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CHAPTER 1.
INTRODUOTION.

This is the report of the Chemical Industries Committee
appointed by Government in their resolution no. 2118-D.,
dated the 28th November 1938 for reporting on the possibilities
-of the develupment of chemical industries in the province
(vide appendix I). The following members were appointed to
constitute the committee :—

1. Mr. A. S. Khan, M.sc, ILE.S., Principal, Science
College, Patna—Convener.

2. Mr. Chakreshwar Kumar Jain, B.gc., B.I.. M.L.A,
Zamindar and Mill Owner, Arrah-—Member,

3. Dr. V. 8. Dubey, Msc., Ph.D. (London), D.r.0,
Professor of Economic Geology, Benaras Hindu
University, Benares—Member,

4., One Industrial Chemist.

The Committee also co-opted as a member Dr. H. .
Mukberji the Agricultural Chemist to Government while
dealirg with chemical fertilisers and Mr. 8. K. P. Sinha,
Special Officer In charge Electrification, Bihar, while dealing with
fertilizers snd fuels. ’

The meetings were held at Ranchi in aco rdance with the
orders of Government. Mr. Jain found it impos-ible to attend
any of the meetings. The report has the agproval of Dr. H. N.
Mukherji, Agricultural Chemist to Governwent as regards
the manufacture of fertilisers and of Mr. S. K. P. Sinha as
regards this and the econumic treatment of coal gemerally.
Mr. Chakreshwar Kumar Jain, Dr. V. 8. Dubey and Mr. A. 8,
K han bave signed the report subject to separate notes of dissent
or explanation on & few points.

‘We have given very careful consideration to the possible
development of the chemical industries of the privince and
the cunclusions will be found in this report. We must however
give a note of warning at the-outset regarling the value to be
attached to these conclusions. In: the limited time at our



disposal and for lack of funds it bas not been possible for us
to record any evidence. We have received memorands from
certain official and non-official sources which bave been of
much help to us in the preparation of our report. Further
our energetic Secretary bas been able to collect a considerable
amount of information by personal contact with industrialists
in Calcutia. To these sources of information must be added
the personal experience of some of the members of the
Comniittee. While all these sources of information are very
valuable and are sufficient to make our conclusions gualitita-
tively definite we wish to make it clear that the fizures of costs
and productions are approsimate. Our purpose in mentioning
them has Leen merely illustrative, and bence in the case of
industries irvolving large capital a closer scrutiny by experts
actually engaged in the operation of such industries is
recommended.

We have been asked fo examine the possibility of the
following 27 industries.

1. Qils.

2. Dyes.

Artificial silk.

Chemicals including pharmaceuticals.
. Paper, pulp and celluloid.

. Rubber (manufactured).

. Glass and glass-ware.

-~T & o B

. Paints and painters materials.

© o

Manures. .

10. Toilet requisites.

11. Belting for machinery.

12. Earthenware and porcelain.
13. Soap.

14. Bocts and shoes.

15. Tallow and stearine.

16. Gums and Resins,

17. Paper making materials.



18. Coal and coke.
19. Matches.

20. Leather, Raw hides and skins.
21. Oil cakes.

22. Lac.

23. Rubber (raw).

24. Mica.

25. Bones.

26. Candles.
27. Minerals.

For the purposes of our report we have re-grouped these
headings as will be seen by a reference to the table of contents.
Broadly speaking we may divide Bihar industries into two
catagories (1) those of all-India importance (2) those of
provincial importance. By the former we mean those industries
for which raw materials and other facilities are so abundant
that they can be established on a sufficiently large scale to
supply the whole of the Indian market. By the latter we mean
those industries for which the facilities are not so good yet
they are suffieient to supply local requirements at competitive
prices. The importanee of these industries is to be measured
by the help which they can give to other local indus'r es and
to cottage industries which depend on them. -

We have not considered it necessary to eanquire info the
possibilities of all the industries im detail. Sowe of them are
dependent on others and 1t is useless to deal with the dependent
industries until the poesibility of the fundamental industry has been
fully explored. 'We shall mention only one example to iilustrate
our meaning. To establish the synthetic dye industry it
would be necessary to have a well established coul-tar iirdustry
and heavy and fine chewicals industry. It would, therefore,
be futile to enter into an exawination of the synthetic dye

industry without exploring the possibility of the fundamental
industries on which it is based.

Of the basic industries, the conmittze have naturally tried
to develop only those for which the province possesses
exclusive advantages in the shape of raw materials and other
co-lateral facilities making the ptovince the fittest economie
supplier for the rest of the country. The chief characteristic
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of the province is its unique fuel resources in the shape of coal
which whether for a mere power industry or for the develop-
ment of chemical inductries is the essential raw material.
thus the proper utilization of coal with a view to develop a
rational fertiliser industry bas been specially emphasized and
reco me ded as the major industries to be established. The
auxiliary industries for this purpose, for example, sulphuric
and nitrie acids,- have been fully treated in the appropriate
chapters.

In the opinirn of the Comuittee the order of importance of
the industries selected for the first instalment of the provincial
programme is as follows ;-

(1) Low Temperature Coal Carbonisation and synthetic
fertilisers.

(2) Heavy chemicals.
(3) Silicate industries ; glass, ceramics, refractories, etc.
(4) Pulp, paper and card-board.

After the above industries have been established it will
be possible to start many other dependent industries such as
aniline dyes from coal-tar and synthetic petrol which are of
very great importance to the country and for which it is
pecessary that Government should begin to collect data from
NOW.

Of the two all-India industries recommended peither of
them is in existence in India, although they are so important
to the nation. Hence it is imperative that these should be

developed. )

As regards silicate industry, though it is will developed in
the United Provinces we have still to depend upon Japanese
imports for more than 60 per cent of our requirements. The
low price of Japanese products has dealt a severe blow to the
glass industry in various provinces of India. If the glass
industry is developed in Bibhar, we may cut down the cost of
production to such a figure that Japanese competition will be
Ineffective. '

1n the choioe of the above industries we have been gaided
not merely by the existence of the necessary raw materials in
the province but also to a certain extent by the necessity for
co-relation of the industries to be established, the desirability
of safe-guarding the key industrics of the province, the
possibility of future expansions and the requirements of a maicly
agriculiural population.
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Our task has been rendered difficult by the fact that
an industrial survey of the province has never been attempted
and as the Director of Industries remarks guess work has often
taken the place ol satistical data. An accurate estimate of the
minsral resources of the province also does not exist. In the
absence of these we had to be content with such informa*ions
as our Secretary could collect from industrialists in Calcutta or
from the published literature.

As regards finance, the Committee feel that this is perhaps
outs’de their terms of reference. They wish to indicate, how-

ever, that there are three ways in which this problem may be
approached—

(1) Government may finance tho approved schemes by
means of a loan.

(2) Government may guarantee a minimum dividend of 3 or
4 per cent in which case they should bave some kind of control
in the organization of the factory and a large share in the
profits over a certain limit,

(3) The industry may be started by private individuals

or companies, Government giving only techmnical advice and
guidance.

In the case of industries of all-India importance such as
coal carbonisation and nitrogen fixation the possibility of
co-operation of all the provinces in raising funds and shoulder-
ing the financial responsibilities should be explored.

In conclusion the Committee wish to mention the difficulties
under which they had to draw up the present report and the
consequent shoricomings thereof. The time at their disposal
was too short and the work was done by the members in the
intervals of their normal duties in eourse of about three mon ths.
They hope, however, that they have brought together sufficient
materials to help Government to decide whether or not it will

be worth their while to proceed further with any of the schemes
mentioned in the report.

The Committee wish to record their thanks i
Secretary Dr. 8. C. Neogy, p.sec.,, whose memora.ndatoo: htel:;
various industries have been of very great help tothem. Dr. Neogy
collected most of the informations given in this report by
Eersogml visits to industrial centres in Calcutta and without his

elp it would bave been impossible to prepare the report in such
a short time. .

A summary of the Committee’s recomm L.
found at the end of the report. commendations will be
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APPENDIX L

No. 2118.D.

GOVERNMENT OF BIHAR.
DEVELOPMENT DEPARTMENT.

RESOLUTION.

 p—

Patng, the 28th November 1938,

At an informal conference held at Ranchi on the 24th and 25th
October 1938 under the presidency of the Hon’ble Minister for Education
and Development, to consider the industrial planning of Bihar, it was
decided to form various committees for carrying out detailed investigation
into the prospects of different industries in the province. The Govern.
ment are, accordingly, pleased to appoint the following committees with
the members mentioned under each :—

(2) OuEMICAL INDUSTRIES COMMITTEE.

1. Mr. A. 8. Khan, LES., Principal, Science College, Patna—
Convener.

2. Mr. Chakreshwar Kumar Jain, M.L.A.

3. Dr. V. 8. Dubey, M.sc.,, ph.n. (London), bp.LC., Professor of
Economic Geology, Benares Hindu University.

4. One 1ndustrial Jhemist,

The Committee may co-opt as a member the Agricultural Chemmt
while dealing with chemical fertilisers and Mr. 8. K. P. Smha, Special
Officer, while dealing with fae] and power generation.

(b) MEeonaNicar InpustriEs COMMITTEE °

1. Mr. P. N. Mathur, the Tata Iron and Steel Company, Limited,
Jamshedpur—LConvener.

2. Mr J. Tullis, Principal, Bihar College of Engineering, Patna.

3. Mr. N. N. Rakshit, General Manager, Tatanagar Iron Foundry,
Jamshedpar.

4. Mr. B. K Roha'gi, India Electric Works, Limited, Calcutta.

5. Mr. G. N. Maity, Managing Director, Vishwakarma, Limited,
Dharamtola Street, Calcutta.

6. Mr. Gur Sharan Lall, Proprietor, Gaya Cotton Mills, Limited.
(¢) Corrack INpUsTRIES COMMITTER.
1 Mr. 8. N. Dhar, r0.8..—Convener.
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APPENDIX I—contd.
3. Mr. Lakshmi Narayan Sahay, Sscretary, Bihar Branch of the All-
India Spinners’ Association, Madhubani.
4, Mr. B N, Sarkar, Senior Marketing Officer, Bihar.

5. Dr. Gyan Chand, M.A,, Ph.p. (London), Professor of Economics,
Patna College.

6. Mr. K. 8. Rao, Textile Expert, Member-Secretary.

2. All the three committees will have the power to co-opt additional

memwbers for dealing with particular problems, if they consider it
necessary.

3. The Chemical Industries Committee and the Mechanical Industries
Committee will also deal with all the cottage and small induatries coming
within their respective scope. The Cottage Industries Committee will
therefore, meet after the reports of the other two committees are available,

ORDER.,—Ordered that the resolution be forwarded to the Director of
Industries and to all the membezs of the committees.

Ordered also that the resolution be published in Bihar Gazeite,
By order of the Governor of Bihar,
S. M. DHAR,

Secretary to Government,

MEgwuo, ¥o0. 2118.D.

—

Patna, the 28th November 1938.

Copy forwarded to all members of the committee and the Director of
Industries for information,

2. The Chemical Industries Committee and the Mechanical Industrics
Committee will each have the services of a whole-time Secretary to be
sppointed by Government, orders about which are under issue separately.

3. The enclosed list showa the distribution of industries between the
Chemical Industries Committes and tho Mechanical Industries Committee
but it is not exhaustive and is drawn up as a general guide.

4. The Chemical Industries Committee will meet at Ranchi, the
Mechanical Industries Committee at Jamshedpur and the Cottage Indus-
tries Committee at Patna. Government hope that the Machanical
Industries Committee and the Chemical Industries Committee will be able

to submit their reporta by the end of December 1938 and the Cottage
Industries Committee by the end of January 1939,

By order of the Governor of Bihar,
B. B. SINGH,
Assistant Secretary.
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APPENDIX Y-—concld.

INVESTIGATION OF PROSPECTIVE INDUSTRIES IN BIHAR.

oW e

L

10.
1L
12.
13.

R A o

MEOCHANIOAL INDUSTRIES COMMITTEE

Machinery and Mill work. 8. Toys and requisites for gamea.
Metals. 9. Bobbins.
Vehicles. 10. Umbrella and Fittings.
Instruments, apparatus and 11. Cutlery.
appliances.
Hardware. 12. Furniture and cabinet ware.
Building and  Engineering 13. Clocks, watches and parts.
materialg.
Arms, ammunition and military 14. Coir and hemp.
gtores,
. CHEMICAL INDUSTRIES COMMITTEE.
Oils. 14. Boots and shoes.
Dyes. 15. Tallow and stearine.
Artificial silk. 16, Gums and Resins.
Chemicals, incleding pharma- 17. Paper making materials.
ceutical. '
Paper and pulp including artifi- 18. Coal and coke.

cial silk and celluloid,

Rubber manufactured. 19. Matches.

Glass and glassware, 20. leather, raw hides and skins.
Paint and painters materials, 21. Oil cakes.

Manures. 22. Lac.

Toilet requisites. 23. Rubber raw.

Belting for machinery. 24, Mica.

Earthenware and porcelain. 25, Bones.

Soap. 26. Candles.

27. Minerals.
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CHAPTERIIL
Raw MaTegriaLs o BigAR PoR OHEMICAL INDUSTRIES,
(4) Minerals, (B) Agricultural products. (C) Forest Products.

Before dealing with the Chemical Industries proper we
wish to give a general survey of the raw materials available in
the province as Chemical Industries must be ultimately based
on these raw materials.

(A) MINERALS,

The followiug list represents the minerals of Bihar :—

L Coal 8. Glass making sand. 15. Gemstone.

2. Iron ore, 9. Barytes. 16. Graphite.

3. Copper ore. 10. Bauxite, 17. Manganese.

4. Mica. 11. Kyanite, - 18. Apatite and other
phosphates.

5. Potassium nitrate. 12. Chromite. 19. Quartz and quarf-
zito.

6. Fire clays. 13. Asbestos, 20. Steatite.

7. China clays. 14. Limestone. 21. Building materials.

Most of these deposits are being worked in the province.
Besides these there are several other deposits which are konown
to occur but which are not being worked :—

L Antimony ore. 7. Fuller's earth, 13. Platinum.

2. Arsenic ore. 8. Gold 14. Sodium sulphate.

3. Bismuth ore. 9. Lead and silver.  15. Zinc ore.

4. Cobalt ore. 10. Tungsten ore. 16. Radium and Uraniam
Ores.

6. Tin ore. 11. Magnesite,

6. Oorundum. 12. Molybdenum ore.

In many cases detailed information is lacking and it is
possible that further investigation may make their commereial
working feasible.

Coal.—This is the most important of the Bihar minerals.
This province is fortunate in having the largest deposits of coal
in India. The chief deposits are at Jharia, Raniganj, Bukaro,
Ramgarh, Giridih and Raj Mahal. Some of these are still
undeveloped being far off from railways. Most of these coals
are quite suitable for metallurgical purposes. The occurrence
of iron in the neighbourhood makes these deposits of exceptional
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value. Unfortunately the mines are mot being worked either
efficiently or economically, and the coal itself is being .consumed
most unscientifically. 1Tt is true that there are coke oven plants
at Barbari, Lodhna and Giridik and the iron and steel eompanies
are manufacturing and using about 19 lakhs of tons of hard
coke and recovering some of the bye-products, but the present
condion of the soft coke industry is very backward. The coal
is heated in open air and all the volatile matter is allowed to
escape. Nearly 4rd of the total quantity of coal extracted is
lost in the coalfields becanse it is in too firely powdered a state
to be used in the ordinary way. TPower plants utilizing
pulverized fuel might be one of the solutions of this problem.

Iron ore~~As regards the oceurrence of iron ores Bihar is the
most important provincein India. As we have already stated the
occurrence of suitable coal deposits in the province and also of
such materials as limestone, chromium and manganese makes
this deposit of special significance. At present iron and steel are
being manufactured for the prodaction of ordinary goods only
such as sheets, girders, rails and other eommon articles. If India
has to be industrialized it is necessary that more highly
specialized products must also be mannfactured, Several kinds
of alloy steels which require chromiumi, manganese, nickel,
tungsten, ete., for their manufacture should be produced as they
are indispensable in most heavy machinery and chemical
industries. '

Copper.—India has heen a great copper producing country
in the past but during the last century competition with better
and cheaper goods from abroad killed this village indigenous
industry. In these days small plants have no chance of
surviving before modern methods of manufacture. At present
manufacture of copper on more modern lines has been started
at Ghatshila in this province. The total production of this
Copper Corporation is valued at about Re. 80 lakhs. In’ some
chemical operations special alloys containing copper are

required. The production of such alloy will become incressingly

important as the Chemical Industry advances. Another problem
in connection with the manufacture of copper in India is the
atilization of sulpher in the ore. The concentrated ore contains

about 3rd of ifs weight of sulpher. No attempt is made fo

utilize this eulpher. This means that we are wasting about

7,000 tons of sulpbur every year. As there are few sources of -

sulphor in India the problem of utilizing this source of sulpbur

in the interest of key industries like the sulphurie acid industry -

is deserving of most serious consideration.
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Mica.—1India is ome of the largest producer of mioca and of
the total quantity exported, Bihar: furnishes some: 80 per cent.
The export figures are given below i~

p:
F

Sty 1935-36, 1838-37. 1035-86. | 1936-37.

Rs. Re
Mica..In blocks | 24,528 cwt. | 27,296 owt. | 41,64,650 " 47,08,307

Mica..In splittings| 142,121 ,, 15,299 ,, | 41,568,997 [ 46,97,580

The electrical machinery industry is dependent upon mica
and in the absewee of any such industry in Indis, the only
pessible way of disposal of mica is te export it to the European
countries. = Micanite, a valuable insulating material, is
manufactured from thin sheets of mica and. shellac. It would
not be impossible to undertake the manufacture of micanite
goods in Bihar but the protective tarif ir the FEuropean
eountries; will make the disposal of the articles difficult. Waste
mica may, however, be utilized mixed with asbestos powder and

s binding material for 8 composition of boiler covering; which is
now imported. '

Saltpetre—1t is found jn large amount in Bibar. It is
extracted by dissolving the scil containing the salt and filtration.
Most of the saltpetre is used is the: manufasture of gun powder
snd small quantities also serve as manure. In Biliar it is
produced to the extent of about 2,000 tons a year. India
exports about 8,600 tons of saltpetre annually costing about
13 lakhs of rupees or about Rs. 7 per owt, It is a very impotant,
compound as it ocontains potask, a valuable eonstituent of
manures. In India apart from wood and plant ashey there are
no other cources of potassiam' and so this is the ultimate riw

material from which all the requirements: of potash ealts in
Indis cin be met.

Glass, Ceramic and Refractory raw materials.—These
‘include glass making sands, China clays;. fire clays, silliminite,
kyanite, silica and grapbite all of which are known: to oteur in
the province. Besides these plenty of quartw and. felspar are
aveilable which on erushing can be utilized for glass industry.



12

The glass sands are found near Rajmahal Hills, and in the south
they are found near Barakar while quartz occurs in many places
of a quantity suitable after crushing for glass manufacture.
Quartz and felspar are associated with mica and occur in the
mioca belt of Hazaribagh.

Barytes.—1t is found in the Singhbbum district but the
mineral has not heen much exploitad till now. It is being
mined in small amounts, its chief wuse being in the paint
industry.

Chromite—Qecurs in Bibar in several localities near
Chaibassa. It has not been mined extensively till now, but
there are good reserves of this mineral. One important use for
it would be in the manufacture of alloy stecls, as such steels
are very imporfant in machinery manufacture. Chromite can
also be used in the manufacture of potassivm dichromate
necessary in the tanning industry as potash salts also are
available in the province. Neutral refractories can bo manufac-
tured out of chromite which are used for steel and other
metallurgical industries.

Asbestos—1Is found in Singhbhum district. It has been
mined in small amounts but bas not found much use in the
country till now. The production in India of asbestos most of
which comes from Bihar amounts to nearly 90 tons annually,
Though Indian asbestos is not of very good quality still it can
replace much of wkat is imported at present from foreign
countries. It can be used for the manufacture of eternite
sheets and roofing materials. The import of raw asbestos
annually is worth about 2 lakhs of rupees while that of finished
goods is over 12 lakhs giving a total of nearly 15 lakhs of
rupees. Most" of this can be substituted by the asbestos found
in Bibar,

Limestone.—Limestone has great many uses these days, It
is used in various industries such as lime, cement, iron and steel,
glass, cheniicals, ete. Of these the most important use is in
the cement and. iron and steel industries. Bihar is very for-
tunate in having large deposits of limestone in close proximity
to other suitable materials, In Bihar there are at present
three cement factories manufacturing about 1,600 tons of cement
per day worth nearly Rs. 50,000 or more than a crors of ropees
per year. Bihar limestone is also used exclusively at the Tata
Iron and Steel Works, as well as the Indian Iron and Steel
‘Works. It has not been much used in the chemicals and glass
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industries till now. The reserves of this mineral in the province

are said to be enormous and can adeqnately supply the growing
need of all the industries. '

Bauzite—Is the ore of aluminium, ILarge deposits of
bauxite are found near Ranchi and Palamau districts situated
quite near the coalfields from which cheap current can be
generated for aluminium manufacture. The amount of bauxite
is large and the quality fairly rich. This industry has great -
future in Bihar as aluminium is used in many industries. The
present import of aluminium in Iudia amounts to about 3,000

tons including wrought and uawrought materials worth about
43 lakhs of rupees. '

Graphite—Does not occur in large amounts in the province,
and the quality of the mineral requires investigation. It is used
for the manufacture of crucibles and other refractory materials,

Manganese.—Ores of manganese are found in several
localities in the province. The deposits of importance are those
in the Gangpur State and in Sirghbhum. 7The production of
the metal in the province in 1936 amounted to pearly 12,000
tons. Manganese is used in the manufacture of ferromanganese

aond where it is obtaired in a pure condition it can be used for
glass industry.

Besides the above many other n.inerals are found in the
province, but these have not heen fully investigated. As the
country advances industrially the value of these minerals is

bound to increase. At present it is not possible to suggest any
method of exploiting them. '

(B) AericrLrUuRAL ProODUCTS.

Bibar is very rich in agricultural resources. Rice, wheat,
maize, linseed, rape aird mustard, groundnuts, pulses, etc., are
grown abundantly in the province. Fruits like mangoes and
lichees are also plentiful. The relatiorship of agricultural
products to chemical indnstries arises from two causes. First]
chemical manures are necessary for intensive cultivation and
secondly some of the agricultural products are required as raw.
materials in certain chemical irdustries. Oil is required for
soap and paint industries, glycerine and toilet preparations,
8imilarly fruits can be converted into jams and preserves while
food-grains can be used for biscuit making and other such
industries. It is not necessary for us to go into greater details
as the memorandum submitted by Mr. B. N, Sarkar gives aj]
the relevant facts ard is exceedingly interesting.
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THAPTER 111,
EcONOMIC TREATMENT OF COAL.

Low Temperature Carbonisation,

The coal deposit of any country is an asset ef the greatest
national importance and its conservation should engage the
attention of all well wishers of the country guite apart from the
question of immediate industrial developments, It is a duty
which we owe not only to the present generations of ‘India but
to posterity. Bibar is the principal ecal-producing province in
India. This «ill be evident from appendices 8 (z) and 3 (b).
It will also be evident that in Bihar the chief eoal-preducing
locality is Jharia. The tofal reserve of coal in India: is stated
to be 54,467 million tons of which 30,573 million tons is in
Bihar. The total reserve of coking coal in India is said to be
3,948 million tons of which 2,940 is in Bibar. When we
examine the actual production figvres we find that Bihar contri-
butes as much as 53 per cent of . India’s production of coal and
Jbaria alore produces about 41 per cent. Any scheme of coal
conservation in India should, therefore, be. initiated at Jharia
where it has the best chance of suceess and indeed is likely to
produce the maximum effect.

Coal conservation.

That the need for coal conservation is urgent will appear
from the following extracts :—

* The working of great seams in this country has resulted.
in & confessedly immense wastage, almost unparal-
leled elsewhere......... «.« This wastage whatever be
the cause, is a scandal for which the presenf gene-
ration will ultimately be called to account’’. (John,
Henry, Trans. Min. and Geol, Inst., Vel. XXIV,
1929, pages 117-118.) '

“ With regard to conservation of cosl and the Grading
Board, it so bappens that in the Jharia coalfields
there are certain thick seams of which only s part
of the section has been graded as “selected’ or ‘first
class’. Now many companies cannot dispose of
anything inferior to at least *first class’ graded
coal at the present day, so they have no alternative
but to work only the better graded section of these
seams, and leave the rest which, in some cases
amounts to 60 per cent of the total coal in the neam;’
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this portion, in one particular instance being in the
upper part of the section is entirely lost to posterity,
when the lower and better part of the seam is goaved.
The top portion, alchough not graded as ‘sclected ’
or ‘first class’ is a very valuable toal which may
gome day be wanted ", (Starksfield—Trans. Min. and
Geol. Inst., Vol. XXIV, 1929, pages 117-118.)

“In the absence of good market second class coal is being
neglected and sometimes unmined. Better class coals
normally, suitable for metallurgical purposes some-
times occurring below the second class coal are being
extracted and used up in large quantities for boiler
firing...... vee-.. » After this extraction the whole of the
upper layer of rocks, together with millions of tone
of second class coal are ailowed to go down into goaf
cousisting of a hopelessness of rock and coal debris
from which there is absolutely no chance of the
economic extraction of coal. Thus not only is
a large quantity of coal occuring at the deeper regions
of the mine, faced with the danger of abandonment
on account of fire, flood and the present .day methods
of faulty working but many coal seams occurring near
the surface are also being ruined ”. (8. K. Roy—
Bulletin no. 1,1937. The Geol. Min. and Metal.
Soc. of India, page 1.)

From the above it is clear that there is urgent need for 8
scheme of coal conservation in the province. This is all the
more necessary as the reserve of coal in India is extremely poor
compared with the population of the country. Now if we
analyse the various causes of wasting of coal we find that the
two main causes are :—

(1) Bad methods of working.
(2) Want of market for second and lower grade coals.

1n this report our purpsse is to suggest remedies for the
second cause of waste, i.e., to find market for second and lower
grade coals, Various suggestions have been made to bring about
this result. Among these are the following :—

(1) To encourage the use of second class coal in boilers.

(2) To manufacture oil from low grade coals.

{3) To manufacture smokeless fuel or soft coke from low
grade coals and to make use of the bye-products for
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industrial purposes such as the manufacture of oil
and fertilisers and the generation'-of electricity. To
ug it seems that item (3)- should be taken in hand
firgt. o : '

It has been shown that generally speaking Jharia coals are
quite suitable for the manufacture of soft coke by Low Tempe-
rature Carbonisation and' many valuable bye-products can be
recovered. (R. C, Bhattacharjee—Qurt. Jour. the Geol. Min, and
Metl. Soc. of India, Vol. 1, page 101, K. L. Roy, S.8: De and
B. C. Guba, Ind. and News Edn. of J. Ind. Chem. Soec., 1938,
page48.) o

From the available data of consumption of coal in India it
will be seen that barely 3 million tons of coal are used for house-
hold purposes. Without question itcan be ‘asserted that there
are possibilities of great expansion in the household coal trade.
In order to help this branch of the coal industry an acf (Act
VIII of 1929) known as * Indian Soft Coke- Cess Act” was
enacted. ‘The main features of this are (1) * to levy and collect
on all soft coke despatched by rail from collieries in the provinces
of Bengal, Bihar and Orissa a:cess at the rate: of .two sannas per
ton ” and (3) * the proceed of the cess and any:other .monies
received by the committees shall be applied to meeting the
expenses of the committee and the cost of such measures as it
‘may consider advisable to take for promoting the sale. and
improving the methods of mrnufacture of soft coke ™.

Although due to the efforts of the soft coke cess committee
consumption of soft eoke is increasing year by year yet from the
fact that only 860,000 tonsof soft coke aro eonsumed  annually
(note on the production and consumption of coal in India, 1934,
p- 1870), it is evident that only a few million- people use 'it.
For large circulation of this material it is necessary that this
fuel should be available at a cheaper rate. -

According to the present day method of manufacture. of
soft-coke in the coalfields abont 100 -tons of coal is' burnt “to
produce only 50 tons of soft eoke. (Rec.: G. 8. I, Vol. LXIV,
1930, E 67.) By this method all the bye-products are lost.
But when a ton of coal is subjected to a low temperature carbo-
uisation process about 15 gallons of tar yielding 1'5° gallons of
motor spirit can be recovered. (Bulletin 1,1937—The Geol. Ming.
and Metl. Scc. of India—p. 47.) Also by the same process .one
-ton of coal yields about 14 cwts. of soft coke that is recovery is
~about 70 percent against 50 per cent in the ordinary method. !

. - S
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Even taking the present day consumption of soft coke it will
be seen that about 2 crore gallons of tar yielding 20 lakhs gallons
of motor spirit are wasted every year. If a scheme of low
temperature carbonisation can be shown to be feasible the
gboveme:;tioned valuable ‘bye-products will not be allowed fo

e wasted.

COAL CARBONISATION.

__'When coal is subjected to a suitable process of destructive
d{ﬂft;on (carbonisation) the following primary products are
0 ed :—

(1) A smokeless fuel (coke).
(2) Coal-tar.

(3) Ammonia,

(4) Coal gas.

The quantity of the products varies with the kind of coal
and the process of coking. On the average one may assume
that 1 ton of coal will produce 14 cwt. of soft coke, 15 gallons
of far, 5,000 cubic feet of gas and 25 lbs. of ammonium
sulphate. _ '

Soft coke can be used as domestic fuel ; but it can also
be utilized for all purposes for which coal can be utilized includ-
ing the firing of boilers and the manufacture of gaseous fuel
(producer gas and water gas). Coal-tar can be utilised for the
manufacture of various liquid fuels for motor and diesel eogines
or as nuclens of synthetic dye and organic chemical industry.
Coal gas can be burnt either in an internal combustion engine
or under a snitable boiler for the generation of power which
can be obtained in the form of electricity and transported to
long distances. The hydrogen in the coal gas can if so desired
be separated and utilized for the manufacture of ammoniacal
fertilisers and for other purposes. The gas remaining after the
removal of hydrogen can be burnt for the production of heat
or electricity in the . usnal manner.

THE ECONOMICS OF THE PROCESS.

It has not been possible for us in the short time at our
disposal to obtain recent quotations from abroad for low tem-
perature carbonisation plants. Consequently figures based on
such quotations eannot be included in the report. Howerver
the illustration given below mayserve to explain the nature of

aha nenhlam with whirh wa hava fa daal
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In a well known publication (Lander and McKay, Low
Temperature Carbonisation, page 269) the following balance
sheet is given to illustrate the economics of low temperature coal

carbonisation for conditions prevailing in England soon after
the war :—

Sheet A.
Income. Espenditure. :

£ a d £ 8 d

Coke 14 cwt. at 20 sh. 0 14 0 Coall tonat 20sh.per 1 0 0
per ton. ton.

Tar 15 gallons et 6d. .. 0 6 3 Cost of carbonising in- 0 4 0

cluding fuel.

Gas 30 thorms. at 4d... 0 10 0 Iaterest and deprecia. 0 4 0
tion.

Total .. 110 3 Total .. 180

Favourable balance 2 sh. 3 d. or 11 per cent on
cost of plant.

'If we were to apply the above ﬁgures to conditions in-
India the following balance sheet will result :—

Sheet B.
Incowa, . Expenditure,

Bs. a. p. Rs. a. p.

14 cwt, of cokeat Rs. 4 23 I3 0 ltonocalat Ro. 2 .. 2 0 0O
_per ton.

15 gollons of tar at 2 13 0 Qoet of carbonisation 1 7 3

annas 3. - inclading fuel.
Gas 5,000 cu. ft. .. 0 6 6 Interest and deprecia- 2 8 0
tion,
Total .. 6 0 6 Total

.. 815 3
Favourable balanee annag 0.1-3,

Intlns balance sheet Indian price of raw materials and |
products has been substituted for the English price. The cost
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of coal is put down at Rs. 2 per ton ‘because it is only the
inferior kinds of coal which will, in practice, be subjected to
low temperature carbonisation. The cost of interest and
depreciation will not alter very much while the cost of carbo-
nisation will be reduced as it includes fuel also. In sheet A
the cost of carbonisation is four shillings which includes the cost
of %, ton of coal which at 20 -shbillings per ton will amount
to 2 shillings. If we exclude the cost of fuel, the cost of
carbonisation alone will be 2 shillings or Rs., 1-4-0. To this
must be added the cost of fuel at the Indian rate of Rs. 2 per
ton i.e., annas 0-3-3. Thus the total cost of carbonisation will

amount fo Ras. 1-7-3 per ton.

On the income side the price of coke and tar is in accord-
ance with the present day market rates. The price of gas is
according to its value as a fuel reduced to its equivalent in

Indian coal.

The conclusion to be drawn from this balance sheet is
that if expensive imported machivery of such a type is used
that the- depreciation and interest charges would amount to
Ra.. 2-8-0 per ton of coal treated, then the margin of profit will
be small although even in this case there will be no actual loss.
It is clear from this that every effort will have fo be made to
keep the cost of carbonisation and depreciation as low as

possible.

Dr. H, K. Sen of the Lac Research Institute, Namkum,
has been conducting researches on e€oal carbonisation for
a number of years. We have examined the result of his experi-
ments and have privately discnssed the matter with him. It
is clear to us that if the cost of machinery is reduced by
making use of the simplified type of “plant devised by him
low temperature carbonisation will become not only a practica-
ble but a most profitable industry for Bihar. For comparison
with sheets A and B above we give sheet C below which is

based on Dr. Sen’s experiments.
Sheet C.
Expenditore.
BRs a. p.
at Rs. 2 2 0 0

Income.
Rs, a p.

Priceof 14 cwt. of coke 1 15 3 1 ton cosal
at Ra, 2-12.0, per ton
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Rs. a. p. Rs. a, p.

GQas 5,000 cu. ft. .. 0 6 6 Costof T—1000 2 4
: _ tons of fuel.

Labour .. 0 6 0
Over-heads .. 0 2

Total .. 010 8

Interest and depreciation 0 7 0
at 15 per cent on 1,000,

p—

’ Total e 5 2 9 LTotal L) 3 1 8

Favourable balance Re. 2.1-1 per ton of coal
carbonised.

Our colleague Mr. 8. K. P. Sinha has suggested ocertain
amendments in prices of tar, coke and coal in this sheet which
will have the effect of reducing the margin of profit to
a certain extent as shown in sheet D below.

Sheet D.
Income, Expendituare,
Rs. a. p. Rs. a. p.
14 cwt. coke at Ba. 6 3 8 0 Coalat Rs, 3perton .. 83 0 0
15 gallons tar at annas 2 1 14 0 Cost of carbonisation .., 0 10 8

Gas .. .. 0 6 6 Depreciation and jn- 0 8 0
terest.
Total «. b 6 °6 Total .. 4 2 8

Favourable balance Rs. 1.8-10.

- Dr. Dubey has worked out & balance sheet based. on
imported machinery in aocordance with American practice
and finds that even in case of this type of machinery there
will be ample profit. We give his figures as balance sheet E,
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Sheet E,
Income. Expenditure.
Rs. & p., Rs. 8. p

14 cwt. coke at Rs. 1 15 3 Coalat Rs, 2perton .. 2 0 0
2.12-0.

17 gallons tar at annas 8 3 0 Cost of carbonisation.., 0 11 6
3

Gas utilized for heating. 0 0 0 Interest and deprecia- 0 14 6

Therefore mo income tion.
from it.
Total . - b 2 3 Total .. 8310 0

Favourable balance Ra. 1.8-0.

In all the above computations the price of tar has been
assumed o be not more than annas three per gallon but we hope
that once the coal distillation process comes into general use the
furtiier working up of the tar into useful products will also be
started. The extended use of internal combustion engines for
the production of power is bound to create a good market for
distilled tar to be wused as liquid fuel. The effect of all this
will be that the price of tar will not only be maintained at its
present value but will very probably increase.

In none of the balance sheets have we taken the value of
ammonium sulphate into consideration. We are certain that
the isolation of this substance will become a valuable source of
additional income to the coke manufacturers. According to the
nature of the coal and of the process of carbonisation 14—40 Ibs.
of ammonium sulphate per ton of coal can be obtained.
Assuming 26 lbs. to be the average, the cost of manufacturing
ammonium sulphate will be about six annas which according
to the present market price of Rs. 100 per ton will fetch anpas
eleven and thus leave a clear margin of five annas to be added
to the income side of the balance sheets given above.

The price of gas has been assumed to be annas 0-6-6 only
on the basis of its value as second class fuel in terms of coal at
Ra, 2 per ton. In our opinion this is a very conservative
estimate. Gas as fuel is foo valuable to be ranked as a second
class fuel. If we treat it as a first class fuel its price can be
easily doubled and if it is found possible to utilize even a portion
of it either as illuminant or for the manufacture of chemicals
ita value will be still more increased.
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‘We thus see that the balance sheets as they stand are far
from discouraging. But the important thing to remember (and
which does not appear in the balance sheet, is that on the asset
side we should also place the advantages of coal conservation and
the prevention of the disasterous comsequences of the wasle of
low grade coals which we have fully explained in the beginning
of the chapter. To these advantages may be added those arising
from thestarting of certain key industries in the country which
are based on coal carbonisation, of finding employment for the
educated young men of the province and of preventing the
" smoke nuisance which though not so great as in European
countries is bound to increase in future and is already a menace
to health in the larger towns.

SUGGESTIONS.

