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INTRODUCTION

When considering the scheme for the compilation of a Dictionary of Raw Materials
similar to Watt’s publications, the members of the Advisory Board appointed by the
Governing Body of the Council of Scientific and Industrial Rescarch, felt that the new
compilation should have a different orientation. Watt’s Dictionary of Lconomic Products
cf India and the Commercial Products of India were compiled almost entirely with reference
to the economic cxploitation of Indian materials by forcign industrial and commercial
interests. The Board opined that the primary purpose of the new wor 'k should be to secure
fuller utilization of Indian materials by Indian industrial and commercial interests, and
therefore that it should also include Indian industrial products.

The Editorial Committee of the Board, while considering the details of the scheme,
dirccted that articles on Indian industries and industrial products <hould form a separate
volume. This was felt necessary because of two reasons : (a) the obvious difterence
between the trcatment of these subjects and raw materials, and '5) the necessity for
more frequent revision of the volume, owing to the rapidly changing industrial picture of the
country.

Further, the Committec also issued the following directions for the treatment of
subjects to be included in this volume : --

1. The articles should give a critical account of published data regarding
industries and no new surveys should be undertaken.

2. In the case of manufacturing industries only mcthods employed in the
country should be described. Important precesses followed elsewhere
should be indicated, with suitable references to literature.

3. Imported raw materials and processed articles should be included under the
manufactures or industries, in which they aire employed. Their sources
and the manner in which they are used should be indicated.

4. The Dictionary should also include Cottage Industrics.

The selection of materials to be included in this volume presented various difficulties.
Scveral Directories and Reports of Industrial Surveys were consulted, and the final list
has been based on the Alphabetical index of the commodities that enter into the foreign
Sea-borne Trade of British India (1939), Brady’s Materials Handbook, and the Raw
Materials Guide (Ministry of Supply, London). ‘

In the articles on these subjects an attempt is made to tracc the development of the
various industries in India, and to describe their present position. The principal raw
materials of cach industry, their sources and availability, arc indicated. This is followed
by a description of the manufacturing processes cmployed in India. Where available,
statistical data, drawn from official sources, are included in the trade survey.

The reader will find certain unevenness in the different sections. This is due to the
present transitional stage in India’s industrial development, the absence of much published
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information on many of the industries, and of statistical data, and the reluctance on the
part of certain industries to give information. But grateful acknowledgment is made to the
co-operation extended to the Chief Editor by several industrialists, experts and Govern-
Inent Departments, and by his colleagues.

The present publication is the first part of this volume. Suggestions for improvement,
and additional information will be made use of in the subsequent parts and editions.

B. L. MANJUNATH,
20, Pusa Road, New Delhi. Chief Editor.



TO THE READER

1. Books, journals and periodicals referred to are listed on p. x & xi. The abbreviated
titles generally conform to those adopted in the World List of Scientific Periodicals (1934).
In the case of books, the author’s name is followed by the page reference. When two or
more books by the same author are referred to, the year of publication is given immediately
after the author’s name. After the title of a journal, the year of issue, volume No. (clarendon
type), number of part, if any, and page No. are listed successively.

2. A careful selection of references has been made and thesc are usually inserted at

the most convenient points in the article, though they have been made use of in a more
general manner.

3. In general, literature up to the end of 1945 has been consulted. In the case of
some atticles, information published later, has been added during the proof stage.

4. Statistical information has been taken from official sources, such as the publications
of the Department of Commercial Intelligence, and the Central Marketing Department.

5. A list of the less familiar abbreviations and symbols is added for the benefit of the
genéral 1eader. The others employed are as per the Dictionary of Abbreviations by
C...C. Matthews (1947).

6. Temperatures, unless otherwise specified, always refer to the Centigrade scale.
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THE WEALTH OF INDIA

INDUSTRIES
PART 1

ABRASIVES

Abrasives include a wide range of ma-
terials extensively used in almost every
branch of industry for cutting, drilling,
grinding and polishing.  The materials
cmployed are required to be hard, tough
and sharp.

The following are the principal natural
abrasives and the forms in which they are
used (Sahni, Rec. geol. Surv. India, 1942, 76,
Bull. Econ. Min., No. 12) :

H
Natural Abrasives (Moh’s Forms used
scale)

Diamond ... 10 Crystals (bort).

Corundum ... 9 Grinding wheels.

Emery 9-8 Loose grains for polishing
gems, and  grinding
glass.  Abrasive cloth
and paper, and grind-
ing whecls.

Garnet .. 8 Do.

Quartz, quartzite 7

Powder for grinding glass,
and sand

and for sand-paper.

Flint Abrasive cloth and paper.
Sandstones and Millstones,  grindstones
granite and whetstones.
. Tale 1 Powder for abrasive and
polishing compositions.
Felspar 6 Do.
Other  siliceous ... Do.

abrasives (dia-
tomite, tripolite,
pumice, rotten-
stone and sili-
ceous clays)

The first four are natural high grade
abrasives. On account of the high cost of
diamond only inferior varicties (bort), and
diamond dust are available for abrasive
purposes. They are used in drilling rocks,
and in cutting glass. Emery is extensively
employed for the manufacture of difterent
grades of abrasive cloths and papers, and
loose grains arc uscd for polishing gems, and
grinding glass. Emery 1s also bonded into
wheels for cutting metals. White or grey
corundum is used for similar purposcs.
Fine grains of corundum are employed for
polishing gems, and for grinding and be-
velling glass. Abrasive cloths, papers and
discs arc manufactured from graded garnet
sands. Thesce are used for polishing glass,
wood, leather, ctc.

The production of diamonds in India
is very small. Emery suitable for abrasive
purposes has not been found in the country,
and during the last War {’39-45) arrange-
ments were made for the import of 300
tons of emery from Turkey. Good grade
corundum (rock and loose grains) is found
in Assam, Rewa, Madras ( Salem ) and
Mysore. It was mined and exported to
the U. K. during the First World War,
but there is now considerable difficulty in
obtaining adequatc supplies. Production
1s mostly sporadic, and the material collect-
ed is not properly graded or marketed.
Most of the garncts produced in India are
used as gem stones. Garnet sands suitable
for abrasive purposes occur in Bihar and
in the Tinnevelly dist., Madras.

The natural siliceous abrasives are not
so important and several of them are found
in adequatc quantities in India. Quartz
and quartz sands arc used for sand-blast-
ing, cutting, grinding and polishing stones,
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marble and glass. Flint is employed as a
substitute for emery in the preparation of
abrasive cloths and papers, but in India, it
is not used to any extent. Millstoncs, grind-
stones and whetstones are prepared from
suitable sandstones and fine-grained
granites. High grade talc is fairly widely
distributed and may be converted into talc

owder for use in polishing compositions.

elspar, a waste product from mica mines,
could be ground to powder and used for
scouring and polishing  compositions.
In India, diatomite, tripolite, pumice and
rottenstone, which are used in vatious ab-
rasive powders and metal polishes, are
not found in workable quantities.

In industrially advanced countrics
tural high grade abrasives are being
placed by artificial abrasives, chiefly duc
to their greater uniformity in shape and
hardness. The most important of these
are fused alumina (Alundum, H. 9.2-9.6) ;
silicon carbide (Carborundum, H. 9.5-9.75)
and boron caibide (Norbides). In hard-
ness boron carbide is intermediate between
silicon carbide and diamond. These syn-
thetic grains are used for the production
of grinding wheels and stones, coated abh-
rasives, grains, powders, etc.

na-
dis-

Synthetic abrasive grains are manufac-
tured in the electric furnace. For preparing
alundum, high grade calcined bauxite is
mixed with iron filings and coke and heated
in an arc furnace for 24 hours. The ingot
of fused alumina is separated from ferro-
silicon, crushed and graded. In the manu-
facture: of carborundum pure quartz sand
mixed with high grade coke and powdercd
salt is heated in an electric furnace. Norbide
is similarly made from boric acid and coke,
and is now very prominent in the abrasives
industry.

The production and use of abrasives have
not developed to any considerable extent in
India. There are four large firms manu-
facturing coated abrasives :  sand-paper,

emery paper and cloth, and two firms pro-

ducing grinding wheels and discs. Besides,
the production of coated abrasives is also a
well-established cottage industry.

The U. S. A. is the chief supplier of
synthetic abrasive grains and the import
duty is 30 per cent. ad valorom.

EXPORTS OF ABRASIVFES FROM THE

U. S. A, TO INDIA*

(Qty. in rooo Ib, and val. in §. 1000)

' Grindstones and other|  Synthetic abrasive

Year natural abrasives | grains

Q. ! val. | Qy.  vall ~
o 700 |, 19 I 169 24
41 595 ]. 31 183 16
42 na | na. n oa. ! n a.
’43 | 221 ! 15 221 i 14
o g 653 58

* For. Comm, & Naug. U, S. The U. 5, A, also supplicd
small quantities of emery powder (22,000 1h. in'yy & ‘i14),
and steel wool for abrasive put poses (av. annual imports, 6,930
1h. during ’go-44).

COATED ABRASIVES

Coated abrasives are: sand, glass or flint
paper and cloth ; emery paper and cloth ;
garnct paper and cloth ; aluminium oxide
paper, cloth and combination ; silicon
carbide paper, cloth and combina.on ;
water-proof abrasive paper, etc.  These are
sold in sheets, rolls, discs, belts, tapes or
coils. 'The larger consuming industries in
India are the engineering and automobile
works, leather factories, railways, and fur-
niture makers. They are extensively used
for abrading, polishing and sharpening of
all types of materials. "

The first attempts at large-scale manu-
facture of coated abrasives were made in
’29 by the Strawboard Manufacturing Co.
at Saharanpur. In ’38, Messrs. Krishanlal
Thirani & Co. (Calcutta) went into pro-
duction, and now Messrs. National Sand
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Paper Mills Ltd. (Rawalpindi), and Ajax
Products Ltd. (Madras), who started pro-
duction during the last War, arc the prin-
cipal producers of coated abrasives. 1In
addition, a few small concerns and the
cottage industry account for about 20 per
cent. of total production capacity.

The principal raw materials of this in-
dustry arc natural abrasive mincrals such
as quartz, garnet, corundum and cmery |
synthetic abrasive mincrals such as sili-
con carbide and aluminium oxide grains;

backing paper (kraft), cloth and wvul-
canized fibre; and hide glue as binding
material.

Emery is imported from Turkey, and
silicon carbide and aluminium oxide grains,
kraft paper and vulcanized fibre, from
the U. S. A. During the Scecond World
War, indigenous corundum was used as a
substitute. But supplies of corundum were
inadequate, and its price ranged between
Rs. 450 and Rs. 600 per ton as against
Rs. 390 per ton of imported emery.  Waste
glass and glass pieces are used for making
glass paper, also called sand-paper.

In the manufacture of coated abrasivcs,
abrasive materials which are in the form of
big lumps (9" 12”) arc firt reduced
to smaller picces (17 17) by a preliminary
crushing, and later reduced to finer sizes
by means of roll crushers and graded. The
mill-roll of paper on which the maker’s
name and trade mark are printed, is passed
through a vacuum drum between calender
rolls in the coating machine and given a
coating of the hide-glue. The coated sur-
face is next passed under the spreader be-
low a hopper which feeds the abrasive
grains. 1t 15 then given a second coating
of glue in a sizing machine in order to fix
the grains on to the backing, and dricd
and relled into a jumbo, i.e., the finished
coated abrasive roll. After sufficient ageing,
it is cut to required sizc and marketed
"(Rep. Indian Tariff Bd. Coated Abrasives
Industry, 1946).

The rated capacity of indigenous pro-
ducers, on the basis of two shifts a day, is
estimated to be 200,000 reams per annum.
But owing to shortage of raw materials,
production has becn only 50 per cent. of
rated capacity. The maximum output
war reached in 43 when production was

84,000-104,000 recams, valued at Rs. 2t
lakhs.

The value of abrasives, distributed in-
dustry-wisc in ’43 was Rs. g lakhs for
Ordnance Factories and Defence Service
requircments, and Rs. 18 lakhs for civilian
use.  In terins of quantity consumed,
this represented 104,000-135,000 rcams of
abrasives.

\]

In India, sand/flint paper, and corundum
or emery cloth are in largest demand, and
these are the principal coated abrasives
manufactured. The fair sclling price per
rcam of Indian sand/flint paper in 46
(July-Dec.)has been cstimated at Rs.21-2,
and the average landed cost of imported
paper with existing duty, at Rs. 2g-2. In
the case of carborundum or emery cloth
madc in India, the fair sclling price was
cstimated at Rs. 65-11, while the landed
cost of better grades of imported carborun-
dum or emery cloth was Rs. 62-6 and of
cheaper grades, Rs. 43-15. Indian prices
arc expected to come down if production is
increased. With the existing revenue
dutics ad wvalorem (30 per cent. on emery
cloth ; 36 per cent. standard ratc on abra-
sive papers; and 24 per cent. preferen-
tial ratc on imports from U. K.), indi-
genous manufactures can compete with
imported products. Recently the Govt.
of India converted these duties into
protective dutics ad valorem up to 3ist
Mar. ’49.

Before ’39, India was importing coated

abrasives mainly from the U. K., the
U. S. A, Italy and Japan. During
the War U. K. was the principal
supplicr.
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EXPORT OF COATED ABRASIVES FROM
U. K. TO INDIA*

(Qty. in 1000 cwt., and val. in £1000)

Glass and Sand | Other abrasive
! E;‘“(; 'yadt;'h cloth and cloths and
and papers papers papers
- — o - ‘ ~
Cwt Val.  Cwt. Val, Cuwt. ' Val
l
S e —— e e — - —
3539 25 128 55 137 |
(annual a\.;|
‘j0 1.6 21.5 . 6.6 23.1 0.35 4.1
‘41 1.0 247 78 306 | 0.41 46
‘32 57 256 ''g31 ! 155 ' 030 4.3
] '
‘43 4.2 17.9 jo0 146 ' 0,58 .92
44 4.8 357 50 : 23.7 a.80 13.1
45 2.6 195 07 40 0.28 4.9

* Ir. U. K, 1L
GRINDING WHEELS

Grinding wheels are required for grinding
iron and stcel, agate, vitrified bricks, glass,
granite, leather, porcelain, slate, etc., and
comc into the market in different sizes,
shapes and specifications. The variety of
work in which grinding wheels are used
comprises tool and cutter sharpening, cylin-
drical grinding, roll grinding, general and
surface grinding and the grinding of cereals
into starch, flour. ctc.

In India grinding wheels are at present
manufactured by two firms : Messrs.
Grindwell Ltd. .Bombay), and Kata
Grinding Wheel Works (Amritsar). Messrs.
Grindwell Ltd. came into existence just
before the outhreak of the Second World
War. Their present capital investment is
about Rs. 3.5 lakhs, and they have a rated
capacity of 250 tons of wheels per annum.
The Kata Works at Amritsar have a rated
capacity of 60 tons per annum, which
could be doubled.

The principal raw materials employed
i grinding wheel manufacture arc the im-

ported synthetic abrasives, silicon carbide
and fused alumina, which account for over
go per cent. of grinding wheels made in
India. The Kata Works use Rewa corun-
dum. Compared with imported wheels,
the efficiency of their wheels was about
75 per cent. Other raw materials, riz., fire
clay, pipe clay, magnesite, plaster of Paiis
and silicate of soda, are obtained from
indigenous sources.

Indian manufactures arc chiefly vitrified
grinding wheels. In the manufacture of
these, an intimate mixture of abrasive
grains and clay bonding with the requisite
amount of moisture, is prepared. The ratio
of abrasive to the bonding material de-
termincs the hardness and density of the
wheel. The mixture is put into oversize
moulds and pressed into wheels in hydraul-
ic or hand presses. These are dried for
two days in a heated room, and then raw-
dressed and given the required indentations
and shapes. The last traces of moisture
arc eliminated by leaving the raw wheels
in another drying room for 6-g0 days
according to size. Finally, thev are loaded
into kilns of O6ft.-18ft. diameter, and fired
at several points by coal, oil or gas. The
highest temperature is reached gradually
in 8 full days, and similarly, the cooling of
the kilns is cffected gradually.

The wheels are finally dressed to dimen-
sions on specially designed machines. Wheels
over 6" in diameter receive a speed test.
The vitrified type of wheels have a working
speed ranging from 5,000-6,000  sur=
face fect per min. and the test speed
is approximately 9,000 surface feet per min.
Silicon, shellac, rubber and bakelite bonds
arc also used for spccial purposes, the last
two being mainly used for speed exceed-
ing 9,000 surface feet per min.

There are innumerable types of wheels
and segments of different grits and grades
produced by the same process. But the
standard types which are produced and
sold in large numbers in India are of sizes
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10°x1” (wt, 6.8 1b.); 12'%x1" (wt,
.7 1b.); 12"°%2" (wt.,, 19.0 lb.). The
«quality of Indian grinding wheels gave no
room for complaint during the War, and
the Railway Bd. has recently included the
grinding wheels made by Grindwell Ltd.
permanently on the approved list.

INDIAN PRODUCTION OF GRINDING

WHEELS
Year Tons Re.
‘13 .. .. 111 10,062,043
‘11 .o .. 159 12,32.000
45 .. . 187 7,19 833

Messrs. Grindwell Ltd. produced over go
per cent. of the total Indian production
and werce the principal suppliers to the
Govt. and the Railways (in 43, 76,000 lb.,
in ’44, 200,000 lb., and in ’45, 276,000 Ib.}.
It is cstimated that 4o per cent. of the

Indian demand comes from the railways
and ordnance factories and the rest from
industry.

The cost of production of Messrs.
Grindwell Ltd., in 45, was Rs. 2-12 per
lb., and it is expected to come down to
about Rs. 2-4 during ’47-49. But the
landed cost, ex duty, of imported grinding
wheels is less than half this figure (Rep.
Indian Tarift Bd. Grinding Wheels Industry,
1946). In order to encourage indigenous
manufacture, the Govt. of India placed a
temporary ban up to the end of ’48 on the
import of grinding wheels similar to those
manufactured in India, and imposed a duty
of no per cent. on other grades of grinding
wheels not locally made, and removed the
duty on imported raw materials. After 48
it is proposed to impose a 50 per cent. duty
on all types and grades of grinding wheels.

Before the War, practically the entire
Indian demand for grinding wheels was
mct by imports from the U. K.

EXPORTS OF GRINDING WHEELS ETC. FROM THE U.K. TO INDIA

No. in 1000; gty. in 1200 cut.; val. in £ 1000)

Wheels of artificial

|Other manufactured abrasives
ground, pulverised, refined or

Year  corundum, including Wheels of corundum  Other hard abrasives otherwise prepared
alundum, aloxite, cte. manufactured . L
. Natural Artificial
3599 + No. Qty. Val. No.  Qty. Val.  No. Q. Val " Qty. Val Qiy. Val
(annual 17,4 . 8.0. 17.5 .. 10.3 .. .. .. [ .. ..
av.) .
40 1 4LO 2.0 19.5  §2.1 34 26.8 j9.5 2.5 22,9 ' 31 6.9 06 3.7
41 5.2 3.0 20.6  23.0 1.7 150 532 2.8 25.1 4.3 6o 1.1 0.2
‘Y2 31.6 1.8 10.9 40.9 2.6 20.0) 4)()..& 3.6 31.9 1.6 2.8 0.7 1.6
13 7.2 0.3 3.1 27.5 1.8 15.0 746 4.5 113 2.5 5.9 1.2 5.5
14 183 1.3 124 bbo 5.5 153 1273 7.9  bqg.7 57 155 2.1 1.0
15 9.4 0.0 3.1 434 2b 231 8.0 3.2 28.9 5.1 13.7 1.6 9.9
* T U. A, lIL
.ACETONE pungent sweetish  taste  (sp. gr.'15°
. 0.7972 ; b. p.. 56.5"; wt. per gal., 8.0 1b.).
Acctone is a clear colourless mobile * It is highly inflammable, its flash-point

liquid with a characteristic odour and a

being -+ 16", and its vapours form explosive



THE WEALTH OF INDIA

mixtures with air. It is miscible with
water, alcohol, ether and chloroform. It
dissolves several organic substances, especi-
ally volatile and fixed oils, resins, tannins,
etc. Acetonc also dissolves potassium
permanganate, and when pure, it is not
acted upon by it.

Acetone is present in very small amounts
in normal wurine, but the proportion
becomes prominent in diabetes. Its pres-
encc is detected by Legal’s test. A slightly
alkaline solution (KOH) with sodium nitro-
prusside gives a red colour, which changes
rapidly to ycllow, and on thc addition of
acctic acid becomes reddish-violet and finally
bluec. '

Acetone is a valuable industrial solvent.
Its chief uses are in the manufacture of
acctate rayon (4 lh. being required for
1 Ib. of rayon), as a solvent for nitrocellu-
los¢ in the manufacture of cordite and
smokeless powders, and for the storage of
acetvlene (q. v.). 22 lb. of acetonc are re-
quired for the manufacture of 100 1b. of
cordite, and solvent recovery is about 5-7
1b. .\cctone is also used in the manufacturc
of cclluloid, varnishes, paints, and aeroplanc
dopes, and is employed for the extraction
of fats and oils, and various drugs and
perfumes.

In India, acetonc is principally used in
the manufacture of cordite and smokeless
powder, and the civilian demand is chiefly
for usc in acetylene cylinders (25 tons per
annum).

Acetone is onc of the constituents of
pyroligncous acid obtained during wood
distillation (q.v.), and during its proces=
sing, it passes into crude mcthanol of which
it forms about 15 per cent. It cannot be
scparated from methyl alcohol by fractional
distillation, since the two form a constant
boiling mixture (go per cent. acctone, and
10 per cent. methyl alcohol) of b. p., 65.9".
Conscquently, during the rectification of
¢ crude methanol,’ the constant boiling mix-

ture passes over first. This is also known as.
‘ methyl acctone,” and is used as a solvent
and denaturant. The technical product
from the Mysore Iron Works contains
50-55 per cent. of acetone (vide Wood dis-
tillation), the rest consisting of methyl ace-
tatc, methyl alcohol, etc.

Acetone was formerly manufactured
almost entirely from grey acetate of lime
obtaincd from pyroligneous acid. The ma-
terial contains usually 80-82 per cent.
of calcium acetate and on heating decom-
poses thus :

(CH,C00;,Ca—CH,COCH, CaCO,

A modification of this method is the direct
catalytic conversion of acetic acid to
acetone.

Technical grey acetate is charged into
shallow trays in a closed chamber and
heated in aninert atmosphere to 450-500°
for about 8 hrs. The crude acetone formed
is condensed and run into storage. Crude
acetonc is diluted with an equal volume of
water and vigorously stirred when acetone
oils, consisting of higher ketones such as
methyl ethyl ketone, etc., separate out and
form an oily layer. The aqucous portion
which holds all the acetone 1s subjected to
fractional distillation, and fractions, which
arc completely miscible with water and
arc stable towards permanganate, are
removed as the finished product. Acctone of
very high purity is required for the manu-
facture of smokeless powder, and for the
celluloid industry.

Acetone oil is graded into * white acetone:
oil,” b. p.. 70-130°, and * yellow acetone
oil;’ b. p., 130-250". These are also used
as solvents and denaturants.

100 1b. of grey acetate yield nearly 18 Ib.
of acetone and 4.8 lb. of acetone oil. Ace-
tone was being manufactured by the above
brocess in the Cordite Factory at Aruvan-

adu (Nilgiris) from grey acetatc obtained

6



ACETONE

from the wood distillation plant of the
Mysore Iron Works at Bhadravati. During
the last War (’39-45), owing to fall in sup-
plies due to decrease in the quantity of
wood distilled, and the urgent need for
acetone for the production of increased
quantities of cordite, a plant was erected for
production of 1,000 tons of acetone annually
from alcohol.

In the process developed by the British
Industrial Solvents Ltd., a mixture of
alcohol and superheated stcam ( 1:4) is
passed through a scries of reaction vessels
at 470° containing specially chemically
trcated ferric oxide. The following reaction
takes place :

2 C;H,OH+H.O +(CH3).CO - 4H,+ (O,

The gases containing also some unconverted
alcohol pass through condensers and scrub-
bers, the concentration of acetonc in the
condensate being about 5 per cent. From
this, pure acetonc is obtained by rectifica-
tion. The best vyield is of the order of 8o per
cent.

The fermentation process for the techni-
cal production of acetone was developed
during the First World War by Weizmann
following the carlier investigations of
Fernbach (Riegel, 350 ; and Industr. Engng.
Chem., 1928, 20, 1063). Under carcfully
controlled conditions, the organism, Clos-
tridium acetobutylicum, isolated from the sur-
face of corn and other cereals, and also
found in the soil, acts on corn mash and
degrades starch into butyl alcohol, acetone
and ethyl alcohol (6 : 3 : 1). It has now
been adapted for the fermentation of molas-
ses. Sugar concentration is kept at 5 per
cent., some nitrogen is supplied and the
entire fermentation is carried under sterile
conditions for about 45 hrs. The yield of
mixed solvents on the basis of the sugar
content of molasses is 30-33 per cent.
These are separated by distillation and the
constituents are separated and purificd by

- fractional distillation \Industr. Engng. Chem.,

1937, 29,1399).

During the First World War, a plant in
Canada working Weizmann’s process pro-
duced about a million gallons of acetone
in two years. A factory was being erected
in India (at Nasik), to produce acetone
from rice and jawar (Sorghum vulgare). The
project was dropped when the War ended.
Fowler et al. (J. Indian Inst. Sci., 1921,
4A, 1; 1925, 8A, 71 and 84) have attempted
to usec mahua flowers (Madhuca indica) in
acetonc-butylic fermentation. The ferment-
ation process using molasses is now being
worked in the U. S. A. mainly for the pro-
duction of butyl alcohol, and acetone is
obtained as a secondary product.

Large quantities of acctonc are also manu-
factured from propylene, a constituent of
gascs evolved during the cracking of petro-
lecum. Propylenc is converted into isopro-
pyl alcohol and the latter dehydrogenated
or oxidized to acetone. Acetylene forms
another raw material for the production of
acetone. The process of conversion is simi-
lar to the one for producing acetaldehyde
cxcept that longer time is allowed :

CH -CH!HO0- CH,CHO-
2CH,CHO-+H,0-(CH,),CO + CO, I-2H,

The rapid expansion in the production of
acetone in America by synthetic and fer-
mentation processes has brought down the
price to 5 c. per lb.

BUTYL ALCOHOL

N-Butyl alcohol obtained by the ferment-
ation process is a colourless inflam-
mable liquid of b. p., 115" Itis also pre-
pared synthetically from acetaldchyde. It
dissolves in water to the extent of about
10 per cent. by weight, but is freely mis-
cible with most organic solvents. 1[It is
an excellent solvent for several gums and
resins, and lacquer and agar, and is ex-
tensively used in the preparation of paints
and varnishes. Butyl acetate prepared
from it (b. p., 126.5") has even better
solvent properties, and is used for similar
purposes.



THE WEALTH OF INDIA

ACETYLENE

Acctylenc is a colourless inflammable gas
obtained by the action of water on calcium
carbide :

CaC,+2H,0-C,H,+4Ca(OH),+30.4kg.-cal.

When pure, it has a slightly ethereal odour,
but when produced from commercial cal-
cium carbide, it has a distinct unpleasant
odour duc to the presence of traces of phos-
phene, etc. In small quantities the gas is
non-poisonous, but when present in con-
centrations of more than 40 per cent., it
may produce asphyxiation. Acetylene dis-
solves in an cqual volume of water. Itis
more soluble in organic solvents, especially
in acctone. At ordinary pressure and 15",
acetonec absorbs 25 times its volume of
acetylene. At 12 atm,, it takes up 300
volumes and at 15 atm. nearly 375 vol.
This property is made use of for the storage
of acctylene in the dissolved state.

Acetylene is an endothermic compound,
its hcat of formation being nearly 50 kg.-
cal. g. mol. Both the gas (1, 37"; p., 62
atm.) and the liquid (b.p, 83.6") are highly
explosive, particularly under pressure. The
gas forms explosive mixtures with air. Tt
burns with a smoky flame, but when supp-
licd with sufficient air, it gives a clear white
light. Its molecular heat of combustion at
standard pressure is 320 kg.-cal. g. mol. Its
cal.val. is ca. 1,500 B. Th. U. c.ft. compared
with 500 in the case of coal gas. The large
amount of heat thus evolved is made use
of in the oxy-acetylene flame.

Acetylene reacts with several elements,
and yields certain metallic derivatives, the
chief of which is copper acetylide. It com-
bines with chlorine to form additive com-
pounds, but in sunlight the reaction may
take place with explosive violence. Tt is
reduced to ethylene, and in the presence of
mercury salts 1t is converted into acetal-
dehyde. In recent years, these reactions
have assumed very great technical import-

ance and form the basis for the synthetic
production of numerous open chain organic
compounds.

Acetylene is also the starting material for
the production of thesynthetic rubber, known
as chloroprcne or neoprene, and vinyl
resins and plastic.  'When heated acetylene
is polymerized to benzene, and under the
influence of heat and pressure it yields a
complicated mixture of tars, oils and resins.

