng finan:ial an:l technical help to private prospectors. 
Government COntrols. 

We feel that some measure of Government control of the industries 
would be necessary to achieve production targets set from time to time 
and to limit excessive profits. In cases '!;lere assistance· is granted to the 
industry, in some form or another, suftable controls will be necessary to 
~e that the assistance is not misuse:!. ·In general ·the policies outlined in 
the "Statement of Government's Industrial Policy" are considered quite 
adequate. 
Organisatioz:a ofDift"erent Units of Industry. 

We recommend that the different units of industry should be organised 
in one or more industrial ass~ciations. The.;e asso::iatio.ns should comprise 
of all branches of the industry like pmd~Icers of virgin and secondarY. 
metals, semi-manufacturers, fabric$tors, etc., and sho~ld hava an unified 
policy to enable them to express the sentiments of the industry as a whole. 
Cartelisation of the industry is undesirable and should not be allowed to. 
develop. 

Stages of Development. 
The first step towards the development of industries producing virgin 

metals should be in the direction of a comprehensive prospectirig for metallic 

m.~nerals and ores and determination of ore fC$erves in India. The deposits 

which have a:ready been discovered should be further prospected. This 

should be fo~lowed by p:ovision of a:lcq:1ate facilities for power, transport 
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of raw materials, etc., followed by actual erection of plants at suitable sites 
for reduction of ores. Possi&ilities of reducing· imported ores ·should 
also be looked into. 

Cheap power is the pre-requisite of all industries. Various powet" 

projects contemplated for different regions on the recommendation of the 
Central Technical Power Board should be duly advertised and requirements 
of industries registered b_eforehan~. Thi~ will enable the promoters and 
industrialists to locate and start metal and mineral industries with some 
confidence. 
Export Market. 

We recommend that export markets should be devetopei:l only for 

those metallic manufactures which can be produced in abundance without 
unnecessarily depleting the country's ore reserves or affecting the country's 
markets. 
Cottage Industries. 

It is difficult to conceive the manufacture of metals on i Cottage industry 
basis. However the final fabrication of metallic products·Could be encourag~ 
ed by the •cottage Industries', and we recommend that such industries 
should be run on a co-operative basis and all possibJe help should be given 
to them in the nature of cheap i-aw materials, technical advice and titerat· 
ure, machinery, training of workers,etc,, 
Capital Goods. 

We recommend th~t Government should lift all import duties on capital 
goods unitl such time as India could manufacture het own requirements. 
Government should also assist imports of capitaL goodS from countries 
where they are readily available. Capital goods which can however be
manufactured locally should not be allowed to be imported. We feel that 
there will be a goOd deal of surplus equipment available from war plants 
of the United States, Gennanx. and Japan and before ordering new 
equipment enquiries should be made as to the availability Of this surplus 
equipment. There will alSo be sOme surplUs equipment available from 
Indian Ordnance Factories, particularly the Ambernath and Katni Ordnance 
Factories, which should be leased or sold to established non-ferrous metal 
manufacturers if sue~ equipment ·can be used by them. Government's 
intention as to the disposal· or· utilisation of the ·existing non-ferrous 
processing ordnance plants, which may be surplus, ·should b~ clarified a; 

early as possible to avoid duplication of plants by imports. 

Indian Standard Specifications. 
At present there are no adequate and comprehensive specifications 

for the guidance of manufacturers and buyers Of metals and al~oys. We 
feel that it is necessary to co-ordinate Indian Railway and Ordnance speciti• 
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cations under one schedule and recommend that Government should appoint 
a Committee to devise Indian Standard Specifications for metals"and alloys 
and that all Government Departments and industrial concerns should 
exclusively follow these specifications when devised. 

Industrial Deputation. 
We are of the opinion that before any large scale plans for the deve1op

ment of non-ferrous industries of India are undertaken a deputation of 
metallurgists, industrialists, techniCians, ahd others connected with and 
interested in the development of such iniustries shoi.lld be sent_to the U.K. 
U.S. A., Germany and Japan with Government assistance, to study the 
latest developments and technique of metal Production. In the modern 

competitive era, it is absolutely essential that the industry should be in t~e 

closest touch with new developmentS an.:l full advantage should be taken 
cf the technical advances made during the war to develop Indian industries 
en modem lines. 
Trausition Period. 

We feel that Government control on non-ferrous metals should be
Telaxed gradually and re-m:~deled during the transition period. There. is 
bound to be a large civilian demand for all kinds of goodS in the pe'riod 
immediately following the war and Government must do everything in its 
power to see that foreign 'competition is not allowed to capture the Indian 
market. The formation and deliberations of a permanent Tariff Board to 
revise and modify the present tariff rates on imports will take some time. 

We propose that in the interim period Government should continue to 
give support to the non-ferrous industry as was done during the war. 
Specifically we recommend that :-

(1} The scrap metals in Government stocks should not be 
auctioned but distribated to e:tablished refine:&s and semi

manufacturers according to the capacities of their plants. 
(2) Government should not fssue licenses for import of metals 

without. consulting representatives of Indian Non-Ferrous 

industrial and commercial interests and only such quantities 
of metals as are likely to be· required in excess of indigenous 
production should be allOwed to be imported. 

(3) Facilities should be provided for duty free imports of scrap 
metals and capital goods from cou~tries where they arc 
readily available. 

(4} Export of scrap metals should be regulated. 

(5) Governmen't should instruct their Purchase Depart~ents to
extend their purchase preference to products manufactuted 
by Indian industry. 
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(6) No long tem1 orders for materials required ior postwar plans 
·of railway expansion, power development etc. should be placed in foreign 
countries, unless it is found on investigations that such materials will not 
-be produced in India in the near future. 

CHAPTER II 
SUMMARY 

This chapter outlines general C"lmid~rations and our recommenda-
' tions regarJing the developm~nt of non-ferrous metal industries in "India. 

In order to co.-ordinate the various activities connected with the develop
ment of m~tal and mineral industr:ies we have recommended the forma
tion of a Department of )Ictal and )Iineral Indust~ies_at the Centre with 
a Minister-in-Charge who should be assisted by a Metals and Minerals 
Board with members drawn fro~ Industrial Associations, Geological 
Survey of India, the proposed ~ational :1Ieiallurgica1 Laboratories, etc. 
The functions of this Board would be tO discuss and decide the policies to 
-be adopted with regard to the development of metal and mineral indus
tries. The Department of :\Ictal and Mineral Industries should have the 
following sub-sections each headed by a Director :-

(I} Geological·Survey of India. 
(2) Department of Mines. 
(3) Department of Metals. 
(4) Mineral and Metal Research Bureau. 
(5) Fuels and Refractories Department. 

and such other departments as are technically correlated to mineral and 
metal industries. 

The present facilities'for mineral survey and instructions in Geology, 
Mining and Metallurgical subjects a~e inadequate and we recommend a 
complete and thorough reorganisation of the Geological Survey of In~ia 
and the School of Min~s. Dhanbad. We also r(:commend- that Geology, 
Mining and Metallurgical departments should be added to the proposed 
four higher Institutes of. Technology to _b:: est.iblished in India. 

One of the handicaps in the devdopment of Indian industries is the 
high cost of inland transport. We feel that compared to other countries 
Indian railway fr~ight rates are very high and recommend drastic re
ductions. Lowering of freight rates would also diminish the burden of 
tariffs, subsidies, etc.-, which would be necessary to protect the 
industries. 

Free export of minerals fnm India is view~d by us with misgiving. 
No mineral s!J.ould be exported without a compensatory return and 
-export of minerals such as Beryl an:l Ilmenite sands of Travancore 
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should be stopped altogether. Export of Chromite, Bauxite and Man
ganese ores shOuld be restricted while domestic treatment of these ores. 

shOuld be encouraged-. 
India is capable of manufacturing all her requirements of semi

manufactures such as sheet, foil, wires, cables, rods, tubes, etc. Regard

ing virgin metals India should produce those metal, ores of which are
found in suffi-:ient quantities within the country while raw materials for the
manufacture of other-metals should be imported duty free. It will not be
necesiary for the Government to own any industry if enough private 
capital is forthcoming. However, partial Go¥ernment ownership may be
desirable in cases of industries producing Yirgin metals which are not 

well established in India. Co-operation with foreign firms regarding 
patent rights, technical advice, capital "goods, etc., would be welcome. 
Foreign participation in capital investment should be discouraged as 
far as possible and in cases where joreign help could not be made avail
able without participation in capital, it should be limited to the· extent 
of 30 to 40 per cent only Management should remain entirely 
Indian. 

Government as5istance to industries should be in the nature of sub
sidies to high cost producers of virgin m~tals. Imports of raw materials. 

and scrap and virgin met~ls should be duty free as far as possible . 
. Import duties .shoul~ be levied on such semi-manufactures as are pro-

duced in India. Lowe~ing of railway freight rates and purchase of Indian 
made goods by Government purchase departments will give added impetus. 

to indigenous industries. 
Government control on non-ferrous metal industry will be necessary 

particularly to see that production targets are reached and that any assis
tance given by the State is not misused. 

CHAPTER III 

NON-FERROUS METALS AND THEIR DEVELOPMENT 
IN INDIA 

In the following paragraphs we have reviewed all the important 

industrial ~on-ferrous metals and have made our recommendation regard
ing their future development. 

COPPER 

u .... 
The application of copper and copper alloys covers a wide field and 

there is hardly any industry in which th€se materials in one form or an-
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()tber are not employed. Distribution of their us~s in normal tun3S is c01: .. 

:fined under the following heads :-
1. Electrical manufactures. 
2. Buildings. 

3. Automobiles. 
4. Telephone and Tele~phs. 
5. Shi_Jbuilding. 

6. _ Railway equipment. 
7. Other uses in::.luding kitchen utensils, coinage and general en-.· 

gin cering. 

The main features of pure copper are high electrical and thetmal con
-ductivity, fair strength and excellent corrosion resistance, The various 
copper alloys. possess many of the characteristics of copper, but they ·are· 
in general harder ani s:rong~r and have lower conductivity. The main 
-copper alloys are brasses (alloys of copper and zinc), Bronzes (~lloys of 
·copper and tin), Monel metal (31% cu.+70% Ni.), Nickle Silver (alloys 
·of copper, zinc and nickle), Beryllium Copper (copper plus 2 to 4% 
berylJium) and Duralumin (alloys of aluminium with about 4°{0 .. 

copper). 
World Production and India's Share. 

The largest producers of copper are the United States of America .. 
South America, Canada, .Northern Rhodesia and Belgian Congo. The 

-world's output in 1938 was 2,031,000 m~tric tons. India produces about 
·6,000 tons of fire~refined copper. per year, all of -which is. cOnverted into 

brass sheets. 

:International Controls. 
The history of copper after the first world war was similar to that of 

many other basic commojities. World producing capacity increased with 
-the devtllopment of n~w low cost producers, while world consumption 
failed to keep pace even before 1929 and fell sharply during the depres

-sion. In the face of this situation prices were maintained at an artificially 
high level for a time by a world cartel. They then co1lapsed dis-

.astrously. _ 
In 1928 the U. s. producers organised Copper Exporters Inc., who 

"took foreign firms as non-votin.,. members. The purpose o_f this organisa
tion was to eliminate middle~en, prevent manipul~t~on and ... stabilise 
prices ". The stabilisation of prices turned out to mean stabilisation 

11pwards which at one time went up to 24 cents a pound. This of course 
-came crashing down w\~n the controls cracked. In May 1932, most of
the foreign firms resign ~.:1 from Copper exporters Inc., and in l935 ca~~ 
to an agreement which pm;ride:l for a co-operative marketing an:! pnce 
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policy among the non-United States producers: The participants in the
International Committee were all low cost producers who concentrilted on 

increased production rather than higher prices. In .-january, 1937, the 

Cartel removed all restrictions on output announcing at the same time 

that should the prices fall far below tbe current level, restrictions would be 

resumed. Copper prices have since .risen·strikingly. 
Imports of Copper and Brass into India. 

Imports of copper b;oth wrought and unwrought excludin; telephone 
and telegraph wires-amounted to about 8,500 tons in l93S-~l9 and that of 
brass about 16,000 tons in the same year. 

Cons~ption of Copper in India. 

The total yearly conswnption of copper in India is rather difficult to 
estimate because copper is imported in se\•eral alloys, electrical equipment, 
machinery, etc., besides being imported in the pure form either as ingots 
or as wrought copper. A large quantity of secondary copper is also used. 
A fair estimate of pre-war consumption of copper in all forms would be-
between 35,000 and 40,000 tons per year. 
Indian Copper Ores. 

Copper pyrites (Chalcopyrite) is the principal ore of copper. It is. 
fairly widely met with in India and supported in the past, extensive min-' 
ing operations for the production of copper at numerous centres. Enor
mous heaps of slag testify to the size of the old copper works in Khetri 
and other places in Jaipur State; Singhbum and Baragunda (Near 

Parasnath Hills) ; in the Sikkim State ; Knmaon and Kangra Valley in 
the Himalaya : and in 1\lysore State. At all these sitt:s copper was 
smelted from pyrito!.IS ores for the manufacture of principal alloys of 
copper, viz., brass and bron~e. Only one mining concern in Singhbum, 
to-day produces about 6,000 tons of copper annualy by tfeating about 
350,000 tons of this ore, the copper content of which is about 2·5%. In 
view of the lack of concentration of copper pyrites in workable Ioades, 
veins or masses, the resources of India in this mineral may b.:: considered 
;s small, so far as at present known. Regarded as sources of sulphur 

they have played very little part in Indian industry. Discovery of sul
phide ores, of even poor grade, would render possible not only the ex

traction of sulphur but by liberating this by-product, make the extraction 
of the associated metals economically feasible. In this regard we em

phasise the necrl of Government initiative in prospecting the copper 

belts of Sikkirn and Khetri which seem to_ be the most promising. 
Future of Indian Copper Smelting Industries. · 

The existing firm producing fire-refined copper does not anticipate 

any increa':;e in their production in the near future. In any case they may 
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be consiaered manufacttlrers o( hot rolled brass sheets rather than· of 
copper since they cannot hopa to compete in the market with imported 
copper but are able to compete successfully in the field of brass sheet 
sheltering as it were behind the protective tariff on brass sheet imports 
and duty free zinc. 

We feel after examination of pre-war copper trade and anticipation 
of post-war development of electrical and other industries that the average 

annual requirements of copper during the first five year period after the 
war will be as follows : 

Copper for copper base alloys 25 to 30,000 tons per year. 

Electrolytic copper 16 to 20,000 ., , .. 
Against these requirements the production of 6,000 tons of fire-refined 
copper seems very insignificant and we make the following recommeonda

tions for increasing the production of virgin copper in Iri.dia : 
1. Immediate and thorough prospecting and exploratory work of the. 

Sikkim and Khetri Copper deposits should be taken in band and if the 
deposits are found promising their exploitation should not be 
delayed. 

2. Negotiations should be undertaken with the Governments of 
Bunna and other countries as to the possibilities of importing their 
C?pper concentrates or ores with a view to smelting them in 
India. 

3. Lifting of all import d~ties on VIrgm copper and copper scrap. 
and giving a subsidy to the indigenous producers if they are unable to 
compete with imported copper. 

4. Encouraging secondary copper production by giving facilities 
for collecting, segregating and transporting scrap and technical guidance 
to refiners of scrap. 

5. The production of electrolytic copper out of copper and copper 
alloy scrap is immediately possible and should be encouraged by the 
State. 

• 
COPPER AND COPPER ALLOY SEMI-MANUFACTURES 

Brass and Copper Sl:teet and Strip. 
Yellow metal sheets are consumed in large quantities. in India for 

the m:mufacture of utensils, stov~s. sterilisers, etc. At present though 
there are several firms producing brass sheet, only one commercial plant 

has up-to-date equipment for hot rolling of brass sheets and produces 

abous 8,000 tons of sheets up to 21 S. ·w. G. They are intending to put 

up a new cold mill which will bring their total production of brass sheets 
to about 12,000 tons per year. The total war .time production of 

Th. 
yellow metal sheets amounted to about 10,000 tons p:!r year. IS 

mean~ that at present India produces less ·than half her pre-war consump:.. 
tion of brass sheets. We have set the peak production target for brass 
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eets and strip at 35,000 tons per year during, 1.he fi.l'st ftve year period 

development and for copper sheet and strip at 6,000 tons. In the 
't · ill b" necessary to encourage one or more of the ~rms .rcumstancEs 1 w "" . 

d m. rolling brass sheets to import up.to-date rolling 
t prEsent engage -~ 

ill melting furnaces and auxiliary equipment to produce sheet and 
1 

• s, t 30 5 w G It is felt that some of the existulg rolling mills tnp upo .. · 
~ill have tO be scrapped in view of the fact that these mills have out
ived their usefulms5. We suggest that the production of brass sheets 
;hould be encoarn.ged on a regional basis and that modem rolling plants 

;hould be erected one in the we·st, preferably near Bombay, one in 
the South (near' Madras) and one in the United Provinces. The exist
ing plant at Ghatsila in Bihar will take care of the requirements in the 

eastern zone. The_ cost o! ei..ch plant producing about eight thousand 

tons of sheets would come to_ about 50 to 60 lakhs of rupees. 

Brass and Copper Rods, Bars, Shap_es and Tubes. 
M~t of tbe requirements of brass and copper bars and rods during 

the war were met by indigenous producers and there are several firms 
all over India who hot and· cold roll ro:is and bars. The'quality of 

these products, however, leaves much ~o be desired and ·can be attributed 

to the. poor qua_lity ·of equipment used for the manufacture· of . these 

products. The necessity of an extrusion press for these products is 
keenly felt and we recommend importing one 2,000 ton e~trusion press 

to meet the demands for rods, bars, ~pes. etc., of brass and copper. 

This extrusion press can also be used for the manufacture of tubes. 
Excepting one finn who produces copper tubes up to size 112• outside 

diameter by rolling over a mandrel, there is no one who makes tubes 

in India. BEsideS the extrusion press mentioned above, tube reducing 

machints, draw bench(s, de., will have to be imported for manufacture 

of tubes. However, in th~ event the extrusi,on ·presss at Katni Ordnance 

Factory be made available to the industry we feel that it will not be 

necessary to import another one immediately as this presS would be able 
to meet the immediate requirement:> of the country. 

llnss and Copper Wke. 

Large quantitieS of brass and copper wire are used in India in jari 

manufacture, in making rivets, copper tacks, screw wires and nails 

and also for packing, binding and many other purposes. Electrolytic· 

copper wires and cables have innumerable uses in the el-.trical en
gineering industry. 

During the war the production of cables and wires both bar d . . em 
msulated has increased considerably. We feel that the product' f 

. f . 10no 
Wires or electncal purposes will be btst tackled by the El t 'cal 1 .• _ 

• . En ~-
1nes Panel. We would, however, record our opinion that there is no 
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reason why an the Indian -requirements of wires and cables should not be 
met by indigenous producers. 

As regards wires not used for electrical purposes we feel that the 

present wire drawing mills are very poorly equipped. Coils weighing only 
up to seven pounds each are produced at present whereas imported coils 
weigh over a hundred pounds each. Heavier coils have an advantage 
when wire is to be used in automatic machines. With the present quality 
and price of the wir~ produced it will be difficult to compete with im
ported wire- and we· suggest that existing firms ;be encouraged to install 
modem continuous wire drawing equipment. Diamond dies. and 

electric annealin.g furnaces will also be necessary for producing good 

quality wire. 
Protection to Fabricators. 

We""feel that all th! requirements of semi-manufactures and fabricated 
articles of copp~r and copper alloys can be met by Indian producers. The 
railways are perhaps the largest users of non-ferrous metals in peace time 
and it should be possible to "'eet all their requirements through indigenous 
manufacture. We repeat that: 

1. There should be no import duty on virgin copper. 

2. Heavy import duties should be levied on all semi-manufactures 

which are indigenously produced at reasonable costs. 
3. Subsidies should be given to indigenous producers ol virgin 

copper if their cost of production is higher than that of imported 

copper. 
ALUMINIUM 

Uses. 
The coming age is the age of light metals and aluminium is destined to 

play an important role in the future development of almost- aU branches 
of industry. Aluminium can be classed as a general purpose metal and 
it.s uses both as metal and in the form of strong alloys are innumerable. 
They are in the field of transporta~ion-air, road, rail and- water-for· 

overhead transmission tines, in the chemical, brewery and food industries 
generally, in building and architecture, for packing' and insulation in the 

form of foil, for paintiti.g in the form of powder and paste and in the 
kitchen in the form of utensils. Aluminium can be anodized and dyed 

giving very pleasant and striking decorative. colours. Anodized alumi
nium is also used as reflectors and has remarkable corrosion and abrasion 

resistance. 
The most valuable property of aluminium is its lightness combined 

with corrosion resistance a11d good electrical conductivity. Owing to its 
lightness for equal condu-:tivity, 'the weight of aluminium required for a 

conduct~r is about 50 per cent that of copper. 
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Aluminium is seldom used in the pure form for structural purposes 
but is alloyed with copper, manganese, silicon, magnesium, nickel, zinc 
and other metals to produce a series of alloys with widely varying pro
perties. The so called " strong alloys " of • duralumin ' type are general
ly alloys of aluminium with up to 4 per cent copper and minor quantities 
of magnesium and manganese. The " Y !' and " RR " alloys contain 

nickel al< ug with the above alloying elements. These alloys develop 
their strt:ngth on beat treatment. Appendix V gives most of the uses of 

light metal alloys both aluminium and magnesium. 

International controls. 
The aluminium industry during the half century of its existence has 

always been dominated by a small number of firms owing to the large 
investment required for the electrolytic separation Of the metal, to the 
limited supplies of the economic raw materials, to the complexit)' of pro
duction processes and the ·opposition of established interests against the 
rise of new ventures. Before the first world war four companies in 
Europe and one in America controlled the output. The war saw tremen~ 
dons development in aluminium industry and because of its importance 
in modem warfare governments in different countries fostered domestic 

aluminium industries. In 1931 a strong cartel was set up and incor
poratec!_ as the Alliance Aluminium Company of Basle. It rigidly limited 
output by setting up quotas to be enforced by periodic audits. The life 
of the cartel was to be 99 years but We understand that the cartel was 
dissolved during the war period. 
hnport• of Aluminium in India. 

The pre-war. imports of aluminium have varied considerably from 
year to year. The highest in 1929-30 was about 8,500 tons. In 1938-39 

it was about 3,000 tons. 
Indian Ores of Aluminium. 

India possesses enonnous Tesources in aluminium, the reserves of 
hlgh grade bauxite, the principal ore; being roughly estimated at 250 
million tons. Proved workable occurrances are those of Jubbulpore and 
Balaghat Districts of C. P., Belg:~.um and Kolhapur, Thana and Khaira in 
Bombay; Ranchi. Plateau in Bihar and Shevaroy Hi!Js in Salem 

besides several occurrences in Central India, Kashmir and else~ 
where. 

!he majority of Indi~n bauxite deposits are easily workable by simple 

open cast methods of quarrying, though transport is a problem in con

nection with most of the occurrences and the freight charges in the 

present day transport conditions are prohibitive. In composition the 

Indian bauxites are of a high grade and suitable for modern methorls of 
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J>urifications and reduction. Titanium can also be obtained by the treat
ment of these ores.. 
Produt:tion of Virgin Aluminium in India. 