A comparison of the balance sheets shows that there is
distinct agreement between sheets (C) and (D) but sheet (B)
characterises itself by inoreased allowance on the cost of plant
imported from abroad. If the cost of this plant is reduced fo
Rs. 2,600 per ton of coal treated per day or even to Re. 3,000
as appears to be indicated from reference to the cost of plants
already in operation abroad and if corresponding charges for
depreciation and interest are effected in balance sheet (B), the
margin of profit becomes Re. 1-1-6 per ton. It would appear,
therefore, that low temparature carbonisation under Indian
conditions is a profitable venture, apart {rom itafar reaching
influence on the general economy of coal in the country.

We are definitely of opinion that the present wasteful
method of making soft coke by burning coal in heaps in the
open Bhould not be allowed to continue. The committee
definitely recommend to Government that immediate and

imperative stops should be taken to stop this irrational method
of Eandling coal.

Having thus established a definite objective the next
question that arises is what method should be adopted of bring-
ing it about, As we have already stated Dr. H. K. 8en has
been working on a special method of low temparature ecarboni-
sation about the potentialities of which we are very hopeful.
In fact he bas already got a plant working on a miniature scale
at Namkum. A somewhat enlarged experiment on the same
line is about to be conducted at the Science College, Patna and
it is our hope and belief that that experiment will yield valuable
results which will go to show conclusively that this scheme of
low temperature carbonisation can be made a commeroidl success
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even on a comparatively small scale. We are concious of the
fact that the experiment at the Science College is yet in an
embryonic stage, but the committee after considering the
potentialities of the scheme feel justified in entertaining the
hope as outlined above.

For the reason given above the committee recommend to
Government fo prohibit by legislation the present open air
method of the manufacture of soft coke. Firms and individuals
who are engaged in this trade can make it by the new process.
The capital cost involved is by no means prohibitive and
Government, by way of assistance to them should make plans
available and should give all facilities and help. 'With this
method of mannfacture of soft coke two bye-products will
become available. One is gas which the manufacturer will
be able to utilise himself in heating the retort and the second
bye-product will be crude tar.

In the opinion of the Committee Government should
guarantee the purchase of all the the tar at a fixed price of
-annas two per gallon to such producers as are prepared to enter.
into agreement with Government as to its sale for a long term.]
The tar should be dealt with at a central factory under state;
-anspices.

While we are convinced of the soundness of our ahove;
recommendations we are of opinion that before undertaking
legislation it will be advantageous for Goverament to invite the
‘present producers of soft coke to a confernunce and discuss with
them the specific steps snggested above.

The committee are not prepared to recommend to Govern~

-ment to start a big central carbonisation plant by itself,” buf
they feel justified in suggesting that the question of putting up
a plant in conuection with the Electrification Scheme where the
products may be utilised in that scheme for heating the boilers,
may be properly examined and investigated. '

' BUMMARY OP RECOMMENDATIONS.

(1) Open air method of soft coke manufacture should be
prohibited. by legislation and the manufacturers required to
instal low temperature carbonisation plant.

(2) Government should guarantee the purchase of all the
tar produced. .

- No central factory for coal carbonisation should be erected
by Government but possibility of erecting a plant in connection
with the Electrification Scheme should be investigated. :
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APPENDIX III(a).

Reserve of coal of all kinds in India (in mallion tons).

b

Total Total coals All coals
Coal fields. all kinds of coking other than
‘ of coal. quality. coking coals..
Ton, Ton. [ Ton.

[ Giridih .o . 60 40 [ 20
Jhatia .. .| 20500| - 2300 - 18200
Bokaro Ramgarh . 1,000 600 400 -

(at loast).

| Karampura South . 76 . '
2 4 Not fully - 8,975
@ | Karampura North . 8,900 tested.

‘Auranga .. iy 20 ., | ‘%0

Hutar . .. ' 9 | Said to be 9

some,

Daltonganj .. . 9 _ 9

| Hajmahel area . 200 | Not properly 200

o tested.
Total .. 30,773 2,940 27,833
Raniganj . .e 22,000 408 21,692
Sirguja, Korba, Sambalpur  ,, 200 | Some  in .
Korba small
quantity.
Talchar . 44 - 44
Wardha and Godavari valleys .. 400 . 400
Satpura Region ., .. 160 | Some very .o
' | small amount.
Assam e . 600 600 | There are
Other fields .. " 100 . * 00
Total . 54,467 3,948 50,519

(Ree. G. 8. 1. Vol. LXIV, 1930—page 71).
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APPENDIX III(b).
Annugl productoin of coal from various coal-fields in India.

Couniries, Year 1934. Per cent of
to:al.

Toun. Ton.

Bihar— )
Bokaro .. e 1,399,261 6-34
Giridih .. 761,010 3-45
Jainty .. e . 42,717 0-19
Jharia .. “e 9,057,546 4106
Karanppura .o .e 397,147 1-80
Rajmahal Hills .- . 1,699 0-01
Total .. 11,659,280 5285

Bengal and Orissa—
Ramplll‘ e ame 28,128 0'13
Ranigunj .e .e 6,795,838 3081
Talchar State .o .s 306,649 1-39
Central India—
Sohagpur (Bewah) .. .o 194,638 0-88
Umaria (Rewah) - .- 94,743 0-42
. Central Provinces—
Ballarpur (Chands) .. .e 321,038 1-46
KO].'PA Stﬂt& .a -w 400,350 1’82
Pench Valley . .. 1,117,942 507
Raigarh State .e 3,162 0-01
Hyderabad—

Sasti .. 41,880 0-19
Singareni .e e 527,989 2-39
Tandur .. .. 199,767 091

Total . 21,691,404 98-34
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ADPENDIX IT1X(b)—concld.
Countries, Year 1084, Por cent of
total.
Ton. Ton,
Assam—
Makum, ete. .o .e 186,313
0-86
Khasi and Jaintia hills .e ‘ 3,214 '
Baluchisthan—.
Kalat State e ve 4,221 1
Quetta (Pishin district) 6,358 |
Punjab (Salt Range)—
Jhelum district .e s 54,909 Y
Mianwali district .. .. 64,986 | L 0-67
Shahpur district .. . 5,371 |,
Rajputang-—
Bikaner .. .e 86,510 0-16
Total .o 336,043 1.68
Grand total .e 22,057,447 100

(].;;t; or the production and consumption of coal in India 1934,
pages 2-3).
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CHAPTER 1V.

SYNTHETIO FERTILIZERS.
Nitrogen Fization,

As we have already stated previously the economic treat-
ment of coal is an all-India problem. We have also seen that
its chance of success will be greatly increased if it is combined
with other useful schemes for the utilisation of tar and gas
which will help the industrial development of the province. One
such scheme is the production of nitrogenuous artificial fertilizers
by the process of nitrogen fixation. We have chosen this item
to be in the fore-front of our programme for the following
reasons :—(1) All the raw materials required for the industry
are available in ;Bihar. Coal the most important material is
obtainable more cheaply in this province than anywhlere else in
the world. (2) This industry can be made to fit in with a scheme
of coal conservation, and soft coke manufacture. (8) There will
be no difficulty in marketing the preducts. (4) India is princi-
pally an agricultural country and nitrogen fixation for the
production of a cheap fertilizer is of ‘the greatest national
importance and is pre-eminently a kcy industry.

Two of the essential things required for intensive cultiva
tion are water and fertilizers. In the past a great deal has been
done to extend the benefif of irrigation but as regards fertilizers,
almost nothing has been done with the result that India has to
import a large amount of synthetic fertilizers from abroad. At
present the amount of ammonium sulphate imported info the
country can satisfy the need for nitrogen for a very small acreage
only and the cost is too high to bring it into general use. For
the agricultural prosperity of India it is necessary that fertilizers
like ammonium sulphate should be available at as cheap a cost
as possible. For this it is necessary to have a cheap and
abundant source of ammonia.

For the production of ammonia most of the civilised count-
ries of the world have got well established nitrogen fixation
industry. In countries like Germany, Japan, United States of
America and U. 8. 8. B. the amount of fixed nitrogen produced
per year amounts to two to four lakhs of tons while in India
aven a beginning has not yet heen made. Iadia is importing
about 60,000 tons of ammonium sulphate per annum which
means about 12,000 tons of fixed nitrogen. This amount is
rothing compared with the production of three lakh tons of fixed
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nitrogen or about 15 lakhs tons ammonjum sulphate in Japan
and similar production in other countries. There has been
a great increase in the mumber of plants for nitrogen fixation
during the last few years and now it has become comparatively
an easy task to obtain suitable plants.

The chief raw materials for the manufacture of synthetic
ammonpia are nitrogen and hydrogen which sre combined nnder
eertain conditions to gzive rise to amwmonia. As far as nitrogen
is concerned, the only thing required for its manufacture is
power which is utilised to liquify the air from which pure
nitrogen is obtained. The other raw material, hydrogen is more

difficult to obtain and its -cost is much higher than that of
nitrogen. :

Manufacture of hydrogen.

On examination of the syntbetic ammonia plants of the
world, we find that there are three main sources of hydrogen.
(1) Coke oven gas. This gas coming out as a byz-product from
coke oven, contains about 50 per cent of bydrogen the rest being
other combustible gases. In the case of Low Temperature
Carbonisation in the externally heated retorts, the gas given out
amounts to 8—6 thousand cubic feet, 256 per cent of which is
hydrogen, while in the case of Low Temperature Carhoniration in
the internally heated retorts, the amount of gas given .oui
amounts to 30—356 thousand cubic feet, about 16 per cent of
which or say 6,000 cubic feet is hydrogen. This method of

obtaining bydrogen can be adopted near the coal fields with well
developed coke oven plants.

(2) The second source of hydrogen is water gas produced
from coal. When steam is blown over a bed of glowing coke
water gas is produced which contains 50 per cent of hydrogen.
Besides this it also confains carbon monoxide. This carbon
monoxide gas can be made to react with steam to give rise to
hydrogen and carbon dioxide. Bo this water gas is another
.source of hydrogen. For producer gas manufacture, inferior
coal will serve the purpose ; in Germany bLrown coal is utilised
for this purpose. Ln India this method of production of hydro-
gen can only be useful near the coalfields and is rather unsuit-

able fur any other part of India. If in Bibar, coal distillation

plant is not established the hydrozen can be essily obtained by

this method. But the price of bydrogen would work out to be
slightly higher ju this case than in the case of bye-product.coke
oven gas. For this reason it is desirable that synthetic ammonia
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manufacture should if possible be combined with coal carbonisa-
tion and if this cannot be done then and then alone water gas
method of making synthetic ammonia should be used.

(3) The third source of hydrogen for manufacture of synthe-
tic ammonia is electrolysis of water. In those localities where
electric current is very cheap this method of production of
bydrogen has been utilised for the production of synthetic
ammonia., In Bihar this method is not likely to be as economi-
cal as either the coke ovan gas or water gas method. The power
produced at the coalfields with coal at Rs. 4 a ton will cost not
less than 1} pice per unit. The cheapest rate at which electric
power is available in any part of India is Rs. 60 per K. W. Y.*
at Metlur in Madras which also works out to 1} pice per uwit.

Cost of machinery.

From the above consideration it is clear that there are no
inherent difficulties in obtaining the raw waterials for ammonia
manufacture in Bihar. We have next to examine the cost of
machinery and the cost of production of the finished goods to see
whether or not pitrogen fixation is likely to be a commercial
success. Unfortunately none of the members of this committee
have first hand knowledge of nitrogen fixation. It is, therefore,
not possible: to go into full details but our colleague Dr, V. 8,
Dubey has been long in correspondence with Mr. Faucer an
Italian expert who is a patentee of one of the well known pro-
cesses of nitrogen fixation. Mr. Fauser has supplied certain
figures for the cost of manufacture based on ihe prices of power
and raw materials available in India. The report is confidential
but Dr. Dubey has been good enough to make it available to the
committee. It is appended to this report for the information
of Government. It will appear from a perusal of these papers
that the capital required will be of the order of 60 thousand to
vne crore of rupees. The cost of synthetic ammonia will be
approximately £ 6/4 per ton and may be as low as £ 4 per ton
if certain economies are effected by combjoing the process of
nitrogen fixation with that of low temperature carbonisation.
It appears to the committee that these figures are most en-
couraging and if they are found to be confirmed by expert
examination nitrogen fixation is a very practicable proposition
for this province. ’

sDr. H. K. Sen in his Presidemtial address on some aspects of National Plann-
ing delivered before the Institution of Chemists {Indis at Jamshedpur 1939 vide
pages 14—19), has calcnlated the cost of 1 K. W.Y. as low as £ 1'63 or
Ras. 22 by a combination of low temperature distillation of coal and subsequent
gesification of the soft coke by the Mond process. If his figures stand rigorous
scrutiny, the production of electrolytic hydrogen is gxpected to be as cheap, if
not cheaper, than by the other two processcs,
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Amontum Sulphate.

Ammonia after manufacture must be converted into some
form of ammonium silt before being placed on the market as
fertiliser, The usual salt in agriculture is ammonium sulphate.
According to Dr. TI. K. Sen who has considerable experience in
this line the cost of ammoniam sulphate from ammonia at £ 6/4
per ton will not be more than £ 4 per ton which ean be sold to
Lthe cultivators at Rs. 65 per ton. The present selling price of
imported ammonium sulphate is Rs. 109 per ton F. O. R.
Calcutta. We thus see that the synthetic ammonium sulphate
could be placed on the market at lower prices than at present.

We have seen above that nitrogen fixation is quife practi-
cable if the ammonia is converted into ammonium sulphate. If
however the ammaonia can be sold in the alternative form of
nitro-chalk then the proposition would become not only more
feasible but one of the most successful and profitable enterprizes
we can think of. Subject to the accuracy of the figures supplied
by Mr. Fauser aud to certain reservations regarding the suitabi-
lity of nitro-chalk for Indian soil which we shall explain later
we feel that the manufacture of nitro-chalk has certain .inherent
advanlages which require closer examination and which we
explain in the next paragraph.

Nitro-Chalk,

As we have already stated the usual salt used in agriculture
is ammoniom sulphate but for this purpose sulphuric acid is
required. Now a suitable source of sulphur has not yet been
discevered in this. country and this makes the sulphuric acid
industry depend2nt on imported sulpbur. For this reason the
cost of sulphuric acid works out to be high and so also that of
ammonium sulphate. Moreover the supply of sulphur may be
cut off during war time, in which case a key industry of the
nature of nitrogen fixation on which so much capital is to be
sunk will find itself in great difficulty.* From all these considera-
tious it appedrs desirable that if possible the ammonia should be

*In the Presidential addreased referred to in the previous foot note Dr. H. K
Sen has laid special streas on the feasibility of using gypsum instead of sulphuric
acid, for fixing ammonia. As a matter of fact this prooess was used in the Haber
Proocess of mannfacturing ammonium salphate during the last world war, Consi-
derable deposits of gypsum are available in several placea in India and on the
assumption that a ton of gypsum could be had for Rs. 15 at any suitable site
in Bihar, the cost of production of ammonium sulphate from synthetio ammonia
would be of the order of Ra. 43 per ton. This process deserves therefore to be
carefully considered. The bye-product ammonium sulphate manufatured with
gypeem_would cost about Re. 22 per ton. -
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¢onverted into ammonium nitrate for. marketing as nitro-chalk.
In this process a portion of the ammonia will be. oxidized by a
catalytic process into nitric acid and combined with the rest of
the ammonia to form ammonium nitrate which will then Le
mixed with lime-stone and sold as nitro-chalk.

Mr. Fauser thinks that this is the best solution of the
problem of the dearness of sulphurie acid and has supplied figures
of production cost of nitro-chalk which we have included in the
appendix. From these figures it seems that the cost of produc-
tion of nitro-chalk containing 15 to 16 per cent of nitrogen will
be about Rs. 26 per ton or if an alternative method of hydrogen
manufacture is chosen to about Rs. 20 per ton. Nitrogen for
nitrogen this price is one quarter of the present selling price of
ammonium sulphate. It could be supplied to cultivators at
prices which will make it popular and bring it into general use
in the country.

As we have said before nitro-chalk contains 16 per cent of
available nitrogen as against 29 per cent of ammonium sulphate;
but if it ean be manufactured so cheeply as Mr. Fauser’s figures
indicate it is really much more economical than ammonium
sulphate and has the advantage of pot being dependent on
imported sulphur. Its suitability for Bihar soil however has
yet to be proved. 'This is the reservation to which we alluded
in a previous paragraph. It is true that this material has been
widely used in Europe and Ameriea but Dr: H. N. Mukbherji,
Agricultural Chemist to Bihar Government, is of opinion that
without experimeat it would be risky to assume that it will be
suitable for Bibar soil and thinks that on theoretical grounds
there is some danger of the nitrogen as nitrate being lost by
being washed away from .the soil during heavy rains as
absorption of this portion of the nitrogen by the soil .is not as
rapid as that ip the ammonia part. Moreover the deliquescent
nature of nitro-chalk may make its storage and transport more
difficult than that of ammoninm sulphate.

SUGGEBTLO)! AND RECOMMENDATION.

After fully taking into consideration the potantiality of the
market for the sale of ammeonium sulphate, the desirability of
this industry from the national point of view the practicability
of the process and tLe availability of the raw material we are of
opinion that it is most desirable that a nitrogen fixation industry
should be established in Bihar. In the opinion of the Commit-
tee the proposition is quite feasible Lbut as none of the members
of the Committee have any direct experience of the nitrogen
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fixation industry they recommend that for the settloment of
technical details as well as for the selection of suitable plants
the Government will be well advised to refer the matter to a
Committee of Experts, who may also be required to eritically
examine the financial aspects of the question.
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DIX IV(a)

 Capacity of plants fof dmmonia per day.

Belginm

Canada .
Czechoslovakiz ..
China
England
France
Germany
Holland
Italy
Japan
Korea e
Manchukuo ..
Norway

Poland

Spain ..
South Africa
United States ..

U.8. 8. R .

LR ]

; 400 tons per day ammoénia.
100 " 9 ” 1)

20,000 tons of pitrogen por year.
15,000 ,, .

” " ”

25,000 ,,
234,000 ,, ,

” ” L

” 9 144

250,000 ,, ,,

360 tons per day ammonia.

400 ., ,,

400,000 tons of nitrogen per year.
150,000 ,, ,, " v o»
150 tone per day ammonia.
100,000 tons per year nitrogon.
50,000 ,, |,
10,000 ,, ,,
8,000 ,,
350,000 ,,

200,000 ,,

” ”

" s

”n s "

" » e

»r ” [ L

Sources of hydragen in different plants of the world.

Coke oven gas ...

Water gas

Electrolyais of water

Electrolysis of sodiumchloride

.- 29 plante.
.. .. 20
e .o 23 ”
bl 4 ”

Total ‘e 76 [plants.
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. APPENDIX IV(). . .

Estimate of cost of a complete plant for an output of 60 tnns per- day of
“ammonia starting from waler gas and of 360 tons per dey of
nitroehalk of 15—16 per cent nitrogen contenl accordiug to
- Mr. Fauser received through Dr Ve 8 Dubey.

The production of 80 tons a day of arhydrous ammonia requires about
168:000" of N—H mixture of which 126,000 c. m is hydrogen and
42,000 c. m. nitrogen (at 0 at{\d"lﬁo mm Hg.).

Oonsequonf.lf the converted gas will contain including a -reserve of
10 per cent, 126,000+0-9=140900 c. m. hydrogen.

It is assumed to gasxfy coal to obtam water gas with a hydrogen yield
after conversion of CO, of 75 per cont by volume. = The 'réqtirements of
water gas dre therefore 140,000--0-756=186-000 c.m. per day.

£ ¢ d
(a) Cost prics of 1,000 kg. anhydrous anmonia—
408,288 x (18
,Depreemhon.hureltl. mnnhmnr; ————— gy s 3 r]- o0
360 x 60
, 80,951)(0‘!1
" “ buildings — . w 08 3
350 x 60
Coal .., wr . 1900 kg. 8t 5 11 4. w 011 3
Workmen ... Ca ,4BRstEd L . 03 4
Wlter““ . %30 0. wm, at nominal w 011
Copper e Ol kgt 11 4. ... . 002
Pormio aoid ... - 08bkg.atl-d .. - 012
Elecliris snsrgy ws  -1,600 kwh at nominal e Loo
Maintenanos and sundries ... - - - 136
. : Tota T - T T84 8

TR Y e T i/
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«b) Cost prics of 1,000 kg, witric acid referred so 100 per coni—

Depreciation, intereats machinery ——

119,220 x(-18

860 « 130
85,055 %011
" " buildiogs —— — aue
350 x 130
Ammonia 290kg.at 14 4. ...
Klectric energy w25 Lwh at nominal
Workmen - 06haté d.
Water - 100 c.m. at nominsl

Maintenance, and sundries

Platinym e

Total

”e was

0-05 k‘- st 5-6 d. ..

£ o d.

w 010 7

w 022

i5

0
0
0
0
0
0

S o OO0

211 2

() Cost price of 1,000 Qkg: nitro-chalk of 16—18 per mN2 in store—

§0,5685x 016
Depreciation, interest, machinery — e
360x 139
builds 4413011
uildings —_ ...
” " 8 360 x 350
Ammonisa .. we l10kgatidd
Nitric acid (100 per cent)... 880kg. st id ...
Lime-stone ... < 630 kg. at nominal
Coal s e kg atblld ..
Current - 35 hwh. at nominal
Workmen o o= 09hatt d -
Water ane - 10 ¢. m. st pominal
TM -l L L ad
Rate of deprecistion for buildings ... e
" m» " - mbmn! e
[ inw e wae arr
- W rnkine Hawe in OrS Year e ot

w 020
. 002
- 013 2
w O 7
019
w 002
905
003
033
S N TN

e 8 per eent.
- 10, o

sap a - »

—  wiw m
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" CHAPTER V.
ProspaATIC MANURES.

Three of the most important elements which are essential
for the growth of plants and therefore for crop production are
fixed nitrogen, phosphorus and potash. ‘We¢ have already made
our recommendations regarding the former, As regards phos-
phorus there are four important sources of this type of manure :—
1) phosphatiec rooks, (2) bones, (3) oil-cakes (4) basic slag.
he first does not occur extensively in India and therefore one of
the most important. ingredients for the manufacture of super-
phosphate is lacking. Anotheringredient for this purpose is
sulphuric acid which also is not sufficiently cheap in India.
The second source of phosphorus is bone. It can be used
either as bone meal or converted into snperphosphate in which
form it is more rapidly absorbed by the soil. Unfortunately
bone is being exported either abroad or to other provinces and
Bihar soil is being gradually depleted of this most necessary
constituent. If this bone had been allowed to remain in the
soil instead of being collected and exported even then it “would
bave served a useful purpose in conserving the amount of phos-
phborus ;within the province as sooner or later by a process of
patural decay the phosphorus would have returned to the soil
to be taken up by plants and subsequently by animals to be
egain returned to the soil in the form of bone or seede. The
export of the bone seriously interferes with this natural circula-
tion of phosphorus in thoe soil with the result that the country
is sure to become Jincreasingly less fertile if steps are not taken

to prevent this or to make cheap phosphatic manure available to
the cultivator.

~ With regard to the third source of phosphoras, viz., oil-cakes
the position is equally unsatisfactory. The seed takes up phos-
phorus from the soil which appears in the oil-cake. If the phos-
phorus in the oil cake were ultimately returned to the soil by
using it as cattle food, for instance, then the natural cycle will
not bhe interfered with, but as is the case at prescnt the seeds
are largely exported and the phosphorus goes to the soil of an-
other conntry. We think that every effort should be made to

encourage the crushing of oil-seeds locally and to popularize the
use of oil-cake as oattle food.

'As rogards basic slag, we are informed that about 4,500
tons per month are available as & waste product from the Duplex
Plant of Teta- Iron and Bteel Oompany, This slag contains
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7 per cent phosphoric acid of which 60—70 per cent is soluble
in citric acid. On account of the low percentage of phosphorie
acid it cannot be directly used as manure. The Agricultural
Chemist to the Government of Bihar is of opinion that if thisslag
is used for mixing with ammonium nitrate the cost of manufac-
ture will be lowered and the manure will be better hecause of
the prescnce of phosphoric acid. He has already started experi-
ment with ammonium nitrate and a rample of slag obtained from
Tatas and will be in a position to report the affectiveness of the
mixture as compared to nitro-chalk within a short time. We
are of the opinion that this is a very promising line and his
experiments should be watched with interest. If the resultis are
satisfactory steps should be taken to utilize the basic slag with
synthetic nitrogenous fertilizers. ’

SUPERPHOSPHATE INDUSTRY.

. In 1931 as.the result of an exhaastive enquiry by th¢
Director of Industries, Bihar, it was revealed that the total
- quantity of bones exported from the districts of Bihar, came up
to 300,000 maunds at a price of Rs. 47 to Rs. 50 per fon at Calcutta.
In a memorandam which has been submitted by the Sepior
‘Marketing Officer, Government of Bibar, the quantity of boues
available in the province is stated to be as follows:—

Mds.
(1) From dead animsls .. - 1,331,374
(2) ‘From slanghtered animals ... . 67,859 :
Total . 1,399,238
. Export .o ‘s . e 3-0”3,.068
Net available supply .- ‘e .. 1,096,165

It thus appears that there is a large quantity of bures avail-
able in the provin e which has no value at present and which
could be utilised either as bine meal or as bone superpbosphate.

The import of superphospbate into India is considerable.

1935-36. 1936-87.
6,483 tons 6,009 tons.
Rs. 4,67,064 Rs, 3,99,713

Begarding the use of bone meal as fertilizer, it is known that
the disinfegration of bane meal snd, th+; absorption of phosp horic
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acid by the soil, is & very slow process and some three fo five
years must elapse before the action of the ferlilizer is manifested.
Bone mesl may therefore be only used for wast¢ lande which
are to be brought under cultivation for the first time, Super-
phosphates on the othe¥ hand are very rapid in their aétion on
Plants. Althongh no superphosphate is being manufactured in
India at present the world consumption of superphosphate bhas
been estimaled to be 156 million tons in 1938. (€herit; Met. Eng.
Feb. 1939.)

The process of manufacture of superphosphate from bone
meal is well known and requires no explanatory remarks. The
cost of installing a plant for handling five fons of raw bone per
day is given in the appendix.

In conclusion we think that the export of bones from the
province should bediscouraged and every encouragement given
to the local crushing of bone and the preparation of superphos-
phate for the province.
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APPENDIX V.

The following are the principal items of cost involved in the
process :—

Woeighing and receiving the raw bones.
Cleaning or washing. '
Drying.

Storage.

Crushing.

. Storage for crushed bones.

Weighing and mixing,

. Acid storage.

A TR G A S

Damping in ¢« dens *.
Excavation and storage of manure,
Lands and sheds

12. Supervision.

(1) Weighing and Receiping.—A small platform weighing machin®
capable of weighing upto five ewts. would suffice. The bones are to be
Joaded into wooden carts which can be pushed on to the machine and
then dumped into the cleaning tanks,

b =
R oo

Be.

Price of machine .. e 500
Installation and accessories at 20 per cent 100

Total 600
Daily charges :-—
o Bs.
Interest at 6 per cent - 0-12 )
..~ Depreciation at 10 per cent .. e 0-20
Maintenance and repairs at b6 per cent ... 0-10
Labour—16 man hours at anna 1 as per 100
man hour.
Total 142
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APPENDIX V-—contd.
(2) Washing and Clearing.—The washing is to be done in masonry

tanks, two tanks are necessary, ome being emptied while the other is
being charged. Shallow tanks of 150 c.ft. capacity would suffice.

Ra. Ra.
Oost of tanks .. . 2% 40. 80
Daily charges :—
Labour 48 man hours, at anna 1 .e s .
per hour,

(3) Drying.—In summer months the process of drying would only
involve the spreading of the bones on the drying yard. During the rainy
seagon A drying stove of the simple hot room type would be necessary.

Rs.
Cost of erecting the room ’e o 500
Accessories at 10 per cent - .r 100
. Total 600
Daily charges :—
_ Rs.
Interest at 6 per cent 011
Depreciation and maintenance at 5 per cent... 0-09
F“el for heat'ing *u .u .. 1‘00
Total .- 120

(4) Storage.—The dried bones should be carefully conserved and
guarded agalnst moisture and putrifaction. A good stock should be
beld. B

Daily charges :—
Rs.

Labour 48 hours (man), atapna 1 per man 3
- hour, :
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APPENDIX V—conta.

5) Lrushmg —Two toothed roll mills are to be used in series
followsd by &'simple roll ‘mill delivering a product of about 40 mesh size,
the mﬂls dhould be capable ‘of handlmg sbout }th ton per hour normally.

Rs, Rs.
Price of the toothed roll mills .s 2x%2,000 4,000
Price of the ordinary rolls . o 1,500
Tptnl e 51 500

Accessories and installation et 30 per cent .., 1,660

Daily charges— '
143

"Interest at 6 per cent .o
Depmmuon 4t 10 per cent oo e 2-38
Maintenance and repairs at 10 per cent ve 2:38
Power 7 H. P. per hour st aenna 1 as per 2-81
K'W. H.
Labour 32 man hours at anpa 1 a8 per hour 2-00
Total | &4 10-80.

(6) Storage for crushed bones. —A storage bin capa.ble o! _bolding
about 10 tons of crushed material is necessary (600 c. lh).

) : "‘B.l.
Cost of erection e ces w100
Am : L] . el *e 100
Total . 200
Daily charges—
Interest at 6 per cent . - 0-04
100

Labourlﬁmanhoursntannslu perhonr e

Total .. 104
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(7) Weghing and mizing—Threce mixers each having’a dapacity of
about 12 c.’ft, would be necessary.

-

- . Ra.
Price of weighing machine . .. 300
Agcessories at 20 per cent . e - 60

Total - 360

"Mixers—3 x 800 .e .e 2,400

Installation and accessories at 25 per cent .. .600

Total .. 8360

Daily cha*ges—- .
Rs:

" Tnterest ‘at 6 pet cent . '_ 06T
Deprociation b 10 peicont .. PR
Maintenance and reimirs at 10‘per‘ cent .. 112

Power 8 H. P. per hourat anna 1 as per 110

kioh. : o
Labour 82 'fan hours 4t 1 anna per man .. 200
Total .o 6-01

8) Acid slorage.—~For five tons of bone meal, about 2-6 tons of
chamber acid are required. Provision should be made to store acid
sufficient for » week’s consumption. This would require a.15 ton acid
tank connected with a three ton * calibrated * feed tanl,

) R
Price of tanks " .. .. . 2,000
Installation and accessorles at 30 per cent .., 600

Total .n 2,600

———
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,i)aily charges——

Ras.
Interest at 6 per cent “ . 0-62
Deprecidtion at 15 per cent .o .o 1.22
Maintenance and repairs at 10 per cent .o 0-86

Labour 8 man hours at anna 1 as per man hour 0-60

Totﬂl .e 3 '17

——

(9) Dumping.—Two dens should be constructed on two eides of the
mixing machines, which should be provided with arrangements for titling
on both sides. Each den should be big enough to hold a dsy's charge,
go that they may be filled and_emptied alternately.

Cost of two dens .o . Rs. 400.
Daily charges— ‘ '
Interest at 6 per cent .e .e Rs. 0-08

(10) Ezcapation and storage,~—Hand excavation is to be resorted to
and the material after excavation is to be stored in & closed bin or silo.

Rs.
Qost of erecting & silo " en  we 250
Accessories at 20 per cent . .o 50

Total .« 800

Daily charges—
' Bs.
Interest at 6 per cent - ve .o 0-06 '
Depreciation and maintenance .s 0-05 '
Labour 48 man hours at anna 1 as per man 800
hour,

Iotal .o 3'11
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(11) Land and sheds—

. Ra.
Buildings and sheds .o +» = 5,000
Lend . . es . 2,000

Total .. 7,000
Daily charges— )
Bs.

Interest at 6 per cent - oo 140

Deprociation and maintenance on buildings and 166
sheds at 10 per cent.

Total e 3'06

(12) Supervision—

Rs.
(1) One Chief Chemist . . 200 per month:
(2) One Assistant Chemiast ..’ e 100 ,,
(35 Two mechanics . . s 80 »
(4) Accounts clerk - 80 o
(5) Two ordinary clerks . . 80 "

”
—————

Total . 540

”»

Daily charges— 18-00
Total costs—
Items. - Investment. Daily charges.
Rs. Ra.
1. Weighing and Receiving . 600 142
2. Washing and cleaning .- 80 $-00

3- Dl‘]‘iﬂg KX s 600 1'20
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Bs. - ‘B
4. ‘Storage ” - 3-00
5. 'Crushing - - .. 7,150 1080
6. Storage for crushed bones .. ' 200 1-04
7 Weighing and mixing -~ 3,360 601
8. ‘Acid storage .. . 2,600 317
9. Dumping - - 400 0-08
10. Excavation and storage - 300 : 311
11 Lands and buildings .. 7,000 . 3-06
12. Supervision o aee - 18-60
13.. Salphuric acid 26 toms at ... 130-00

Ra. 50 a ton. ;
14 Bonest Bs 40 perton .. G tons 200-00
Total .. 22,2000 38289 -

The pitodaet from 6 toms of bords woild” e’ about 6:6 tous on e
theoretical basisc ‘The present market. price- of” euperphosphate ' is abont
Ra. 76 per ton so that the total sale proceeds will amount to Ra. 426,
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CHAPJTER VI,

Hzavy CHEMIOALS ARD SULPHURIC -ACID:

In . introducing- this section, we have taken note. of the
heavy chemicals at ‘present being imported into the couniry,
‘both with regard to their quantities and their distribution. Wg
find that amongst thesa, four iters deserve our closest 'aitention
and scrutiny, viz.—(1) Acids (including the salts), (2) Alkalies,
(3) Fertilisers and (4) Bleaching powder. In the latter twq,
acids have taken part in some stage of manufacture and. as
such the manufacture of acids may replace, for the matter of
classifications, these two items. Thus in developing & heavy
chemical industry, one has (o consider the development of the
alkali and the acid industries. S

'We propose, therefore, fo examine . fireh the possibilities of
developing these two industries in Bihaz. Acids are deslt; with
in this' chapter and alkalies.in the next,

Acid industry.—As sulphurio acid is the most important. of
generally required acids, and ag on it depends the ‘manufacture
of other acidg and salts, we give below the position of large-scale
manufacture of this acid. It is well koown. that India, as yet,
has no sulphur deposit’ of her own and the recently  discovered
pyrites depoeit noar Bimla bag not been sufficiently -explored fo
give us the fundamental raw material -for the sulphuric- acid
industry. 'We mention, however, in this connection. that while
for the present we are forced to depend upon. imported sulphur,
the possikility of utiliring Indian gypsum and the zine blerde of
Burms rcquires to be explored by a . special committee appointed
for the purpose, 1t has come. to the nqtice of the committes,
that & good depasit of. pyrites also exiats,. in Burma but bow fap
transport facilities would admit of its use should be gone into by
the proposed special committee, =~ Whilst recognising this
inherent difficulty in building up an independent sulphurie acid
industry for the present, pending these inquiries, the committee
would like to point out the advantage which the province enjoys
in regard to the freight which imported sulphuric- acid has.%o
pay. The cost of producing sulpharic acid in Bihar at any
reasonable distance from Calcutts, with imported sulpbur, will
not exceed Rs. 40 per ton of pure sulphuric acid in form of

chamber. acid' (see Appendix VI). This is about Rs. 10 $0.12
" more than the cost of production of sulphuric acid in European
countries. Asmentioned "before, the freight tends .to equali
this difference. ~ India imports today 27,562 tons ef sulpbhur and
among 20 sulphurio acid works most of it is consumed. Seeing

J
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that the actual import of sulphuric acid as such is negligible it is
clear that the country is manufacturing _ts sulphuric acid at
competitive rate. The question, therefore, is to trace how much
sulphuric acid is indireotly coming into the country in the shape
of heavy chemicals like salts and fertilisers. From a reference
to the sea-borne trades figures, it would appear that about
.80,000 tons of ammonium sulphate, 6,000 fons superphosphate,
232 tons sodium sulphate, 546 tons magnesium sulpbate, 1,656
tons of copper sulphate, 206 tons alum and 1,719 tons aluminium
sulphate are at present imported. This would correspond to
46,772 tons sulphuric acid per year, besides fhe quantities that
musft have been used in the manufacture of these commodites in
which sulphuric acid is nsed but is not present in the finished
product. If would be fair, therefore, to assume at least
100,000 tons per year as the requirement of this country, if a
self-contained manufacture of a group of heavy chemicals were
contemplated. As we have already recommended that amongst
the fertilisers ammonium sulphate should be manufactured in
Bihar to the extent of 60,000 tons now being imported, for
Bihar alone 45,000 tons of sulphuric acid would be required,
The location of sulphuric acid plants would depend upon where
the coal carbonisation or the synthetic ammonia plants are
_established and this would involve roughly the expenditure of
'Rs. 20,00,000 as capital charges (vide Appendix VI).