The first commercial use to which acety-
lene was put was as an illuminant. Though
superseded to a large extent by electricity,
acctylenc is still widely used as anilluminant
for marine and aeronautical purposes in
buoys, light-houses, signalling lamps, ctc.
Large cylinders holding, in some cases,
500 c.ft. of dissolved acctylene and pro-
vided with automatic control and lighting
devices arce fitted to buoys.

At present the most important use of
acetylenc is in the welding and cutting
industry. Nearly all metals can be welded
by the oxy-acetylenc flame which reachés
a tempcerature of nearly 3,500". The equip-
ment consists of oxygen and acetylene cylin-
ders, fitted with pressure reducing valves and
regulators and a welding blowpipe. Blow-
pipes arc available, suitable for welding the
thinnest gauge of mild steel and also for
welding steel up to 1” in thickness. Blow-
pipes have also been especially designed for
the welding of lead shect used in the con-
struction of storage batteries. According to
the type of blowpipe and the size of nozzle
or welding tip, gas consumption may vary
between 0.2 and go c.ft. per hour. Equal
quantities of oxygen and acetylenc are
usually consumed during normal welding,
but in special cases, it is possible to use
a slight excess of acetylene. It is widely
used for the welding of mnon-ferrous me-
tals, particularly aluminium in aircraft
and automobile industries, and for welding
copper in chemical industry. When weld-
ing non-ferrous metals, it 1is usually
neccssary to employ a flux, the composition

8
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of which depends upon the nature of the
material being welded. Oxy-acetylene weld-
ing finds its greatest scope in light engineer-
ing industry, and in the resurfacing of worn
parts. .

Acetylene is also used very extcnsivcly
as a fucl gas for the oxygen cutting process.
Its high calorific value, ready portability
and ease of manipulation, particularly in
the dissolved state, make it superior to most
other fuel gases. Tt is also employed in
blowpipes called pistols to melt wires used
in metal-spraying.

The usual portable or semi-portable acc-
tylene generator consists cssentially of a
container holding carbide, on which is
placed a vessel of water, and the water is
allowed to drip slowly on the carbide.
The resultant gas is then passed direct to a
suitable burner. Such small gencerating
devices usually hold only a few pounds of
carbide. Similar in principle, but some-
times larger in size, are automatic acctylene
generators used for light welding cquip-
ment.  In these, the carbide is placed in a
small cage and allowed to dip into water.
The pressurc of the gas generated is cm-
ployed to force water away from the carbide
until the pressure is rcleased. Generators of
this type usually do not take a charge of
more than 28 Ib. of carbide at a single
loading.

The larger types of generator work on the
principle of dropping carbide into excess of
water. It is usual to work with a weight of
water four times that of carbide. By doing
this, the temperature of the generator is
kept fairly low and the resultant acetylenc
is free from products caused by overheating.
Gencrators constructed on this principle
arc capable of taking a charge of up to two
tons of calcium carbide.

The quantity of acetylenc produced from
calcium carbide dcpends on the quality of
the carbide and on the size of grading.
Theoretically one pound of calcium car-

bide should produce about 5.6 c.ft. of acety-
lene, but this figure is not attained in prac-
tice. The smaller the grading of the car-
bide, the lower is the yield. According to
B.S.S. No. 642, good quality calcium
carbide in sizes varying from 15 mm. to
120 mm. shouid produce in an cfficient
generator 4.8 c.ft. of acetylene per Ib.
With the smaller portable generators, this
figurc may drop,  down to 4 c.ft. per lb.
The pressure in acetylenc generators is nor-
mally a few inches of water, but therc has
recently been a  tendency to  develop:
generators working at higher pressures. By,
law, it is not permitted to exceed a pressure
of g lb. per sq. in.

The gas produced from commercial cal-
cium carbide is not a pure product. Tt
contains small amounts of the hydrides
of phosphorus, silicon and sulphur. The
two former are lhable to spontancous igni-
tion in the presence of air.  Further, the
impurities have a tendency to corrode
welding equipment and to choke the appara-
tus. Accordingly, in the larger installa-
tions, especially those preparing dissolved
acetylene, the gas is passed through puri-
fiers containing chromic acid, or ferric
chloride and small amounts of copper
and mercury salts (Thorpe, I, 75). The
purified gas is then dried.by means of cal-
cium chloride, passed on to compressors
and filled in steel cylinders at a pressure of
15 atm. or 225 lb.'sq. in.

Dissolved acetylene cylinders contain a
tightly packed porous substance which may
take the form of mixture of special grades
of charcoal, or a fibrous substance such as
kapok, or a porous cement containing
charcoal, asbestos, etc. This porous mass,
saturated with acetone, breaks up the in-
ternal volume of the cylinder into innu-
merable small cavitics. If the acetylene is
compressed into a mass having the right
degree of porosity (8o per cent.), decom-
position of explosive nature is localised and
arrested at the point of outbrcak. The
purpose of acetone is to increase the storage
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capacity of the container. The enhanced
storage capacity of dissolved acctylenc
cylinders and the cleanliness' and easc of
manipulation of dissolved acetylenc have
heen the prime factors for the rapid growth
of the dissolved acetylenc industry.

In ’35, dissolved acetylene was being
manufactured at Calcutta and Bombay,
and additional units of production came into
operation by about ’44 at Lahore, Jamshed-
pur, Cawnpore, Bangalorc and Colombo.,
Rccently  three more  plants  have
been brought into operation at Madras,
Burnpore and Rangoon. The value of
dissolved acetylene produced rose from 4.5

lakhs of rupces in '48 to nearly 20 lakhs of

rupees in "43. About g0 per cent. of the
total production during the War was car-
marked for the Govt.

Acctylene cylinders are in various sizes.
The most common sizes are of 200 c.ft.
(wt., 200 Ib.), 120 c.ft. size (wt., 125 lb.),
and 6o c.ft. (wt., 75 1b.). Dissolved acety-
lene cylinders are painted maroon, and are
asually provided with a safety disc device
which permits the contents being vented in
the event of cxcessive gas pressure developing
within the cylinder. The gas should not
he withdrawn from these cylinders at too
rapid a rate ; the max. rate advisable is
about 20 per cent. of the total contents of
the cylinder per hour, i.e., from a 200 c. ft.
cylinder not more than 4o c. ft. of acetylene
should be drawn per hour. Acetylenc
cylinders should be stored in an upright
position, away from hcat or any contami-
nating substance and rhould be handled
carefully and without unduc violence.

The chief raw material of the acctylene
industry is calcium carbide, and acetone is
rcquired as solvent. The Indian Oxygen
and Acetylene Co. is reported to require
annually about 25 tons of acctone to
1eplace losses due to evaporation (Thomas,
Rep.  Develop. Industr. War  Supplics,

1044, 38.

CALCIUM CARBIDE

Calcium carbide is manufactured in very
large quantities in electrical furnaces in
countries with abundant supplies of cheap
clectrical power. In modern furnaces,
power consumption is about 3,500 kw.-
hrs. per ton, and current efficiency, 62 per
cent. The consumption of electrode is
very high (over 70 lb. per ton of carbide),
and forms an important item in its cost ‘of
production. The annual world production
of calcium carbide before the War was of
the order of 1] million tons.

Calcium carbide is manufactured mainly
for conversion into the fertilizer, calcium
cyanamide, and for generating acetylene.
For its preparadon, high grade coke and
limestone free  from  phosphorus are re-
quired. The coke must be low in ash con-
tent and the limestone (CaO, 97-98 per
cent.) free from magnesium carbonate. The
two are fed into the furnace in the ratio
of 3 : 2 and raised to a temperature of
over 2,000". The molten carbide formed is
run out, cooled and crushed to various
grades. The largest carbide plants are in
Canada, U. S. A., South Africa, Norway,
Switzerland, France and Germany.

Pure calcium carbide is a colourless,
transparent, crystalline solid. The com-
mercial product (sp. gr., 2.2) consists of
greyish black lumps, and contains about 8o
per cent. of pure calcium carbide togcther
with uncombined lime (14 per cent.) and
carbon (1 per cent.), and traces of phos-
phides, sulphides and silicides. Owing to
the readiness with which calcium carbide is
acted upon by moisture, great care has
to be exercised in its storage and trans-
port, and on account of the inflammability
of acetylene produced, it is necessary to
protect it against risk of firc.

Calcium carbide has not been produced
in India in any quantity, and attempts ' at
small-scale production during the War have
not proved cconomical. During the period
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’35-39, the average annual imports amount-
ed to 2,996 tons valued, at Rs. 6.6 lakhs. Of
this, roughly 1,250 tons came from Canada,
1,200 tons from Japan, and the rest from
South Africa and Norway. During ’38-39,
the price per ton of carbide, from Japan
was Rs. 186, and from other sources
Rs. 250 (J. sci. & andustr. Res., 1942, 1,
13). Imports of carbide are subject to a
revenue duty of 30 per cent. ad valorem.

During the War, consumption in India
rose to ncarly 5,000 tons per annum, and
the annual requirements of the immediate
post-war period are not expected to rise
much above this figure.

ACIDS

Acidls constitute an important group of
chemicals which play a vital 1ole in the in-
dustrial economy of a nauon. In normal
times, they are mainly utilized for conversion
into products, used in other industries and in
agriculture and medicine.  During was,
there is an abnormal rise in the demand for
frec acids, particularly sulphuric and nitric,
both of which are required for the manu-
facture of explosives.

Acids may be classificd into two groups
—inorganic or mineral, and organic. The
first group is generally manufactured from
mineral raw materials ; the second, from
vegetable and animal sources. Recently,
synthetic methods have been developed for
the manufacture of some organic acids.

The more important members of the two
groups arc :

Inorganic—Boric, Hydrochloric, Nitric,
‘ Phosphoric and Sulphuric acids ;
Organic—Acctic, Citric, Gallic, Lactic,
Oxalic, Stearic, Tannic and Taitaric
acids.

The manufacture of hydrodhloric, nitric
and sulphuric acids, in India, commdnced

Il

some forty years ago, and now only small
quantities of special grades of these acids are
imported. The country’s requirements of
almost all the other acids were met by im-
ports even up to the commencement of the
Sccond World War.

The last War gave a great impetus to the
production of acids. The production of
mineral acids, in some cases, was more than
doubled, and attempts have been made to
manufacture from indigenous raw materials
acetic, oxalic, stearic and tannic acids. So
far only the older processes of manufacture
have been employed in India. New factories
arc cxpected to profit by the latest advances
in other countries in processes and in plant
construction,

INORGANIC ACIDS
Boric Acid

Boric acid, H,BO,, also known as boracic
acid, occurs in soft, colourless, odourless
crystals or flakes, or in the form of powder,
melting at 184°. It is slightly soluble in
watcr and alcohol, and can be crystallized
from boiling water. It is steam-volatile
and is a very weak acid. Tts alkali salts in
dil. solution are alkaline. B. P. acid and
technical grades contain gg.5 per cent. of
boric acid.

Boric acid is a mild antiseptic and its
solutions are non-irritating. It is widely
used as an external antiseptic in the form of
dusting powder, ointment, lint, etc. Its
usc as a food preservative is now prohibited.
In industry, it is cmployed in ceramic
glazes and enamels, in impregnating
candlewicks, fireproofing compositions, and
paper glazes. It is also used in glass-
making, plating, and as a flux.

The free acid is found in the vapows
issuing along with steam from cracks and
fissures in the ground in Tuscany, and is
recovered from the condensed water by
concentration. It is also prepared by the
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action of hydrochloric acid or sulphuric
acid on a solution of horax :

Na,B,O; 11,80, |- 5H,0~4H BO,+Na,SO,

EXPORTS OF BORiIC ACID FROM
. K. AND U.S. A. TO INDIA

« Year U, K.* U.S. A
Clwt. L Cwt. $
10 3100 7,672 7-96b 39,953
1 1754 10,187 0,004 50,092
‘12 1.377 1,910 n . n. da.
‘4‘~-, 125 644 20,000 125,284
11 200) 1127 27,000 197,34 ¢
15 . a2 197 n. a. n. da,

*N. Uk Lt Foro Comm. & Navig. U S.
Hydrochloric acid

Hydrochloric acid is a solution of hydro-
gen chloride gas in water. 503 volumes of
the gas dissolve in 1 volume of water at
o". Hydrochloric acid forms a constant boil-
ing mixture (sp. gr., 1.101 ; b.p., 110°/760
mm.) containing 20.24 per cent. of HCIL.
Solutions containing more than 36 per cent.
of HCI (sp. gr.,1.2 and above) fume strongly
when exposed to air, and are known as
fuming acid.

The usual grades are Technical, C.P.
and B.P.,, and all these are manufactured
in India. B. P. acid (sp. gr., 1.159-1.168)
contains 41-33 per cent. of HCL  Com-
mercial acid, also known as muriatic acid,
is marketed in grades of 18", 20" and 22" Be’.
corresponding to 28, 32 and 36 per cent.
HCI, respectively. The usual impurities
are iron and arsenic. A colourless synthe-
tic praduct of high purity containing nearly
40 per cent. HC1 s also available.

Hydrochloric acid is very corrosive and
is gencrally packed in glass carboys or

bottles, and stonewarc jars. Recently rub-
ber-lined containers and tanks have bcen
finding increasing application both for trans-
port and for storage.

Hydrochloric acid is mostly used in the
manufacture of zinc chloride, and other
inorganic chlorides, such as barium
chloride and stannous chloride, and
organic chlorides such as methyl and
cthyl chlorides. It is used as a process
material in the dyeing, mercerising and
printing of textiles, in the chrome tanning
of leather, in the manufacture of glue, and
in the hydrolysis of carbohydrates. It is
also used for pickling steel.

In medicine dil. hydrochloric acid (sp.
gr., 1.0450-1.0452) which contains 10 per
cent. by wt. of HCI, is used in stomachic
and digestive mixtures, and in the treatment
of achlorhydria associated with pernicious
anaemia.

Hydrochloric acid was formerly obtained
as a by-product of the Le-Blanc process for
soda ash (q. v. under Alkalis), and was
mainly used for the preparation of chlorine
required for thc manufacture of bleaching
powder. Since the development of electro-
chemical processes of alkali manufacture,
producing large quantities of chlorinc as
by-product, hydrogen chloride is being pro-
duced by the combustion of hydrogen in
silica burners in an atmosphere of chlorine.
‘The gas formed is cooled and absorbed in
water to give very pure hydrochloric acid.

Nowadays large quantities of hydrogen
chloride are also formed during the technical
chlorination of organic compounds, such as
benzenc, tolucne, etc. This gas when puri-
fied and dissolved in water yields hydro-
chloric acid, which is comparable in purity
to that obtained by the synthetic process.
There are as yet no organic chemical in-
dustrics in India involving the chlorination
of organic compounds.

In India, till very recently the reaction



ACIDS

between salt and sulphuric acid yielding salt
cake and hydrochloric acid has been the
only method in vogue for producing hydro-
chloric acid. The production of hydrochloric
acid developed as an auxiliary industry,
as soon as the manufacture of sulphuric acid
became established in India. It is only
during the last five ycars that the manu-
facture of the acid by the dircct combina-
tion of hydrogen and chlorine has been
undertaken by Messrs. Tata Chemicals and
The Mettur Chemical and Industrial Corpn.
Ltd. This process is of special significance
to India on account of her deficiency in sul-
phur resources, and also oflers an outlet
for by-product chlorine produced during
alkali manufacture.

SALT AND SULPHURIC ACID PROCESS

A charge consisting of common salt and
sulphuric acid (60-66°Be’.) in quantities
sufficient to convert half the salt taken
into acid sulphate, is heated to about 150°
in a cast iron retort. The hydrogen chloride
evolved is cooled by mecans of a stream of
water running over stoneware or silica
coolers and passed through filters of stone-
ware towers packed with fine coke, in order
to remove sulphuric acid present in the
form of mist. The gas is then absorbed in
an absorbing system made of fused silica or
special stoneware, through which a current
of water flows counter-current to the gas.
S-bends and tourills are also being used
for gas absorption.

Sodium bisulphate produced in the retort
is made to react with an equivalent quantity
of salt and roasted at about 540" in a muffle
furnace, when a further equal quantity of
hydrogen chloride is liberated and absorbed
as bhefore. In actual practice, depending
.on the type of equipment employed, the
first and second stages of the above reaction
may be carried out in the same vessel or in
two successive reaction chambers.  The
acid produced by this method contains
impurities, such as arsenic, iron and
sulphuric acid carried over from the raw
materials.

_ The salt cake left over at the end of the
sccond rcaction may be worked up tc
yicld Glauber’s salt.

Although theoretically it should be pos-
sible to bring about the complete conversion
of sodium bisulphate to sodium sulphate,
in practice, a certain amount is always
left over unreacted in the final discharge
mass. ‘This obviously lowers the efficiency
of the process with respect to sulphuric acid.
Also, in the case of some of the older types of
furnaces in vogue in India, due to lack of
nccessary mixing facilities, it is not uncom-
mon to find unreacted salt in one part of
the furnace, and sodium bisulphate in
another.

The present consumption of hydrochloric
acid in India is about 2,500 tons of com-
mercial acid per annum, and very little
of the acid isimported. The consumption
of acid is likecy to increase if it is more
extensively used for pickling steel used
in galvanizing and for tin-platc produc-
tion.

PRODUCTION OF HYDROCHLORIC ACID
IN INDIA

Qty.

Year {Cwt. of 100
per cent. acid)

’37-38 6,919
’38-39 7,212
139-40 9,142
40-41 9,142
:41-42 .. 12,768
42-43 - 12,711
4344 13,309
44-145H 13,002

The approximate pre-War cost of pro-
duction in factories attached to sulphuric
acid works was Rs. 175-180 per ton. During
the War, this had risen to Rs. 340-350.

During the quinquennium ending ’38-39,
the average annual imports of hydrochloric
acid were 752 cwt., valued at Rs. 17,142.

3
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Hydrofluoric Acid

Hydrofluoric acid is an aqucous solution
of hydrogen fluoride and technical grades
usually contain 30-50 per cent. HF. The
acid is prepared by distilling calcium fluoride
with go per cent. sulphuric acid in a plati-
num or lead retort, and dissolving the gas
in water.

Hydrofluoric acid attacks glass and is
prosc"r\'ed in bottles coated on the inside
with wax, or in bottles made of gutta-
percha.  "The acid is highly corrosive, and
considerable care is necessary in its pre-
paration and handling.

Hydrofluoric acid is used for etching
glass, for preparing frosted glassware, and
for ctching and engraving glass apparatus.
Hydrofluoric acid dissolves  silica  and
is used in the manutacture of ashless filter
l)i\‘)(‘l'.

Nitric Acid

Among the mineral acids  extensively
used in the chemical industry, nitric acid
is sccond only to sulphuric acid in value
and in diversity of uses. The pure acid is a
colourless, hygroscopic, strongly  fuming,
corrosive liquid. Commercial acid, however,
it coloured yellow due to the presence of
dissolved oxides of nitrogen.  Chemically
purc acid can be produced by distilling com-
mercial grades, and the distillate, rendered
colourless by blowing air through it. The
constant boiling mixture (b. p., 120.5°
760 mm.) contains HNO , 68 per cent.

Although acids of varving strength are
marketed, 70 per cent. nitric acid is the
most common strength. Fuming nitric acid
(sp. gr., 1.48) contains up to 86 per cent.
nitric acid, while commercial * Aqua-fortis
of {1.5" Be'. contains 65.67 per cent. nitric
acid. While * Aqua-fortis> may be used for
the preparation of nitrates, and in certain
chemical reactions, acid of strength above
9o per cent. is reguited for the manufacture

I't

of nitroglycerine, nitrocellulose, T.N.T.
and various organic preparations. B. P. acid
(sp. gr., 1.42) contains, HNO,, 69 per cent.

Nitric acid is one of the most corrosive
acids, and attacks most of the common
materials, and hence great care must be
taken in its transport. The common types
of containers used have been glass carboys
and earthenware jars. Special precautions
have to be taken in the packing of such con-
tainers in wooden cascs.

Nitric acid free from sulphuric acid does
not attack pure aluminium. Tanks and
drums of this metal are now being used for
storing and transporting cold conc. acid.
But the resistance of commercial aluminium
containers is sometimes uncertain. -

The largest use for nitric acid is in the
manufacture of nitro-glycerine, gun-cotton,
trinitro-toluene, picric acid, mercury fulmin-
ate, styphnic acid and several nitro-bodies
which constitute the basis of the explosives
industry. The acid is also used in the
manufacture of dyestufl’ intermediates. It
finds application in analytical work, in the
refining of metals, particularly silver and
gold, and in the manufacture of inorganic
nitrates, such as silver nitrate, lead nitrate,
copper nitrate, ctc. Ammonium nitrate,
which is an ingredient of the high explosive
amatol, has recently received much wider
application as a fertilizér.

The strong acid has a powerful caustic
action and forms a convenient means of
removing warts, but it should be used with
caution. Burns from nitric acid should be
treated immediately with sodium carbonate,,
subsequently with oil applied on lint, and
covered with cotton.  The dil. acid (10
per cent.) is a tonic and biliary stimulant.

The manufacture of nitric acid in India,
tll very recently, was being carried ont
almost entirely by the action of sulphuric
acid on sodium nitrate.  Most industrial
establishments engaged in sulphuric  acid
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manufacturc produce nitric acid as an
auxiliary product. The demand for nitric
acid, particularly of the higher strengths,
incrcased considerably during™ the War,
and modern plants for the production of
this acid by the catalytic oxidation of
ammonia have been installed as subsidiary
units in explosives factorics.

The raw materials for the manufacture
of nitric acid by this process are sodium
nitrate (imported), and sulphuric acid.
Difficulties of import during war vears led
to the substitution of sodium nitrate by
indigenous potassium nitrate with increase
in cost. The use of the latter during normal
times in spite of its availability in India is
uncconomical. In the retort process, conc..
sulphuric acid in quantity sufhcient to
form acid sulphate is added to sodium
nitrate in a cast-iron retort, connected to a
water-cooled condensing system and an
absorption train or tower for the absorp-
tiop of residual uncondensed vapours. The
cast-iron retort is mounted over a coal-
fired furnace and heated to a temperature
not exceeding 200". It is desirable to
maintain as low a temperature as possible,
because of the case with which nitric acid
is decomposed by heat. The acid sulphate
produced is liquid when hot, and is run out
at the end of the charge and allowed to
solidify (* nitre cake’) in shallow trays of
mild steel or cast-iron. Vapours of nitric
acid which distil off are condensed, or are
absorbed in thc absorption system. The
process yields conc. acid varying in strength
from 70 to g9 per cent. and recovery is
5-go per cent.

In the cataletic process, a mixture of air
and ammonia containing 8.5-9 per cent.
ammonia is passed over a platinum catalyst
in a convertcr, maintained at a tempera-
ture of 800°-850". The oxidation of am-
monia to nitric oxide is exothermic and
produces sufficient hcat to maintain the
converter at the optimum temperature and
also to pre-heat the air required to 300",
in the preliminary heat exchangers.  The

gascs leaving the converter consist of nitric
oxide, water vapour, nitrogen and excess
oxygen and are cooled to 20°-30°. Nitrogen
peroxide formed at this low temperature is
finally transformed to nitric acid in absorp-
tion tanks by a serics of successive reactions.
The acid produced has a concentration of
about 50 per cent. and conversion efliciency
of a 10-ton plant operating in India js said
to be about 85-9o per cent.

Oxidation of ammonia may also be carried
out under pressure (100 lb. per sq. in.)
with smaller quantities of catalyst {about
one-fifth). The acid produced is also of
higher strength (6o per cent.).  Its concen-
tration can be raised to go-95 per cent.
by distilling it with strong sulphuric acid.

Indigenous production of nitric acid is
carriecd out on a small scale at several
places in the vicinity of consuming centres.

PRODUCTION OF NITRICG ACID IN INDIA

Year Cwt.
’ 4,738 .. . .. .o 9,736
38-39 .. o .. .. 11,763
7309-40 .. .. .. .. 18,053
? 041 .. .. .. . 12,665
:11-4-.- .. .. 13,910
42043 .. . .. .. 19,041
4 .. .. .. .. 18364
+1-15 . . . o Thi4d

Civilian requirements in India arc about
760 tons of 65 per cent. acid. War De-
partment demands are met by Ordnance
Factorics at Kirkee and Aruvankadu, which
usc ammonia oxidation process.  Local
supply is nearly equal to the demand, which
till recently was in all 1300 tons (Rep.
Heavy Chem. and Electro-Chem. Industr.
Pancls, 1947, 26).

During the quinquennium ending ’38-39,
the average annual imports of nitric acid
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amounted to 2,866 cwt., valued at Rs,
46,762. Germany and Norway were the
chief suppliers.

During the pre-war period, Government
Mints werc the largest civilian consumers
of nitric acid. The rest of the demand was
confined to a number of miscellaneous
trades, particularly silver and gold refineries.
The development of new industries, such as
the manufacture of dye-stufls, nitro-cellulose
lacquers, ammonium nitrate fertilizer and
civilian explosives, will lead to an increase
in the demand for this acid.

Phosphoric Acid

Anhydrous phosphoric acid can be ob-
tained in colourless prismatic crystals, melt-
ing at 42.9". Commercial grades generally
contain H,PO,50-90 per cent. In con-
centrations of above 85 per cent., the acid
has a syrupy consistency. It is a strong non-
volatile, tribasic acid, colourless when pure,
and is miscible with water in all propor-
tions. When heated, at about 250° it de-
composes  vielding  pyrophosphoric acid
(H,P,O,), and on further heating, meta-
phosphoric acid (HPO,), also called glacial
phosphoric acid. Strong phosphoric acid is
highly corrosive.

Phosphoric acid and its salts are exten-
sively used in industry (Killefer, Industr.
Engng. Chem., 1938, g0, g67). The acid is
mainly used for the manufacture of fertilizers
(triple superphosphate and ammonium phos-
phate) and phosphates, and as a substitute
for citric acid and tartaric acid in the manu-
facturc of soft drinks. The acid is also
widely used for pickling and dust-proofing
iron, and in cleaning machinery.

Scveral sodium salts of phosphoric acid
containing varying amounts of acid arce
used as water softeners, anti-corrosive agents
and detergents.  Indian Railways have
started  the treatment of Dboiler-feed
water with trisodium phosphate (Na PO,
12H,0), and sodium hexametaphosphate
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(NaPQ,),. Disodium phosphate (Na,] .
12H,0) is used in fire-proofing wood and
paper, in ceramic glazes and as a preser-
vative for cheese. Monosodium phosphate
(NaH,PO,.H,O) and acid calcium phos-
phate (CaH,(PO,),H,O) are extensively
used in baking powders.

Acid of medicinal grade should be free
from arsenic and lead. The pure acid is
used in a very dilutc form as a gastric
stimulant, and to quench thirst. Di- and
monosodium phosphates are also medicinal.
Disodium phosphate is a mild aperient,
antacid and diuretic. It is also used as a
saline cathartic.  Calcium phosphate (B.

.) consists chiefly of a mixture of di- and
tribasic calcium phosphates, with some mo-
nohasic acid calcium phosphate. It is in-
soluble in water, but dissolves in dil. mineral
acids. It is useful as an antacid and is
given in general debility, rickets, ete. Cal-
cium glycerophosphate and hypophosphite
form ingredients of several tonics.

MANUFACTURE

In the wet method for the preparation
of phosphoric acid, fincly divided calcium
phosphate (from bone ash or phosphate
rocks) is treated with dil. sulphuric acid
in lead-lined steam-jacketed pans. Calcium
sulphate formed is filtered and the dil.
solution of phosphoric acid is concentrated
up to 80-85 per cent. in pans, fitted with
steam coils of lead. It is decolorized by
activated charcoal, and filtered. The acid
thus prepared is likcly to contain combined
arsenic, lead, iron, and also fluorine, when
mincral phosphates are employed.

The concentration of phosphoric acid
presents peculiar problems owing to the
highly corrosive nature of the strong acid.
It is purified in lcad-lined pans by treating
with a slight excess of sulphuric acid to
precipitate calcium as sulphate. This forms
a dense scale of lead sulphate which pro-
tects lcad from further attack. If fluorine
is present, powdcred silica is added to
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combine with hydrofluoric acid. To re-
move iron, arsenic, ctc., hydrogen sulphide
is blown in until the acid is saturated

(Badger and Baker, 131).

Phosphoric acid is also manufactured
from phosphorus prepared in the blast fur-
nace. Pulverized phosphate rock or bonec-ash
is mixed with carbon (ground coke), madc
into briquettes and hcated with silica in a
blast furnace. Silica displaces phosphorus
pentoxide from combination, and the oxide
1s reduced by carbon to the element.