Two companies are at present engaged in the production of virgin 
.aluminium, one of which uses imported aluminalumina and reduces it in 
Travancore State where hydro-electric power is available. However, they 
.are now putting up an alumina plant to treat Indian bauxite. ·The com
plete plant of the other company is in Asansol and uses steam poWer. 
The total Indian production at present is about 2,400 tons per year. The 
nduction of aluminium is an electro-metallurgical process for which 
-cheap power is a necessity. We are given to understand that the 
development of the virgin metal producing industry will be- dealt with by 

the Electro-Chemical Industries Panel. However, aluminium being 
·the most important non-ferrous metal we offer the following 
-comments. 

Suggestions for increased use of Aluminium in India. 
we cannot lay enough stress on the importance of increasing the 

production and use of aluminium in India. There is an abundance of raw 
materials available for it~ production and since India is known to be 
deficient in ores of other industrial metals like copper, zinc, lead, tin, etc.. 
it is o_bvious that the future of Indian industry is bound up with the 
development of its aluminium industries. Aluminium and its alloys can 
be easily.and with advan~age substituted for most of the other nonMferrous 

and ferrous materials. Among the uses to which India can immediately 
.and advantageously put alum::niun we suggest the following ; 

1. Electrical Transmissiou Lines : Large quantities of transmission 

1ine wires and busMbars will be required for the proposed power schemes, 

Steel cored aluminium cables have been successfully used in Europe and 

America for power trans nission and they should be used in India wherever 
·possible. 

2. Rail a"d Road Transport : We understand that the railways have 
under planning a new cxpans:on programme which will require hundreds 
~f passenger coaches and goods wagons. The use of aluminium coaches 
10 

America and Europe have shown that a considerable economy is possible 
bytheu f....I .. • · . , se o ....,.mmmm not only by increasing pay load but by reducing 
tnatnten ance costs, etc. \Ve strongly recommend that the Indian cailways 
"Should follow the times and greatly increase the use of aluminium in loco
htotiv: and coach construction. 

In t ~assenger ~us"es in l~ia can also use ahtminium bodies to advantage. 
·1:1 • his connecbon the aU aluminium car contemp~ated by American and 

rttish Car manufacturers is .of iJ'9portance. Future In.dian automobile 
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struction of their cars. 
3. NumismatiG uses of Alumittium : Many cowitries have used pur e 

aluminium, aluminium bronze and aluminium manganese (1.5% Mn.) 
alloys for coinage. The weir resistance of these coins have been quit~ 
satisfactory. In view-of the Government's plan of decimalising Indian. 

coina§e the Indian M~nts should be _a~vised-to look into ·the p~ssibil.ities of 
using aluminium coms, thus avouling the use of metals m wh1ch the· 
country is deficient. That the people. might object to such light coinage is 
no justification for not giviJ.Ig them a trial. If the people could reconcile 
themselves to having holes in their coins they should easily reconcile them
selves to light alloy coins. 

4. Importance of manufacturing aluminium alloys of duralumio 
type could not be over emphasised. The technology does not present any 
undue difficulties and once the preliminaries are ironed out the popularisa
tion of aluminium and its alloys· for all kind of ·.transport vehicles .. 
structures requiring high specific yield strength, etc., will not be difficult. 
We feel that the Government can help n great deal in making the 
nation aluminium minded by initiating the uses of aluminium on rail- · 
ways,. etc. 
Target Cor Aluminium ProductiOn. 

We are given to understand that when the full capacity of the existing 
reduction plants is attained about 8,000 tons of virgin aluminium will be 
available. We have seUhe minimum target for average annual production 
for the first-five years at 15,000 tons and feel that this production can be 
easily realised by starting new reduction works. The. extension of the 
old power stations and contemplated new power schemes will make· 
enough power available. we· also feel that the production of 50,000 tons. 

per year at the end of fifteen years is within the realm of possibility. 

Protection to the Industry. 
The present cost of production of virgin aluminium is stated to be two 

to three times as high as in Cana~ ~r the U. S. A. We are not in a posi
tion to. ascertain the reason why 1t ts so and feel that it should be possible· 
to reduce the c:.:st ·considerably. However. the industry will need some
protection in order to survive foreign competition and we reQQmmend giv

ing a subsidy to the producers to make up the difference between landed 
cost of imported a!uminium and the cost of local production, Imposition. 
of an import du_ty will work to the detriment of semi-manu£acturecs and 
consumers who cannot rely on the present producers to supply all their 

demands. We therefore strongly urge that there should be no duty on the

imports of virgin aluminium but that the quantity of imports should be 
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controlled and exporting co:mtries shoald be prevented from dumping 
iheir aluminium in the Indian market. Also in order to encourage Indian 
semi-manufacturers of aluminium, import duties should be levied on all 
the semi-manfactures as are made at present and similar duties should be 

levied on such semi-manufactures, as wires and cables, etc., not at 
present.manufactured, as soon as their manufacture is started . 

• 
We are of the opinion that the Government will have to keep a strict 

-vigilance on aluminium trade in India and not allow foreign competitors 
·to capture our markets in the initial stages when the demand for alumi
nium products will be very large. On the contrary efforts ~auld be 
made to utilise this opportunity_ of large demands to encourage Indian 

-enterprise to undertake the manfacture of aluminium and its alloys, semi
manufactures, etc. 

We regert that no universities or technical schools in India give 
<ourses in the use and technology of- light metals. We strongly recom
-mend the inclusion of special courses in such subjects in alf the universities 
-and technical colleges. 
Aluminium Semi-manufactures. 

At present only One up-to-date rolling mill (near Calcutta) producing 
-about 1,600 tons of aluminium sheets per year is in operation. We re
gret we have been unable to obtain any information regarding a new mill 
operating in Asansol. Several other firms in Bombay and elsewhere also 
roll aluminium sheets on the same mills on which they normally roll brass 
-and copper sheets. It is· feared that inferior products tend to ruin the 

Teputation of Indian industry and such practices should be discouraged as 
far as possible. 

We have set the following tamets for the semi-manufaCtures of 

.aluminium :-

Articles. 

'"Sheets and circles 

Foil 
1'ubes, rods, shapes, etc. 
Wires and cables 
Castings (Industrial) 
Powder 
.Sheets and Circles, 

Annual Prod1~etion Targets 
during the first FiW 

Years :in long tons. 

10,000 

l ,500 to 2,000 

2,000 
5,000 and up 
2,000 

1,000 

The present production capacity for high quality specification sheets 
.can roughly be estimated at 3,0().) tons per year. We feel that two up-to
-date rolling mills-one i.n South India and the other in the Central or 
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Western India-each producing 3,500 tons of sheets per year should be· 

put up. 
Foil. 

The use of aluminium foil is increasing and a modern foil mill should 

be immediately started to meet the demands of the tea and cigarette 
i~dustries and for other wrapping purposes. We understand that on~ 
mill rolling tea-lead in Calcutta is changing over to rolling aluminium foil 
and will produce about 700 tons of foil for tea-chest lining. Another foil 

mill rolling foil for wrapping purposes needs to be put up. 

Tube~ RO$fs, Shapes. etc. 
The increasing development of chemical and engineering industries. 

Will need a large quantity of aluminium tubes, rods, etc. Though pre
war imports of these commodities have been negligible we anticipate a large

demand and suggest that an extrusion press and auxiliary equipment 
should be imported for the manufacture of these products. Tube reducing 
machines. draw benches, etc., will also be required. The extrusion press. 

can also supply wire bars for wire mills. 

Wires and Cables. 
As mentioned before aluminium cables are replacing copper cables for 

transmission lines, etc., and to meet the demands of the electrification 

schemes at least one wire drawing and cable stranding plant should be 

put up immediately, or one of the factories producing copper cables can 

be converted to aluminium cable manufacture. Aluminium ingots for 
this purpose, if not immediately available in Indi3., could be-

imported. 
Castings. 

A good many foundries make ·aluminium castings.. We suggest that 

the possibilities of making aluminium die~castings should be thoroughly in

vestigated. 

Powder. 
Aluminium paint and paste is extensively used in India and the 

manufacture of aluminium powder required for these purposes should be

undertaken in India. 
Aluminium Fabricating Industry. 

Aluminium Fabricating Industry producing hollow~ware, kitchen and 

dairy wares, etc., is firmly established in India. The tendency of pro
ducing wares out of thin gauge sheets should, however, be dis

couraged. 
It is desiraf?le to encourage the manufacture of utensil and small. 

castings on cottage industry basis. The Provincial directors of industries. 
can encourage such manufactures in villages and small towns. Small 
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spinning lathes and power presses could be loaned to individuals and raw 
materials in the nature of circles or ingot metal could be supplied to them 
from village co-operatives. 

LEAD 

Uses. 

The corrosion resistance Qf lead is one of its important properties. 
Combined with the high resistance to chemical attack is the ease with 
which the metal can be shaped and moul~d, while its low melting point 
makes jointing a simple operation. , Lead is thus used for a large variety 
of purposes for chemical plants where its resistance to attack can be 
further increased by small additions of other metals like copper, nickel 

and tellurium. Ternary leQ.d alloys with small amounts of calcium and 
alternatively either antimony or tin have strength almost tw:ce that 
of pure lead. Antimonial lead alloys up to 30 per cent antimony have a 
variety of use_;'in chemical plants. Lead calcium alloys up to 0.1 per 
cent calcium are uied for grid:; and plates for storage cells, cable 
sheathing and other purposes. The single use which con:;umes. the 
largest amount of lead is the manufacture of accumulator plates, and 

this is followed by pipes and foil. · Lead is also an essential component 
of solders, type metals and bearin! metals. Lead compounds are exten
sively used as pigment (white lead, red lead, etc.). 
International Controls. 

No attempt was made by the lead producers after the first war to 
come to any agreement tUII931 when non-United States producers came 
to an agreement to cut down production by 20 per cent. In March of 
the next year the Cartel dissolved and prices dropped sharply. The 
combined effort -of sterling devaluation and the imposition of a British 
tariff on non-Empire lead, destroyed the Cartel. Nevertheless restric
tive measures by the International zinc Syndicate indirectly imposed 
partial ·restriction on lead due to the fact that lead and zinc are often 
mined together from the same mines. In 1935 a new arrangement was 

arrived at by the lead producers. This was a very flexible arrangement 
which did away with the quota system of production but agreed not to 

increase_oUtput without due notice. 

Indian Imports of Lead. 
India imported about 7,500 tons of lead both wrought and no

wrought in 1938--39. Practically no indigenous production was re

corded. 

Indian Lead Ores. 
Although lead ores--chiefly galena-are known to occur at a large 

ttnmber of places in India and were mined on a considerable scale at 
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these places in the past, no large deposits have so far been located. The 
known occurrances of lead are those of Hazaribagh in Bihar, Manbhum 
and Drug Districts, of C. P., and Datia and Gwalior in Central India. 
A good proportion of these ores are argentiferrous, yielding a few 
ounces of silver per ton of ore. All these, however, require thorough 
prospecting and exploration before they can be discarded as uneconomic 
to work. The only locality which bas figured in the Indian mineral 

production returns is· Jaipor State in Rajputana where sm;~.ll quantities 
of lead ore are mined.· Small quantities of lead are also as~ociated with 
the zinc ores of Zawar in the. Udaipur .Districts. 

Indian Lead Production.. 
A small lead smelter wa-s started during_ the War in Bihar after a 

great deal of difficulty m:1.inly 'connected with ore supplies. The future. 

possibilities of lead smelting are difficult to assess in view of the incom
plete knowledge of the. future ore supplies. The present production of 
about 100 tons a year is very insignificant. 
Lead Pipes. 

The 1938-3:J import of lead pipes was aoout 5JJ tons. A lead e~tru
sion press has been imtaUed in Calcutta during the war and at present 
produces 503 tons of lead pipe:; from 3/8" to a• internal diameter. The 
production can be stepped up to 6)0 to SJJ tom if required. We feel 
that there is no immediate need for insta:lling another extrusion press for 
lead pipes. However, a press 009-ld be installed in Bombay if the demands 
increase considerably. 
Lead Sheets. 

Chemical and. tea industries and building construction consumes the 
main bulk of lead sheets. So far the Indian producers have not attempt

ed ~o :roll sheets wider than 3 feet. Demands for sheets up to S feet 
width are considerable and are likely to increase in the future. A mill 
producing Wider sheets would be welcome by the chemical industries. 
Aluminium foil can be advantageo:.tsly used for tea chest lining instead of 

lead and this change should be immediately effected. We under
stand that a Calcutta concern is switching over from lead to aluminillll1 
foil productfen. 

Accumulator Plates. 
Accumulator plates required for s:!Condary b1tteries are produced at 

Bangalore, Bombay, Calcutta and other places. It i:; possible to produce 

aU the Indian requirements indigenously and we presume the Electrical 
Induetries Panel will look into the matter. 

Suggestions for Development of Lead Industry. 

Before the war most of the lead requirements were met by imports 
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from Burma. It is difficult to say how soon Burma lead will begin 

coming into India again. In any case the last war has showil that a lead 
smelter is absolutely essential for India. The chief lead deposits of 
Rajputana States and Bihar need to be-thoroughly prospected and we feel 
that a metallurgical centre should be started in Rajputana, where de· 
posits of lead, zinc and copper are kno·wn to occur. The present pro· 
ducers are carrying on prospecting and mining operations at Keraikella 
(Seraikella State) and Chauth-ka-Barwara (Jaipur State). The smelter is 
located at Katrasga~h (Bihar). They anticipate a large output pf ore and 
intend to instal a modem blast furnace capable of producing . about 1000 
tons of lead per. month. The initial expenditure for proving the ore 
reserves is bound to be heavy and we recommend that the Government 
should help the industry along the following lines. 

(1) Government should undertake the proving of the mines leaving 

the subsequent mining operation to the firm. Part of the initial cost of 
proving the mines could 'be charged to the firm if the ore reserve is 
proved to be sufficientlY large to justify economical working of the 
mines for a number of years. If thC Government does not intend to 
undertake proving of the mines they should advance enough money to the 
firm to undertake the work themselves. 

(2) Freight rates on ores and raw materials needed fQ.t lead smelting 
should be so adjusted that they do not exceed 10 per cent of the present 
value of the metal. If, however, the price of lead comes down to Rs. 25() 
per ton (pre-war price) then the freight rate should not exceed 5_per 
cent of the value of the metal in -the ore. 

(3) Government should facilitate import of plant and machinery re

quired for lead smelting. 
(4) If the above assistance is given by the State it is hoped that the 

industry will be able to stand on its own legs. Ha"wever, i~ the market 
becomes highly competitive due to seriol!S. unloading of accumulated 
stocks or other causes it may be necessary to protect the infant. industry 

by subsidies. 
(5) If Indian ore 

ment should facilitate 
other countries. 

reserves are proved to be unsatisfactory Govern
imports of ores or concentrates from Bunna and 

We anticipate that India will consume a peak of abou~t 25,000 tons 
of lead per year within the first five post-war years. We feel that most 
of these requirements will have to be met bjr imports unless the present 
,firm can produce India's requirements by 1950. We recommend that so 
long as India does not produce enough lead all the lead imports should be 

free of duty to enable_ indigenous producers of sheet, pipe, pigments, etc. 

to survive foreign competition. 
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UNC 
Uses. 

The most important property of the metal to which the bulk of its
application is due is its high resistance to atmoSpheric corrosion, It is 
used largely for the protection of iron and steel in the fonn of galvanised 
sheet and is also applied by spraying and sherardising. Other major 
applications are in the preparation of brass, bearing metal, as zinc base 
die castings and as zinc plating. Zinc compounds are extensively used in 
the textile, die and paint industries. 
International Controls. 

The modem history of zinc industry has been the history of two 
distinct markets; that of U.S. A. and that of Europe with the rest of the 
-world. Cartelisation was established as early as 1885, the Belgian and 
German firms having organised the International Zinc Syndicate. With 
several reorganisations the Cartel survived until the beginning of the 

1 Th · d try d" nised • h st world war. em us _was 1sorga m t e years after the· war till 
in May 1928 when the European Zinc Cartel was 'organised. The C rt 

. a cl 
broke down m 1929 and pt 1931 a new world Cartel was set up Which in~ 
eluded all but U. 5. Producers. The Cartel was extremely unstab! 

e and 
broke down at the end of 1934 mainly due to Great Britain's appli . 

· E · · dG • · d cation of a duty on non- mpll"e zmc an ennany s mtro uction of a pc . 
em1um to 

domestic zinc producers. In 1936 another agreement was arrived 
d . d. atto control pro 1,1Ctton an pnces. 

Indian Consumption and Imports. 
An estimate of India's pre-war consumption is as follows : 

(1) Galvanising iron and steel articles including manufacture 1 0 sheet 
16,000 to 18,000 tons per year. s 

(2) Manufacture of non-ferrous alloys, e.g., brass, bronze b . 
• eartng 

metals, etc., 6,000 to 8,000 tons per year. 
(3) About 30,000 tons of zinc chloride obtained mostly 1 . 

. · · . rorn Zinc 
residues, were also used m the textile and dye mdustnes. 

(4) Manufacture of zinc oxide consumes about 3,000 to 4,00Q 

zinc per year. 
The 1938-39 imports of zinc amou:1ted to about 26,000 toll.i. 

was no indigenous production. 

tons of 

There 

We feel that the peak annual con:iumption of zinc in all forms 
the first five-years will be around 50,000 tom. dnring 

Indian Zinc Ores. 
India's present knoWn deposits of zinc are confined to a few ban 

ed mines in the vicinity of Zawar (Udaipur State) where the exi at don· 
. . - senceof 

mounds of slag and debns suggests e1ther that the deposits Were 1 1 o arge 
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:size or that the mines were worked for many. centuries. It appears that 
the zinc mines were worked prior to the 18th century and then abandoned. 
With the exception of the occurrence of zinc sulphide ores in the Riasin 
District in Kashmir State there is no other site known in India where 
workable deposits of the :Oetal occut. The Bawdwin i.ead-Zinc mines of 
Central Burma produced on. the average 60,000 tons of zinc concentrates 
yearly and supplied the Indian demand for the metal. The Zawar mines 
were lately reopened by the Geological Survey of India with a 

view to explore the ore reserves. The ore also contains some lead and 

silver. 
The Kashmir zinc deposits yet remain to be systematically investigat

-ed. The ore is known to be rich but the reserves are unknown. 

:Suggestions for future Development. 
Realising that a large quantity of zinc is consumed every year in 

India we cannot afford to reconcile ourselves to importing all our re
-quirements of zinc. It is necessary to maintain even a sffiaU smelter in 
India to meet at least some of the defence requirements. \Ve sugget 
that Government should take immediate steps to investigate the Zawar 

' .and Kashmir zinc deposits and to start a smelter. As mentioned in the sec-

tion on lead the Burma lead-zinc ore could be imported and smelted in 
India and we repeat that negotiations should be undertaken with the 

Burma Government to that end. Several attempts were made in the 
past to smelt the Bunna ~inc concentrates in Bihar. These projects 

should be renewed if sufficient ore is available. NaturaUy any zinc 
--smelting industry will need protection in the nature of subsidies. We 
suggest that imports of zinc should be _duty free and all' the semi

·manufactures and zinc compounds like zinc chloride, zinc oxide, etc.~ 
required for use · in India should be indigenously produced. Zinc 

-strip for dry cells and zinc process plates could also be manufactured in 
India. 

TIN 
"Uses. 

Owing to its good resistance to corrosion under many conditions the 
·major use of tin is in the form of coatings for s"tcel and copper alloys. 
Nearly 40 per cent of world's tin is used in making tin plate. Solders 

·Come next in importance. _Other alloys containing tin are white bearing 
metals, pewter, type metals and bronzes. In the pure form tin is used 
-for manufacture o£ tin piping for beer, distilled water, etc., as collapsible 
-tubes and as foil. There are also a large number of chemical u~es o[ 
-tin. 
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International Controls. 
In 1930 the tin producer's Association inaugrated a voluntary res

triction scheme over the production oftin, but by the end of the year it 
was realised that any voluntary control was powedess to cope with the 

situation in the form of declining consumption, falling prices, etc. In 

1931 a government sponsored restriction scheme under the administration 
of an International Tin Committee went into effect. The Committee re
presented the Governments of the chief tin producers, \'iz., Federated 
Malaya States, Nigeria (British), the Dutch East Indies and Bolivia. Later 
on excepting China all the tin producing conn tries were represented on 
the Committee. This virtual control of world' . .; production has been mani
fested in the high prices of tin. 
Indian Imports and Consumption. 

Indian imports of tin in the form of ingots, bars, slabs, foil, ett.,. 
amounted to about 3,000 tons per year. Besid~ this tin' is imported in 
the anti-friction alloys and as parts of the machinery, etc. Due to this 
invisible import of tin the total consumption ·of tin is rather difficult to 
assess but we consider that about 4,000 tons per year of tin will 
be consumed in India during the first fh·e post-war years. This includes 
tin in all forms. 

Indian Tin Ores. 
Several localities are known in India where tin stone (Ce.ssiterite} has. 

been found in small quantities. The most interesting of these areas. 
is that in the Hazaribag District. None of these ores are said to be very 

promising. 
Some East African or Malayan tin ore was smelted in India during 

this war as an emergency measure. Smelting of tin presents little 
difficulty and if epough imported' ores are available tin smelting should: 

be encouraged. 
Secondary Tin Industry. 

Recovery of tin from tin~plate- scrap is an in'iportan_~ industry in 
countries like Japan, U. S; A. and Germany. During the war severat 
Indian firms took up d.e-tinning of tin plate scrap and their total capacity 
is about 100 tons of tin per year. The cost of de-tinning is, however, 
high and the main cause for this is attributable to expemive and mixed 

scrap and lack of continuity in the availablity of scrap. These conditions 
are not likely to change im-nediately and assistance to this industry is. 
considered nece;;sary. 
Suggestion Cor Tin Industry. 

During the war the Allies had lost the major sources of tin whicb. 

prompted them td economise in the use of tin and in most cases substi

tute other metals for tin. Since no tin is indigenously produced we. 
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'Suggest that every effort should be made to cut down the use of tin and-use 

>Of substi.tute-alloys. Numerous small tin refineries existed before the war in 
Holland, Belgium, Germany and France refining. impure tin. ImpUre tin 

is obtainable much cheaper than standard tin tingots and the existence of 
such a refinery in India would reduce the import of tin and hi case of an 

-emergency make the country independent of tin imports at least 
for a few year.;. For the deve!opment of: a tin indnstry in India we 
Tecommend :-

(1) Pro;pecting fo:t tin ores in India. 
(2) Importing tin ore:; or concentrates, eit)l.er from China, Malaya or 

Africa and smelting them in India. 

(3) Development of spraying and electro-tinning for making tin· plate 

1n place of the existing hot dip process. 

(4) Encouraging de-tinning and assisting the existing firms to enable 
them to compete with imported tin which should be duty free. 

(5) Encouraging Ele~trolytic tin refining of impure tin br tin-rich. 