The committee are of the opinion that to initiate a heavy
chemical industry, the establishment of sulphuric acid plantin
Bihar, linked up with the manufacture of fertilisers in special
and other chemicals in general, is essential. It may also be
pointed onb that this acid will be required in larger quantities
with the development of co-lateral industries, whether in. heavy

chemicals or in ﬁneﬂ chemicals,

- i

A recent development about the problem of sulphur is
worthy of serious consideration. In a recent number ol‘_‘ 11}3
Journal of the Society of Chemical Industry of Great Britain
J. Chem. Soc. Ind. 1939, 58, 163, 707) an article has been
published about the recovery of sulphur from coke oven gases.
The process is known as the Thylox process and is being success-
folly worked in the United States of America, Germany and
Japan. It has been stated that the cost of recovery of eulphur
from gases containing 250—600 grains of sulphurated hydrogen
¢ 100 cu. ft. is 009 d. and a ton of sulphur can bg produced
Bihar coals are somewhat poor in sulphur

60—80 yens. / L
?:bout 06 ;r cent). In the case of high temperature carbonisa-
tion, almost the whole of the organic sulphur passes out into the
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gas and may be recovered. It is not known whether the low
temperature carbonisation process will yield a gas equally rich
in sulphurated hydrogen or not. When countries like United
States of America and Japan with huge sulphur deposits have
faken up this process investigation is neeessary in this direction
for exploring the possibility of recovering the sulphur of Indian
coals as India has to depend mainly upon jmported sulphur for
meefing the demands of heavy chemical industry. Another
possible line of development in this direction is to utilise - the
sulphur dicxide gas pruduced in the smelting of copper ores at
Ghatsila. Quite a large smount of sulphur dioxide, of a dilution
suitable for conversion into sulphurie acid by Chamber process is
being wasted in this operation. As we have already pointed out
in Chapter II aboué 7,000 fons of sulphur are wasted every. year.
The utilisation of this sulphur will partly solve the problem of
imported sulphur, '

The use of sulphuric acid in the manufacture of hydrochlo-
ric, nitrie, acetic acids, ete., is well known bnt as the consump-
tion of these acids is as yet-low no specific recommendation 1is
made here. As the manufacture of bleaching. powder is effected
generally now-a-days by chlorine, directly obtained from the
electrolytic alkali industry, the use of hydrochloric acid -in this
direction is not emphasised. The consideration of the manufac-
ture of bleaching powder is, therefore, linked up with the
mannfacture of caustic soda by the electrolytic method.:

The other important heavy chemicals that are at present
imported into Ingia are potassium chlorate and potassium
dichromate. Potassium chlorate is imported to the extent of
2,000 tons valued at Rs. 9,00,000. We are also importing
potassium chloride, 3,000 tons valued at Rs. 2,00,000, FPotas-
sium chlorate is manufactured from the chloridle by an
electrolytic process. With cheap electricity, the manufacture of
;hits commodity would present no’ ‘great difficulty in the near

uture.

The import of - potassium dichromate is also consilerable,
2,400 tons. It is largely used .for Jeatber manufacture and
match industry. With chromites available in the provinee,
serious attempts must be made to take up this industry by
private parties, It must be borne in mind when the mana-
facture of potassium dichromate is contemplated.that a :factory
worked for a number of years at Calcutta for the manufacture of
this commodity. " The quality of the product was excellent but
the factory had to' be closed down. - The causes of failure ot
Dutt CL. inical Works -should be thoroughly insestigated before
8 new attempt is made in this direction,
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APPENDIX VL

'Estimate for a 10-ton sulphuric acid plant,

Bs. +
.. 65,000
.. 10,000
.. 3,000
1,000
. 1,000
- 2,000
w 5,000
.. 2,000
} 3,200
.. 2,000
.. 3,000
.. 10,000

.. 1,07,000

) Fy
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- 300 per month.

(Chamber Process.)
1. Lead sheets for chambers and towers
2. Building .. .o
3. Wooden frame (for chamber) ass
4. Qoils . .e ‘e
5. Platform .. .e o
6. Pumps . e .
7. Atomiser and compresser. . e
8. Cooling tanks .o
9. 4 acid tanks on top of towers
4 acid tanks at the bottom of fowers
10. Coolers . .o .o
11. Burners . .o
12. Erection charges .
Total
Monthly expenses.
. E ! B&
1. Manager .. _ .e ‘ .e
2. 3 chemists at Be. 100 each . 300
3. 3 assistant chemists at Ba. 50 oo 150
4. 9 labourers for sulphur burners at '
Ra 30 each . .» 270
5. Coolies (9) at Bs. 20 ... 180
6. Mechanics (3) at Ba. 40.. - 120
Total e 1,320

irirt—

” ”
” ]
” -
” ”»
” "
” ”
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APPENDIX VI—concld.
Raw materials,

Re,
30 tons sulphur at Rs. 80 per ton T e .o 2,700
0-6 ton sodinm nitrate at Rs, 120 per ton .. .o 60
Total . 2,760

W

Cost of production of 1 ton of chamber acid, assuming an efficiency ¢
97 per cont ;:— ’

. Bs, a, p.
1. Sulphur--0:33 ton .. e 30 00O
2. Nitre .. . .o 012 0
3. Labourand overhead éharges o e 410 0O
4. Depreciation at 7§ per cent on Rs. 1,25,000... 3 2 0

Total .o 38 8 0
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CHAPTER VII.
ALEaLl INDUSTRY.

The .alkali industry is one of the legs on which modern
sivilization stande or runs. No chemical industry ean exist on
a satisfactory basis in India or in any other country, without
the establishment of alkali and sulpburic acid industries. There
1s no doubt that the manufacture of this chemical is a key
industry whose ramifications are very wide and its establishment
in India is essential to the expansion of the future home
industries.

The oldest process for the manufacture of sodinm earbonate
is. Leblanc process which requires cheap sulphuric acid and
common salt for it8 success. This process is slill in use in some
parts of the world but has been greatly supplanted by other
processes. It cannot be worked successfully .in India as we
have no source of cheap sulphuric acid. The ammonia soda
process in which sulpburic acid is not required has a better
;hance of success and is said to be operating successfully in

apan.

Caustic soda can be manufactured easily from sodium
carbonate by treatment with lime but the bulk of the caustic
soda now manufactured in America and Europe is produced
electrolytically from aqueous solution of common salt: Chlorine
and hydrogen are obtained as bye-products. The former can be
utilised for the manufacture of bleaching powder and the latter
for the hydrogenation of oil or.for other technical purposes.
For the establishment of this industry in India the folliwing
conditions are necessary :—(1) cheap electricity, (2) common
salt, (3) existence of market for the product not too far from
the place of manufacture to minimise the cost not only of
transport but sometimes also of evaporation as in ‘hose
industries in which a solution of caustic soda is used it will save
the cost of evaporation if the solution produced in the procers
of manufacture could be used directly, (1) market for the bye-
products, viz., bleaching powder or chlorine and bydrogen.

Probably the most dangerous competition which Indian
alkali may have to meet is the sodium carbonate from Lake
Magadi in East Africa but as the alkali industry is a key
industry this competition must be faced.

We understand that a great step forward in the manufacture
of alkali in India has alreadv been taken and that in the near
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futare India may become independent of foreign sources of
supply of this important commodity. The Alkali and Chemical
Corporation of India, Limited, has recently been constituted as
subsidiary to the Imperial Cbemical Industries (India),
Limited, and is going to manufacture boih caustic soda and
sodium carbonate. ‘the sodium carbonate plant will be erected
at Khewra in Jhelum district in the Punjab and the caustie
soda plant in the vicinity of Caleutta, Tata and Sons, Limited,
are also said to be contemplating the erection of a plant-at Port
Okha in Baroda for the manufacture of caustic soda and sodium
carbonate. Details are not available but it is said thab the
company will have an authorised capital of Rs. 5,00,00,000 hut
only Re. 1,25,00,G00 will be issusd at present. The salt required
for the manufacture of these chemicals will be obtaived from
the Okha salt works which the company intends to take. over
and limestone can he obtained from large and rich deposits in
the immediate neighbourhood. It is estimated that this scheme
will only meet about 4rd of the total demand for alkalics in
this country leaving 4rd of the amount consumed to be manufac-
tured elsewhere or imported.

In Madras Presidency the Mettur Chemical and Industrial
Corporation has been formed with the object of manufacturing
caustic soda, bleaching powder, bydrogen and other chemicals.
The company proposes to produce initially 4% tons of chlorine
and 5 tons -of canstic- soda daily. If all these enterprises
eucceed, and there is no reason why they should not doso, this
crying need of the country will be entirely met and India will
soon become self-supporting in this respect.

In Bibar many of the conditions for the success of a large
alkali industry are waating, It is true that on account of cheap
coal, ‘electricity can be produced fairly cheap but common salt,
the chief raw material, will have Lo be brought from a distance.
Also there is no near murket for the finished products. No
heavy chemical industry exists in the neighbourhood nor is
there a home market for the bleaching powder which will have’
to be exporied to Bengal or the United Provinces. In spite of
all these drawbacks the existence of iudustrial centres like
Jamshedpur gives some hope of starting & small alkali industry
in the province. This will beco:.e more desirable if soap
factories, glass factories, tar distilleries and other such industries
spring up round the cual-fields as they are bound to do.

One of the arguments against the establishment of alHali
industry in Bihar is that the province has ‘to depend upon salt
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which must be obtained from Bengal. Even if it is assumed
that the railway freight from Calcutta to a suitable site in Bihar
will come up to four acnas per maund or Rs. 7 per ton, yet the
province has an advantage in having deposits of limestone within
its boundary., The Calcutta figures for the electrolytic
??lnufacture of caustic soda and bleaching powder are as
ollows :—

For a plant of 3 tons of caustic soda and 7} tons of
bleaching powder per day —

Bs.
Salt—5-7 tons at Rs. 15 per ton .o .o 86
Lime—5-25 tons at Rs, 20 perton .. o 105
191

—p———

In Bihar, near limestone deposits the figures would be 31
follows : —

Ra.

Salt—5-7 tons at Rs. 15 per ton .o .. 886
Freight at Rs. 7 per ton .. .a e 39-5
I.lime at Bs- 10 " se .e .s 52'5
178

So that even with imported salt the industry will not be al
a great disadvantage when considering the price of raw materials
alone. If the possibility of generating electric power at a very
much o“eaper rate in Bihar is taken into consideration, thes
the prospects of the industry will become still more hopeful.
It must also be taken int» consideration that a saving in
railway freight will be effected for supplying the finished
prodocts to dealers within the province and in the neighbouring
provinees like United Provinczs and Central frovinces.

An estimate for a 3-ton castis soda and 7°6-ton bleaching
powder plint with daily approcimate cost of production is gives
in appendix V1I(a).
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SOLVAY 80DA OR AMMONIA SODA PROCESS FOR THE MANUFACTURE
OF SODIUM OAKBONATE.

The manufacture of sodium carbonate by this process
occupies to-day a predominant position in chemical indus-
tries. From an insignificant beginning in 1865, £00 tons
per. annum, the annual output at the present time, exceeds
300,000 tons. This industry has practically driven Leblanc
soda out of the market but it is itself challenged by two serious
rivals, the electrolytic method of manufacture of caustic soda
and the vast deposits of soda near Lake Magadi in British East
Africa. Soda is largely causticised by lime and if the
electrolytic process can produce caustic soda at a sufficiently
cheap price the industry will eertainly suffer to a great extent.
The large deposits of soda in British East Africa will certainly
play a very important part in this industry, when the factories
for working it are fully equipped but seeing that the crude soda
bas to be carried to the sea-ports at a distance it may be expected

mt the price will not be very much lower than the Bolvay
a.

The only serious attempt that was made in India for the
‘manufacture of soda by this process was at Kathiawar. It is
said that the failure of the undertaking was probably "due to the
plant being far from up-to-date. We understand that there is
a proposal to start a solvay soda factory in South Bengal. An
American firm is prepared to supply the necessary plants for the
production of 10 tons of sodium carbonate per day at a cost of
Rs. 6,00,000. The firm in question will supply the technical
men neceseary for starting the plant, with the guarantee of
production of 10 tons a day on the condition that they will
receive a royalty of Rs. 5 for every ton of soda manufactured
duriog the first ceven years. Fuller details are not available.

A scheme for a 60-ton plant for carbonate of soda b
the Solvay process is given in appendix VII(d). As we have
remarked in the introduction to this report these figures are
given merely for the purpose of illustration. Considering the
progress which is reported to have been made recently in the
schemes for the manufacture of soda in India any special efforts
ou the part of the Government of Bihar to establish soda industry
in tho province is perhaps not necessary. The matter may be
left to private enterprise assisted by such aid which Government
may Le able to give under the Aids to Industries Act,



66

APPENDIX VII{(a),
Estimate for 3-ton coustic soda and T§-ton bleaching powder
plant.

Ra.
I. Cost of machinery .. .e oo 3,383,000
(2) D. Q. power plant .. .o 80,000
(b) Cells with accessories .o .e 1,08,000
(¢) Evaporating plant . .o 40,000
(d) Lime slaking plant ‘e o 15,000
(e) Bleaching power plant .. . 65,000
(f) Melting plant .. . . 5,000
(9) Filter press, pumps e . 5,000
(%) Boiler plant .. .. . 5,000
(7)) Transport, elevators, etc. .. . 10,000
(7) Building and erection cost .. ‘e 1,00,000
(k) Working capital ce .e 1,00,000,

Production cost of a 3-ton capacity caustic soda plant and 7§-ton
eapacity bleaching powder plant for 24 hours :—

Ra.

a
(1) Power— .e .a .e 196 0
4,170 K.W.H. per ton of caustic soda
per day—3x 4,170 or 12,500 K.W-
H. at 0-25 anna per K.W.H.

(2) Salt— . .o .o 86 0 0

1.9 tons of salt per ton of caustic
soda—3 % 1-9 or 57 tons at Ra. 15
per ton.

(3) Lime— .- e .o 106 0 0
0-70 tons per ton of bleaching powder—
0-7x7-5 or 5-25 tons at Ra 20 per
ton.

(4) GO&I-— . e -e o 42 0 o
2 tons per ton of caustic soda—2x3
or 6 tons at Ra. 7 per ton.

(5) I.-lbnﬂr—— ' -4 -s L 33 o 0
14 unskilled lsbour per shifc at
Rs. 15 per month. 6 skilled labour
per shift at Bs. 20 per month.

P
0
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APPENDIX VII(a)—contd.

(6) Overhead charges— .o ..

1 foreman per shift at Rs.. 40 per
month. -

1 Electrician per shift at Rs. 40 per
month.

1 Mechanic per shift at Rs, 40 per
month.

1 Chemist per shift at Ra. 150 per
month.

" 1 Laboratory boy per shift at Ra 10
per month.

1 Engineer at Rs, 150 per month.

1 Manager at Rs. 300 per month,

1 clerk at Rs. 40 per month.

1 stenographer at Rs. 30 per month.

1 office boy at Rs. 10 per month..

2 watchmen at Rs. 15 per month each.

(7) Renewals and maintenance— e

‘Ras.

Electrolyser . o 20
Evaporating plant . 10
Melting . .o b
_Bleach plant .. . 15

Pipe line n - b

~ (8) Packing—
210 drums of 1 cwt. at Ro. 1 210
per drum.

(9) Depreciation—
Machinery Rs. 3,33,000 at 10 per

cent.
Building Rs. 1,00,000 at 3 per cent.
(10) Interoate .- . .
Running capital Ra, 1,00,000 at 5 per
cent.
(11) Insurance, ete. .. . .

Machinery Rs. 8,33,000 at 0-5 per cont.

55 0 0

17 0 0
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' APBENDIX ¥X}(a)mgoncld.
, : Ro.
- Iw])d per year—
900 tons of caﬁsb_icgogg at Re..240.per ton .. 2,16,000

2,260 tons of bleaching powder at Ra. 120 2,70,000
per ton. ‘

4}869000 _

Total cost per year .. e «»  §11,660
Cost of production per year . . £2,76,000
Selling cost .. e . 85,260

8,11,560
oyt

R N“~hwm = .. ’1, m} 440
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APPERDIXVEIE)
Scheme for a G94on-plank for carbonate of soda bythe Solbay process,
- Ra.
Machinery - e e T e - 12,08,000.
Daty; freight, insurance, eté; on machinery .af’ 2,46,000 -
20 per cent,
Gogt of land e . .. 2,40,000
_Building and quarters e .e 3,265,000
Werking capital = .. .. e 3,30,000
_Factor of safety at b per cent .. .e 1,21,750
24,56,750
Cost of production per ton of soda ash.
Bs. a. p.
Salt at Bs, 16 per ton 1-6 fon” .. - 26 0 O
Limestone at Rs. 7 per ton 1:3 ton .e 9-2 0
Coal at Rs. 7 per ton 05 tons .. . 3 8 0
Coke at Rs, 12 per ton 0-13 ton .. . 19 0
Ammonium sulphate at Rs, 7 per cwt. .. 114 0
Bags 20, 1 cwt. capacity . 4 4 0"
Power 225 K. W. H. at 0-5 anna perKWH T 10
Labour .. . .. . 5 0 0
Technical management . e 1 8 0
Depreciation e e 8§ 8 0
: Re. a. p.
10 per cent on machinery .. 8 0 0
8 per cent on buildings e 0 8 0
8 8 0
Repairs .. . . . 1 00
Insurance . . . 0 4 0
Sales and office . - e 1 00
Factor of eafoty at & per cent .. 3 5 4
Tatal . 72 15 4
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APPENDIX VII(b)~—concld.
RECEIPTS. EXPENDITURE
Rs,
Procoeds from sale 360 x 60 % 20 Cost of production 860X
X 69=Rs. 25,60,000. 60x73 .. 15,76,800
Management and sales
expenses o 28,000
17,04,800
Rs.
Profit .o 25,60,000
17,04,800

7,65,200
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CHAFPTER VIII.

Grass INDUSTRY FOR BIHAR.

- As we have already stated in the Introduction, Biha
is & suitable place for the establishment of glass industry on
a provineial basis.. By this we mean that although some of the
raw materials, specially alkalies,’are not available in Bihar yel
on account of the cheapness of certain raw materials, specially
coal, it would be possible to start this induséry. on a scale which
will readily supply most of the local needs at competitive
Pprices.

In India there has been a great development in the glass
industry during the last 30 years, and at present this country
is said to be producing glass goods worth about 76 lakhs o
rupees annually, The two chief centres of production are
United Provinces and Bengal, but in spite of the development o
this industry, large amounts of glass .goods worth about 12f
lakhs of rupees is imported annually. The details of the imporl
are given below :—

-

Nameof the artiole, 1084-35. 1035-86. 1986-37.

Res. ' Rs. Rs.
1. Bangles .. | 31,00000| 2700000} 28,00,000
2, Beads and false pearls 13,00,000 |  15,30,000 |  12,15,000

3. (a) Bottles (soda-water) 5,67,000 8,12,000 5,44,000
(b Bottles (other-types)|  19,14,000 |  22,10,000 |  18,11,000

Total © .. | 1,25,00,006 | 1,31,00,000 | 1,19,00,000

In the year 1936-37 goods worth Rs. 62,38,325 wer
imported from Japan, Rs. 19,71,960 from Czechoslovakia
Bs.15,72,457 from Germany. Rs. 12,54,279 from Belgiun?# an
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Rs. 10,00,952 from Uhited Kingdom. In 1937-38 Bihar
imported 84,000 maunds of glass whereas only 8,000 maunds
were exported. These: figures, clearly.show that there is a great
scope for further development of tbis industry in India. A
study.of the, import list of these articles reveala that they: can
be diyided into two groups :— - c S

(2) .Goods  such’ as bottles and. phials which can very,
easily be manufactured  in the: existing glasa. facto-
ries_of . the - country. But Japanese competition
stands in the. way the price of tha Japso-made bote
tles being lower than those manufactured in the.
country. As regards sheet glass it also is being
manufactnred:. at Bahjoi in the United- Provinces but
due.-to.hard Japanesa-campetition, the. market for
the products are limited.. '

(8).Goeds ofi special type which require high technique.
and- skill. such - ag -the. optical and chemica] glass-
wares, which have not been manufactured in India
up till now.

- The only-- way-to-preduce- in- India-articles- belonging to-
group (a) is totry tocnf down the cost of their manufacture
o thab.it:: may be; possiblel for-them to find a- marke$ .against
Japanese competition. As regards the manufacture of articles
of group (b) it will require a certain ' amount of local investi-
gation_and the introduction of new technique.

As_ pointed  ouf.in the beginuning, the present glass indastry
of India' is concentrated in the United Provinces and Caleutta.
The ebief -raw materials required for the manufacture of glass.
are sand, lime and soda which form the main constituents of
the. mixture which -is melted to produce glass. In- order to-
melt this mixture coal is required. The third item of cost after
batch. and fuel .is. refractories (heateresisting: materials): which
aro used for constructing pois and furnaces for melting glass,

At present, the chief locality of glass sand production is
Bargarh . at a distance of 80:miles south. of Allahabad. Band
from this_locality is being sent to western United Provinces, a
distance of about 350 miles and to Calcutta, a distance of about
500 milesa. Thus sand which costs at, Bargarh Re. 0-2-0 per
maund, costs in western United Provinces about. Be. 0-8-0and at
Caloutta Re. 0-8-0 .per maugd. Most of the lime used in glass
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manufacture Is imported-from Katni which 'is ‘alout “400 and
600 miles respectively from ‘western United ‘Providees ‘and
Calentta..Soda.is imported .from .England -and -distributed-to=ll
the northern Indian towns from Calentta. As regards coal it is
being supplied from ' Bihar coal-ficlds toglass factories, both in
the United Provinees:and Calcutta. The refractories, firebricks,
blocks, etc., are also supplied to these centres.of glass preduction
from the coal-ficlds of Bihar where there is a weil ,developed
industry in reéfractory materials. |

JIn .order torprepare one ‘maund of melted glass we require
about 28 seers of sand, 13 seers of soda and 4 seers of lime.; fuel
consumption is about two maundsof coal. Unfortunately the
present rgluoss-manufacturing centres'are sitnated -at fairly long
distances from the localities where raw materials are.available,
as iudicated before. |Moreover, the manufactured goods instead
of being rconsumed in the local markets iare sent to far 'dff
centres up fo a distance of 1,000 miles. Uinder these conditions
the price of the glass goods is bound to be high and it is- .no
wonder that fhe present glass:industry is unable to compete
with .Japan. For Calcutta, although coal is comparatively
near, #ll-the other -Tsw -materfals have to Dbe obtained Trom
a-distanee -of 600 miles-or'more. -

‘From the differerit proportions of the raw materials required.
to prepare one maund of glass it is clear that the requirement.
of coal is highest in amount being double the weight of melted
glass. ‘Thusit is obvious that the cost of ceal will be a very
important factor in determining the cost of manufactured glass.
The cost of these two mauunds of coal in western United
Provinces factories amounts to Re. 1, at Calcutta -Rs. 0-10-0,
while in the "coal-fields of Bihar it would be Rs. 0-56-0 only. . -

A detailed survey of the raw materials for the manufae~
ture of glass in Bihar, carried out by one of us (Dr. V. 8. Dubey).
showed that within 80 miles of different coal-fields, quartz,
quartzite and sand-stone are found which are suitable for being
turned into glass sand while good quality limestone also occurs
withio 100 miles. .As regards soda, it is obtained from England
and has almost the same cost at different lovalities in India.

__ Thus we see ‘that the total cost of raw materials and ‘fuel
is the least at the ‘coal-fields as compared ‘with any other part'
of India. The following 'table ‘represents the comparmtiva cost’
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of different raw materials.and of one maund of melted glass
at different centres of the country. ' '

Other

Lime 4 dhemieals | Coal 3
: Sand 30 goors or | Bods 18 | requirved | maundsor
- Locality, seers, Iimestone peors, fo awsll | erode oll Totsl,
] ¥ seers, smount. | 5 maoods,
1 1 ] 4 [ [ ] H

Be, 8. p.|Bs, . p.| Bo 8, p. | Bo. o, p.| Bo. s, 3. | Bo. a9,
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Besides the raw materials anad fuels the other items of cost
in the glass manufacture are the refractories and the labour for
making finished articles from molten glass. The cost of refrac-
tory per maund of glass depends on the location and the size of
the plant. The chief centres of production of refractories in
India are the coal-fields where naturally they are cheapest.
The cost of refractories, pots, ete. to the western United Provinces
glass manufacturer using pot furnaces amounts to Rs. 0-4-0 per
maund of glass melfed and for a tank furnace, about Rs, 0-2-6
per maund, but if the glass industry is started on a large scale
with tank furnaces in Bihar coal-fieldsy the cost of refractories
will amount to about Rs. 0-2-0 per maund as they are the
cheapest there. '

®  As regards other items of cost of production, that is the

charges for turning the molten glass into finished goods, a good
deal depends on the method of working, namely, (1) mounth blow-
ing, (2) automatic machine blowing and. (3) semi-automatie
machine blowing. It is not possible to enter into the details of
their respective costs, but it may suffice here to say thai the
average cost of mouth blowing will be about Rs.0-13-0 per maund,
while in the case of automatic machinery, producing large
amount of goods, the cost of making finished articles from molien
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glass may amount to Rs. 0-6-0 per maund, while from
semi-automatic machinery, it will amount to Rs. 0-8-0 per
maund. This cost of turning out ficished articles from molten
glass by different devices will not vary with the locality but on
the whole will be slightly cheaper in the coal-fields due to the
low cost of power.

As regards the manufacture of sheet. glass there are well
standardised automatic machines and there is no question . of
alternative methods of working. But naturally the production
oost will bethe least in the coal-fields as the power is cheapest
there. From all these considerations it is clear that the cost of
production will be the least in the coal-fields and if there is any
chance of competing with Japan with regard to bottles and
sheet glass it is . possible only if the industry is established near
the Bihar coal-fields, The details of the cost ¢f production and
the question of competition with. Japan have been further
discussed later on. '

The cost of manufacture of bottle and sheet glass af the coal-fields
of Bihar, ' '

Before working out the cost of manufacture it is essential
to decide about the size of the plant because to a great
extent the cost of manufacture will depend wupon it. In
deciding about the size of the plant one may assume that in
the beginning the aim of the Bihar factory will be to replace the
import of the Japanese bottles from Calcutta port and the factory
should cater for the market which is being supplied from Caleutta
port at present. The import list showe that Calcutta imports
bottles and phials up to the extent of about seven lakhs of rupees
and assuming .an average price of Rs. 1560 a ton, the import at
Calcutta port amounts to about 5,000 tons & year. So the size
of Bihar bottle pladt should be about 10 tons a day. The plant
should be so designed that it should manufacture_10 tons of
bottles a day economically. Besides this bottle plant there ought

~ to be a sheet glass plant as it is impossible for the present factory
at Bahjoi to compete with Japan in this line. As regards the
size of sheet glass plant in the beginning it should also cater for
the needs of Bengal and Bihar. In the case of sheet glass the
import figures are not clear as in thelist of imports, sheet and
plate glass are given together. The import of sheet and plate
glass at the Calcutta port amounta to about lis. 6} lakhs a year
weighing about 6,000 tons and if out of this ‘90 per cent be
assymed to be sheet glass and 10 per cent plate glass, the import
of sheet glass will be about 4,500 tons a year, So for the shi_eeb-'—
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%ass also we ought to bave a plant manufacturmg 10 tong a day.
herefore, the size of both sheet glass and bottle plant should be
on an average 10 tons & day each. It is not Eossnble here to go
into details about the cost of the plant but the capital required
including building will be of the order of about 8 lakhs while
three lakhs may be required as working expenses. Thus a total
sum of approximately 10 lakhs will be adequate for startxng this
industry.

Cost of manufacture of bottle, glass, efc., capacity of the plant
being assumed as 10 tons per day.

Rs.
The cost of 12-2 tons of batch at Rs 1.6.0 per
maund ... 460
Cost of 20 tons of coal at Rs. 4 per ton ve 80
Electric power 50 . P. at 6 pies per unit re 30
Bottle-making charges ai Rs, 14 a ton mcludmg
labour ... - 140
Repairs and mambenance of furnaoe, etc., at ‘
Rs, 12,000 a year or per day - 35
Mould repairs and maintenance at Rs. 7,000 a year
or per day ... 20
Fized costs—
Salaries of technical staf:f Rs. 100 per day (Rs. 50
to be debited to bottle plant) - ind 60
General administrative oxpenses Rs. 50 a day
(Bs. 25 to be debited to botile plant) 25
Depreciation and interest ‘at 15 per cent on
Rs, 3,45,000. per day ... e 150
l’ackmg charges at Ra. 0-8.0 a maund . .o 140
1,125

r 4

Therefore the {otal cost of 10 fons of glass bottles manufac-
«ared per day amounts to Re, 1,125. So that the cost of bottles
packed for delivery works out on an average Rs. 4 per maund.
‘[he cost of Japanese bottles at Calcutta port never amounted to
less than Bs. 6. So if we sell our bottles at Rs. 4-12-0 for
northern Ind’an markets and Es. 4-56-0 for the Calcntta we can
successfully compete with Japan. Assuming the selling price
on average of Rs. 4-10-0 at the factory we get a margin of
‘Res. 0-10- 0 per maund or Re. 18 a ton or about Rs. 180 yer day or
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about Rs. 83,000 per year over and abave the 8 per cent interest
charged, in the calculation of the cost. Thus the tofal profit
worka out to be about Rs. 90,000 or so a year. With this rate
of selling at Rs. 4-14-0 a maund it is possible to compete with
Japan successfully and if the whole thing works in an efficient
manner it should be possible to displace the import of Japanese

glass bottles firstly from northern India and then from Madras
and Bombay. '

Cost of manufacture of sheet glass, capacsty of the plant being

assumed as 10 tons per day.

Rs.
Cost of 122 tons of batch st Re. 1.6.0 per meund = 460
Cost of coal 15 tons at Rs. 4 per ton .. . 60
Electric power 80 H. P. at 6 pies per unit . 5'0
Plate machine expenses including labour per day .. | 100
Repairs and mainteuance of plant per day . 50
Repairs and maintenance of the furnace .. 100
Salaries of technical stafl per day .o .o 100
General administrative staff per day - .- 76

Interest (6 per cont) and depreciation (9 per cent) at 170 o
15 per cent on Rs, 4,00,000.

Packing charges e 130

1,245

———

Say about Rs. 1,350 per day which is for producing 10 fons
of goods.

The above figures correspond to a cost of Rs. 4-8-0 per maund
of glass produced. The lowest price of the Japanese plate glass
is about Re. 5 per maund. So, if our plate glass obtainsa price
of about Rs. 6 a maund’ we can make a profit of about Rs. 140
per day or annually about Rs.-59,000 over 6 per cent interest.
Therefore including the ioterest the profits amount to about
Re. 83,800 which works out to be about 17 per cent on an
investment of 6 lakhs (including one lakh running capital).
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" SUMMARY.

‘From the details of cost of manufacture it is clear that if
this industry is started at the coal-fields in Bihar -there is a good
chance of competing successfully with Japan. The first thing
to be decided is about the exact location of the industry. There
are several eoal-fieldsin the province where most of the raw
materials are available in the neighbourhood. It will require
& very detailed stndy to select the best place. The locality
should be such that besides coal it should bave as many raw
materials as possible occurring in the vicinity. It should also
be near the places where packing materials are available as also
the market. In order to decide all these questions it will be
essential to set up a committee of experts to visit the different
centres to make a detailed study of the advantages offered by
the respective localities. After this the size of the plant should
be definitely decided upon. This can be done only after critically
investigating . the market condition including the question of
com petition. '

As regards finance_it would require about Rs. 10,00,000 of
capital. ¥or suggestions for raising this amount see Chapter 1.

Porcelain industry.

The chief raw materials for ceramics are china clay, quartz
and felspar. China clay is found in large quantities in Rajmahal
hills and also in Singhbhum. In both these places it is associated
with quartz and felspar deposits, the other essential raw material,
coal, of fairly good quality is also available at a comparatively
cheap price. The close association of the raw material and fuel
ought to have given a great impetus to the porcelain industry in
the province but unfortunately no porcelain factory has yet been
established in Bihar althongh India imported earthenware and
porcelain goods to the value of Rs. 47,81,011 in 1937-38. Itis
regretted that it has not been possible to frame any estimates of
cost and machinery required for this industry but a fairly good-
sized factcry will require a capital of the order of 6 lakhs of
rupees.

Refractories.
» . The common refractory malerials arc fire-clay, kyanits,

-silica, graphite, megnesite, ete. With the exception of the last

‘one, magnesite, all the others are found in abundance in Bibar..
Fire-clay found in coal seams, is being utilised for the manufac-
tare of fire-bricks for which Bibar along with Bengal holds the,
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monopoly. But unforturately kyanite, which is found near
Ghatshila and in the Kbarsawan State is being exported at
a cheap rate, Attempts should be made to preparé kyanite-
silliminite refractories in the province, which are undoubtedly
_ better than fire-clay refractories. Graphite, which is used in
large quantities for the manufacture of erucibles, is net being
utilised within the province. -The question of the manufacture
of bauxite refractories requires careful consideration. Bauxite,

as mined, contains a large quantity of combined water and shrinka
considerably on heating to ordinary ranges of firing temperatures .
for refractories. If it is possible to heat bauxite up to 1500°-—
1600°C, an alteration in the pbysical structure takes place, so
that -bricks manufactured from this ignited material, do not

exhibit any shrinkage and are ideal for basic furnace linings,

But at present, the cost of heating bauxite {0 1600°C is prohibi-

"tive and hence the indusiry has not been taken in hand by any

wanufacturer. ] -
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CHAPTER IX.

Pyrr, PAPER AND CARD-BOARD MANUPZACTURE.

- We attach great importance to tne establishment of pulp,
paper and card-board indostry within the province. Its
establishment will benefit practically every industry specially
.8 number of cottage industries. Almost anything sold these
days requires paper either for packing, wrapping, labels,
advertisement or at least for account keeping. On the success-
ful manufacture of paper pulp will depend the establishment,
at a later date, of such an important industry as the artificial
gilk industry. Paper pulp industry is truly a key industry and
.every effort should be made to make the province self-sufficient
in this respect. We wunderstand thati Messrs. Dalmia have
started the manufacture of paper and paper pulp at Dehri-on-
Sone. In the opinion of the Committee this is a very desirable
undertaking and deserves to be encouraged. But the manu-
facture must be conducted on modern lines and wunder proper
technical control.

Although there are 2 number of paper mills working in the
different provinces of India, the consumption of paper in India
is beyond the capacity of the existing factories and a very large
quantity of paper has to be imported every year.

» | Import of paper in owt. Priee in rupees.
. 1935-36. 1936-37. | 183536, 1936-37:
1 2 3 4 ]
Ra. Rs.
Packing and wrapping | 405,495 | 364,146 | 53,01,636 | 48,05,959
paper.
F Printing paper (machine 33,646 28,062 | 4,36,479 | 3,668,641
" " glazed poster paper).
- Newns printing .e 686,66b6 734,961 | 52,44,990 | 52,99,242
Writing paper 147,233 | 156,486 | 34,71,153 | 33,569,888
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The cheaper varieties of paper for news print, efc., are
made from raw materials which are fouud in abundance in
Bihar. The available quantity of sabai. grass and bamboo in
Bihar is considerable. '

Sabai grass=100,000 maunds per year.
Bamboo—Considerable but quantity not known.

16,000 maunds of sabai grass are used locally for rope~
making the remainder being sold outside the province.
Similarly -in the case of bamloo, after meeting the local
demand for building houses for the "poorer classes, the excess
is exported. The eultivation of sabai grass and bamboo should
be encouraged and further suitable areas should be planted
under the directions of the- Forest Department. A number of
paper mills near Calcutta,.are manufacturing pulp from bamboo
by digestion with caustic soda and there is no reason why the
same process should not be successfully worked in Bihar.

A difficulty that is being experienced in this process is the
recovery of caustic soda. Bamboo, asis well known, conlains
a fair quantity of silica and during alkaline digestion this is
converted into sodium silicate which brings about considerable
difficulty in the recovery of soda from the waste liquors.

The other essentials for a paper factory are filling and sizing
materials and the cheap supply of electric power for the
manufacture of chlorine. The former are found in abundance in
Bihar and when the Elecfrification Scheme comes into operation,

_a cheap supply of electricity will also be available. As all the
raw materials are available in the province, the question of

starting paper factories .ought to be taken up seriously by the
- industrial men of the province.

The cost of machinery for a bamboo pulp and paper mill of
B tona capacity for 24 hours is given in the appendix.
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APPENDIX 1X.
Hstimale for a paper mill of 5 tons eapacity per day.

Ra.

1. Bamboo crusher, conveyer, eautoclaves for di-
gestion, ete, .. .o .. 102,600
2. Mixing chest, strainer, pumps, fittings, ete, .. 14,400
8. Paper making machine . .. 1,08,400
4. Re-winder, slitter, cutters, etc. .o . 5,600
5. Accesgories to paper machine . ‘e 4,200
6. Erection charges . .o . 62,500
1. Bleaching liquor plant .. . o 1,00,000
8. Caustic recovery plant ., .o oo 75,000
9. Boiler .. . . . 20,000
10. Power plaiit . o . e 60,000
‘11, Buildings and sheds .. . 25,000
5,656,600
12. Working capital oo pus .o 2,00,000
Total .o 7,665,600

Cost of production of a ton of bleached bamboo pulp paper. 1 ton
| of paper (90 per cent pulp 10 per cent filler.)

Rs.
Pulp ts e .o e 127'65
Bleaching powder 200 lbs. at Rs. 120 perton .. 12-5
Sizing materials and chemicals . o 12.0
- Coal 2-b tons at Rs, 8 2 ton .. e 20-0
Labour . .o T e .o 20-0
Repairs .- e .. .o 10-0
Packing ve . .. 200
Overhead charges .o .a .o 100
Depreciation on machinery .o . 15-0
Depreciation on buildings .. .e . 17
Interest on working capital . e 20-0
Insurance .- .o .o e 590
Total oo 272-35 per ton.