‘a,(PO,).4-3510, -3CaSiO,-1 P,O,
P.O,+5C -2P-| 5CO

The vapours are passed through a con-
densation plant in order to obtain phos-
phorus, or mixed with air in special stoves
and the clement oxidized to phosphorus
pentoxide.  This, on hydration, yiclds qo
per cent. phosphoric acid (Industr. Chem.,
1989, 15, 241). The chicf impurity is
arsenic which is removed by means of
hydrogen sulphide, and recovery is about
9o per cent.  In recent years, the electrical
furnace has been displacing the blast fur-
nace. Low grade phosphate rock, because
of the better calcium oxide and silicon
dioxide balance forslag formation, 1is sin-
tered, mixed with coke and sand, and heat-
cd to 1300-1400". Phosphorus liberated is
directly converted into phosphoric acid by
burning it in a tower with a water spray, or
it may be condensed and collected under
water, and subsequently oxidized to phos-
phorus pentoxide and hvdrated to the acid
(Shreve, 339). If the acid is to be used for
the manufacture of triple superphosphate
(vide Superphosphate), 1t is not necessary
to free it from arsenic.

_'The dil. acid may be used directly for the
preparation of phosphates. Disodium phos-
phate is obtained by trecating phosphoric
acid with one molecular proportion of
sodium carbonate. From this monosodium
phosphate is obtained by reacting with the

trisodium phosphate by neutralizing with
caustic soda. When monosodium phos-
phate and disodium dihydrogen pyrophos-
phate (Na,H,P,0,) are heated, they lose
water, melt, and are converted into hexa-
metaphosphate.  On rapidly cooling the
melt, hexametaphosphate is obtained in the
form of a transparent glass (Industr. Chem..
1935, 11, 271).  Acid calcium phosphate is
prepared by dissolving  di- or tri-calcium
phosphates in phosphoric acid and allowing
the solution to cvaporate spontaneously.
I is soluble in water.

The  present Indian  requirements  of
phosphoric acid are 30-40 tons of acid, and
120-170 tons of its salts per annum. This
consumption is expected to increase and the
Tarifl Bd. (Rep. Phosphates and Phosphorie
Acid Industry, 1947) estimates that the
requirements of the country in the next 5
years will be jo tons of acid, and about goo
tons of phosphates, excluding fertilizers.

In India, during "23-24—"'27-28, Messrs.
Dharamsi Morarjec Chemical Co., Amber-
nath, produced about 16 tons of phos-
phoric acid per annum, using bone-ash.
Their plant was rated to produce 100
tons of acid per annum (Indian Tariff Bd..
Enquiry Heavy Chem. Industry, 1930, 1,
Written Evidence, 60). During the last
War (’34-45) the Star Chemicals, Bombay,
encouraged by the Supply Dep., manufac-
tured 20 tons of the acid in ’45, and o
tons of its salts. These, however, were only
suitable  for technical purposes, because
the firm did not have suitable equipment
for purifying the acid. |So far, in India,
only bone-ash has been used as raw mate-
rial for the production of phosphoric acid.
4.8 tons of bones and 2.2 tons of sulphuric
acid are required for the production of 1
ton of phosphoric m-id'(aniIY Bd., Rep.,
1017).

The Tarifl Bd. found that the existing'
revenue duties (30 per cent. on acid and

., 36 per cent. on salts ad valorem) aflord

requisite quantity of phosphoric acid, and \sufficient protection to the manufacture of
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phosphoric acid and its sodium salts, and
suggest that they may be converted into
protective dutics. In the case of acid calcium
phosphate, however, they recommend a
specific protective duty of Rs. 34 per cwt.

PHOSPHORLU'S

Phosphorus occurs in allotropic  modi-
hications.  The white or yellow varicty
d, 183 m. p., 44.4": b. p., 287°) is ob-
tained first during the manufacture of phos-
phorus.  After purification, it is cast into
sticks in water-cooled moulds. It is a waxy
solid insoluble in water, but readily soluble
in carbon disulphide. It separates out in
crystalline form when the solvent is evapo-
rated. It is highly inflammable, and when
exposed to air, 1t ignites spontancously.
It is thercfore always stored under water.
Owing to its poisonous nature, its use in the
preparation of matches is now prohibited
in most countries. It is now principally
cmployed in rat-poisons and for preparing
phosphorus  compounds and phosphor-
bronze.

Red pllosphm'u.s (dy 2.4 5 m. p., 725°)
is formed when yellow phosphorus is heated
at 240" in an incrt atmosphere.  Any un-
changed yellow phosphorus is removed by
grinding the material under water and
treating it with caustic soda, which reacts
with ycllow phosphorus only. Red phos-
phorus is chemically less active and is
stable to air and light. When hcated in air,
it takes fire at about 260". It is insoluble
in carbon disulphide and is non-poisonous.
Its main use is in the match industry.

IMPORT OF PHOSPHORUS INTO INDIA

Clwt. Rs.

(1000)

‘38~ 34 2,301 1,22
30740 43044 (av) 2,196 3,09
“44-4¢ 19 10
’4«-,-4:!. 68q 1,12

In ’38-39 nearly 8o per cent. of the im-
ports were from the U. K. and in the
later years of the War, supplics came from
Canada and the U. S. A,

Sulphuric Acid

Sulphuric acid has been known in Europe
since the 14th century. The alchemist
Geber first prepared 1t by the distillation of
green vitriol (ferrous sulphate) and similar
sulphates, and hence its name ‘oil of
vitriol’. It is now produced mainly by two
processes :  the chamber process and the
contact process. In both sulphur dioxide
is made to combine with oxygen and water
to form sulphuric acid. In the first process,
oxides of nitrogen are used to oxidise sulphur
dioxide to sulphur trioxide, and in the
second process the surface activity of dif-
ferent types of catalysts is utilized to bring
about the oxidation. The demand for conc.
acid and oleum for the manufacture of
dyestufls was largely responsible for the
devclopment of the contact process towards
the close of the 1gth century. Competi-
tion has led to improvements in technique
in both processes, and at present cach
worked under proper conditions is contri-
buting to meet various demands for the
acid.

The first sulphuric acid plant in India
was crected by Messrs. D. Waldic & Co. on
the banks of the Hooghly, in 18go. This
was followed by Messrs. Bengal Chemical
and Pharmaccutical Works at Calcutta
(1905), Parry & Co. at Ranipet (19o4)
and the Eastern Chemicals Ltd. at Bombay
(1913). These units started sulphuric acid
production mainly for manufacturing in
their own works, heavy chemicals, such as
hydrochloric and nitric acids, green cop-
peras, epsom salt, aluminium sulphate, etc.

The industry made considerable progress
after World War I, and more factories came
into existence. Messrs. Dharamsi Morarji
Chemical Co. started their factory at
Ambernath near Bombay in 1922. New
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plants sprang up in the vicinity of coal
fields to supply acid for the manufacture of
ammonium sulphate from by-product am-
monia.

In India, sulphuric acid was manufac-
tured only by the chamber process till *35,
when Messrs. Tata Iron & Steel Works
established a contact plant at Jamshedpur.
Thereafter, Messrs. Assam Oil Co., Digboi,
Bengal Chemical and Pharmaceutical
Works, Mysore Chcmicals and Fertilisers,
Belagola, and Sonawala Industries, Kalyan
(Bombay), followed suit. These develop-
ments enabled India to produce her re-
quircments of conc. acid for the manufac-
turc of explosives during the last War.

RAW NATERIALS

Sulphur, iron pyrites, smelter gas and
other waste gascs containing sulphur dioxide.
waste products of some industries, and
gypsum arc the principal sources from
which sulphuric acid is manufactured. In
’40, America produced 66 per cent. of her
acid from sulphur, 22 per cent. from
pyrites, and 11 pev cent. from waste gases
from zinc and copper smelters, and the
rest from hydrogen sulphide from oil re-
fineries. The use of sulphur has become
almost universal for the operation of contact
plants.

India has no significant deposits of sul-
phur or pyrites. The mcagre dcposits at
. Koh-i-Sultan (Baluchistan) were exploited
during the last War, when imports became
difficult. Unrefined ore from Baluchistan,
_ containing a low percentage of sulphur,
* chokes up the chambers and towers by fine
dust and neccessitates frequent repairs to
plants. The arsenical impurity present in
the ore renders the acid unfit for accumu-
lators and for the manufacture of food
products. The small deposits of pyrites in
Bihar and near Simla occur in compara-
Tively inaccessible places.

Since the development of the gypsum
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process for the -manufacture of sulphuric
acid from anhydrite (CaSO,) in Germany
and the U. K., the large Indian occur-
rences of gypsum (q.v.) in the Punjab,
Jodhpur, Bikaner and Trichinopoly are like-
ly to form the raw material for the produc-
tion of the acid in India in the future. The
chief difficulty will be the transport of raw
material over long distances to centres of
acid production. But this may be overcome
by producing sulphur from gypsum and
transporting it. Anhydrite is also found in
Rajputana and the Punjab.

Among the other possible sources of sul-
phur dioxide may be mentioned the waste
gases from the copper smelters in - Mau-
bhander in Bihar. These arc estimated to
vield per day the equivalent of 20 tons of
100 per cent. acid (Dunn, Rec. Geol. Surr.
India, 1943, 76, Bull. Fcon. Min., No. 11,
57). 'These gases have not been made use
of even during the last War when there was
acute shortage of sulphur. According to
Robson (Indian Tariff Bd. Rep. Heavy
Chem. Industry, 1930, I, Oral Evidence,
370), copper pyrites in the ore, bccause
of its low fusion point melts and clogs the
furnace, when thc ore is roasted for the
production of SO,. The proposed smelting
of zin¢ concentrates (52,000 tons) at Jam-
shedpur is expected to yield sufficient sul-
phur dioxide to produce 42,000 tons of
sulphuric acid.  Further, it should be
possible to recover the acid from spent
acids, from some industries such as the
pickling of metals, Scveral varietics of
Indian coals have a high sulphur content,
and a satisfactory method for its recovery
will be of great economic value to the
country. - -

India  has been  depending  solely on
imported sulphur for sulphuric acid manu-
facture.  Most of her requircments were
previously obtained cither from Sicily or
from Japan, but lately American sulphur
is coming in larger quantities. The duty-
frec price of sulphur was about Rs. go-
100 per ton before the War, and went up
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to Rs. 250 per ton during the War. Tt is
now (1947) Rs. 135 per ton at ports. The
average annual pre-War consumption of
sulphur for sulphuric acid manufacture was
10,000-12,000 tons, auad it is now 28,000-
30,000 tons,

Besides sulphur  or  sulphur-containing,
minerals, chamber plants require sodium
nitrate, the consumption of which is 3-4
per cent. of the weight of sulphur burnt.
This has been obtained so far, mainly,
from Chile. Although recent developments
in chamber plant design and opcration
have obviated the use of sodium nitrate by
introducing catalytic ammonia oxidation
unit for meeting the requirements ot make-
up oxides of nitrogen, no plant in India
has so far taken advantage of the same.
Potassium nitrate (2ide Nitre) which may
he used as a substitute is available in a crude
form in the Punjab, the U. P. and Bengal,
but imported sodium nitrate has always
been much cheaper. The pre-War price per
ton of sodium nitrate was Rs. 110-120,
during the War, Rs. 450-460, and is now
11947) Rs. 380, f. o. r. Calcutta.

The contact process as employed in
India requires the use of a vanadium catalyst
on a suitable carrier, i.e., diatomaceous
carth. The catalyst is obtained from
American firms and requires replacement
only at long intervals.

MANUFACGTURING PROCESSES

The roasting of sulphur or pyrites in a
current of air is a  common stage in both
the processes, and various devices have
been developed according to  the  raw
material employed. In the case of pyrites,
mechanical burnais of special design are
used for lumps or fines, while for sulphur,
flat-bed furnaces or madern sulphur burn-
ers are employed.

Chamber process

Chamber plants in India have so far
confined themselves mainly to the use of

flat-bed furnaces, while contact plants are
cquipped with vertical or  horizontal
mechanical burners. In the operation of
chamber plant burners, the requisite amount
of sulphur is charged on to the flat-bed and
allowed to burn in a current of air drawn in
through suitable ports, and roasting is ad-

justed to produce a rich gas with a uniform

composition of about 10 per cent. SO,.

This gas passes through settling chambers
and enters the Glover tower, after admix-
ture with oxides of nitrogen, gencrated by
the action of sulphuric acid on sodium
nitrate. In the tower it comnes into
intimate  contact with a mixed strcam
of chamber acid and nitrous vitriol trickling
down in the forin of a fine spray, and conc.
and de-nitrated acid (Go® to 61° Be'.) is
trawn ofl from below the Glover tower.

The gases coming out of the top of the
tower, along with stcam gencrated in it, are
successively passed through to a series of
lead chambers. A spray of water or steam,
depending on the design of ihe plant, is also
introduced into the chambers. A con-
tinuous chain of reactions takes place result-
ing in the formation of an acid of 48°-54° Be’.
which is tapped from below the chambers.
The exit gases from the chambers, contain-
ing oxides of nitrogen, pass through the
Gay-Lussac towers where they come into
contact with the cold Glover acid (35" to
40") which absorbs them completely. The
waste gases going out of the Gay-Lussac
tower consist primarily of nitrogen and
some air, with traces of sulphur dioxide
and oxides of nitrogen. The last two
should be in negligible proportion in an
cfficiently operated plant.

The lead chambers may be of the air-
cooled or of the water-cooled type ; the
former, which are less efficient, arc going
out of use. Among recent developments
in chamber plant design are the introduc-
tion of intermediate rcaction towers between
chambers so as to increase the efficiency
of conversion ; the elimination of bulky
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chambers by towers occupying less ground
area ; and operation at higher pressures.
The chamber plants in operation in India,
so far, have been of the simplest type,
and in some cases intermediate reaction
towers have been introduced.

It is possible to produce sulphuric acid
of two diflerent concentrations from a
chamber plant : -60°-61° Be'., and 48°-54°
Be’. To meet thedemand for sulphuric
acid of higher strengths, such as rectified
oil of vitriol, the Glover discharge acid, or
the chamber acid is transferred to concen-
trators. There are various types of con-
centrators, but only the cascade type is
used in India. A scries of quartz dishes is
arranged stagewisc and hot gases, from a
coal or oil fired furnace, travel upwards
from below counter-current to the acid
flow. It is possible to preduce acid of 95
per cent. strength in such a concentrator,
but even under the best conditions the losses
due to decomposition of the acid by heat
amount to 7.5-12.5 per cent.  In modern
plants although high ecfficiencies of 98 per
cent. and over are possible in the chambers,
losses during concentration bring down
overall efficiency togo per cent. and lower.

In a chamber plant, 784 1b. of sulphur
and 22.4 1b. of sodium nitrate are required
for the production of a ton of acid (Indian
Tarift Bd. Rep. Heavy Chem. Industry,
1929, 6) |

Contact process

In a chamber plant, the quality of raw
matcrial and impurities in the gas aflect
only the quality of the final product, but in
the contact plant the damage is morc
serious. The quality of the sulphurous gas
required for operation in a modern con-
tact plant has to satisfy the following
specifications :

(i) The percentage of sulphur dioxide

should be 6-8, that of free oxygen
" being 10-12. C
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(it) The gas should be dry and free
from volatile arsenic and fluorine
compounds ; it should be optically
pure, i.e., devoid of suspended im-
puritics, so that a powerful beam
of light when passed at right angles’
to the line of sight is not visible to
the eye. SN

CONTACT PLANT
tCow tesy of Messrs, Fertilizers & Chemicals, Travancore)

In order to satisfy these conditions, it has
become necessary to devise more refined
methods of roasting the raw materials.
Sulphur is weighed and dumped into a
brick or concrete-lined melting pit, equipped
with steam coils, and molten sulphur (120
-130") is pumped through a steam-lagged
pipe and finally through a jet into a spe-
cially constructed furnace. Dust-free air
drawn through a filter chamber, and dried
in a tower by a downward spray of g3 or
98 per cent. sulphuric acid, is blown into the
furnace in quantities ‘sufficient to burn
sulphur completely and to leave the requir-
ed amount of excess air in the furnace
gases.

The exit gases containing sulphur dioxide,
after passing through the baffles in the
furnace, are passed through a waste-heat
boiler and then into a heat-exchanger, be-
fore being sent into the converter for effect-
ing the combination of sulphur dioxide
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with oxygen. The temperature of furnace
gases, which is about 800" at the time of
leaving the furnace, is brought down to
about 250" when they leave the waste-hecat
hoiler.  In the heat exchanger the tem-
perature of the gases is brought up again
to about 405° by utilizing heat from the
converter gases, which is brought down from
500" to 410",

The conversion is brought about in two
stages so as to secure maximum efficiency.
80 per cent, conversion occurs in the pri-
mary converter (550") containing 70 per cent.
of the total catalyst mass, and the rest of
it in the secondary converter (440"). In
order to control the temperature in the
two converters at optimum levels, it is
necessary to cool the gases between these
two stages and this is done by an inter-
mediate hcat cxchanger. A total con-
version cfficiency of 98-9g per  cent. can be
sccured by proper adjustment of conditions.

The gases issuing out of the secondary
converter are again cooled by heat ex-
change before they arc admitted into the
absorber. In the absorber sulphur trioxide
meets a continuous stream of g8 per cent.
sulphuric acid. A stcady strcam of water
or dil. acid is also admitted to maintain the
concentration of the discharge acid at ¢8
per cent. The sulphuric acid poduced is
cooled before storage.  When oleum is
required, its manufacture can be arranged
by the addition of more absorption towers
and readjustment of the acid cvele and
operating conditions.

The contact process was first developed
using fincly divided platinum as catalyst,
but platinum, besides being expensive, is
very sensitive to impurities like arsenic,
and only 85-go per cent. of it can be
salvaged.  The vanadium catalyst captured
the market immediately after its introduc-
tion on account of its cheapness, and im-
munity to arsenic poisoning. The cost of
the contact plant was also considerably
lowered, since the elaborate gas purification

cquipment necessary in the case of plati-
num catalyst was totally eliminated in
vanadium plants ; but unfortunately the
vanadium masses, though cheap, have little
or no salvage value, and their rovalty
charges are high.

In a modern contact plant of 100,000
1b. capacity per day, 688 lb. of sulphur are
required to produce 2,000 lb. of sulphuric
acid (Shreve, 76).

According to Kreps {Fconomics of Sul-
phuric Acid Industry, 1937, 71), it is
difficult to assess the relative merits of the
two processes.  Great differences exist in
the cost of plants, using the same process or
cquipment. But, if the developments re-
sulting from the introduction of vanadium
catalyst continue to increasc the competitive
strength of the contact processs, the chamber
process may soon hecome obsolete.

Contact plants are compact and occupy
much less space than chamber plants, but
requirc technical skill of a higher order for
their operation. They have greater flexibi-
lity with regard to the strength of acid pro-
duced, and are best suited for the pro-
duction of 98 per cent. acid or oleum.
Qil of vitriol (66° B¢.) can almost always be
madc more cheaply by diluting contact
acid than by concentrating chamber
acid. For 6Go°B¢. (7.4 per cent.) and
weaker acids, the choicc between water-
cooled cliambers, vanadium and platinum
contact plants is open, and depends upon
local conditions. A chamber plant, how-
ever, has greater flexibility in production
rate than a contact plant (Rogers, 1, 250",

Gypsum process

In the gypsum process a mixture of
calcium sulphate, sand, clay and coke is
heated in rotary kilns to yield cement and
sulphur dioxide. The furnace gases arc
thoroughly purified, and sulphur dioxide
contained in them is passed on directly to
a contact plant and converted into sul-
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phuric acid.  Although till now gypsum
(CaSO,. 2H,0), as such, has not been used
for the manufacture of sulphuric acid, its
application in the industry should not
present any great technical difficulty.

GRADES

The following are the strengths in which
sulphuric acid is usually marketed :

Per cent. of

H,S0,
Chamber acid 50 Be'. 62.18
Glover acid 60’ Be'. 77.67
Oil of vitriol 66 'Be’ 93.19
Contact g8 acid 98.00
Monohydrate .. . 100,00

Fuming acid or 20 per cent. olcum 104.90
40 per cent. oleum 109.00
65 per cent. oleum 114.63

Besides strength, the quality of acid is
indicated by the following grades : Com-
mercial, Battery, C. P., and B. P. The
commercial grade contains several impuri-
ties and corresponds to the quality of acid
ordinarily run out of Glover tower, and is
suitable for most industrial purposes. Bat-
tery acid must be of high purity. According
to the specifications of Indian Stores Dep.,
it must be a clear, colourless and oily liquid
of not less than g5 per cent. strength (sp.
gr., not less than 1.840 at 15.5"), free from
any suspended matter and sediment ; max.
limits for non-volatile residue, 0.53 ; iron,
0.005 ; chlorine, 0.002; arsenic, 0.001 ;
and total nitrogen, 0.005 per cent.

C. P. acid is chemically pure acid, and is
obtained by distilling commercial acid and
collecting the intermediate fraction, frec
from volatile and non-volatile impurities.
B. P. acid should not contain more than
5 parts per million of arsenic, and 20 parts
per million of lead.

HANDLING AND CONTAINERS

Sulphuric acid, particularly the grades
containing the usual commercial impurities,
attacks practically all metals under onc con-
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dition or another. Even lead which is so
widely used in sulphuric acid manufacture
is safe only up to 8o per cent. concentration.
Stcel and ordinary cast iron, which are
vigorously attacked by dil. acid, can be
used with acids stronger than g3 per cent.
(66" Be’.). Whercas only glass, fused silica
and chemical stoneware werce used for han-
dling sulphuric acid some years ago, special
ferro-alloys containing high silicon, nickel,
chromium, and aluminiuin bronzes arc now
finding increasing application. For ma-
chinery parts exposed to the action of the
acid, sometimes lead alloys containing tel-
lurium or antimony and tin are also used.

Great carc hasto be exercised in handling
strong sulphuric acid as it has a powerful
dehydrating action and chars most organic
substances when it comes into contact with
them. Sulphuric acid burns should be
washed with water and then treated with
sodium bicarbonate followed by oil or
spraved with tannic acid solution.

In India, the acid is transported in stone-
ware jars of 2} gal. capacity packed in
wooden crates containing 1 or 2 jars. The

Jars are mainly cf the wide-mouthed type

with stoneware screw-stoppers, rubber rings
being used for making them air-tight. A
paste of kaolin clay and sodium silicate is
put on the stopper for final sealing. The
tendency has, however, been towards the
introduction of narrow-mouthed, screw-
stoppered stoneware jars, to enable the
acid being poured out of the container
more conveniently; but these have not been
adopted widely due to difficulty in getting
them. For larger packings, mild steel
drums of 1o-15 c.ft. capacity arc used to
transport 75 per cent. and stronger acid.
Glass carboys of 4.5-5 gal. and larger capa-
cities are also used for packing both conc
and dil. acids.

USES

Sulphuric acid is onc of the most import-
ant basic chemicals required both during
war and peace. The production and consumps
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tion of this acid in any country is regarded

manufacture of phosphoric acid has been
as the index of its industrial status :

successfully devcloped in other countries ;
and Epsom salt is being obtained from bit-

1938 1944 terns.
(Tons) (Tons)
- . ANALYSIS OF CONSUMPTION OF
UK. .. . .+ 995,000 1,221,000 o
U.S. A. 3,772,000 8,205.360 SULPHURIC ACID
India* 25,585 38,017

(Ton of 100 per cent, acid)

* Fmancial year, April -March

India

Sulphuric acid is used mainly for the Concumption Consumption n

manufacture of fertilizers (ammonium sul- Vercent  Fne 46 m
phate, superphosphate), other acids (hydro- Tem of tutal - vear 77 K. USA.
chloric, nitric, phosphoric and chromic “ target ) (¢
acids), and salts : dichromates, Epsom salt, :}l:tzizznrl; 21000 37.7 35000 oLty 1,780,000
grecn copperas, aluminium sulphate and  Metals 2000 E1 reon  gmabe T 9asoon
alum, copper sulphate, zinc sulphate, cte.  Cotton tesules ozl =50 5,100 afi6ry 75000
It is used in oil refining, the pickling of  Mmerlofl Tt b4 200 sombe 1000000
metals, the electrolytic refining of metals Jeather 0 Lp o 486y
like copper, in clectrical batceries, and in  puliery N :
the manufacture of textiles, food products, Ravon mdustry 000 110961 550,000
synthetic drugs and dyestufls, and explo- et and - roaa
sives. In organic chemical industries it tomediates

. . . o Fxplosives n . n a. 12,729 105,000
finds extensive application as a condensing,  Unclassiied 2014 48 2500 101,898 345,000
sulphonating and nitrating agent. The  Others .. : 176686 1,000,000
rayon industry consumcs large quantities 35700 1000 152,600 1,307,361 8 696,000

of acid, over 1.8 tons being required for the
manufacture of 1 ton of rayon. The de-
mands of the dyestuflfs industry for sulphuric
acid are also high.

(@) Rep. Heavy Chom
lac, at., 64,

(bY Chem. 11, J., 1047, 320, 160,
1V Chem., Fngna., 1047, 545 Nn. 2, 10,

& Flectro-Chem. Indudr, Panels,

The medicinal uses of sulphuric acid are
not many. A very dil. solution (sulphuric
acid lemonade) is taken by lead workers

Nearly 75 percent. of sulphuric acid now
produced in India is used for the manu-

N

facturc of chemicals and fertilizers. Ex-

against plumbism, and is used as a prevent-
ive in cholera epidemics.

While new uses for the acid may be
found with the progress of science and
industry, the demand for some of the older
uses is likely to diminish. Ammonium
sulphate (¢. v.) is preferably manufactured
by the gypsum process.  Production of
hydrochloric acid is more advantageously
carried out by the direct combination of
hvdrogen and chlorine, both of which are
by-products of clectrolytic caustic soda in-
dustry. Nitric acid is alrcady being pro-
duced by the catalytic oxidation of synthctic
ammonia ; blast furnace process for the

pansion in the production of supcrphos-
phates and ammonium sulphate, and the
development of new industries, like rayon
and dyestufls manufacture, will lead to a
greatly increased demand for the acid.

The development of sulphuric acid manu-
facture in India has not been properly
planned, although the capital invested in
the industry exceeds a crore of rupcees.
Most of the units are small and unecono-
mical. The price of the acid can be
lowered by increasing plant capacity, but
this is not considered practicable in India
since centres of consumption are widely
scattercd.
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DISTRIBUTION OF SULPHURIC ACID
PLANTS AND PRODUCTION IN
INDIA IN 1944

No. of  Production

Area plants ('T'ons of
100 per

cent. acid)
Bengal 5 13,000
Assam .. . I 1,490
Bihar .. 5 10,000
United Provinces 3 LYoo
Dethi 5 43,000
Punjab 5 2,706
Sind 1 30
Bombay .. .. 3 7,900
Baroda aud Ahmedabad 3 1,240
My sore 1 4,170
Madras* 1% 1,080
Hydcrabad 1 160
31 59,206

* Including the chamba plant (3,000
Cordite Factory at Aruvanhadu (Nilgirss)

tonsfyear) of the

1f "44 there were 30 chamber plants and
5 contact plants.  Manv of the chamber
plants were of small capacity (ro-12 produc-
ing less than 500 tons per annum), and theie
were only 6 chamber plants of capacity
more than 3,000 tons, two in Bengal, one
ach in Bihar and the U.P., and 2 in Bom-
bay. The contact plants were located in
Bengal (10 tons/day), Mysore (25 tons ‘day),
Bihav (5o tons'day), Assam (5 tons'dayv),
and Kalyan (10 tons).

Though the capacity of the Indian sul-
phuric acid industry bcfore the War was
/7,000 tons pcr annum, the average annual
production in the quinquennium ending
"38-39 was only 27,000 tons. During the
War a number of locallv improvised cham-
ber plants were installed in various places,
and in ’44 the capacity rose to over 65,000
tons and production reached a peak of
50,000 tons.

Recently 4 new contact plants of 3,000
tons capacity have becen erccted, one cach,
in Bengal, Bihar, Delhi and Bombay. The
contact plant (75 tons/day) of Messrs.

2

Fertilisers and Chemicals, Travancore, has
also come into production. But this plant
is expected to release only 3,000 tons of acid
into the market.

The five-year target for production has
been placed at 118,600 tons, excluding the
requirements of the rayon and dyestuffs
industries (Rep. Heavy Chem. & Electro-
Chem.  Industr. Pancls, loc. cit., 2). The
largest demands arc for expansion in the
production of fertilizers and chemicals, the
former requiring 63,000 tons, and the latter
35,000 tons of acid per annum. The Heavy
Chemicals Panel is of opinion that 20-25
tons day plants are economic units, but
taking into consideration Indian conditions,
they recommend the distribution of 10
tons/day units in various parts of the country.

PRICES

During *32-98 the highest quotations in
the Bombay market for commercial sul-
phuric acid (d, 1.840) varied from Rs. 122-
129 ton.  After the declaration of War,
there was a sudden rise in prices, and in
42 the Govt. of India introduced control.
The following were the controlled prices
in "5, sulphur bemg charged to the works
at Rs. 200 ton :- -

Rs.
Chambar acid—
d, 1750 .. . .. . 205 257
d, 1..810 (Commercial) ceo275 992
d, 1.830 (Refined) .. .. .. 053 gba
Contact acid -
d,1.830 220

Simce the end of the War, prices have
declined slightly, and recently the control
has been lifted. Commercial chamber acid
(d, 1.840) is now (Aug. ’47) quoted at
Rs. 280-320 and contact acid of the same
density, at Rs. 180-250.