-scrap collect~d in India or imported from abroad. 
(6) Prohibiting export of tin plate scrap and allowing duty free 

imports of same. 

NICKEL 
"Uses. 

The largest .use of nickel (about 60 per cent of world's production) is 
as an alloying element in stet"l. It is also used in many non-ferro:J.s alloys 

"Such as nickel-silver, copper-nickel coinage alloys, monel metal, nickel

chromium heat resisting alloys, etc. In the unalloyed form nickel is used 
·for coinage and cooking utensils and as anodes in nickel plating. The 
metal is also used by .the chemical and paint :industries for vessels and 

-plants of various kinds on acco:mt Of its corrosion resistance. 

International Controls 
The nickel industry offers the outstanding example of monopolistic 

control over an important primary commodity by a world combine. Nature 
has centralised the usable nickel ores in the Sudbury region qi Ontario, 

Canada. These and other deposits are controlled b~ the International 
Nickel Company whose sales amount to over 95 per cent of the \\--arid's 
.nickel b:~siness. The monopoly power of the Company established by an 
amalgam ltion of several Companies is firmly based on property holdings 

·in S-.Jdbury. The United States of America, United Kingdom and Canada 
.are represented in the Company with the U. S. having 43 per cent of the 

stock. 
Jndian Requirclnents. 

Nickel is impor~ed in many fonns in India but the tonnage in the 
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form of nickel is difficult to ascertain. We consider that the peak annual. 
consumption of nickel in all forms will be about 3,000 tons during the 

first fiv~ post-war years. All this will have to be met by imports unless. 

steps are taken to produce nickel in India. 
Indian Nickel Ores. 

Besides occurring as a minute constitutent of some copper ores in 
Singhbum and in the Khetri mines of Jaipur nickel is unknown in Indian 
deposits of appreciable size. However a self fluxing nickel ore has. 
recently been reported to exist in the snow bound regions of the

l!imalayas, north of NepaL 
Cobaltiferous nickel speiss has b~en produced since 1927 by the ~urma 

Corporation's Badwin mines as a by-product of the lead smelting plant 
at Namtu, amottntin~ to some 3,000 to 4,000 tons yearly. Before the war 
this was exported to Belgium and Germany for refining. 

Suggestions for Nickel Industry. 
Two sources of ore for starting a nickel industry in India suggest 

themselves. The Nepal ores are reported to be rich and contain both 
cobalt and silver besides nickel. It should be possible to survey these· 
deposits extensively and either smelt the ores in Nepal or somewhere in 
British India. Transportation of ore will b~ a big problem but modem 
ingenuity should be able to cope with any of-these problems. The second 
:tnd ·immediate possibility is importing Burma complex sulphide ores for
treatment into India. Th~ treatment and refining· of thes~ and other 
sulphide ores need to be encouraged as it would not only supply Indian 
demands for the metal but also sulphur which could b~ recovered as a 
by-product. If for some reason it becomes imPossible to import the ores. 
or concentrates at least the nickel speiss which used to go to Belgium 
and Gennany should be imported for treatment in India. 

About 2,000 tons per year of nickel silver is also imported into India 

If the demands for this commodity justify a roUing mill for rollibg nickei. 
silver sheets we su<?g-!'st that such a proposition should be encouraged. 

In conformit? with our general policy we sugg~st that both vitgin. 
nickel and ores or concentrates should be imported duty fre(', 

MAGNESIUM. 

Use&. 
The metal is important for its lightness, being lighter than aluminiu m. 

Magnesium wire and ribbon are used in radio industry for degassin 
valves. In copper, brass and nickel alloy,; it is used as a deoxidiser. It! 
properties are considerably improved by alloying with aluminium and zinc 

(Eiektron Alloys). Magnesium is also an essential constituent of certain. 
aluminium and zinc alloys. 
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Magnesium alloys are extensively employed in the aircraft field, both 
in cast and wrought forms, for engine parts such as crank cases, landing 
wheels and Wlder·carriage members, forged air screws, petrol and oil tank, 
interior fitting, etc. Road transport has also made extensive use of 
magnesium 'alioys for gear and crank c~es, pump parts and covers for 
various purposes. They are also used in machines where low inertia is 
particularly valuable, e. g., machine .tools, printing and textile machinery 
electric motor castings and air conditioning plants. The use of magnesium 

in pyrotechnics and incendiary bombs in war time is very considerable. 
For lack of other metals Germl.DY has been using magnesium alloys 

for telephone switch parts, optical instruments, microscopes, busbars, etc. 
Indian Consumption. 

Before the war Indlan consumption of magnesium was very little. 

During the war it was mainly us~ by the aircraft iniustry though the 
exact tonnage is not known. 
Indian Magnesium Ores. 

India possesses immense reszn•es of magnesite (Magnesium carbonate) 
in the "Chalk Hills" of Salem, Madras, and in the vicinity o{ Mysore City. 

the Salem magnesite deposits are of exceptional purity, being composed 

oJf over 97 per cent magnesium carbonate and the quantity available from 

them, according to the present annual rate of extraction is almost 

inexhaustible. The reserves are calculated at several thousand million 
tons. The Mysore magnesite deposits are also of high degree of purity 
and the reserves are calculated to ba over a million tons. Both these 
d . 

epostts are worked by open cast method and are capable of considerable 
.expansion of output without resorting to e~pensive mining operation. 
About 43,000 tons of magnesite was mined in India during 1939. At 
present scm~ magnesite is used for making refractories and special cements. 
However, most of the magnesite mined is exported. No difficulty is 
expected in obtaining supplies of pure magnesite in India. The largest 
and an inexhaustible source of magnesium however is sea water from 
which magnesium is successfully recovered in the United States of 
America. 

Suggestions for Magnesium, Industry in India. 
Magnesium is one of the important light metals, and in any future 

planning its· development cannot be over emphasised- The uses of 
magnesium are manifold and India is so placed with regard to non-ferrous 
metal ores that unless light metal industries like aluminium and 
magnesium are fitlly developed, she will have to depend to a large extent 
·on imported metals. Gennany for lack of other metals has developed 
h~r magnesium industrv to such an extent that magnesium is som!tim!.> 
-called "German metal'; 
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We attach a great importance to starting a mangnesium industry in 
India and if private entereprise because of economic reasons is shy, the 
Government should take up its production. In very few countries has the 

production of magnesium been an econoniic proposition but the exigencies 
of war or demands of national self-sufficiency have prompted Governments 
to assist this industry and bring it to a stage where its production becomes 

economiC. 
Two schemes for production of magnesium metal have been brought to 

our notice-one to be started at Kharaghoda on the outskirts of the Runn 
of Cutch and anot~er for treating the magnesite of Salem. We suggest 

that Government should examine these schemes in detail and assist in 
making them practicable. 

At Kharghoda salt works it is proposed to manufacture magnesium 
from the magnesium chloride manufactured from the Bitterns after the 
removal of salt by the Bombay Salt Department. The brine available is 
highly concentrated and the preliminary difficulties of producing magnesium 
chloride from sea water as are encountered in the U. S. A. could be avoided. 
However, power is not available at Kharaghoda and possibilities of provid
ing ch~ power for magnesium reduction needs investigation. 

The Salem magnesite is proposed to be treated by Pidgeon process. 
Since we do not anticipate a large consumption of magnesium in 

India in the immediate future, we recommend that a secondary magne
sium industry, recovering magnesium by distillation from magnesium rich 
aircraft scrap, should be started to develop a magnesium market in India. 
A considerable quantity of such scrap is av.ailable in India and can also 

be imported cheaply from abroad. Production of virgin metal could 
be taken in hand during the second five-year period. 

MANGANESE. 

Uses. 

The metal itself has no application at present, but its alloys are 
extensively used. Alloys made from fire-refined (98 to 99 per cent) man

ganese give diiler..::nt properties from those made ont of electrolytic pure 
manganese. The latter are superior in all respects. 

Manganese is used as an alloying element in special brasses and alum

inium alloys. Alloys of iron and manganese are extensively used in the 
manufacture of steel, where they are used both as deoxidisers and alloy;ng 

elements. About 95 per cent of world's manganese production is used 

directly or indirectly in the production of steel, usually in the fmm of 

spiegeleisen (5 to 20 •per cent manganese) or ferro-manganese (25 to so 
per cent manganese). The production of ferro·m3ngenese is not much 
different from the production of pig iron in blast furnaces. 
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Of late years interest has centred round the production of high purity 
m~ganese metal and intensive research for this purpose is in progress in 
western countries. High purity manganese is considered to have a potential 
use in making valuable alloys and both in the United States and Canada 
patents of interesting manganese alloys using high purity manganese of 

electrolytic otigin have been taken out. These alloys have high modulus 
of elasticity, high electrical resistance and remarkable vibration damping 
capacity. 

Indian Manganese Ores. 
The reserves of manganese ores in thiS" co uri try are of large dimensions. 

The principal deposits are capable of surface open Cut methods of mining, 
depth mining being unnecessary. India is one of the two principal producers 
of high grade manganese ores in the world. Q,rer 95 per cent of the output 

however is exported. Since 1900 India has exported over 30 million tons 

of high grade ores. Only an insignificant proportion of the quantity 
mined was, up till lately, smelted in the countrY for the production of ferro
manganese and in the v.nrious chemical industries such as those connected 

with the manufacture of dry cells batteries, pigments, and in glass and 
ceramic industries as glazes and enamels. Since the War, about 20,000 tons 

of ferro~manganese is being manufactured annually. 

The chief ores ·or manganese are the oxides, pyrolusite and psUomelane. 
They are widely distributed in the ancient crystalline rocks of Deccan, occurr
ing as large surface deposits in Singhbum; Eastern States Agency; Balaghtit. 

Bhandara and Nagpur districts of Ce~tral Provinces; Bellary, Vizagapatam 
and Sandul districts of Madras, Panchmahals of Bombay and several other 
districts of Bombay and Mysore. _The mining of manganese is comparatively 
inexpensive by open cast methods of surface extraction in all these districts. 
hence the price of first·class ore has fluctuated between 15 to 40 rupees 
per ton f.o.b. There is no difficulty as regards ~he quality, quantity and 

availability of ores of various specifications of this metal in India. 
In manganese ores required for chemical and electrochemical ind

ustries, as oxidising agents, the manganese content is not so impOrtant as 
the percentage of liberated oxygen. For such purposes, the ore should 
nonnally contain 84 per cent of manganese dioxide but 72 per cent man-

d. "d · · "bl · 1 · The ore mined from the ganese lOXl e 1s permtss1 e m ccr am cases. 
. · d parts of Singhbum Keon]han State of the Eastern States Agency an some 

is suitable for use in chemicals and dry cell batteries. 

Suggestions for Manganese Industry. , 
The metals Committee of the Board of Scientific and Industnal Researclt 

ha\'e been investigating the question of making· electrolytic manganese 
in India. The question is of great importance and needs to be pursued 
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energetically. The potential uses of manganese are so many tliat if due to 
economic reasons private enterprise is unwilling to take up the manu~ 
facture of manganese we feel that the State should take up its manufacture; 
However, we suggest that the State should give every help·and guidance 
to any finn who wants to enter the field before taking up its manufacture 
as a state owned enterprise. We understand that a reputed finn 
in Bombay intends to put up a pilot plant to produce 1000 lbs. of 
high purity electro-manganese per month. We recommend that the Govern
ment should give facilities for the import of electrical and other equip
ment needed for this plant abd also give them other help they may need 
'in starting a very important industry. 

As regards exports of manganese ores we feel that large exports of 
miner~s of any kind are detrimental to the best interests of the country. 
In the case of Indian minerals huge profits have been inade abroad by 
foreign interests, which should have come to India in the natural course. 
We expect that India will· need and should therefore produce :ncreasing 
amounts of f~rro-manganese. Also most of the manganese exported is 

converted into ferro-manganese by the importing countries and we strongly 
recommend that Government should encourage the export of ferro-man
ganese rather than manganese ores. This w.ill not only give employment 
to Indian labour but will also give an impetus to Iridian-industry. 

ANTIMONY 
Uses. 

"Crude" or Antimony sulfide, i.e. ore containing about 90% Stibnite 
is itself marketable, being used in vulcanizing rubber, in match making and 
in ammunition manufacture. The pure metal bas practically no commercial 
application. However it is largely used for the manufacture of alloys, 
Important alloys are copper-tin-antimony, used for bearing metals ; 
Britannia metal, which is mainly tin and antimony and type metal which 
contains lead-tin and antimony. 

Antimonial lead is extensively used in the production of shrapnel 
bullets, and another similar alloys find use in the manufacture of battery 
plates, toys, syphon-top and cables. Antimony upto 2 percent is also 
a constituent of some solders. 
Indian ~timony Ores. 

The principal ore (stibnite) occurs m small deposit at the Shigree· 
Glacier in Labaul (Kangra District, Punjab} and at Shagor in Chitral. 
Both are highly inaccessible localities requiring man-handled transport over 
high passes and a long journey before reaching the rail head at Pathankol. 
or Peshawar. A certain quan.tity of stibnite is being worked from Chitra1 
to·day from several distinct deposits. The Lahaul deposits though belie,•cd 
to be much larger, have not been worked ow'"..ng to transport diffi.culti<'E. 
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.Antimony Smelting in India. 
Due to exigencies of war antimony ores though of poorer quality than 

in other parts of the world began t.9 be mined at Chitral and are at present 
·smelted in Bombay. The mines are inaccessible in winter months and the 
ore has to be carried by mule and man over mountain passes which makes 
the cost of transport excessive. The smelter at Bombay can produce 300 
·tons of antimony per year. No direct Government assistance is given to 
the ind~shy at present but it is sustained due to the high prices prevailing 
in the market. With the stabilisation of general prices the cost of- produc~ 

·tion may come down. The firm is also trying to make better arrangements 
for concentration il;Jld transport of ore which may bring down costs. We 
are confident that all the post~war requirements of antimony ~hicb may 

·reach about 400 tons per year during the first five years could be met by 
in~genous production. This is one case in whicll we do not recommend 
·the import of metal duty free, because antimony is used not in Ia:rge tonn
.ages but in small amounts as an alloying element, and duty free antimony 
-would put the existing industry out of business, We recommend that the 
ruling price of antimony should be on parity with the imported cost plus 

"25% import duty and ~he smelter in India should sell their products at 
·this price. Difference between this selling price and the cost of production· 
-in India should be met by a Stlbsidy. Since the indigenous production can 
·meet the requirements of the country imports. from abroad should be con
-trolled. We recommend that only the existing smelting finn should 
import, with the approval of the Government of India, the deficit quantity, 

·if any, over the indigenous production. 

BERYLLIUM. 
Uses. 

As pure metal, Beryllium is used for windows in X-ray tubes and as a 
coating to steel to prevent attack from hydrogen at high temperatures. Its 
most important commerctal use is as an alloying meta1 with copper, nickel, 
cobalt and iron. Heat treated copper-berryllium alloy(2.25 percent beryll
ium) gives. a strength about six times that of soft copper without too much 
-reduction of electrical conductivity. It is thus suitable to replace phosphor-. 
bronze current carrying springs in electrical apparatus where it can be 
-stres;;ed SO per c~t higher without taking a permanent set. Beryllium 
-copper also finds use in wear ·resisting parts as bushings, cams, sleeves, 
rollers, etc., an:l in the manufacture of tools because of its non-sparking 

·properties. .Nickel-beryllium alloys have remarkable physical properti~ 
.and can be used for sp.;ngs, heavily stressed structural members, etc. Iron
nickel-beryllium and iron-chromium-nickel-beryllium alloys have high 
.corrosion ·and heat No>i stance. 
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Inman Beryl. 
The mineral beryl is the chief source of the metal. Percentage of 

beryllium in beryl varies within wide limits from 3 to 14 per cent. In 
the beryl qbtained from several Indian~ localities it is generally 12 to 14 
per· cent and therefore Indian beryl is of considerable value. 

Important sources of beryl in India are the mica-pegmatites of Bihar, 
Nellore, Ajmer-llrlerwar~ and Udaipur. Rajputana produces some excellent 
beryl for export, between 1932-35 -it shipped· between 100 to 300 tons of 
beryl annually analysing 12.5, to 13.5. per cent beryllium oxide. 
Exact estimates of probable reserves are_not available, but a steady supply 
of the order of 100_ to 150 tons can be expected from the above localities, 
so long as mica mining remains remunerative. It is probable that prospecting 
in the crystalline areas of Bihar, Rajputana and Madras may reveal im
portant sources of beryL The possibilities of increasing the present output 
depends entirely on the demand for this mineral for manufacture of the· 
highly speciliased copper and nickel alloys in India. 

Suggestions for Beryllium .Industry. 
So far, the valuable mineral beryl mined in India has been exported 

at a ridiculously low price of about Rs. 15.0/-per ton. · Modem metallurgi

cal research has proved that small quantities o~ ~eryllium can be advantage
ously used in copper, nickel and other .alloys. In Europe and America 
betyllium industries have b~ started around beryl imported from India. 

We feel. that our beryl deposits are ~mportant national assets and. 
strongly recommend that export of beryl should be _altogether banned. 
The metals Committee of the Board of Scientific and Industrial Research 
has been carrying on some investigations for making beryllium copper 
alloys in India. Their progress up-to-date is not known but we feel that 
these investigations shoJl!d be_ systematically pursued and beryllium and 

its alloys should be made in India. If commercial production is uneconomic 

we propose that the Government should take up ~ts production as a State-
owned enterprise and encourage the use of beryllium alloys. 

ARSENIC. 

Uses. 
Metallic arsenic does not ~ve many com~ercial uses. As an alloying

element small amounts of arsemc are useful m copper which is to b . 
subjected to reducing conditions at high temperatures. It is used up t:. 
2 per cent in ~ead for making shots and sometimes substituted for tin . 
lead base bearings. In small quantities it is also beneficial in brass. 

111 

In the form of compounds there is a market for red and yelloW"" 

sulphides of arsenic. The most important use of arsenic, however, is as. 
the white oxide which is widely used for making insecticides like weed. 
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killers and cattle dips. Arsenic oxide is also used as pigment, as compon
·ent of enamels and as a decolorizer in glass manufacture . 
.Indian Arsenic Ores. 

The two important ores of arse~c are the sulphides-orpiment and 
realgar. These occur at six distinct localities in the Chitral State at eleva
tions of 11,000 to 16,000 feet. New deposits are likely to be found capable 
of supplying' the whole quantity required for Indian consumption. Before 
the war the extraction of arsenic compounds from. Chitra1 was insufficient 
.and India imported about 150. tons per year of arsenlc oxides. Recently 
.a valuable deposit of mispickel has been located at Sampthar in the 
Kalimpong area in Darjeeling district. Some samples have analysed upto 
27 per cent arsenic . 

. SuggestiQns for Arsenic Industry. 

There are enough ore deposits of arsenic to start an industry to 
meet all the Indian demands both as metal and as compounds.· We 

·suggest that the possibilities of treating these ores should be investigated. 
We also recommend that nickel speiss, produced at Namtu in Burma, 
which contains about 40 per cent arsen~c besides nickel and cobalt should 
be imported !or treatment into India: This alone would meet most of 
.arsenic requirements of India, including the amounts required for making 
arsenical copper. 

BARIUM. 
Uses. 

Barium is used for ignition equipment in automobile industry in-which 
it is used as a high nickel aHoy. In the radio industry it is used to clean 
up last traces of gas in vacuum tubes. The tenary alloys of lead with both 
calcium and b8.rium are used as bearing meta:Js: Excell~nt results are 
daimed for bearing purposes for these alloys. The thennionic emission 
from filament coated with barium is appreciably increased by using an 
alloy of nickel and small quantities of barium as the ba~e metal instead 

·Of pure nickel. Barium compounds find a great use· in ceramic and glass 
industries. Barium sulphate is largely used for preparation of paints and 
for increasing the density of drilling muds when boring for petroleum. 

lndian Barium. Ores. 
Barytes-the chief ore of barium-occurs in large deposits in the 

Cuddapah and Ceded Districts of Madras. The mining of these deposit$ 
presents no difficulties. Alwar in Rajputana and Jubbulpore in Central 
Provinces also have deposits of barytes. The total Indian .produCtion of 
barytes in 1941 was 22,250 tons, which was chiefly used in the paint 
industry. 

It is possible to make some bariwn alloys in India and we suggest 
that the possibilities of making such alloys should be looked into. 
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TITANIUM. 

The uses of titanium as pure metal are limited but it finds ·consider
able use as an alloying element with steel, copper and aluminium. It 
is added not only as a grain refiner and scavanger but also for imparting: 
useful properties. The major. uses of titanium mineral are in pigment. 
dyeing and ceramic i.Odustries and in the manufacture of welding rods. As. 
titanium carbide it finds uses in making bard metal carbides along with 

tungsten and tantalum carbides for making cutting tools. 
Indian Titanium Ores. 

In India there are-vast deposits of titaniferrous magnetite in Singh bum 
and Mayurbhanj districts. The chief titanium mineral ilmenite is found 
-hl the Rajputana States. The bauxite deposits of India now worked for 
the manufacture of aluminium contain appreciable quantities of titanium 
which can be recovered as a by-product. The beach sands of Travancore
contain titanium along with other min_erals. 
Suggestions for Titanium Industry. 

The export of Travancore sands during recent years has been increas-
ing to an extent where it is fea~d that the easily workable sands will be
exh!lusted in a couple of decades. We strongly recommend that exports 
should be curtailed or stopped altogether in order to save this minerai 
for Indian use. We also feel that the production of Standard titaniUJn. 
alloys for use in aluminium and brass industry should be undertaken -m 
India. The Metals Co~ittee of the Boa~ of Scien~ific and Indusbjal 
Research has been tackling the problem of manufacturmg these alloys. Wt! 
feel that their manufacture is commercially possible to the eXtent 01 
developing an export market for these alloys. The industry however will 
need help both financial and technical in the early stages of development. 

Production of ferro-titanium is also feasible. We trust that the Iro 
and Steel Industries Panel will examine the problem. 

n. 

CHROMIUM. 
Uses. 

As pure metal chromium is used as a plating on both ferrous and non-
ferrous alloys because of its pleasing appearance and high corrosion resis
tance. Alloys of chromium are notable for high resistance to heat and elec
tricity, high tensile strength and corrosion resistance at high temperatures. 
and a1.so resistance. to attack by acids and alkalies. Nickel-Chromium allo i 

have valuable heat resisting properties and are used as heating elements~ 
electric furnaces. Chromium alloys are also used as thermocouples for tem·
peratw-e measurements. The most important use of chromium however is as . 
.an alloying element in steels where it is used up to 20 pee cent. These steels. 
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a_re used for armour plates,_ projectiles and high speed tools, dies, etc. 
Chromium is added to steel in the form of ferro-chrome. 

The mineral chromite is used in the manufacture of dichromates~ 

chromic acid and various chromium salts used in a variety of chemical 
industries. Chromite refractories find use in steel making furnaces. 

Indian Chromiun Ores. 

Chromite-tbe ~hief ore of chromium-is found in Zhob Valley 
(Baluchistan), Mysore, Sandur, Sarai-Kela State, Ratnagiri' and other 
places. The deposits are said to be large and have been mined at several 
places. During war years the production was about 50,000 tons per year 
out of which about 12,000 tons were used in India and the rest eKpOrted. 