The average price of this type of paper js about Rs. 400
per ton, so that there is ample margin of profit for the

undertaking.
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CHAPTER X..

Tar MANUFACTURE .OF ARTIFICIAL SILE.IN INDIA.

In our opinion the establishment of the artificial silk induse
try must follow and not precede the establishment of heavy
chemical and ordivary paper pulp industry. We, therefore, do
not recommend that Government should examine the possibility
of this industry any further at present: The following note,
however, is added in case Government desire to have further
information on the subject :—

At present for the manufacture of artificial silk, two princi-
pal processes, viz., the viscose process and the acetate process, are
in use, The main materials required for these processes are many
and only a few of these are manufactured in India. These
prooesses are of high technical complexity and require for their
successfull exploitation, a range of raw materials of high quality
a? well as skillel and egperienced technical staffi and costly
plants.

For the viscose process sulphites for the preparation of
wood pulp, carbon bisulphide and sulphuric acid for the actual
artificial silk process and other auxiliary materials are required.
1t appears that India and specially Bihar, may in -future become
a supplier of artifioial silk if it is found pradticable to utilise
the deposits of pyrites in Bihar or in the neighbouring state of
Nepal for the extraction of sulphur for use in the manufacture
of carbon disulphide. In the absence of cotton linters of standard
quality it may be found possible to employ soft woods like
spruce and silver fir found in the Bimalayas for the manufac-
.ture of wood pulp. But all this will require extensive research
and investigation.

As regards raw materials for the acetate process, the posi-

tion is no more attractive since no acetio acid, acetone or acetic

‘anhydride are at present being wanufactured in this country.

. Molasses from sugar factories may become the source of these

important chemicals. Here again Bihar oncupies a veiy

favourable position as she has a large surplus of molasses from
sugar factories.

The above iwo processes for the manufacture of artificial
silk are well known and standardised and there is no necessity
for a pilot plant to be installed in India simply for the purpose
of demonstrating that artificial silk can be made. Pilot plants
are desirable however for investigating the suitability and
economics of the manufacture of high grade oellulose from
various grades of cotton linters and from wood. The question
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then arises as to what should be regarded as a suitable size of
pilot plang for this purpsse. The pulping plant of the Titaghar
Paper Mills, Calculta, for the production of bamboo pulp is of
interest in this comnection as the average size of the pulping
digestors installed by this firm is of 5 tons capacity, i.e., five tons
per charge which is quite normal for this type of plant, A
plant of 1-10th this capacity would provide a suitable pilct
plant for our purpose. Similarly a pilot plant to investigate the
possibilities of producing chemical cotton should have a capacity
of say 800 lbs. (2 bales).

As regards the advailahility of other raw materials the
present position is as follows :— !

Materials in use in the principal manufacturing countries
for production of artificial silk by the Viscose process :—
Raw materials.

Cellulose (chemical wood pulp and chemical cotton).

Caustie soda. |

Carbon bisulphide.

Sulphuric acid.

Auziliary materials. -

Glucose and sizing materials.

Sodium sulphate.

Zine sulphate.

Sodium hypochlorite.

Hydrochloric acid.

Sodium carbonate (soda ash).

Softening oils,

Dyes. :

We have already indicated that chemical wood pulp ang
chemical cotton are not produced in India at present. Caustic
soda also is not prodoced in sufficient quantity but as we have
already mentioned there is good prospect of this difficulty being
solved in the near future. Carbon bisulphide is not manufaer

‘tored in India, bat as indicated before it may be manufacture

where pyrites or other sources of sulphur are available, Sul
phuric acid is manufactured in India from imported sulphar,

As regards the auxiliary materials suitable glucose or othert
gizing material is not at present produced in India, but theie
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shonld be no difficulty in their preparation once the heavy
_chemical industrivs are safely established.” Zinec sulphate,
sodium ‘hypochlorite, softening. oils, and snitable dyes are not
produced in India, but their mannfacture also is governed by
the same consideration of establishmert of heavy chemical induge
try. Sodium eulphate (Glauber salt) and hydrochloric acid are
produced in India but with the aid of imported sulphur. Sedium
carbonate (soda ash) is not at present produced in India but will
shortly be manufactured here by Messrs. Imperial Chemiecal
Industries. Dyes of the types in general use are not manufac-
tured in India. Indigenous dyes might be suitable but this
would require lengthy and intensive investigation.

Materials used in the principal manufacluring countries for
’ production of artificial silk by the acetale protess,

Main materials.

Cellulose (chemical cotton).
Acetic acid.
Acetic anbydride,
Acetone.
Auxiliary materials.
Sulphuric acid.

Sodium carbonate (soda ash).
Sodium acetate.

Softening oils and sizing materials.
Dyes (Special dyes).

Acetic acid, acetioc anhydride and acetone are 1ot produced
in India. Their production from wmolasses will require the setting
up of new factories. Sulphuric acid is available though as
mentioned above, this is manufactured from imported sulpbur.
Sodium carbonate, i.e. soda ash, will shortly be manufactured in
JIndia by Messrs. Imperial Chemical Industries and possibly
also by Messrs. Tata and Sons, Limited. Sodium acetate is not at
‘present manufactured in the country but this will be readily
‘possible when soda ash and acetic acid are available, Suitable
goftening oils and sizing materials are not at present produced
here but there is no inherent difficulty in their production. The
‘dyes required in the case of this process are of a highly specia-
lised type éuch as the Solacet range of Azo. dyes developed by

Messrs. Imperial Chemical Industries, and are not manufactured
{n India. - '
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From the above it is evident that an artificial silk industry
set up in India at present would be dependent upon a large
number of imported raw materiala. It is consequently desirable
that every thing should be done to develop the production of the
necessary raw materials which are not manufactured in India
and which have been specified above. The most imporiant of
these are alkalies, sulphurie acid, acetic acid and coal tar dyes.
For the present, therefore, the artificial silk industry caonot be
regarded as a feasible industry in this province but one which is
potentially a possible industry and which it is desirable to estabe
lish in not too distant future.

Import of camphor.

Celluloid is a solid prepared by subjecting pyroxylin, a nitrated
cellulose with 11—12% Nitrogen camphor and other substances
which act as stabilizers, to hydraulic pressure. The import
figures of celluloid are not available but that of camphor is
given below :—

Import of camphor,
In Ibs, Ra Rs.
1935-36. 1936-37. 1935-36. 1936.87.
2,207,386 1,868,011 22,41,510 21,24,856

As stated before, pyroxylin is a nitro-cellulose and eonse-
quently an explosive. Although there ar¢ no technical difficul-
ties in its preparation yet proper safeguard must be introduced
to prevent its manufacture, distribution and use by authorised
firms or individuals. Camphor, the otlher essential constituent,
can be made from Indian turpentine but there is no factory

where this Kis yet been attempted. )

_ The mefhod of preparation consists of mixing moist pyro-
xylin with powdered camphor, sprinkling alcohol on the mix-
ture and kneading at a temperature below 35°C for several
hours. The resulting masa is soft and by the application of
hydraulic pressure it is formed into sheets;, rods or blocks. Pig-
ments are, incorporated during the kneading, zine oxide giving
a white body resembling ivory. For transparent celluloid urea
is used as a stabilizer. Camphor not only plasticises pyroxylin
but removes its explogive nature. This industry aleo is not feaé
sible in the province under the present conditions and mus
wait until the artificial sitk industry has been established so that
Jarge quantities of suitable cellulose becomes readily availg
pble.
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CHAPTER XI.
BrrriNg POE MACHINERY..

The manufacture of beltings for. machines s one of great
irnportance for every country wheré machines are used in large-
numbers for manufacturing proeesses; The import prices: of,
beltings during the last two years are given below »—

| 1936-36. 1936.87.

Rs. 63,561,072 ‘Rs. 45,95,093

The imported material8 4re usually mddé: from - the follows
ing sources :— o~ : _ _

1. Cotion:

2. Hair,

3. Leather.

4. Other materials.

There are two belting manufacturing - factories nea# Cale
putta—(1) Messra. Bengal Belting ‘Works, Ltd., (2) Messrs; Birk-
myre Bros. A third is in course of construction, During the
visit of our Secretary the factory ©f Messrs.. Birkmyre -Bros,
was not working but from the disoussion: he had with the
various firms the following points wére brought to light :— '

(1) Messrs. Bengal Belting Works, Ltd., with a capital of
Re. 3,00,000 is now turning out: belting to the valie of R s.
8,60,000 per year, working.one shift per day. With double
shifts the output may be raised to Ba. 7,00,000 per year. This
firma is manufacturing beltings of the following varieties i—

(@) Cotton—mainly brought from Cawnpur, (5) hair from im<
ported Australian wool, (¢) flax—the yarns being finpoited from
England, (4) silk—from Assam silk., Canvas and: hose pipes of
yarious sizes are also being manufactured in the factory. "

(2) Messrs, Birkmyre Bros. The output of their- fé.etory'
is Re. 10,00,000 per year. It is said that' they have té close
~ gdown bechuse of the unfair competition of imported materials,

It was pointed out to our Secretary thit although the jute
mills of Calcutta and the colton mills of .Bombay: -m'eg ' ‘virtuﬁly

enjoying a protection from the Government of India very fow of
them are using beltings manufactured in the country. ~ As the
~ = s s e = -y -
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total production of these two factories near Caleutta working
two shifts per day may come up to Rs. 34,00,000 the country
might be independent of foreign supply if proper protection is
given to this infant industry with the understanding that unless
the price of raw materials exceeds the present figures the price
of beltings manufactured by them willnot be allowed to be
enhanced. The establishment of any new belting factory for
Bihar need not be considered at present unless the demand
increases beyond the production capacity of the existing firms.
This is extremely nnlikely as the modern tendency of machine
manufacture is to dispense with belting drive and to provide
individual motors as the regulation of speed and the facility
of working are greater with this form of driving.

It is very probable that the quality of the Indian produced
beltings requires to be further improved so as to appesl to those
users who are af present nsing imported materials.

Trae Bencar Brrring Works, LIMITED, SERAMPORE,

W eaving shed :—
5 looms to make 7* to 10 belts,
1 loom to make 127 to 24 belts.
12 looms to make 4” to 6” belts,
1Joom to make Listing.
14 looms to make 3” to 4” belts.
2 looms to make Hose Pipe,, .

. Monthly production at present is Re. 25,000 per single shift,
On double shift the production may reach Bs. 1,00,000 worth of
Belting and Hose Fipe. :
Preparatory shed ;—
© . 8 Re-winding machines.

3 Beaming machines,
1 Big Beamer,

2 Twisting machines. 1 more Twisting machine under
construction, T '

I Chease Winder.
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CHAPTER XIL
O1L INDUBRTRY.

As we have already stated elsewhere the local crushing o
oil seeds deserves to be encouraged because when seed i
exporied the oil cake which is an excellent marure and contain
both mitrogen and phosphorus is lost to the province. There
are very few sources of phosphorus in India and the conserva.
tion ofthis element is most desirable, "A reference may’be
madé in this connection to Chapter V dealing with phosphatis
manures. '

There are 31 oil mills in this province all of which are
‘equipped primarily for crushing mustard but all of them crust
a ceriain amount of linseed and serguwja. Almost all these
mills work on the system of power-driven rotary ghanis, only
some of the mills having expellers. As far as can be ascertain:
€d the number of rotary ghanig is ahout 8,000 and the number
of expellers 30. The industry is concentrated in the town:
situated along the south bank of the Ganges, mainly because
of the facilities afforded by cheap river transport. There ar¢
still thousands of old fashioned village ghanis in use, althougtk
their namber is fast decreasing under the pressure of competi:
tion from power-mills. -

. Oilseed crushing industry is recognised to be one of the
Important industries of the country. The import of differeni
classes of oils is not insignificant. -

Imgport in gallons.

—— 1936-38. 1938-37. 1985-38. 1938-37,
Gallona, Gallons. Ra. Rm,
Cocoanut oil -+ | 8,643,902 | 7,826,528 | 90,19,207 | 91,536,803
Ground nut oil .e 1,664 1,356 2,709 1,997
Linseed oil .s 136,311 143,518 3.27,118 3,54,854

The export of oil during these periods is insignificant. The
export of oil seeds however is very oonsiderable, '
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Ezport of oil éeeda,inuqm.

— 1985-36, 1936-87, 1916-88, 1938-87.

Tons. Tons. Rs. Rs.

Castor. . ..| 599681 43,089 18314775 | 62,97,761
Copra or cocoanut 48 38 17,662 | - 15,158

kernel.

-Cotton seed .o 730 9,003 45,215 5,01,764

. Ground put .. | 412,667 | 739,483 15,65,10,263 |12,28,67,494
- Linseed oo | 164,743 | 296,034 [2,20,62,178 4,36,44,191
- ‘Mustard .o S 2,117 § - 2,616 | 4,06,955 4,78,929
«Rape .. .o 19,021 37,637 | 25,78,782 63,867,792
. -Sesame .a 1,300 14,216 | 2,69,803 27,156,117

'Among the important class of oil sceds, Bihar exports
..& fairly large quantity of linseed whereas she has to depend
:.apon the import of mustard and ground nut for supplying her

local demands.

A scheme for the setting up of a plant capable of erushing
.10 tons of oil seeds per day of 24 hours is givenat the end of
this chapter {see appendix XII(a)]. In the case of mustard
seeds ordinary types of ghané are said to be pecessary for the
first crushing of the seeds in order to impart the pungent odour
to the product. It is possible that the problem of pungency
may be solved by the use of synthetic pungent principles which
are on the market. The output of the factory will depend upon
the nature of seeds crushed. Most of the progressive oil mills
near Calcntta have installed machineries of this type and are
running at a profit. It seems that in Bihar, the conditions will
not be very different. The prices at which the factories in
Bihar would be able to obtain seeds like ground nut, castor,
ete.,, would be lower than those obtaining in the Calentta
markets and consequently the price of oils would naturally he
‘slightly lower. In this connection attempts should be¢ made
for the manufacture of cold drawn castor oil, which after

refining may be sold as medicinal product.
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OIL CAKES.

From the manurial point of view, compared with the synthe-
tics, oil cakes fetch a fairly eood price (vide the export figures).
The question then arises whether we should preserve ‘the oil
cake for cattle feeding and manurial purposes, or continue to
export them. Taking a long viéw, these cakes should be
utilised in the country for the sake of improving the cattle as
also to check the phosphorus improverishment of the soil. We
say long view, because the effecti on the cattle cannot bc_a 50
definitely measured as to be able so say whether export prices
are not compensated thereby, but experts are of the opinion
that the retention of the _oil cakes in the country is a move
in the right direction, In any case, & restriction on the export
of oil cakes, after thorough’ calculation of our cattle require-
ments is imperative.

" The export trade of India in oil cakes is very large as the
following figures will clearly indicate :—

—_— 1936-36. 1986-37. 1035-86. 1935-37.

Tons, . Tons. Rs. Rs.

Castor cake 1,657 1,698 69,671 82,777
Cocoanut cake .. 3,825 4187 | 254331 |  2,04,106
Cotton cake .. 6,213 4,187 | 292147 | 543,833
Ground nut . 1,934,-238 2,37,760 | 1,16,36,320 | 1,64,33,687
Linseed cake ... 71774 60194 | 43903826 | 3451280
Rag:koand sosame 7,607 | 13,736 | 2,772,020 | 4,907,759

The problem of the utilisation of this vast quantity of oil

cake is very pressing. Be
of oil (7-10 per cent),
in foreign courtries.

2:75 yper cent Py O, an

sides containing a certain percentage
the oil cukes are employed as manures

The usual export practice is to guarantee
d 4°6 per{cent N.
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Soar,

The supply of vegetable oils for the manufacture of soap
is fairly abundant in Bihar. Of the other raw materials,
caustic soda, sodium sijlicate, etc., bave fobe imported. A
cost sheet for a plant manufacturing 075 tons washing soap
and 025 tons of milled toilet soaps is given in appendix XII(b).
The prices given are those obtaining in the Caleutfa markets

at the present time.

Soap isa feasible industry for Bihar and may be left to
private capitalicts. It is one of those chemical industries
which are suitable for cottage scale production in Bihar, We
have discussed this point in the ehapter on Cottage industries.

ToiLer Goobs.

The use of toilet goods, like snnows, creams, toilet powders
is on the increase among the educated eclaasses all over the
country. The preparation of these can easily be undertaken
-by an experienced chemist, without any costly machinery and
ihe profits are very alluring. Details as to the cost of manufac-
ture for 4 fairly large concern are given below. The undertaking

may easily form part of a soap factory,

_ SNow.
Raw materials.—

Ba, a
Stearic acid—10 lbs, .o .. 312 ¢
Borax and caustic potash .. .o 010 0
Perfume—1 oz, - ‘e oo 10 0 0
Labour .. . .. .o 10 0 ©
Containers and packing for 500 bottles . 47 0 0
Total .. . 71 6 0
Rs. e p-

Sales commission at 10 per cent of the sale
price .. .. . 2 0 0
Dealers’ commission at 12§ per cent. .. 42 0 ¢
Delivery charges at 2} por cent, .. 6 4 0
Advertisement at 5 per cent. .. . 12 8 0
Total . .e 157 2 ¢
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'RB-
Bale price for 500 bottles at annas 8 per bottle - 250
Proﬁb - (X v LX) (K ] 92

Cold Cream.—The preparation of cold cream is very similar
to that of snows, the only difference being that a part of steario
acid is replaced by lanolin, The production cost and the profits-
are about the same. :

Tailet powder.—

Rs. a. 'p.
Tale. 56 1lbs. . . 3 8 0
Starch 56 Ibs,’ .. .. ‘e 3 80
Boric acid
Magnesium carbo- . . 3 8 0
nate '
Zinc oxide o )
Scent 2 per cent. at Rs. 16 .. 33 0 0
39 8 ¢
Sale charges at 30 per cent . . 49 0 0
Labour . .e . 7 0 0
Total . “ 93 8 0
Rs.
Bale price at annas 8 per packet of 2 0z.—896 ,
packets .. . . . 168
Pmﬁc L ) L] L] ‘ L ) 74
TALLOW, STEARINE AND GLYCERINE.
Import of Qlycerine,
1933-84. ' 1934-35. 1036-86,
11,464 cwt. e 10,334 cwt. 0T 9,420 ow,
Rs. Rs. Rs.

3,63,201 .. 3,66,700 . 4,08,768
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The import figures for tallow and stearine are not available,
the current prices of these in Calcutta markets are given
below : —

: _ _ Be. a P
Australian Best White Mutton Tallow .. 21 8 0 por cwt.
” Mizxed Tallow no. 1 .o 20 0 0O »

The industry of the hydrolysis of tallow for the production
of stearic acid and glycerine is now well-established in
European countries, the stearic acid beiog utilised for the
manufacture of candles. But unforfunately this industry is
non-existent in India, because stearine candles are looked upon
with disfavour by the majority of our countrymen. The main
uses of stearic acid in India are the manufacture of shaving
soaps, cosmeties, leather dressings, etc. The high price of this
commodity stands against its use in the soap industry although
the process of manufacture may be considerably simplified with
stearic acid as the starting material.

The second product of the process is glycerine which is
used in large - quantities for the manufacture of explosives and
certain medicinal preparations. The usual source of glycerine
is the waste-lye of the sonp factories. But unfortunately that
soap factories of our country are built in such small units that
the quantity of waste-lye in each factory would not be enough
to justify the cast of a glycerine recovery plant. If, however,
a central factory is erected, near a group of soap factories where
the waste-lye from each of themp may be easily transported, the
propcsition may turn out fo be a promising one. There is no
such place in Bihar at present. - Moreover, the manufacture
of pure glycerine {rom "soap lye is a hizhly technieal process.
Th: prospect of the manufacture of glycerine by the hydrolysis
of tallow is most promising because the crude glycerol is obtained
in a ecomparatively purs state. -

~ The methods that are used for the splitting of fats are the
following : —
(1) Saponification under pressure, with bases like lime,
magnesia, eto.

(2) Acid saponification process, in which concentrated
_sulphuric acid is used as a hydrolysing agent,
the fat being intimately mixed with the acid by
mechanical agitation and kept fluid by the addition
of dry stcam.
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(3) Lipase fermentatirn process in which the fat is
hydrolised by an enzyme present in castor seeds.

(4) Twitchell process, which -consists in emnlsifying the'

: fat with water by small quality of certain
compounds (sulpho aromatis fatty acids) and
passing open steam through the emulsion.

A comparison of these processes shows that none-of these
is without some disadvantage. In the first process, -the; sapo-
.nification is carried out under pressure. which, involves rather
costly plants and a part of the stearic acid is. converted. into
insoluble soaps. On the other hand, the. stearic.acid is very
pure and white and the yield of glycerol is ‘very good. "In the
sulphuri¢ acid process, the yield. of solid fatty acide is greater
than that in any other process (56—65 per eent from fallow)
but the quality of the acid and also of glycerol is poor, The
fermentation process gives a fairly pure fatty acid but the
yield of glycerol is low and owing to the: presence of foreign
organic matter, the process of recovery becomes cumbersome.
The Twitchell process has been found to give the best yield and
quality of fatty acid and glycerol, .. :

The Twitchell reagent is prepared by adding a large "excess
of sulphuric acid to a mixture of benzene and oleie acid in
molecular proportions and washing the - resulting: product.
Tallow after preliminary purification is treated with the reagent
1 per cent sulphuric acid (60° Bas, 1 c.c. per 1b, of tallow).
Steam s then passed through the mixture for 12~—16 hours,
when the hydrolysis is complete. A better and more active
reagent can -be prepared from naphthslene instead of -benzene.
About 96. per cent of the fat is- hydrolysed by heating for
12—2 1 hours, and the fatty acid is easily pressed out and is. found

to be of a white colour. The yield of glycerol in this process is
7-8 per cent.

There is, however, little prospect of success of this industry
in Bihar at present. A small plant will be uneconomical. For
a large unit, the mnecessary raw materials will not be easy to
collect and there is sure to be difficulty in marketing the pro-

ducts as there is no local demand at present for large quantities
of these materials.
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APPENDIX XII(a).

([Estimale for a plant capable of crushing 10 tons of oil seels per day

of 24 hours.

One Hexagonal screening - reels capacity
1,500 Ibs. per hour e .

One Oil.seed mill with saperimposed rollers,
for the preliminary crushing .o

Two Oil expellers «Sohler system” at
Rs. 9,100 each less 7% per cent .o

One Filter press with pump 24317 x 243”..

Buildings and land o .o
Erection charges ) .s .e

Motor—50 H. P. 1,200 revol.—
One D. O .o ..
One A. C. ‘e e
Shafts, countershafts, pulleys, plummer,
blocks, beltings ee .-
Boiler, 4N K P, . .o
6 Oil tank.s—lo tons capacity .
Oontingency .o .o

Total .e .

Rs.
2,830
10,645

17,900
3,010
5,000
1,000

1,600
1,200

3,000
1,000 -

600
2,000

e ———
49,585

ettt
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APPENDIX XII(b)

4 cost sheet for a plant mannfacturing 0-75 tons washmg soap and 0-25
tons of mulled toilet soaps.
Block capital—

BRs. 8 P
1. One boiler for steam generation e 4,000 0 0

2, One soap pan 7/x7'x8’ for washing
soap base or a cylindrical one 8/ diam.

X8’ depth ., .. - 1,000 0 O
8. One soap pan 7’ x 7’ x 8’ for toilet soap 1,000 0 O
4. Fittings for the soap pans . 200 0 0

5. Iron soap boiling pan 650-—60 mds.
capacity for making semi-boiled soap
16 mds. per day .o e 90 0 0

6, Soap framers, capacity 12—13 mds. of
soap 10 frames for (2) and (3) at

Rs. 80 each e 800 0.0
7. Soap slgbbmg apparatus ... 20 0 0
8. Soap cutting machine for waghing soap _

2 at Bs. 50 each . e 100 0 0
9, Stamping machine (country made) —2

at Rs. 60 each 120 0 0

10. Soap chipping machine .. . 200 0 O

11. Steam drying chamber for ‘drying toilet
soap chips with exhaust fanand motor
a8 designed by the Director of Indus-
tries, Bengal o e 2000 0 O

12. Complete toilet soap machinery incla-
ding one plodding machine, one milling
machine, one cutting machine and one
stamping machine with one motor
12H.P. .. e

6,000 0 0

13. Erection expenses, etc. ... . 1,000 0 ©
14. Building, sheds, ete. .. - . 10,000 0 0
15. Land 2 bighas s o 4000 0 O
Total - 30,680 0 0

Working capital ~ -« 1,00,000 0 0

S ———

. Girand total . 130,580 0 0
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Raw materials— , Rs,
1. Qaustic soda—1 ton per week 207
2. Soda silicate (country) 6 ewt. per week 20
3. Salt—20 mds. o w 40

4. Tallow—for toilet soap—35 mds,
for semi-boiled—20 ,,
EE » per week 606
5. Cocoanut oil—Toilet—10 mds.
.Waabing—20 o
semi-boiled—30 " ;,
EE » Per week 600
6. Mowha oil—washing—26 mds. per week 276
7. Ground nut ¢il—Toilet—3 mds.
Washing—6 ,,
semi-boiled—9 ,,
FI » per week 180
8. Qastor oil-—toilet—2 mds.
Washing—3 ,,

5 . perweek 55
9. Rosin—toilet—§ mds. '
Washing—2§ ,,
semi-boiled—1§ ,,

4§ ,, per week ' 40

10. Perfume for toilet soap 9 Ibs. at Ra. 8
per woek ... - 72
Total oo 2,094
1L Power .. . 50

© © e

oo a'®

0 per weeok.
o ” ”

Grand total - 2,144 8 0, o
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Wages— Rs. a. p..

Chemist .o 50 0 O per week
Assistant chemist 2 00,
Boiler man - 10 0 ¢ ,,
Soap boiling mistry 15 0.0 ,0 -,
~Assistants to soap boiling mistry,—2 - at -

Rs 7 each per week o 4 0 0 , »
Labour for soap boiling—5 at annas 4

pez day v .o 17 8 ¢ n

For washing soap unit—

'8 expert stampera at annas 8 per dnj}

15 0 0 » ’ »
2 expert cutters at annas 8 per day

7 coolies at annas 4 per day . 10 8 o ,,
For toilet soap unit—

£ coolies fof chipping and drymg ab anmas

4 per day ves 3 00, .,

. 2 expert stampers at annas-12 per day .. 900,
2 expert hands for pledding mlllmg at L '

annas 12 per day - 9 00,

6 coolies and packers at annas 4 per day ‘900 ,

1 Electrician and mechanic...

.. » »”

Total Fam . 181 ! 0 0 iTY (1]
Office expenditure~=
1 mountl.ant. . 16 0 0 per week.
2 clerka L) L (1] ] 20 o 0 »n ' »n
1 cashier . . 10 0 0 ,, »»
1 store keeper .. . .o 10 0 0 ,, »
1 bﬂﬂrel‘ X} .e ey N 4 0 0

!

Total

L ”
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Sale chargeg— Rs. a p
‘Oanvagsers ab 10 per cont of the sales. .., 366 0 0 por week.
Advertisements at 5 per cent ” s 182 0 0 ,, ”
Delivery charges at 5 per cent  ,, ‘e 182 0 0 ,,

Oost of production— '
Matenals ‘ eae .. e 2. 144 8 0 » ”
Lﬂboﬂl’ e e “-a 200 0 o . R [ 2]
Depreciation .. 2% 0 0 , ”
Office expenditure e e 69 0 0 ” ”»
Oanvasser . 365 0 0 ,, ”
Advertisement ... oo e 182 0 0 ,,

Delivery .o .o 182 ¢ 0 ,, ,
Total . 3163 8 0 ,
Sales—
90 mds. semj-boiled soap at Re, 11 per md. 999 0 O per week.
60 mds. washing soap (sunlight type) at
Rs. 13 per md. . 70 0 0 ”»
32 mda. toilet soap (Turkish bath type) at
annas 10 per geer .o .o 800 0 0 ,,
18 mds. toilet soap at Re. 1.8-0 per seer ... 1,080 0 0 ,, ”
Total ve 3,650 00 ” ”»
Working expenses .. 3163 0 0 ,
Profit .o 487 0 ©

” ”
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Estimate of a plant for producing one ton of stearing per day,
| B
Boiler 5,000—6,000 1bs, of steam perhour .. = 20,000
Two hydraulic presses } ton capacity, hot ‘and

cold at Rs. 5,000 .. . 10,000
Two glycerine concentration pans (200 gals. o

capacity) .o - - 1,000

One vacuum distillation plant for glycerine (capa- - - - -
city 2 cwt.) .o . 10,000
One fatty acid distillation plant .. v . 10,000
Twitchell plant (pumps, lead.lined vats, etc.) .. 10,000
Oryatallisation apparatus and refrigerating plant 5,000
‘ | Total - 66,000

B.—Buildings, etc,— ,
Factory shed 6,000 sq. ft. B «s 6,000
Office and godown .. . .. 2,000
Furniture, equipments, eto - - . 1,000
Miscellaneons - ‘. 5,000
Working eapital e . « 100,000
Total - 180,000

Werking expenses,

Wages and salaries—
(¢) Manager at Ra. 150 per month.
(b) Ohemist at Rs, 100 per month.
(c) Assistant chemists 3 at Ra. 60 per month.
(d) Clerk ot Ra. 60 por month.
(¢) 80 coolies in 8 shifts at Rs, 20 per shift.
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- . ' Bs. 8. p.
Raw materials—
Tallow 11 ton at Re. 17 per cwt. - w 374 0 O
Twitchell reagent (26 Ibs.) . e 780
Sulphuric acid ami lime . . 1 00
Fuel (5 tons) . . .. 50 0 0
Jpterest on capitnl,- '
" Re. 1,80,000 8t 6 per cont Jper annum - . 2080
Pepreciation on machinery—
AL 10 peront .. .. 16 8 0
Miscellaneous .e vs - 40 0 0
} Total . 529 8 0
Sales—
Stearic acid 9-4 cwi. at Ra. 45 per cwt. .. 413 8 0
Olsic acid 9-4 owt. at Re. 15 per cwt. .. 141 0 0
Glycerol 1-3. cwt. at Ra. 50 per cwth .. 18 0 0
Total .. 632 8 0

Profit—Rs: 103 per day of 24 houra -
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Paints, VARNISHES, LACQUERS.

Bihar produces one-sixth of the total linseed of India and
practically exports 80—90 per cent of its production. A fter
meeting the local demands, a portion of the large quantity now
exported, eould be converted into raw and boiled linseed oils, for
use in the manufacture of paints. The pigments required, their
sources, and processes of treatment are all described in brief in
the appendix, which would show that the establishment of a
paint faotory on suitable lines, depending on the economic
availability of pigments could be recommended. As the con-
samption of paints in Bihar is not definitely known, we are of
the opinion that for the present, only a small factory, capable of
further extension can he recommended to be safely undertaken
by capitalists.

Spirit varnishes—French polish is one of the most
important of spirit varnishes, and already the required quantities
are manufactured in the country, simply by dissolving shellac
in spirit and adding the desired colour. No factory exists for
this as this varnish is made in small lots by the user, whenever
required. A small amount of ready-made French polish is
imported but its quantity is nof such that an independent
factory can be recommended. It is suggested, however, that
the existing paint works should look into this problem as an
adjunct. to their ordinary manufactures. Colourless French
polish would require bleached lsc for its manufacture. The
beaching of lae, though simple, requires experience, but as details
are available as a result of experiments at the Indian Lac
Research Institute, the paint manufacturers might well look

. into this part of the trade as a subsidiary enterprise to their
owD.

Iun the case of lacquers, which are nothing but solutions of
nitro-cellulose, aceto-cellulose and shellac, in various solvents,
the chiet difficulty lies in the necessity of importing special
solvents. In spite of this, it has been found possible to manu-
facture lacquers at » profitable price. We have, however, dealt
with the problem of solvent manufacture under a different
section which may be read along with this,

Oil varnishes—The manufacture of oil varnishes, whether
from imported resins or from indigenous varieties, is being done
bg some of the paint manufacturers but as there is still consider-
able import of this commodity, there is room for further
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development. The manufacture of lac-oil varnishes can now be
safely recommended as the pionvering work in this direction has
been done by the Indian Lac Cess Committee’s Laboratory (vide
Bhattacharya and Gidvani Paint Techn. 1938, 3, 189-90).

Pigments.—The common pigments like ochres, siennas,
barytes, eic., are already being prepared in the couatry for use
in the paint industry. Neither lead pigments nor zine pigments
have sure prospects as long as these metals are not manufactured
in the country. But attention may be drawn to the tiranium
oxide which, it is hoped, will shortly be made wavailable from the
aluminium factories. Private enterprise in this direction is -

recommended, |
For further informations see A ppendix XIII,
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A BEvVIEW OF THE PAINT AND VARNISH INDUSTRY,

The raw materials used in the manufacture of paints and allied
products are very numerous and every country manufacturing these commeo-
dities has to import a considerable proportion of its raw materiais. In this
respect, India is very favourably situated and in a better posltmn than
Great Britain. India grows her own linseed, contains large- pine “forests
which are potential sources of turpentine and rosin and has virtually a
monopoly of lac. Of the materials used as pigments, barytes is found in
various places as also ochres and oxides, The Persian Gulf Red oxide
which was used extensively a few years ago, for the manufacture of red
oxide paint, is being gradually replaced by red oxide manufactured at
Katni in Central FProvinces. Synthetic red oxide, from the waste acid of
Tatas, is being manufactured on a large scale at Tatanagar and has been
found to be quite satisfactory. The Bangalore White Lead. Syndicate is
producing white lead at Bangalore and Measrs. D. Waldie and Company,
are manufacturing red lead at Konnagore near Celeutta. The raw
materisl for the manufacture of the important pigment—Titanium
white—will be available in large quantity, when the factory of Messrs.
Aluminium Corporation of India is put into working.

The paint manufacturing industry in India has however not reached
the state of development that these advantages appear to warrant, The
imports of paints and paint materials are still high and far in excess of
Indian manufactures.

IMPORT OF PAINTS AND COLOUR iNTO INDIA,
1030-81. 1981-32, 1832.88, 1933-34. 1935-386. 19286-87.

Cwt. Cwt. Cwt. Cwt. Cwt, Cwt,
492,701 453,131 3,33,726  3,69,915 371,498 372,425

Ra, Rs. Ra. Rs. Rs. Rs.
85,80,724 66,49,173 '70,26,076 70,28,844 80,55,025 76,54,770;

IurorT OF ENaMzLS,

183u.81, 1938182, 1932-33, 1933-34,
U. K. owt. U. K. cwt U. K. ewt. U. K.- ewh
4,490 2,621 2,342 1,873
Bs, Rs. Rs, Bs.
2,561,626 1,44,804 1,71,096 1,35,5670
Foreign cwt, Foreign cwt. Foreign owt. Foreign cwt.
1,895 836 993 1,097
Ra. ~ Ba Rs, Rs.
142,642 63,660 53,747 59,470
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APPENDIX XIl—=contd.
IMPORT OF VARNISH.
1930-81. 103:-32. 1952.83. 1833-84.
U. K. cwt. U. K. ewt. U. K. cwt. U. K. cwt.
27,740 22,258 23,463 21,949
Rs. Rs, Ra, Rs.
14,44,996 11,38,6561 11,64,933 11,08,440
Foreign cwt. Foreign cwt. Foreign cwt. Foreign cwt.
6,194 5,883 5,699 5,638
Ra. Rs. Rs. Rs,
3,36,369 2,70,894 2,46,964 2,23,389

No figures are available for the outpuf of the Indian factories but it
might be assumed that the production of these has reached & total value
of Rs. 80,00,000 to Rs. 90,00,000 at the preseat time. It may therefore
be reasonably said that at present, the Indian industry is, compared with
its possibilities, poorly developed. The branch of manufacture that is
best represented is the manufactare of ordivary oil paints, ie., grinding
pigments in oil and subsequently thimning -with further oils and solvents
in order to make a mixed paint. The manufacture of pigments is less
advanced ; although some advance has been made in recent years, as
described in the first paragraph. Many of the other pigments required
in paint making are made by Judian paint manufacturers for their own
use but majority of the factories import most of the pigment that
thoy use.

With regard to varnish industry, the picture is rather depressing.
Indian made varnish is generally eaid to be inferior to imported varnish.
There is no apparent reason why this continues to be the case. Gums
and resins, of good quality, may be imported into India, as in all other
countries while turpentine, linseed and white spirit are already
available in India. The Indian manufacturer is in a position to study
the effect of the Indian climate or rather the various climates of, India,
on varnish. But in spite of these natural advantages, the varnish industry
is not making any great progress in India.

RaAw MATERIALS.

Ordinary Tpaint (oil paint) consists of an intimate mixture of very
finally divided solids, known as pigments and a liquid, known as the
vehicle. The vehicle is a mixture of a drying oil, generally lLinseed
and a ‘“‘thinner”. Raw linseed oil dries very slowly in air and for
enhancing the rate of drying, it is heated to 150°, with the addition of -
+driers * to accelerate the subsequent drying of the oil in paints. The -
function of the pigment is to support and strengthen the paint film and
to give it colour and opacity.