The price of the acid usually depends
upon the cost of sulphur, and the size of the
plant, 1,3 ton of sulphur being required for
one ton of acid.  In ’45 American sulphur
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was quoted in the English market at £r12/
ton, and the price of the acid (d, 1.840)
was £7/ton.  Indian prices of sulphur
(pre-War, Rs. go-100/ton) and sulphuric
acid (pre-War, Rs. 120-129/ton) do not
show similar relationship, and the high
price of the acid has been responsible for
retarding the development of chemical in-
dustry in India.

Imports of sulphuric acid have been
ncgligible, because of the difficulty in trans-
porting conc. acid in bulk across seas, and
consequently, Indian manufacturers enjoy
a virtually protected market. According
to the Tarift Bd. (Rep Bichromates Indus-
try, 1947, 13), in ’46, when the price of
sulphur was about Rs. 150/ton, the acid was
being markcted at Rs. 28o/ton. The
price of the acid should ordinarily be equal
to the cost of 0.33 ton of sulphur plus
conversion charges, about Rs. 30. The
Board remarks that cven if every possible
allowance is madc for incrcased costs of
conversion, freight, etc., there is no justifica-
tion for a price higher than Rs. 160/ton.
There is urgent nced for an enquiry into
the economics of the industry in India, and
for the rationalization of production and
distribution.

ORGANIC ACIDS
Acetic Acid

Acetic acid is a constituent of vincgar
in which it occurs to the extent of 3-5 per
cent. The pure acid is a clear colourless
liquid with a pungent odour (sp. gr./15°
1.055 ; m. p., 16.7° and b.p.,, 118%). It
is also called glacial acetic acid, becausc
when cooled, the crystals formed resemble
icc flakes. The acid is soluble in water,
alcohol and ether, and is also a valuable
solvent. The strong acid has a corrosive
action on the skin, and acids of moderate
concentration have a sharp, acid taste.

Large quantitics of acetic acid are re-
quired for the manufacture of acctate

rayon, esters and lacquers, and varnishes
(Industr. Engng. Chem., 1931, 23, 482.. It
is also used in food industrics. In India,
the acid is mostly employed for the coagula-
tion of rubber latex, and for the manufac-
ture of pigments like white lead, verdigris,
etc. It is also employed in the preparation
of acetates and acetic esters, and in the
dyeing and printing of textiles. In medi-
cine, the strong acid is used as a rubefa-
cient ; the dil. acid is diaphoretic, diurctic
and cxpectorant.

In the older process of preparing acetic
acid from the products of wood distillation,
the grey acetate of lime (calcium acetate) is
decomposed by conc. sulphuric acid, and
the acid distilled over usually contains
8o per cent. of acetic acid. When this is
further concentrated by rectification, glacial
acetic acid (96-98.5 per cent.) is obtained.
This is treated with a small quantity of
potassium permanganate and refractionated
to yield chemically pure acid.

Acetic acid is now recovered directly
from pyroligneous liquor by cold extraction
of de-alcoholized pyroligneous liquor with
cthyl ether or cthyl acetate. In the Suida
process, extraction with high boiling wood
oils is carried out in the vapour phase, and
acctic acid is recovered subscquently by
vacuum distillation. [n the Othmer pro-
cess, after the removal of crude methinol,
the liquid is heated and the vapours pass
into an azcotropic dehydrating column,
where they meet with butyl acetate which
acts as the withdrawing liquid. The ester
distils with water as the min. boiling
azcotrope, and yields acetic acid containing
as little as 0.5 per cent. water. In order to
purify the acid, it is trecated with a small
quantitv of sodium dichromate and redistill-
ed (Shreve, 682).

Acetic acid is now manufactured mainly
by the synthetic process. In this, acetvlene
is converted into acetaldehyde, and the
latter oxidized to acetic acid. The acid
formed is of high concentration and purity.
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The synthetic acid is cheaper and has
displaced, to a large cxtent, the acid from
wood distillation products. Over 75 per
cent. of acetic acid manufactured in the
U. S. A. is by this process (Rogers, I, 18).
Acetic acid can also be produced by the
vinegar process and by the direct oxidation
of alcohol.

The commercial acid is sold in carboys,
barrels or glass bottles, in concentrations
varving from g0-99 per cent.

The present Indian consumption of acetic
acid is estimated at 400 tons per annum.
The average annual imports during *34-39
were about g00 tons, valued at Rs. 1.15
lakhs. This quantity could be obtained
from the wood distillation plant of _he
Mysore Iron Works, if arrangements are

made for the direct recovery of acid
from pyroligneous liquor.  During the
War, small quauntities of acetic acid

were manufactured from  grev acetate of

lime.
ACKETATES

Some of the salts of acetic acid aic used
in medicine, and in industry. Ammonium
acctate prepared from acetic acid and
ammonia is a mild expectorant, diurctic
and diaphoretic.  Sodium and potassiumn
acctates, prepared by neutralizing acetic
acid with the corresponding carbonate, are
also cmployed in medicine as diurctics.
Lead acetate is an important salt, and is
prepared by dissolving finely divided litharge
(PbO) in acetic acid. In medicine, it is
used for preparing soothing and astringent
Jotions ; in industry, in dyeing, calico-
printing, and in the manufacturc of chrome
vellow and other pigments,  Aluminium
and iron acctates arc used in the textile
industry. Of the esters of acetic acid,
amyl, butyl and cthyl acetates are prepared
on a large scale for use as solvents. Some
esters are also used as perfumes and flavour-
ing materials. Acectate rayon is made from
cellulose acetate.

Citric Acid

Citric acid, GH,0,. H 0, is present in
the juice of several acid fruits, such as
citrus fruits, pine-apples, etc. The pure
acid crystallizes in large colourless rhombic
prisms and does not have any odour. When
heated, it loses its water of crystallization
above 130°, and the anhydrous acid melts
at 153", and decomposes on further heating.
Citric acid is readily soluble in water, less
soluble in alcohol, and only sparingly
soluble in cther.

The acid is mainly used in the prepara-
tion of medicinal citrates, confectionery,
and soft drinks and cflervescent salts. Small
quantitics are cmployed in silvering and
engraving, and in dyeing and calico-print-
ing. Imports into India were mainly from
[taly, and the average annual imports
during the quinquennium ending '38-39
were about 120 tons, valued at Rs. 1.33
lakhs.

Until recent years, citric acid was manu-
factured from citrus juices, and Italy and
Cialifornia were the largest producers. In
Hawai the acid is also manufactured from
pine-apple juice. Tobacco wastc contains a
large proportion of citric acid and forms a
potential source.

Clarified lemon juice from off-size or
oft-grade fruit (4.5-6 per cent. of citric acid)
is heated and ncutralized with finely pow-
dered calcium carhonate (free from mag-
nesium  carbonate). The precipitate of
calcium citrate is filtered while the liquor
is still hot, washed thoroughly with
hot water, and dried rapidly. The salt is
more soluble in cold water than in
hot water.  Technical calcium citrate
contains usually 67-70 per cent. of citric
acid.

For the manufacture of the acid, a slight
excess of sulphuric acid is added to a sus-
pension of crude calcium citrate in water.
The mixture is vigorously stirred and boiled

7
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and the precipitated calcium sulphate is
filtered oftf. The acid liquors arc concen-
trated in vacuum cvaporators.  The crude
acid, which crystallizes on cooling, is
purified by recrystallization.  The yield of
acid from lemons varies from 15-50 Ih.
per ton of fresh fruit.

Patel and Kale (Dep. Industr., Bombay,
Bull. No. 11, 1938) have experimented on
the production of calcium citrate from
lime (Citius medica and (. acide) grown in
Bombay. When worked directly for the
production of calcium citrate, these limes
vidld on an average 82 Ib. of salt per ton.
If calcium citrate is recovered as a Dby-
product from the sludge left after treatment
for obtaining the volatile oil, the vield goex
down to about 65 Ib. per ton. Neutraliza-
tion is carried out by the gradnal addition
of a thinsuspenstor, of slaked lime in water.
To enswe the quality of caleiumn citrate
produced, it is necessary to see that the
reaction mixture does not become alkaline
at any stage during the addition of lime.
When the acid concentration falls helow
o.1 per cent., the point of contact with the
suspension of lime becomes darkishi-brown,
and the predpitate turns greenish-yellow,
Addition of lime should be stopped at this
stage and, if necessary, a small quantity of
fresh acid juice added (Zull. imp. Inst. Tond.,
1920. 27, 335)-

In recent years, large quantities of citric
acid arc being manufactured in America
by the fermentation of sugar using certain

strains of  Lpcraillus niger. The reaction
takes place according to the following
cquation

C.H,0, HO O, 20,0, - 4H,

The spores of u suitable organism are in-
troduced into sterile sugar  solutions 1 15-

20 per cent.'. with low concentrations of

ammonium nit*ate, contained in shallow
pans of pure oluminium. Fermentation is
started in an acid medium (pH, 3.5), and
it is usually complete in 7-10 days. The

vields of citric acid is about 6o per ceut.
by weight of sugar taken. The entire process
has to be carried out under perfectly sterile
conditions (Industr. Engng. Chem., 1938, 3v,
266; vide also Chatterjec, J. Indian chcm.
Soc.; Industr. & News Ed., 1942, 5, 201).

Potassium citrate has diaphoretic, diurc-
tic and febrifuge properties. Sodium citrate
is an anti-coagulant and is used in blood
transfusion. It is also added to milk for
feeding infants and invalids, to prevent the
formation of curds. Iron ammonium citrate
(Fe, 20.5-22.5 per cent.), a complex ferric
ammonium citrate, occurs in thin dark-
red transparent deliquescent  scales,  with
an astringent taste. It is commonly used
in-debility and anaemia. .\ green variety
(Feo 14-16 per cent.) containing a  larger
proportion of citiic acid is used for hypoder-
mic injection.

Gallic Acid
Gallic acid (CG,H,O,. T1,0), 3. 4. 5 tri-

hydroxybenzoic  acid, forms pale yellow
or colourless nceedles, melting at
It is soluble in alcohol, but sparingh
soluble in ether and water. Unlike taunic
acid, its solution in water does not give
precipitates  with albumen  or  gelatine
solutions.

BRI
=222 .

Gallic acid gives a brown colour wich
ferious sulphate which becomes black on
exposure; hence itis used in thie manufactuie
of writing ink. Some important anthra-
quinone «dvestulls, such as alizarin bhrow,
arc manufactured from aallic acid. Jt is
also a cource of pyrogallol. A barsic bismuth
sait, known as dermatol, is used in dysentery
and diarrhoea, and also as an antiseptic
dustineg powder.

Gallic acid is found in many plants
containing, gallotannins.  The acid is pre-
pared by the acid or alkaline hydrolyais of
tannins or tannic acid. It is alco obtained
technically from extracts of gallotannins
by fermentation. Certain moulds of the
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Aspergillus spp. contain an enzyme, tannase,
which breaks down tannin into glucose and
gallic acid (Indust. Engng. Chem., 1930, 22,
1174). Fermentation is carried out under
sterile and acrobic conditions until tannin
has completely disappcared ; gallic acid is
then recovered from solution. Technical
grades contain 55-58 per cent. of acid.

Pyrogallol

Pyrogallol, Cgl,0,, also called pyro-
gallic acid, is 1.2.3. trihydroxybenzenc.
It is obtained when gallic acid is decarboxy-
lated by treating it in an autoclave with 3
times its weight of water.  Crude pyro-
gallol is purified by sublimation in vacuum.
Pure pyrogallol forms white lustrous crys-
tals melting at 133°. It is soluble in water,
alcohol and cther. It is a strong reducing
agent, and is used in photography as de-
veloper.  An alkaline solution of pyrogallol
rapidly absorbs oxygen and turns brown ;
it 1s employed in gas analysis for removing
oaygen.  Pyrogallol has a toxic action on
blood and blackens skin. Tt is sometimes
uscd in ointments for skin diseases, and forms
an ingredient of hair dyes.

Lactic Acid

Lactic acid, CH,O, is a yellow or
almost colourless, viscous, hygroscopic liquid
(sp. gr., 1.21q), rcadily soluble in water,
alcohol and cther.  The commercial acid is
optically inactive. It cannot be distilled at
ordinary pressure, but at a pressure ol 14
mm., it boilsat 122", The acid is marketed
in several grades in concentrations of 20-
44 per cent,, and sometimes c¢ven 85 per
cent. Bottirs, barrels and carboys arc used
as containers.

Lactic acid is now largely used for de-
liming hides during their preparation for
tanning. It finds use in chrome-mordant-
ing, and in the acid dycing of wool. It is
also uscd in several foods, drinks and can-
dies.

Lactic acid is onc of the oldest acids

known, and it is present in sour milk. It is
obtained as a by-product of the dairy in-
dustry. Lactose or milk-sugar, present in
whey, is fermented by lactic bacilli (Lac-
tobacillus bulgaricus). Other lactic bacilli,
such as L. delbrucki, are able to ferment
dextrose, and molasses may also be used as
raw matcrial. Fermentation procceds best
at pH, 5-5.8, and temperature, 40-45°
and is complete in 5-6 days. In order to
control acidity, chalk is added from time to
time and the acid produced is converted
into calcium lactate. The solution of cal-
cium lactate is heated to coagulate protein
matter, filtered and concentrated.  On
cooling, the salt crystallizes out and is
purified by recrystallization.

Calaum lactate is an cffloescent salt.
It is completely soluble in water and is used
in medicine to increase the coagulability of
blood. Along with vitamin D, it is ad-
ministered in cases of caleium deficiency.

The salt when treated with sulphuric acid
gives lactic acid,  After the filtration of
caleium sulphate, lactic acid can be con-
centrated up to 50 per cent.  Further
concentration presents peculiar  difliculties
owing to the highly cortosive nature ol
lactic acid. Concentration up to 8o per
cent. may be carried out in vacuum eva-
porators made of stainless steel containing
moly bdenum  (Ckhem.  Engng.  News, 14944,
22, 140).

Oleic Acid

Oleic acid is present in the glycerides of
maost fats, particularly liquid fats or oils,
such as olive oil, cotton sced oil and coco-
nut oil.  The pure acid, C.H, O, 1x a
tasteless, odourless, oily liquid of sligntiy
yellowish colour (iod. val.; go.  On cool-
ing, it solidifies into colourless necdles.
melting at 11°. It is converted into a solid
isomer, claidic acid, melting at 3% by action
of nitrous acid at 200" in the presence ol
sulphur dioxide or sodium bisulphite. Oleic
acid is insoluble in water but dissolves
readily in alcohol and other organic solvents,

9



THE WEALTH OF INDIA

The technical product is also known as red
oil, and depending upon its purity varies in
colour from yellow to deep red or reddish
brown. It is obtained as a by-product in
the manufacture of commercial stearic acid,
and usually contains not more than 70 per
cent. of oleic acid.  Its iod. val. is 85-95,
due to the presence of linoleic  and
saturated acids in more or less equal pro-
portions,

Red oil is used in the manufacture of
soft soaps, oleates, and for oiling wool.
The purer grades obtained by distillation
are used for the preparation of ointments
and polishing compounds.

Oxalic Acid

Oxaalic acid occurs in several plants as
potassium acid oxalate or calcium oxalate.
The pure acid, C,H,O,. 2H,0, crystallises
in Jarge transparent colourless rhombic
prisms, and is soluble in water (1 in 12).
When heated, it mclts in its water of crys-
tallization at g8, begins to lose water and
becomes anhydrous. At higher tempera-
tures (ca. 156") it volatalizes with partial
decomposition.  The acid and its soluble
salts are poisonous. In oxalic acid poison-
ing calcium  hydroxide or calcium car-
bonate made into a cream with water, is
administered as an  antidote, when the
insoluble  calcium  salt is  precipitated
out.

Oxalic acid is mainly cmployed in the
printing and dyeing of textiles. For this
purposc some of its salts, such as antimonyl
potassium oxalate, K/ Sb(C,0,),, 3H.O,
arc also used.  The free acid is employed for
blcaching straw, wood, and cotton linters.
It is an ingredient of several inks and metal
polishes.  Since the acid forms soluble iron
compounds, it is cmployed for removing
ink and iron stains. For thesc purposes,
potassium quadroxalate (also known as salt
of sorrel), KH, (C,O,).. H,O, is also em-
ployed. Ferrous potassium oxalate, FeK,
(.0O,).. 2H O is a powerful reducing agent,

and is used in photography as oxalate
developer.

The average annual imports of the acid
into India during the quinquennium ending
’38-39 were 150 tons, valued at about a
lakh of rupees.

Oxalic acid was formerly made by heating
sawdust, preferably from softwoods, with
sodium hydroxide to 200-240°. The fused
material is cxtracted with water and the
calcium salt precipitated. The free acid is
liberated by sulphuric acid, recovered from
solution, and purified by recrystallization.
In a similar manner it can also be pre-
pared from starch or sugar. Very pure
oxalic acid is obtained by oxidizing sugar
by conc. nitric acid. The commercial acid
(99.5 per cent. pure) is usually sold in the
form of crystals or powder.

Oxalic acid is now preparcd by the
formate process. Sodium formate is formed
when sodium hydroxide is hecated with
carbon monoxide at a pressurc of 8-10
atms. and a temperaturc of 200". When
this is further hcated to 375° under reduced
pressure, it decomposes vyielding sodium
oxalatc and hydrogen. The reaction is
said to proceed at 2qo°” if heated with small
quantities of alkali (less than 5 per cent.).
The calcium salt is precipitated, and the
acid recovered as before.  The new process
has superseded, to a large extent, the
sawdust method.

Small quantities of oxalic acid were
manufacturcd in India during the last
War. The bark of Treminalia arjune is
said to contain a high percentage of calcium

oxalate. It was also used for the recovery
of oxalic acid, after the extraction of
tannin.

Stearic Acid

Stearic acid, C,3H, 6O, is onc of the
most widely distributed fatty acids, and
occurs in combination with glycerol in
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numerous oils and fats. Particularly rich
sources are tallow and the seed-fats of some
species of Dipterocarpaceae, Guttiferae and
Sapotaccae. It is also formed by the re-
duction of oleic acid. Pure stearic acid is a
colourless, odourless, crystalline material
{m. p., 69") which is insoluble in water.
It dissolves rcadily in alcohol and other
organic solvents.

Technical stearic acid, sometimes in-

.correctly called stcarin, prepared from tal-

low, is invariably a mixture of stcaric and
palmitic (G,H,,0,) acids, and is usually
marketed in the following grades :

_— | Tod.val.  Oleic acid
!_ __"l’ r cent.)
Single pressed’ 51.5-52,24 | 1214 | 15
Double pressed ® 53.9-54.4" : 5-6 10
Iriple pressed * 54-4-35.09 ! 3 3
i

ing crcams. The acid is also used in prepa-
ring metal and shoc polishes. .\ solid fuel
prepared from stearic acid and alcohol ignites
rcadily and burns without leaving any ash.

Stearic acid imparts hardness to soaps,
and potassium stearate is an ingredient of
shaving soaps. Somec of the metallic stear-
ates sruch as those of aluminium, calcium,
magnesium and zinc, arec used in special
lubricants, paints and varnishes, and in
certain printing inks. Aluminium stearate
is also extensively emploved for the water-
proofing of fabrics.

Tallow (from cattle, sheep, hogs and
horses) is the principal material for the
manufacture of stearic acid. Some of the
sced-fats suggested as subsitutes for tallow
(Puntambekar, ./. Indian chem. Soc.. Industr.
& News Fd., 1938, 1, 163) may also be em-
ployed for the manufacture of stearic acid.

Large quantities of stearic acid arc used
in the manufacture of candles, and in
rubber compounding. Stearic acid is also
used in the preparation of cosmetics,
and in ointments as a substitute for wax,
and for preparing castor oil suppositories.
When partly neutralized, it forms a crcam
basc with 5-15 times its weight of aqucous
solutions, and 1s used in this form in vanish-

Palmtic acrd  Steanic aid

Fat M p. of lat

Fa p.o Par cent, of mined tatty
acds

Beel tallow * 10-500 2 21

Mutton tallow * $1-30 29 31

Bone fat! 1415 221 1y-21

*Hilditch, 136 & 170, tKingzett

o . Name of Per cent. of M. p. of Palmitic acid Stearic acid
Specics fat fatin seeds | fat _
| Per cent. ol nuxed acids
1. Garaima cambogia .. " Gamboge butter 41 30 50
2, Garama indica Kokum butter 23 26 i4n—-13 3 52
3. Garcinia morella 58 '34—37 7 I
| ikernels) |
t.  Madhuca butyracea .. Phulwara hutter 50 30—51 57 1
' [
5. Madhuca indica I 8
. > Mahua Qil 50 —60 1h—24* 19 —23
6. Madhuca longifolia ) Jo0° ¥
7. Shorea robusta Sal butter 16 26.5" 17
8. Vateria indica Dhupa fat 22—27 130—40 10 .39

(1) & (7) Rau and Simonsen., Indian For. Rec., 1922, 9, iii, 12 & 14,
*Bull. Indian Indistr. Res., No. 10, 1913, 64 ; rest, Jamieson,
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In preparing stearic acid from tallow, the
raw material is purified by cooking it with
dil. sulphuric acid for about an hour and
a half, using live steam. It is then saponi-
fied by Twitchell or similar reagent prepared
by heating a fatty acid, and an aromatic
hydrocarbon, such as benzene or naphtha-
lene with strong sulphuric acid (Hilditch,
175).  The cleanced fat is mixed with 20-50
per cent. of its weight of water, some dil. sul-
phuric acid and 0.75-1.25 per cent. of the
reagent, and boiled with open steam for
about 18-20 hours. The sweet water (gly-
ceroly is run out and the mixture is given a
sccond boiling when nearly 97-98 per cent.
of hydrolysis is completed.  The crude
acids are removed and allowed to cool and
solidify. The cakes thus formed are wrap-
ped in  cloth  and  cold-pressed  for
about 2! hours. This gives the *single
pressed * acid.  This is melted, solidified
into cakes, and is subjected to two pressings
in a hot press, through which steam at
120 Ib. pressure is passed. The first hot
pressing  3-3) min.) gives the * double
pressed * acid and the second hot pressing
{5-6 min.; gives the * triple pressed ™ acid.
Each grade is melted and boiled with sul-
phuric add to improve its colour. Ulti-
mately the product is cast into slabs (Industr.
Engng. Chem., 1929, 21, 719). 1If the raw
matetial is of very low grade, the crude
acids are purified by distillation in vacuum,
using copper stills.

Fats are also split into their constitucnts
by autoclaving them with water, using
certain hasic oxides like lime, magnesia and
zinc oxide as catalysts (2-1 per cent. by
wt.). Steam is admitted into the closed
autoclave and kept at a pressure of 100-120
Ib. per sq. in. for 10-12 hrs., when nearly
98-9g per cent. of fat is hydrolysed. When
the rcaction is complete, the mixture is
blown out into a tub,and the upper layer,
after the removal of sweet water, is mixed
with dil. sulphuric acid and boiled with
steam in order to purify it.  Fat hy=-
drolysis can also bc effected without the
usc of catalysts at higher temperatures and
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pressurcs.

In the quinquermium cnding '38-49, the
average annual imports of stearic acid into
India amounted to 2,260 tons, valued at
Rs. 5.0 lakhs. During the War a few
Indian companies manufactured stearic acid
from tallow, mahua oil (Madhuca indicw), and
hydrogenated oils. The quality, however,
was poor. The acid produced was mostly
used for the preparation of aluminium
stearate, required for waterproofing fabrics.
Owing to heavy demand the prices of acid
rose up to Rs. 3 per lb.

Tannic Acid

Tannic acid or tannin is a constituent of
several tannin  bearing plant  materials
(leaves, fruits, bark, and sometimes also
wood). The pure acid, also called gallo-
tannic acid or digallic acid, has the formula
C,H, O, It forms a pale vellow, amor-
phous powder, readily soluble in water,
alcohol and acetone, but insoluble in ether.
When heated, it decomposes at 210”. Tannic
acid is strongly astringent, and has reducing
properties. It gives precipitates with lead
salts, alkaloids and proteins.

In tannic acid or gallotannin, digallol
residues are found combined with glucose.
The technical product is a vellowich white
or light brown powder with a characteristic
odour. Some commercial samples also con-
tain gallic acid. ‘They are used only for
technical purposes such as dveing (as mor-
dant), and manufacture of ink. Extracts
of materials containing gallotannins also
may be used for technical purposcs.

Tannic acid of high purity is used for
medicinal purposes. It is prepared from
galls (excrescence produced on plants when
punctured by insects) of various species of
Quercus (Oak) and Rhus (sumach). The
tannin content of these varies from 5o-70
percent.  The gallsare exposed to moist air
for some time, when they undergo fermenta-
tion. They are then powdered and ex-
tracted with warm water (50-60"). The



ACIDS

filtered solution is agitated for somec
hours with onc-quarter of its volume of
cther.  After a week, the aqueous layer is
separated, and the dissolved ether distilled
over. It is then concentrated to a syrupy
consistency and dried in thin films, on
stcam-heated plates or cylinders (Denston,
A Text book of Pharmacognosy, 380). B. P.
specifics that tannic acid, when dried at
100", should lose not less than 6 per cent.
and not more than 12 per cent. of its wt.,
and should not yield more than g.2 per cent.
of ash. Limits are also set for gums,
dextrin, sugars and salts.

Tannic acid is now scldom given inter-
nally as it may interfere with gastric diges-

tion. Its principal use is in the treatment
of burns. Originally, a freshlv prepared

2.5 per cent. aqueous solution was used,
but recently it has been found that a strong
solution ( 20 per cent. ) containing  also
a little of acriflavin [o.1 per cent.) gives
better results.  Tannic acid jellies, used for
burns and scalds, usually contain 5 per cent.
of tannic acid in tragacanth together with
antiseptics. A 15 per cent. solution of
tannic acid in glhcerine is heneficial in
follicular tonsillitis.

During the last War, the Govt. Medical
Stores and some pharmaccutical concerns
in India prepated tannic acid required for
military hospitals from myrobalans | Te-
minalia chebula, . v.', and irom imported
galls.

The chiel difficulty in extracting tannic
acid from the commoner tannin-bearing
materials, such as myrobalans, divi divi
and sumach, is the removal of the high
proportion of colouring matters and soluble
non-tannins which occur along with it.
These may be extracted with alcohol or
acetone. From the residue tannic acid
is precipitated out as its lead salt, and
regencrated by means of hydrogensulphide.

Tartaric Acid
the

Tartaric acid, C,H,O,, occurs in
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form of colourless crystals ( m. p., 170°),
readily solublc in water. The natural acid
is dextro-rotatory, and occurs in several
fruits, either in the free state or in the form
of acid potassium tartratc or calcium tar-
trate.

The acid is mainly usced in the prepara-
tion of cffervescent salines and beverages,
in baking powders, in the textile industry
‘mordant), and in photography. Somc of
the salts, preparcd from the acid, also find
application in industries and analytical pro-
CEeSSes,

Tartaric acid is a by-product in the pre-
paration of wine from grapes. Crudc argol,
which scparates out during the fermenta-
tion of grape juice, contains 6o-75 per cent.
of potassium hydrogen tartrate. It is boiled
with dil. hydrochloric acid and neutralized
with milk of lime when calcium tartrate
scparates out.  This is filtered, washed and
decomposed by dil. sulphuric acid. Tartaric
acid crystallizes out when the solution is
filtered and concentrated in  vacuum
pans.

Tartaric acid is mainly prepared in Spain
and Ttaly. During the quinquennium
ending '38-3¢, the avcrage annual imports
intc India amounted to abhout 120 tons,
valued at Rs. 1.5 lakhs.

Tartaric acid occurs in the pulp of the
frevits of tamarind tree ( Tamarindus indicus),
to the extent of 12.5-15 per cent., nearly
half of it in the form of potassium hydrogen
tartrate.  The chiefl difficulty in the extrac-
tion of the acid from this is the formation
of a gelatinous or slimy mass when the
pulp is boiled with water. This cannot be
casilv separated by filtration. Sudborough
and Vnidhachalam (/. Indian Inst. Sci.,
1920-21, 3, 61) have shown that if the pulp
is autoclaved with water at 160" for one
hr., the acid can be prepared by a method
similar to the one used for its recovery from
wine lees. The yield of free acid is about
6 per cent. on the weight of pulp, and of
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potassium hydrogen tartrate, 1.7 per cent.
According to Marsden (ib., 1922, 5, 157),
fermentation of pulp beforc autoclaving
gives slightly higher yields.

TARTRATES

Potassium hydrogen tartrate, also known
as cream of tartar, i1s obtained hy the puri-
fication of argol. It is used in preparing
baking powder. = When ncutralized with
sodium carbonate, it vields potassium so-
dium tartrate, known as Rochelle salt.
Rochelle salt is used as a mild purgative,
and is onc of the constituents of Seidlitz
powder.  Potassium antimonyl 1tartrate,
‘“ tartar emectic,” is prepared by treating
potassium acid tartrate with antimony
trioxide. It is not now used as an cmetic,
but has been found valuable in the treat-
ment of certain tropical discases, such as
leishmaniasis, filariasis, etc. It is also used
in the textile industry as a mordant.