Before the war almost the entire output was exported, 

Indian. Chromium Industry. 

The production of ferro-chrome and chromium compound, we trust, 
will be dia.J.t with by other Panels. We feel however that it should be 
possible to make nickel-chromium and other chromium alloys in India. 
With India's industrial development there will be more demands for elec
tric heating elements, thermocouples, etc. and we suggest that the possibi· 
lities of processing these alloys in India should be investigated. 

TUNGSTEN 
Uses. 

Tungsten is used as an· anti-cathode in X-ray tubes, as a filament 
in electric light bulbs, for magnets and other contract materials, etc. In 
the form of cemented tungsten carbides it has made gt:eat strides in the 
production of tool tips giving a better cutting edge than high-speed tool 

steels. A very hard bronze consists of an alloy of copper with 2 per cent 
tungsten, and 3 per cent tin. An electrode containing 98 per cent 

· ·· ed asa tungsten, 1.5 per cent titanium and 0.5 per cent chromuun ts us 

source of ultra violet radiation. 
Indian Tungsten Ores and their development. 

Wolfrom the chief ore of tungsten is found in workable amounts. 
' - . Ra" 1 nd on a still smaller-but on a small scale at Degana m JPU ana, a . 

scale at Kalimati, Singhbum and at Nagpur. Estimates of reserves. 
H ben compared to the 

at the above localities are not made. owever, w 
known deposits of Tavoy in Burma these deposits look ve~ small. 

. 1 d' · not appreaable but The present consumption of tungsten m n ta lS • 

there is likely to be considerable demands with the future expans1on of 

steel industry. 
We suggest that extensive prospecting for tungsten should be ta~en 

in hand and also the possibilities of importing ores from Burma a~d ~hma. 
-should be investigated. If not in the immediate future at least wtthm ten 
_years from now the demands for tUngsten not only as a ferro-alloy but 
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a] fil nt anti~catbodes, tungsten carbides, etc. is bound to increase seas ame , , . . 
su:fficientl to maintain <'~- tungsten mdustry m India 

y OTHER METAL$. 

So far the metals we have dealt with are of more or less industrial 
. rtan as metals or alloys. We feel that it will not serve any use-
lDlpo ce . . .. . . . 
ful se-ta consider m details metals like bismuth, cadmium, calcmm, 

pnrpo ,;]i st ti di cobalt mercury, molybdenUJ.D, con, ron um, vana um and zirconium, 
which 'at present are of minor industrial importance from the view point 

of non-ferrous metal industries development. They are however briefly 
discussed in the following paragraphs. 

Ores of bismuth, cadmium, mercury and molybdenum are rather rare 

in India. 
Cobalt ores of some importance are found in N~. Cobalt is also 

found ifl association with copper pyrites at Khetri. However if the nickel 
speiss produced at Burma which also contains cobalt, is imported into 
India it will not be immediately necessary to develop the inaccessible cob. 

alt orcs of Nepal. 
There is no dearth of calcium and silicon minerals in India and the 

production of calcjum and silicon can be .taken up when demands justify 
their- production. At present their use as metals is rather limited. 

Depw;its of celesti:e (~trontium.~sul?hide) of ~0me ~mportance have 
been found in the Tnchinopoly distnct. The mmeral1s practically free 
from impurities and the deposits are easily workable. Tndian demands 
for strontium salts are of the orde_r · of a few tons only. However the 
JQCal demand_~ easily be met by the treatment of Trichinopoly ores. 

Vanadiferous iron ores are found in large quantity in Maynrbhanj 
and in Singhbum. These ores contain metallurgically usable quantities ot 
vanadium, and their treatment for the production of ferro-vanadium, for 
use in the steel industry should be encouraged. 

Large quantities of Zircon ai-e obtained from the ilmenite sands of 

Travancore beach. in which it _occurs to the extent of 6 or more _per cent. 
The unrestricted exports of both minerals need to be checked at an early 
date. There is a good scope for large-scale manufacture of zirconium 
refractories in India, especially for export. An extensive outlet for zircon 
has lately been established in the U. S. A. using finely ground Zircon for 
facing san9-moulds for Steel and bronze castings. It is claimed that the 
Zircon facing prevents the metal from penetrating into the sand moulds. 

thus giving very smooth surfaced castings. 

NON-FERROUS REFINING INDUSTRIES. 

In every industrial country refining of scrap has been done on a 

]arge scale. Large quantities of non-1errous scrap arise in India every 
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year and the recovery of metals from this source needs to be substantially 
encouraged. Before _the war most .of the Indian scrap was exported tc> 
Japan, Germany and other countries, at very low prices and reimported 
in the form of refined metals. Since very few virgin metals and those too 
in small' tonnages are produced in India we feel that 'this important source
of secondary metals-which are as good as virgin metals after refining

should be fully utilised in India and we. strongly recommend that 
exports of all non-ferrous metals scrap should be altogether banned. 

The utilisation of yellow metal scrap (alloys of copper with zinc and 
tin) bas been carried out in India since ancient times. Large quantities 
of debased scrap of unknown quality are even today consumed in the 
making of domestic utensils, trinckets, etc. It is feared that such unsegre

gated mixed scrap would not be readily used for making alloys for engi

neering purposes and we suggest that the secondary metals iq.dustry should 

be organised with a view to the collection of clean scrap. Mixed scrap of 
unknown origin increases the cost·of refining. We feel that an Association 
of scrap pealers should be fanned "!ho would take upon themselves the 
duties- of collecting and segregating scrap of all kiD,ds besides the function 
of marketing the same. In this respect the most modern practices used in 
U. K., U. S. A. and Gennany should be adopted. 

There are several firms, now engaged in refining scrap, who refine

both yellow and white m~tal (alloys of tj.n, lead, antimony) scrap and 
produce gun metal ingots, phosphor-bronze, type metals, bearing metals~ 
etc. This industry has been a great help to India during the war and it 
is believed that they will be able to hold their own against post-war foreign 
competition provided an adequate quantity of clean ~p is made avail
able to them. The problems of secondary metals are further dealt with in 
Appendix VI. 

A scheme for the production of electrolytic copper from copper and 
brass scrap has been brought to our notice. We feel that in the absence: 
of anY indigenous production of electrolytic copper the promoters of thls. 
scheme should be given adequate assistance-and encouragement. 

Another important secondary metal industry is the detinning indus
try. We have dealt with it in the section on tin and repeat that a large
scale de-tinning industry is necessary for India and Government assistant 
to this industry should be continued. It is also possible to electrolytically 
refine impn.re tin and such an industry should be encourged in India. 

POWDER METALLURGY. 
Powder Metallurgy is the art and science of making metallic articles. 

by pressing and sintering of metal powders. Small intricate shapes which. 
cannot be easily cast or machined are so produced. Also articles of re-
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fractory metals like tungsten, molybdenum, etc., which cannot be melted 
easily can be made by powder metallurgy methods. Almost all metals 
can be powdered and articles made by powder metallurgy methods are 

not only considered to be equal in properties b11t sometimes lower in cost 
than those produced by the conventional methods· of casting and 
machining. Important examples of articles so made are oilless bearings, 

tungsten carbide cutting tips, electrical contact materials, parts of small 
apparatus, etc. 

In recent years great strides have been made in England and America 
in the technique of Powder Metallurgy and we feel that India can profitably 
use this branch of metallurgy. Demands for powder metallurgy products 
will certainly be felt in India with increased industrial development. We 
suggest that the possibilities of starting a powilf'r tnetallurgy industry in 
the near future should be thoroughly explored. 

REQUIREMENTS OF CAPITAL GOODS 
Without any definite knowledge of the ore reserves and methods of 

treating them it will not be possible to draw up a list of capital goods 
:requirements for the smelting of copper, zinc, lead and other metals. 
However, in view of the fact that the semi-manufactriring industry has 
been well established during the war and is expected to meet all the 
indigenous demand~ 'for sheets, foils, wires, tubes, rods etc. a list of new 
plant and machinery· for this industry, prepared by Mr. A. D. Wilks of the 
Metals Directorate of the ·D. G. M. P., is given in appendix VIT. Cost of 
plant and equipment needed for producing electrolytic copper ont of copper 
and copper alloy scrap is also given in the same appendix. 

We feel that before importing new equip~ent all possible steps should 
be taken to make available to the industry the surplus equipment of the 
ordnance factories. Attempts should also be made to obtain surplus lend .. 
lease equipment and also the surplus equipment available in the United 
States of.America and the United Kingdom~ India should also have it 
proper share of the plant and machinery obtainable from Germany, Japa:: 
and other enemy countries. In this connection it will be necessary to send 
a deputation to these countries to inquire and obtain the equipment that 
can be used in India. 

Items of equipment which could· be immediately manufactured . 
India are indicated in the appendix. It is however quite possible to tna: 
nfacture several other items if proper facilities are made available. In 

view of the present difficulties in importing capital goods we recommend_ 

that efforts shou1d be made to produce nlfJst of the heavy machinery in. 

India. 
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INFORMATION ON NON-FERROUS METALS 
For the systematic and scientific development of non-ferrous metal 

industries it will be necessary to launch an educational and information 
programme. Thf're is an urgent need for a popular journal which would 
give information on various aspects of making, shaping, and treating of 
metals and alloys. It is the general expectation that aluminium and 
magnesium will be the metals of the future. In order to popularise these 
metals and instruct workers . in the handling of these metals a journal 
dealing entirely with light metals shpuld be published. Trade information, 
price fluctuations, stock positions of metals and almost all the relevant 
information of interest to the non-ferrous metal manufacturers and consumers

·should be included in these journals. The existing industrial associations 
should tmderiake such an information programme. It is also necessary that 
the Indian Railways should have Central Research Organisation tO meet the 
different non-ferrous metal problems that may arise from time to time due 
to the imJX:ilding increased and varied nature of activities on the Railways 

-with the execution of their different post-war plans. 
In most of the western countries research laboratories are maintained 

by groups of interested firms. This practice can also be followed in India 
since there is a preSsing need for research work on almost all aspects of the 
non-ferrous metal industry. 

CHAPTER Ill 
SUMMARY 

In this Chapter the relevant infonnation about uses, international con
trols, consumption, production, etc., of the industrial non-ferrous metals is 
given, Occurrences of ore deposits, recommendations about their devdop
ment and the protection to be given both to virgin metal producers and 
semi-manufacturers of sheets, rods, bars •. wires etc., is indicated for each 
metal. We anticipate that India will consume increasing quantities of 
-non-ferrous metals in the coming years with the general advance of 
industrialisation. From the infonnation available to us we estimate that 
consumption will be about as follows:-

Metal 

Copper 
copper 
alloys. 

Estimated Annual 
Peak consumption 
during the first 
five-year period in 
long tons. 

for 25,000 to 30,000 
base 

Electroytic 16,000to20,000 
copper 

Present annual 
production in 
long tons. 

6,000 

Nil 

Annual produc
tion Targets to be 
aimed at during 
the first five-year 
period in long 
tons. 
8,000 to 12,000 

10,000 (from scrap 
n-fining). 
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Metal 

Estimated Annual 
Peak consumption 
during the first 
five-year peri'Od fn 
long tons. 

Copper and Brass 35,000 to 40,000 
sheets 

Copper and Brass Not estimated. 
wires, Cables, 
rods tubes etc. 
Lead 25,000 

Zinc 

Tin 
Tin from detinn-
ing 
Aluffiinimn in· 
gots 
Aluminium 
Sheets 

50,000 

4,000 

20,000 to 
25,000 

10,000 to 12,000 

Present annual 
production in 
long tons. 

Annual produc-· 
tion Targets to be 
aimed at during 
the first five-year 
period in long 
tons. 

10,000 {specifi- 6,000 copper-
cation sheets) sheets. 
15,000 (non- 35,COO Bm-,;s-
s p e c i fi cation sheets. 
sheets). 
Not estimated. All I n d i a n Rn-

100 

Nil 
30 to 40 

2,400 

Nil 

quirements. 

10,000 to 12,000 
(from new Indian 
mines). 
Depending upon 
availability of 
imported or local 
ores. 

do 
As much as 
ble. 

possi· 

15,000 mmirnum 

1,500 (specifica- 10,000 (specifica-
tion) tion) 
8,500 (non-speci-
fication) . 

... Foil 1,500 to 2,000 Nil 1,500 to 2,000 
•• Wires & Cables 5,000 and up Nil 5,000 and up 
.. Powder 1,0oo 100 1,000 
"Tubes & shapes 2,000 Nil 2,000 
Antimony 400 200 350 to 400 

The above consumption figures include not only the use of the metals. 
in the unalloyed and alloyed form but also as powders, pigments and such 

chemical compounds as are made from them for industrial uses. It is. 
impossible to estimate with any greater accuracy the _probable COilsUmption 
during the next five-year period as this can only be calculated aftet the· 
needs of the consuming industries are known. The production targets we· 
have recommended are not high and could be easily achieved with proper 
co-operation between the various Governmental ~encies and industrialists.. 
In cases where raw materials for the production of th~ metals are not
available within the borders of India we have recommended duty-free 
imports of such raw materials by negotiations with Governments of other· 
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-et~antries. In our opinion India should make full use of ihe vast deposits of 
aluminium, Magnesium, Manganese, Titanium, Chromium, Beryllium and 
other ores available in the country. By producing and using large quantities 
of these metals and their alloys and substituting them for metals not easily 

availab]P. from indigenous sources it should be possible for India to be inde-. 

pendent of outside sources for her supply of non-ferrous metals. This natur
a11y means intensive investigations, encouragement and protection to the 
industries by the State as also some sacrifice on the part of the consumers. 

With regard to Government protection and help to be given to 
indigenous producers of virgin metals we feel that the amount of protection 
will depend on individual cases. Metals and alloys are consumed in 
iabricated fonns and the interests of semi-manufacturers and fabricators 
are also to be protected along with those of the producers of virgin metals. 

It is our contention that all the Indian requirements of semi-manufactures 
such as sheets, rods, tubes, wires, etc. could and should be produced 
indigenously. Since Indian producers of virgilt metals are not yet in a 
position to supply all the demands of the semi-manufacturers, import will 
constitute a major part of India's non-ferrous trade. In our opinion virgin 
metals and scrap needed for semi-manufacturing industry should be 
imported duty free, while duty on imported semi-manufactures should be 

high. To give an instance the present revenue tariff of 30% 
on all aluminium shee~ and circles is a handicap, particQlarly as fabricated 
articles can be imported under other classifications at much lower 
tariffs. Thus-aluminium dairy equipment can be imported free of duty 

aven though such equipment is manufactUred in India. Another case 
s aluminium fittings for railway rolling stock, where the tariff rate is only 
10%. We recommend that all such discrepancies should be immediately 
oorrected. 

Protection to virgin metal producers will h~ve to be in the nature of 
bounties or subvention. It has been brought to our knowledge however, 
that one of the reason for the high production costs of virgin metals are 
hlgh railway freight rates. To give one example it is necessary to move 
seven tons of raw materials to produce one ton of aluminium, and even 
though electric power were available as cheap as in Canada the indigenous 
producers would not be able to bring down their costs materially because 
of the high freight 1ates. 

Another important point we note is that in India the railway freight 
-on minerals transported to ports for export purposes is much less than the 
freight on minerals which are being moved from the mines to the smelters. 

Naturally no Indian, smelter would ex?ect to bring down its costs under 
these circumstances nn:l it is our con5idered opinion that if freight rates 
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are adequately reduced not only will the amount of subsidy to be given to· 
primary metal producers will be less but in due time the industry will be 
able to stand on its own legs and develop an e:ll.-port market. Other 
reasons for the high production costs of virgin metals are high cost of 
power, smaller units, low efficiency of units and lack of technical skill. 

It is possible to produce a reasonable tonnage of copper, zinc and lead 
in India if intensive prospecting and development work is immediately 
undertaken. We feel that there is a vast scope for the development of 

aluminium in India and the Railways and other Government departments
must take the lead in replacing other metals with aluminium. Aluminium 
cables should be immediately manufactured in India to meet the n:quire
ments of new power development projects. India's resources of bauxite 
are so vast that it should be possible to develop an export market for
aluminium and its products. 

We feel that Indian detnands for :Magnesium metal dwing the first 
five-year period would not be large enough to jUstify importing and 
erecting expensive plants for its manufacture. A market for magnesium 
could be developed by marketing secondary magnesium recovered from 
aircraft magnesium alloy scrap and actual erection of a plant manufactur
ing-virgin magnesium could be deferred to the second five-year period. A 
pilot plant should however be operated by the Government. 

We strongly-recommend that the nickel speiss which was ~orted to 
Belgium and Germany from Burma should be imported and treated in 
India for the recovery of nickel, cobalt and arsenic. 

The production of high purity manganese, beryllium alloys and 

titilDiliiD Olaif~r v.lloy1 tould be WldeJtaktU wJthin the first fivP-·Y"'O\r 
perinrl. 

Careful attention should be- paid to secondary metal industry and 
:l'efining of scrap mt:tals from indigenous and imported scrap sh('Jnk\ he 
rrru:OUrtlsed. It J• po!j!IJbl<! to put up plants for electrolytic refining of 

copper and tin scrap and Government should give every as!listance to ro
moters of such schemes. De-tinning of tin plate scrap undertaken rln~11g: 
war time should be further encouraged. 

We are of the opinion that as major non-ferrous metals begin to be 
developed demands for minor non-ferrous metals will increase. India 
possesses sufficient ore reserves of .such minor metals as barium, tungsten,. 
tantalum, calcium, silicon, strontium, vanadium, Zircon and rare earth 

metals which could be developed with the progress of industrialisation. 
A list of capital goods requirements for the immediate use of semi· 

manufacturers is given in appendix VII. If Government can make avail
able to the industry the surplus equipment o£ Indian ordnance factories it 

wi11 ease the situation because of the difficuJties connected with imports of 
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capital goods. Most of the items which we at present think will need to 
be imported could be manufactured Ut- India by proper planning and co

ordination. of the various industrial groups. Surplus plants and machinery 
available from United States, Germany and Japan should also be imported 
for immediate use. 

CHAPTER IV 

REGIONAL DISTRIBUTION AND TIME-TABLE FOR THE 
DEVELOPMENT OF NON-FERROUS METAL 

INDUSTRIES 

Regional Distribution of Non-Ferrous Metal Industries 
We propose that plants for the Non-Ferrous :Metal Industries should be 

distributed as follows :-

(1) Plants Producing Virgin Metals. 

Metal ,Location of Exist
ing Plants 

Location of Future Plants• 

Aluminium Bengal, Travancore Bihar, Orissa, Central Provinces 
Kashmir, Mysore, Bombay (cheap· 
and abundant power should be the 
main consideration). 

Copper 

Zinc. 

l_ead 
Antlttiony. 

Bihar 

Bib at• 

Sikkim, Rajnutana, Eastern States 
Agency 
Rajputana, Bihar, Kashmir or Punjab. 

Rajputan~. 

{2) P/uull for semi.tnauujuclures. 
Aluminiu~ sheets Bombay, Madras, Bombay, Ccntrn.l Provtnc~•. Punjllb .. 
and circles, Bengal, Punjab, Sind, Assam, Orissa, United Pro-

Aluminium Foil. Bengal. 
Aluminium Cables. Nil. 
A 1 u mini U}ll Bengal 
Powder 

vinces. 
Bombay. 
Bombay, Punjab, South India. 
Bombay, South India. 

Copper and Brass Bihar, Bombay, Large mills in Bombay, South India 
sheets and circles. Bengal, Central United Provinces, Punjab, Sind and 

Provinces, Punjab, Bengal. 
United Provinces, 
South India, Sind. 

Copper Cables Bengal, Bihar. 
Lead pipes and Bengal. 
sheets. 

Punjab, Bombay, South India. 
Bombay. 



Metal Location of Exist
ing Plants. 

-I 

Location of Fututre Plants.* 

(3) Plants for Non-Fe"ous Refining Industries. 

Electrolytic copper Bombay 
from scrap. 
Elecq"olytic tin Bombay, Bengal. Bombay, Bengal, Madras. 
from scrap. 
Refining of white Several plants ~mall towns producing reasonable 
and Yellow metal exist chiefly in quantity of scrap and consuming 
scrap. ind~strial areas. refined products. 

TIME-TABLE FOR FIRST-FIVE YEAR'S DEVELOPMENT OF 
NON-FERROUS METAL INDUSTRIES 

We outline below the first :five-year plan for the development of non
ferrous metal industries as we envisage it. The first two years we feel 
will have to be a preparatory period during which most of the preliminary 
work about orienting the line of deveJopment of industry, design and loca

tion of plants, etc. will have to be taken up. Starting from the third year 
the concrete results of planning will manifest themselves in increased 
production and the variety of manufactures. 
First year. 

(1) Establishment of Department of Metals and Minerals (with Sub
sections) under the the charge of a Minister for Metal .and Mineral 
Industries. 

(2} Formation of a Metals and Minerals Board to assist the Minister 
for Metal and Mineral Industries. 

(3} Reorganisation and expansion of the GEological Survey of India 
to enable it to cope up better, with the task of prospecting for metaJlic 
minerals, etc., and bringing it· into closer co-operation with metal and 
mineral industries in general. . 

{4) Undertaking intensive prospecting with a view to locate and 

estimate reserves of metallic minerals and ores. Immediate attention 
Should be paid to known deposits of copper, zinc and lead ores. 

(5) Expansion and reorganisation of the Indian School of Mines. 
·Dhanbad, to give not only an intensive education in Mining and Geology 

but to make it a premier institution for Research in Mining and Geological 
subjects. 

(6) Establishment of a Technological Institute to give up-to-date 

training in Metallurgical !ubjects a1ong with facilities for practical training-

• Exact location of plant& for manufacture of virgin meta !a will d~pend upon faclnD
IUth a1 availability of cheap power, raw materials, water, tramport facilitie11 etc- Locatio 1. 

of plantJ for aemi-manufacturea will depend chiefly upon consumption in the variol':'
fprovinces 
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l7) Establishment-of National Metallurgical Laboratory to deal with 

tcsearches in all aspects of making, shaping and treating of metals and 
Hlloys. 

(8) Sending a planned quota of Indian students and technicians to 
foreign countries for training in production and fabrication of non-ferrous 

metals and alloys. This shoul<fbe continued for a number of years. 

(9) Setting up a Committee for devising Indian Standard Specifica
tions for metals and alloys. 

(10) Sending a mission to Ettrope and America to study the latest 
developments in mineral and metal industries with a view to help in the 
planning of India's metal and mineral industries. 

(11) Estimation of production capacities of firms engaged in the 
production and fabrication of non-ferrous metals and alloys should be 
undertaken by a Statistical Bureau or by the Government Department 

mentioned in Item (I) 

(12) Revising existing tariff policies and incidence of import duties and 
granting of protection and sUbsidies to indigenous metal and mineral 
industries. 

(13} Ordering of most of the capital goods required for semi-manufac

turing industries. 
(14) Drawing up plans for increasing the production of virgin alumin

ium up to at least 15,000" tons per year. New reduction plants could be 
put in localities where both bauxite and power are available. 