A mixture of boiled linseed oil and pigment in the best proportion,
is too thick for proper application and consequently most paints contain
.& * thinner *—a volatile oil such as turpentine or a petroloum product,
known as white spirit. When the paint is applied, the thinner evaporates
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slowly and its function is merely to make the paint of the correct con-
sistency for the purpose of application. In tho case of oil varnishes, the
strengthening of the film given by a-drying oil, generally linseed oil or
<tung oil, is obtained by the incorporation: of hard resins, usually copal.
DrYING OILS. ’

Linseed 0il.—O0f all the drying oils used in paint and varnish
industry linseed oil is the most important. It is obtained from the seeds
of flax plant which grows in North and South America, Russia and India.
Ot the Indian production, about 60 per cent comes from the Central
Provinces. The production in India fluctuates greatly. In 1908 it was
163,000 tons, in 1912, 641,000 tona, in 1924, 463,000 tons and in 1935,
90,144 and in 1936, 217,666 tons. .The Bihar production ia about 1/6th
of the total production of India. ]

Most commercisl linseed oil is. obtained' by pressing the "hot and'-
moistened seed in a hydraulic press.” The cake, amounting: to- about:
66 per cent of the eeeds, presents a problem forits disposal. It is
geperally used as cattle food. If it could be used in India at a reasonable
price, wé would be able to export linseed oil instead of the whole seed
as is being done at present. :

Boiled linseed oil.—In preparing boiled oil, the raw oil after storage
is heated to & temperature of 150°C, while air is blown through the oil."
Driers, consisting of rosinates or linolates of lead, manganese, cobalt, ete.,
are added in small quantity to accelerate the drying. During this
hesting, the chemical nature of the oil is changed in that it is partly
polymerised. The oil becames thicker and drier. -

Stand oil.—Stand oil is linseed oil thickened by heat alone., It has-
undergone considerable ploymerisation- and differs materially in its quali-
ties from ordinary linseed oil, raw or boiled. Stand oil finds consider-
able ueo in the meanufacture of varnishes and enamels and in printing
inks,

Tung oil.—There are two varieties of tung oil, Chinese and Japanese,
but only the Chinese variety is used in paints. The oil iy prepared from
the nute of slcareites cordata, by a process of roasting, erushing .
and pressing, This oil is the most important of the drying oils other
than linseed oil. The raw oil dries rapidly but gives a film quite
unsuitable for paint making. On moderate heating, it polymerises and .
the ploymerised oil is used in the varnish industry. o

Soya Bean oil. —The soya bean is cultivated widely in the Far East -
and it has also been grownin India. The oil has moderats drying -
Ip;o]plertie and is sometimes used when the price of linseed oil is very |

g0, 3

Poppy seed oil.—The varieties of poppy seed used for
are grown in France, India and the Nesr East. The
industry is in France to which the bulk of the Indian crop is exported.
The oil is used in artists’ paints and is eaid to remain whiter than lineéed
oil. The drying power is, however, inferior to that of linceed oil.

oil pressing
principal crushing
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R . TRINN RS,
- “Turpentine.—~The most widely employed * thinner” in the paint
 industry is torpentine, the essential oil of the oleo-resins
obtained from different species of pine. The production of turpentine in
various countries is given below ;e
‘ - Barsols of 50 gullons.

U. 8.A, e .o .e 650,000
France .o .o . 130,000
Spain . .o .o 60,000
Greece. .. s . 15,000
India .e e 2,500

Two centres of the important and growing turpentine industry are at
Jallo in the Punjab and Clutéerbuckganj in the United Provinces. The
Indian production of turpentine is given below s

1900-01 ... .o 1,600 gallons.

191617 .. N .. 1.0,000
1926.27 o .. 280743 .
1036.37 . o 245871

The volue of turpentine as = thinper in paint snd varnish industry is
due principally to its solvent action op paint vehicles and op its eonveni-
ent and regolar rate of evaporation. Unlike petroleum ¢ white spirit”
turpentine is a solvent of the hard varnish making resing and hence it is
universally used in the manufacture of varnishes made from such resins
(ie., copal varnish). A disadvantage in the use of turpentine isthat the
substance is subject to oxidation on standing im presence of air, forming
non-volatile bodies. Even in absemnee of air, on long storage, it partly
polymerises to non-volatile products,

White spirit.—The increasing demand for paint thioners and the
‘relatively stationary amount of the supply of turpentine, has made the usé
of other solvents imperative in paint manufactare. White spiri¢ is the
substitute most commonly employed. It is s petrol fraction boiling.
between 150°—200°C. Although, originally & substitute for turpentine,.
the improvement in the quality of commercial product with the wuse of
white apirit, has led to the extensive use of this product by paint manufac
turers. .Again compared with turpentine, white spirit has the advantage,
of its permanence on keeping and of leaving mo residue om evapomion.1
On the other hand, its solvent properties are much iaferior to furpentine.
The use of white spirit as 8 thinner is therefore restricted to the paint.
industry. Mixed with turpentine it is employed in varnish making,

REsins.

The resinse do not form part of the vehicle of painte TheY
are used for the manufacture of varnishes. The principal varnish making
regins or ¢« gumsa " aa they are named techuieally, are the different oopalsy
regin in its.various forms, dammar, lac, ete. Copal and resin are ased foy
the manufacture of oil varnishes while dsmmaz and lac are used in the

« 4 " ® .. n
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Copal..—+ Copal ¥ is % word used o cover & larga weniety of -varnish
making resins. The boest copals for the varnish maker come from Kast and
West Africa. Manila is the trade name of Asiatic eopals from Phillipine
Islands and Straits Settlemoent end Kauri is found jn New Zealand. -The
last two are inferior to the first two in varnish making properties. The
value of copal is determined by its ‘harduess and colour, the hard copals
making the better varnish. No suitable copal is found in India. :

Resin.—When pine cleo-resin is distilled, the  volatile. distillate con-
sists of turpentine while the residue in the still is resin. The. moltén resin
is sieved, strained and run off into casks for the market. Thée yield is
about 70 per cent of the oleo-resin, For use in varnish maunufactare, resin
is hardened by making salts with lead oxide or zine oxide, in some cases
The prevailing practice is howsever to make the calcium .resinate and cheap
varnishes contain no other resinate, T

An ester of resin with glycerol is known under the name ester gum. ‘In
conjunction with tung oil, ester'gum is extensively used in water resisting
varnishes, - ' ’ -

Dammar.—The most important source of dammer is the Btraits
Settlement. . It is 8 soft resin and diasolves in turpentine to form an
almost golourless varnish, suitable for some  particular purposes, o.g., a4
& paper varnish. : -

‘ PIGMENTS,

- The pigments used in the manufactare of “paints sré véry mnumerous
and, include both natural end synthetic materiale. Of chesé inerd
pigments or fillers form an important group. '

‘Barytes,—The most important of the inert pigmentsis barytes ‘o¥
barium enlphate. Extensive deposits of this mineral are fouand at
Cuddapah and at Kurnool in Madras Presidency and also in Alwar State,
Rajputana, Deposits of coloured barytes oceur near Ranchi in Bihar, which
aro being used by Mesers. Napior Paint Works of Calcutta, oo

Barytes is the principal constituent of cheap coloured paints which
must possess good opacity, Thus cheap oxide paint may be made of
b per cent red oxide and 95 per cent barytes.. In cheap black painte
the percentage is still' higher. Barytes is also used in white paint but on
& smaller scalsd, T '

Baw barytes is firet washed in a « tromel ”, consisting of a rotabing
tube in which the erude material i washed with water. The outlet of
the tube is provided with screens to allow tha fine. particles of ;sand and
dizt to pass throngh while the larger piecas pass on to a picking table. .The
barytss tuavels along the table or an endlass band snd is hand picked to
u_amo;-e impurities, The barytes is next pulverised in two ball mills and
sieve - : : :

‘ . ; |
. Other fillars which are raraly used in paint manufacturs -sre the
Yollowing:-—(1) «Blanc Fixe " or permanent white-—is the artificial forp of
barium sulphate, prepared in the msual manner., The high price of . aul,
phuric acid offers 2 great difioulty in its extended wse. (2) Gypsam: hep
little to commend its use in paint and its partial solubility in water renders
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the use of this material rether undesirable. The anhydrous form is eaid
to b used in fairly large quantities in the United States of America.
{8) Whiting of commerce is imported from England. It is generally used in
distemper, in whitewash and in a stiff paste with linseed oil a8 putty.

Iron oxide pigments.—The range of pigments cbtained from iron oxide
is extensive. Hydrated forms of iron oxide give yellow, passing through
various shades of brown tored. The state of hydration thus plays an
important role in its value ss pigment while the presence of a emall
quantity of manganese oxide also influences the colour.

A well-known natural oxide i found in the Persian Gulf srea and
is widely used as a bright red pigment. The best Indian oxide comee
from Katni and is inferior to the Persian Gulf variety in its brightness of
colour. The Bihar iron oxides are generally light red or purple in colour.
As these oxide paints are used for under-coats, the depth of colour is of no
great consequence,

Analysis of red oxide paints.

— Pemsian Golf)  Eatal, Bibar.
Moistare 4% 06% 4%
Loes on ignition ... e v 10% 18% 57%
Silics - ) - 187% 5-3% 99%
Ferrio oxide - - e e 725% 9210% 772%
Manganese Dioxide - v 0%
Alumipa - - e . 28% 17% 7%
Lime... - wl 0% .
Magnesis - | - | e - 26% | Traoe | Trace.
Bolable Chloride .. - v 0% | - -
5 Total w| owos| e8| 1001

An impure variety of artificial oxide iz made from the waste acid
liquors of galvanising industries at Tatanagar. The liquors are exhausted
acid bathe and are charged with iron. The iron is precipitated by the
addition of lime and the precipitated bydroxide of iron with calciom sul-
phate, is roasted till the desired depth of colour is obtained. J

Yellow Ochre—Yellow ochre consists of hydrated ferric oxide,
with considerable amounts to sillica and clay. Deposita of varying
colour and importance are found in many places of India—near
Chaibasss, at Katni in Central Provinces and at Patna ip Central India
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Sienna.—The true siennas are only found in Italy, It is used in.
pairt manufacture, either in. the matural state « raw ” or ¢ burnf ? after
calcination which modifies the eolour very considerably.

Umber.— This is aleo a hydrated iron oxide pigment containing an
appreciable amount of manganese. The best varieties come from Cyprus
and are known as Turkey umber.

, White Lead.—The import of white lead into India is comsiderable.
In 1935.36 the total import was 12,665 cwt. and in 1936-37, 13,589 ewt.
In addition to this, a considerable quantity of * reduced ” white lead
is algo imported. Some 10 or 12 years before, a plant was working at
Bangalore for the manufacture of white lead. The production figures
from 1922.—25 are as follows :—52 tons, 55 tons, 175 tons and 216 tona,
No further information about this enterprise is available. The absence
of any. lead smelting factory in India is a great handicap to the
development of this industry. A Oeleutta firm has very recently taken
up the lease of a property near Jasidih in Santal Parganas. The quality
of galena is fairly good and if the deposit proves to be of commercial
value, the possibility of starting a lead smelting plant and a white lead
factory may be considered to be hopeful. With imported lead, the prospects
of starting this industry is not very promising,

. Zinc white.—Zinc white is also imported in large quantities into
India.

IMporT OF ZINC WHITE. :
1935-36,  1936-37.
Pure .y er - 1,875 owt. 1,788 cwt.
Reduged s ™ n 35.140 " 32,695 ”»

Paint made from zine white has a high spreading power and gives
a smooth, bard film which however has a tendency to peel off on exposure
to sun light. Mixed with white lead it is an excellent. paint for -outside
work, while for interior work, zinc white alone or lithophone is very
satinfactory. The prospect of the manufacture of zinc white in India
depends upon the supply of zinc concentrate from the Baldwin mine in

Burma. In 1926.27 nearly 19,000 tons of zinc concentrates were
exported.

Lithophone——Another important white pigment is lithophone
a mixture of sino sulphide and barium sulphate, containing about 30 per
cent zine sulphide and s little zinc oxide. The import of this is also
fairly large:

1936-38. 1936-27, .

_ w 28,160 cwt. 80,419 owt.
The material ia frequently used for painting interiors and as a constituent
of wasbhable water paint. When used outside it ia liable to crack and

darken. Better results are obtained by mixing lithophone with a portion
of zinc oxide,

Lithophons ..,

The manufacture of lithophone is complicated and wunless proper

gnp'ervision and expert advice are.available, it would be difficult to take
up its manufacture, o '
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Titanium white.—This pigment. is-rapidly coming to the front of
all wlite pigments, on account of .its excellent body and non-poisonous
properties. It does mot peel off or crack like zinc white er lithophone
and has-been tested under the most trying conditions in marking roads
with excellonu results. At present, Travancore exports about 30,000 tons
of illeminite per year for the manufacture of fitanium white. Stray,
deposits of illeminite occur in Santal Parganas pear Simultala but nnless
a thorough survey of this district is made, it is difficult to ascertain the
-quantity of svailable material. Another source of this pigment will be
available when alumininm extraction is eterted in India from Indian
bauxita which is very rich in titania .No inherent difficalty is known °
‘to exist in extracting pure titania from bauxite residues.

Red Lead.—~Ths import figures oi red 1ead are given below: —

. 1935 36. 1936.317.
Pure red lead . 36.7,!51 ewt. 15,573 cwt.
Bedaced read lead ey £ . ‘3;443, - 1:846 9

It is manufactured by Messrs. D:  Waldie snd Company, Konnager,
Bengal, but the production figure is not known. Chemically red lead is
triplumbic tetroxide but the commercial yariety contains upto 25 per cent
Jead monoxide. The presence of lead monoxide aliers the ebaracter of
red lead. It is a pigment of great importance, forming s hard coat of
remarkable durabilty in a short time. . Ae regards the prospect of its
manufacture, a great deal will depend upon the availablity of metallic
lead or -scrap lead in fairly large quantities (see white lead).

Prussian Blue or Chinese Blue is an extremely fine pigment of
e deep, rich, transparent eolour. ' It is generally nsed with other pigmeats
such as barytes and in conjunetion with yellow pigments to form diffe-
sent greens. It is made locally by mixing ferrous sulphate with sodium
or potassium ferrocyanide and axidising the precipitete. The colonr of
product varies -with 1t.s mode oi manntaonn the beat _OoDes h:nng
s cop pery lustre. L) .

Ultramarine is nnother 1mport¢nt blue pigment tnd is usod ton
limited extent in paint manufactore. As the raw materials for ite masu.
facture dre easily available there is no reeson why ite muiaa:m dhould
ndhontﬁemphedmlndn. VL A

Lead ochromes.—The lead chromes are s seriee of p:gme:m ~rangig
in colour “from yellow to red. They are generally prepared by the preci-
pitation of lead nitrate or acetate with alkali chromates. For pale shades,
sodium sulphate is added simultaneously to precipitate lead snlphlw and
for the deeper shades, caustic soda. The large psint factories manufsc-
ture lead chromes according to their requirementa.

Zinc chrome.—2inc chromate is prepared by precipitating zine
sulphate with sodium chromate. It is used for making greens and is said
to ioliibit ¢he formation of rust om iron and stecl. This is alse made in

the local factorien.
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Brunswick Green.—The majority of green pigments sold under this
name are mixtures of Prussian blue and lead chrome in varying propor.
tions, with an additiona of lead sulphate.’ All these varieties are made
ocally as required. _

Chromium Ozxide is s green pigment whichis prepared by fusing
alkali dichromates with bori¢ acid. The pigment so obained ia permanent
but costly. It is also made in India.

Black pigments.—Lamp-bleck; carbon-black, bone-black and graphite
are some. of the blacks that are on the market. When properly made,
these with the exception of graphite, are fair paint materials, although
they require a long time for drying or a large percentage of driers"”:
@raphite is said to be not suitable for direct coating of stesl work since it
sppears to enhance the rusting of iron.

Manufacture of paints. L

The pigments used in paint manufacture are required to be ground fo
sn exceptional degres of finemess, most of the machines required in
# paint factory are for these grinding operations. In recent  practice,
a system of air flotation of the finer particles is frequently employed.

Paints may be made cither from a single pigment or & mixture of
pigments. The modern practice seems to favour & mixture of pigments,
High grade white paints for ocutside work frequently contain 60-—80 per cent
white lead and 40—20 per c¢ent zinc white with abont 5— 10 per .cent of
inert material. Grey paints are made from @ mixture of white Iead and
barytes tinted with lamp-black. Red oxide paints also contain barytes to
a considerable extent. Kxpensive preen paints contain 75 per cent of

pigment and 25 per cent of barytes ; the cheaper ones containing only
10 per cent of pigment. '

The oil used in paint grinding is invariably linseed oil, raw or boil-
ed. White lead requirea about 8 per cent of oil for grinding and barytes
about the same. Carbon black requires more than its own weight of oil.

Stiff paints.—The usual practice of peint menufacture is first to
produce stiff paint, i.e., the mixture of pigments ground to a paste with
lineeed oil The etiff paint can be stored saticfactorily without settling
of the pigment. For making *stiffs”, the mixture of pigments and oil
receives & preliminary mixing in a pug mill or edge rrnner and the grind-
ing proper is carried out in triple roller mille. The rollers are usually of
granite or chilled steel, and revolve at different speeds. The paint is
ground by passing between the middle and back roller and is then carried
round to the middle roller and is again ground between the middle roller
and the front roller. It is removed from the latter by & scraper.. In order
to achieve a thorough mixing of oil and pigments, it is necessary for the
paint to be passed several times through the rolls.

Mized paint.—The mixing of the stiffs” with additional oil and
» thinners * is carried out on a large scale in a mixer consisting of & rotat-
ing pan inside which vertical paddles ‘revolve. The oil used is boiled
linseed oil and «thinner” is white spirit and turpentine. Additional
driers are added as necessary at this stage. '
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VARNISH.
Import of varnish.
1935-36—26,069 cwt.
1936-37-—24,144 cwt.

. The most importent varnishes in the market at present are the Copal
varnishes. They are made in numerous varieties, and sold under
different names. Copal varnishes are made from copal and linseed oil
with the necessary driers and thinners. OCalcium resinate is sometimes
used in partial replacement of copal in cheap varnish® The differences
among the various copal varnishes are largely due to a variation in the
proportion of copal to oil. The proportion of driers also varies coneider-
ably according to the nature of the varnish and the practice of the
manufacturer.

. The first operation in varnish making is the # rupning ” or melting of

the copal. The resin, about 100 lbs, is placed in a metal pot mounted on
wheels, so that it can be drawn on and off the fire easily,. When the
resin has melted, well-settled, raw linseed oil, previously beated, is added
in small quantities at & time. The varnish msaker withdraws a small
quantity on his rod and allows a few drops to cool on a glass plate, If
the eooled varnish is turbid, it is indicated that the mixture requires
further heating before the addition of another portion of oil. Driery are
added at this stage and finally the. pot is withdrawn from the fire and
allowed to cool. When the temperature is low enough, «thinners” are
added cautiously. The freshly made varnish is clarified by a prolonged
process of storage whereby the suspended impurities settle out and the
varnish matures.

Varnish is made by most of the paint factories in Indis and has
a ready market. Sinee linseed oil is available, there is o reason why
varnish manufacture shquld not be successful in Bihar.

7 “LIST O¥ MACHINES,
L Raymond mill with air separator.
2. Flat stone machine with sieving and air separator,
3. Levigator with filter press and tank.
4. I::g machine, |
5. Lead-lined vats for chromate.
6. Wooden precipitation vats with steam pipes.
7. Filter press,
8. Hot air drying chamber.
9. Edge runner—double roll
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10. Triple roll machine. '
11. Torren’s combination mill—rolls of chilled iron.
12. Buhler machine—with water cooled rollera.
13. Torren’s master wilk
14. Ball Mill
15, Tanks with stirrer,
16. Storage tanks.
17. Aluminium pots——for gum melting.
18. Centrifuge. -
19. Storage tank.

As most of these machineries have to be imported from Great Britain,
the prices cannot be stated with any certainty. A complete. factory for
the manufacture of paints, varnishes, etc., with a capacity of 5 tons per
day may be s‘arted with a capital of Rs. 2,00,000 and a working capital

of Rs. 1,00,000. This does not include the cost of erection, power plant and
. other accessories. o
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INDUSTRIAL SOLVENTS.

With the development of arts and industries, the use of
solvents is continually increasing. As yet tlere is no consoli-
dated solvent industry in India, whilst there is considerable use
of directly or indirectly imported solvents in the country. The
varpish and lacquer industries consumeo considerable quaatities
of varieties of solvents whilst the chemieal industry itself depends
upon a few major solvents for the production of which no attempt

has been made so far, Solvents may be divided under the follow-
ing heads :—

(a) Hydrocari)ons.

(b) Alcohols.

(¢) Ketones.

(d) Esters,

(e) Glycols. 7

(f) Cyclo-hexane derivatives.
(g) Chloro compounds.

(A) Furfurals,

(3) Plasticising solvents.

It is not the intention of the Committee to describe the
manufacture of these solvents in this report but it would be
useful to indicate in short the sources of these solvents from

which the practicability of certain solvent industries in Bihar
will be apparent. '

Benzene, toluene and xylene aro obtained in the fractional
distillation of coal tar and is collected in the fraction, known.- as
light oils. After preliminary purification, they are separated by
fractional distillation. With the development of bye-product
coke-ovens, the quantity of far and consequently, the quantity
of these hydrocarbons, will be on the increase.- The three hydro-
carbons are largely used as diluents for lacquers. Cymene
or p-methyl-isopropyl-benzene is not found in coal far but is
present in resin o1l and spruce turpentine; it is also obtained
as & bye-product in the mauufacture of sulphite pulp. Cyclo-
hexane or hexemethylene is now arailable technically and is
manufactured by the catalytic hydrogenation of benzene. IF
may- replace . benzeme in lacquers. Tetrahydronaphthaleng
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(tetralin) and Decahydronaphthalene (decalin). are two hydro-
genated derivatives of napthalene. These-are excellent solvents
for oils, resins, waxes, ete., but do not dissolve cellulose esters;
hard copals or bakelite. . .

The alcohols constitute another important group of solvents
for varnishes. The first number of this series, methyl alcohol,
was formerly obtained by the destructive distillation of wood
but the greatly inereased. demand for this solvent has led to the
development of various synthetic processes for its manufacture.
Pure methyl alcohol dissolves neither cellulose acetate nor
nitrate but the presence of a small quantity of acetone renders
it a potent solvent for these celluluse derivatives.

Ethyl alcohol is. manufactured from starchy materials or
molasses and the anhydrous alcohol is a good solvent for
ethyl cellulose, colophony, dammar, shellac and also for
synthetic resins, It is miscible with castor oil and hydrocarbons.
Of the two propyl alcohols, n-propyl alcohol is one of the chief
constituents of fusel oil while iso-propyl alcohol is manufactared
either from acetone or from gases arising from the cracking of
petroleum. N-butylalcohol is of great industrial importance since
butyl acetate is the most widely used of cellulose nitrate solvents.
This alcohol is manufactured Ly the fermentation process
developed by Strang, Graham, Fernbach, Weizmann and others.
It is also manufactured in large quantities from acetaldehyde.
Butyl alecobol has the unique property of being a solvent for
hard copals. Of the eight amyl alcohols two only occur in
fusel oil, viz, primary amyl alcohol and active amyl alcohol.
Synthetie amyl aleohol is also available being produced from
the pentanes obtained in petroleum distillation. Synthetic amyl
alcohol is not a solvent for cellulose esters but it dissolves

ester gum, shellac, etc., and is miscible with castor and linseed
oils and with" hydrocarbons,

The esters of the alcohols, described in the previous para-
graph, and acetio acid are good solvents for cellulose nitrate and
acetate. Of these n-butyl acetate and amyl acetate are the ones
that are widely vsed in spite of many new additions during the
last decade. They are very well adapted for cold lacquers and
cellulose paints since their volatilities are sufficiently high to

leave the film readily and quite dry. They are also non-toxie
and easily miscible with oils and hydrocarbons.

The esters of etbg! and butyl alcohol with lactic acid are
the most important of igh boiling solvents for cellulose nitrate
.and acetate.  Compared_with_ the corresponding poetales their
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golvent action for cellulose nitrate is distinctly slower and their
solutions are decidedly of higher viscosity but they will tolerate
two to three times as much non-solvent dilution : quantities of
water up to 20 per cent can be added without causing precipita-
tion or blushing on subsequent evaporation.

Of the dihydric alcohols or glycols, ethylene glycol mono-
wethyl ether and ethyleme glycol mono-ethyl ether, are the
most important solvents for cellulose derivatives. The methyl
ether i8 a good solvent, not only for cellulose acetate and nitrate
but also for the gums ard resins incorporated in cellulose
lacquers. The ethyl ether- on the other hand is not a good
solvent for the resins in the lacquer. The addition of other
solvents like benzyl alcohol, amyl acetate, ethyl lactate, removes
this defect. In the absence of resins, solutions of cellulose
nitrate in the ethyl ether have a high tolerance for dilution,
with solvents. In spite of these defects, this ether offers the;
advantage over most other solvents of similar boiling points i
having but a slight odour. This ether is made commereiall
from ethylene chlorohydrin by first converting it info ethylen
oxide and adding this with stirring to cold ethyl alcobol contain
ing one per cent sulphuric acid, the product being neutralise
and fractionally distilled. Other ethers may be made by th
use of appropriate alcohols or phenols. )

Cyclo-hexanol and methyl cyclo-hexanol are prepared by
‘the hydrogenation of phenol and cresols, under a pressure of fou
atmosphere in the presence cf nickel as catalyst and temperatur
between 160°—200°C. They are excellent solvent for cellulo
acetate but nof - for the nitrate. But their addition to solutiom
of cellulose nitrate in amyl aleohol, increases the tolerance of,
the solution to dilution with hydrocarbons. - They dissolve ester
gum, resin, shellao, bakelite, ete., and are miscible with linseed
oil, petroleum and aromatic hydrocarbons.

The acetates of cyclo-hexanol and methyl cyclo-bexanoly
which are prepared by direct esterification, are non-poisouous
and powerful’ solvents for cellulose nitrate and acetate. They
are also solvents for gums and resins present in lacquers. j

Ethylene chlorohydrin is a good solvent for cellulose acetat
,and the solutions have a high tolerance for water. Cellulose
acetate confaining over 50 per cent of combined acetic acid,
will dissvlve in a mixture of equal parts of ethyleno chlorchydrin
and water. It is usually prepared starting from ethylene which
is converted into ehlorohydrin by treatment with chlorine water,

Mono-chlorobydrin apd diclorobydrin are notf very suitable
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for lacquers as they fend to liberate hydrochloric ‘acid in
presence of moisture. Chloroform, earbon tetrachloride and sym-
dichlorethane are not very suitable for dissolving cellulose
derivatives. Tetrachlorethane is dangerously toxic and attacks
iron, copper, nickel and lead slightly and aluminium vigorously.
It is non-inflammable and is useful for reducing the inflammabi-
lity of lacquers. 1t is usually prepared by passing alternately

acetylene at 60°—B0°C and chlorine at 80°—100°0 into antimony
pentachloride.

Furfural is prepared at present from oat hulls, a waste
product ef the manufacture of rolled oats. These hulls contain
32—36 per cent of pentosans, 356 per cent of cellulose
and 10—15 per cent of lignin. These are digested in
copper-lined stcel autoclaves with one=third of their weight of,
5 per cent sulphuric acid with the passage of steam at 60 ib.
pressure at the bottomn cf the mass. The exit steam contains
ahoat 10 per cent furfural and is passed into a copper fractionat-
ing column where crude furfural with 16 per cent water is
collected. By careful distillation in specially designed vessels,
the water_is removed and crude furfural is obtained which may
be further purified by fractional distillation under vacuo.

Furfural dissolves celiuiose nitrate, acetate and nearly all
known cellulose esters and ethers but is rather slow in its action.
Its solvent properties are increased by mixture with alcobol and

benzene. It is not a good solvent for some resins and for
linseed oil.

Tetrahydro-furfuryl alcohol is a product obtained by the
partial hydrogenation of furfural. It dissolves cellulose nitrate
and these solutions have high tolerance fur aromatic paraffin.

It is also & good solveat for gums and resins used in lacquer
manufacture,

The substances described below are known in the trade as
plasticising solvents. The first substance of this class is
acctophenone which possesses softening as well as solvent pro-
perties for cellulose nitrate, acetate, shellac and other gums and
resius. The high price of this article is against its extended
use. Diacrtin and triacetin, the acetyl derivatives of glycerol
are fairly good solvents for cellulose acetate and resins but they,
are not miscible with linseed oil or with hydrocarbons. - Glyceryl
triSenzoate is a solid plasticiser and is soluble in all anhydrous
solvents with the exception of petroleums. It is rapidly gaining
favour in the lacquer industry.. . e e
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Tricresyl phosphate is one of the most widely used plasti-
cisers. It is am extremely stable ester, practically non-volatile
and odourless. It has a moderate solvent action on cellulose
nitrate but none on acetate. It is, however, a good solvent for
guams and resing and is miscible with castor and linseed oil in
all proportions as also- with hydrocarbons. If also diminishes
the inflammability of cellulose nitrate films.

From the above if would appear that the manufacture of
many of the solvenis is feasible in Bihar, specially those
“dependent upon coal distillation and fermentation of starch and
sugar. The employment of synthetic transformations of carbon
monoxide and hydrogen into methyl alcohol is another practical
feature in solvent production. The large quantities of meolasses
available for fermentation and subsequent treatment of industrial
‘alcohol fo produce acetic acid and acetone is an important feature.
Although all these processes have been well worked out abroad,
the Committee is of opinion thaf in order to develop a solvent
industry in the province some preliminary experiments should
be undertaken by the Government of Bibar in their own
laboratories or by sending out properly trained young men to
different Indian laboratories to perform pilot experiments with
the aid of Government funds, At the same time efforts should
be directed to secure quotations of plants from abroad, with
a view to utilise the experierce of chemists trained by the
Government of Bihar. Unless the coal far industry and other
allied industries for the manufacture of benzol, alcohol, acetone,
acetic acid, higher alechols, ete., are developed, there is little
chance of this industry making any great progress in this
province. -
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'CHAPTER XV.
LAc INDUSTRY,

‘The annual production of scraped lac in India varies between
1,200,000—1,600,000 maunds and the export of shellac of all
kinds varies from 400,000—800,000 cwts. valued at from 16 to
1'8 crores of rupees at the present time. Of this annual produc-
tion, Chota Nagpur contributes ahout 66 per cent.

The %industries into which shellac enters are many and
varied. The most important is the gramophone record industry
which absorbs 30—385 per cent, the electrical, paint and varnish
industries utilise about 35 per cent and the hatting trade about
10 per cent. As most of the countries of Europe and America
had to depend, formerly, for the supply of this important resin,
on India, synthetic substitutes have been produced which are
extremely satisfactory for some of the trades in which ghellac
was formerly employed. These rivals of lac owe their position
not so moch to any intrinsic saperiority over the natural product,
as to the frantic efforts of the consuming countries to be self-
sufficient at the time of emergency. Among these substitutes
of shellac, the most important is bakelite, a condensation product
of phenol and fermaldehyde, which are available in all indus-
trial countries of Europe and America at a very cheap price. The
competition from this synthetic product has given the lac indus-
try a severe blow in its use in the electrical trade. In the
varnish industry also, bakelite, other aldehydic condensation
products and cellulose preparations are now firmly established,
partly owing to the ease with which they can be applied and
partly due to their standard qualities. In the gramophone
record industry, however, shellac is still supreme and all attempts

of synthetics {o capture this market have been unsuccessful
up till now,

. Inthe face of this intensive competition from synthetic
resins, if is h_1gh time to find out further industrial uses of
shellac, on which the well-being of a large part of the popula-
-tion of Bihar depends. We cannot think of anything better than
to indicate the lines along which the Indian Lac Research Insti-

Jtute at Ranchi and at London, are working at present. Lac
containg two distinct products—a dye similar to cochineal and
a resin. Unfortunately the eompetition of systhetic dye-stuffs
" has driven the lac dye out of market and it is extremely doubtful
if the industry can be revived, even for local consumption.
Investigations are now being made at Namkum for improving
the quality of shellac varnish by removing ite low water resistance,
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which would undoubtedly extend the wusefulness of the

natural resin. It has been demonstrated that the addition of

a small quantity of certain chemicals to sbellac varnish results in

a profound change in the varanish film oa drying, in that it loses

its solubility in organic solvents and bccomes extremely resistant

to water. The successful completion of this work on shellac

varnish may put the shellac varnish industry beyond the

competition of the varnishes made from synthetic resins and

cellulose preparations. The bardenizg of shellac resin by the

addition of urea, has been observed for the first time at Namkam

and efforts are now being made to use this hardened resin in

the moulding industry, which, up till now, bas been a monopoly

of synthetic resins of bakelite type. An extension of this work

by combining shellac with formaldehyde and urea, and in special

_cases, siarting with vulcanised shellac, has led to very important
ractical results. Moulding powders can now be prepared

- which could be pressed on the. bakelite technique, with very
. little difference in the quality of the finished product the
cost of articles biing appreciably lower ‘than those made

from bakelite and other synthetio resins (se¢ appendix
XV). '

These are some of the problems on shellac resins which
are now being investigated and on which the future expaasion
of the industry depends greatly. ' '

In the manufacture of shellac of good quality a large
quantity of an inferior grade of resin, known in the trade as
“kiri’, is obtained. Attempts are also being made to utilise this
by-product. *Kiri’is extracted with solvents to get the shellac
in solution. This solution is mixed to a paste with wood flour
and dried. The dry powder when heated under pressure céments
fhe wood flour into a moulding which is qaite strong and takes
an attractive polish. As the price of this material is very low,
it will be of great value as a substitute for the cheaper grades
of moulded arficles and may even replase the ch:apst geades
of articles now being made from bakelite resins. a

. In the processing of shellac pew developments have taken
Place both in Londun and at Namkam which are in a position
to place practically a standardised product called Hard Lac
Resin, in the market. Its use in the paint and varnish industry
. is expected to be considerable and already several firms in.
England have been manufacturing this product. T ’

Shellac oil varnishes are also fiading limited use in the
trade, and a bleached lac industry. for lacquering can also be

T



118

vignalised 8t no distant date. The development of a solvent
industry in the country (vide solwents) is very urgent in this
connection, as with imperted solvents the margin of profit is
small. _

Varjous other uses of shellae agd shellac derivatives are
possihle with the growth of. micanite industry, safety glass
mgdustyy, water-propfing of fabries, shellac bonded fabrics, ete.
The chief mass use of shellag, however, in the absence of other
heavy industries,. is, for the.present, only. in the moulding and
the. varpish industries for which Jarge ficlds exist. The
replaopment of - imported. bakelite goods, both fancy and
electrigal, would open an.aveaus for the manufacture of goods
~ to.the tune of 3,00,000—4,00,000 of rupees with prospects of

donbling or tvebling this figure.

In the indigenous processing of shellac, seed lac is an
imporfant, stage. This seed lac is'now being sold to the extent
of -800,000-—408,000 mds. annually, principally to the United
States of ‘America, and in emall guantities to other countries.
There bave been frequent complaints about the quality of this
commadity, bufareceutinvestigation at Namkum has so far
improved the technique theat this prodact can now be manufac-
toeed at slightly increased cost as. praclically a standard
preduct. When the process is adopted by the indigenous
nufsoturer s profitable export trade can be vispalised in
this. compmodity-along, We are of the opinion that the Govern-
ment- should . direct . its attention to the gemeral improvement
of shellae mapufaciuring process by disseminating knowledge
and where neoessary, by rendering small aids to the smaller
manufacturers. |

The Committee recommend that the industry should be
aided by encouraging the establishment of & moulding industry
based on shellac with the assurance that Government require-
ments would be purchased exclusively from such factories if
the quality of, their producis comes up fo a standard. It
fyrther recommends that as there.are a dozen moulding factories
in  India encenpagement shonld be given towards the establish-
ment of a moulding .powder factory to supply shellac moulding
powgders to the factories in India. ‘

Synthetio resins.

~ Synthetic resins belong chemically to a group of non-
crystailizing organjc compounds, resembling natural resins in
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appearance and properties. The products- marketed by the
mapufacturers are in an unfinished state. Under the action of
heat and pressure, the unfinished products are transformed
into insoluble, infusible, lustrous articles. S

Synthetic resins may be divided broadly into two - classes,
In the first class are included those which after moulding
and curing, give products of various shapes and in the second
class, are placed film-forming substances, for use in varnishes
and protective coatings and, in general, soluble in oils. An
older plastic, still very valuable, is celluloid, & nitrated ecllulose,
plasticized by camphor. Casein plastics are also used for some
special purposes. It is unfortunate that in the absence of raw
materials like phenol, formaldehyde, etec., at a cheap price the
industry of synthetic plastics is non-existert in India and dealers
in the market import the urfinished product ata cost of Re. 60—80
per md. and subject them to the finishing process, with
machineries imported at a cost of Rs. 80,000 t01,00,000. In the
event of a war in Europe, the supply of unfinished material will
be stopped and the factories will bave to be closed down. |

The process of manufacture of phepol-formaldehyde resin
does pot involve any great difficulty. Equal weights of
phenol and 40 per cent solution of formaldebyde are placed
in a kettle with a reflux condenser, with 0'5—5 per cent of a
catalyst, the nature of which varies with different manufacture
With the application of gentle heat, the liquid in the kettle
is kept boiling for 2 hours. The upper aqueous layer is
run off and the thin-flowing liquid is the resin, which on
cooling hardens to a brittle solid, soluble in organic solvents.
The fusible dehydrated resin thus obtained is ‘mixed with
sufficient hyxamethylene tetramine and wood flour and ground
in a ball mill. Such a powder charged into a steel mould and
subjected to heat and pressure, is changed to an infusible, rigid
moulded article.