EXPORTS OF SOME ACIDS FROM THFE
U. K. TO INDI\*

1 Formi aad  Acey) sahovhie aad' Saheviic acid

Year !
Cwt. L Cwt, L Cint. £
'

'40 106 32q ! 2,328 81,875 1.378 14,964
W 132 b33 ! 1300 34042 4059 14,088
‘42 n. a. | 1,115 25,070 2,412 27.084
43 a2y 1,123 | 1922 01,060 4,000 70,983
oz 5708 gy 37:30b 3,041 13001

4976 , 876 18,292 026 8,548

‘15 i 1.070

* T LK, T

ADHESIVES

Adhesives are extensively used in a
large number of industries for bonding
surfaces. Natural adhesives include vege-
table gums and resins, starches and dextrins,
vegetable proteins, glue and gelatin, blood
albumen, cascin, etc. Shellac and rubber
are also used for making adhesives.
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Gum adhesives are extensively used in
India mainly in the paper trade, in calico
printing, and in distempers and white
washes. These arc made from water-soluble
gums, like gum arabic, babul gum, etc.
For ordinary purposes, a solution of the gum
in 2-g parts of its weight of water is found
satisfactory, and often 8-10 per cent. of
glycerine is added, 10 avoid too rapid hard-
ening of the gum film and to prevent the
brittleness of the dried gum and filler.
Such adhesives are stable and sticky, and
pale in colour. They spread easily and
dry quickly.

Starch adhesives are relatively cheap and
arc extensively used for sizing and finishing
textiles and paper, in calico printing, and
in various other industries. The simplest
type of starch adhesive is prepared by
boiling starch with water and adding a
little copper sulphate to make it insect-
proof. It is extensivelv used in bookbind-
ing as a general adhesive.  When alkali
is slowly run into a thin suspension of starch
in water and well-stirred, a clear jelly of
considerable strength is formed. This is
used in making wood or cardboard boxes.
Starches gelatinized by concentrated solu-
tions of certain salts, like the chlorides of
‘alcium, magnesium and zinc., are com-
monly uscd in office work.

Dextrins, also known as vegetable gum,
starch gum, British gum, gommaline, etc.,
are made from starches by the action of
heat, acids or diastasc. When dissolved in
water they give better adhesives than starch-
es. Somectimes salts like sodium ammo-
nium phosphate are added to make the
dried films clastic. Dextrin adhesives
are extensively used in postage stamps,
stationery, paper-containers, and in label-
ling.

Glue (q. v.), prepared from slaughter-
house wastes, 1s widely used in the wood,
paper and textile industries, and also in
1}]1c}manufacturc of abrasive paper and
cloth.
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ADHESIVES

Casein cements are water-proof and are
largely uscd in the manufacture of plywood
for tca-chests and other purposes. Lactic
casein is the only type at present manu-
factured in India, but rennet casein is more
suitable for adhesive purposes. The simplest
casein adhesive is made from cascin and
caustic soda, but it is not water-proof.
The addition of calcium hydroxide con-
verts sodium caseinate into calcium case-
inate and renders the adhesive water-proof.
Barium and magnesium hydroxide may also
be used in place of lime. The working
life of these cements is due to the alkali.
Adhesives having a good working life and
water resistance can be prepared by ad-
justing the proportion of lime to caustic
soda. These are suitable for wet-mix only.

A suitable composition for casein cement
has recently been developed at the Forest
Rescarch Institute. 100 parts of casein in
200 parts of water are added to a solution of
32 parts of lime in 100 parts of water. T'o
this mixture is added 2 parts of sodium
silicate (40" Be'.) followed by a solution of 2
parts of copper sulphate in 30 parts of
water (Indian For. Bull., New Seiies, No. 116,
1945, 12).

In the manufacture of dry casein ce-
ments, alkali is introduced in the form of
the sodium salt of a weak acid (Nuoride,
phosphate, borate, cte.) with or without the
addition of an cquivalent proportion of
slaked lime.  Sodium silicate may also be
us~d, but in this case the ingredients e
mixcd just before use.  This salt lengthens
the working life of the adhesive.

Shellac  adhesives  consist - generally ol
three types @ (@) cements in solid form fo
mclt or hot spray application, () adhesive
pastes, and (¢) glues and varnishee.  The
first type is prepared by melting and mixing
orangc shellac and hydrolysed lac at 110-
126°, to which are added fillers, such as
mica, slate dust, carbon black, cte. Ad-
hesive pastes are made by mixing hydro-
ysed lac and fillers with cold or warm water
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in a putty mill. Small amounts of malic
and tartaric acids are added as adhesion
promoters. - The last type consists of solu-
tions of orange shellac in methylated spirits
with fillers and adhesion promoters (vide
Murthy, Plastics, 1045, 9, 585. & 624).

Shellac  adhesives possess  high bond
strength to smooth surface, remain un-
affected by ageing, and have a high re-
sistance to attack by transformer oil and
petroleum  hydrocarbons.  The extensive
use of these adhesives is, however, limited
by the brittleness, the low sofiening point,
and the comparatively poor water resistance
of chellac. These deficiencies, however,
may be overcome by suitable modifications
of the adhesives.

In India, the use of shellac adhesives has
greathy developed during World War 11
in the manufacture of various laminated
products from jute, paper, fabric, ctc.
Shellac 1s also used in the manufacture of
jute-fabric-laminates, called * Jutlac’. Mol-
ten shellac is applied to the laminate
surface in a continuous manner with  the
help of hot rollers.  An alcoholic solution
of the resins, obtained by modifications of
shellac with formaldehyde and urea, or for-
maldchyde and melamine, bhave also been
tried at the Tac Research Institute for the
preparation of laminated board. The boards
thus prepared are reported to possess re-
markable mechanical and  shock-resisting
properties, in addition to low water ab-
soption  oJoseds dndustr. Res., 1940, 4,
396

Grinding wheels are manufactured by
the incorporation of abrasive powders in
molten lac and shaping the composition
while «till hot and plastic. Some coated
abrasives are also made with chellac ad-
hesives.  Shellac is the main constituent of
sealing wax, and cements and adhesives
for joining smooth <urfaces, like glass, mica,
metal plates, etc.  Shellac adhesives are
also used in India in the manufacture of
various micanite products.
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Rubber cements are of two types : the
solvent-rubber type and the latex type.
The former is made by dissolving pale crepe
or smoked sheet rubber in solvent naphtha,
with or without the addition of benzed
or carbon tetrachloride. The adhesive pro-
duced is tacky, viscous, and fast drying,
but it is not very strong and is, besides,
inflammable.  These cements are now pro-
duced for use in India in the rubber in-
dustry, including the manufacture of rubber
soled canvas shoes. Messrs. The Dunlop
Rubber Co. (India) Ltd. produce annually
45,000 gallons of rubber solution for cycles
and motors, 15,000 gallons of vulcanizing
solution, and 250 gallons of uplmlstcry
cement and solution.

The latex type is growing in importance,
especially owing to its water resistance and
good flexibility.  Ammonia is added as a
stabiliser and this type of adhesive is often
compounded with other glues to increase
their adhesive properties.

In the manufacture of black adhesive
tapes for electrical insulators, suitable cotton
cloth is dipped in a solution of rubber latex
and bitumcen in mineral oil, dried, rolled
and cut into various sizes. Encouraged by
the Dep. of Supply, two firms started pro-
duction in Calcutta in 1943, and their
output in the following year was estimated
to be about jo tons (valued at Rs. 2.8
lakhs), a quantity sufficient to mcet the
peace-time requirements of India (Thomas,
Rep. Metall. & Engng. Industr., 1944, 68).

l)uum.); the War °39-15) duc to shortage
of cascin, certain adhesives were developed
at the Forest Rescarch Institute, Dehra-
Dun, from some oil-seed cakes and their
proteins, cercals, etc. to meet the increased
demands of the plywood industry (Indiun
For. Leafls., Nos. 15,16, 40, 5 52, 58, 59 and
62). These were also med in the textile
and paper industrics. An adhesive pre-
pared by suitably mixing groundnut pro-
tein, lime, sodium silicate, and copper
sulphate was found to possess good dry

.
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strength and satisfactory water resistance
(ib., No. 15).

Synthetic adhesives prepared from syn-
thetic resins are of recent origin. Of these,
adhesives madc from phenol-formaldehydce
and urea-formaldchyde resin are  the
most important. The uniform quality and
compositjon of synthetic adhesives enable a
standardized gluing technique.  They are,
besides, easily modified to meet the special
requirements of any particular industry.

They give moisture-proof joints, resistant
to chemicals, funqn and insect attacks.
These arce greatly in demand in aircraft,
shipbuilding and allied industries. In
India, small quantitiecs of imported
thermoplastic  synthetic  products  are
used for producing special  types  of
plywood.
AERATED WATERS

Acrated waters consist of  carbonated

water, containing small amounts of mineral
salts.  Usually, the chlorides and sulphates
of sodium potassium, magnesium and cal-
cium, sodium carbonate and phosphate, and
sometimes also lithium chloride are used.
Soft drinks, such as lemonade, orange crush,,
ginger beer, kola, and raspberry, are pre-
pared by carbonating sweetened waters,
suitably flavoured and coloured.

The water to be used, unless it is alrcady
filtered and treated, as from a city supply
pipe, should be purified and chlorinated.
A hard water, cspecially one owing its
hardness to calcium sulphate, is best suited
to soda water manufacture. The addition
of certain salts soda salts --helps in the
retention of carbon dioxide in the form of
bicarbonates. Soft water is used for sweet
drinks. This enables proper blending of
the constituents.

The larger factories produce pure carbon
dioxide in generators by the action of sul-
phuric acid on sodium bicarbonatc. Small
concerns make use of steel cylinders of com-
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pressed gas. A 22 lb. cylinder is sufficient
to carbonate about 100 doz. bottles of soda
water and about 150 doz. hottles of sweet
drinks. The gas obtained from sodium
carbonate, being purer, gives a.better taste.

Canc sugar forms the basis of all sweet
drinks. It is partially replaced by sac-
charine, which unlike sugar is non-fer-
mentable, and is more economical. Small
quantitics of glucose and golden syrup, and
a little citric acid are also added to improve
taste. 'The other acids thus used are tar-
taric, phosphoric, lactic or malic acids ;
blends of two or more acids may also be
employed. The acids impart characteristic
tastc and ‘sharpness’ to drinks. They
should be of edible grade, free from metallic
and arsenical contaminations.

Essences and  essential oils, and some-
times also alcoholic extracts and fruit con-
centrates are used to flavour the drinks.
Some aerated water colour powders of
doubtful quality arc being manufactured
at Amritsar, from imported dyes and desic-
cated sodium sulphate (Tndian  Tarill
Bd. Rep., Butter Colour and Aerated Water
Powder Colour Industry, 19.46).

Several varieties of bottles have been
used in the industry.  Codd’s marble stop-
pered bottles were formerly used extensively,
but these have been replaced now by plain
crown-corked bottles, which are more casilv
cleaned. These are made of strong glass,
and can withstand high pressure, and the
cork consists of a lacquered tin-plate disc
with a corrugated edge for the grip. It
is lined with cork, and has an oil-paper
intercept to prevent the liquid from touching
the metal. The bottle is scaled by pressing
down the crown-cork into the boss on its
neck. The average annual imports of
soda water hottles during the quinquen-
nium ending °38-39 were 45,050  gross,
valued at Rs. 6 lakhs.

In the manufacture of acrated water, all
forms of contamination-—chemical, metallic
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and bacteriological--must be scrupulously
avoided. Samples from water mains, soda
tank, lemonade tank, etc., should be periodi-
cally tested for chemical and bacteriological
purity. Metallic contaminations are avoid-
ed by tinning all the cylinders and using
only pipes made of tin.

The water used, after being chlorinated
and mixed with salts, is chilled to almost
freczing temperature by the expansion of
carbon dioxide, and is then carbonated
under  pressure.  In the " Riley’ patent
automatic carbonator or soda water coms-
pressor, chilled water is pumped to the top
of the evlinder. 1t is spraved down when 1t
dissolves carbon dioxide which is fed from
the bottom. The pressure inside the car-
bonating cylinder is 125-150 lb.sq. in.
for soda water, and 75-100 Ih. sq. in. for
sweet drinks.

The carbonated water is pressurc-filled,
prior to bottling in an auwtomatic rotary
multiple-head filling machine.  In these
mac hines, an upper cylinder is charged with
the carbonated liquid, and bottles are fed
underncath, on a rotating platform to
openings which (it tight into the bottle
mouths.  The air in the bottle is expelled
through a valve into the top of the feeding
Gvlinder, and is discharged automatically
through a valve. Thefilling is donc under a
fairlv low pressure without much loss of
gas. The bottles, alter being filled, arc
automatically fed to the capping side, where
they are crown-corked.

For the manufacture of sweet drinks,
ssrup is prepared by boiling sugar (55-65
per cent.) with water after the addition of
small quantities of saccharine and golden
syrup. It is then cooled and mixed with
acids, flavours, colours, etc. 'The flavoured
svrup is fed to a syruping unit, fitted to the
automatic machine, and blended (ca. 10z. per
bottle) with carbonated water during filling,

In smaller factories, water is cooled by
passing it through a coil immersed in ice.
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Carbon dioxide from a cylinder, after being
filtered through a solution of potassium
permanganate, is forced under pressure into
the carbonator. .\ rotary machine is used
for filling, and the carbonated water is in-
troduced into the bottle in successive stages,
the air being released through a valve. The
filled bottles are then capped ina separate
machine. .\ single multi-purpose  hand-
operated machine is emploved in very small
concerns.

It 1s essential that during filling, air is
cxpelled completely from the bottle. Other-
wise, being much less soluble in water than
carbon dioxide, air will rush out when the
bottle is opened, with the drink becoming
flat soon.

Bottle-washing i« of the utmost import-
ance in actated water factories. In larger
factories, bhottles are cleaned in automatic
power-diiven machines using a good caus-
tic detergent.  These  detergents generally
contain sodium carbonate, silicate, and hy-
droxide. and trisodium phosphate. In small-
er concerns, bottles are soaked in a solution
of washing soda, brushed, and treated with
a solution of potassium  permanganate to
disinfect them  and  finally - washed with
fiesh water.,

Automatic machines capable of turning
out 120-140 doz. bottles per hi,, are im-
ported, mostly from the U. K., and the
average annual imports of soda  wate
machines during the quinquennium ending
'38-39 were valued at Rs. 36,500, Smaller
machines ol capacity 3-80 doz. hottles
per hr. are made in India and their prices
vary from Rs. 300 to Rs. 3,500

Acrated water factories are found in al-
most all the big cities. A few large con-
cerns in Calcutta, Bombay and Madras
produce over 10,000 bottles per day, and the
largest of these has an output of about 72,000
bottles per dav. Besides these, there are
numerous small concerns, both in cities and
in smaller towns, turning out dozens of

bottles per day. In general, more than 50
per cent. of the output consists of soda water,
and the rest, of sweet drinks. Production
is casily switched over from one to the other
according to demand.

The output is generally controlled to meet
immediate local demand. Hence, in this
industry the problem of spoilage is not serious.
The spoilage, when it oceurs, is mainly duc
to yeasts, since acidity inhibits most types
of bacteria.  The source of these yecasts are
sugar syrups when not sterilised, contami-
nated pipe lines, and improperly washed
bottles.  Besides, light and chlorine bring
about certain chemical changes, il the water
used  has been chlorinated  (von Loesecke,
386).  Long storage leads to flatness, owing
to escape of gas from imperfectly capped
bottles.

AGARBATTIS

The burning of incense in religious and
seecial functions has been practised in India
dnce caly times. Dhup, an  aromatic
powder or paste, i burnt in Indian homes
as a fragrant fumigant, and is reputed to
possess insecticidal and antiseptic proper-
ties.  dgawbattis, also known as udbattis,
similar to joss-sticks, are a development of

dhup.

Several aromatic woods, roots, barks, ctc.,
cssential oils and synthetic aromatics, resins
and balsams, are used in the preparation
ol agarbattis.

PRINCIPAL INGREDILENTS USED IN ‘THE
PREPARATTION OF AGIRBATTIYS

Woods Acar black (Aquilaiia agallocha

Sandal (Santalum album)
Roots Costus (Sausswiea lappa)
hapui-kachri ( Hedychium spicatum
Sumbal (Nardostachys jatamanst)
Vetiver (Vetiveria ztzanioides)
Binks Cassia (CGrnnamomum cassia)
Cinnamon (Cinnamomum  zeylam -

cum>

10
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Leaves .. -+ Patchouli (Pogostemon heyneanus)
Himalayan silver fir (Abies spp.)

Marjoram (Origanum majorana)

Flowers Rose buds (Rosa spp.)
Champak (Michelia champaka)
Cloves (FEugenia caryophyllata)
Seeds Cardamom  (Elettaria” cardamom-

um)
Mace (Mpyristica fragrans)
Myrrh (Comnuphora spp.)
Olibanum (Buswellia cartern)
Benvoin (Styrax benzoin Dryand.)
Storax (Lewquidambar oriental.. Null.)
Halmaddi  (Milanthus malabaiicum:

Gums and resins

Miscellaneous . Charcoal
Saltpetre
Colours, ete.
Filler ‘Wood gum,” Mwada ki luld:

(wood of Litsaca sebifcra)

Agarbatlis are usually made in the form of
sticks, varying in length from 421-16”, and
in diameter, from '/-1". The purified
resins, essential oils and fixatives are mixed
with powdered fragrant woods, other aro-
matits, and water, and ground into a finc
paste. Sometimes aniline colours are also
added. ¢ Wood gum’ is then mixed with
the paste and kneaded. Usually, the raw
materials are powdered and ground by
manual appliances. Some concerns also
usc mills. The resulting hard paste is
coated on bamboo sticks, cut into thin
lengths of the required size, and rolled by
hand on a smooth plank to suitable thick-
ness. During rolling, colours, sandalwood
dust, fumigating compounds, etc., arc added
to give them ceven finish and appcarance.
The rolled sticks are dried in shade, and
packed in small bundles.

TYPICAL COMPOSITION OF AG.ARBATTI
OF MEDIUM QUALITY

(Per cent.)
Sandalwood .. .. . .. 30
- Black agar .. .. . .. 20
Vetiver .. .. .. . 5
Kapur-kachri .. .. .. . 5
Leaves and flowers .. .. .. 10
Olibanum or myrrh .. .. .. 20
Charcoal and other ingredient .. 1o

“To thisadd 25-35 per cent. of ‘wood gum’
sowder of not less than 8o mesh.
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Agarbatlis are gbtainable in different col-
ours, and with different perfumes. The
burning time of an agarbatty varics from 15
min. to 3§ hrs., according to quality and size.
Agarbatti is also obtainable in other forms,
such s, dashang (sticky paste or powder),
decp (cones) and dhup, tablets, ctc.

Agarbatti-making is a cottage industry
in Mysore State, and Madras and Bombay
Provinces. There are about 200 concerns,
more than halt of which arc located in
Mysore State, chiefly in Bangalore. Mysore
City, Madras City, Poona, Pandharpur and
Tanjore arc the other prominent centres of
production.  Nearly 10 thousand skilled
workers, mostly women, arc ecmployed in
the industry.

About 75 per cent. of the agarbattis manu-
factured arc of cheap quality containing
only charcoal powder or low quality sandal
wood powder with a mixture of 50 per cent.
of * wood gum’ powder. Cheap perfumes
arc used to give them a top note. In superior
varictics, essential oils, purified resins, nat-
ural fixatives like amber, musk and civet
are used along with synthetic aromatics.
Absolutes are used in the costlier types.
Before the last War, agarbattis of medium
quality used to be sold atRe. 1 to Rs. 1-8
per Ib. and now they are sold at Rs. 5 to
Rs. 6, but the selling price of high class
agarhattis has risen from Rs. 40 per 1b. to
only Rs. Go.

Agarbattis arc used by many communities
in India, Ceylon, Burma, and by Indians
residing in Africa, Malay States, Dutch
East Indics, etc. Before the War, there was
also a small decmand for themin the U. K.,
the U. S. A. and Canada.

AGRICULTURAL IMPLEMENTS

Agricultural implements include ploughs,
harrows, clod-crushers, ctc. In India, the
farmer himself makes most of these imple-
ments, out of locally available timbers,
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somctimes  with the help of lhc village
blacksmith. The" strongest, toughest and
hardest woods are selected, and the follow-
ing is a list of such woods.: Acacia arabica,
Acacia catechu, Anogeissus latzfolza, Cassta fistula,
Chloroxylon swietenia, Dalbergia sissoo, Dzoc-
pyras melanoxylon, Mesua ferrea, Ougeinia dal-
bergioides, Prosopis spicigera, Pterocarpus spp.,

Quercus spp., Schleichera trijuga, Shorea robusta,
Tectona grandzs Xyliaspp., and Zizyphus jujuba
(Trotrcr 1940, 171 5 1944, 192). ~

" The demand for agricultural implements
made of iron increased greatly after the first
World War. The Agrico Ltd., the first,
and even now the only modern iactory for

mass production of edge tools was cstab- |

lished in ’22. By about ’3qg, therc were
nearly ten large concerns in India producing
agricultural implements, and the produc-
tion of pick-axes, shovels, hocs, powrahs,
kodalies, ctc., was large enough to meet a
substantial portion of India’s demand. The
implements now made in India are ploughs,
harrows, sickles, hocs, shovels, pick-axes,
digging forks, I.odalm fmks mamly forks,
felling-axes, pruning knives, ctc.
about 200 varicties of cdge lools made in
this factory, various kinds of picks, hoes and
felling axes are o\tomlvel\ uscd by agri-
culturlsts : C

" The factor) gcts its stccl eupphcs from the
Stcel Works at Jamshedpur, who roll them
in scctions suitable for various tools. The
steel used is of high carbon quality (carbon
content of stecl : for picks, 0.50-0.60 ; for
hoes, 0.45-0.60 ; octagons, 0.75-0.85 ;
squarcs, 0.45-0.55 ; and flats, 0.60-0.75 per
cent.). Pick-axes (gainfees) are made out
‘of billets 13" x 17, 24" %1}, and 23" x1}"
Powraks are made out of hoe bars of '”
Ve and %"  thickness  and
width. Hammers of various weights and
types are made out of square sections of steel
bars. Felling axes, crow-bars, chisels and
meat choppers are made out of flats and
octagons. The village blacksmiths arc un-
able to usc quality steel owing to its ]ugh
«cost, and invariably use scrap. .

({|//

Out of

Machinery required for the manufacture
include forging machinery, consisting of
pneumatic hammers, spring hammers, and
the usual smithy tools and accessories,
grinding and polishing machines, electric
furnaces for tempering, welding plant,

machine shop cquipment, ctc.

MAKING
(mnlrtv of the Supt.,

A PICK

larico Factory, Jamshedpur)

Picks are made out of pick bars which are
first sheared into pieces of suitable weight
and length. The blanks are heated to
about 100" and the eye is first forged on a
200 ton Bliss electrically driven press, fitted
with a sct of eye forming and trimming
dies.  The first operation punch imparts the
rough shapce of the ecye to the blank and
draws the metal for forming the eye under
the second operation punch. The fins and
slugs formed it the top and bottom of the

eve arc removed by trimmings The eyes
arc then reheated and both ends elongated
according to the shape required.  About
14-2” of the flat and pointed ends of the
picks are ground to give sharp edges and
point. To ensure long life, about 2" of
both ends are hardened and tempered, and
the hardened ends polished. Finished picks
arce finally varnished or painted.

Powrahs ov kodalis arc made out of hoe
bars }” wide and }--%/," thick. The blanks.
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to the weight of the powrah. 'They are
heated to 1000° and rolled onc by one, under
a pair of reciprocating rolls, to the required
length. An cye is then punched in the
blank in a 7 Cam press, and superfluous
metal trimmed. The powrah is then curved
and stamped. Powrahs so forged are sent
to the grinding machines where about 2”
of the edge portion and the burrs on the
sides are ground. The cdges arc then hard-
cned, tested, varnished and painted.
Felling axes arc forged out of fats (33"
x 1”) which are first shcared to the re-
quired weight. The blanks are heated to
1000°, and the eye formed under a press
using suitable dies. The taper on the
section is obtained by flattening out the
metal under a plating hammer.  Finally,
these forgings are finished by hand to
remove uncvenness of surface and of the
eycs. The forks are then sent to the
grimding scction for grinding the edge sharp
and for removing burrs. They arc finally
hardened, tested, polished, and varnished.

Implements, such as, tca-garden tools,

shovels, and knives, are not yet being made

on a large scalc.

A large portion of the country’s require-
ments cf agricultural tools is met by Agrico.
The production of a lakh of tools requires,
on an average, 350 tons of steel bars and
sections. Before the last War, the factory
was using 5,000 tons of stecel annually,
producing about 12 lakhs of tools. During
the War, this factory, working three shifts

a day, produccd annually gr.2 lakhs of

tools from 10,000 tons of steel.  Agrico’s
entire production of pick-axes (90,000 per
month) was rescrved for the Supply Dep,,
but the production of hoes (1.40,000 per
month) was not controlled except for the
supply of steel. Skilled and unskilled labour
necessary for producing a lakh of tools per
montk: is about 300 men per day.

_ The desi plough consists of a wooden
beam, a wooden handle, and a standard

’-

fitted with an iron piece at its end, which
acts as the cutting cdge. The plough is
of the ripping type; it breaks the soil
without inverting it, and makes a furrow
about 41" deep, and 2-3” wide.

Iron ploughs were put on the market in
1904 by Mecssrs. Kirloskar Bros. (Kirloskar-
vadi, Satara Dist.), but these did not sell
for a few years owing to their cost and the
conservatism of the farmer. They are
now being manufactured by several firms,
the most important of them still being
Messrs. Kirloskar Bros. A number of types
have bheen developed for different soils, and
these require 1-4 pairs of bullocks accord-
ing to sizc and weight. The furrow capa-
city varies from 3”-16” in depth, and 4"
-16” in  width. Light ploughs arc used for
Jight soils and hcavier types for irrigated
land and black-cotton soil. .

Steel ploughs are usually of mould-board
type.  The share and the mould-board are
its most important parts. The former is
generally made of high carbonssteel (carbon,
0.5-0.6 per cent.) and its cutting cdges
should be thoroughly chilled to a depth
of about '/y" to make them hard and wear-
resistant.  The shares are also polished to
lessen friction. The mould-board which
turns up the soil is also made of steel (carbon,
0.3 per cent.) and is polished. 'The share and
the mould-board are fitted to the body of the
plough, built of mild steel flats  and
rounds.

Other agrienltural mplementss and ma-
chinery made by Indian manufacturers arc
disc harrows, scrapers, hand cultivators,
sugar canc crushers, decorticators, chafl’
cutters, ete. Recently the Aircralt Factory
at  Gherpuri, near Poona, has been lcased
by the Government to Messrs. Pashabhai
Patel & Clo., for a year, lor the manufacture
of power-driven ploughs, harrows, etc.,
to be worked with tractors purchased from
British and American war surpluses (Fast.
Fconomist, 1916, 7, 10V,
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AVERAGE ANNUAIL IMPORTS OF AGRICULTURAL
IMPLEMENTIS AND MACHINFRY

' (Lakhs of Rs.)

I Agricultural machinery

. . !
In quinquennium  Tmple- !

ending @ ments | Ploughs Tiactors | Other ! Total
& parts ; & parts | sorts

“ .'33 -3t 8. 13 1 ona 28 .2

w '38--39 o2 1.7 ’ 656 43 1e

w '43--44 2.4 1.2 1504 1.8 16.4

In '44--15 2.3 0.3 8.5 1 q6

» 45 -40 2.9 1.1 225 32 258

During the quinquennium cnding ’38-30,
the U.'K. supplicd 65 per cent. of agricul-
tural implements, and {06 per cent. of
Ploughs, imported into India.

ANNUAL EXPORTS OF SOML AGRICULIURAL 1M-
PLEMEN IS FROM THE U, K. ‘10 INDIA

(No. in thousands and val. in thowand pounds;

In  quinquennium In quinquenmum
«nding '59: ending *py
No. Val. No. \al
|

Forks . . 29 o 16 3.0
Shovels and spadesy 182 13.5 O a5
Scythes and others 194 290
Ploughs (28 tom) ) .. .e

*Tr. U. K., TII.
AIRCRAFT

Aircraft manufacture is a highly special-
ized industry. [t involves the use of more
than 1,000 different types of raw materials,
the most important of which are strong
light alloys, such as aluminium and mag-
nesium allcys and wood. Others are steel,
nickel alloys, brass, rubber, fabric, tapes
and cordage, plastics, dopes, adhesives,
paper, paints and varnishes.