(15) Investigating the possibilities of putting up new plants for the 

production of copper, zinc and lead in districts where deposits of these 

metals are known to occur. 
(16) Drawing up plans for manufacturing electrolytic' copper out of 

copper and brass scrap. 
(17) Organising and assisting refiners of scrap metals. 
(18) Increasing the use of aluminium on Indian Railways and gtvtng 

first preference to Indian made goods in all Government stores purchase. 

Second year. 
(1) Surveying the work done during the previous year and appraising 

the value of that work. It would be better to correct the faults and revise 
the policies during the initial stages of development rather than let the
mistake accumulate over a long period of time. This survey should be 
made every year and duly repOrted. 

{2) Prospecting of the existing copper, zinc and lead deposits under
taken during the previous year would give definite ideas about their 
exploitation. The most promising deposits should be further surveyed for· 

estimation of reserves, etc. and pilot plant work should be undertaken for-
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determining the best methods of treating these ores. At the same time 
investigations should be undertaken regarding facilities for power, transport 
of raw materials and location of smelting plants. It might also be 

possible to begin designing plants for the treatment of these ores. 
(3} The schemes drawn up for the expansion of aluminium industy 

if found suitable should be immediatel}' put into effect and plants, etc. 

ordered for the same. 
'4) Investigations for production of manganese, beryllium and 

titanium alloys should be undertaken in co-operation with the National 
Metallurgical Laboratory which should begin functiol)ing by now. Research 
work on production and fabrication of chromium alloys and other problems 
connected with non-ferrous metal industries could also be undertaken by

the Laboratory. 
(5) Capital goo1s ordered during the previous year for the semi

manufacturing plants would be installed by the second year and production 
on modern lines started. 

(6) The work of the Metal and Mineral Board would by now give 
definite ideas to the industries as to their future policiaand programmes. 

(7) The work of the Committee for devising Indian Standard 
Specifications would also give some results and should be continued. 

(8) It will be possible if complete statistics of non-ferrous metals 
production, consumption, imports, etc., are kepi during the first year to 
estimate the requirements of +.he second year and devise ways and means 
cf meeting these requirements. This should be done every year to enable 
the industry to avoid the pitfalls of either over or under production. 
Third rourtb and fifth years. 

(I) As a result of the work done during the first two years it should 
be possible to complete the erection of new plants and begin production at 
least during the third year if not earlier. The Government agencies like 
the Department of Metals, Geological Survey of India, the National Metal
lurgical Laboratory, etc., should also be able to give more help to the 
industry during the third year. In fad starting from the third year the 
concrete results of planning should become manifest. 

(2) Students sent abroad for training will begin to return by this 
time and it will be possible to do away with the s-ervices of foreign technical 
personnel recruited during the initial stages of development of all the 

existing and new industries. 
(3} During the third year it should be possible to make preliminary 

plans for the second five-year period and it should be possible from the 

experience so far gained to arrive at definite ideas about future planning. 

(4} If careful attention is paid to all aspects of planning, by the end 

of the fifth yeai India should have a sizable non-ferrous industry producing 
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v1rgm copper, zin:, lea1, anti':llony, aluminium, manganese and beryllium 

and titanium alloys and should also be able to produce all her requirements 
of semi-manufa:tures like sheets, wires. tubes, rods, etc. 

APPENDIX I 

DEPARTMENT OF PLANNING AND DEVELOPMEN'r 
General Dire~tive to Industrial Panels 

It is the functioil of yanels to make recommendations to Government 
regarding the development of industries, both existing and new. These 
recommendations shotdd be so framed as to enable Government to prepare 
.a detailed phased plan fo< the Jive years following the cessation of hostili

ties, as the first stage of a 15 year plan of industrial development for the 
-whole country. 

2. In order to ass:st them to formulate recommendations, panels will 
be supplied, as far as possible, with factual information prepared by the 
panel secretaries. In the case of new industries, the information will con
·sist of a general survey of the industry and the importance of starting it in 
India, the availability of raw material, the power requirements, the demands 
of the Indian markets and the probabilities of exports. In the case of 
existing industries, the information will naturally be more comprehensive; 
it will indicate, in addition, the location of existing units, the types of 
-goods produced, the total production under each category ~d the 
assistance, if any, given by Government. These items are to be regarded 
as illustrative and not exhaustive. 

Government will give each panel, as a basis, for discussion the provis
-ional target to be aimed at in the first five-year perio:l and, wherever poss· 
ible, of the target to be reached in 15 years.. 

3. The recommendations of the panels should cover the following 
-points:-

(1) The scope and extent of development, including the type of pll)oo 
ducts retommended. 

{2) Whether the industry should be under Government ownership 
-either on grounds of national interests or because priva-te capital is unlikely 
to take it up, and if sO whether it should be wholly or partly managed by 
·Government. 

(3) In the case of industries to be developed other than under·State 
-ownership, the capital required for such development, whether the whole 

of it is likely to be available by public investment and, if not, the extent 
-to which Government assistance may be required. 

(4) The extent to which technical adyjce from abroad may be 
.necessary. 
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(5) The manner and the degree of co-operati~n with foreign firms. 
considered necessary and desirable, both as re2:ards capital and management •. 

(6) The location of the industry. . . 
(7) The nature of the assistance reqUired from Gover:nment m the

form of protective duties, bounties, research grant, expert adv1ce, etc. 
(8) If the indUstry is to be under private ownershi~ and management,. 

what controls, if any, should be exercised by Government. 

(9) What should be the organisation of the different units of the 

industry. e.g., should there be an industrial association? Would a cartel 
be desirable? 

(10) The stages by which the industry should be developed. 
(11) Should the induStry cater for the export market? 

(12} Should the industry be de.veloped, as in Japan, on the cottage· 
industry basis and, if so, to what extent ? 

4. Although, as stated above, the pa1tels may recommend the grant 
of protection, it will not be their function to consider broad questions of 
international trade-and commercial policy. 

5. Joint meetings of the panels should be held, wherever necessary,. 
to secure co-ordination, particularly where the processes and the produc~
of one industry are connected with those of another. 

6. Some of the panels have been drawn broadly and it may be
necessary to co-opt members for dealing with specific branches of the 

industry. Members may be co-opted by the Chairman in consultation 
with the Industrial Adviser. 

7. Before submitting the recommendations, Panels should consult
Provincial Industrial Committees, particularly in the matter of location of 

industry. They should also, where the circumstances of the case require
it, consult Industrial Committee in the States GovemmentsjDurbars. The 
recommendations should be submitted to Government through the 
Industrial Adviser. 

From 

To 

Sir, 

No. F. 35 (1)/45 
GOVERNMENT OF INDIA 

DEPARTMENT OF PLANNING & DEVELOPMENT 
Office of the Industrial Adviser. 

H. K. f(irpalani., Esq., CJ.E., 
Industrial Adviser, 

New Delhi, the 3rd APril,1946 .. 

AU Members of the Industrial Panels. 
All Secretaries of Panels, 

I am directed to invite reference to P. & D. Deptt.'s circular letter· 
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-enclosing a copy of the general directive for the information of all Members 
of the Panels, and to say that it is desirable that each Panel should, :n 

addition to the recommendations covered by the general directive, estimate 

-and report on the capital goo:ls requirements of the industries with which 

Jt is con:emed, togethet with such details of these requirements as may be 
.available. The Panels are also requested to indicate how much of the 
estimated requirements can be obtained in India and how much should be 
imported from abroad. It is hoped that you will give this matter your 

-<'onsideratioo. 

"From 

'To 

I have the honour to be, 

Sir, etc. 
(Sd.) H. K. KIRPALANr, 

Industrial Adviser. 

No, F. 35 (1)/45. LA. 

GOVERNMENT OF INDIA 

DEPARTMENT OF PLANNING AND DEVELOPMENT 
Office of the Industrial Ad_viser 

N~w Delhi, the 12th. April 1946. 

H.[(. Kirpalani, Esq., C.l.E., 
Industrial Adviser to the Govemme"t of India. 

AU Members of Industrial Panels. 
Subject :-INCIDENCE OF IMPORT .DUTY. 

'Sirs, 
In continuation of this office letter No. F. 35 (l)J45flA dated the 3rd 

.April 1945, I am directed to say that the question of the relative incidence 
-of import duty On finished goods and the raw materials from which they 
could be manufactured, has been brought to the notice of the Government 
of India. The case of import duty 0 0. raw materials from the U: K. for 
the manufacture of textile store,; and machinery {thirty per~nt} and on 
the finished goads {twelve and 8. ·half.percent} bas been Ciied as an example. 

In this case_however the Government of India had deliberately reduced the 
import duty on finished machinery several years ago in order to encourage 
the develop~ent of the Textile industry, and there waS then ito possibility 
of India being able to manufacture textile stores and machinery. Now 
that steps are being taken to develop the manufacture of machinery in 
this countrv it iS necessary to review the relative incidence of the import 

dut:v· on the finished goods in comparison with the duty on the raw 
[Jlaterials from which they could be manufactured. It is therefore 

requested that the Panels may examine the case in respect of the it~s 
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coming under their purview, and have 1heir views recorded in the 

the respective reports. 
I have, etc., 

(Sd.) 
Industrial Adviser. 

Copy forwarded for information to :-

From 

To 

(1} All Secretaries to Panels. 
A list of similar cases on which P. & D. Department have in
formally collected information is enclosed. Will the Secretaries. 
please make arrangements to place before each Panel for 
examination the items in the lists as well as other similar items. 
concerning the Panel ? 

(2) The Planning and Development Department with reference to 
their U. 0. No. P-18 (2)/45, dated the 19th March, 1945. 

Dr. A. H. Pandya (Chairman) 
D.G.M.P. DDG., 

a, Esplanade East, 
Calcutta. 

(Sd.) 
Industrial Adviser. 

No. F. 35 (1)/45-I. A. 

GOVERNMENT OF INDIA 

DEPARTMENT OF PLANNlNG & DEVELOPMENT 

Office of the Industrial Adviser 

NeT~~ Delhi, the 12th Nour.,l9U 

H. K. Kirpalani Esquire, C.I.E., 
Industrial Adviser to the Gormn71f.P."'t of India, 

AU Mem_bers of Industrial Panels. 

Subjecl :--GENERAL DIRECTIVE TO INDUSTRIAL PANBLS. 

Sir, 
I am directed to invite your attention to items 7 and 7~A para, s·of 

the General Directive to Industrial Panels and to enclose herewith. 

explanatory instructions relating there to for infonnation and guidance 
I have the honour· to be 

' Sir, 

Your most obedient servant. 
(Sd.) H. K. KIRPALANI, 

Industrial Advisee. 
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Copy forwarded for infonnation to :
(1) AU Secretaries to Panels. 
(2) The Planning and Development Department with reference to 

~heir U. 0. No. P-1 (38)/45, dated the 8th November, 1945. 
By order, etc., 

(Sd.) V. S. KRISHNASWAMI, 
for Industrial Adviser. 

Explanatory instructions on the General Directive tO Industrial 
Panels (Items 7 and 7-A of para. 3) 

One of the points on which panels are expected to make recom
mendation is the nature of the assis'i:ance required from Government in 
the fonn of protective duties, bounties, research-grants, etc. The question 
has been raised whether this item calls for a detailed investigation by 
panels on the degree of protection required and recommendations thereon. 

What is required from the panel is only a broad indication that protection 
would or would not be required by an industry and ·not det.W.ed recom
mendations which should be left to the Tariff Board to determine. It 
would not, therefore, be necessary for panels to investigate the costing 
of individual finns or to make any other elaborate investigation of the 
conditions of particular finns for. the purpose but to base their 
recommendations on the broad faCts of the industries with which they 
are concerned. 

2. The r~ative incidence of import duty on finished goods in COm· 
parison with the duty on the raw materials from which they can be 
manufactured is another point on which panels have to~ make recom

mendations. So far as this point is concerned,. Government merely 
expects that where the panels consider that the relative incidence of 
import duty on finished goods· and their raw material is hampering or 
likely to hamper the Indian industry they will recommend- that the matter 
be examined by Government. The panels need not themselves 
examine and mcike· precise recommendations on what rates of import duties 
might be levied. 

From 

To 

Sir, 

No. F. 35 (1)/45-l. A. 
GOVERNMENT OF INDIA 

DEPARTMENT OF PLANNING & DEVELOPMENT 
Office of the Industrial Adviser 

.. N '' Block Raisina Road, 
NeuJ Delhi, the 18th December, '45. 

H. K. Kirpalani Esquire, C.I.E., 
Industrial Adviser to lhs Government of India. 

A.ll Chairmen of lndtlSlrial Panels. 

I have the honour to invite reference to para. 7 of the 11 General 
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Directive to Industrial Panels " and to say that as soon as the delibera· 
tions of Panels have reached a stage when provisional conclusions are 
arrived at, it would be necessary for the Panels to ~onsult the Provincial 
and principal State Governments and their IndustrieS Committees. The 
necessity of holding consultation at that stage will not be deemed to 
have been obviated by any consultation, oral or otherwise, that the 
Panels n;Ught have had with the Provincial Government. etc .• in the course 

of their deliberations. 
2. It is proposed that the fin~ consultations with the Provincial 

Governments, etc., should take place at a meeting of each Panel with 
representatives of the Provincial and State Governments aD.d their 
Industries Committee at New Delhi. The Secretaries to Panels are 
accordingly being requested to inform me after consulting the Chairman 

when the Eanels would be ready for the discuss~ons. As it is desirable to 

reduce the number of visits of Provincial representatives· to Delhi for 
this purpose, it is proposed to hold the meetings of as many Panels as po~ 
sible at one time. 

I have the honour to be, 
Sir, 

Your most obedient servant, 
(Sd.) H. K. KIRPALAN!. 

Industrial Adviser to the Government of India, 

Copy forwarded to the Secretaries to Panels for information and 

compliance. 
2. The stage at which the consultation with the Provincial Govern

ments should take place is after the conclusions of the Panels have been 
z.eached in the form of a draft report"" approved by the Panel, 

(Sd.) H. K. KIRPALANI, 
Industrial Adviser to the. Government of India. 

APPENDIX n 
QUESTIONNAIRE TO INDUSTRIAL FIRMS 

1. 'What metals or alloys of sem~-finished or finished materials 
made of non-ferrous metals are at present manufactured by your 
Company? 

2. Total production per annum of each of the principal products of 

Company. 

(a) In the year 1937. 

(b) Daring the war (1939-44). 

(e) In any other year which the industry considers typical, 

3. (a) Location of your factories. 

(b) Is the industry localised in one or more regions, and if so, 
are there. any special reasons for this localisation. 
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(t:) Are there any particular regions where the industry could be 
suitably localised, talcing into account the availability of raw 
materials, proximity to markets, etc. 

4. (a) What is the kind of power used by you. 

(b) Do you generate it yourself or buy it. 
(c) Average annual consumption of power before and during the 

war. 

(d) Are the power and fuel resources of your factories adequate 
for any post-war extension that may be needed. 

5. Raw materials (including fuel, refractories, etc.) 
(a) Quantities-used per annum and particular localities in India 

from which they are obtained. 
(b) Amounts obtained from indigenous sources. 

(c) Amounts imported (please mention country of origin and the 
firms you buy from). 

(d) Present facilities for the transportation of raw materials to your 

factories ; are these adequate ? 
6. Please describe briefly the technology nf vnur. manufacturing 

processes. 
7. Plant and equipment now employed :

(a) Indigenously fabricated. 
(b) Imported (source of supply may be indicated). 
(c) Additions and alterations to plant contemplated. 

8. Expectation of post-war ·consumption, internal and external. 
9. (a) How and where do you market your products. 

(b) Is there a reasonably constant demand in the market for your 
products. 

(c) The scope and extent of future developments you contemplate 
for your industry by way of increased production, variety of 

manufactured products, marketing, etc. 
(d) Do ·you intend to enter or are you already in the export 

market.- If so, to what extent ? 

10. If your post-war development extend to metals other than those 
you new manufacture. please give a brief outline of the raw 

materials required, the location of plant, technology, capital 
requirements and estimated production. 

11 (a) What is the amount of capital of your company and how 

much more do you plan to spend on the immediate and future 
post-war developments. 

(b) What amount of foreign capital, if any, is now invested i" your 
company. 



(c) Are your future capital requirements likely to be met by 
public investment in India or do you propose to use foreign 
capital. 

12. (a) Do you need any government protection. lf so, indicate its 
nature and extent. 

(b) Do you get any government protection or assistance at present; 
if so, specify the same. 

(c) Ii the answer to (b) is in the affirmative, will you need pro
tection after the war. If so, what kind of protection will be 
necessary? 

(4) Are you aware of any protection given by Governments in 
other countries to industries such as yours ? 1f so, please 
give details and reference. 

13. (a) Please state if there is now any and if so, what, government 
control on the production and marketing of your products. 

(b) Do you desire any Government control of vour industry after 
the war? 

14. Do you use any expert technical advisers from abroad and will 
you continue to need them in the post-war period ? 

15. In case of future development of your· industry depends on 
t..."'Chnical advice, patents and plants from foreign firms how do 
you propose to obtain them. 

16. Are the raw materials or the finished products of industries simi.: 

lar' to yours controlled by limited or world-wide cartels or 
associations outside India, and i( so, are you a member of such 
an organisation or contemplate being a member of such an 
organisation ? 

17. Would you welcome forming an association of Indian manufac 
turers using similar raw material or producing similar 
products as your own with a view to have planned production 
and marketing ? 

18. Any other information for the guidance of the Panel will be 
appreciated. 

QUESTIONNAIRE TO PROVINCIAL GOVERNMENTS AND 
CHIEF COMMI~SIONERS 

1. What non-ferrous mineral deposits are available in the Province/ 
State ? Please indicate their geological occurrence, mining 
possibilities and present annual production, if any. 

2. What is the estimated quantity of their mineral content 1 
3. Average chemical composition of the minerals available. 

4. Which of the ores are suitable for extracting metals on a C'Om

mercial scale. 
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.S. Is any non-ferrous metal extracted at present ? If the answer 
is in the affirmative, kindly state the nature a,nd output as well 

-as the locality where the smelter is situated. 
-6. The availability of electric power, and the rate per unit S.t which 

and the authority by which it can be supplied to any works 

which may be established in the Province or State to increase 
the output of non-ferrous metals and their production. 

7. Kindly suggest the existence of any subsidiary ·~ndustries re
quiring non-ferrous metals and their products and the possibility 

of establishing more such industries. 
;8, What facilities exist at present for fabricating the metals -and 

their alloys into rods, tubes, -sheets, wires, etc. and the 
approximate quantities of raw materials consumed by each 

industry? 
'9. Present requirements of non-ferrous metals and their produc.ts 

by Government, public utility companies, inunicipalities, district 
boards, port-trusts, etc.. and also the established annual require
ments by these b:>dies during the first five years after the 
termination of the war, if the infor.nation is readily 

availablc.>. 



APPBIIDO: m 

Summaq of Repllu from lndUJirl&l Flluu• 

:1! . Location Type of a.nufacture .............. New Equipmaat 

l 
Name aDd addtea of firm "' and am~ual ....__, _ ....... ..,. ................ ProtecUoa 8lbcl for. 

....... ............. doD ia. ladia. 

-
I The Indian Copper Cor- Ghahila Minea Copper ore 25,000,000 KWH Same as in pre• 40QOK.W. Turbo• None. (Th~ ••r 

poration Ltd., Gballila u'~cJ{oduces 6000 "" annum war. (?) Alteraator and im• they get DO ovem-

P.O.~ B. N.lly. 10 toos of copo ............ .,. 
~ "' ... ment wislanC:C at 

per which il COD- ...... Cold ........ ) 
verted to lnalheetl --oodchda. 

. I 
. 

2 Star· Metal Refinery, Vlkhroll, Antimony metal, 1,20,000 unit1 ~00 tOOl ... At Chitral Minest- Import! af Antimony 

United India BuiWings, Bombay. 200 tOni per year. per year. Coal year. (I) Mine Ventilation, In India 1hould be 

Sir Phero~e~haw Mehta Mine1 in Chit- and w.k;e. liJihting, compr~:a1ed banned entirely and 

Road. Fort. Bomb.y. tal State. l 000 tons per PU' drillin!!'o etc. all antimony r:e--· (2) Hydwalectric IDI:DII of India ld 

. lr,-:rial .......... be purcbued (~ 
the finn at a pnoe 

+) Floatatioo Plot. fixed on COlt p1ils a 
At Refinery : ceJtain perceDiaF . II) Rotary Kiln • ofpwfit ..... 
(2) Antimony Oxide 
plant. . 

sl Aluminium ~ .. ioa Jaylraynagar. Aluminium lnpQ. Steaon ODd 6000 to 10000 Contcmplale extrnsion Prolcdinn ltgainst 

of ""i;.!::'· Kamla Di•t. Burdwan. Sbeeu. CircJe.. Eleclricity. lUI per year. ot plant rw inc:reued _......., .... 
TOWC'I', par. Utemilt and Alurnl• Q.wmtity not ~uction but new impo~ition of hiP 

I 
l)ium Alloy articlea, Ita ted. equipment required tariff deli red. 

Total production not not atatcd. 

I aiveu. ,• 
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11'1dian Aluminium Co., 
Ltd •• 5, Council Hou1e 
Street, Calcutta, 

Aluminium Manu~cturing 
Co., 4 Fairlie Place, 
Cakutta. 

Wolve.- hampton Works, 
Ltd., Bank of Baroda 
Building, Apollo Street, 
Bombay. 

Lallubhai Amichand, 554 
Kansara Chaw), .Hom
bay. 

The Indisn St&!ldard 
Metal Co., Ltd., Chinch· 
pokli Cros1 Lane, Bom
bay. 

:Reduction 
Alwaye. 

Rolling, Belur. 
Alumina, 
Murrie 
junction. 

Dum Dum 

Worli Road, 
Bombay, 

Tardeo, Bom
bay, Sinn, 
Bombay, 

Rangoo.o (prc
W<U). 

Chinchpokli, 
Bombay. 

Aluminium Sheet•, 
and Circle1 lfiOO 
IOOJo 

Pre5sings, apinninp, 
sheet metal work, 
caninp and finished 
aluminium uticJe~o 
500 tou in 1937, 

Aluminium hollow
ware caslinga and 
spccialisea in welding 
of aluminium Pro
duction 300 to 500 
Iolli per year. 

Aluminium, bran 
Copper and Nickel 
silver kitchen utcn· 
•ils after rolling 
thcets of •arne, wires, 
$trips. etc., alao pro
duced. Value of 
producta about 
Rs. 450,000 per year 
Tormase not speci
fiod. 

Non-Ferrout Mttal 
ingotl and land, 
CCI'tifugal and die 
Cllllting•. Total 
quantity 10800 to 
2,400 ton• per year. 
Production mainly 
from tcrap, 

,ti:i,OUO K.W.H 
per month 
from C.E.S.C. 

150,000 K. W.H. 
per yca:r from 
C.E.S.C. 

Pre-war 40,000 
unitl per year. 
During 1war 
116,000 unib 
per year. 

300,000 IO 
400,000 units 
per year. Sup· 
plitd by Bom· 
bay Electric 
Supply eo. 
Fucl oil U$ed 
for furnace~. 