As the success of the whole process depends upon careful
chemical investigation an impetus should be given by the
Government to specific research in this direction in suitable
laboratories under them by all possible means.

In the absence of phenol and formaldehyde produced
locally, it would not be ecnomical to start the industry in
Bibar. Phenol is obtained from coal tar acd formaldehyde
from methyl alcohol. If the coal tar industry in the province
develops in accordance with our suggestions in Chapter IIIL
and wood distillation makes methyl alcohel cheap or some
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other independent source of formaldehyde is utilised, e.g., from
coal (the methanol process), then the manufacture of bakelite
itself is not likely to give much trouble and can be safely estab-
lished in Bihar. Its reaction on the shellac industry has already
been discussed, but in a provincial or national planning, an
adjustment, between synthetic and natural resin can be brought
about, according to their importance, nature of use and costs of
production. ' ' '
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| APPENDIX XV.
Estimate for a plastic industry wiilising Bihar lac.
CAPITAL INVESTHENT.

Rs,

‘Sizty-ton antomatic press ... .. 4,000
Eight impression mould (4 switehes) .. 2,000 .

Mixing machine - 3,000

Grinding machine . .o 750

Vacuum drying machine with recovery still 3,500

Building .o .- . 5,000

Incidentals .o .e .o 1,750
Total 20,000

12,000

Working capital .o .

With the above equipment 60 1bs. of powder could be prepared and
handled every day. By taking 30 pressings, ie., 30x4o0r 120 switches
per hour, daily output will be 80 dozen switches.

Cost of materials, process and overhead charges. '(Far 960 switches.)

Rs. a. p.

Powder 960 oz, at 4 annas a 1b. .. 15 0 0

Electrical energy .o 100

Two working men for the press . 1°0 0

Two working men for making powder .. 10 0

Supervisor .e 3 00

Mechanic . .o 3 00
Inserts and screws (at Re. 0-1-1 each

switch) .. .o 65 0 O

7 8 0

Finishing (buffing, etc) ‘ab § anna ea.ch
Depreciation on Rs. 20,000 at 10 per

cent about... . 0 0
Interest on above at 5 per cent .. 3 00
Interest on working capital of

Ra. 12,000 at 5 per cent .o 2 0 0
.Office management, etc. about 11 8 0

Total .. 120 0 ©
Cost per switch - 0 20
Sale price - .. 0 2 97
Profit per article .. .. 0 0 975
17,560

Profit on 360 %960 articles .. ae
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CHAPTER ‘XVL

" LEATHER INDUSTRY.

"Phe quantity of raw -hides and skins  exported “from “Bihar
is very considerable. In the absence of factories for the manu-
facture of finished gcods, the export of raw hides and skinsisa
souree of loss to-the province; as we have to.import the -2tanned
goods:at.8 greatly enhanced price. The province: isalso supplied
with materials from which tannin may be extradtedeadily. - Thus
there is no inherent difficulty in the manufacture of leatherand
leather goods in Bihar,

"V égetable tanning ‘materials.

Some of the more important vegetabls tatning 'anuterisls
are mentioned below :—

(1) Babool—{ Acacia arabica).—The bark contains 12-20
- per cent tannin and is used .largely in India. The
" pods also contain tahnin and wre used for batingin
“1ndia. | '

‘(2) ‘Chestnut.~The baik Goritains tannin np to 17 Pef cent
and'iz-used as 4 tannin "material. "The wood eviitain-

_ing 8-6 per cent is used in very large quantities.

\(8) Gambier.«—A ¢limbing -shrub .of -'Bast Indies. 'The
‘material on-the market docurs #as a :hird eatth-like
‘substanve with about 45 per eent tannin. :

- {4) -Hemlock.—The tree grows in ‘the 'Himalayus'from’
36,800 Tt. upwards. The bark tortaing 8-10 "per-oent
tannin and is used in large quantities in-Awerica.

{5) -Oak.~—Thebark containing upto 10per'eont Mannin,
is-one-of ‘the earliest tannin materials /iknown .vaadis
-still used to a great extent for sole lemtiver. o

{6 -Myrobalans.—are the fruits of a species of ‘trees "grow-

ing in Iudis. They usually conitain '30-40 *per - cont
tannin and are valuable tanning material.

(7) Quebracho.—The tree is grown in the Argentine and

the wood contains about 20 per cent tannin. It is

now used to an enormous extent in the form of extract,
made in the forests.

Of the mineral tanning processes, the most important is that
involvjng i!le use of chromium salts. About 2,400 tons-of
potassium dichromate is imported into India for the purposes of
chrome tanning and also for the manufacture of matches,
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As hides and skins as well as tanning materials are available
the manufacture of leather and leather products is a feasible
industry in Bibar ; but competition from neighbouring provinces
will .be very keen. The manufacture of leather goods as
a cottage industry is already established in the province and

deserves to be encouraged.

" A scheme for the manufacture of boots and shoes on a small
scale as aleo of a small leather factory 1is given in
appendix X1V (a). :

Rubber industry.

The use of manufactured rubber goods is on the increase all
over the world and the import of rubber goods into India is
considerable, as the following tables will indicate :—

1935-36. 1936.37.  1935-36..  1936-37.
3 : Bs. Ba.
Raw .. lbs, 1,010,817 684,615 3,387,749  2,04,918
Motor tyres .. 280,866 pes 290,367 pes 1,26,22,468 1,82,08,5648
» tubes .. 253,865, 263,922, 1562669 14,05,969
Total import of rubber, raw and manufactured is Rs. 2,10,22,396.

There is only one factory that of Messts. Dunlop Rubber
Company, near Naihati, Bengal, which bas started working
within the last few years and is turning out different varieties of
manufactured products in considerable quantities. The smaller
concerns near aboul: Calcutta are engaged in the manufacture of
rubber cloth and other articies from raw rubber imported from
foreign countries. N - :

' The establishment of a rubber factory for Bibar is not
feasible. Neither raw materials nor skilled labour is available.
The matter, therefore, need not be considercd any further. For
those who are interested in the subject additional information will
be found in appendix XYI(3).

.
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APPENDIX XVI(a).’

A SCHEME FOR A SHOE-MAKING BUSINESS ON A SMALL SCALE WITH A CAPITAL
' OF Bs. 2,000,

Estimate of capital required.

A, Block.—(7) Building.—It is assumed that such a business should better
be started in a hired building. Monthly rent for necessary
accommodation has been provided for in the scheme.

(i¥) Tools and accessories,—

Ry, a p.

One Singer sewing machine . 376 0 0
Lasts, small tools, furniture .. 175 0 ©
Total—Tools an d accessories e 660 0 O

B. Working.—It is estimated that 260 pairs of shoes of different’ types
and designs as per details given below will be .produced
in a month of 26 working days.

Cost of materials for 260 pairs of shoes to be manufactured monthly.

_ BRs. a p.
Gent's oxford (good quality) 7 pairs at Re. 3-6-0 per pair 2310 0
Do. (medium) 20 pairs at Rs. 2-8-0 per pair .. 50 0 0
Do. (cheap) 25 pairs at Rs. 1-8.0 per pair .. 37 8 0
New cut selim, ete. (chrome quality) 60 pairs at Rs. 1-2-0 67 8 0
Do. (glace kid) 38 paire at Rs. 1-4-0 per 6510 0
pair.
Do. (fancy) O pairs at Rs. 2.8-0 per pair 22 8 0
average. -
‘Sandals 104 paire at annas 12 per pair average . . 78 0 0
344 12 0
Labour,
Pattern cutter and upper closer on Rs. 50 por 50 0 O
month, --
-1 do. assistant on Rs. 25 per month .e 25 0 0
Bottoming 260 pairs at annas 7 per pair average 11312 ©
1 boy assistant at annas 4 per diem . 7 8 0.
-House rent, etc. .o ok . 20 0 ©
Advertising and canvassing .o .. 20 0 0
Total—Working . 581 0 0
e ———
Say . 580 0 0

l
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APPENDIX XVI (a)-~contd.

Summary of capital required.

. Rs. a. p.

Block .. ‘e 650 0 0O

Recurring .. .. 580 0 0
Reserve .. .e 870 0 0*-

Total .o 2,000 0 )

#As the capital invested in this business may take abouk & menth to revolve the

reserved capital has been kept at Be. 5i1).

Ezpected realisations from the sale of 260 pairs of shoecs monthly.

Gent’s .oxford (good quality) 7 paire at Rs. 6 per pair ..

707 14 0

Rs.
42

95

87

157

oo '?

0
0
8

B (

126 14. (
49 8 0
149 8. 0

‘344

D (medium) 20 pairs at Rs. 4.12-0 per pair
Do.- (cheap) 25 pairs at Rs. 3.8-0 per pair
averago.
New cut - selims, eto. (chrome quality) 60 paire at
‘ Rs. 2-10-0.
Do. . (glace kid) 85 pairs at Rs.. 3-10-0 per
| Dao. (fancy) 9 pairs at Rs. 5-8-0 per pair
average.
Sanﬂnls 104 pairs at Bs. 1.7-0 per pair average. e
Total
Say .e
Less depreciation -on soiled stock 10 per cent of Re. 708,
. Net realisable amount .
i Ezpenses.
Baw materials .o T .. .
‘Labour, eto. .- . s
Ront .. . -
Advertisement and canvassing .. v

‘Depreciation of tools (Singer machine 5 per
cent per annum of Rs. 375 for one month}

Depreciation of small tools and lasts, ete,
20 per- cent per amnum of Rs. 175 for one

month.
Total—Expenses .o

196
20
20

1

3

585

700 0

0
7 0.0
0

630 o

12
4

o o o

]

OO0 9 C o
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- APPENDIX XVI (ag)—conid.:
‘Net inonthly profit—Ra. 44.7-0, say Rs. 40,
Net snnual profit—Rs. 480. _ .
This works out &f aboup 24 per cent on the capital of Rs. 2,000,
A SCHEME FOR A COMBINED FULL-TANNING AND HALE-TANNING REMONSTRA
TION FACTORY IN NORTH BIHAR.
Capacity per month— _
(%) 1,800 pieces cow bides and 300 pieces sheep skins by chrome
process. - '
(i) 20 pieces cow hides and 200 pieces sheep skins and 150 pieces
buffale hides by vegetable process (full tanning). s
(iii) 700 pieces cow hides and 500 pieces calf skins by vegetable
process (half tanning). -
} - Kstimate of expenditure involved.
Block Capitalm

Rs. a. p. RS. ﬁh p.

(1) Land 5 bighasat Rs. 500 per - - .2,600 9.0
bigha. | -
(11} Buildings s ' e _60,000 0 0
S8q.f6

(A) To accommodate (1) 7,500
Lime yard, (2) Tanr -
yard and (3) Setting-
tables 160’ x50°,

(B) Machine- : 'yard_-;ﬁ,OOO'.
100/ %60, © 0 S

(C) Disintegrator rpom 300
20’ x15’. |

(D) Boiler bouse 16’ x 15/ 235
(E) Offica 30'x 20 . .. 600
(F) Btores 40’x15* .. 600

(G) Drying chamber 450
307 x 15,
Total .. 14,676

of covered area with brick wall, brick on
edgo floor and corrugated iren roofing on

o

iron structure at Re. 4 per eq. ft .. L 68,700 -0
(H) Service latrines 6 at Rs. 200 ve 12,000 ¢ 0
each, - ’
Total ) 'Y} 59,‘900 0 0

Say .. 60,000 0,0
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APPENDIX XVI (4)—contd. *
Re. s P BRs. » p
(11I) Equipment (masonry pits) .. . 2400 0 9

Masonry pite 5/ x5’x4’ for 900 0 ¢
washing liming, and deliming
hides 20 at Rs. 45 each.

Masonry pits 4’ x4'x4’ for 37 0 O
washing, liming and deliming
_skins 15 at Rs. 25 each.

Masonry pits 5’x 5’ x4’ for tanning 1,080 0 0
24 at Rsa. 45 each.

A —————————

Tota']. a“e 2,355 0 0

Say 2,400 0 0

(1¥) Drums and machines . .e 54,000 0 |
4 Big drums 6/ x 5" each .« 2,000 0 0O :
8 small drums 4’ x 3’ each P 750 0 0
2 shaving machines .. = .. 4,800 0 0
2 Buffing machines .. .o 2,400 0 O
2 Staking machines .. .. 4000 0 0
2 Glazing machines ., s 8,000 0 O
1 measuring machine ,, .. 8500 0 0
1 leather press W .. 15000 0 O
1 sole leather rolling machine .. 2,000 0 o
1 mno. 1§ Carter's Disintogrator with 1,000 0 0 -

box and balloon.

¥

1 oil engine 67 H. P.with cooling 8,500 0 0
tanks, - :
2 10 cwt. Avery platform weighing 700 0 O
machines, :
1 small vertical boiler for process 2,000 0 0
steam.
Line shafting pulleys, etc. .« 8,000 0 O
Tube well and pump .. .o 800 0 O
Total .. 63,550 0 0

Say 54,000 € 0
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APPENDIX XVI (a)—conid.

Rs. a p. Bs. a. p
(V) Tools and accessories .. e oo~ L1000 0

2 small scales with weights .. 30 0 O

1 holp iron fastener - .. esr 100--0..0
16 horse benches - . 64 0 O

4 haod stakers: .. .. ‘240 9
25 wooden boards 7' x4" each . .. 250" .0 O
8 cork boards . | e 32 0 0
8 floshing knives . . o 2000 0

8 unhairing knives . .. | . s , 20,0 0
.2 ehaving knives | .. e 9.0 0
10 fleshing \l')eama . - 200 0 '
2 shaving beams v e M0 O
12 brass slickers .. T ew 18 6 0

6 iron slickers .o .o 6.0 0 .
4 glass slickers . 4 00
14 doz. galvanised buckets . . e 13 0 O

4 enamelled buckets  -.. . 12 0 0

1 doz. enamelled bowls ,. .o 6 0 0
12 earthen gamlag (small) s 3 00

6 wooden tubs (40 gallon capacity) .. 24 0 0O

6 wooden tubs, small (20 gallons 12 0 0

‘ capacity). _ ,
4 Patent stone tables (7’ xi')' . 60 0 O
'8 wooden tabloa: T’y 4’ .o 120 0 O
3 wooden table 8/ xb6* .. e 45 0 0
2 wooden tables 5’37 .. e 20 0 O
8 electric hard irons. ., . 30 6 o
Small tools and furniture.. .« 134 0 O
1 dosx. hand knives" v . 6 0 0
Total .. 1,100 0 O



124

- APPENDIX XVI (a)--conid.
Rs. a p Ks. a p

- Working capital—
(V1) Establishment {general)e— 15,628 .0 (
1 Expert Tanner on Rs. 750 per 750 0 O
month. ,
1 Assistant tanner on Rs 150 per 150 0 O
month, o
1clerk on Rs, 100 per month .. 100
& clerks on Rs. 40 per month ve 80

2 Durwans at Rs. 15 each per month 30
2 peone &t Rs. 15 each per month .. 30
1 orderly at Rs. 15 per month .o 15 .

1 moerket investigator on Rs. 100 per’ 100
month.

1 duftary on Re. 15 per month .. 16
& sweepers it Rs. 12 each per month 24 0 O

o o o 9O o o
oo o @ oo

[

Total .« 1,204 0 0O

e o

1294x12 .. 15528 6 0 (annual)

(VII) Power plant—Establishment . - 8328° 9
including fuel and lubrwntmgoﬂs., Ce.t
etc. i \

1 oil engine dnver at Ras. 40 per 480 0 O "{annual)
month, R -

1 fitter on Ba. 50 pér ‘month o 600 0 © w .

Fuel oil 5, 760 gallons at 6 annasper 2,160 ¥ © PR
gailon

I.ubncatmg oil ,'50 gallons - .e 45 08 O w

Sundries .. .. .« 40 0 0 »

Total T .. 85825 0 O »»

. —
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APPENDIX XVI (a)lconid.
: Rs, a D Rs. & p.
(VIII) Chrome Tannmg Section— | ‘,10,700 /-8
Capacity—1,800 pieces cow’ hides ' -
and 300 pieces sheep skins.
() Oost of hides a‘:‘:d wkins {annual) s
1,800 pieces cow hides X 12--21,600 1,608,000 00
pieces at Ra, 5 perpiece (average). '
300 pieces sheep skins X 12=3,600 2,700 0 ‘o
pieces at 12 annas per Ppiece C

(average). .
Total hides and pkine , . .. 110,700 0 0 .
(b) Chemicals (annual):— . - 16,148 0 0
Lime-~256 maunds ' " 192 '0 8
Sodium sulpbide 48 cwis. .. 276 0 0
Artificial bate=~18 cwts.. . 1,458 0 0.
Salt 462 maunds.. . 1156 0 0
Sulphuric acidw-23,415 the, | .. 975 0. 0
Soda bichromate-—165 cwts. .. 4331 4 y
Molasses—-60 maunds.. . 270 9. 0
Borax——40} cwts, e - - 760 B O
Soda ash—3 ewtx, .~ . ., .13 .8 0
Liquor ammonia-—150 Ibs. .. 4614 P
Black aniline dye 285 1bs. ;. 356 '2 o0
Brown aniline dye—800 ‘Ibs. ., “* 1,600 ‘0 b
Paskio' extractu~660 k. .e 375 0 O
Cutch—=600 lbs. .. ' 131 4 8
Red dyewood extract—300 fb : ‘300 0 @
Logwood exiragt—800 lbs; .. 62114 0
Titox—b585 Iba. .. ‘950 10 6
Pigment finishes—195 lbs, .. 456 © 0
Ready made fat liquer—r3, 52’4 lbh - b1 g3 o
Kid finishing oil—450 Ibs. s,. ‘112 8 o
Glycerine-—4§ cwt. .. we o 243 0 0
Formaldehyde— 36 1bw. " s - 9 0.0
. Miso. cbemitals and -gtores .L *” 1084 0
Total sy .. 18140 0 O
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L o Bs. a. p Be. 2. D
Labour (Annual) :— ’ 4104 ¢ 0
1 machine shavers at Rs. 35 oach per 840 0 ¢
month.
2 glazers at Ra. 20 each per month 480 0 O
2 stakers at Rs. 20 each per month 480 0 O
8 fleshers at. Ra, 20 each permonth 720 0 0
6 unskilled workmen at Rs. 12each 864 0 0
per month,
4 petters at Re. 15 per month each 720 0 O
Total . 4104 0 0O

. Ra. 3,325,
Proportionate cost of genmeral 11,648

establishment-—% of Ra. 15,628,

Total—Cost of . production 1,44,582 0 0
(chrome section),

Proportionate cost of power—g, of 2,092 8 O
0

Estimated receipts from sale of 1,68,750 0 O
leathers (chrome section) Box. .
sides 21,600 % 200=432,000 sq.
ft. at 6 annas 3 pies per sq. ft.
(average).

Sheep skins—3,600 piecesat 4,500 0 o
Re, 1-4-0 piece. -
Total l 73,250 0 0
Rs. a. p . .oR& & p.
Estimated proﬁts— . -
Gross estimated receipts from sn.la of . )
1,73,260 0 &

leather -
Less estimated cost of prodnctmn . 1,44682 0 0O

Less proportionate depreciation om
buildings and masonry equipment

5 per cent of Re. 31,200 (half .of _
thsetotal) .. 1560 0 0

Lesa proportionate depmcmhon of -
machinery, 7 per cent .of -
Ra. 51,000 . 367 0 0
Lesa depreciation of Iaools 14 ‘
eanhﬁns 1,100 .. per - 154 0 0 1,650,366 $ 0
d profit net me @ec- - e
-EB::;‘)“ .?m Q_ - .(.Chm LX) Taw 22'883 ' 0
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Re, a. .

(IX) Vegotable Tanning Section (Full
Tanning)— . B
Capacity—b50 pieces buffalo hides,

20 pieces cow hides' and 200
pieces sheep skins per month.

(a) Cost of hides and skins (annual}—

Buffalo bides 50 X 12=600 piaces at

oclwcocowaocoeocoapoo

Rs, 7-4-0 per piece . 4350 0 0
Cow hides 20x2=340 pieces at
Rs. 4 per piece ‘e 960. ¢ O
Sheep sking 200x12=2,400 pieces
at Re. 0.12.0 per piece v 1800 0 O
Total . 7,116 0 0
(b) Chemicals (annual}—-
Lime——75 maunds .. v 57 ©
Sodium sulphide—3 cwts. v 17 4
Acid boric—-33 cwts. .. " ae ‘87 10
Myrobalan—228 maupds e 456 0O
Brown aniline dye—60 lbs. ve 112 8
Pigment finishes—30 1bs, v 24 Q
Ready made fat liquor-—-76 lbs. .. 21 @
Babul bark 776 maunds .o 968 12
Acid oxalic—100 lbs. . 37 8
Tallow—900 Ibs. ., .. 159 2"
'Cod 0il—62 gallons .. ‘e 200 4
Quebracho extract—8 cwia. 101 6
Wattle extract—=8 cwts, .. . 96 0O
Til oil—7 maunds .. . 168 0
Miscellaneou‘s ve .. 84 3
2,660 0
(¢) Labour (annual)—
1 flesher at BRs. 20 per mensem .. 240 0 0
1 sotter at Re. 16 per mensem. .. 180 ¢ 0
-3 Workmen at Rs. 12 each per
‘mensem . . ee 288 0 ¢
708 ¢ ¢

a8 P
7,110 0 0

- 2,560 0 0

708 0 ¢
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froportmnate cost of Power—1 / 20th
of Rs. 3,325 e r

Proportionate cost of general estab.
lishment 1/16th of Rs. 15,528 .,

Re. a p. Re. & P
166 4 0

970 8 0

Total cost of production (Vegetable
Section full tanning) .

Estimated receipts from sale of
leathers (Vegetable Section . full
tanning)——

Bark tanned cost hides (case leather)
240 pmoeq at Bs. 6-8-0 per
. Pim - L] LN}

Batked tanned ebeep ‘skins (lining
leather) 2,800 pieces at Rs, 1-4-0
che s T e aew

Berked tanned buffalo hides- (solo
leather) 609 pieces of 24 lbs, each
14,400 Ibs. at Re. 0-9-0 per lb.

113612 o

.. 11,506 12 0

1,560 0. 0
3,000 0 0

8,100 0 ¢

Estimated proﬁbs;-

Gross estimated .recexpt.s irom “sale
of leathers s .-

Less estimatod coet of production ..

Yess proportionate depreciation of
buildings and masenry equip-
ments 5 per ecent of Rs. 7,800
(1/8th of tnt.al.cnst) .o

N3 cE:;:poﬂ.:onmt,e deprecmt.mn of
. ery 7 per cent of Rs. 3,000
-(cost of Bmole leather rmolling

machine and disintegrator) .e

s “12,680 9 0

k|

W 12,860 0
11,505 12 0 '

<

300 0 0

210 -0 ©

Estimated profit net (Vegetable
Section fuu tax_lning) e

- 12,106 12 0

.o 654 4 0
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' Re. a. . p.

(X). Vegetable Tanning Sectlon (balf

tanning)—

Capacity—700 pieces cow hides and
600 pieces calf skins per month,

(8) Cost of hides and skins (annualj—
Cow hides 700 x 12=8,400 pieces af

Bs. 4 per piece .. .. 33600 0 0

Calf skine 500X 12==6,000 pieces
at Rs. 1-8-0 per piece 9,000 © ‘0‘-
Total .. 42,600 0 0
- J Ees d

(b) Cost of Chemicals °
Lime—275 maunds .. .. 206 4 ©
Borie Acid—14} cwts. T 356 7 6
Avsram bark—2,946 maunds . 13,072 14 B
Myrobalan—1,022 inaunds e 2044 0V
Til oil—37 maunds . . 888 @ 0"
Miscellaneous .. T e 52 6 6
16,620 @ 0
(¢) Labour (snnual)-— :
2 fleshers at Ra. 20 each per men- o N
gem . 480 0 0
2 sotters at Ra, 16 each per mensem 360 0 0
5 workmen at Rs, 12 each per o

mensem ' . . 720 ¢ ¢
1 balf tanning mistry at Re. 45 .. = 540 0 O
: - 2,100 0 0

Proportionate cost of power—1/20th
of Rs. 3,325 . 166 4 0
Proportionate cost of general estab. h
lishment, 3/16th of Rs. 15,528 2,911 8 0

Total— Cost of production (Vegetable
Section balf tanning)
Estimated receipts from sale of leather
Végetablé section half tanning)—
m cow hides 8,400 pieces at 5}

1bs. éach
From cr'f akins 6, 000 Pieces at 2
lb& euch . . vs

Rs. a. p,

45,6060 0

18,620 o o

2100 0 0

3077 12 0
64,307 12 0

48,300 Ibs.

L 4
12,000 Ibs,
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Classification of yield—
Cow 2nd quality 7 per cent 3,381 lbs,

24%d. .o e
Cow 3rd quality 30 per cent
14,490 Ibs. 22 4. ... ..

Cow 4th quality 356 per cent
16,905 Ibs. 20 d. .. .

Cow b5th quality 20 per cent
9,660 1bs, 173 d. ..

Cow 6th quality 8 per cent

LL1Y

.o

£ 8 d.
345 2 10§

1,328 5 0
1,408 15 0
704 7 6
233 9 O
152 10 0
285 0 O
331 5§ 0
2586 5 ¢

185 0 0

3,864 1bs. 143 d. .. .o
Calf 2nd quality 10 per cent
1,200 lbs. 304 d. .. .-
Calf 8rd quality 20 per cent
2,400 Iba. 284 d. .. -
Calf 4th quality 25 per cent
3,000 1bs. 264 d. .. ..
Calf 5th quality 25 per cent
3,0001bs. 283 d. .. .
Calf 6th quality 20 per cent
2,400 Ibs, 153 d. .. .o
Total ..

at 1# 6} d. per rupee ..

Estimated profits— =~

Gross estimated receipts from sale
of leathers .s .o

Less estimated cost of production..
Less proportionate depreciation of
building and masonry equipment
(5 per cent of Rs. 23,400—3th of
total cost} . ea T ea

Less cost of freight, etc., to reach
"~ the half-tanned goeds to U. K. ..

T“al LN ]

Estimated profit net (vegotable eec-
tion—half tanning) ve

£5,199'19 4}

Rs. 68,854-12.0,

64,397 12 0

4,170 0 0
2512 8 0

P

68,854 12 0

[

68,080 4 (

774 8
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Summary of capital required— Ra. a P
Block capital—
I Land .. . .. 2500 0 0
IL. Buildings .. .. 60,000 0 0
III. Equipment (Masonry pits) .. 2,400 0 0
IV. Machines and Drums .. 54000 0 O
V. Tools and Accessories .. L1000 6 0O
Total .. 1,20,000 0 0O
Working capital (annual)—
V1. Establishment (general) 15,528 0 0
VIL. Power plant establishment
including fuel, lubricating oils,
ete. .. .o ’e 33825 0 O
VIII. Chrome Tanring Section—
(¢) Baw hides and skins L1700 0O 0O
(b) Chemicals 15,140 0 0
(¢) Labour . w 4104 0 O
(d) Advertisement and propa-
ganda, including travelling
allowance for the market inves-
tigator . . 600 0 0
IX. Vegetable -Tanning Section
(tull tanning).—
(s) Raw hides and skins 7,110 0 0
(b) Chemicals . e 2,560 0 O
(¢) Labour . . 708 0 0
X. Vogstsble Tanning Section (half-
tanning)—
(¢) Raw hides and skins 42600 0 0o
(b) Chemicals . . 16,620 0 0
(¢) Labour . . 2100 0 0
(d) Freight - 2,612 8 0
Total . 223497 8 0O
Say .e 2,23,600 0
(XI) Replacement of tools and
machine parts from the 2nd year '
of the operation of the scheme .+ 1,500 0 0 (annual)



182
~ APPENDIX XVI(b).

Ir planning a factory for the manufacture of rubber goods, there are
many points which must be takeninto consideration, The most important
are the following :— .

1. Fuel and water.—If the works are far from g colliery or railway,
the cost of fuel will increase owing to the heavy haulage charges, while the
consumption of water is so very great that it is advisable to have a supply
other than the town mains to draw upon. Provision for water must be
made by selecting a site near a river or by boring wells. The locality of
the works should be free from dust and dirt as these are extremely
detrimental to the finished material -

2. Power.—The best power to use is electricity, because taken all
round it is cleaner and more economical for driving machines than steam
or gas. It is advisable to drive each machine by a single motor.

8. Transport.—The factory site should be near the industrial centres:
and shipping posts, as the demand from customers in these places is
usually more urgent.

Factory plans.

The plan of a proposed factory capable of gn output of the value of
Rs. 10,00.000—Rs. 13,00,000 is supplied herewith. In drawing up this
plan, careful consideration has been given to curtail unnecessary labour
charges for transporting materials from one deparfment to another; f
instance, the washing department, drying rooms, powder, drug and batc
rooms are situated together and as these usually come under one foreman
supervision is easy. The punching department which feeds® the bee
department, adjoins the milla, as does the mechanical department. The
latter and the tyre department communicate with the vulcanizing shop at
one end and the finished stores at the other. All the buildings are one-
storeyed with the exception of a second storey extending over the wholelength
and breadth of the stores, mechanical, tyre and vulcanizing departmenta.
Communication to the ground floor is by a lift. The boilers are placed in
a building which forms part of the engineer's shop and is near the valean-
izing department in order to save steam condensation. As much
inflammable material is used in connection with the spreading department,
this is placed away from the main building but within easy distance of thel
stores and milla.

A machine repair section with the following applianoesinnecassary —
(1) One 15°—17" centre back geared, surfacing, sliding and screw
cutting lathe,
(2) One vertical drilling macbine to drill holes up to 2°.
(3) One milling machine with platen 187 x 24”.
(4) One planing machine to take about 10" x 4"
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(5) One screwing machins, complete with dies for pipes and bolts
up to 27, :
(6) One circular saw.
(7) Band saw.
(8) Emery grinding wheel.
(9) Grindstone and trough. ,
(10) 12—15 H. P. motor for driving the above machines

Washing Department,

In this department the equipments required are as follows :—

(1) A cutting machine for cutting up raw rubber into small pieges,
tho bench being 2/——9¥ x1’—6” and having a fixed spindle
suitable to carry one 6”—9” knife cutter running in
a water trough. The speed of the pulleys, 4”-=5" in
diameter, should be about 990 r. p. m. and the machine.
would require one H. P.

(_2) Two galvanized iron tanks, 6’ x4’ x 4" fitted with cold water,
steam connection and outlet pipes at the bottom.

(3) One breaking up or masticating mill, fitbted with two grooved
rolls 24” long and 10” in diameter, revolving inwardly at
unequal speeds, the batk roll, 12—16 r. p. mn. and the front
f—8 r. p. m. _

(4) Another similar washing mill, the rolls being geared to work
ssvith greater friction the back roll 15 r. p. m, and the fropt

T p. m.

(6) Washing mill, similar to above, both rolls having a smooth

surface, the back 15% r. p. m. and the front & r. p. m.

All the machines should have cold water connections fitted above the
centres of each pairs of rolls and a collecting tank éand sieve fixed under-
neath, The machines are driven through a line shaft by & motor 15~20
H, P. a} 600 revolutions per minute,

Drying Department,

Vacuum drying is usually employed. The plant consists of a pump,
condenser and stove, driven by 23—8 H. P. motor. The drying
chamber should be about 44’x4}’x44’ and should contain 132.- 15
layers of steel steam heating pipes, on which the trays are placed with
the materialy for drying. Vacuum and steam pressure gauges should be
fitted end it is better to have two sets of trays, so that one lot may be
filled while the other is in the chamber, ' '
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FAOTORY MACHINERY.
Mizing, Warming and Grinding.’

These machines correspond in principle to the washing rolls already
described bui of larger dimensions, 16°—18” in diameter and 507—607
in Jength. The rolls work at friction speeds, the front roll rotating at
224 r. p. m. and the back one 15 r. p. m. For the purpose of removing
the compound from the rolls, a scraper is fixed on a steel rod, so that
it can be moved along the face of the rolls. The warming up machines
are placed in close proximity on the feeding side, so that a continuous
supply of material may be at hand. The warming up machines are but
another name for the mixing mills, the speeds of the rolls being the
same.

The grinding machines are very similar to the mixers in construction
but to tear the rubber into shreds, the rolls are so geared that the
friction is much greater and the revolutions of the rolls are 24:8. All
the mixing, grinding and werming mills are fitted with steam and cold
water connections. Four large mixers are usually necessary and each is
driven by 35—40 H. P. moter. To save floor space the motors are
usually placed below the floor level.

Calenders.

The calenders are the most important machines in a rubber factory
and are now made with four rolls. Two three-roll calenders will be
sufficient for most purposes. Farbrice which have been proofed on
a calender are much superior to those prepared by the spreading process.
Modern calender rolls run at even speeds and in addition each of them
carries a lengthened journal on which are fixed two gears; by inserting
a steel pin, the rolls are changed over from even speed to friction speed.
Probably the most useful size of the calender is that having three rolis
60” wide on the face and 20” in diameter. At the front of the calender,
not the feedinz side, apparatus for winding the fabric is fixed at a distance
of 5’—6* for the rolls. The best and most euitable form of drive is by
mesans of an electric motor and worm reducing gear ; « 30 H. P. variable
speed motor will be best while the gear should be such that the
calender has a delivery speed of 8—20 yards per minute.

Spreading shop.

There are various kinds of fabrice which cannot be treated on
calenders and the proofing of these must be done on spreading machinea
The standard width of the proofed fabrics is 72°—847 ; three machines
are necessary for these widths. In the moet modern machines, a spread-
ing roll is provided and over i¢ is placed an adjustable knife or * doctor ”;
directly in connection with this is fixed a steam heated stecl plate which
is of the same width as the spreading roll bus 12’—14’ long In
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line with the spreaders, a machine for doubling the proofed cloth is
instailed, the operation being carried out by two rollers which press the
two surfaces of the cloth together while passing between them.

Three dough mills with rolls 3’ by 16” will be sufficient to keep
the three spreading machines going. As para strip is one of the principal
articles to be manufactured, a water tank must be provided for the
stripping of the rubber from the faced sheet and it should be of galvanized
iron 7' x4'x4' fitted with steam pipes, water connections and outlet
Pipes. _

Solution machine.

A solution making machine of the beater type, the lid of which
should fit very tight to prevent the escape of solvents must be provided.
A tank for storing naphthe outside the spreading shop is also necessary.
A 40 H. P. motor will be required for driving this set of machines. To
remove inflammable vapours good draught fans musté be provided at
suitable points.

Cloth drying machine.

In connection with the spreading departmeot, & .cloth drying
machine, consisting -of ‘three drums 24”—30” in diameter, 307 loug,
made of stout sheet tin capable of withstanding a pressure of 20—30
Ibs. per square inch steam enters through bearings and steam gauge is
fitted reading up to 30 lbs. No power for winding is necessary this being
done by hand,

PRINCIPAL BAW MATERIALS.
Para rubber.

The finest and foremost rubber is Hard Fine Para, from South
American forests. It is suitable for all classes of goods where strength
is an essential requirement. It is one of the cleanest of wild rubber an
the washing loss rarely exceeds 5 per cent, -

Plantatton rubber.

Plantation rubber is exceptionslly clean of very good nerve and
strength and comes on the market in many cases ready for use. The
most reliable plantation rubber is that prepared by smoking for which
special plant has been introduced. The rubler coagulated by acotic
acid or any other acid process is unroliable as it would appear that the
acid connot be washed out completely which proves detrimental to the
goods in which it is nsed. '

Para second grades come on the market under various trade names,
such as Scrappy Negrobeads, Cameta, Sermanby, etc,, the washing losses
of these run up to 20 per cent. '
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Peruvion Ball,

Peruvion ball, another South American rubber, probably comes next
to the Para and Plantation grades in point of quality and is used for the
manufacture of bigh grade goods and proofings. Other raw rubbers which
are extensively used, genmerally being classed as + medium ’ grades, are
Massai, Borneo, Upper Congo Bell, Malay, Ceylon, ete.

Reclaimed rubbers.

Reclaims which are made under alkali and acid processes, appear to
possess more nerve and elasticity than those prepared by other processes.
In purchasing it wounld be an advantage to ascertain the rubber content,
freo sulpher and apecific gravity.

The general class of reclaims are rather unsuitable for proofing
purposes as they do not disintegrate in naphtha but acid reclaims are
more suifable than alkali grades.

A list of other essential raw materials is given below. A large and
up-te-date firm would have to keep a stock of these articles to manufacture
different varieties of manufactured goods.

. Vulcanized waste.
Floating waste. Common black waste.
Red waste floating, Red inner tube waste.

Common red waabe. Gtey » » ”
Common drab waste. Cab or bus tyre waste.

Fillers, elc.
Zine oxide. Lithophone.
Magnesia. Pumice.
Magnesium carbonate. Glass powder.
Whiting. Vegetable black.
Barytes. Coloured pigments,
Lime - Graphite.
Litharga. . Zine white.
Zinc sulphide. Talite.
French chalk. Asbestos powder.
Red lead. Antimony sulphide.
White lead Ultramarine blue.
Reclaims.
Floating reclaim. Dark reclaim specific gravity 1-5. -
red reclaim, Drab and red reclaim.

”

Dark reclaim specific gravity 12§

Cheap dark and dreb reclaim.
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Vulcanizing ingredients.