Over three-quarters of the weight of
the frame of a modern aircraft consists of
aluminium alloys (vide Aluminium). These
allovs combine lightness with extraordinary
strength and rigidity. Aluminium casting
alloys, containing zinc and copper, arc
used for general casting work including the
acro-engine (cylinder heads, pistons, crank-
cases, cte.). The Rolls-Royce Merlin XX
acro-cngine contains 43.6. per cent. by
weight of aluminium alloys. Wrought alu-
minium alloys, of the well-known dura-
lumin type, are used cxclusively in the form
of shects, strips, girders, rivets, etc., in the
construction of aircraft framework such as
ribs, beams, wing skins, fuselagces, ctc.,
wherc a metal with very high strength-
weight ratio is required.  Duralumin has
roughly the same strength as mild stecl and
i third of its weight.  Blades of most metal
propellers are made of aluminium alloy
forgings.  Besides these, many complex
aluminium alloys, such as the R. R. alloys,
are used for forged pistons, and commer-
cially pure aluminium sheet for non-
structural parts {cowlings, wings, tanks, ctc.).

During the last War, the Indian Alumij-
nium Co. Ltd.; Belur, installed a plant to
produce about 20 tons of duralumin shects
per month. The Aluminium Mig. Co.,
Calcutta, have done considerable work on
the casting of aluminium alloys, and g or 4
firms including the Hindustan Aircraft Ltd.
are also capable of doing this work. Alu-
minium wire is being made in India, and
some Ordnance Factories have equipment
for extrusion and forging work.

Magnesium alloys, containing up to
about 11 per cent. aluminium and small
amounts of manganesc and zinc are the
lightest structural alloys known, being two-
thirds the weight of aluminium. ‘They
possess excellent machinability, toughness
and fatiguc endurance, and have a high
strength-weight ratio. These are extensively
used in aircraft enginc castings, instru-
ment housings, landing wheels, under-car-
riagc members, miscellaneous structural
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parts, forged air-screws, pctrol and oil tanks,
and interior fittings, etc.

Other metallic parts arc madc of alloy
steels and copper alloys. The usec of stain-
less steel is increasing rapidly owing to its
great strength, extrcmely high strength-
wcight ratio, high resistance to corrosion
and adaptability to production methods.
Pure copper is also used chiefly in the form
of tubing for fucl and oil lincs, ignition wire
ahd other essential parts.

Next to light alloys, timber is the most
important raw material used.  Aircralt
timber must be of the highest quality and
should conform to very strict specifications.
It should be perfectly straight-grained, with-
out knots or defects, and should be very
carcfully sclected and kiln-dried. Moisture
content, on which depends the strength of
the wood, should be properly regulated.
Special aevonautical grades of birch (Betula
spp.), balsa (Qchroma lagopus Sw.), Sitka
spruce [ Picea sitchensis (Bong.) Carr.], Doug-
las fir, ctc., which combinc toughness and
lightness, arc used for general structural
work, like spars, ribs, longerons, ctc., for high
quality plywood, for propellers, for linings,
and for targets and model aircraft. For
thc main members, 2i:., spars supporting
the wings, longerons supporting the fuse-
lage and tail members, only the best selected
North American Sitka spruce is used. This
variety is preferred to best alloy steel and
duralumin owing to its higher strength-
weight ratio and also because it can be
obtained in clear, straight-grained picces of
large size and uniform texture.

Indian spruce (Picca morinda) and Indian
fir (Abies pindrow) have been found to con-
form to aircraft specification for Grade A
materials. Sclected picces from the Indian
spruce are stronger than Sitka spruce in
bending and compression, but slightly
weaker in brittleness, and yield up to 1o-12 ft.
of aircraft quality timber.” Indian spruce
may be used in place of Sitka spruce, but
very strict supervision is necessary during

its felling and conversion. Considerable
quantity of Grade B material can also
be obtained from this timber. But it is
difficult to obtain timber of sufficient length,
completely devoid of knots and defects, and
hence it cannot be used for the construction
of spars for wings. Investigations at the
Forest Research Institute have proved the
suitability of certain Indian light hardwoods,
such as Afichelia eacelsa, Polyalthia fragrans,
Michelia champaca, Canarium euphyllum and
Phoebe goalparensis for this purpose. The
first two timbers are the ncarest substitutes
for spruce ; the next two woods are good for
Grade B material, and, if properly selected,
also for Grade A matcrial.  Phoebe goal-
farensis is good, but it is somewhat heavier
than Sitka spruce.

For plywood required for covering body
framework and wing surface, special air-
craft quality timber such as birch, and
maple (.1cer spp.), is used in Europe. Indian
substitutes arc Dichopsis elliptica, Zanthoxy-
lum rhetsa and Dalbergia  latifolia.  Other
woods mentioned as probablv suitable are
Polyalthia fragrans, Juglans regia, Phoebe goal-
parensts, Dalbergia sissoo, Machilus macrantha,
Terminalia  myriocarpa,  Mangifera indica,
SMichelia spp., Chukrasia tabularis, Ilimalayan
maple  (Aesr campbellii), and Dipterocarpus
macrocarpus. At present only two firms, one
in the U. P., and the other in the South,
are capable of manufacturing aircraft
quality plywood. .

Airscrews arc generally made from lami-
nated blocks made of walnut and mahogany.
In many cases, compregnated wood is
used. The best Indian timbers for this
purpose arc of Pterocarpus dalbergioides, rto-
carpus hirsuta, Chuckrasia tabularis, Mlichelia
champaca and Phoebe goalparensis (Trotter,
1040. 152 ; 1944, 189 ; ride also [imaye,
Indian Ior. Rec., New Series, Util., 1942,
2, 168).

Cotton fabric is used for covering fuselage,
wings and control surfaces, and tape for
covering stitches and for reinforcing and
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binding. Dope which is applied to the’

outer fabric for tightening, strengthening,
and waterproofing is a hcavy solution
made from cellulose nitrate or ccllulose
acctate base. The nitrate dope is generally

usced, but the acetate dope on account of

its fire-proofing quality, is employed for
the finishing coat.

There arc two types of aircraft manu-
facture : factories which turn out com-
plete plancs, and assembly plants, building
planes from ready-made units produced by
others. Only very big concerns come under
the first category, and the bulk of manu-
facturers belong to the sccond.

Mass production is not always possible
in this industry owing to the small volumc
of turnover, and the great varicty of models.
Machines of huge size are built with a high
degree of precision and workmanship.
Manufacturers arc reluctant to start mass
production on account of frequent changes
in design.

In the manufacture of an aircraft, de-
signing is the first step, and this depends
upon the purpose for which the machine is
built. The main types are military plancs,
light commercial plancs, private and business
planes, and airline transport planes, and
cach of these groups is composed of numc-
rous sub-types. For the present, in India,
the Government intend to usc foreign
designs for the Air Force. These will be
replaced later by designs developed locally.

The main parts f an aircraft are the
wings, the fuselage, power plant including
the engine, propeller. petrol and ofl tanhs,
the tail group including the vertical fin,
the rudder, stabilisers and clevators, the
landing gear and all accessories.  Each
of these 1s assembled first, and dwing the
final assembly the major cemponents are
put together, the order depending greatly
upon the design. ,

Although three [actories were set up at

Bangalore, Barrackpore and Poona for the
manufacture of aircraft during the last
War, there was no production at the end
of the war, and the future of the industry
was uncertain. In ’46, the Government
of India requested the British Govt. to send
a Mission to advise them on the establish-
ment of an aircraft industry in India. On
the rccommendation of the Mission, the
Government selected the Hindustan Air-
craft Ltd., Bangalore, to form the nucleus of
the industry (Rep. U.K. Aircraft Miss.,

1946).

This factory was the first to be established
in India (Dec. ’40) under the stimulus of
War, for assembling and ultimately for
manufacturing aircraft. Its original capital
of Rs. 40 lakhs was subscribed equally by
the Govt. of Mysore and Mr. Walchand
Hirachand. In Apr. ’41, the Govt. of
India became one of its sharcholders and
the capital was raised to Rs. 75 lakhs, held
equally by the three partners. The factory
was cquipped largely with American plant
and machinery.

The first Indian assembled ~acroplane
came ofl the production linc in July 41,
followed by the second in the next month
But with the intensification of war, the
Govt. of India were obliged to assumc full
control of the factory by buying out
Mr. Walchand Hirachand’s interest, and
by payment of a solatium of Rs. 12.5 lakhs
to the Mysore Govt. for the duration of
war. In’43, the war situation made further
expansion necessary, and the factory was
handed over to the United States Army Air
Force under the Managing Agents agree-
ment for servicing, repairing and over-
hauling of all American purchased aircraft,
engines, and equipment used in India.
The managing agency agreement between
the U. S. Army Air Force and the Hindus-
tan Aircraft Ltd. was terminated in Dec.
'45. In Apr. ’46, the position of the
Mysore Govt. as an active partner was
restored. It is now a private limited
company, jointly owned by the Govern-
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ments of India ard Mysore, sharing the
capital in the ratio, 2 : 1.

During the War, the factory suspended
the manufacture of aircraft and switched
over to the maintcnance, overhaul and
repair of aircraft engines, and accessories.
All manufacturing jigs and fixtures, par-
tially manufactured aircraft and compo-
nents were ccrapped, and the floors cleared
for repair work on four major typcs
of American aircraft : B-24 ‘Libera-
tor> Bombers, B-25 ¢ Mitchell’ Bombers,
Douglas C-47 (Dakota) Transports, and
Catalina Flying Boats. Also many other
types of aircralt, from the Flying Fortress
Bomber tn the Mosquito Fighter, were
serviced. An Lngine Division was cstab-
lished for the complete overhaul of Wright
and Pratt & Whitney engines. An Acces-
sories Division was set up to handle overhaul
ol radio, {light instruments, magnetos,
starters, generators, batteries, and pumps.
An-’ interesting auxiliary programme was
the construction of more than twenty-seven
thousand ° droppable belly tanks’ which
were installed on fighter aircraft to increase
their range, and jettisoned when empty.

The following statement gives a genceral
idea of the amount of work accomplished
during the War (I{industan Aircrafi) :

No.
Cargo—C-47> (Dakotas, over- 106
hauled
Bombers -B-25  (Mitchells) twin- 174
engined light bombers
B-24 (Liberators) tour-engined 176
heavy bombers
Catalinas  twin-engined  flying 35
patrol boats
Aircraft engines 3,799
Avuxiliary fuel tanks 21,491
Misc. aircraft 160
Spark plugs 765,978
Linginc accessories and Int'ums 80,673
Radios 11,492
Rubber parts 19,831
Propellers .. 2,447
Propeller components 11,626
Instruments 63.139

At prescnt the factory acts mainly as
overhauling, repairing, assembling and con-
version depot for Civil Alr Lines and the
Air Force, and issues ° certificatc of air-
worthiness,” and also manufactures some
components and spare parts for use in
repair work. The present (Apr. ’47) out-
put is the overhauling and repairing of
8-10 aircraft and 25 engines per month.
So far {Apr. ’47), about 80 aircraft and 8o
cngines have been completed. The Air-
craft Miss. estimatc that 20 per cent. of
overhaul and repair work in respect of
scheduled transport aircraft will flow to
this company, which in terms of annual
receipts  are  estimated at Rs. 6, 9.
12 and 15 lakhs, during thc. quinquennia
cending 'R0, ’55, 60, and ° b5 respectively.
They also estimate that 25 per cent. of the
work from hirc and charter operations,
30 per cent. from private owners and 20
per cent. from flying clubs will come to
the factory, which will bring the concern
Rs. 6, 8, 12 and 15 lakhs respectively,
during the four successive quinquennia.

Now the factory has been reorganised
and the Company has taken up the pro-
duction of Percival Prentice Trainers for
the R. 1. A. F. under an assistance arrange-

ment  with the Percival  Aircraft  Co..
England. The Ministry of Defence have

placed an initial order for 50 such aircrafi.
The cost of manufacturing a Percival Pren-
tice aircraft has been estimated at Rs. 1.10
lakhs, excluding that of the cengine.

The first few planes to be made at the
Hindustan Aircraft Ltd. arc expected to be
ready by May 48, and these will be as-
sembled from imported components.  Gra-
dually indigenous components will replace
imported ones and the first aircraft to be
manufacturcd using indigenous  compo-
nents is expected to be ready by Sept. 48.
The programme is to assemble 15 from
components and 5 from dectailed parts,
and to manula( turc 30 from raw materials,
before June °'49. The development of
engines is not likely to be taken up at
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present owing to the likelihood of their
being superseded by internal combustion
turbines or jets.

The Hindustan Aircraft Ltd. has also
undertaken the manufacture of 100 im-
proved type of third class railway coaches
with steel panel for the Ministry of Railways,
at a fixed price of Rs. 60,000 per coach.
To meet this expanded programme, the
company dccided to incrcasc its share
capital from Rs. 75 lakhs to Rs. 175 lakhs.

From mid-’42 to carly ’43, the lahour
forcc of the factory increased from 3,500
to 13,500, and early in ’45, well over
16,000 emplovees were on the rolls. Since
the end of the War, there has been drastic
retrenchment, and now with the exception
of 23 British and American supervisory
personnel, the stall consists entirely of
Indians, composed of 2,341 daily labour,
1,187 monthly rated labour, and 63 officers
and executives. The labour force dis-
charged after the War, of whom about
60 per cent. are estimated to be available
for re-employment, forms a valuable pool
from which additional labour can be drawn,
if required.

In Oct. 43, the Govt. of India also
established a number of Civil Maintenance
Units for the Air Force, under the Direc-
torate-General Aircraft, to repair and main-
tain aircraft, acro-engines, propcllers, ins-
truments and other components. Salvage
of serviceable or repairable parts from
obsolete aircraft and recovery by clectro-
plating, etc., was an important feature
of their work. 18 Units were functioning
in ’44, and a separate Civil Maintenance
Unit controlled by the Tata Aircraft, Bar-
rackpore, was specially engaged on the
assembly of aircraft from imported  parts
and its average monthly outturn rose to %0
aircraft.

Contracts were also placed with the Tata
Aircraft and the Indian National Airways for
the repairing and maintenance of planes.
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Three Tata Civil Maintenance Units com-
menced work early in ’44. By the end
of May ’44, the Civil Repairing Organiza-
tions had repaired about 700 aircraft and
1,750 acro-engines, in addition to a large
amount of aircraft modification and ins-
pection work. The average monthly out-
turn of repair work of a few important
items was 2,000 dash-board instruments,
3,000 magnetos, 1,500 replated accumulators
and 200 wircless sets.  The Mathematical
Instruments Office, Calcutta, repaired more
than 58,000 instruments.

In addition to repair and maintcnance
work, the Directorate also undertook the
manufacture of aircraft equipment, and
parts and spares for air frames and acro-
engines. During ’43, 13,270 different items,
covering several large and small parts were
manufactured in these factories. 10,000
aluminium and 5,000 plywood hurricane
petrol tanks, and 3,000 Spitfire petrol tanks
were completed, by Aug. *44.

The training of engineers, craftsmen and
managerial stafl for the Indian Aircraft
Industry is very important and raises many
problems, and the Hindustan Aircraft Lid.
will train its own personnel. The skill re-
quired cxtends far beyond the mechanical
aptitude and demands high degree of ver-
satility, since workers have to be frequently
moved from one class of work to another to
maintain balance in the factory ; it also
requires a thorough knowledge of mechani-
cal engineering, particularly aircraft engi-
neering, to cnablc the worker to fill in by
himself the diflerence in specification
between engineering drawing and opera-
tional drawings and instructions.

A factory with a large programme of
production of civil aircraft will necessitate
expansion of inspection, research and de-
velopment organization. Some research
facilities exist at the Hindustan Aircraft
Ltd. and at the Indian Institute of Science,
Bangalore, where a separate department was
founded in ’43. The equipment consists of
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wind tunnel and apparatus for radiological
and microphotographic examination of
castings.

AVERAGE ANNUAL IMPORTS OF AIR-
CRAFT AND AIRCRATFT PARTS

Aircraft  Aircraft
parts
In quinquennium Val.in  Val. in‘
ending : No. lakhs of  lakbs of

Rs. Rs.
_’33-34_ .. .. 21 2.17 2.82
’38-39 .. 33 9.99 942
'43-44 .. .. 13 4.8% 59-54
1445 .- . 2 0.85 11.19
’45-46 .. . 1 0.02 19.25

There was a peak import of aircraft parts
werth Rs. 2.45 crores in - "41-42, this great
increase being duc to diversion of parts
worth Rs. 1.67 crores from Burma.

LEASE-LEND EXPORTS TO INDIA AND
DEPENDENCIES FROM THE U. S A. IN 1944*

No. Million
$
Bombers 541 12
Fighters 850 08
Transponts RUYS 39
Communication aircraft 162 1
Trainers 383 9
Gliders 630 12
Aireraft  parts  (accessories . 24
not elsewhere specified)
*Kor. Comm. & Navmg. U, 8., 10944.

ALCOHOL

The term ‘ alcohol’ was first applied to
the spirits of wine, ethyl alcohol, and now
it refers to a series of substances with similar
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characteristics. Ethyl alcohol is the active
constituent of all intoxicating liquors ob-
tained by the fermentation of saccharine
materials. It is present in the form of
esters in several volatile oils. It is now-a-
days prepared in immense quantities, chiefly
by fermentation, and finds numecrous in-
dustrial uses, and is also being used as a
motor fuel.

Pure cthyl alcohol, C,11;O, also known
as ¢ absolute alcohol’, is a colourless mobile
inflammable liquid with a spirituous odour
and a sharp tastc (sp. gr. at 15.6°15.6°,
0.7935, and 0.7851 at 25°%4°; wt. per gal.,
6.60 1b./20°; b. p., 78.4°; and frcezing
point, —~114.4°). It is hygroscopic and is
miscible with water in all proportions. Con-
siderable hecat is cvolved when water is
added to alcohol, the volume of the mixture
showing a slight contraction. Alcohol is
also freely miscible with most organic
liquids, and is an excellent solvent.  [ts
flash point is 18.9" (65°F.), and it burns
with a pale blue flame. Its vapours form
explosive mixtures with air.

Aqueous alcohol cannot be completely
dehydrated by fractional distillation owing
to the formation of a constant boiling mix-
ture of b. p., 78.15° (alcohol, g5.6 ; and
water, 4.1 per cent. by wt.). This mixture
represents  the highest concentration of
alcohol possible under the usual methods of
rectification.

Chemically, alcohol is a neutral substance.
When conc. sulphuric acid is gradually
added to alcohol, cthyl hydrogen sulphate
is formed with the evolution of considerable
hecat. Ethyl hydrogen sulphate decomposes
at 170" and gives cthylene. At tempera-
turcs below 145" it reacts with a further
quantity of alcohol and yields ether. The
esters of alcohol are generally neutral,
pleasant-smelling  liquids, insoluble in
water.  Alcohol is attacked by several
oxidizing agents and is converted succes-
siv.?jly into acetaldchyde and acetic
acid.
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Alcohol has a depressant effect on the
central nervous system, and not a stimulat-
ing cflect as was formerly supposed. The
apparent exhaltation is due to its anaes-
thetic and hypnotic propertics, owing to
its inhibitory action on higher nerve centres.
A strong dosc of alcohol introduced into
the stomach increascs heart beat and causes
a rise in blood pressurc. Hence the usc of
brandy as a restorative.

Small quantities of dil. alcohol taken
before food increase the flow of gastric juice
and aid digestion. Alcohol has also a high
food value as it is rapidly absorbed, and
oxidised in the tissues ; 100 g. arc equi-
valent to about 78 g. of fut. The continued
use of strong alcohol, however, produces
scrious disorders in the stomach resulting
in gastritis and other complications.

The normal concentration of alcohol in
human blood is 0.004 per cent.  When
imbibed, its concentration in blood usually
rcaches a maximum in an hour and a half,
and becomes normal again after r12-15
hrs. Symptoms of intoxication begin to
appear when concentration reaches o.15
per cent. Habitual drinkers show a higher
tolerance.

Partially diluted alcohol (50-75 per cent.)
acts as an antiseptic and is used as a steri-
lising agent in surgery. The maximum
bactericidal cffect is exhibited in concen-
trations of 70 per cent.

The use of alcohol as an exhilarating
and intoxicating beverage is  common
throughout the world. 7oddy, the ferment-
ed juice, obtained from several palms, has
long been used by the poorer classes in
India, and the distillation of spirit, arack,
from fermented rice, foddy, etc., has been
known, since carly times. Since the advent
of the English into India, modern distilleries
and brewcries have bcen cstablished in
almost all the Provinces and important
‘States. The potable spirits made are country
spirit (arrack and spiced liquors), and liquors
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resembling imported spirit (rum, gin,
whisky, and brandy). For alcoholic be-
verages, vide Brewerics and Malt liquors,
Distilleries and distilled liquors, Toddy and
other indigenous fermented liquors, and
Wines. This article is confined to the
Industrial uses of alcohol.

Alcohol possesses excellent solvent pro-
pertics, and it is used for the cxtraction of
several drugs, and for the manufacture of
tinctures and other medicinal preparations.
It is also employed for the extraction of
cssential oils, and for the preparation of
perfumes, essences and flavours.  Alcohol
dissolves shellac, rosin, and cellulosc es-
ters, and is widely employed as a solvent
in the preparation of lacquers, varnishes
and cnamels. It is used as a process

matcrial in the preparation of numerous
organic compounds, including synthetic
drugs and dye-stuffs, especially for crystal-
lization and purification.

Alcohol is used directly in the manu-
facture of several compounds such as ether,
ethyl acctate, and other esters, acetic acid
(vinegar), acctone, chloral, chloroform and
iodcfcrm. Tt is required for the manufac-
turc of mercury fulminate which is largely
used in detonators for explosives. It is a
solvent in preparing T.N.T. Alcohol is also
employed in the preparation of transparent
soaps.

Alcohol (methylated spirit) is also widely
employed as a heating agent.  Solidified
spirit used in cookers is prepared by dissolv-
ing stearic acid in alcohol and saponifying
it with sodium hydroxide. On cooling, the
soap (5-7 per cent.) formsa soft bulky solid
occluding the spirit.

One of the most important developments
in rccent years is the use of alcohol as motor
fucl. For this purpose, petrol is generally
blended with up to 20 per cent. of absolute
alcohol. Power alcohol has become pro-
minent in most sugar-producing countries
which depend upon imports for petrol.
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Another recent development is the use of
alcohol for the production of butadicne
for the manufacture of synthetic rubber.
The U.S.A. consumed 622 million gals.
of alcohol from Jan. ’42 to June, 45 for
the production of synthetic rubber (Industr.

Engng. Chem., 1947, 39, 934).

The minor uses of alcohol are in the pre-
paration of certain adhesives, anti-freeze
mixturcs, brake-fluids, cutting oils, air foam
solutions, dopc thinners and de-icing agents.
Alcohol is also used as preservative for ana-
tomical specimens and as a dchydrating
agent in microscopic technique.

The tax on alcoholic beverages and pro-
ducts forms an important source of revenue
in several countrics including India, and
the duty levied depends upon the amount
of alcohol present in the liquid. An ac-
curatec dctermination of the percentage of
alcohol in dutiable products is of the utmest
importance. This proportion, in England,
is measured in terms of proof spirit defined
by an Act of Parliament in 1816, as that
which at 50°F. weighs exactly twelve-thir-
teenths of an cqual volume of distilled water
at the same temperature.  This mixture has
a sp. gr. of 0.91976 at 15.6°/15.6° and con-
tains 49.28 per cent. by wt., and 57.10 per
cent. by vol. of anhydrous alcohol.  Spirits
which contain a higher proportion of aleohol
arc said to be ¢ over-proof ’ and those which
contain a smaller proportion, * under-proof”.
Over-proof strengths refer to the volume of
proof spirit which would be obtained by
diluting 100 vols. of the spirit with water,
and under-proof strengths give the volame
of proof spirit contained in 100 vols. of
the spirit.  Thus 1oo vels. of 50" o. p. spirit
on dilution with water will give 150 vols.
of proof spirit ; and 100 vols. cf 50" under-
proof spirit contain 50 vols. of proof spirit.
The British standard is also adopted in
India. Amcrican proof spirit is defined as
containing 50 per cent. of its vol. of alcohol
at 15.6° (q2.52 per cent. by wt.). In the
scale adopted for excise purposes o re-
presents water, 100 proof spirit, and 200
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alcohol. Standards by wt. and by vol.
arc also in vogue in other countrics.

The¢ determination of alcoholic strength
of a spirituous liquid is known as alcoholo-
mctry, and is carried out by finding out
the cxact density of aquecous alcohol dis-
tilled from it. Its proof strength is obtained
from accurately prepared °spirit tables,”—
giving sp. gr. at 60°,60° F. and at 80°/80° F.
and the corresponding percentage of alcohol
by wt., and by vol. and percentage of fiscal
proof spirit.  Corrcction tables for ascer-
taining rcal alcoholic strength from den-
sities dctermined at temperatures 61-100°
have been issucd by the Central Bd. of
Revenuce in India.

When determining the alcoholic strength
of spirituous liquors containing vola-
tile acids, ammonia, essential oils, and
other volatile constituents, acids and am-
monia arc fixed by neutralization bcfore
distillation.  The removal of the volatile
organic constituents often presents com-
plicated problems. In the usual method
for scparating these, the distillate is satu-
ratcd with common salt and is extracted
with light petroleum (b. p., 40-60°). The
saline alcoholic layer is separated and
again distilled, and the density of the
distillate dctermined.

The proof strength of rectified spirits may
vary from 61° to 68° o. p. (91.8-95.8 per
cent. by vol.) and the usual grade is 66° o.p.
(92 per cent. by wt., or g5 per cent. by
vol.). Ordinarily, alcohol carries with it
some odour characteristic of the raw
material from which it is prepared. In the
perfumery industry, it is cssential to use
completely deodorised alcohol, and this is
obtained by trcating ordinary alcohol with
activated charcoal and distilling it. B. P.
alcohol (95 per cent.; sp. gr., 0.815-
0.817) contains 94.7-95.2 per ccat. by vol.,
or 92.0-02.7 per cent. by wt. of alcohol.
It should be frce from methyl alcohol and
should comply with limit tests for acidity,
alkalinitv, oily or resinous substances, fusel
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oil and allied impuritics, and aldehyde.
This alcohol is diluted to concentraticns
varying from o to 20 per cent. of alcohol
by vol. for various pharmaceutical purposes.

When g5 per cent. alcobol is refluxed with
excess of quicklime for some hours and is
distilled over, the concentration is raised
to nearly 99.8 per cent. The last traces of
water are climinated by treatment with
calcium or magnesium turnings to yield
ncarly chemically pure alcohol. B. P.
dchydrated alcohol (absolute alcohol) con-
tains not less than 9.4 per cent. by vol.,
or g9 per cent. by wt. of alcohol. When
intended for injections, it should be filled
inte sterile containers under aseptic con-
ditions. Anhydrous alcohol does not pro-
duce cloudiness when mixed with benzeune,
nor any pink coloration when shaken
with a crystal of potassium permanganate.

Alcohol for industrial purposes is dena-
tured, rendered non-potable by the addition
of substances with objectionable odour and
taste. The wsual denaturants are wood
naptha (methyl acetone), methyl alcohol;
and mineral naptha petroleum oils). These
are added generally in the proportion of
about 5 per cent. by volume. In addition,
a small pacentage of pyridine is also
mixed to intensify the oflensive odour.
In India, denatmmed alocohol or methy-
lated spirit is prepared from spirit of not
less than [0” o. p. (8o per cent. by wt.
of alcohol), by the addition of 0.5 per cent.
of light caoutchoucine and 0.5 per cent.
of crude pyridine bases. Light caoutch-
oucine is obtained on redistilling the liquid
obtained by the slow dry distillation of
waste vulcanised rubber. Mecthylated spirit
is mostly used as fuel and for varnishes.

In the U. P.  fuel alcohol’ i.e., rectified
spirit used formerly as motor fuel, was de-
natured by the addition of 1 per cent. by
vol. of keroscne, and power alcohol (99.5
per cent. of ethyl alcohol by vol.) is de-
natured by the addition of 2 per cent. of
kerosene.

Specially denatured alcohol is supplied
to industries where the presence of the
usual denaturants is objectionable. Specific
formulae, at least 57 in the U. S. A., and
47 in England, have bcen developed to
meet the needs of various manufacturing
industries. In the U. P., alcohol for the
manufacturc of transparent soap is de-
natured by the addition of 5 per cent. wood
naptha, or caustic soda and castor oil
(Dep. Industr. and Comm., U. P. Comm.
Directory, *41-42, 17).

There is an absence of uniformity in the
rates of excise duty levied on alcoholic beve-
rages, and alcohol used for medicinal and
ather preparations, in the diflerent Provinces
and States. The duty on alcohol used for
medicinal preparations is usually Rs. 5
per proof gal., and on alcohol used for toilet
preparations and other non-medicinal pur-
poses, Rs. 17-8 per proof gal. The duty on
rectified spirit varies from Rs. 21 in Mysore,
to Rs. 25-10 per proof gal. in Bombay and
Sind.  In most countries, rectified spirit
issued to research institutes and educational
institutions is exempt from tax. But this
concession is not general throughout India.