25,000 IO 
300,000 unib 
per yt:ar 'up· 
plied by Dom· 
bay Electric 
Supply Com· 
pany. 

IO,ooO tons or 
sheets and 
circle•· 

Considerable 
IDCit&ICo 

•• 

Not possible to 
state, 

StrOng alloy 
treatment and 
ratory. 

beat 
labo-

Prealirc die casting. 

Docs not know yet. 

I
·Onc tilling oil-fired 

furnace, one electric 
induction furnace. 

I Extrution preu, die 
. casting ~m~chioe. 
I 

Special fefining fur. 
naces. Contemplate 
electrolytic refining 
of copper scrap and 
putting up brass 
sheet roUing mill 
and extrusion press, 

Tariff and preii!ht pol
ling sy1tem; and re· 
duction of internal 
freight rate~. 

Chtap raw materials 
needed. 

Dots not need any 
-other protection 
except 30% import 
duty levied on alu• 
minium as at preaent. 

Duty free imjwrll; of 
ingot metal and 
other raw materials 
like shecu - circlCll, 
etc, 

Protection agaillllt un· 
fair foreign competi· 
tion. Imposition of 
lieavy import duty 
on electrolytic Cop. 
per and duty free 
import of copper 
be.lriog acrap. 
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Name and addn:11 or firm 

Kamani Metal Refinery 
IWd Metal lndu1tries Ltd., 
KamarU Chamben ~al· 
lard Estate, Bombay. 

Binani Metal WorD, Ltd., 
38, StalK! Road, Calcutta. 

11 The Indian 
Refining 
Building, 
Bombay. 

Smelling .and 
Co., Shale 

Bank Street. 

Location 
of 

Planu. 

Bombay, Jai· 
pur and 
Lah,re. 

I 
I 

Sibpur, Howrab. 
Salkia, Howrab. 
MirzapW', 
Madms. 

$icm, Bombay. 

Type ormanufacture 
and annual 
production 

Phosphor Bronze. 
PhoJphar Copper, 
Aluminium bron~ 
Manganese bronze 
Arsenical Copper 
Aotifrictioo Mellll 
Type Metal 
H•gh Tensil brau 
Total annual produ~.> 
tion:

Rod• 
Sheell 
Tubes 
Wire. 
Castinga 

2400 cons. 
1200 .. 
100 .. 
500 •• 

5000 .. 

Iogott and rods or 
yellow and white 
metal alloyJ. Copper 
Jllld brass wire, cop. 
per and brass rods 
and copper and brass 
sheets. Total metal 
J?l'oduction 3000 cons 
(not itemized) in 
!944. 

Produce practically 
all metals and metal 
alloy1. {?) 

Power used 

Generated by 
fuel oil Kurla 
500 K;W.A. 

Lahore 400 
K.W.A. 

Jaipur 300 
K.W.A. 

80,531 unils in 
1944. 

Coke, Coal and 
fuel oil used. 

800 /kilo watts 
per aDnum. 
Source not 
giveo. 

Expected poll 
war consump
tiou in India. 

----
Bearing Metal 
30,000 tons. 

Roch and tubes 
10,000 IOD!r. 

Brass Sheets 
35,000 tons. 

Copper Sheets 
6,0001ons 

Copper Black 
Bars 15,000 tons 
Aluminium 
1heets 
7,000 tons 

Aluminium 
Sectiolll 
5,000 tOOl· 

Difficult to 
state. 

Not possible to 
give. 

New equipment 
conteJJ:~platcd 

Electric furnaces for 
melting alloys. Brass 
shed rolling mill. 
Extrusion pren. 

Better type of fur· ·-· 

Cannot be stated. 

Protection a1ked for. 

(I) Stoppage of im-' 
ports of semi-manu· 
factures. 

(2) Govt. purchase oi 
Indian made goods. 

(3) Removal of iln
port duty oo scrap 
and ingots. 

(4) Stoppage of ex
port of N. F. metals 
and scrap. 

(5) FadlitieJ for im
porting capital goods 
which should be 
duty free. 

(6) FadlitiC!I for land 
for factory sites 
where power and 
transportation &\'ail
able. 

Needed but not spcd
fi<d, 

Import duty on temi
manufactured metal 
such u gun metal, 
bearing metal, phos-: 
phof bron~ ~~' 



12 Bengal Ingot Co., Ltd,, 
5, Hide Road, Kidder
pore, Calcutta. 

IS Saru SmelliC'g aod Relin
ing Cor. Sadar Bazar, 
Meerut. 

14 · jayant Metal Manufac
turing Co., 152, Lobar 
St., Bombay 2. 

15 The National Rolling 
Milll, Ltd., Stephen 
Hou.e, 1, Dalbou1ie 
Square, Calcutta, 

Kidderpore 

I 

Meerut and 
Calcutta. 

Byculla, 
bay. 

Born-

Mulagore, near 
Shamnagar, 
B.&: A. Rly. 

All clane1 of yellow 
non-ferrous metal 
alloy• 400 to 700 

·~· 

About 75,000 
K. W. H. per 

.annum from 
c.E.s.c. 

White mctall, tin Coke fired fur- Not poaibJe to 
1tate. so)der, Brazing 10!- nacct. 

der-. Br:ut, Bronze, 
eiC:, ProdUction ca-
pacity 4.5 toJII per 
day. 

RivetJ, wires, llau, 
atrips, aheets, roth 
and shapes, etc,, of 
copper, coFper alloys 
and alumin1um. Be
fore war ~~obout 360 
tona per year of 
building fixturea only 
w~rc made, During 
war between 400 to 
750 toni oi rocb aad ...... 

Electrolytic Copper 
rods in commercial 
lengdu. 

7,200 tons (1inglr 
1hiR working). 

175 uniu p.m. 
prewar. 

400 units p. m. 
during war 
froiD B. E. S. 
Co. Coal, 
Coke and fuel 
oil used for 
furnace, 

12,000 K.W.H.J Not stated. 
per month 
ftom C.E.s.c. 

No reply. 

Electric furnaces and 
1hcet rolling mill in 
PCW factory, 

Under coutemplation, 

Two variable tpeed 
D. 0. Motors can 
abo roll alumillium 
rods for cable~, 

Increue of import 
duty on non-ferrous 
metal alloya and 
casting~. 

Ta-riff on imports aud 
bounties to high cost 
producers. Pre
ference to lndiaa 
made goocb in 
Government pu(-
ebase Departments. 

Prohibition of imports 
of similar goods into 
India. 

Duty free import of 
electrolytic copper 
bar1, Prohibition of 
import of copper 
rod• until maximum 
caF,city of iDJtalled 
m11l1 utilised. 



Name and addrca ot firm. 
Loc:ation 

of 
Planq 

Type of manufllctuft 
and llDDUal 
produc:tion 

Power used 
Ezptctcd post
war colllllmp
tion in India 

New equipment 
contemplated 

-~------1----1-----1---1---1-----
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Nationllllnlulated Cable 
Co,, nf India Ltd., 4, 
Dalhousie Square, Ste
phen Houte, QUcutta, 

India Rolling Mill.r, Ltd., 
4, Dalhowie Square, 
Stephen HoUk, Calcutta. 

National Copper, Tube 
Manufacturing Co., 
Lmunidau St., Karacht. 

Mulagore, near 
Sbamnagar, 
B.&. A. Rly. 

34, Simla Road, 
Halsibagan, 
Calcutta, 

Karachi. 

AJlllzc• of bare and 
insulated copper 
wire.t and cable• for 
electrical induury, 
Production not 
1tated but estimates 
wires mill produc
tion from 1946 up
ward about 3000 IODI pu,..,. 
In~, ~~. ftat1, 
wares, 1tr1ps, 1hcet1 
bar1, etc,, of braSil, 
coppc.r, zinc alumi
nium, lead, man-
ga!lcle, bronze, 
.pho1phor bronze, 
etc, Type of manu
facture and annual 
production : 

Bar., flat1 and 
1trips 1650 toDI 
1heets 1650 ,, 
Wii"CII 350 01 
ingoh 1650 ., 

Smelting and rt-611big 
of Copper and Cop
per Alloy._ Manu
facture of Copper 
and brau tubes and 
roda, Tube 24 ton1 

Rod• 6 , 

Installed load 
1500 K.W. 

Not pouible to 
1tate, 

Pre•ent plant not yet 
completed. 

300,000 units Unable to 1tate. Not yet considered. 
per year f.rom · 
c.E.s.c. 
Coal, Coke-
and fuel Oil 
u~ed for fur-
nace.. 

25 H. P. from 
Ka.raehi Elec
tric Corpora• 
lion. 

One extrusion press. 
One electric furnace. 
Two draw benches. 

Protection asked for.-

Higher protective 
lariff on all electri 
t:al wires and cables
impPrted. Govern~ 
ment purchase of 
N. I, wires and 
cables, Duty ( free 
import of lead and 
cbemicab. 

Not 1tated, but left lo 
Auociatiom and 
Chambcn of Com
merce. 

Some kind of auis
taDce (Dot •pccified). 



191 Waldie~ Industries, Ltd., I Konnagar, E.I. 
8, Clive Street, Calcutta, Rly. 
F. 0, Box No,l74. 

20 . Ven~ta Limited, Post 
Box No. 55, Cak:uua. 

Kamarbati. 
Calcuua. 

I 
I 

Lead pipea 'lOO tons. 
-Chern. Lead 

pipe• 30 .. 
Antimonial 
Lead pife1 10 10 

Chemica 
lead 30 " 

Tea Lead 1500 tuns. 
Sheet 100 ,. 
-Above ligures pr~ar 

average. · Dunng 
war p•riod tea lead 
4000/5000 tons per 
year. Lead sheet 50 
tom Now changing 
ovu to rollin(~ alu
minium 'foil inltead 
of tea lead. 

21 The Sbapraria Iron It 
Steel W orb, Ltd., Parcl 
R~ad, Bombay. 

I'artltBombay.ll Lead-Uiite225 tona. 
Lead-Seals I 2,00,000 NOI. 

Cannot answer. 

Average prewar 
57.28 K.W. 
per .year dur
ing war 134.72 
K. W. per year 
from C.E.S.C. 

Very little 
Kerosene fuel 
used. 

500 to 700 Mll 
of lead pi pel. 

Aluminium foil 
about 700 tons 
oer year in 
India, 500 
tons per year 
export to Cey
lon and Dutch 
East Indies. 

Not speafied 
but e~q~ected 
to increue. 

Nil, Removal of 30% dutv 
on pig lead and cori
tinuation of 30* 
ad valorem duty .on 
lend pipe1, 

Anne~lingJplant and I As a temporary 
modification to pre- measure :-
ICDt mill to roll alu- (I) Prohibition oi 
minium foil. import of aluminium 

No reply. 

foil. 
(2) Licence for im
port of aluminium 
1trip in coils to be 
given only to tbia 
firm, 

Long term · protec--
tion :- ':::;! 

(I) Retention of30o/c 
duty on finUbcd 
foil. 

(2) Aluminium strip 
in coib free of import 
duty, 

' 
Government buying 
of their products. 
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Ron-Ferrous Metal Importaln all Brltllh JnciJan 
(AUftgura 

y~ 1923 1924 1925 1926 1927 1928 

Commodity ""'- cwb. ewu. ewto. CWIS. ...... 
ALUMINIUM: 

Ingot.. etc., (UDwroygbt) 9909 3690 .... 4591 4467 1858 

Circles 57491 77318 74372 7«)80 10.!1862 IIC905 

Sbceu .... 2888 33~8 .... .. , 5120 

Otbu Manfn. 8669 76<5 7677 7929 6404 9285 

Total Owu ... 79722 91541 89571 9009S 121160 127168 

:BRASS: 

Uawrousht 20054 ..... 28670 18207 18685 8292 

Wood 1etew~ ... ... 
WROUGHT: 

SbeathiDp SJJ33~ ...... 316364 UI096 395255 f71359 

Sh"t 7619 20542 -8426 8710 5236 

CUde. ..... 3124 0165 7658 11428 IC360 

Tuba 1679 1550 1611. 1696 1573 

wm. ... 5050 10186 7J06 .... 6978 

Otha~n. 8794.! 112168 117631 72589 46055 41045 

Total cwu. 4193!10 620978 .501J08 556893 490218 ...... 
COPPER: 

Unwrousht 57435 ...... 56305 72930 29088 35236 

Old Copper 12431 3222 2655 2 ... .... 1!286 

WROUGHT: 

Bratien 1240 501 2 1789 S27 

Bodo ... 2385 12640 6159 11450 82862 

...... 143753 147595 218991 260355 17895.5 209531 
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1V 
Ports Years 1923 to 1939. Both Inoluslve 

are in C11Jts.) 

1929/30 1930/31 1931/U 1932/33 1933/34 1934/35 1935.'36 1936/37 1937f38 I9l8f39 

cwt&. cwts. CWts. CWts. C\'ltS. cwtJ, CWI'· CWIS, CWb, CWU. 

980 851 141 164 125 96 ,., 108 61 51 

157576 119058 39466 16892 30~~2 41171 Sl99:) 51290 49745 41816 

, ... 2001 1239 , .. ,,.. 2416 2710 3019 3230 3159 . 
8525 ... 5 4583 5~5J 6685 8734 867J 8829 13796 128:.!7 

171025 128335 :i94JI 24553 39487 52467 63.'iJ6 63246 66832 57853 

--
592 1717 462 3127 271 Ii36 2142 3070 820 .417 

1678 2496 2850 

363386 ,. .... 298411 482877 422366 562673 428292 263131 160585 249820 

8372 5703 6278 .... 4280 5481 2502 2245 2760 ... , 
13017 13871 9f74 14461 9523 22197 22355 16412 . 16566 2469.5 

2062 2112 .... .... 2169 2967 4303 ., .. 3935 4387 

9165 5966 4310 9971 6288 .... 7776 6599 "80 7135 

353<1~ 42332 22378 53508 26279 33106 42098 31744 24393 35496 

f]L939 380189 342611 571192 47176 637048 509468 329467 2Ul935 315461 

15551 134M 3745 5571 14100 21809 36013 16277 47806 51692 

5413 10291 5663 3088 2569 2600 5020 1991 2986 15425 

1089 128 3052 1062 124 503 190 

8746 6826 34578 :.r:5327 40637 7U04 72293 71914 76623 42590 

J 02-«iS 157830 141605 272853 205199 37 f239 279953 1011135 16.!126 36832 
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Yean 1923 1924 1925 1926 1927 1928 

Commodity cwts. cwa. =u c:\\'11. cwts. cwts. 

Tubco 2822 3512 5459 S476 3263 

Win: 9518 4495 5<47 7103 .... 3088 

Other sorts 16356 8729 13292 7888 6333 8445 

Total cwt. ... 239493 284:246 313343 362356 241940 281438 

GERMAN SILVER including 

Nickcl.Silver 7286 "13527 )9372 17533 15135 25026 

TIN: 

Ingot, Bar, Slab .... 2 48474 55259 51103 60529 56316 

Foil 

Other sorts 5051 3768 1385 268 227 197 

Total cwts. 53393 52242 56644 51371 60756 56513 

--
ZINC(Sp<ktt), 

Unwrought 59778 4-3216 36323 37549 82970 137651 

Manufactured 43345 64159 95805 131359 81839 49862 

Other sorts 

Total cwt-s. . .. 108123 107375 132128 168908 164809 187513 ___ ......_ 

LEAD: 

Pig 7806 4895 2414 3051 3737 2458 

Other .aorts 325 134 782 1937 1852 150 

Wrgt. Sheet 10623 10668 9669 13290 16515 13830 

Pipes 9325 4541 .. 6331 b682 8811 7728 

Tea chest Sheet ,,; 20734 23944 25958 17496 10017 9976 

Other 11orts 8005 7050 5926 6063 8127 10142 
~ 

Total cwU, ... 57018 51232 51080 <a519 49059 44294 
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lV-(conld.) 

.1929/30 1930/31 Jgst/32 1932/33 1933/341934/35 1935/36 1936/37 1937/38 -1938/39 

cwta. ~b. -·· ~b. 

~·· '""· ~-. 

, __ 
""'· ~·· 

34-26 4119 3347 2486 3594 3842 4762 SBOO 4328 4168 

3150 4585 5139 6941 4233 7833 8080 9001 11519 9737 

7504 7292 10002 8598 5722 12764 10316 14245 10675 8051 

147344 201555 204079 324864 279206 495459 416561 2"19626 316063 168685 

19528 16258 13551 17512 1124-1 16855 27371 27309 2H-19 3'1975 

57468 54408 45251 47616 48324 45882 52591 42706 51:1133 53991 

102 

77 

134 

256 

27 

169 

------

589 

150 

47 

327 

62 

608 

51 

455 

22 ·14 . 8 

146 1998 ~047 

576H 54798 45441 48355 48698 46152 53097 42874 60145 56046 

142682 169798 179978 298678 28!l882 344769 454214 445498 426580 504784 

48634 37551 25840 26906 33510 30793 32025 30311 20005 15699 

2526 185 170 398 300 298 478 72 2184 

193842 207534 205988 325982 317692 375860 486715 476111 446657 522667 

3726 3801 4101 3781 2595 2009 2121 817 124218 119017 

371 336 472 786 1532 ·2091 868 1959 3665 3163 

14513 11366 12450 8200 .. ., 11374 10069 9722 9556 11828 

9908 9339 6606 6802 7528 8548 10205 10275 14163 10727 

8733 5153 2820 861 820 538. 190 412 36 

6606 6565 3748 6136 6139 3881 4098 2730 4380 4730 

43857 36560 30203 26566 28313 28444 27551 25918 156018 149465 

ll'lnclUJive of Shecta Circles, fF.xcludiog Tclcpbooc and Telegraph wire. 
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APPENDIXV 

NOTES ON THE POSSIBILITIES OF A LIGHT METAL 
INDUSTRY IN INDIA. 

Alloys of Aluminium and Magnesium are commonly referred to as. 
light alloys. They find a wide field of application owing to the advantage 
of li htness, strength and resistance to corrosion that they offer. Tbese
ch!cteristics enable them to be successfully employed in a surprisingly 
wide range at industries ; in all branches of Engineering ; Air, land and 
marine Transport ; packing, chemical and food industries. Permanence· 
and good appearance of Aluminium alloys are added features and couplecl 
with the advantage of weight·strength ratio, they are best suited for 
portable or semiportable buildings, seriti~structural fittings in buildings. 
and for any machinery where movement is an essential factor. The long
range prospect is that Aluminium will eventually be the largest tonnage· 
non-ferrous metal. An estimated world Aluminium consumption over the· 
past 1<>-year period is given as under : 

Aircaraft, automobile, railway, marine industries 
Food indushy, cooking utensils 
Large and small machinery 
Electric industry: coaductors, busbars, motors 
Chemical industry 
Deoxidising steel and heavy alloys 
Powder, foil, seals 
Non-recoverable scrap 

Percentage .. 
30 
IS 
IS 

... w 
3 

7 

4 
3 

Miscellaneous .•• 13 
The largest use of light alloys is in the manufacture of aircratt .. 

where about 75% of the aircraft is made up of these materials, the aircraft 
industry is consuming at present more than 90% of the entire output_ 
and will continue to be the largest consumer, though the demand for 
aircraft might considerably f_a.U off in peace time. ·There is no aircraft_ 
industry at present in India, but with the rapid industrialisation of the 
country and the necessity for quick, internal and trans--continental trans-
port, and Indian aircraft industry will become a paramount necessity. Air 
Force is the accepted power of defence and for the future protec.tion of 
the country, the establishment of an independent aircraft industry for 
strategic reasons at 1~ is necessary. 

The reduction in weight of road i[ansport vehicles will m~ a direct 

reduction in the cost of running and an increase in carrying capacity. 

Apart from castings in the power units, Aluminuim alloys are extensively 

Me1aJiurgia April 1942. 
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used foe body work, roofs, seat frames, hand rails, etc. The possibilities 
of using Aluminium in country carts and other indigenous modes .of trans. 
port deserve closer investigation. 

The use of Aluminium alloys as a material of construction in Automo~ 
biles is well established and with advances in the techniq~,te of manufacture 
and increased facilities for fabrication, Aluminium alloys will seriously 
compete with ferrous materials. Two Companies to ~ufacture motor 
cars have already been floated in this country and, given a reasonable 
safeguard, an Aluminium alloy industry should be a considerable help and 
assistance to the success of the venture. Bicycles have been ~esigned and 
built almost entirely from Aluminium alloys, and the light weight, corrosion 
resistance and even colour anodised cycles at a reasonable price will open 
new demands never thought of before. The two bicycles factories in India 
are producing about 200 bicycles a day and they have a potential capacity 
of 75,000/ 120,000 cycles a year. With a population of 400 million in 
India and a higher standard of living, a well organised bicycle industry 
should prosper and could look forward to being abreast of latest improve
ments by employing light metal alloys. 

Complete train and coaches have been built in Europe and America 
from Aluminium Alloys. The increased demand for comfort which is 
adding to the weight of trains and for higher speeds has meant an_ increased 
demand for Aluminium Alloys. The increased wear and tear on track:eS 
can be reduced by increased. use of light alloys in_ place of other metals. 
An immediate demand from Indian Railways would conceivably be for the 
use of light metals for windows, slUing doors, partitions; seat frames and 
internal fittings. 

Aluminium alloys have made important though restricted advances: 
in the mariD.e industry. The superstructure and deck houses built of light 
alloy metals will not only reduce weight but also reduce stress concent~ ... 
tions due to lOwer elastic modulus. Internal fittings, and other essential 
parts like life boats, parts of power unit, structural parts, will call for larger 
tonnages of the metal. 

The light weight, high strength, corrosion resistant alloys are parti~ 
cularly suitable for many types of bridges, vertical lifts, aerial rope-ways 
and long span cranes. In the building trade, new types of roof glazings bars 
windows, doors, shop fronts, and decorative work etc., will contribute 
substantially to the Post~war demand for these light alloy metals. Alumi• 
nium alloys are admirably suited for roof structures, partitions, school and 
hosipital furniture etC., where cleanliness and ease of movement are essen .. 
tiaJ. Other materials for the building trade are water pipes sinks, baths. 
boilers and sanitary equipment and for the construction of all these alumi
nium alloys stand unrivalled. Aluminium readily lends itself to prefabti-
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cation of liouses and internal trim, and with its freedom from rust, and 
ability to take beautiful finishes in a wide range of colours, it is an almost 

ideal material in the hands of the building desi~er. 
In India, cooking utensils and domestic appliances make up the bulk 

of the demand for pure aluminium. But perambulators, ladders, hand 

trucks and other miscellaneous articles will present a big field for the high . 

strength a-lloys. . In the post-war period, utility and luxury articles offer 
a wide scope. The chemical, food, milk and brewing and agricultural 

industries in other countries are already using Aluminium exclusively 
and the demand from these directions will expand in India also. 

In Electrical Engineering, Aluminium cables will be a serious rival to 
copper in bare wire transmission. Germany is said to have replaced Cop
per in many an accepted field by Aluminium and the full details of the 
advance will only be known after the close of the war. India is deficient 

in her supplies of copper and with the unique position that copper has in 
the electrical industry, India <.an only look to Aluminium as an effective 
substitute. 