-~ Sulpbur, - Vermillion.
" Crimson antimony. French. antimony.
_::@Golden antimony. Black hypo:
Other ingredients.
Dark floating substitute. Rosin oil,
Light floating substitute. Paraffin wax.
© Shellac, Cerosine wax.
Ground mica. _ .Creosofe oil,
Red ground substitute. Lingeed, oil.
'Rape oil. Glycerine.
Mineral rubber. Camphor.
'Vaseline.

With reclaims, it should be insisted that all deliveries must be .of
upiform quality. Sulphur content should not vary for if it does. to any
considerable extent, trouble is bound to ensue owing to over or tunder
vulcanization of the articles into which the reclaim enters.

Washing, drying and mizin g operations.

Raw rubber, on its arrival at the factory, should be atored in

s moderately cold, dark room. Before passing on to the washing mills,

rubber is usually softened by soaking in hot water for 6 hours. After

- this softening operation it is immediately pessed to the first pair of

washing rolls, previously described, a stream of cold water being allowed

to flow on to the rubber in order to wash away dirt and impurities, while

the process of tearing the rubber up goes on. Moderation at this stage is
espontial, otherwise the material deteriorates. :

It is now put into anotber tank of cold water and after rinsing is
passed to the second pair rolls, where it is broken up into still smaller
pieces, & flow of cold water being kept on it the whole time. In this
second operation, the rubber is broken up and foreign matter is completely
eliminated. It is now transferred to the third paiz of rolls and run out
into & l;ng sheet, 12* wide, and put on a bench to allow the water to
drain off. : .

Drying washed rubber,

; Washed rubber is sometimes dried in a current of hot air. It ié
-advisable, whon this is adopted, to raise the temperature slowly to
600—-70°0. . Para and better clase of rubbers should be thoroughly dried
in two daya, - L S '
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For vacuum drying, the raw rubberis run into very thin sheets, and
placed on trays which fit into the shelves of the chamber, the door. being
closed and the apparatus put into operation, as described before. Care
must be taken that the pressure and temperature do not fuctuate wery
greatly. The drying temperatures for high grade rubbers may be as high
a8 76C. Average time of operation—1 hour. :

Selection of mizings.

Pure rubber is never employed for the manufacture of tubber goeds.
It is always mixed with reclaims, fillers, ete. before the final ecneing
operation is undertaken. The principal points to be taken into coneidera-
tion when making up a compound may be set down ae follows - —(1) the
uge to which the article is to be put whether it must ‘be acid resisting,
possess wearing qualities or any other special quality, (2) the specific gravity
of the finished product, (3). whether for tubing, machine moulding pr
open vulcanization, (4) colour desired. If the article is to resiat the
action of acid and alkalies, French chalk, barytes, talite and silphur
avould be sunitable fillers in conjunction with good class raw rubber,
Should the above be required in a dark or black celour, this .cam
‘he gbtained by use of velvet black, graphite, otc. [For imparting bough-
ness to rubber goods, nothing can beat magnesia, white lgad, zipc oxide
and in the case of dark goods, litharge.

The mineral matter to be incorporated in the mixings must be in a
fine state of division, When wax of any kind forms a constituent, it
whorld ‘be metted ina pan and evenly incerporated with the mineral

- In the case of gas tubes, etc., which muast bave a smooth finish
apasto rubber of any kind cannot be used, as it produces Jumps on :the
surface. Care must also be éxercised in the use of reclaims, a8 some .of
these are stringy and contain bits of foreign matter. In the latter .cape
tha diffienlty is got over by suitable additions of limé and magnésia in
smdll quantity.

The actual mixing operation réquires a good deal of care and atien.
tion. It is well known that raw rubber deteriozates rapidly by ovar.
- awarking op the mixing rolls and by applying teo much heat. As-regards
the aotnal process of mixing, the rolis are set in motion, sufficient steam
being passéd through them to facilitate the mixing, and thus obviate
prolonged working. When raw rubber, reclaims and minérals form the
ingredients, it is advieable to ground the rubber and reclaim seéparately
ungil they are plastiz, whén they are mixed togdther and the wmjneral
added and mixing continued until the whole forms homogeneous mass,
As rubber during mastication bécomes heated, even if the rolis - are cold,
allowanco must be made for this by having cold watér connections fitted
to the rolls. e
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| | Wuloaniggtion. .. o
Tiv this process the: wulosnizing ‘plant should ber conveniently : mear
the boiley, 85 thet diy steanr ie aveilable end condeneation: loss' in ' pipes
i# reduwead. Good  vontilation'i4 esseutial for the heelth of' the workmen
#id & good dveught fen iy therefore important fop this departmient.”

A list of pans necessary for the manufacture of various classes of
goods is giverr below s . o
(1) Two horizontal pans to take the ¢ insertion ’ drums, 5'—6 ¢
long and 3’—6 ¢ in dismeter and fitted with' carriages, so
that the wrapping drum containing the insertion: eami be'run
'~ in and out. o

. ‘ . (]

(3} Two vertical pans 5' diameter and 4’ deep to take cla,m‘; d
moulds, .etec. o Lo

(3) One borizontal pau 24’ in diameter and 6 in length, hasidg a
tray for chalk and fitted with a run ount. :

(4) Two pans 3§’ in diameter and 34’ in Jength for weatard, obe - - -

(5) One pan 4’x 8’ for rollers, ’ L s

(6) One pan for motor car inner tubed, 5/ in diameter 12/ in length
and fitted with a run out on which & special- stand is erédted
for holding a large number of tubes. l o

: All these pans should be well insulated. The seam inlet pipes might
be connected to a large steam supply pipe from the boiler- and if the latter
is working at high pressure a pressure reducing valve is neeessary. Exhgust
steam should be condensed, the pans should be tested to stand a pres-
sure of 100 Ib. per sq. inch and fitted with steari pressute gauges.” ‘The
steam required for these pans may be generated in a boiler about T4’ in
diameter and 30’ in length, working at 176 lb. per square inch and
capable of evaporating 7,600 1b. of water per hour.

There are soveral methods by which the curing of the rubber goods
can be carried out, the most important being steam vuleanization. This
method can be divided into four different operations :— (1) Open cure or
goods made to shape, embedded in chalk and vulcanized. (2) Articles
made to shape generally on a mandrel or similar support, being wrapped
in cloth and vulcanized in the pan with steam circulating throughout.
This is known as the ¢ wrapped method'and is used in the case of
washers, insertions, sheet, ete. (3) Goods wrapped as in (2) but suspended
in a vulcanizing pan containing water, the tempersture being  raised
to the required point by admission of steam. This process is not used to
any great extent. (4) Goods pressed to shape in presses, the necessary
temperature being obtained by steam circulating throngh the chambers
between which the mould is placed. This is known as ¢ press-cure ’ and
rubber heels, buffers, motor tyres, motor cycle belts are made by this
process,
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APPENDIX XVI (b)<-tconcld.

Under all the above processes, sulphur is the only medium of vulcani.
zation. Sulphur combines with rubber at » - tomperature of 240° F. For
all soft rubber goods, it is advisable to use 5—15 per cent sulphur, on
the amount of raw rubber used in the mixing. For tbe harder class of
manufactured goods, 8 larger proportion of sulphur is necessary, 256—60
peor cent.

The time of curing varies with the different articles vulcanised. The
following times of curing are recommended for the different classes :—

Open cure for gas tubing, cab tyres, ete.
(1) 16 minutes rise to 40 1b, (286-6°F.) 30 mivutes at 286-6°F.

(2) 30 » . o» 60 ” ”
(3) »” ” » 90 ” ”
(4) ” 0 I'T) 1 20 ” 9

These times of curing would be applied to wrapped goods, a different
pen being used.:

Press cure for all moulded goods, rubber heels, ete.
(1) 10 minutes at 200°F.
110 "
(3 60, ”
4 5, »
() o0 ”
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CHAPTER XVII.,

PHARMACEUTICALS,

Ph’afmaceutical preparations may be divided broadly into:
the following groups :— S

(1) Extracts or tinctures of indigenous drugs.
(2) Preparation of synthetic drugs.
(3) Preparation of vitamin products.

(4) Extraction of alkoloids like strychniné, morphine, eto.,
from raw materials available in the country.

(6) Preparation of inorganic or organio :compounds used.
in medicine in large quantities, like ether, chloro-
form, sodium benzoate, sodium salicylate, sodium
citrate, sodium sulphate, magnesinm sulphate, etc.

Extracts or linclures of indigenous drugs.~—The methods
employed in these cases simply consist of boiling the plants in’
steam heated pans with water to extract the active principles.’
Very little attempt is made t6 obtain an extract with uniform
strength or concentration and after the addition of some.
preservative like p-bydroxy benzoic acid, ete., the liquids are:
clarified snd bottled. The cost of a steam jacketed pan capable
of holding about one maund on the average is abont Rs. 350 and
one cooly can attend to 5—6 of these pans at a time. So the
labour charge is six annas for six pans of this type.

In the case of tinctures, the solvent employed is alcohol
and the loss of this solvent must be prevented by suitable
condensing arrangements. A better plan is to employ an
extraction plant built on the principle of soxhlet extraction
apparatus, holding 2—3 maunds of raw materials. 71he loss of
solvent in this method is reduced to a minimum. In the next
stage, the alooholic extract is evaporated down in vacvo and the
residue is dissolved in & definite volume of alecohol to give
a tinoture of the required strength. The cost of a plant of this
type with vacuum evaporator is about Rs. 10,000 and the’
wages of workman in charge of this would be about Rs. 1-8-0
per day. The loss of snlvent generally is less than 5 per cent.

Synthetic drugs.—The preparation of synthetic drugs can
be easily undertaken in Bihar. Although all raw materials
have to be imported from abroad, the great difference between
the price of the raw materials and the finished product will
always leave a fair margin of profit for the manufacturer,
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Organic arsenicals like -atoxyl, neo-salvarsan, sulpharsenol,
stovarsol can be manufactured in fairly large quantities by an
experienced chemist at from 4 to 6 annas per gram whereas the
present market price is about Rs..8 per gram. These figures
as to cost of prodvction of these drugs have been actually
worked out from the result of extensive laboratory experiments
at Calcutta. '

The Government of Bihay has recently started a& campaign
against Kala-azar and from reports available, it appedrs that
a large sum of money will be spent in fighting this disesse in
the next few years. TUp till now the most successful specific
for the treatment ¢f Kala-azar is urea-stibamine of 8ir U. N.
Bralimachari. Our Sedretary Dr. Neogy has worked for a
numbBer of years on organic compounds of antimony, similar to
u¥es-stibamine. If necessary the preparation of this compound
may be taken in hand immediately the cost of production - being
aboud six anbas per gram. Asthe Government of Bibdr will
have to pay twelve to fourteen annas per gram for buying thie
product from the Caleutts firms it is necessary that the attentiow
of the proper authorities should be drawn to this aspect so that
the Government of Bihar may effect a large saving ev
vrea-stibamine. ‘

A local dnaesthetic of the type of novocaine car also be
pvepared easily. The starting materials for these are very
cheapr Toluene on nifration will give nitrotoluene which when
oxidised gives p-nitro-benzoic acid. Fropr thid, with
phosphorus pentachloride, p-nitro-benzoyl chloride is prepared.
Ancther starting material is ethylene whieh, on brominatien
under suitable conditions, -giwes othylene bromobydrin.
Diethylamine is prepared from diethylaniline, a cheap material,
by a process which is well known. Diethylamine with ethylene
bromohydrin gives diethyl-ammnino-ethanol which on condensa-
tion with p-nitro-benzoyl chloride give p-nitro-benzoyl-
diethylamino-ethanol. Beduction of the nifro group gives
novocaine. According to Dr. Neogy the cost of production of
novocaine is abouf one rupee per gram whereas the price of the
imported material is very rouch higher.

Another iwportant synthetic drug which has been
introdueed within the last few years, under the frade mame
proutosil, sulplionamide, etc., can be easily manufactured
l6cally. The cheémical formuls for the substance is p-amino-
benzene sulphonamide. The process of manufactore is simple
and the materials are easily obtainable. The eost of
maraficturs is said to be eight to ten annas per gram. '
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fhe above list-doesnot.exhaust the list of pharmacentiesls
that may be prepared in the provinge. It /merely -indieates
some of the lines of wanufacture, ' o

PREPARATION OF VITAMIN PRODUCIS.
Vitamin A preparation—Trade name Cod-liver oil.

Halibut lLiver oil.—It contains 120,000 I. U. “The
produet on the market is always associatéd with witamwin D.
Ordinary eod-liver contains per c. ¢. 2,400 I. U. of witamip -A
and 200 I. U. vitamin D. D

Indian source—Fish liver oil like Rubhit, ete. ~ Ruhi Yiver |
oil contains abont 13,000 I.U. per e. c. Hence it 'is richer
than ordinary cod-liver oil ip the 'jmarket. Methad ‘of
preparation is simple. The oil can be liberated from the
raw liver either by steam heating or saponifying with 5 per cent
wodinm hydrexide. Yield—20 per cent of the weight. of muw liver.

‘Vitamin B. b .

Indian source.~— Yice polishings obtainable from riee gaills’
¥xtraetion with water followed by alcohol and sbsorption hy
Fuller's earth and eintion with acetie acid and. finally .econcen-
‘tration gives vitawin B concentrate. N

Uses.—Yor beri-beri and respiratory diseases.

Vitamen C. -

Indian source.—Fruit juice, €. g., pineapple, guava, ete., ‘is
oxtremely rich in this vitamin. [t is used as prophylaetic agent
‘against infectious diseases, intestinal diseases, rheumatism, ete. -

Alkoloids.—The total quantity of morphine imported ,inf
India duxing the last two years is given belfw — pore _mig.o

1935-36. -1936-37.
769 oz. ‘687 oz,
Bs. 23,931 : Rs. 18,640

Morphine—Although India preduces a fairly large quantity
of -opium from :which ‘inorphine way lLe extracted yet ithe
extraction of this imporfant medicinal product.has not yet heen
undertaken. The process of extraction is. wellknown mnd
involves no costly plants. An experienced chemist can .easily
andertake its preparation on a semi-commercial soale.

.Strychniue.-—The export of nux-vomica seeds .from Indja
during the last two years amonnted to 17,093 cwt. and 32,763 owt;
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valued a6 Rs. 94,000 and Rs. 1,95,000, respectively.. The total

quantity of strychnine that is imported into India cannot be

stated with any certainty. The percentage of alkoloid in the

seeds is about 2—25 per cent of which 70 per cent is strychnine.

If instead of exporting raw nux-vomica, it is found possible to

~ extract etrychnine and brucine, a very profitable export trade
may be set up in the country.

Atropine and Hyocyamine.—The manufacture of these two
valuable alkoloids- may. prove to be a very paying proposition as
the plants from which they are extracted are indigenous in India.
Although the process of manufacture is somewhat complicated
and tedious, yet there is no insurmountable difficulty in attempt-
ing the extraction of these alkoloids. A fair return on the
capital invested may be safely expected if these industries are

taken up by employing experienced hands.

- Preparation of snorganic and organic nds used in
medicine.~The manufacture of the products inclnded under this
heading will require the establishment of.a chemical works.
Many of the substances like ether, chloroform, sodium benzoate,
sodium’ citrate have a very large sale in the market. The raw
-materials for many of these have to bLe imported buf in that
respect, Bihar is at au equal disadvantage with all other
provinces which have also to depend upon the importation of raw
materials, If the coal-tar distillation industry is established in
Bihar, we may have a cheap supply of toluene from which
benzoic acid and sodium benzoate may be manufactured. 8imi-
larly starting from phenol, we may manufacture sodium
salicylate which has also a large market. The manufacture of
citric acid from citrus fruits may also prove to be a profitable
concern. In any scheme for the manufacture of sodium sulphate
and magnesium sulphate, a large supply of sulphurie acid is
necessary. Unless a sulphuric acid plant is set up it would not
be possible to compete with well-established firme in other
provinces. The total capital expenditure for starting a chemical
factory of this type will be about Rs. 5,00,000 including a 6-ton
sulphuric acid plant and Rs. 2,00,000 for working expenses,
Allowing Rs. 25,000 per morth for the cost of raw materials and
Rs. 25,000 for wages, working expenses, power depreciation, etc.,
and another Rs. 10,000 for office expenses, canvassers, adver-
tisements, etc., the monthly sales may be expected fo reach
Rs. 65,000—70,000 leaving a margin of Rs. 10,000 for profit.
Even with borrowed capital, with 9 per cent interest per annum,
the net profit will be about Rs. 1,00,000 per'month. - ‘
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CEAPTER XVIIL

Muon INDUSTRY,

During the last three decades, several athempts were rade to
start mateh factories in various provinces of -India. :None of
theae attempts survived, the main causes of failure bemgf-

(a) want of proper technical guidance,
(b) want of sufficient ca.pltal

(¢) under-estimates in the cost of machinery and equip-
-ment,

(d) faulty choica of factory sites,

(e} wrong selection of match machines,

(f) difficulty in obtaining proper kind of wood for matches,
- {g) iceflicient management,

(%) under-sellmg by the foreign combines which have mow
- practioally the monopoly of the industry in: India.

The resent time is very favourable for the match ‘industry
beca.uset e duly lm[i;)sed by the Government. of India has
practwally stopped the import of forelvn matches into the
country. = The prejudice of the dealers in handling' Indian
matches has disappeared and the eonsummg pubhe have grown
less fastidious and exacting.

The first essential raw maberml for- the successful - worlung
of a watch factory is the supply of suitable varieties of wood at
» Teasonable price. A list of treee which may supply suitable

“wood is given below. The details have been supplied: by the
Proprietor, Calcutta Match Fa(tory. to whom our best thanks
are due :—

Q) Anthooephalus Cadamba—(Ka.dam)._

(2) Oaseari Glomerata—(Barkholi)

. (3) Callicarpa Arborea-—(Geohlo, Bormala.)

- (4) Holarrhena Antldysentnca—( Khira).

(5) Pmnus Persxoa—(Aru)

* (6) Sapium Euvemfohum—-(Slphkhan, P:palpatl)
~(7) Trema Orlenta.ha—-(Kual)
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(8) Elaecarpus Bobustus-—-(ﬁepari).

(9) Machilus 8p.—(Mawla).

(10) Michelia Sp.—(Ghogay Champ).

(11) Bymplocos Sp.—(Kholme).
(12) Acer Sikkimense—(Lahara Kapasi)

(13) Excoccaria Agallocha—(Genwa).

(14) Macaranga Sp.—(Mallata).

(156) Betula Cylindrostachys, Wall—(Sauer).
(16) Michlia Cathcarti, K. H. F.—(Ditechamp).

Most of the species mentioned above have no value as timber
and many of them are jungle trees which should be obtainable
very cheaply except for transport difficulties.

. For practical purposes types of match factories may be
divided into six classes :— '

(@) Factories which manufacture splints only.

(b) Factories which manufacture box veneers or complete
boxes. : '

- (e) Factories which manufacture both the above items.

(d) Factories which buy ready-made splints, make their
own boxes and finish the matches.

- - (¢) Factories which buy ready-made splints and boxes and
- make finished matches.

(f) Factories which are self-contained manufacturing all
_their requirements in their factories.

The factories classed under (@) should be situated near the
supply of wood in the forest area and (f) class factories may have
their splint-making department in or near a forest area, -the
remaining manufacturing processes being carried out in
a place close to a comuercial centre having means of easy
transport to different parts of the province. L

Suitable 7woods for the manufacture of matches are not
wanting in the province. What is needed is a definite forest
poliey. that would remove-all doubts and difficulties: in the way
of supplying match wood. It bas been represented to our
Sceretary that Governmient could forward the cause of the
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industry and practma.lly help mterested partles in the followmg
‘way i— -

(1) By 'securing’ the nohts to obtain mabch wood from
Government forests at reduced royalty.

(2) By obtaining ‘concession on freights from railway
companies for taw materials and finished goods.

(3) By granting loans.
(4) By buying local pro@ucts for Government use,

(6) By reducing the import duty on chemicals’ and—other
raw materials for. matches.

(6) By general technical helpand direction. -

In view of the competition of the Swedish combine and the
failures of the Indian concerns i the past no fresh attemptto
establish the industry in the province is recommended witbout
a careful consideration of the causes of previous failures.

Additional information) on . the subject is  given in ‘the
appendix.
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APPENDIX XVIIL

"dditional information regarding Match Industry,

Oapital outlay.
Ttems, 1,000 gross, | 500 gross. 800 gros
) Ba. Bs, Bs.
Match machines .. .. | 260,000] 1,00000] 75000
Equipment and fittings ..| 40000] 20000] 10,000
Power and transmission ..| s0000| 25000] 20000
Working capital .. .. | 200,000 1,60,000| 1,00,000
Buildings . .. 50,000 30,000 25000,
}
Preliminary expenses .e 30,000 20,000 10,000,
Y
3
- Labour and power.
— 1,000 gross, | 500 gross. | 300 gross. i
Men .. . 60 50 - so.i
"Labour '
Boys . . 100 80 70]
Total . 160 130 1or{
il .
Power .. . .- |100 RELP| 50 BE.P.| 30 BEF
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APPENDIX: XVITI-—contd.

Match machines,
Prodn otion per dny.
Nume of machine. .

1,000 gross. | 500 gross | 800 gross.
Oroes cut saw . . i. | 1] 1
Circular saw . .o 1 1 ]
Unbarking machine .. e 1 . | .
Splint and box veneer peeling .. 4 3 _ ¢
Splint éhoppin_g .. . 1| 1]
Box veneer chopping . 1 lil I
Splint. drying chamber .o 2 1
Sphqbg_c;}mhng drum .s 3 2 [
Splint plgagxgg e .o 1] 1
Splint levelling . . 2 1- |
Paste mixer and boiler . 1 1
Outer case pasting .. oo 6 8|
Inner case pasting .. . 6 3
Box closing and iaboiling ‘ . 6 3
Box drying c‘humber .- 3 gt
Frame ﬁlhng o . 12 6
Filling frame for splints | ! 8500 1,800 1,20
Frame trolleys .. : 175 100 &
Ohemmical uevmg N 2 2
Ball mill . . 1 1
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APPENDIX' XVIIicontd.

Match machines—concld.
B | | Production per day.
Name of machine. '

1 1,000 gross, | 500 gross. | 800 grows,

Composition grinding mill, conieal 4 3 2
. w » Bccentric 3 2 2 |
F;ame heater and reheater 2 2 | 1
Parafﬁﬁing apparatus . 3 2 1
Hl:lnd dirping apparatus ‘e 3 2 1
Frame emptying .o .o 3 2 1
Box filling .e . . 8 2 1
Box painting ‘e . 3 2 1

. | Cost of produyction.

D 1.‘060 gross. 'st.xlgrm. 300 gmu'

Ba o p. ]'Is._s.’p..‘-‘-Ba:a.p.

Match wood . ../ 030|l030]030
Chemicals, paper, labels,etc. .. | 0 6 0| 0 6 of o 6 0
Power .. ot e {01 0] 016|016
faoking.. _ ‘e ..l 01 0] 010; 010
Labour establishment ..] 0 2 0} 0 4 0} 0 6 O
Miscellaneons .. .jot1o0lo16]0o16
Tl . |01 0[ 110|130
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APPENDIX XVIIT-conold.
The above are coste: of preductien per gross. of boxzes of 60 sticks for

different amized factories. These figures have been arrived at in the
following way te— ' ' .

(1) The price of match wood is taken at . annas per c. ft. and one
' o ft. will produee 8 gross,

{2) The price of chemicals, paper, otc., has. been ealculated.at the
‘present: market rates, to be imported in bulk.

(3) Electric motor or steam engine is to be used for motive pawer.
A boiler will be necessary for supply of steam. In forest
areas wood fuel is to be used and coal in other places.

. l(4) Wood required for 100 gross packing casesis 6 ¢ 6.

(6) Iabour has been calculated at rather high rates—12 annas for
adults and 8 annas for boys ; in Bihar this figure will be
considerably lower.
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‘CHAPTER XIX, -
Erx0rR0-CHEMIOAL INDUSTRIES,

The very high range of temperatures attainable in electrio
furnaces has opened upa large field of chemistry which was
previously not accessible. In the case of processes, in which
electric current merely acts as a2 heatiog agent and is dissociated
from any electrolytic action, products such as artificial graphite,
highly refractory metals, & large series of compounds known as
carbides, artificial abrasives and high temperature and acid
resisting substances like fused alumina, have been successfully

manufactured.

It is unfortunate thatin India no attempt has yet been
made to utilise the electric current for the manufacture of
prodacts mentioned in the previous paragraph. As indicated in
Chapter II of this report, the province of Bihar is fortunate in
having within its boundaries many of the raw materials from
which these valuable and important commodities may be
prepared on a large scale, when the electrification scheme
developed by the Government of Biharis put in operation.
With cheap electric current and abundant raw materials, Bihar's
position for. the development of electro-chemical industries is
unassailable and steps should be immediately taken to collect all
the necessary informations about the industries discussed in this
Chapter. In the limited time at our disposal it has not been
possible for the Committee to get in touch with firms abroad for
quotations of machineries necessary for the processes but every
attempt has been made fo give a fairly accurate idea of the cost
of production of the articles at suitable sites in Bihar.

It is frequently assumed that thelarse supplies of electrio
energy, necessary in electro-chemical processes, canuof be
economically generated from steamn power and that this class of
industry must be confined to large water power centres.
However, the position with regard to the generation of electrical
energy on a large scale from steam power bas undergone a very
rapid development within the last 20 ~25 years and it is now
possible with cheap fuel to produce electricitytas cheaply asin
the most highly developed hydroelectric plants.

Calcium carbide.—The manufacture of calcium carbide was
first carried out at the Wilson Alaminium Works, United States
of America, in 1891 and later at Meriton and may be regarded
as the pioneer of electro-thermal industries. The chemical
reaction proceeds smoothly at high temperature in accordance
with the equation CaQ43C=Ca0,-+CO.
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- Phe following types of furnance kave been émployed for the
manufacture of calcium carbide at various times :— ‘

(1) Intermittent furnace.—In which blocks of carbide are
built up during the operation and are removed
after cooling by dismantling Lhe furnace.

(2) Continuous operation furnace.~—~In which the molten
carbide is tapped at intervals, without interrupting
the process and allowed to cool and solidify in
a separate Vessel.

The main dissdvantage of intermitient method of working
are the uneconomical utilisation of heat and loss of material by
dispersal through evolution of vapour. The conversion of the
charge is incomplete and the yield is sometimes' as low ad
50 percent. Advantages of the intermittent method are that

“the product is of a better quality and the furnaces can be rux to-
suit the power supply.

Conlinuous operaiton  furnaces,—These furnaces are
rectangular in forni, with open top for admission of the charger
The electrodes consist of two or three blocks of carbon, according.
to the nature of current employed, suspended adjacent to.
each other above the furnace charge. The molten carbide.
collects on a comimon hearth underneath and is removed throngh
tapping holes at the base of the furnace enclosure. The opening
ié usually stopped by a cone of clay or eolidified earbide,

Difficulty is often experienced in opening the _tapping hole:
on account of the high melting point of carbide. In any case,
it is necessary to employ an excess of lime in the charge to
lower the melting point. Consequently, the product gives'
a smaller yield of acetylene than the pure produet. A further:
disadvantage with this form of furnace is the accumulation of.

slag and impurities which cling to the sides and gradually fill up
the furnace,

~ Furnaces now conetructed are from 3,500—86,000 K. W. H.
capacity and work with three phase alternating current of 25
cycles and with a power factor of 0'9. The consumption of
energy per ton of carbide produced is from 4,000—4,250
K. W. H. for alarge scale plant. Electrodes of good quality
carbon or artificial graphite are generally used. With good
quality eoke electrodes, the electrode consumption is 83 per cent

e than with anthracite. Iu the latter cese, the consxp-
tion amounts to 0-02—0°03 ton per fou of carbide. '
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" The ‘raw materials necessary for 1 ton of catbide are the
following :—Limestone 17 tons. Coal—0'2—0-3 tons for burning
limestone, coke or anthracite— 062 per cent.

A cost sheet, for the production of caleinm carbide is given
in the appendix XIX.

Calcium cyanamide is prepared by the passage of nitrogen
over powdered calcium carbide at a femperature between
900°—1200°C.

Can"'N’:ca NON+0-

The discovery of the fertilizing value of this product led to its
manufacture on a large scale and in this connection calcium
carbide has found its largest application.

The reaction is effected by passing pure nitrogen, under a
slight pressure, into a furnace containing powdered calcium
carbide at #00°—1200°C. The preliminary heating is effected
by internal electric heating and the reaction heing exothermie,
‘no further heating is necessary when nitrogen is passed in. Use
8 made of the addition of certain reagents, like calcium chloride,
flourspar, to facilitate the absorption of nitrogen at a lower
temperature. The furnaces, now usnally employed, work conti-
nuously and have a capacity of 15—18 tons of finished product.
Time of operation 30—40 houzrs.

The product isin the form of a solid mass consisting of
63 per cent calcium cyanamide, 2 per cent calcium ocarbide,
13 per cent lime, 1 per cent calciam sulphate, 11 per cent
carbon and smaller quantities of other impuritics. The product
after cooling is pulverised in an atmosphere of nitrogento a
fineness of 200 mesh. It is then treated with sufficient water
to decompose carbide -and bydrate the lime and the remaining
cyanamide is conveyed to autoclaves for ammonia preduction.

‘With this process of manufacture, giving a product of
195 per cent nitrogen, the quauntity of carbide required for
1 metric ton of nitrogen fixed is about 3:62 metric tons and
the power requirement is 8100 K. W. H. ‘

Ferro-alloys.—1he grewth of ferro-alloy industry is,
contemporaneous with that of steel but considerable advances have
been made in recent years by the application of electric furance
to this branch of industry. Ferro-alloys were formerly‘
prepared in the blast furnace, crucible furnace and o a smaller,
extent in open-hearth furnace. The limitations imposed in,
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these furnaces are that sufficiently high temperatures are not
attainable and large quantites of carbon used in the charge d
not permit of low carbon alloys to be prepared. L

~ The preparation of ferro-alloys in the electrie furnace is
free from these drawbacks and no special type of furnace
is necessary for the purpose. The temperatures necessary
f%% t}g manufacture of these alloys vary between 1200°—
1800°C.

 Ferro-silicon is manufactured in electric furnace from
jron ores of high silica econtent or after admixiure with a
silicious mineral or by smelting a strongly acid slag form Beéssemer
or Siemens—Martin furnace. Furnaces of the resistance type
are generally used for this purpose. These are lined with fire
bricks, sometimes lined with a carbon composition and the
exterior of the furnance is usually braced with iron stays. The
voltage ranges from 40—75 and the currént from 10,000—
15,600 amperes. To ensure continuity of working, several
electrodes are placed in parallel .any one of which may be
renewed without stopping the furnace.

Originally the charge was composed of a mixture- of
(1) iron pyrites or other iron ores, (2) sand or quartzite, {3) carbon
in the form of coal or coke with lime as a flux, Owing to.the
presence of impurities, sulphur and phosphorous, scrap-iron. or
steel shavings are preferred to iron ore. '

Ferro-manganese.—The mineral generally used for the
manufacture of ferro-manganese is pyrolusite which, as stated
in Chapter II, occurs in Bihar. The difficulties to be guarded
against in the electro-thermal production of ferro-manganese
are the volatalisation of the metal at high temperatures and its
combination with carbon. Generally the alloy is protected

from electrode contamination by maintaining a layer of slag on
the surface. :

Ferro-chromium.—A standard grade alloy, with 6—8 per
cent carbon and 60—70 per cent chromium, is generally pre-
pared by smelting a mixture of chrowite and carbon in electrig
furnace, the average power expenditure being 7,000—10,000
K. W. H. for one ton of alloy of the above composition. -

Ferro-tilansum.—In the electric furnace, the alloy is
manufactored with 15'18 per cent titanium and 6 per cent
carbon, the ote used being titaniferous iron ore which occurs in
Bihar in many places. L
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: - Ferro-Vanadtum.—~Tron ores containing workable quantities
of vanadium' oxide are found near Chaibagsa. In the manuface
ture of ferro-vanadium, vanadium oxide or vanadate of iron is
reduced by smelting -with silicon or high grade ferro silicon
together with iron, lime and flourspar. An alloy with 33 per
cent vanadium is used for steel manufacture.

~ - Corbarundum is the name adopted for crystalline silicon
carbide manufactured in electric furnace. With smaller units, the
consumption of power is excessive, 176 K, W. H. for,one kilogram
of silicon carbide. In a certain experiment with larger units of
746 K. W. H. or 1,000 H. P., a production of 8,150 %g. of car-
borundum in 36 hours was obtained, which corresponds to a
power expenditure of 85 K. W. H. per kilogram,

The charge is made up of the following :—

Sand . .o as 52-2 per cent.
Ooke e . o o 354
Salt . .o . 18
Saw dust .o e .o 106 p

Baw dust is added to confer porosity and enable the escape of
gases while the salt facilitates the removal of iron and alumina
as volatile ehlorides. The raw materials should be as pure as
‘possible- and ground to a fine state of division. The carbon used
18 in the form of anthracite, petr.leum coke or the best farnace
coke with less than 10 per cent ash.

Daripg the progress of heating, the resistance of the furnace
falls considerably and a regulation of voltage is mecessary.
Each furnace consumes about 800 K, W. H. with a8 maximum
current of 10,000 amp. and produces about 8,000 Kg. of
erystalline carborundum. The transformers receive the J)rima:y
eurrent at 2,200 volts and 25 cyoles and are provided with
regulators which vary the secondary voltage from 20075 wvolts.
It has been calculated that 42 per cent of the electrical energy
is consumed in raising the materials fo the temperature of
teaction and 34-5 per cent in the endothermic chemical reaction,
giving a thermal efficiency of 76:5 per cent. 23:3 per cent
represents the loss due to radiation and other causes.

Alundum, or artificial corundum, is extensively used as
an abrasive to replace natural cornndum. The process is to
fuse alumina in an electric furnace, allowing the melt to cool
slowly. The material is then ground and moulded to form:
grinding wheels. -
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'The furance crucible consists of an iron shell, fitting" into
s base ring which is mounted on the hearth or base. Thé
electrodes, two in number, are suspended from above and -are
fixed. - The base of the furpace can be raised or lowered,
according to the position of the molten charge. 1le .operation
of the furnace consists in first raising the base plate until contact
is made with the electrodes and an arc is formed. Alumina is
then fed into the furnace and the base gradually lowered as
fusion proceeds until the cylindrical case is filled, when the
furnace content is removed from the electrodes. The crucible is
4 feet in diameter and 5 feet high and gives an ingot weighing
25 tons. ' -

Graphite.—The pioneering work in this line was conducted
by Moissan and the present methods for the manufacture of
artificia] graphite are based on his researches, Three methods
of preparation were discussed by Moissan :—

(1) Heating carbon in electric furnace.
(2) By separating from solution in metals on cooling.

{8) By dissolving carbon in molten iron and then throwing
out as graphite by the addition of silicon. Of these,
~only the first is employed in industrial practice at
present, '

In un exhaustive investigation by Acheson, it was found
that the presence of oxides of silicon, aluminium, iron, caleium
and magnesimn played a very important part in the process and
indicated that reaction took place through the intermediate
formation of carbides of these elements. ' '

~ For the preparation of bulk graphite, the furnace, of 800
X. W. H. capacity, is 9 metres long and 50 x 85 cm. in cross
seclion. A core of granulated coke or earbon plates extends
along fhe furnace, makes contact with the end electrodes and is
surrounded by the charge of anthiacite enal with 6 per cent ash.
The walls of the furnace are eonstructed of stones limed -with
carborundum to protect them from fusion. The charge is
covered with a layer of sand and eoke to prevent oxidation:
The resistance of the furnace is high at the outset and as the
heating and graphitisation proceed, falls gradually. A quantity
of carbon monoxide is generated which burns with a flame
coloured yellow by volatile impuritics and afterwards with a blue
flame. At 8 laterstage, the flames diminish and again become
'-y;ell_ti?r, indicating the decomposition of carbides and valatilisation
of silicon, ' o
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. . Moulded articles, such as electrodes, crucibles, dyanamg
brushes, -ete., are prepared by taking finely divided carbon,
mixing with suitable oxides and a binding material such as tar
or sugar molasses, After incorporating to form a thick paste,
the mixture is compressed into a mould of the desired form and
then forced from the open end by bydraulic pressure. The
articles are then heated to a moderate temprature which renders
them compact and are arranged in rows on -the hearth of the
electric furance deseribed in the previous paragraph. On the
bed of the furnace, a layer of granulated coke is spread and on
this the electrodes are arranged transversely to the horizontal
axis of the furnace. The space between the layers of electrodes
is £th of the breadth of each electrode and is filled with
granulated coke. |

At the beginning of the heating the resistance of the furnacé
is high. With a 1,000 H. P. unit & voltage of 200 is applied
and a current of 14,000 amperes is passed. With the progress
of the heating, the resistance falls rapidly .at first aod later on
slowly. When it finally remains constant it is indicated that
the transformation is complete. At this stage the current passed
is about 9,000 amperes at €0 volts, Duration of run 12—24
hours. ' |

. Units of 1,000 H. P. ina run of twenty to. twenty-four
hours gives 6 tons of bulk graphite from anthracite ; with formed
articles, the yield is #2=-3} tons. 826 per cent of the energy
supplied is consumed in raising the charge to the temperature
of reaction and 17'5 per cent radiated during the ran. -

Electrolytic processes with fused electrolytes.—Up till now
all the industries which have been discussed may be classified
under the name of electro-thermal industries because the electric
current is employed for raising the temprature of the materials
to a point when chemical reaction, if any, sets in. The produe-
tion of alkali, alkaline earth metals and aluminium, is brought
about by the electrolytic decomposition of their compounds in
the fused state, Of these, the production of aluminiuin is very
important as India is importing about 3,000 tons of this metal
every year, although there are suitable deposits of bauxite
available and electric power may be obtained very shortly at a
wery low price. . But as the proposal of starling an aluminiom
factory which will be able to supply the entire requirement of
this metal, is well advanced, it is not intended to go fully into
this question in this report. ,
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Indian bauxites on account of their low silica content are
very suitable for the production of aluminium, as in the preli-
minary process of purification of bauxite by - Bayer’s process,
about 256 parte of the alumina are lost for every one part of
silica present in the ore. From actual experiments conducted
at Calcutta, it has been demonstrated that pure alumina, suit-
able for electrolytic process, may be manufactured at a “price not
exceeding Re. 90 per ton. The only serious difficulty in this
enterprise is that no deposits of eryolite are known to exist in
India but in this case, India. .is at an equal disadvantage with
every other aluminium producing country of the world, because
the only workable deposit of eryolite is in Greenland. Ifiis true
that attempts have been made by various parties to prepare
cryolite synthetically, starting from flourspar. It 'has been:
reported that a good deposit of flourspar exists in Alwar State
and serious attempts should be made to utilise this for the
manufacture of synthetic cryolite, Suitable petroleum - coke for
the manufacture of electrodes may be obtained from Mesars.
Assam Oil Company and Burmah Oil Company.