MANU FAGIURE

Alcohol is obtained by the fermentatign
of any saccharine or starchy material (C. P.,
1046 ; Aew Bull., 1925, 193). The enzyme
zymase present in yeast acts directly upon
simple sugars and converts them into al-
cohol and carbon dioxide :

CH, 0. — 2C,HOH | 200,

Alcohol is also obtained from starches and
even cellulose. These are first converted
into simple sugars to enable zymase to act
upon them. In the case of starchy materials,
the degradation is generally brought about
by the action of the enzyme diastase,
present in germinating grains, chiefly barley.
The saccharification of wood cellulose is
brought about by digestion with acids.
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Molasses, the syrupy mother liquor, left
after the recovery of sucrose from sugar-
cane juice or beet root cxtract, forms the
most important raw material for large
scale manufacture of alcohol. Before the
growth of the Indian sugar industry, In-
dian distilleries made use of gur or
jaggery, molasses imported from Java, and
mahua flowers (Madhuca indica), where avail-
able. Now indigenous molasses forms the
chief raw material of the industry.

Molasses shows considerable variation
according to source. Molasses for distillerics
in the U. P. is marketed in two gradcs:
the standard grade of 80° Brix or over, with
44 per cent. or above of fermentable sugars ;
and the ordinary grade containing 37-44
per cent. of sugars. The insoluble ma-
terial in both is specified as under 5 per cent.
In the U. S. A. cane molasses, also known
as_blackstrap molasses, is mostly imported
from Cuba.

COMPOSITION OF MOILASSLES*

i |
! ' ! "’{ : ] ! B.Sé) ! ?:
B2 58S, £585%
K S lz3: 5 O®e3
= w 522 4 To ©
1 ! .
Yane molasses | 20 l 30 32 ' b | 12
' | ' }
Beet molasses 20 i 50 II trace I 10 .\ 20
|
*Riegel. 339.
Owing to the large number of small
sugar factories scattered in sugar cane

growing areas, the supply of molasses to
centrally situated distilleries has somectimes
been diflicult. Solidification of molasses
hy concentration has been attempted, but
undcr Indian conditions, so far, it has not
been found economical (Biockem. Res. India,
1944, 14, 05). In recent vears, American
distillers have been using high test molasses,
i.e., molasscs in a concentrated form. One
gal. of high test molasses is equal to about
1.4 gal. of blackstrap molasses.

It is estimated that at present about
400,000 tons of molasses, calculated on the
basis of a yield of 30 per cent. on the wt.
of sugar manufactured, are produced an-
nually in India as by-product of the sugar
industry. According to the post-war de-
velopment plans, the target for sugar pro-
duction has been placed at 1.6 million tons
per annum which will yield about 480,000
tons of molasses. Of this quantity, about
50,000 tons will be diverted to minor uscs,
such as, tobacco curing, and the balance,
430,000 tons will be available for produc-
tion of alcohol. On the basis of a yicld of
60 gals. of absolute alcohol per ton of
molasses, it would be possible to manufacture
26 million gals. of alcohol annually (Rep.
Pancl on Sugar, Alcohol and Food-Yeast
Industr., 1946, 17).

The mahua tree is found mostly in C. I.
and in the C. P. It bears large clusters of
crcam coloured flowers (Feb.-Apr.). The
ripe flowers which fall from the trec (end of
Apr.), are collected (the yicld per tree
ranging from 2-4 md.). These are dried in
the sun and sent to distilleries. On an
average they conthin 57 per cent. of fer-
mentable sugars (invert sugar, 42.5-55 per
cent ; and cane sugar, 2-15 per cent.) and
vicld 2.4 gal. of proof spirit per md.
Chatterjee (J. sci. industr. Res., 1944, 3»
265) cstimates that annually 50,000 tons
of flowers may be collected which form a
potential source of about .25 million gals.
of alcohol.

Starch bearing matcrials, potatoes, rice,
wheat, maize, ctc., form another important
source of alcohol (vide Industr. Engng. Chem.,
1930, 31, 162). Potatoes were extensively
used for the manufacture of alcohol in
Germany, before the War (’39-45). Alcohol
produced from grains costs more than that
produced from molasses, and grains are
chiefly used for the production of potable
liquors. During the War, owing to shortage
of molasses in the U. S. A., immense quanti-
ties of alcohol were produced (700 million
gals. from late 42 to July ’45) from wheat
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and wheat products, to meet military de-
mands, and especially for the manufacture
of synthetic rubber.

PRODUCTION OF INDUSTRIAL ALCOHOL
(1go* PROOF IN THE U. S. A))

I Pcr cent. of production from
(Milhons ! Synthe'is | Fcarmentation
of Imp ! Molasses | (from cthy- | of grzuns and
gals ) | lene) other carbon
; hydrates
|
*4G-41 162 72 20 8
(annual
av) i
43 181 | 17 10 73
i

Owing to the present acute shortage of
food-stufls in India, grains cannot be divert-
ed to the manufacture of industrial alcohol,
and only small quantitics may be allotted
tor the production of beer and potable
spirit.

The waste liquors obtained during the
manufacture of wood pulp by the sulphite
process contain 2-4 per cent. of sugars, of
which about 2/9 arc fermentable. These
liquors, when available in large quantities,
are utilized for the production of alcohol
in northern Europe and in N. America,
but the spirit obtained is not always of high
purity.  Wood is another important raw
material for the production of alcohol.
Saccharification of ccllulose is cflected by
treating it with dil. acid under pressure,
and the sugars obtained are subsequently
fermented with veast. The yield of alcohol
(95 per cent.} is about 21 gals. per ton
of wood {Thorpe, 1, 179).

The production of synthetic alcohol from
ethylene has made considerable progress in
Germany and the U.S.A. In Germany
ethylene is derived from coke-oven gases,
and in the U.S.A.; by the cracking of
petroleum hydrocarbons.  The gas is ab-
sorbed in strong sulphuric acid under pres-
sure (250-500 lb. sq. inch), and converted

into ethyl hydrogen sulphatc. When the
resulting liquor is diluted with an equal
vol. of water, the sulphate is hydrolysed,
and the alcohol formed is separated by dis-
tillation, somec ethyl cther being obtained
as by-product (Chem. Engng. News, 1947,
25, 1792). The process requires large quan-
tities of acid-resisting cquipment, and the
initial outlay on plant is comparatively
high.

FERMENTATION AND RECTIFICATION

For fermentation, molasses is diluted with
water to produce a solution or ‘ mash ’ con-
taining about 10 per cent. sugars. To this
some ammonium sulphate (0.015 1b. per
2.5 gals. of molasscs) is added to supply
nitrogen for growing veast and also some
sulphuric acid (n.17 1b. of 60° Pe'. per 2 gals.
of molasses), to produce slight acidity (pH,
4.9-5.0) which hinders the growth of un-
wanted bacteria. The “mash’ thus pre-
pared s charged into large wooden vats
or steel tanks, and fermentation started by
the addition of ycast (ce. 15 4 by vol.
of active wash).

In larger distilleries, yeast for fermenta-
tion is cultivated from sclected strains.
The isolation cf strains of yeast active in
concentrations of 10-12 per cent. of alcohol
has been claimed. For the selection of
ycast, agar-agar is inoculated with speci-
mcens  of yeast, and alter a day or two,
each culture is transferred to a scparate
flask containing a dil. solution of gur. The
sample giving the max. conversion of
sugar into alcohol is propagated in a dil.
solution of molasses, and allowed to develop
in another tank of 2,000 gal. capacity,
contaming molasses (d, 1.055-1.060). Alter
8-12 hrs. when density falls to 1.025, the
active wash is added to the fermentation
tanks (6-10 per cent. by vol. of each tank).

Owing to heat evolved during fermenta-
tion, the temperature in the vats rises gra-
dually, and is controlled by means of cooling
coils, or cold water spray. Fermentation
starts within a few hours after the addition



of ycast, becomes very vigorous after 24
hrs. and is usually complete in 48-72 hrs.,
when the sp. gr. of the mash becomes
stationary. At this stage it contains 6-8
per cent. of alcohol. On an average 0.4
gal. alcohol is obtained from 1 gal. of
molasses. Strict technical control is essential
to cnsure satisfactory yield.

Yeast furnishes two cnzymes: invertase,
which hydrolyscs cane sugar to glucose and
fructose :

C,,H»0,; + H,O0 - CH,O4 (glucose)
+4-CeH 1,04 (fructose)

and zymase which brings about alcoholic
fermentation of the two latter. The con-
version of carbohydrates into alcohol is
about go per cent. During fermentation,
small quantities of higher alcohols (fusel
oil), organic acids and glycerine are also
formed as by-products.

Alcohol is separated from the fermented
mash by distillation. Most of the smaller
distilleries, cspecially those producing pot-
able liquors, cmploy pot-stills while the
larger distilleries make use of patent-stills,
such as Cofley’s still or Ilge’s or Barbet’s
still. Cofley’s still consists of two columns,
the analyser and the rectifier. The fer-
mented mash enters the analyser at the top
and follows a zig-zag coursec down the
column. Steam introduced at the bottom
and travelling counter-current to the mash
deprives it of its alcohol content, and the
exhausted mash, ¢ slop,’ is run out. The va-
pours (stcam and alcohol) issuing from the
top of the analyser enter the rectifier at the
bottom.

The rectifier consists of a specially de-
signed fractionating column with a number
of chambers. During the upward passage
of vapours, the less volatile constituents,
steam and fusel oil (* feints’), gradually
condense, and arc drawn off from the base
of the column, Pure alcohol is drawn from
a higher part of the still where the tem-
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perature is roughly equal to its boiling
porint. The head-products, which are very
small, consist of aldchydes, formic csters,
ctc., and owing tn their greater volatility
pass out through the top of the column
along with a small quantity of uncondensed
alcohol. This fraction is being used in the
manufacture of methylated spirit. ‘The feints
consist of a mixture of alcohol and fusel oil
and are recycled for the recovery of alcohol;
fusel oil 1s removed from the receiver every
two or three days.

The Barbet still is said to be more cco-
nomical in stcam consumption. Several new
stills, of similar design, made in India, have
come into operation during the last War.

The highest concentration of alcohol that
can be obtained by fractional distillation is
the constant boiling mixturc containing
alcohol, 95.6 ; and water, 4.4 per cent. by
wt. Unless special care is exercised, alcohol-
obtained from patent-stills contains only
00-95 per cent. by vol. of alcohol (85.6-92.4
per cent. by wt.), and this is known as
rectified spirit.

Further dchydration of g5 per cent. al-
cohol was formerly carricd out by re-
fluxing it with quicklime, followed by dis-
tillation. But this process is uneconomical
for large-scale production. In ’23, the
Usines de Melle developed a plant for the
commercial producticn of absolute alcohol,
based on an observation of Young, that
benzene, when added to g5 per cent. al-
cohol and distilled, gives rise to a ternary
azcotropic mixture boiling at 64.9°. Since
then, absolute alcohol has been manufac-
tured in very large quantitics for use as
solvent and as motor fuel.

In azeotropic distillation the ternary
mixture ( alcohol -+ benzene -4 water)
passes over first, leaving behind alcohol.
The excess of benzenc forms a binary azeo-
tropic mixture with alcohol of b.p., 68.2°.
This distils over next lcaving behind absolute
alcohol.
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Other recent methods make use of dehy-
drating agents, such as, anhydrous alkali
acctates and gypsum (vide Int. Sugar J.,
1933, 355 266 and 346), or counter-current
extraction with liquids of higher boiling
point, such as. glycerine and glycol.

In azcotropic distillation the third com-
ponent added is called an entrainer. Other
organic liquids, such as, ethyl acctate,
toluenc, hexanc, carbon tetrachloride, and
trichlorocthylene also may be uscd as c¢n-
trainers. The Drawinol process employed
in Germany for the production of absolute
alcohol uscs dichlorocthylene as entrainer
(Int. Sugar .J., loc. cit., 29 and 71). Othmer
and Wentworth (Industr. Engng. Chem., 1940,
32, 1588) have observed that dicthyl cther
also acts as an entrainer forming a binary
azcotropic mixture with water, and dec-
veloped a plant for the dchydration of
alcohol under pressure (100 1h.).

Benzene, however, is the most widely
uscd entrainer. The result of azeotropic
distillation may be expressed thus (parts
by wt.) :
(alcohol, 95.5 ; water, .4.5]— benzenc, 45 --
[alcohol, 11.2 ¢ water, {.5-+benzene, 45]
i absolute alcohol, 84.3.

Complete dehydration is eftected by using
a slight excess of henzene.

The ternary mixture separates into two
layers,:  the upper layer consisting mostly
of benzene and alcohol and the lwer layer,
of dil. alcohol and benzene.

i iPer cont. by wt.)

Alcohol : Water 'Beneene

Total disellate 18 5 71 74.1

U pper layer (84 per cent.,  14.5 1.0 34 5
by vol.:

Lower layer (16 per cent. 52.0 | 4b.o 11.0

by vol.)

| |

In industrial plants, for continuous dehy-
dration of go-g5 per cent. alcohol (Mclle’s
First Technique), the upper layer of the
ternary distillate is returned to the main
distilling column, and the lower layer is
fractionated in a second distilling column to
recovel benzene and concentrated alcohol,
which are recycled.

Benzin (hydrocarbons from petrol), b. p.,
100-101°, 1s said to give an casier scpara-
tion although it carries with it more of
alcohol. On a technical scale the best
results are obtained with a mixture of
benzene and benzin, There is a slight loss
of entrainer, which varies from o.025 to
about 0.2 percent. of the amount of dehy-
drated alcohol produced. The traces of
entrainer which may be left in the final
prodict are removed by filtering it through
activated charcoal.

The production of rectified spirit requires
on an average 3000 lb. of stcam per 100
gals. of alcohol. For subsequent rectifica-
tion and dchydration to produce alcohol
of 99.8 per cent. concentration, another
1500-1750 lb. of stecam are necessery. The
last traces of water are the most diflicult
to remove, and require an additional 250-
500 Ib. of stcam per 100 gal.

A further development, based on  the
same principle, has been the production of
absolute alcohol directly from the wash
(Melle’s Fourth Technique).  The plant
consists of three main distilling columns.
The wash enters into the first where it is
divested of its alcoholic content.  The
vapours pass into a sccond column where
alcohol undergoss further concentration. Into
this, the entraining liquid is introduced and
alcohol of high strength (98.5-99 per cent.)
mixed with a little of the entrainer passes
on to a third column where dehydration is
completed, and absolute alcohol is drawn
oftf from the bottom of the third column,
This process has the advantage of lower
steam consumption, but it cannot be rcadily
switched over to the production of rectified
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spirit as in the case of the First Technique
(Reilly, Distillation, 1936, 85).

The principal by-products in a distillery
are carbon dioxide, and fusel oil.

Carbon dioxide liberated during fer-
mentation is ncarly cqual in weight to the
amount of alcohol formed and it is consc-
quently  an important by-product. 1In
modern distilleries fermentation is carried
out in closed vats, the gas formed being led
out into compressors and filled into cylin-
ders. Tusel oil is collected as hot feints.
It is separated from ethyl alcohol by
subscquent fractional distillation. Tt consists
of a mixture of higher alochols, chiefly
amvl, butyl and propyl alcohols, and is
now a valuable raw material in the varnish
industry. Iusel oil obtained is about 0.04
per cent. of the quantity of alcohol pro-
duced. *

Among waste products of distilleries, the
spent wash contains : KO, 6.0; PO,
0.03-0.05 ; N, 0.5-0.q ; and organic matter,
40g./l.  The potash in it may be recovered
by concentrating the liquor and burning
the thick residue in a furnace. According
to lyenger (Biochem. Res. India, 1944, X4,
94) slops from the Mandya Distillery of
sp. gr., 1.032/26.5% and acidity, 0.76 g./l.,
contain : potash, o.50; phosphate, o.171,
nitrogen, 1.02 ; unfermented sugars, 0.05;
ethyl alecohal, 0.004 pcr cent ; and give on
evaporation 6.0 per cent. of residue.  The
Mandya Distillery produces 24,000 gals.
of slop per dav, corresponding to 2700 lb.
of potash, 523 Ib. of phosphate and 4617 Ib.
of nitrogen. He suggests that this may be
used directly as manure if the soil is alkaline.

Modern methods of distillation appear
to have been introduced into India only in
the latter part of the last century. The
first large distillery in northern India was
erected by Messrs. Carew & Co., at Rosa
near Shahjahanpur in the U. P. about the
year 1885, to produce rum and other
potable liquors. Cofley stills were installed

in 1875 when the distillery commenced
the production of rectificd spirit. In southe
ern India, Messrs. Parry & Co. started
a distillery at Nellikuppam (South Arcot
dist., Madras) in 1848 using pot-stills, and
later cquipped it with Colley stills, and
began the production of rectified spirit in
1gog. In that year there were 8 registered
distilleries in India (C. P., 1047), and subse-
quently a number of new distilleries came
into existence in various parts of India.
With the growth of the Indian sugar in-
dustry since 1932, the disposal of large
quantitics of molasses became an acute prob-
lem, and its conversion into power alcohol
was suggested as one of the solutions (Rep.
Jt. Power Alcohol and Molasses  Inquiry
Comm., Bihar and U. P.; 1938 ; Rep.
Power Alcohol Comm., Madras, 1939".

Before the Second World War, there
were at least 25 large distilleries, capable
of producing rectified spirit, with an csti-
mated capacity of g million gals. per annum,
By about ’41, 8 new distilleries came into
existence in the U. P, and, since then,
4 more (1 cachin the UL P, and the Punjab,
and 2 in Bihar) are reported to have begun
production.  The expansion in capacity
during the War has been estimated at 7
million gals. per annum (Minist. Industry
and Supph

During the Wazi, the demand for alcohol
rose steeply owing to increased consumption
by the Defence Dept. but after 45, pro-
duction declined, and at present, it is esti-
mated to be only 7 million gals. per annum.
In "12-143 the total demand for Defence
purposes, according to Thomas (Rep.
Develop. Industr. War Supplies, 1944, 50),
was 3.4 million gals., distributed thus: Ord-
nance Factories and Services, Railways, and

ientral Provision Office, 1 million gals. ;
drugs and medicines. 0.3-0.5 million gals. ;
the rest, for brake fluid, Air Forces, de-icing
spirit, aeroplanc dopes, fuel for Tommy
cookers, etc.

In Indian distillery practice, molasses
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of sp. gr., 1.40-1.47 iz diluted with water
to give a solution of 4, 1.065-1.080, con-
taining 12-13 per cent. of fermentable
sugars. To this arc added 0.25-0.35 per
cent. of ammonium sulphate, and ahout
0.27 per cent. of sulphuric acid (d, 1.75),
to raise the pH to 4-5. The molasses
solution is then mixed with 7-10 per cent.
of active wash (d, 1.025) in large stecl
tanks of 10,000 gals. capacity. The addition
of active wash lowers the initial density
to 1.040-1.045. The temperature at the
commencement of fermentation is usually
30°, and towards thc end, 33°. During
fermentation it is notallowed to rise above
36°. The fermentation is usually complete
m 1}-3 days depending upon the scason
and the density falls to about 1.025-1.028.
The alcohol content at this stage varies from
5-7 per cent.

Coffey  stills ordinarily yield rectified
spirit of a2-94 per cent. conc. by vol. (60-65°
o. p.). Barbet stills arc more cflicient and
the conc. of alcohel produced is g6 per cent.
by vol. (69.4° 0. p.).

The yield of rectified spirit varics from
54-56 gals. per ton of molasses representing
a conversion of go-g5 per cent. Usually
for the manufacture of 100 gals. of rectified
spirit, the materials required are : molasses,
50-55 mds. ; sulphuric acid (d, 1.75), 5.5-
6.4 lb. ; ammonium sulphate, 5.3-7.0 lb. ;
and steam, r0-55 lb. In summer a slightly
smaller percentage of ammonium sulphate
(about 25 per cent. less), and a somewhat
higher percentage of acid (about 20 per
cent. more) are required.

INDIAN DISTILLERIES CAPABLE OF PRO-
DUCING RECTIFIED SPIRIT IN 1944*

Capacity

Province No. of in
or distile 1,000 gals.

State leries per
. . ___annum_
Bengal 4 1,335
Madras . 2 657
Punjab . 3 623
U. P. 15 7,896
C.P. 1 288
Mysore . . 1 540
Hyderabad 1 720
Rampur 1 540
Travancore 1 240
Baroda 1 240
Total 33 14.78%

* Ex Rep. Panel Sugar Alcohol & TFood-Ycast Industr., 1946
loc. cit., Appx , 27.

PRODUCTION OF ALCOHOL IN INDIA®

(1000 proof gals.)

Potahle Rectified | Denatured Total
spirit spint sprrit
'36—17 5,682 410 2,320 8,412
'37—38 6,692 420 2.223 9,335
'38—39 6,768 487 2,169 9,444
'30—40 6,267 558 2,421 9,246
'40—41 7,164 811 2,612 10,587
‘41—42 7,958 1,311 2,587 11,856
'42—43 10,148 1,273 2,172 13,593
'43—44 12,848 1,624 2,177 16,649
'44—45 12,848 2,201 2 Gogq 17,653

Capacity
Province No. of in
or distil-  1,000gals,
State lerics per
annum
Bihar 1 289
Bombay 2 1,419

® Mon. Statist. Production sel. Industy. India.
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PROVINCIAL EXCISE REVENUE RECEIPTS
FROM COMMERCIAL SPIRITS INCLUD-
ING DENATURED SPIRIT AND MEDICAT-

ED WINES
(InlakhsofRs.)

’38-30*  [44-45**

Bengal 2.32 47-43
Bihar 0.46 5.53
Bombay . 3.46 3.22
Central Govt, . 0.08 3.50
Punjab 1.06 0.8
U. P. 0.35 1.55
Others 1.49 1.41
Total 3 9.22 63.62

* Statict, Abstr. Br. India. '30-31 | '39-40, 358.
*¢* Ex Provincial budgets.

AVERAGE ANNUAL IMPORTS OF SPIRITS (OTHER
THAN POTABLE SPIRIT) INTO BRITISH INDIA
(Qty. in 1000 gal. and val. in lakhs of Rs.)

is higher, plus onc-half of total duty ; and on
dcnatured spirit, 114 per cent. ad wvalorem.
The preferential rate for spirit in drugs and
medicines from the U. K. is lower by 10
per cent.

POWER ALCOHOL

Since the commencement of industrial
production of absolute alcohol, it is being
cxtensively used in admixture with petrol
as motor fuel in several countries, such as,
France, Germany, Austria, Sweden, and
Brazil. Alcohol blends, containing not more
than 25 per cent. of alcohol by vol., may
be used interchangeably with neat petrol of
cqual anti-knock rating. Such blends us-
ually contain 5-25 per cent. of alcohol.
These differ from petrol in their physical
and chemical properties to the same degree
as various commercial petrole.  Only the
latent heat of vaporization increases rapid-
ly, with increase in the proportion of alcohol.

e = The characteristic properties of alcohol,
g5 .éé.égz? S8 T ] l i t. e., its higher latent heat of cvaporation,
§-5 L8 £55 E& g E ﬁjg . and lower cal. val., do not become pro-
5 -~ v - %] <] . . . . .

&g $TEEZ| Es hg g* z minent until its proportion ries above 25
O 1R TE o | per cent. (Hubendick, ex Rep. Jt. Power
Qy. Val|Qy. val|oty. V‘,L'Q')._ val.Qw vai, Alcohol & Molasses Inquiry Comm. Bihar
and U. P., loc. lit., 42).
’33-34 | 80y togu | 119 353]9 7.4 | 880 93|32 84
. PHYSICAL AND CHLMICGAL PROPLRIIES OF
'38-39 | 538 829 | 130 37.3|7 0B334 35| 2t 8 ALCOHOL BLEADS *
'43-44 483 125 8 99 %0.913 4.1 | 227 2.5(19 7.0 - - -
£% o ' ~ .. LET | 53
In'g4-45| 388 753 | 99 38.7 008 o2 16 94 £°9 | | % | Waer oSS EEZ 128
. Sox| & ! holdmg (EEL82E¢ 253
n'4540 | 584 1244 | 132 50013 23 39 0.0 5:5 < P c:\l)alcnt} iE T E‘gif: Ly
P L] - =l . Y™ = —
g’,;a‘ 5 -_g (cc.f100 c.c ’,§§E"’.:533 é'ﬁ.g
. Q 1 o o ce -V % v -
In ’38-39, the revenue from imports of ¢ | & . l oo 200 I3¢JEY 56
potable spirit was Rs. 132 lakhs, and from - - - I
other forms of spirit, Rs. 16.2 lakhs ; and o o2 | 2154 0 o 515 7700 | 148
in ,43'44’11{8‘ 158 lakhS) and Rs. 7‘-) lakhs’ 4 | 0.7225 217.6 | ooBo o104 585 7600 i 14.6
rCSPCCUVC Y- 10 | 0,7257 2076 | 0.245 o " 648 ' 7470 14 2

* The customs duty on most forms of pot- 15 | 07292 | 2006|0417 0589 705 7450 | 139
able spirit 1s, at P}"{S@nt (194'7)’ Rs. 56'4' 20 | o.952¢ 191 6 | 0.589 0.832 75.8: 7240 | 13.6
per gal. of proof spirit ; on spirit present in ) .
drugs and mcdicines, where strength is not ~ 3° | @751} 1751 joash 1357 864 7000 | 131
to bc tested, Rs. 48/- per gal., otherwise, o | 07859 o7 1702 | 5380 | g
Rs. 34-13; on perfumed spirit, Rs. 6o per

gal., or 25 per cent. ad valorem, whichever

* Christensen, Industr. Engng Chem , 1936, 28, 1089.
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The substitution of alcohol blends in a
motor engine, without change in ignition
or carburettor adjustments, docs not result
in any decrease in power output, or increase
in specific fuel consumption. Instead, there
may be a gain in power output and lowering
in spccific fuel consumption, and this will
be the case particularly when the engine is
operated at part throttle and with air-fuel
ratios lower than these for maximum eco-
nomy (Christensen, loc. it).  With the
carburettor #nd «park set for the mean of
the optimum valucs, for the two 1ypes of
fuels, little differencee in power, acceleration,
or fuel consumption, is observed with a
16 per cent. blend or even with a 20
per cent. blend under many opeilating
conditions (Bridgeman, Industr. Ingng. Chem.,
1036, 28, 1102),

lithyl alcohol Las an octane number of
about go, and in llends it servee the purpose
of increasing the fucl characteristics of
motor spirit. It raises the octane rating of
petrol of 60-70 octane number by approxi-
matcly 0.9 unit per vol. per cent. of alcohol
added, within the limits of 5-20 per cent.
of alcohol. 10 per cent. and 20 per cent.
of alcohol by vol. are equivalent to
about 1 and 2 c. c. of tetracthvl lead per
gal. of petrol. However. the anti-knock
effect of both alcohol and cthyl lead depend
upon the petrol used.

Owing to better anti-knock characteris-
tics, alcohol can be used in engines with
higher compression ratios. The fuel con-
sumption for a 20 per cent. blend at 6.8 : 1
compression ratio is identical with that for
petrol at 5.0 : 1 compression ratio, showing
that an increasc in compression ratio of
36 per cent. is required in the case of the
blend to compensate for the lower heating
value of the alcohol in the blend (Lichty
and Phelps, Industr. Engng. Chem., 1038,
30, 222).

Road tests for comparing fuel consump-
tion are extremely difficult to standardise.

Hence, numerous varying results are re-
ported (Egloft and Morrell, Industr. Engng.
Chem., 1936, 28, 1080 ; Christensen, loc.
cit.). In general, the mean valucs show a
gain in mileage with the blend (10 per cent.)
amounting to 5 per cent. at 20 miles per
hr., falling to 1 per cent. at spceds of 40
miles per hr. The average fuel economy
with petrol in a particular test was 15.9
miles per gal., and for a 10 per cent. blend,
15.85 miles per gal. In another test at a
speed of 40 miles per hi., fuel economy for
petrol was 16.54 miles per gal., and with
the blend 16.02 miles per gal.

In road tests carried out by Mr. ]J.
Charlton (ex Rep. Jt. Power Alcohol and
Molasses Inquiry Comm., Bihar and U. P.,
loc. cit., 67) the carburettor of a 20.9 h p.
car was previously adjusted for cconomy
and was not altered in any way during the

tests.  Alcohol-petrol blends gave a slightly
highes  milcage  ner gal.  than neat
petrol :

Miles

per gal.
1. Burma il Company petrol 21.13
2. 15 : 85 mixtue 22.50
3.25:75 » 22.73

One of the principal difficulties in the
uce of alcohol-petrol blends is the tendency
of blends to absorb water from the sweating
of tanks, or from othcr causes, and the con-
sequent scparation of alcohol from blends,
espccially at low temperatures. To overcomne
this difficulty, the use of blending agents,
such as, benzcne or tolucne, and higher
alcohols, is suggested. The higher alcohnls
are approximately 10 times more effective
than aromatic hydro-carbons in raising the
water tolerance.  This dcfect, however,
is not a scrious disadvantage in India where
atmospheric temperature is generally well
above o°.
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WATER TOLERANCES OF BLENDS OF ETHYL
ALCOHOL AND AN AVERAGE COMMER-
CIAL PETROL*

Water tolerance, vol. per cent.

5 per 10 per 20 per
Temp. “F. cent. cent. cent.
blend blend blend
104 0.19 0.46 1.11
68 .. 0.15 0.35 0.83
42 . o.11 0.25 0.59
-4 0.07 0.18 0.40
—10 0.05 0.1t 0.26

* Bridgeman, lee, ait.