The progress made in the finishing of light alloys will help consider
ably to increase the demand. The outstanding improvements made in this 
direction are in respect of the technique of colours anodising, by which the 
most beautiful range of col9urs can be dyed into the metal. 

A post-war estimate* of the use of aluminium by Industry in America 
has been made as under :-

Total post-war estimate. 

TranspoJtion (land, air water) ....... .. 34 
Cooking utensils 

Electrical conductor 
Machinery and Electrical · 

• 10 
8 

Appliances 12 
Building Construction 9 
Chemical 5 
Foundry and Metal Working 9 

Ferrous and Non·ferrous Metallurgy 4 
. Food and Bevarage 55 . 

General Miscellaneous 4 
. Many of the uses mentioned for aluminium alloys hold equally good for 
Ma~esium alloys. The latter have the added advantage of lighter weight 
and are particularly useful for aircraft components. Magnesium alloys are. 
however, not as corrosion resistant as Aluminium alloys. 

The main reason why Aluminium and Magnesium alloys will usurp 

• Engg and Minning Journal-Feb. 1944-. 
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the time honoured spheres of other mat· · 1 . 
- . ena s and find new . 

of the h1ghly dev~Ioped technique of fab . t' uses, IS because 
· nca Ion. The mate 'al b 

into very thin foils, extruded into int . t h n can e rolled 
nca e s apes forged h 

pressed, die cast and can be tevetted weld d b ' • eat treated 
. ' e ' razed solde d d 

· joined by " plastic bonds ". ' re an even 

Fr<!m the enumeration given above of the · 'bl . pOSSJ e fields of appJ' f 
for light alloys it will be seen that the success f · 1. h lea 

100 
. . o a Ig t metal industry 

Will depend entirely on the strength and sta f d 1 . . . . . . ge 0 eve opment of the 
fabncatmg mdustnes. Reahsmg the importanc f th . . . . . · e o e fabncabng 
mdustnes for the disposal of the metals The AI · · Co . . ummmm mpany of 
Amenca, who control more than 500fo of America's t t 1 .A1 · · . . . o a :n ummmm pro-
duction capacity have estabhshed a fabricating industry on 1 . a -very arge 
scale, thereby putting the metal on the market at as chea · . . . p a pnce as 
~oss1ble. . Ind1a ~as .ne1~her- a well developed basis metal producing 
mdustry nor a fabncatmg mdustry. A right beginning could be made by 

planning and building both the source of the basic materials and its distri

bution and utilisation in manufacturing industries. 

A large ·:n::rease in the use of Aluminium and Magnesium can be · 
expected on at<ount of their potential abundance, low cost and wide-spread 

familiarity with their properties. Although the alloys of both the metals 

will share in the demand, the outlook for Aluminium is clearer than that 

for Magnesium . 
The world output of Aluminium was something like 680,000 tons in 

1939 and now it is said to exceed 3 million tons. In the case of Magnesium, 

the production c~pacity which was about 30,000 tons in 1939 has now been 

expanded a hundred fold. 
Australia has also established a flourishing Aluminium and Magnesium 

industry, but its production capacities are not available. 
The development and prosperity <>f a light metal industry will depend 

upon the availability of raw material and the market. Though the present 

world position is a rtificially maintained for war requirements, wi!h the 
return of peace radical adjustments will become imperative. · The U. K. 
has built up an extensive fabricating industry but her position as a pri~ary 
metal pr~ducer is no where comparable to it. Despite abundant coal s~p
plies, the cost of power is high and with the almost lack of'good bauxJte, 

she has to come to some arrangements with other countries for the supply 

of raw materials or ingots, lest she might face a precarious future. Even 
. . d f Canada and the need 

before the war 70% of her ingots were tmporte rom 

for increased imports will become more now. . . th 
The U. S. A. have the biggest aluminium productive_ capacttyfmf llye 

. . . er the ex1stence o u 
World, on account of the avatlab1hty of cheap pow • f B ·t 

bl d reserve o auxl e 
developed fabricating industries and of tolera Y goo 



so 

ores. But with the greatly increased production of the metal during the 

h W material resources have been seriously depleted and she is war, er ra -. 
feve~y examining all possibilities' from the upgrading of low grade 
-ores to the utilisation of clays. How far these developments, though 
technologically sound, would face the future competitive markets is not 

known. 
Canada bas plentY of cheap power and with bauxite obtained from 

South America she bas developed a vast aluminium industry. 
The reserVes of Bauxite in India estimated to be over 250 million tons 

are largely in Bihar, the Central Provinces, Bombay and to a small extent 
in Madras. The better grade of BaLIXite averages 55% Aluminium, 28% 
eombined water, 8% Titanium 6% Ferric Oxide, and 3% Silica. In the 
purification of the red mud (Bauxite), TitaniUm is obtained as a bye-pro
duct, which could from the raw material for a Titanium industry. 

The two essential products for Aluminium production are Cryolite and 
!=3rbon Electrodes. Most of the countries ar~ now producing synthetic 
cryolite (double ftouride of sodium and aluminium) from Fluorspar and the 
same thing could be done in this country. The establishment of a carbon 
electrodes industry should be possible. Considerable research work has 
been carried out in U. S. A. in the use of low grade coals for electrode 
manufacture to replace petroleum coke and the utilization of (high ash)· 
Indian coals should be investigated. 

There are at present two Aluminium manufacturing concerns in 
India. The combined production capacity of the companies is approx.-
200 tons a month, which is capable of being increased to' about 650 tons
a month. The Indian Aluminium Company Limited have their reduction 
plant at Alway, (Travancore State), in South India where they reduce 
imported alumina. However they are putting up a plant in Bihar to make 
alumina out of Indian Baxuite. The Aluminium Corporation of India 
which have their factory near Asansol (Bengal) have commenced production· 
very recently. 
Magnesium • 

. Magnesium is widely distributed in nature, in combination with other 
elements and forms 2% of the earth's crust. Magnesite is the important 
ore of Magnesium, though Dolomite and other Magnesium bearing miner
als are employed. The bulk of the Magnesium produced in America and 
England comes from the Magnesium Chloride contained in the 'sea water~ 
As sea water is an inexhaustible source no country can therefore claim a 
monopoly in regard to the supply of ta;w materials. 

India possesses large deposits of almost pure magnesite and th-:t 
reserves in South India are estimated to be over 82.5 million tons. TbiF' 
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recent processes developed for the production of Magnesium such as the 
Pidgeon Process, employ Dolomite as the raw material ana there are 
abundant deposits of dolomite dis~ributed in various parts of the cOuntry. 
The sea water (Brine) is a perinnial source of Magnesium salts and -there 
is already a plant on the west coast extracting Magnesium Salts from sea 
water, 

The one item of vital importance in the economics of the light metal 
industries is the cost oi electric power. Indian coal is of a relatively poor 
quality and the reserves are none too rich, but there is plenty of scope 

for the development of cheap hydroelectric power and it is estimated that 
the potential capacity of the country is about :!.7 million KWHS. There 
appears to be no reason why electric power should not be produced as 
economically as anywhere else in the world as it cail be generated near the 
sources of the raw .material. 

Aluminium Alloys: Pure Aluminium has restricted fields of applica
tion and its use is confined mostly to chemical and food industries and to 
the manufacture of domestic utensils. The Aluminium Alloys are, how
ever, of considerable importance as an engineering material and the bulk 
of the metal is used in the alloyed condition. 

Aluminium alloys with a number of metals such as Magnesium, 
Manganese, Silicon, Copper, Titanium, Chromium, Iron, Nickel, Antimony, 

Zinc, etc. has given rise to a large number --and complicated systems 
of alloys. The entire field and possibilities of Aluminium Alloys have not 
yet been explored but the properties of a few types mostly employed for 
war purposes, have been well understood : 

Aluminium alloys may be grouped into three main classes :

(1) Wrought Alloys-medium strength. 
(2) Wrought Alloys-strong 
(3) Casting Alloys-

1. lJfedium Strengtl£ Alloys: 
The use of mediu:n strength alloys cover a wide field in which the 

anti-corrosion and cold forming properties are chiefly required. Though 
several of the alloys can be heat treated, the advantage of being cold 
formed without recourse to heat treatment and the ability to stand up to 
vibration stresses and resist corrosion are the designer's objectives. 

These alloys are used extensively in the form of sheets, strips, tu'): 

etc. Their stensil trengtb can be varied from 12 to 20 tons per sq. inch, 
depending on whether the material is required in the soft, half hard or 
hard state. Binmi.-bright alloy containing Magnesium and Manganese 
(4·5'lf

0 
Magnesium and 0·2% :\[angane;e) is well known for its corrosion 

resistant properties. 
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2. High Strength Alloys: 
The high strength alloys cover a wide range of compositions, and 

specifications. Duralurnin is the best known alloy of this category and is 
the staple constructional material of aircraft. It has roughly the same 
strength as mild steel at a third of the weight. One composition develops. 
and ultimate strength of 30 tons per sq. inch after heat treatment. It 
may be of interest to note that the theory of precipitation or solution 
hardening of aluminium alloys is still a mystery to Metallurgists and no 
clear concepts exist. The development of a large number of alloys and 
refinement in performance are due to the practical results obtained by tha 
application of the heat treatment process rather than to any theoretical 
reasoning. 

Aluminium is not difficult to machine with properly designed cutting 
tools.. A special alloy (B.S. 1080) having freecutting p~perties has been 
specially designed for use in automatics. 

Casting AUoys. The most extensive application of aluminium alloys 
are in the form of castings. Many types of alloys for permanent mould 
and pressure die castings have been standardised These alloys can be 
heat-treated and have high mechanical and physical properties. 

MAGNESIUM ALLOYS 

A wide range of Magnesium base alloys have been developed for 
many applications which make them distinctive among metals. They are 
the lightest. structural alloys yet known, being two thirds the weight of 
Aluminium and a fourth that of steeL They possess excellent machina
bility, toughness and fatigue endurance and have a high strength Weight 
ratio. 

Though a very large number of Mangnesium alloys have been patented 
only A dozen alloys find commercial uses, and the alloys in current use 
are mostly of the M_angnesium, Aluminium, Zinc system. 

Magnesium as a structural alloy is comparatively new and has not 
been put to the same searching investigations as Aluminium. Most of the 

recent developments are however not known. Magnesium alloys can be 
wrought, cast, forged, die cast, and extruded and an Aluminium-Zinc
Magnesium alloys lends itsell for heat-treatment. 

As most of the alloying elements occur in this country an inVestiga
tion into the physical properties and uses of the several alloys should 

be made. 
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APPENDIX VI 

SECONDARY METALS 
Collection Segregation and Metallurgy 

The emblem of the Wasting Candle sketched by Thomas Carlyle 
about a century ago gives an excellent guide to a discussion of secondary 
metals problem of to-day. " Terar Dum Prosim .. Carlyle wrote under 

t be Candle "May I be wasted so that I be of use". 
Secondary metal may be defined as metal recovered from commercial 

11crap, that is scrap -that has entered the processor's plant in scrap form. 
·Metal recovered by a manufacturer from scrap arising out of his man
ufacturing processes in his own plant which he can readily reconvert into 
finished product should not be considered as secondary metal. In con
trast to virgin or primary metals, i.e., metals extracted from ores, second
-ary metals are of secondary origin and result from the use of primary 
metals and alloys. 

Secondary metals are most frequently referred to as scrap metals and 
according to their source· can be divided into two important groups. First, 
the industrial scrap, resulting from the.manufactnre of wrought and cast 
metals and alloys and second, scrap aiising from fabricated metal products 
which have outlived their usefulness. The secondary metal industry also 
performs two distinct functions ; first, reworking of the secondary metal in 
.order to bring it to its virgin or pure state so that it can perform all the 
functions to which primary metal derived from ores is put : and second, 
manufacturi,ng standard alloys for which primary metals are generally 
used. In general then the secondary metal industry comprises of 
remeltt:~rs, smelters, refiners and manufacturers that convert scrap ~etals 
and residues to produce refined metals, ingot alloys, fabricated shapes and 
dlemical products. 
Problems of Collecting and Grading Scrap Metals. 

Even in countries where well planned large-scale manufacturing 
processes are carried on, the collection and grading of scrap is a big head
ache. Metals and alloys which visually look alike or are even identified 
by the same general name may contain large or small amou~t of other 
.elements and it is absolutely necessary to keep the· different kinds of SCrap 
separated to make it easy for the scrap processors to know what they are 
buying or how they are going to process it. In India where large-scale 
manufacturing is conspicuous by its absence it is all the more necessary 
that the different plants give some extra thought to collection and 
segregation of scrap arising in their plants. However all the care taken to 
segregate scrap metals will be wasted if the so called • junk ' merchants 
who buy scrap from different sources, mix it up before selling it to pro~ 
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cessors. For this reason it is absolutely·essential for the secondary metal 
industry to from an association of scrap dealers who can be initiated irr 
the art and science of segregating and grading scrap. !eclmical advice 
can be given to this association by customers who buy t~e scrap for 
processing and the Chamber of Commerce or the Provincial Directors of 
InduStries must advise the scrap _producer to sell their scrap only to
members of such a r~cognised association. 

Th~ first problem then is that of the producer of scrap. On how weU 
he can reclaim and segregate his. scrap depends the whole future of the 
secondary metal industry: Indian management has been lacking a great 

deal in the general cleaitliness of their plants. Cleanliness is the first 
condition in the pr~per segregation of scrap. The dust and contamination· 
from oil, etc .. needs extra processing of the scrap -and to that extent 
lowers the price it can fetch in the muket. Each industry, eack factory 
and each locality faces a different set of conditions. However, irrespec~ 
tive of the size of the plant certain fundamental principles can be applied 
for organisation and c'ollection of scrap. 

In the interest of clean sera? there should be appointed a foreman 

who along with his other duties ilnderstantls the handling of scrap an_d 
should be given enough responsibility to devise his own ways and means 
of collecting scrap. Enough floor space should be provided in the factory 

for storing and proper accounting of all the scrap should be aimed at. 
Also the scrap should be segregat~d daily and a quick market should be 
found for the scrap so as to avoid storing large quantities. The manage
ment should take an active interest in seeing that the scrap is kept 
segregated. 

Though metallurgical processes are available for separating alloys
into their constituent metals, there are economic limitations to the use of 

such processes. For instance it will b~ more economical to melt a selected 
quality ol brass, refine the molten metal to some standard speCification and 

cast it into ingots for farther fabrication rather than melt any collection 

of brass to try to recover, copper, zinc, etc., separately. This economy 
can only be realised if the scrap metal is 'separated into classes which 
.resemble the original alloy composition as nearly as possibl~. For example 
lead is difficult to remove from leaded brass hence leaded alloys should be 

kept separate from zinc or tin alloys. Similarly antimony is difficult to 

t f . . il' n and manganese separa e rom copper~base alloys and alumtomm, s lCO 
. . h"gh percentages ,eannot be separated from copper base alloys conta.mmg 1 

. . necessary to 
of zinc without losing a large amount of zinc. Hence 1t 15 f 

. . . f il"t te recovery o segregate these dtfferent kinds of alloys m order to ac t a , 
. S regat,oD the metals and also to fetch a. higher price for the scrap. eg 
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should as far as possible be done right at the source of the scrap producing 
unit.. Separate containers with large markings should be provided in the 
machine shops, etc., nnd the workers should be instructod to put their 
Scrap only in particular containers. 
Rapid Scrap identification Tests. 

In spite of the care taken to segregate different kinds of scrap mixups 

are likely to occur. When th:s occurs a rapid identification test becomes 
indespensable. The accompanying table summarises some of the so called 

spot tests which are explained below :-
(1) Nitric acid test; Place 1 or 2 diops of concentrated nitric acid on 

clean metal surface. Observe any reaction for 1 to 2 minutes. Then 
dilute with 3-4 drops of water and observe the reaction. If solution turns 
green or red use it fo·r the iron nail test. 

(2) Iron nail test : Rub a clean iron nail in the coloured acid solu~ 
tidn in contact with the specimen. If the alloy contains copper, copper 
will be deposited on the nail or the metal surface. 

(3) Ammonia test : Dissolve a bit of the metal in nitric acid, or 
attack the surface with a few drops of the acid. Dilute somewhat and 
add ammonium hydroxide to the solution _until the latter is strongly 
alkaline. If copper or nickel is present a pale blue precipitate will be 
formed which on further ammonia addition becomes a dark blue solution. 



'Material Nitric acid test Iron Nail Test Ammonia Test Paper Test Silver Nitrate Test 

Nickel Reacts slowly, pale 
green solution 

Negative Blue Intense red colour. 

Monel Metal Reacts, greenish blue 
solution 

Copper plates out Dark blue Intense red colour 

Nickel Silver React bluish green Copper plates out Dark blue Red colour varies 
solution in intensity with 

Brass Reacts vigorously, 
green solution 

nickel content 
Copper plates out Dark blue 

Tin Bronze Reacts vigorously, Copper plates out Dark blue 
blue-green solution 

Aluminium Reacts vigorously Copper plates out White precipitate blue 
Bronze solution 
Copper Reacts vigorously Copper plates out Dark blue 

Aluminium 
blue-green solution 
Soluble White precipitate 

Magnesium Soluble Colourless 
Alloy 
Lead Soluble Colourless 

Lead Silver Soluble Colourless No precipitate in absence 
solder of tin. 
Lead·tin solder Soluble Colourless Black deposit with· white 

precipitate. 
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(4) Paper test for.nickel: Put one drop of a mixture of IOml H'SO", 

lOml HN01, IOml HJPO\ lOgm. nitric acid and 25ml water on the metal 
for 15-30 seconds. Then absorb the drop on a paper test strip. (The 
test strip is made out of filter paper dipped in a solution·of lOgm. citric 
acid, 25 mi. water JOml of 1% dimethyl glyoxime in isopropanol and 
dried). When potassium hydroxide is dropped on this paper a red 
colour will form if nickel is present. There is no colour interference from 
iron or other elements. 

(5) Silver Nitrate test: Treat the clean metal surface witli a few 
drops of 2·1/2% silver nitrate solution. If tin is present a black deposit 
with white precipitate will form. 

These spot tests are to be applied along with other tests which 
identify the broad classes of metals and alloys by colour, density, etc. 

Reprocessing Secondary Metal and AllOys for Recovery of Metals in 
the Virgin State. 

As observed before one of the functions of the secondary metal 
industry is to reprocess the· scrap in ordet to recover the metals in their 
original virgin state. This is a costly processing and is carried out only 
when the scrap is contaminated to such an extent. that it cannot be 
employed directly to make standard alloys. In other words when the 
ratio of the elements present in the scrap or the nature and amount of 
elements present is such that for all practical purposes the scrap or dress
ings, skimmings, etc., serve only as raw materials (like ores or concentra
~es) for recovery of the metals. Hence reprocessing is necessary : 

(1) when the metal is oxidised or entrapped in dresses, slags, 
skimmings, etc. 

(2) when the impurities present cannot be removed easily, and 
(3}- .when the ratio of the metals present does not allow the 

manufacture of standard alloys directly from the scrap. 
There is not much difference between the reduction operations 

employed for the reprocessing of secondary metals and those employed 
in the conventional methods using ores or concentrates. Cupolas, blast 
furnaces or reverberatory furnaces are generally employed for these 
operations and fluxes and reducing agents are used for elimination of 

impurities. The refining of these metals is also carried out in the 
conventional ways. 

Manufacture of Standard Alloys From Serap Metals. 
The manufacture of standard alloys from scrap is the most important 

function of the secondary metal industry. In almost all cases it is 

necessary to add additional amounts of metals to the scrap composition 
in order to bring it to a standard specification. However, it is not 
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necessary to use virgin metals to bring about this readjustment sin&e the 
same results can be obtained by adding proportionate amoUnts of ~ther 
grades of secondary metals and alloys. The service of a ·good chemtst at 

this stage is indispensable. A paper, dealing with chemical control in a· 
shop making brass from all·swarf melts, by Pollak and Lallowe has appear
ed in the "Metal Industry" of April 6 and Aprill3, 1945. This paper 
deals with preliminary preparation and rapid methods of analysis of 
different elements for quick adjustment of brass melt compositions and 
must pPOve nsefut to brass remelters. 

The types of secondary metals that can be used directly for alloying 
may consist of such ·industrial scrap as borings, turnings, clippings; 
punchings, etc., or scrap like. wire, sheet, rods, pipes, utensils, castings, 
etc., This scrap must be graded according to its different ultimate use 
and must be stored when different grades are mixed together. Very· 
often scrap has to be cleaned. Iron and steal pieces can be removed by 
an electro-magnet placed under a moving belt over which the· scrap is 
spread. Oil can be removed from borings, turnings, etc., by using an 
inclined revolving furnace with a gas flame. The oil burns off leaving 
clean scrap. This can then be directly charged in a melting furnace. 
In many cases it becomes necessary to shape the scrap for furnace use 
by shearing, baling, etc. 

For chemical analysis of the scrap, a proper sampling method must 
be used to make the sample representative of the whole lot. Different 
grades of scrap can be melted separately and analysed, after which 
different weights of the several grades can be calculated out to make a 
standard composition. The types of furnaces used can either be 
electric, gas or oil fired and even coke furnaces can be used. Much 
of the success of the operation depends upon the furnace temperature 
and abnosphere. In certain cases fluxes will have to be used not only 
to get rid of non-metallic impurities but to remove certain undesirable 
Jlletals which might contaminate the alloy composition. 

It must be borne in mind that not only the chemical analysis but 

alsO the physical properties_ of the alloy composition aimed should con 

forJJl to a stan~ specificatio~. ..After ,removal of the_ minute im
urities through flnxmg and refinmg .be mq:al must be sound and uni

p in structure. The final success of the operation depends on the 
foiJD · b t"d · · · practice and control of operations Y a ratp.e superv1sory staff 
melting · tan · 

d b a progressive management. Many tns ces are available of the 
backe Y · · rf · "th th !J13,118geiDeDt having no melting shop expenence mte enng w1 e work 

of experienced shop superintendents. This works to the detriment of 

the industry and should be avoided. 
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So far-gen~ral p:~ints regar.iing the treatment of secondary metals 
:have _been dealt with. The- following paragraphs will deal with some 
important metallurgical aspects. 
Secondary Brass and Bronze : 

In this group may be included high-tin low-copper alloys with very 
low lead, red brasses, leaded yellow brass, leaded bushings and bearing 
alloys, manganese bronze, silicon bronze and aluminium bronze. 

In general in the manufacture o£ these alloys the secondary metal 
·is first sorted, melted and cast separately. These casts are then 
analysed and a charge for a standard alloy is calculated out and weighed 

:amounts of the various grades are theO. melted in a suitable furnace. 
Air is blown through the melted charge to rid the metal of detrimental 
impurities or reduce them to specification limits after which they are 

:skimmed off with the aid of a flux. The bath of metal is then poled 
with wood, chemically tested be!ore and after any additions are made to 
·bring it upto specification and .finally poured into ingots and ~stings. 
after which a final chemical and physical examination is made. - The 

:physical properties of the final product wil1 depend on several factors 
like: 

1. Pouring temperature. 
2. Melting practice. 

3. Pattern equipment. 
4. Sand condition. 
5. Gates and risers, etc. Relhlble temperature measuring in

strument, sand control, etc., are to be deemed absolutely 
essential. 