Turning now to the question of electric energy, it is almost
certain that with coal at Rs. 2 per fton or less, no serious
apprehension should exist about the supply of electric energy at
a price suitable for aluminium manufacture, ‘

The types of machineries and furnaces for the metallurgy
of aluminium are well known and the various stages of the
process have been fully worked out at Calcutta. Aecording to
the most recent reports available, the current efficiency in
aluminium metallurgy is . 5~—85 per cent and the average output
is 0'4—0'5 tons per K. W. Y. or 8760 K. W. H. or about
17,620 K. W. H, for 1 ton of aluminiumn. The unet anode
consumption amounts to 0756 ton per ton of aluminium
manufactured. '

At present tho consumption of electro-metallurgical
products, described above, is not very great. But with chea
electric power, the manufacture of these commodities could be.

taken up as soon as fheir requirements in the country are
sufficient to justify it.
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APPENDIX XIX,

Production cost of calcium carbide per ton.

Ba a p
Lime 950 Kg. at Rs. 10 per ton .. o 10 0 O
Anthracite 620 Kg. at Ra. 20 per ton .. 8 b 0
Electrodes 26 Kg. at Ra. 220 per ton . 4 0 0
Repairs e s . 3 4 0
Labour and supervision ve .. 14 0 0
Depreciation at 8 per cent .o . 6 0
Interest at b per cent. .o . 210

45 ¢ 0
Power 05 K. W. Y. at Be. 60per K. W, X, .. 23 0 0
Packing . oo .. 10 0 0

8 0 0

l
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CHAPTER XX.
CorTAaeE INDUSTRIES.

We have heen asked to deal with such cottage industries as
come within the scope of the subjects dealt with by us in this
report. :

In the first place we should like to explain the meaning
which we attach to the expression “ cottage industries’’.
S. C. Mitter in his book “A Recovery Plan for Bengal” defines
cottage industry as follows :—

“ Ap industry which is carried on by the worker in his
own house and mostly with the help of the members of the
family .

'We accept this definition. We note that it is of the essence
of a cottage industry that no large capital or equipment is
recessary. Now whal is small capital and small equipment in
one country may be large capital and large equipment in another.
The result is that what would be regarded as a cottage industry
in one country would be regarded as a small-scale industry in
another. This difference in outlook which arises from the
relative value of things has to be borne in mind in waking

a comparison between the cottage industry of Bihar with that of
certaia industrially advanced counntries.

The usefulness of cotiage industries to an agricultural
province like Bihar cannot be over-emphasised. This province
is rich in natural resources but the pressure of population on the
soil is immense. The density of population in some parts of the
province is as high as 642 per square mile. The vast agricul-
tural population is unoccupied for the best part of the year.
.As poon as the sowing and harvesting season is over the villager
has no occupation except gossip, quarrel and litigation. His
placid contentment has become a bye-word, his penurious
existonce a babit second to his nature. He is perpetually in
debt which he tries to clear off by contracting more debt or by
starvation instead of by finding an additional souree of income.
If cottage industries of the province could be made attractive
to him he would be saved from the evil of laziness at least and
from mischief which is never wanting * for idle hands to do”.
This ia itself would be of the greatest value educationally and
oulturally even though the cottage inlustry may be proved by
expert examination to be ** unegonomical *,
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From the alove it will be clear that apart from the
question of establishing cottage industries an essential item in
the programme should be social and educational propaganda
for banishing idleness. Aslong as one member of a large family
continues to consider it his social duty to feed a large number of
adults in the family who do not consider it a sbameful thing to
eat their bread without the sweat of their brow but think it
belcw their dignily to engage ip manual labour, so long will
poverty continue to dog our foot-steps and to render the estab-
lishment of cottage industries more difficult than it would
otherwise be.

‘While we stress the need for the encouragement of cottage
industries and of social and educational propaganda in Bihar,
we regret to note thaf considering the backwardness of the
heavy chemical industry in India there is very litfle tha
chemical industry can cortribute at present to the solution o
the problem. The manufacture of sulphuric acid, caustie soda
glass, wood pulp, modern plastics, ete.,, do not lend themselves t«
treatment on cotfage lines. On the other hand their establish
ment on a large scale is essential to the success of many crttag
industries. The encouragement of tbese basic major indusiries i
therefore one way to encourage small-scale and cottage industries

That without the establishment of large-scale basic indus
tries cottage industries even if established cannot.be truly indi
gernous will be easily seen from the following costing account:
of some of the cottage products svpplied to us by the Chemical
Adviser to the Director of Industries, Bibar :—

Shaving Soap.
Oost of foreign materials .. .+ "' 62 per cent,
» s Indian’ .o .- 38 per cent.
Shampoo.
Cost of foreign materials e . 42 per cent,
- Indmn - .o .o 68 per cent,
" Hair oils.
Cost of foreign materials .o .o 56 per cent.
» » Indian ” .o os 44 per cent.
Face cream,
.Cost of foreign materiale ae . 60 per cent.

LU Indiﬂn ” .o e 40 p“ “n‘
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_ Tooth Powder, .
Cost of foreign materials .o 14-per cent.
» » Indian » .. 88 per cent.
Boot cream.

Cost of foreign materials .o - - 68 per cent.-
» o Indisn. -, . s 32 per cent.-
. Inks. . ‘
Cost of foreign materials .o e 66_per eent.

» » Indian . - . 33 per cent.

1t will appear from the above that in the manufacture of
boot cream, for instance, as much as 68 per cent of the cost is
that of imported goods manufactured on a large scale in up-fo-
date factories. Face ereams, hair oils, shaving soap, inks ete.,
all show the same tendency. TUnless the manufacture of bottles,
containers, card-boards, fancy labels, fancy wrapping materials,
not to speak of such things as alkalies, acids, dyes, waxes, synthe-
tic perfumes, are started in India the cottage industries based on-
them will not be of much economic value.

As we have remarked before, many of the chemical indus-
tries, although of help in starting other industries, are themselves
unsuitable for cottage scale production. There are a few indus.
tries, bowever, which due to certain natural advantages
are very suitable for this purpose. These industrics were
carefully considered by the Bihar Unemployment Committee
whose recommrendation on this point we quote below :-

“ There is scope for the manufacture on a cottage or small
scale of selected chemical products like soap, hair oil, ete., of
which there is a Jocal demand and for which most of the raw
materials are available in Bihar. Manufacture of washing soap,
in partioular, has distinct possibilities. Under the present arran-
gemeut the Industrial Chemistry Section attached to the Science
College trains a few educated young men every year in the wanu-
facture of soap, besidus giving advice to those who wish to prepare
other chemical products. As a result, a pumber of small factories
manufacturing wainly washing soap bave sprung up all over the
province, and they are reported to be doing satisfactory business.
_ The Bunares Hindu University bas also introduced a section for
teaching ihe manufacture of sosp, oils, face eream, perfumery,
disinfectants, boot polish, heei balls, sealing wax, cork tops,
carbon paper, ete,, with a fair amount of success. The Bekar
Bandhab Samity of Bengal has also taken up the manufacturé of
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some of these products on cottage lines by unemployed young
men, and ftheir local representative stated to us that the sale of
these goods on a commission basis was providing a small income
to some educated Bengali youths who had no better
occupation, While there is a fair prospect of some of these
industries being developed in this province and providiog
subsidiary or whole-time occupation for some of our educated
young men, we consider that it is necessary to proceed cautiously
in view of the difficulties that they may have to face in the
matter of marketing, There is a danger to health in using
impure chemical products, and the consumer will naturally
be suspicious of using articles produced by- the small manu-
facturer. Mr. Hussain suggested the formation of a central
institute for controlling the manufacture and marketing of these
articles, but we are of the opinion that such a step would
_be premature. It is necessary to be sure of the demand before
starting an organization of this nature. It would be better
to encourage individual students trained in this line to begin
on a small scale in the larger towns of the province. e
recommend the expansion of the Industrial Chemistry Section
under the Department of Industries for fraining boys in the
manufacture of soap and other selected chemical products which
have a reddy market. To meet the objection that people without
some scientific knowledge are not expected to be able to ensure
the purity of articles manafactored, the standard of admission
to these classes should be raised, if suitably qualified candidates
apply in adequate numbers. We consider that the present
arrangement, by which the Industrial Chemistry Depariment
forms part of the Science College is of great advauntage to all
concerned. Tt helps to give an industrial bias to the” students of
the Science College and indnces the professors” and research
workers of the college to direct their attention to the solution of
industrial problems and to the application of scierce to the more
practical problems of life. The Department of Industries can
make use of the facilities provided at the Science College for
obtaining scientific advice on industrial matters. The small
manufacturers also benefit as they can obtain scientifc advice for
the improvement of their processes, and can have their products
tested. We recommend that this association of the Science
College with the Depariment of Indusiries should be mai-.tained
and developed. Chemistry of oils fats and sugar sh .uld continue
to be taught at the Scienve College, for which a proper »taff
should be appiinted, and the ecllege sh:ould also, if possible,
provide necessary accommodation for the expansion of the classes
in small chemical industries. ** C
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We agree entirely with the above recommendations of the
Uremployment Committee We urderstand that Government
have already taken steps to give effect to the above recommenda-
tion regarding the teaching of soap making and toilet preparation
at the Science College and we think that the result of these
experiments should be carefully watched before any further steps
are taken in that direction.

There are a number of other industries not strictly chemical
which are either already well established but in need of help or
are suitable for establishment. These are food canning, jam
making, syrups, aerated water manufacture, oil pressing, dahi,
ghee, butter and cheese making, dyeing, calico printing, dry
cleaning, baking, sweets making, condiment manufacture, indige-
nous perfumnes manufacture, ete. Most of these are farm
industries and most suitable for Bihar. The difficulties in their
way are (1) non-establishment of the basic large-scale industries
in India, (2) want of knowledge and technical advice, (3) want
of marketing control which leads to the widespread practice of
adulteration and (4) lack of co-operation amongst the workers
which produces such evils as the middleman and mahajan. It is
not easy for us to suggest remedies for these evils but we note
that Industries Department is tackling these problems in various
ways and if these efforts are continued improvement is sure to
result. We would also recommend marketing control to check the
evil of adulteration, Perhaps this could be done by co-operative
marketing and standardization of the products which could then
be sold under the guarantee of a Markoting Board. Financial
assistance on co-operative lines might obviate the makajan
nuisance. A central testing laboratory would ke very helpful in
standardization and control of the quality of products and thus
inspiring public confidence in the articles marketed.

Recommendations.

(1) Educational and svcial propaganda in favour of
individua! responsibility for one’s own well-being and for the
dignity of labour, is an essential part in tbe programme for the
advancement of cottage industries in this province.

(2) Certain basic chemical industries should be started to
help cottage industries

(3) The recommendation of the Unemployment Committee
regarding chemical industries should be given effect to.

(4) There should be some sort of marketing control to check

adulteration, keep up the quality of products and lay down
standards and specifications, )
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Norte BY M=z, C. K. JaIN, M.T.A.

I owe an apology to the Governmest for not being able to
attend the meetings of the Committee due to unavoidable
circumstances.

I have carefully gone through the various chapters of the
draft report and, s assked by Mr. A, 8. Khan, am submitting my
memorandum on the same. The members are quite frank to
admit that the figures are merely illustrative and I also would
like to emphasise that the report has been prepared with a view to
disseminate information about chemical industries rather than to
form a basis for industrial enferprises. Any ecapitalist wishing
to take up the industries recommended should first obtain
thorough and comprehensive details from experts.

Now that the electrification of Bihar has been decided upon,
the omission of the Committee to deal with some of the important
electro-chemical industries cannot go unnoticed ®*. Bihar can
bave monopoly in the mannfacture of calcium carbide, ferro-
chrome and ferro-manganese the raw materials being all available
near the coal-fields in Bibar. The Committce has done well to
recommend the establishment of ammonia industry. I, per-
sonally, have heen advocating the establishment of this industry
in the province since I am in the Assembly ; but this can only be
safely done as a part and parcel of the electrification scheme
whether this be undertaken directly by the Government or .
havded over to any limited concern, The process most
suited to Indian condition is the one in which hydrogen is
generated by electrolysis of water and as the consumption of
current in this process is very considerable a permanent co-opera-
tion and. possibly united management of the two industries is
desirable. A constant supply of 6,000 K. W., which would be
necessary for 20,000 tons of ammonia per anonum, will be the-
greatest asset possible for the power generation scheme. Ammonia
industry is not an asset ouly in the sense that we can produce
and distribute fertilisers to the cultivators at a cheap rate, but
forms the basis of the explosive industry so necessary for the
defence of an independent ¢ ,untry. Personally, I would never
recommend to the Government to res>rt to borrowing for finanoe-
ing industrial schemes. For the bigger industries the utmost
they can be expected to do is to guarantee a dividend and have
direct control of the limited conerrn by appointing their nominees
as Managing Director or Secretary.

'AA.cgq:!xt.ethuainoebm included on this subject in the report as chapter XI2
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The utilisation of the national waste of various products in
the sbape of gases in the coal industry is very necessary. The
only possible means is to vxperiment on the plant designed by
Dr. H. K. 8en and the Government should econtribute at. least
half of the amount necessary for pu‘ting up a 69 ton a day retors
to a reliable firm intending to carry on the experiment. It is
only after the success of such small and cheaper retorts that
the industry by itself will adopt this method and the provinee
would be able to conserve all these wastes.

Glass Industry is another industry that can thrive on the
soils of Bihar and Dkanbad and its suburbs have ideal sites for
the entferprise.

Before concluding, I would like to give below some informa-
tion about carbide and the allied indastries,

Calcium Carbide.—~It is made by the interaction of lime and
carbon at the high temperature of the electric are :—

Ca0+3C =CaC,+ C0—110,000 Calories.

The commercial calcium carbide is dark colonred, but in the
pure state it is ecolourless and transparent. When calcinm
carbido is treated with water, acetylene is formed -

CaC.+2 H’O =Ca(0H )’+C;H1-
The acetylene is used for illumination, for cutting and ‘welding
by oxyacetylene torches and as a starting point for the synthesis
of organic compounds such as acetic acid, acetone, and methanol,

Caleium carbide is also used for the fixation of atmospheric
nitrogen as cyanamide.

The materials used in the manufacture of calcium carbide
are carbon, in the form of cuke, coal, or charcoal, and lime and to
which may be added carbon from the electrodes.

Data on operation of carbide furnaces and their yields for
Eurcpean practice are as follows :—

For the production of 1,000 lha. of 85 per cent carbide
thers are required in the aggregate 980 lbs. of lime, 650 1bs. of
coke and 20 lbs. of electrode. Furuaces are built in sizes up to

25,000 KVA and over, produciaz about 17°5 to 20 Ibs. 1i
carbide per K. W, day. P 7 ’ : fime

Ferro-chrome.~Ferro-choromium or as it is known by steel-

men, fen_’o-nhromu. is made by r-dacing chromite wita carbon in
an electric furnace, according to the reaction.

Fv0.Cr,0,+1C=Fe.2Cr+4C0,
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Furnaces are of three phase design with eapacities of 2,000
to 5,000 K. W. operating on 90 to 120 volts.

Ferro-chrome is used for the production of chromium steels
noted for their hardness, but it is not used very much by itself in
alloy steels. Together with nickel and vanadium it is extensively
used for armourplate, projectiles, gears and highspeed tools and
auto parts. It is widely employed in the production of
heat-resisting chromium alloys and corrosion-resistant alloys.

Ferro-manganese is employed as a deoxidiser and as an
alloying agent in the production of special steels. Steels
containing 12 to 14 per cent manganese are very hard and
fough. Mangauese is also used to the extent of 1 to 2 per cent
in engineering steels. The raw materials are manganese ores
containting 45 to 50 per cent manganese, carbonaceous reducing
agents, iron ot iron ore, and in some cases a slag-forming agent.

The furnaces are of the arc resistance type, three phase,
with capacities up to 9,000 K.W. using 80 to 110 volts.

N. B.—All these three industries are allied and the furnaces used are,
more or less, the same with some modifications. The import of calcium
carbide in India is 60,000 cwt. valued at seven lakhes of rupees, out of
which the share of Bengal is 35 to 36 thousand ewt. ; these being mostly
consumed in the coal areas. The manufacture of ferro.chrome and ferro-
manganese will lead to the manufacture of high class steels which are all
being imported at present.
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Nore 8Y Dz, V. B. DuBEY, M.80.; PE. Du

While agreeing with all the recommendations of the
Committee I feel that the report does not diseuss in suflicient
detail the practicability of the schemes and the procedure. to be
adopted for bringing them into practice. A report is of not
much use unless it has got prospeet of being immediately
adopted for practical working. If is with this end in view that
this supplementary note has been written.

The first point is that instead of scattering its energy
on all industries the Government should take up two or three
most iwportant industries and concentrate all its energy to
make themn a success. When within a period of four or five
years these industries are firmly established the Government
should take up two or three other industries. Till now the
impression in the public mind has been that the Government
canpot run an industry and that it should be left to private
enterprise, 'The reason for this belief in the public mind is that
in the past majority of the schemes sponsored by the Government
have been failures. In order to remove this impression it is
absolutely essential that any industrial scheme recommended by
the Government should be on such solid foundation that there
-may be not the least chance of its failure and no factor should
remain unstudied. It is preferable to wait for some years for
industrialisation and make a thorough study than to startin

baste without proper study which may prove to be a failure in
the end. . -

In the report we have recommended two maujor industries of
all-India importance fo be taken up by the Government :—
(3) Byuthetic Fertilisers and (2) Low Temperature Carbonisatioq
of coal. These two industries can only be started in Bihar, The
manufacture of 1} lakhs tons of syntbetio fertilisers, distributed
among the agriculturists, will increase the agricultural production
by more than ten crores of rupees. The second scheme that of
Low Temperature Carbonisation of coal will stop a great
pational waste in the form of gases which are being wasted daily
when coal is carbonised in the open for making soft coal.
Besides this, a large amount of liquid hydrocarbons will be
produced which are very importact to the nation as a source
of motor and aeroplane fuel, explosives, and as raw materials
for manufacturing aniline dyes, etc. -The. possibility of the
fertiliser industry bas been studied- by the writer up to the
minutest detsils and from the study it is clear that these
fertilisers can be manufactured at about one-third the cost at
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which they are imported at present. Once this industry is
established it has got a tremendous chance of expanmsion in
the agricultural country like India. The writer feels that these
two industries are more than enough to occupy -the whole
attention of the Governvient for the next five years. Among
smaller industries of provincial nature glass is the most
imgportant one for Bihar, as here the manufacturing cost will he
the least and if the Japanese competition is to. be faced
and Japanese goods are to be displaced by the goods manufac-
tared in India, it is essential to produce these goods at the
lowest eost which can only be done in Bihar. This industry,
though not of all-India importance, js still of great importance
to the country as it is by the cheaper goods manufactured in
this province that Japanese import can be stopped.

After recommending these three industries the writer also
thinks it necescary to examine the financial implications of
the recommendations, the organisation to be set up to carry
out these recommendations and to supervise their working.

No doubt the schemes submitted in the report for these
industries have been studied io detail, still the writer feels that
before being taken up by the Government they must be
examined by a committee of experts who have actually set np
puch plants and are working thewm.

For working out these details three expert commitices
should he appointed—one for Synthetic Fertiliser industries,
the second for Low Temperature Carbonisation and the third
for Glass Industry. In the ease of the fimt two committees it
wll be essential to have foreign experts, as the.e industries
have not been started in India till now and so there is no
experience available in the country about them. The committee
for Low Temperature Carbonisation will also have to etudy
the feasibility of starting this industry at some such centre so
that the interest of presect manufacturers may not suffer and
it wiil also bave to study the question of legislation neces
to supplement the present system making soft coke in indivilual
eollieries by the system of baving ecentral plaots for this
earbonisation. These committees should be composed of foreiga
experts and some Indians having local experience about raw
materials and markets, ete. The local members will _be able
to supply all the lncal data, while the foreign experts will work
on that data, added by their own obrervations. The
eomu.ittee shoald snbmit its report in such detail that on the
bas's of that report the Government or any industrialist may
be able to start the indusiry immediately. The writer does
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not advise the Government to take up there big sohemes costing
crores without the fullest sorutiny by some of the best experts
of the world. Though the process may be ocostly, but it is
the only way to start on a solid foundation,

In the case of the Glass Indusiry as it already exists-in
India it will be possible to find all the experts in the country
itself. The preliminary expenses for all this detailed investi-
gation may amount to about Rs. 50,000 as these experts will
cost quite a lot even though they are called- for a few months,
It will be worth while to spend this money before taking up
such responsibilities of investmente of crores of rupees as capital.
Convincing details have been given in the report fo show that
the industries have got the best chance for development, hence
the money spent in these investigations will not be a waste.

After this stage the question arises to find capital for these
indsutries. The writer feels that under the present conditions
the Government bas neither got time nor industrial experience
to take up these industries itcelf by floatinga loan. Such a
procedure may prove to be disastrous in the end. On the
other hand it will be difficult to attract enough private capital
to start these industries without seme kind of Government
belp or guarantee, Besides this, it i8 also not desirable te
entrust these key industries to private capital without some
kind of real control. The view of the writer is that if ‘the
Government after carrying out the detailed investigation at its
own expense offers a dividend of about 84 to 4 per cent on the
investment for a period of ten years or so, ample capital shall
be coming furward. The condition for the guarantee of the
dividend should be that the Government is to participate in
the profits over a certain fized percentage, such as 9 or 10 per
cent, and will have some nominees on the Board of Directors.
From the talk with several big capitalists the writeris sure
that many iodustrialists will be coming forward to take wup
these industries on these terms. The total capital required
for thess three industries is about Rs. 160 lakhs, and the gnarans
teed dividend at 4 per cent will amount to about 63 lakhs. ‘yhis
much amount of money will have to be included in the
bodget. But the 99 per cent chances are that this money will not
be required at all, because if the industry is properly investiga~
ted it is bound to yield more than 4 per cent of profits, So
this 6§ lakhs of ropees alloited in the budget will only bein
bame @nd will not be used up at all or at the most a very
sicall fraction of it may be ueed in any particular time, On
the oller band the chances sre that ihe Government wmay
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Bain some revenne by. this profit-sharing system. If the
Government wants to be still more cautious and may not like
to allot these 6} lakhs out of its present revenue some kind of
cess on the well-developed indumstries of the province like
those of sugar, cement, coal, refractories, irou and steel and
copper may be charged to provide this guaranteed dividerd
for starting new industries.  When once the industries are
started and found fo work- well this sum may be utilised for
starting other industries. Thus within each five years it may
be possible to start two or three basic industries on a solid
foundation. Looking to the importauce of these two industries
to the nation this amount of 6} lakhs, to be provided in the
budgef, is nething especially whon it is seen that there is
little likelihood of its ever heing used.

It will be difficult for the Government to take up the work
and to keep watch over it without providing some kind of
orgapnisation of some technical experts. So it is essential
that the Government should constitute a permanent board of
technical advisers which may meet periodically and advise the
Government on all technical matters about these industries.
Besides this, it is also desirable that the work of execution of
this plan should be entrusted to a paid Government officer
with wide commercial experience, who may be either a Deputy
Director of Industries or some other independent ofticer appointed |
for the purpose. :

Besides this advisory board, it will also be essential to
have an organisation for research 'on’ problems connected
with these industries with -well-equipped lahoratories and
competent staff. But such a - scheme will prove tg .he very costly
as it will require large amonot of capital and recurring expen-
diture which- probably’ the provincial revenues may not be ahle
to pay. In'the opinion of the writer it is possible to take the
help of the existing institutions, which may agree fo take
up all this research work, if given eome grant, for example,
the Department of Glass Technology of the Benares Hinda
University, which is also the headquarters of the Glass Techno-
logist of the Government of the United Provinces. Hslf a lakh
of rupees is being spent every year for research and the develop-
ment of Glass Industry by the Government of the United
Provicces. It will be more economical for the Bihar Govern-
ment to give it'some grant and lo entrust all its research work
fo it than to create its own organisation for this irdustry. The
same thing- bolds pood for fuels, for which there is also
a qualified stsff and well-equipped laboratory for research
work in the Hindu University, Benares. i
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In short, in order to give practical effect to the recoms
mendations of the Chemical Industries Commitfee, the writer’s
recommendations are ;— '

~ (1) A sum of about Ks. 50,000 should be allotted in the
budget to carry out a very thorough and detailed study of these
above-mentioned three industries by the experts.

(2) Three committees—one for Synthetic Fertilisers, the
second for Low Temperature Carbonisation of coal and the third
for Glass Industry—should be appointed immediately to submié
a very detailed report within a period of two or three months.
The members of the first two committees should be selected from
the best experts. of the world in the line. For selecting the
personnel of these technical committees the Government may
consult such persons as in the Government’s opinion may have
made a thorough study of these industries. '

(3) For carrying out the executive work of this industrial
plan the Government should appoint a technical officer with wide
technical and commercial experience. This officer may be either

a Deputy Director of Industries or some other independent
officer.

(4) 1f after the submission of the report of the expert
committee it is found that these industries have got a very good
chance in the province, the Government should allot about 6}
lakhs of rupeesin the budget to guarantee a minimum dividend
of 4 per cent on the investment of Rs, 160 Jakhs and should work
out in detail the conditions on which this guarantee is to be
given. The writer is sure that the capital will be easily
forthcowning on these terms.

(5) Every kind of facility should be given to the industry
and if necessary legislation shiould be passed by which it will be
made impossible for any foreign company to start this industry in
the province ; and the co-operation of the other provinces should

be sought to effect the marketicg of the products of these
industries.

(6) A permanent non-official technical board should be
congututed tn keep a critical watch over these industries and to
ndnsq the Government on all technical matters connected with
these industrics. It should periodically meet three or four times

a year and suhmit the report to the Government about the
progress. )
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(7) Some arrangemeut should be made for providing techni-
cal aid to solve all the problems in connection with these new
-industries and for the sake of economy it is better that for these
major industries help be taken from the existing institutions in
that line by giving them certain grants than to provide
a separate organisaticn and staff for the research work., For the
glass and the coal utilisation industries, the Benarcs Hindu
University will be prepared to help the Government.

All these are practical suggestions and it should not be
very difficult for the Government to give effect fo these
recommendations.
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“NoTte BY Mr. A. 8._KHEAN;

Please see Chapters I1I and IV of the report.

1. I agree with my colleagues that it is very necessary that
the present wasteful method of soft coke manufacture should be
stopped ; bat 1 feel that before legislative action is taken
Government should test the possibility of the process of Low
Temperature Carbonisation recommended by the Committee by
setting up a commercial scale experimental plant of at least
60 tons capacity per day. The cost of "this plant according. to
Dr. H. K. Sen’s experiments will be about Rs. 60,000. ‘This
cost conld be met partly by Government and partly by
voluntary contribution from the Soft Coke Cess Commitiee and

from proprietors of coal mines. If the success of the process
can be demonstrated oa this scale there will be little reluctance
on the part of colliery owners to instal this type of plant near
their collieries and to give up the wasteful process of coke-
makiog which they are using now. Any results obtained on
a laboratory scale are not likely to create the necessary
confidence in manufacturers of soft coke and should not be
made the basis of legislation which will be unpopular with
small colliery owners and will commit Government to large
liabilities for the purchase of tar.

2. As regards nitrogen fixation- I share the optimism of
my colleagues regarding the prospects of this indunstry but lest
the difficulties are lost sight of I make the following
observations on this part of the report s~

In the case of nitrogen fixation the raw materials are
really aivr and water which are available everywhore. Ceal is
important from the point of view of power production. This
is very ebeap in lndia. The next item is plant and machinery.

There is reason to emphasise that great care has to be
exercised in its selection. The question of depreciation and
the coveriog of risks is more difficult in this indus

than in any (ther. To this must be added that of want of
skilled staff with necessary experience in this line of work.
That this subject is of vital importance will appear from the
following well-anthenticated incident. It ie said that in 1919
when members of the British and French Committee attached
‘to the Allied Control Commission visited Oppan where the
Haber-Bosch process for nitrogen fixation was being worked
successfully they were told by the German chemists that even if
they could erect a plant identical with that at Oppau they
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would still be wunable' to manufacture ammonis successfully
for lack of the specially trained workers who were absolutely
essential to successful operation, That this was not said in a
spirit of boastfulness will be amply clear from the difficuity
which England bad to surmount before the nitrogen
fixation industry was successfully established in that country.
The plant at Billingham was put into successful operation
.after many failures and the expenditure of very large sums
of money on ioyestigation and research. The chemical
control and the most efficient supervision of every operation,
which are so necessary in all industries, are indispensable
in this indusfry as the slightest want of skill or efficiency may
lead to the utter ruin of the whole plant by a terrific
.explosion. Since the Haber-Bosch process regime, however,
much progress has been made. Plants have been designed which
are much simpler to operate and can be placed iu charge
of engineers without long experiesce of the process. Also
smaller units are now operating than was formerly considered
possible. It is said that the Haber process is not likely to
be a commercial success with plant capacity much lower than
20,000 tons of nitrogen per annum whereas Cassle plants of
5 tons of anhydrous ammonia per day are faid to be working
successfully in sowme parts of the world,

The great simplicity of the Jatest synthetic units has led
to the instaliation of synthetic ammonia plants in most of the
pitrogen consuming countries of the world and there is no
reason therefore why ammonia syonthesis should not succeed in
India. But beforeit can do so very careful consideration
of the problem is necessary. Perhaps the resources of Bihar
alone will not he able to finance the entire cost of investigation
and in my opinion this is a problem in which all the provinces
‘'should interest'’- themselves, I accordingly saggest that
the Bihar Government should invite the co-operation of other
provincial Governments to finance the cost of preliminary
invesiigation which in my opinion is most ‘necessary in this
case. This investigation is likely to cost a lot of money, bat
the importance of the problem is so great that it should not
be too much for the combined resources of all the provinces

of India to find the necessary funds.

One of the questions to be investigated by the committee,
if appointed, should be whether a stand-by plant is essential.
If it is, the cost of manufacturing ammonia will be very

much higher than is given in the report. :
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SUMMARY OF RECOMMENDATIONS,

‘ - Caarrer IIL
Coal— .
(1) The present wasteful method of soft coke manufac-
ture should be probibited by legislation and the
manufacturers should be asked to instal Low Tempera-
ture Carbonisation plants for the purpose. The

Government of Bihar should supply technical advice
if necessary.

(2) Tar obtained in the Low Temperature Carbonisation
process should be purchased by the Government at
a fixed price and utjlised for the manufacture of road
tar and other products. ‘

* (8) The. possibility of etabl‘ishing a State factory for Low
’ Temperature Carbonisation, in conjunction with the
Electrification Scheme, should be explored.

Cuaprer IV.
‘Manures—

(1) Nitrogen ﬁa:ation.——The establishment of a nitrogen

fixation plant for the manufacture of cheap fertilizer
is desirable, '

(2) The Committee recommend that the question of the
selection of suitable plants, etc., should be gone into

by a special committee of experls appointed for the
purpose. ' ‘

(3) The suifability of nitro-chalk for Bibar soil should be
investigated by field experiments, conducted by the
: Agriculture Department. o

: .CrAPTER V.
Phosphatic manures.—As a Jarge quantity of bone is
available in the province, the committee recommend

that the manufacture of superphosphate should be
encouraged. L

) - CHAPTER \'A
Heavy chemicals and Sulphuric acid.—The Committee are
' of opinion thal to initiate a heavy chemical industry
the  manufacture of sulphurie acid, linked up with
- the production of synthetic fertilisers, is essential],

' .
[
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Crarrer VII.

‘Alkali industry.—This industry is feasible in Bihar as
a provincial industry enly. As two or three firmm
in different parts of India are contemplating to start
alkali factories and a 3-ton plant has already beet

- set up at Dehri-on-Sone the Committee are of opinion
that any special efforts on the part of the Goverm
ment of Bihar in this direction are not necessary.
For future development the matter may be left
‘to private enterprise, assisted by such aid which
Government may be able fo give under the State Aids
to Industries Act. .

Cfmrmn VIII.

Glass ceramics and refractories.—These are important key
industries. They are feassible in Bibar on a provincial
scale for the present.

CHAPTER IX.

Paper, pulp and card-board.—As there is one factory-

already erected in Bihar the Committee consider that

- the existing factory shonld be encouraged in all

possible ways so that a strong paper and pulp
industry may be established in Bihar.

CuaPrErR X,

Artificial 8ilk and eelluliod.—This industry is not feasible
at present in this province.

CrarrERr XI.

© " Belting for machinery.—Two existing factories at Calcutia

- can supply nearly the whole of tbe demand of the
coantry. In these cireumstances, the establishment
of a new factory is not recommended.

CHarTER XI1.

Oil-crushing.—The industry is already fairly well establish-
ed in Bihar both as a small indusiry and as a
cottage industry. Further expansion is desirable but
real improvement is not expected in the near future.
Marketing control to stop unbusiness-like methods
and adulteration of products will be of some help in
putting the industry on a more satisfactory basis.
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" Soap industry.—Boap is a fessible industry in Bihar' and, in
the opinion of the Committee, should be .encouraged. Its:
production as a ‘cottage industry should be actively assisted by
continuing.to give training and fechnical advice a3 is being done
at the Science College at present.

Tallow, stearine and glycreine.—Raw materials are not
available at sufficiently cheap  prices. and as there is no local
demand for the finished products considerable difficulty will be
‘encountered in marketing them. -

Craprer XIII.
Paint, varnish and lacquers.—The production is feasible
in Bihar but as the total consumption’ of paints in Bibar is not
knows, the Ccmmittee is' of opinion that for the present only

a small factory capable..of further expansion can he recom-.
mended for exploitation by private parties.

CEarrERr XIV. o

Industrial solvents.—Unless the conl-tar industry and- other
allied industries for the manufacture of henzol, alcohel, wmoetone,
acetic acid, higher aleohols, etec., sre developed, there is little

chance of this industry making ayy great prpgress in this
province. '

CpartEr XV.

Lac tndustry.—The ecommittee * recemmend that . the
industry should be aided by encouraging the establishment of
a moulding industry based on shellag, with the assurance that
Government requirements would be parchased exclusively from
sioh factories if the goods come upto certain minimum standard.
The manufacture of shellac moulding powders should also be

encouraged as there are a number of moulding fagctories in India
which can easily utilise this powder.

Synthetic resins.—Government should encourage research
werk in suitable laboratories on synthetic resine sp that when
the coal-tar industry and heavy chemical industry are sufficiently
developed, the manufacture of synthetic plastics may be
undertaken. oy
CHarTER XVI. .

Rubber industry.—As the raw materials are not available in’
the province and the large consuming centres are at a distance,
any special attempt to establish this iodustry. is - nt
recommended. .
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Leather industry.—Hides and skins, as also tanning materials
are available in the province. . The manufacture of leathe
goods, in .the opinion of the Commiitee, is quite feasibl
but competition from neighbouring provinces will be very keen
The wanufacture of these goods on cottage industry seal
deserves encouragemeut.

-CHAPTER XVII.

Pharmaceuticals.—The establishment of a pharmaceutica.
works will be a profitable industry 1n the province. If may be
left to private enterprise. o

CeAP1ER XVIII.

Match sndusiry.—In view of the competition of S8wedish
combine -and the failures of the Indian concerns in the past,
the question requires to be very carefully” considered before
& new attempt is made to start this industry.

CEarrER XIX.

Electro-Chemical Industries.—At present, the consumption
of electro-metallurgical products except aluminium is} not jvery
great. But with cheap electrical power, the manufacture of
these commodities could be taken up as soon as their require-
. ments in-the country are suflicient to justify it.

Caarrer XX.

Cotiage indusiries.—Cottage industries deserve encourage-
meént not only for industrial reasons but also for cultaral
reasons. As regards chemical industries on cottage lines the
Committee is of, opinion that the best way to encourrgejthis is
to establish the basic large-scale chemical industries. The
recommendations of the Unemployment Committee regarding
chemical cottage industries should be iinplemented. -
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