The high-tin low lead alloys require no unusual foundry technique. 
-However, in melting this kind of scrap care should be taken to usa 
,85 little virgin tin and copper as possible which can be done by 
aiming at a specification which requires slightly lower amounts of 

tin. 
The technique lor casting red brasses and .leaded bushings and 

bearing alloys is very much simplified and the casting can withstand 
considerable pressure. The leaded yellow brasses, hower, do not cast very 

·well. The metal is not as fluid as in the case of red brasses and clean 
castings are difficult to obtain. Zinc fumes are also given off which are 
a health hazard. These alloys are now replacing high copper alloys for 
low-pressure and structural castings. 

_ The manganese and alum'nium bronzes have high strength and 
llardness combined with resistance to sea water corrosion s · . · pec1al 
:foundry practices are ne::essary for casting these alloys because of high 
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~hrmkage requiring large risers. TurbulanCe during pouring should b~ 
at minimum. Silico-q bronzes also prese-nt some difficulties during cast~ 
ing but not as much as the other bronzes. Great care should be taken. 
to keep the silcon bronzes separated lest they get mixed with leaded. 

bronze alloyS where silicon is a harmful impurity. 
Su;ondary Tin and Lead Alloys ; 

The description and class of secondary tin and lea(\. alloys available· 
along with its approximate composition and possible disposition is given 
in the following table compiled by G. L. Behr*. India does not produce
any tin or lead. Hence the available secondary tin and lead should be· 
used as carefully as possible and melting losses should be kept low. 

It is desirable to segregate the different kinds of se :ondary lead and: 
tin alloys as m,ICh as possible in order to avoid undue difficulties during 
reprocessing. However, it is not always possible to be able to buy 
segregated scrap and for that reason it becomes necessary to refine these 
secondary metals, i.e., to remove 'the undesirable metals either by adding 
another metal with which the undesirable metal alloys preferentially or 
by means other than those involving the use of added metals. 

In cases where another metal is added f?~ refining there forms aa 
alloy, or intermetallic compound, of the added metal with the impurity 
which crystallizes as a crusty layer on the surface of the melt and can 

be removed easily. A very good example of this method is the Parkes. 

process of desilverizing of softened lead in which zinc is added to form a 
zinc-silver alloy which is removed and treated for silver recovery. 

The other methods of refining depend on the chemical re-activity of 
the elements to be removed. Oxidation and chlorination are the com
mon means of getting rid of the undesirable elements which have a higher 
affinty for oxygen and will be oxidised in preference to other elements. 
In this connection the following table of the heats of !ormation of ·metal 
oxides will be foand useful. Those metals whose oxides have a higher 
heat of formation can be easily removed from an alloy of severa" 
melts. 

Metal Oxides 

CaO 

MgO 

Meta! 1'ccb.nology T. P. 1642 October, 1943. 

Heats of formation cal. 
j>er mol for.,. 
ahJm of oxygen. 

151.7 

146.1 



Afetal Oxides 

A110 1 

NasO 
ZnO 

Sn01 

SnO 

CdO 

FeO 
NiO 
H 10 gas 
Sb10 1 

PbO 
As,.O, 
Bi10 1 

Cu10 
Te01 

CuO 
Pb01 

Ag,O 
Au101 

~I 

... 

Heats of formation cal. 
per mol for one 
atom of oxygen. 

126.6 
00.45 
83.5 
69.05 

67.7 

65.2. 

64.3 
58.4 
57.8 
55.1 

52.46 

51.36 
45.7 

42.5 

38.8 
35.5 

32.5 
6.95 

3.66 
Behr* gives the following: list of the principle 

performed on secondary lead, tin and their alloys. 
refining 

Elements to bs remolltd. 

Copper 

Zinc 

Arsenic 

Tin 

Antimony 

Lead 

Iron 

Removal Reage'fl. 

rSulphur 
Aluminium 

{~:~~~!~0~r sal ammoniac 
Chlorine 
Caustic soda 
Lead Chlorie 

!Oxidation 
Zinc 
Aluminium 

{

Oxidation 
Caustic soda plus 
an oxidising agent 

lChlorine 
Lead Chloride 

IOxidatidh 
Aluminium 
Sodium 
Chlorine 

~Sulphur 
l Aluminium 



General Cinss of St~condary Metal. 

Jewelry Metal 

High~grade Babbit 

Solder 

Electrotype metal 

Type Metal 

Tinny hard lead 

Lead base babbit 

High~tin Antimonial lead 

Cable lead 

Scrap lead, sheet and pipe, 
Drosses of the above 

Battery Plater.: 

Approximate Composition. 

Over 90% Sn+Pb+Sb+Cu. 

Over 70% Sn+Pb+Sb+Cu. 

Sn and Pb+anything 

3.5 Sn, 3.5% Sb, balance Pb. 

}3 Sn to 6'}'., 8 to 15% Sb, balance Pb. 

12 to 20% Sn, 10% Sb, balance Pb. 

2 to 3% Sn. 

Very dirty common lead 

4% Antimonial lead 

Possible Disposition 

Tin base babbit by lead removal or 
solder by Sb and Cu removal. 

Same as above. 

Solder. 

Antimonial lead by tin removal. 

Type metals or lead base babbit 
Antimonial lead by tin removal. 

Type metals or solder. 

I Common lead uses. 

Antimonial lead or C<mversiun to 
soft lead. 
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The sodium or aluminium remaining in the melt after refining ~ 
complete, Can be removed by oxidation, steam, sulphur or sal ammoniac, 
Poling or steaming is also used for cleaning up the melt. 

The choice of the removal reagent needs some thought. Costly re-

agents should be avoided as .far as possible. For instance in decopperis
ing with sulphur one pound of sulphur will remove about three pounds 
of copper and in doing so produce about thirty pounds of dross depend
ing upon the composition of. metal. Sulphur is not yery efficient or 
economical while aluminium is highly reactive and can be used for the 
removal of iron, arsenic, copper and antimony from lead tin alloys. 
Since iron, arsenic and copper are objectionable elements and antimony 
needs to be reduced in most re~onversion practice, aluminiuQt is a better 
refining reagent for solder alloys. Each pound of aluminium will remove 
about. three to four pounds of the above elements. If higher amounts of 
tin are present in the alloy the action. of aluminium is more efficient than 
when the percentage of tin is low.- After adding the aluminium the melt 
is stirred and its temperature raised till all the aluminium is melted. 
The melt is then cooled slowly when a crust forms on the surface Which 

contains all the impurities and is removed. 

Zinc when present can be removed by selective oxidation after rais-. 

ing the melt to a cherry-red heat. ·chlorine can be used to remove zinc 
but it takes a special apparatus and a long time. caustic soda though 
an excellent zinc remover should not be used when tin is present unless 
the tin is also to be removed. Lead chloride can bt;; used to remove zinc. 
aluminium, sodium or any other metal higher in the chlorine series of 

heats of formation than lead. 
Arsenic is easily removed· from lead-tin alloys. Powdered zirit can 

be; .used which also removes copper. Aluminium is not a very selective 
arsenic remover in the presence of tin and antimony. It should be 
avoided for arsenic removal as far as possible because of the danger of 
producing tone arsenic gas in the presence of nascent hydrogen by Wet 
aluminium-arsenic compound. 

It is not g~nerally necessary to remove tin from lead-tin alloys; 
However tinny hard lead containing 8-15% antimony can be converted to 
antimonial lead by tin removal. Molten caustic soda. with steam as an 
oxidising agent is perhaps the best way to remove tin. The processes 
of tin removal by chlorine and lead chloride are patented in 
America. 

Antimony is best removed by oxidation. However, when tin is 
present aluminium should be used in order to conserve tin. Use of 
meta.llic sodium for antimony removal is quite novel in that the melt is. 
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solidified after addition of sodium and'· the crust iormed 011 top is dissolv
ed by molten caustic soda which is then ladled off. 

Sometimes in contaminated tin-base metal it is necessary to remove 
lead. This is done by passing chlorine gas. Iron as mentioned above is 

best removed by aluminium. 

Secondary Aluminium : 
Immediately after the war there will be large quantities of secondary 

aluminium avai13.ble .. The proper utilisatioD of this material is of great 

importance in Indian economy because of the high prices of virgin 

aluminium now prevailing. Aluminiu.m unlike copper or lead is very easily 
oxidised and for that re~on it is not possible to refine it by ordinary 
metallurgical processes. There is, however, the famous Hoops process in 

which impure aluminium is re-electrolysed to produce 99.99% pure alu
minium. This process being very costly and requiring elaborate appara
tus is out of the question. The best possible way in which secondaiy 
aluminium can be utilised is for the manufacture of standard alloys· if the 
scrap is properly segregated or for degrading virgin alumihium. Fluxing 
of the ~elt by chlorine gas is recommended. 

Aluminium alloys can roughly be classified into common or non-heat· 
treatable and heat-treatable alloys.- These are again divided into cast 
alloys and wrought alloys. Very broadly it can be said that alloys con· 
taining copper magnesium and nickel are strong or heat-treatable alloyS 
while those containing manganese, iron or silicon are non-heat-treatable. 

In order to promOte the increased use of a secondary aluminium it is 
neessary to know what the scrap consists of. If it is segregated scrap 
of standard alloy and has not been contaminated the best way to use it 
would be by mixing it with primary metal for the production of an alloy 
of t.he same composition. The controlling. factor in deciding whether 
scrap or remelted ingots can be used for this purpose is the composition. 
In case of wrought product the elements to be considered are iron. 
silicon, zinc, tin and lead which are mostly there as impurities while 
in casting alloys magnesium also needs consideration ltlong with the 

other in;:tpurities. 
The problems that arise out of not segregating the aluminiwn scrap 

are so many that · it become~ difficuJt to find a use for such metal. In 
cases where contamination is not serious small amounts of this metal may 

be added in similar alloy metals. Of course the problems of utili:iing Such 
scrap arise only when standard alloys are attempted. In India where 

almost any kind of aluminium is used by the small utensil manufacture 

with complete disregard as to the corrosion resistance, etc., of the final 

product, and where moderate drawability. spinnability· or castability is 
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the only criterion for selection of the metal, ·utilisation of this kind of 
scrap have presented few headaches.· In order to identify different ~u-· 
minium alloys the following spot -tests may be used :-
Chemicals required. 

20% caustic soda solution 
30% nitric acid 
50% ammonia solution 
1% alcoholic solution of dimethylgloyxime. 
{i) 20% Cmutic Soda-A drop of 20% caustic soda solution is 

applied to a cleaned surface of the metal and allowed to react 
for 3 to 5 minutes.· The surplus liquid is then removed with 
blotting paper and the colour of the resulting stain is 
observed. 

WHITE stain indicates, pure aluminium or magnesium alloy. 
GREY-BROWN Loose stains indicates a high _silicon-alumi-

nium ttlloy. 
BLACK adherent· stain indicates either Duralumin or. Hidu

minimum R. R. type alloy. 
(ii) 30% Nitric Acid-Qne drop of 30%· nitric: -acid .is then added to 

any coloured stain produced by the caustic soda solution. If 
complete· solution of the stain does not take place a high silicon 
content is indicated. 

lii$1 SO% Ammonia SOlution--Two drops of a 50% ammonia solution 
are added to the- dr-op of acid-whatever may have been. the 
action oi the latter on the original stain. 
BLUE colo:tr formation indicates the presence of copper in 

alloying quantities. 
(iv) 1% Alcoholic Solution of Dimethyl Glyoxime-Finally one drop 

of a 1% alcoholic solution of dimethyl glyoxime is added. 
Brilliant RED colour spreading over the spot in 1 minute shows 

the presence of appreciable quantities of nickeL 
Faint RED edge to the spot merely indicates a trace of nickel 

as an impurity. 
Secondary M agnesinm : 

All the remarks am-out segregating sec:ondary atwninium also apPly 
to secondary magnesium. The variety of magnesium alloys are very few 
and the majority of both cast and wrought· magnesium alloys contain 
aluminium. magnesium and zinc. Magnesium requires great care in 
handling and under uo circumstances wet scrap should be stored, shipPed 
or recovered because of the danger of hydrogen evolution leading to spon. 
taneous combustion. Magnesium base alloys are easily identified by a 
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silver nitrate spot test. The silver nitrate turns jet black on magnesium 
and remains colourlesss on aluminium. Magnesium scrap is not general~ 
Iy baled because of the l~er magnesium recovery on baled magnesilllll. 
Copper, silicon, iron and nickel are harmful impurities in magnesinm 
and care should be taken not to contaminate the scrap with these 

materials. 
The melting and casting of magnesium require special precautions. 

Melting is generally done in cast iron pots and gas or' oil is used as fuel. 
Fluxes with magnesium chloride base with other halide salts are added 
both for refining and protective a~,;tion. After melting is completed the 
metal is-raised to a temperature of 800 to 900°C before casting. Unlike 
aluminium the higher temperature refines the magnesium grains. Sul
phur is used as a protective fiux while pouring magnesium alloys. In 
cases where a magnesium ftre breaks out care should be taken not to 
use water or any other extinguishers except those specially recommended 
to extinguish magnesium fires. These recommended extinguishers should 
be kept handy and the workmen instructed in their use. 

In conclusion it must be said that in . India a secondary metal 
industry is as important as starting new non-ferrous metal industries. 
India is lacking in workable ore deposits of most of the non-ferrous 
metals, and before the war most of her requirement of non-ferrous 
metals were met by imports. The present war has brought home the 
need_ of a sizable _metal industry in India. Every pound of lead, tin 
copper or other metals salvaged will add to the seU sufficiency of the 
country. However all such salvageS must he done under expert metal
lurgical advice to avoid waste. 
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Six 5 ft. guillotine 
ek:etr.icalgear. 

shears, complete with 2 • do 200 600 

Ont ~·x 12• motor. driven gang slitting No modem 
machine complete wtth u:rap cutter, coiler, exists • .... machine 1 do 1,600 1~00 

Electric Co, 80 
~ equipment obovo slitter and 1 do 80 8 acrap cutter. 

Spare cutters and distance 
plant. 

pi- of slitting do 150 

Ten motor driven circle cutting shean 
plcte with electrical equipment. 

<om- • 7 do 500 s~oo 

Two heavy duty roll grinding lathes. SeveraJ exist in India. Nil. . .. 
One precision roll grinding lathe One in existence. Nil. 

369,670 

fWrlter'{l qtimated pri~ all other Fce:s are plant manufllcturep' est~~ 



Sohedale No. 8 
Summary of major plant f'tquired to product brass and~-non-eteclrolytic capper We in coil. 

Total plant required including 
brief details of 
specifications, 

c)ne multiple wire drawing machine com• 
plete with all electrical pr. 

)~our multiple wire: drawing machines com• 
pletc with all electrical gear, 

<)nc multiple wire drawing machine, com• 
plete with all electrical gear. 

Plant alnady in 
existence in 

India. 

' 
Not in existence 
apart from cable 
companies. 

do 

do 

cJne pointing machine complete with 
trical gear. 

elec-. lNo modem machine 
apart frOm cable 
companies. 

cJne "pulling in" machine 

c)ne multiple wire drawing machine com• 
pJete with an dectrica.l gear, 4 die non-slip. 

F'our multiple wire drawing macbinet (nine 
1 :1i~) oomplete with all clectTical sear. 

Not in cxUtence, 
apart from cable 
eompanie~. 

do 

Units of plant 
to bo 

onl.erded. 

' 

4 

1 

I 

I 

I 

• 

Hu Plant to be 
im~ned or can 

It be produced 
in India, 

• 
To be imported. 

do 

do 

do 

do 

do 

do 

Poet not indude. equipment e.Utinr io Indiao OJ'doance Factorict. 

Approx. 
pnce per 

unit ofim· 
ported plant. 

(In £) 

5 

3,720 lncludin1 
electrica 

11240 do 

1,982 do 

'" do 

164 do 

2,544 do 

1,166 do 

Total price of 
Imported 

plant. 

(In £) 

6 

3,720* 

··-
.... 

2,544* 

4,664* 



I 2 

One No. 4 p..iacer No modem machine 
apart from cable 
compaalea. 

Obo hand pointer do 

Eleven bat1 W c1c1era Ia col- .... 
QO( to .... 

Two beD type electric raistance furnkft Nil. 
each with four hcartht ato1olpbere h$oe: 
rating pl~ting wbh aa r0115 
anunoma together with a hoist 
Cor babdlias the equipment. 

Pl&Dt ManuCac.Uaren1 approL price. 
tWrttcn• mimated price. 

s 

I 

II 

2 

4 5 • 
Tobo..,..,..S. I5S ;..tudlnl -· 151• 

do S7 do Sl• 

Cu bt imported 100 1,,00 
or made: iD ladia._ 1,0000 

To bt imported.. 5,50D 

£50,652 a 



Sohetlule No. 8 

Summary of major plant reduced Jo produce brass and non-electrolytic copper rods and tubes 

Total Plant required ind11ding 
brief details of 
apccificatioml. 

I 

Four4 cwt. low frequency induction fur
naces complete with all ancillary equip
ment including electrical gear, platfoi'IDI 
and fume plant. 

Fom spaM .ets of liniDg fOJ' above 

Four ten lon ·capacity copper reverberatory 
furnaces, complete with aJI anciiJary equip
ment, includingfuel.pulverizcr, 

Plant a1ready inf 
existence in 

India. 

2 

Nu. 

Nil. 

Does not apply, u 
must be erected on 
site. 

One complete .et of good quality clo~ May be in exisknce, 
graioed cast iron ingot moulds. 

Three Billet cuttiug IBWI do 

One electl'ie resittaDce furnace for pre
heating the hiUcta. 

Nil. 

One horizontal 
capacity. 

hydraulic pra! 1700 tons Two 1econd ha~~d 
preucos, of un
known capacity, 
an: in Older, 

Units of Plant 
<o "" 

md«ed. 

s 

• 

• 
• 
I '"' 

• 
May, or may 
be neceuary 
order 1, 

ool .. 

Has plant to be 
imported or 

can it be 
produced in 

India. 

• 
To be imported. 

To be imported. 

Can be made in 
India. 

do 

do 

To be imported. 

do 

Approx. 
price per 

unit ofim• 
pm:ted plant. 

(In£) 

• 
1,278 inc. elcctrica 

25 

.... 

3,500 inc, eleetrica. 

51,800 inc. clcctricl. 

Total price of 
imported 
plant. 

(In£) 

6 

5,l12 

100 

51,800• 



\ 2 • • s • 
Three single chain drawnbenches for work~ No modem machine. 3 To be imported. t .200 inc, ekctria. 3,600' 

ing loads up to 10 toni. To be litted with 
3 speed gearing to give chain speeds of 40, 
60 and 80 ft, per min. and arranged for 
drive with 35 H. P, Moton. 

Two single chain drawbenche! for working do 2 do 1,950 inc. t:lectria. 3,900•• 

loads up to SO tona. To be fitted with 3 
·speed gearing to give chain speeds of 20, 
30 and 40ft. per min, an.d arranged to 
dri~ with 60 H.P. Moton. 

One standard batch type electric reJ:iftenat l(d. I do 7,000 7.~· 
furnace, complete with charginR machine 
and charging tables 22' g•xs' 9• widcxl' ~ 

s· high. l< 
Bar and tuoe atraighteoing machines 'in• 
eluding inlet and outJet troughs and all 
electrical gear. 

One TypeO A No modern machines 5 ... <OS 

One Type I A 
1.333 
1,273 

One Type lfB 2,800 
One Type 2 B 3,500 9191" 
One Type 2iB ·' -~-

~4~0.3• 

**Piant Manufaeturcn' Approx. Price. 

t Writer's estimated price. 



Total Plant required including 
brief details of 
sped6cationa. 

I 

Three 10 ton capacity coke fired apecial 
reverberatory fiU'IlllCell complete with aU 
ancillary equipment. 

60 water cooled clwe-grained good quality 
cast iron ingot mouJda. 

Three continuous 'r:bain conveyor electric 
pre-heating fu.macc& with special dif.cllarge 
IU'rangement. 

Thtee 2vxso• motOr driven two-high re
versing breaking down milb complete 
with Jive roller table~, and guillotine 
sheen-for cutting •trip to length. 

Three set1 of electrical equipment for the 
above milb. 

1 S Pairs 1pare chilled cast iron rolls 
24"x30"' for the above Mill. 

Three electric annealing furnaces J2' 6• 
longXS' wideX2 .ft. hip. 

Sohedule llo. 4 

Aluminium Shed, Strip tJnd Circles 

Plant already in 
uhtenc.: in 

India, 

' 

20 

I 

I 

G pairs. 

J at Be/ur, 

Units of Plant 
to be • 

ordered. 

• 
' 

' 
' 

' 
9 pairs. 

• 

Has Plant to be 
imported 01' 

can it be 
produced in 

India. 

• 
Can be made in 
India. 

do 

To be imported. 

do 

do 

do 

do 

The Approx. 
price per 
unit ofim•, 

parted plant. 
(In £) 

• 

9,000 

26~00 

6,500 

Total price of 
imported 

plant. 

(In £) 

6 

18,000 

52,000 

8,500 

4,150 

13,020 



I 2 s • • 9 

Six 9ft. Guillotine abean '3 3 To be Imported. 300 900 

Nine 30"x4' 6' J:QOtor driven two-high cold ' 2 do 15,000 30,000 

rolling milli. 

Nine lets of eleetrical equipment fOI' the 7 2 do 500 l,OOO 

the above Milll, 

:.!2 Pairs spare roll• SO"x4' 6 .. for the above 
M;u,. 

10 Pain probably 
at Bc1ur aad Alan-

12 pairs do ;,. 16,800 

... 
Two heavy duty roll grinding Latbea Several ia siatence. NiJ. •... . .. 
20 Motor driven cin:lc cutting machines, 
complete with electrical cquipmi:IIt. 

4 16 do 500 8,000 

~ 
152,S50 



107 

·Cost of Plant and Equipm.ent for Reftnery and Copper Electrolysis 
Plant (Capacity 10,000 tons of electrolytic copper per year). 

(1) Cost of land and Civil Engineering 
(2) Building and erecting charges 

*{3) Furnaces, filter plants, costs of Copper 
Electrolysis Plant including Electrical 
Equipment 

••(4) Cost of plant to treat by-product 

*(5) Transport equipment, travelling cranes, 
etc. 

•*(6) Power Station or Transformer station 
*(7} Laboratory Equipment 
(8) Furniture and Fixtures for office, work-

man's canteen, etc. 
•*(9) Tools for maintetiance workshop 

(10) Contingencies; 15% on items. 1 to 9 . 
(11} Finance required for m~tal stocks, d 

based ·an pre-war rates for trading 

and working capital 

Total 

Rs. 
15,00,000 
30,00,000 

80,00,000 
14,60,000 

5,80,000 
9,50,000 

50,000 

1,20,000 

1.20.000 
23,67,000 

35,00,000 

2,16,47,000 

OiEC~EO 
2003-0ii 

eltems 3, 5 and 7 are capital goods which would have to be imported, 
••About 20% of item• 4, 6 and 9 m1y be obtained locally or are laboUJ' ext>enaea 

iacurred fOJ" erectioa. 