Vapour Tock, interference with fuel feed
system as a result of formations of vapour
or gas, is caused by the usc of a fuel which
is so volatile that boiling occurs in the fuel
feed lincs, the capacity of which for handling
vapour is limited. The increase in vapour
pressurc (Reid) in 20 per cent. blend is
approx. o.5 lb./sq. in., and 0.8 1b./sq. in.
in a 10 per cent. blend. Accordingly there
is little difference between the vapour lock-
ing characteristic of petrol, and of the same
petrol blended with 20 per cent. of alcohol.
Starting will be easier above o°F. with 10
per cent. blend than with petrol (Bridge-
man, loc. ¢it.). With 20 per cent. blend
there is no difficulty in starting even at the
minimum temperature encountered in India.

Wawrziniok showed that with metals,
excepting tin, less corrosion is produced by
alcohol than by petrol. In the distribution
of 20 per cent. alcohol blends in Sweden,
during a considerable period no abnor-
mal corrosion of any kind was observed by
Hubendick. However, both ethyl and
methyl alcohol react with magnesium and
aluminium at high temperatures, and it is
possible that corrosion of these materials

occurs within the combustion chambers if
fuels of high alcohol content are used, and
if the fuel enters the cylinders in the liquid
state. Corrosion duc to acctic acid forma-
tion also might occur with fuels of very
high alcohol content (Christensen, loc. cit.).

Blends containing not more than about
25 per cent. of alcohol by volume are in no
way different from petrol as regards lubri-
cation.

When using fuel alcohel in petrol run
motors, certain modifications to the car-
burettor and air supply are necessary owing
to differences in the properties of the two
fucls (Verman and Nair, J. sci. industr.
Res., 1946, 4, 6o1).

PROPERTIES OF PETROL AND RECTIFIED

SPIRIT
Rectified
spirit
Propertics (95 per Petrol
cent. by
vol.)
Sp. gr. at 6o T, 0.816 0.739
Viscosity in centipoises at 30° 1.175 0.402
Total heat for complete evapo-
ration at 760 mm. from o”. 255 138

Cal./g. (for 100 per cent. alcohol)
V.p. in mm. of Hg. at 30’ 77 145-185
V. p. in mm. of Hg. at 10° 24 70-00
Net cal. val. (B. Th. U./gal.) 87,230 139,700
Theoretical quantity of air
required for complete com=
bustion in lb./Ib. 8.4 14.9
Indicated thermal efficiency in
per cent,, at compression
ratios of —
5.0 =1 325 3y
7.0 : 1 38.2 37:4
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The ratio of milecage per gal. of spirit to
that of petrol is 64 per cent. and 63.8 per
cent. respectively, for compression ratios of
5 : 1 and 7 : 1, the usual range in motor
vchicle engines. The rate of flow of spirit
to the engine has to be incrcased to 1.56
times that of pctrol, by altering suitably
the sizc of the carburcttor jet. Further, on
account of the higher sp. gr. of rectified
spirit, the float will have to be wecighted
down to the correct level. Also, owing to
thc smaller quantity of air required for
the complete combustion of alcohol, the
amount of air cntering the cylinders is to
be rcgulated by modification of the air
inlet, or by opcrating the choke.

Lichty and Ziurys (Industr. Engng. Chem.,
1936, 28, 1094), in their study of engine
performance with petrol and alcohol (1go®
U. S. proof), found that at max. power
output (air-fuel ratios of 7 : 1 for alcohol
and 12 : 1 for petrol) fitel consumption was
about Go per cent. by wt. or 50 per cent.
by wvol., higher with alcohol than with
petrol, for the samce output of power.
Although higher compression ratios may be
used with alcohol, the advantage is more
than offsct by the lower heating value of
alcohol compared with petrol.

Verman and Nair (loc. cil.) concucted
road tests with a g ton Chevrolet truck and
a Ford Station Wagon. In the case of the
truck theyobtained a milcage ratic of 67.6
per cent., using a jet of twice the size of the
petrol jet, and a mileage ratio of 65.7 per
cent. by mere choke control without any
change in the jet.  With the Station Wagon,
with spirit jet area 2.0 and 1.7 times the
petrol jet arca, the mileage ratios were
respectively 60 per cent. and 59.3 per
cent. (vide also Sci. & Cult., 1945, 55 698 ;
J. Indian chem. Soc., Industr. & News Fd.,
1943, 6, 105). Performance on spirit was
quite good on long runs, but not so satis-
factory on short runs, involving frecquent
starts and stops. For satisfactory driving
under all conditions through city traffic,
the idling performance has to be improved.

Finally when atmospheric temperature falls
below 70°F., owing to the lower vapour
pressure of alcohol, a special starting
arrangement such as the heating of the
carburcttor and intake system, or providing
alternate petrol supply will be necessary.

POWER ALCOHOL IN INDIA

The distillery of the Mysore Sugar Co,
was the first to produce power alcohol in
India using the Melle 1st technique. Since
’39, this distillery has been producing on an
average about 1.4 lakh gals. per annum,
for blending with petrol (15 per cent. al-
cohol) used in the Mysore State. The
Bodbhan distillery of the¢ Hyderabad Cons-
truction Co. started operating the 4th
technique in ’42, and has been producing
annually g lakh gals. of power alcohol.
The Central Distillery and Chemical Works
of Meerut, also using the 1st technique, has
been producing power alcohol® since 42,
and its  production rose to g lakh gals, in
'45-16 (Indian Sugar, 1947, 10. 1v, 75).

During the last War, eight large distil-
leries  in the U.P. were cquipped with
power alcchol plants similar in design to
that of the Mecerut plant. They were,
however, producing only fuel alcohol from
Mar., 45 at the rate of about 2.5 lakh gals.
per month (Indian Sugar, 1946, 9, 512). Ow-
ing to acute shortage of petrol in the U.P.,
lorries of certain size were obliged to run
only on fuel alcohol. They started pro-
duction of power alcohol in ’46-47. The
combined capacity of these plants is about
5 million gals. per annum, and two more,
cach of a million gals. capacity, are in the
course of construction. In the Bombay
province onc distillery is equipped with
power alcohol plant.

In ’46-47 the total production of fuel
alcohol and power alcohol in India was
19.2 lakh gals. and the revenue from this,
Rs. 14.8 lakhs. Hitherto, in spite of the
much larger plant capacity, the production
of power alcohol has not risen above 1
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million gals. per annum. Molasses, which
was formerly a waste product of no value,
has risen considerably in pricc after the
expansion of the alcohol industry, and for
cconomic production of alcohol, prope:
control and distribution of molasses are
esscntial.

The distribution of power alcohol presents
certain difficulties in order to protect against
its diversion for potable purposes. The
denaturant must be non-corrosive and also
should not form any resin inside the cylind-
ers. The U. P. Government requircs the
addition of 2 vol. of kerosenc to 100 vol. of
power alcohol, and the Panel has suggested
the use of 5 per cent. of petrols as denaturant
(vide also Rep. Pancl Sugar Alcohol Food-
Ycast Industr., loc. cit., Appx. 22, 46).

Sugar-cane cultivation and sugar industry
are concentrated in the U. P. and Bihar.
U.-P. is the largest producer of alcohol
in India, and will continue to have the
lead even in the scheme of cxpansion
proposed by the Pancl on Sugar, Alcohol
and Food-Yeast Industries. In ’45-46
the production of different grades of al-
cohol in the U. P. in lakhs of gals. was :
methylated spirit, 10.04; rectificd spirit,
23.58 ; fucl alcohol, 17.13; and power
alcohol, 3.06 (Indian Sugar, 1947, 10, iv,

75)-

PROPOSED DISTRIBUTION OF POWER AL-
COHOL PRODUCTION IN INDIA (FIVE-
YEAR TARGET)

Production

Province (lakhs of

o _gals)
u.Pr 116.5
Bihar 45.0
Béngal . .. .. .. 7.5
Bombay 12.5
Madras 8.0

The Pancl has estimated that in large
distilleries cost of production of power
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alcohol is about As. 8 per gal., when the
price of molasses is As. 6 per md. This
cstimate, however, is subject to a number
of variable factors. The controlled market
pricc of rectified spirit in the U. P.
during ’45-47 was Rs. 1-8 per gal. and the
ex distillery price of fuel alcohol, As. 143.
The sale price of fuel alcohol, including
excisc duty and distribution charges, was
Rs. 2-1-6.  To this has to be added As. 2-3
extra for transport charges. The U. P.
Government fixed the price of power alcohol
at As. 11 per gal., but the present cost of
production according to the Central Dis-
tillery at Mecrut is at least Rs. 1-1 per gal.

In general, the cost of production of
alcohol is nowhere less than that of petrol,
the landed cost of which at Indian ports is
ca. As. 6} per gal. It is expected that the
20 per cent. blend now in use in the U. P.
and recommended for general adoption in
India will cost the consumer As. 1}-2 more
per gal. than ordinary petrol.

The capital invested in the industry is
now ncarly a crore of rupees. New plants
of one million gal. capacity are estimated to
cost Rs. 10 lakhs cach. Of this amount, only
Rs. 2-3 lakhs are for imported equipment.

The pre-War annual consumption of
petrol in undivided India was about 100
million gals., of which only 17 million
gals. werc produced in the country. The
present rationed annual consumption in
the Indian Union is 120 million gals.,
and production, 12 million gals. (Capital,
1948, 120, 54). Thus go per cent. of Indian
requircments of petrol have to be imported
from the Persian Gulf area, Burma, and
other sources. Conscquently, when the
maximum production of power alcohol
is reached, India will effect a saving in her
imports of petrol. In addition to utilizing
the entire quantity of molasses produced,
India will have a strategic industry sup-
plying an alternative fuel, partially com-
pensating for her present poverty in petro-
leum resources.
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ALKALIS

The term ‘alkali’ is applied to a number
of bases which neutralize acids. Alkalis
aie generally soluble in water, and the solu-
tions are soapy to touch. Solutions of caus-
tic alkalis, such as, sodium and potassium
hydroxides arec corrosive and dissolve
wool and skin. Sodium and potassium
carbonates effervesce with acids, and they
are not corrosive. They arc called mild
alkalis.

The most important alkalis are sodium
carbonate, sodium bicarbonate and sodium
hydroxide, and their production is an im-
portant branch of the Chemical Industry.
Thev are required in very large quantitics
for the manufacture of glass, paper, soap,
textiles, ete., and in numerous other indus-
iries.

Sodium Carbonate

The decahydrate of sodium carbonate,
Na,CO,. 10H, 0O, also known as washing
soda, is obtained by crystallization of a
solution of sodium carbonate at tempera-
tures below g5°% It occurs as colourless,
transparent, rhombic  crystals, which
cffloresce when exposed to air, forming
thc monohydrate, Na,CO.H,O. The crys-
tals of the decahydrate contain over 6oper
cent. by wt. of water, and in tropical climates
they melt and dissolve in their own water of
crystallization.  When heated, they begin
to melt at about 50° and become anhy-
drous above 80°. The crystals discolve in
water withk absorption of heat, and solutions
of sodium carbonate have a strong alkaline
taste and are alkaline to litmus.

' Crystals of the monohydrate,  Na,CO,.
H.,O, also known as ‘crystal soda,” are
obtained when crystallization is carried out
at temperatures above 35°.  Unlike the
decahydrate, these are not cfflorescent, and
dissolve more readily in water with evolution
of heat.
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Anhydrous sodium carbonate also known
as soda ash is sold in two grades : ‘light
ash ’ and ‘ hcavy ash’. The former weighs
35 lb. per c. ft. and the latter, 50-67 Ib.
per c. ft. Heavy ash costs less in packing
and is preferred in the glass industry. The
usual impuritics in soda ash arc small
amounts of sodium chloride and sodium-
sulphate, but the ash prepared by the
Solvay process is above g9 per cent. pure.

Sodium carbonate is still marketed on
the basis of its Na,O content calculated
from old atomic weights (New York and
Liverpool test).  Pure sodium carbonate
contains 53.5 per cent. Na,O; it is graded
as 60.4 per cent. Na,O.  Other mcthods of
grading are also prevalent on the Con-
unent, but it would be more convenient
to quotc the actual percentage of Na ,CO,.

With the exception of lime, soda ash is
the cheapest article consumed in scveral
manufactnring industries. Large quantitics
arc used for the manufacture of caustic
soda, sodium bicarbonate and other che-
micals. Next, in order of consumption,
comes the glass industry.  Considerable
quantitics of sodium carbonate are also
used in water softening, oil refining, metal-
lurgy, laundering, and for washing pur-
1)05(‘3.

Sodium carbonate, hoth crystalline and
anhydrous varietics, is used in the prepara-
tion of bhath salts. A very dil. aqgucous
solution (0.3 per cent.) is emploved to
relieve irritation in eczema.

* Modified sodas’ consist of mechanical
mixtures of sodium carbonate and bicar-
bonatc. These are used in cleaning opera-
tions where an alkali less strong than
sodium carbonite is required. Where a
strong alkali is necessary, as in water
softening, metal cleaning, bottle-washing,
cte.,, ‘causticised ash’ consisting of
mixturc of soda ash and caustic soda is
employed.
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Natural soda occurs in the form of deposits
in many dry lake beds in various parts of
the world, and in the dissolved state, in the
brine of certain alkaline lakes. The de-
posits consist chicfly of the sesquicarbonate,
Na,CO,. NaHCO,. 2:H,O, known as trona
or wurao, togcther with small amounts of
sodium sulphate, sodium chloride, ctc. The
largest of the deposits is in Lake Magadi
(East Africa) and is cstimated to contain
20 million tons. The other prominent
natural occurrences arc in (Owens l.ake
and Searles Lakc), California, and in Man-
churia and Inner Mongolia For the
occurrcnce of alkali carbonates in certain
Indian soils and Lakes, nide Alkaline lakes
and soils.

Belore thc manufacture ot soda ash by
chemical processes, it was obtained mostly
from the ashes (harilla) of certain sca-
weeds, (Salyvola  spp.), occuiring along
thé southern coasts of Spain and France,
and from natural deposits, alkaline lakes and
soils. Even now, fairly large quantities of
ratural soda arc being produced chicfly
in the U. S. A. (130,000 tens in 1940), and
from Lake Magadi (50,000 tons per annum).
But the quantities thus obtained form only
a small proportion of the world’s total
output of soda ash.

In the LeBlanc process for the manufac-
ture of sodium carbonate, patented in 1791,
sodium chloride is converted into sodium
sulphate by trecatment with sulphuric acid.
The latter is heated to a high temperaturc
with limestone and coke to vicld ¢ black
ash’.

Na, SO, {+ CaCO, -4- 2C - Na,CO,-{-CaS
+ 2CO0,

Sodium carbonate is leached out with water
and purified by re-crystallization. In 1861,
Ernst Solvay rediscovered the so-called am-
menia-soda process, which has now almost
entirely supersedcd the older process. Most
of the world’s present output of soda ash,
estimated at 7 million tons per annum, is
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now manufactured by the Solvay process.
The chief advantages of this process are
the low cost of production, and the high
purity of the carbonate.

In the Solvay process, a concentrated
solution of common salt is saturated with
ammonia and then with carbon dioxide,
when ammonium bicarbonate is formed.
This reacts with sodium chloride forming
sodium bicarbonate and ammonium
chloride :

NaCl -+ NH,HCO, » NaHCO, -} NH,CI

NaHCO, is insoluble under the conditions
of reaction and is precipitated out. This
is filtered and calcined to yicld Na,CO,

2NaHHCO, - Na,CO, - CO, 4 H,O

Ammonia, recovered by distilling the resi-
dual liquor containing ammonium chloride
with milk oflime, is again used in the cycle of
opcerations.

Although the reactions involved in the
Solvay process are comparatively simple,
successful operation requires a high degree
of tcchnical skill and scientific training.
A careful integration of various stages is
necessary, especially as the process does not
admit of any interruption. Most of the
operations involve reactions between gases
and liquids, and proper designing of the
cquipment is of the utmost importance,
especially to prevent clogging of the pas-
sages, scalc formation, and gas lcaks, lead-
ing to loss of ammonia. Another vital factor
on which production depends s the control
of temperature at cach stage ofthe various
operations. y

The chief raw materials for the manu-
facture of soda ash by the Solvay process
are salt, limestone and ammonia. Small
quantities of sodium sulphide are also neces-
sary. The plant should be located within
easy reach of raw materials and coal, and
should have alargesupply of good quality
water.
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Salt is used in the form of saturated
brine prepared from either sea salt or rock
salt, the latter being preferred on account
of the smaller amounts of impurities in it
(Rogers, I, 411; vide also Vakil, Salt, 1945).
Natural brines and sea-water saturated
by adding extra salt may be used directly,
but in these cases purification of brine is
an claborate process.

Limestone furnishes carbon dioxide for
carbonation, and lime for the recovery of
ammonia and for the purification of brine.
It should be of high grade (CaO. 85 per
cent.), with only small amounts of mag-
nesium carbonate (up to 6 per cent.), silica,
aluminia, and iron oxide. This limestone
is usually mixed with coke and burnt, the
carbon dioxide {lean gas, CO,, 40-43
per ‘cent.) bcing collected separatcly for
carbonation.

The ammonia requirements of the process
are fairly large. The quantity of ammonia
present in the system is 0.45 ton per ton of
soda ash manufactured. But fortunatcly
the losses are small.

CONSUMPTION OF RAW MATERIALS PER
TON OF SODA ASH

Salt 1.50—1.75 tons

Limestone 1.20—1.35 ,,

Coke 0.095—0.11 ,,

Coal 0.41—0.75 ,

Ammonia 4.94---9.88 ib. as (NH4),S04
CO, 1120—1344 c.ft.

Na,S 0.0012—0.0024 ton

o v

These figures apply only to large plants,
and smaller plants arc much less economical
in the consumption of raw materials.

The first step in the Solvay process is
the preparation of a saturated solution of
sodium chloride, and the removal of calcium
and magnesium compounds from it. For
this, brine is trcated with lime, ammonia

and carbon dioxide, or with lime and soda
ash. After clarification, the clear liquor is
cooled and transferred to the ammonia
absorber. Purification of brine may also be
effected during the absorption of ammonia
by passing in a small amount of carbon
dioxide.

Since ammoniated brine has a corrosive
action on iron, a small quantity of sodium
sulphide is added to the amnionia still, and
hvdrogen sulphide liberated passes along with
ammonia gas, and gives a coating of ferrous
sulphide to all iron apparatus. Ferrous
sulphide is incrt in alkaline solutions.

During the absorption of ammonia, con-
siderable hieat is evolved, and also the volume
of brinc increases. Since rise in tempcerature
increases the partial pressure of ammonia
and decreases the quantity of ammonia in
solution, the absorption tower is fitted with
cooling coils.  After the requisitc amount
of ammonia has been introduced, brine is
allowed to settle, cooled to 25°, and pumped
to the carbonating tower. At this stage it
contains about 80 g. of ammonia and 260
g. of sodium chloride per litre.

Carbonation is carried out in a tall, cast-
iron tower, nearly 75 in ht. and 6-7' in
internal diameter. It is leakproof and is
built of several compartments of special
design, fitted tight to one another. Am-
moniated brinc fed from the top of the
tower meets with a strong counter-current
of rich carbon dioxide fed from the bottom
at a pressurc of about 3o 1b. As the reaction
proceeds, carbon dioxide is rapidly ab-
sorbed, 6o g. of ammonia per litre taking
up 166 g. of CO, for conversion into
the  bicarbonate. Sodium  bicarbonate
separatcs out from solution in the form of
finc crystals. The temperature rises to nearly
55-60° about half way down the tower.
The crystals grow larger as the temperature
gradually drops to 25" in the lower portions
of the tower and form a slurry. This is
drawn oft periodically and filtered under
vacuum on a rotary open-drum filter. The
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cake is washed with water to free it from
salt and ammonium chloride, and fed to
the calciner.

The towers become fouled after four
days of operation, and the cooling tubes get
coatcd with much sodium bicarbonate,
which reduces their efficiency. The tower is
cleaned by partial carbonation of ammo-
niated brinc during 18-24 hrs. while the
tcmperature is maintained at 38-40'. The
brine dissolves all the sodium bicarbonate
and is sent to another tower for further
carbonation. It is usual to work with at
least 4 columns, three of which are used for
preparing sodium bicarbonate, while the
fourth is bheing cleaned. Each tower pro-
duccs the cquivalent of 50-6Go tons of soda
ash per 24 hrs. Thus the minimum capa-
city of a plant fo cconomic opeiation is
150-200 tons per 24 hrs.

The calcination of sodium bicarbonate is
carricd out in a rotary furnace. The chicf
difliculty in this eperation is the cahing of
the bicarbonate.  To reduce this, wet
sodium hircarbonatc is mixed with rome hot
soda ash, and the calciner is fitted inside
with a heavy scraper chain, to break up
any lump formed. The exit gases are
chicfly carbon dioxide, and some ammonia,
mixed with a large amount of stcam. When
these are cooled, ammonia liquor is form-
ed, and the rich carbon dioxide left over,
is rcturncd to the carbonator.

Afier separation of the bicarbonate, the
filtrate contains most of the ammonia used
in the process, chicefly in the form of am-
monium chloride, with small amounts of
carbonate, bicarbonatc, ctc. This ammonia,
since it is an expensive material, must be
recovered complctely for the economic work-
inig of the Solvay process. This is effxcted
in a still, the upper part of which is heated.
As the liquor flows down, carbonate and
bicarbonate are decomposed, and further
down the hot lignor mects with hot milk
of lime, which decomposes ammonium
chloride. The vapours leaving the top of

the still consist of a mixture of ammonia,
carbon dioxide and some stcam.

The exhausted liquor contains about 50
g. per litre of residual sodium chloride, and
calcium chloride. These arc sometimes re-
covered, or run out with waste liquor. The
loss of ammonia is 0.35-0.5 per cent. of
sodium carbonate manufactured. - -

2

The hot soda ash is cooled and screened
through 8-12 mesh, and the ‘light ash’ thus
obtained is bagged. A denser form of
‘heavy ash’ is prcpared by mixing light
ash with a small quantity of water and re-
drying it in a rotary dryer. The minimum
Na.CO, content of soda ash prepared by
the Solvay process is 98.5 per cent., and
good grades contain up to 99.5 per cent.
(Hou, Manufacture of Soda, 1942, 218).

When compared with industrially de-
veloped countrics, Inslia  consumes  only
a small amount of soda ash. In 44,
the estinated consumption in the U, S, A,
was ovier 4 million tons, while in India it
was only 107,500 tons. The target for pro-
duction in the next gycars set by the Heavy
Cheni. Industr. Penel (Rep. Heavy Chem.
and FLlectro-Chem. Industr. Panels, 1947,
11) is only 270,c00 tons. The distribution
of soda ash among various consuming in-
dustries in the U. S. A, and in India in
’41, and the estimated consumption in the
rear future in India are given in the follow-
ing table : —

Consumption in ’.44

Five

ycar

Industry InU.S.A. InlIndia target

(Tons) (Tons)  (Tons)
Glass .+ 1,148,000 25,000 * 50,000
Paper .. . 142,000 12,0C0 24,000
Textiles 52,600 9,0c0 12,500
Dichromates .. . 5,000 5,000
Sodivm silicate .. . 3,500 3;500

O AR SR e}
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Consumption 1n 44

Five
Industry In In year
U.S. A. India target
(Tons) (Tons) (‘Tons)
Ordnance factories . 3,000 3,000
Misc. chemical in- 912,000 2,000 4,000
dustries
Other industries 647,000 18,000 70,000
Caustic soda and  q19,000 95,000%
picarbonate
Exports & misc. 356,000
4,177,000 107,500 267,000

*For 57,000 tons of caustic soda

Until ’40, India’s annual requirements
of soda ash were met entirely by imports,
chicfly from Great Britain. The average
annual imports during the quinquennium
ending ’38-39 were 65,400 tons, valued at
Rs. 60.18 lakhs.

In recent years, increasing uantitics of
natural soda are coming from Kenya Colony
(30,000 tons in "43-44). This ash fetches a
lower price, since it contains a small pro-
portion of organic matter which discolours
it, and also some impuritics, especially iron,
which render it unsuitable for usc in the
manufacture of white glass.

The first attempt at the manufacture of
soda ash in India was made by the Sri
Shakti Alkali Works, immediatcly after the
first World War, at Dhrangadhra in Kathia-
war. This, however, proved abortive and
the factory closed down in ’'g1.  The
Dhrangadhra Chemical Woyks, a new con-
cern, purchased its assets just before the
second World War, recorganised the yv‘orlfs
and went into production in ’40. 'Their
annual output is 18,000 tons of soda flsh.
The soda ash plant at Khewra (the Punjab)
of the Alkali and Chemical Corporation of
India, a subsidiary of the Imperial Chemical
Industries (India), of capacity 20,000 tons

per annum, began production  in ’45.
Messrs. Tata Chemicals started the con-
struction of a large plant of capacity
36,000 tons per annum at Okhamandal in
’39. The outbreak of hostilities created
exceptional difficulties and the eflects of the
war have hitheito hindered the successful
development of this project. Thus, although
the rated capacity of the three Indian plants
is about 74,000 tons per annum, production
has been much less. A rapid expansion
in production is vital to India’s indusirial
development.

The total invesiment in the Alkali industry
in India (1945) is cstimated at about Rs. 3
crores.

SODIUM BICARBONA L

Sodium  bicarbonate, NaHCO,, also
known as baking soda, occurs in the form
of a white powder or crystalline lumps {(sp.
gr., 2.20). It is soluble in water, but not in
alcohol.  Its aqueous solution has a saline
tastc and gives a feeble alkaline reaction.
When heated, the dry substance begins to
lose carbon dioxide at 250 and is converted
into sodium carbonate,

Sodium bicarbonate is chiefly used for the
preparation of carbon dioxide for acrated
water. [t is a constituent of baking powders
and effervescent salts, and is used in fire
extinguishers.

In medicine, the pure salt is administered
in all cases of acidosis, biliousness, dyspep-
sia, and flatulence. It is also useful in
bronchial catarrh and bronchitis, rendering
the secretion less tenacious. A very weak
solntion (2 per cent.) is used as an eye
lotion, and to ielieve the irritation of
urticaria and eczema.

Sodium bicarbonate is obtained as an
intermediate product in the manufacture
of soda ash by the ammonia-soda process.
This crude product is difficult to dry and
contains an appreciable percentage of am-
monium bicarbonate {3-4 per cent.), which
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gives it an odour that renders it unfit for
many uses.

For the preparation of sodium bicar-
bonate, carbon dioxide is passed into a
saturated solution of calcined soda ash.
The bicarbonate formed being insoluble
under the prevailing conditions separatcs
out from solution. The crystals are centri-
fuged and dried in a current of hot air.
The finished product is usually 99.7-99.85

er cent. pure. It is packed in wooden
arrels and casks for bulk transport, and in
bottles and paper cartons for small packings.

The present consumption in India is
about 6000-6500 tons per annum, internal
production being only about 1500 tons.
Imports arc almost cntirely from the U. K.,
and during the quingennium ending ’38-39
averaged 5300 tons per annum, valued
at Rs. 6.36 lakhs. Messrs. Tata Chemicals
(Okhamandal) have a plant for the manu-
facturc of 10 tons per day of refined sodium
bicarbonate.

SODIUM HYDROXIDE

/\

¢ Sodium hydroxide or caustic soda, NaOH,
is-a white brittle solid and occurs in the
form of lumps or sticks (d, 2.13), which
show a crystalline fracture. The wusual
impurities in it are sodium chloride and
sodium carbonate. It may be purified by
dissolving it in alcohol, in which the
impurities are insoluble, and removing the
solvent from the filtered solution. On
exposure to air, sodium hydroxide rapidly
absorbs moisture and carbon dioxide, and is
converted into the carbonate. When heat-
ed, it begins to melt at 318 and volatalizes
slowly at red heat. Solutions of sodium
hydroxide are strongly alkaline, have a
corrosive action on the skin, and destroy
organic tissues. Caustic burns should be
washed with dilute acetic acid or citric
acid. Sodium hydroxide is rcadily soluble
in water and alcohol.

Caustic soda attacks most of the common
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metals excepting nickel. It attacks iron at
higher temperatures and concentrations.

Commercial caustic soda is marketed in
the form of fused lumps, pellets, flakes, or
powder, and is graded according to its
sodium oxide content. The standard grade
rated as 76 per cent. Na,O contains 98
per cent. NaOH, the rest consisting of so-
dium chloride, sodium carbonate, sodium
sulphate, etc. High grade alkali required
for the manufacture of rayon should contain
less than 1 per cent. of impurities.

A standardized 50 per cent. solution of
sufficiently high purity, called ¢ liquid caus-
tic’, is now marketed in large quantities for
direct use in many industries. Several
manufacturing industries, especially paper
factories, prepare their requirements of
caustic alkali in their own works and use
it directly in solution {NaOH, 12 per cent.).

Drums made of steel plates are used as
containers for technical caustic soda, and
steel tank cars arc employed for trans-
porting liquid caustic.

Caustic soda is usually manufactured
either by the chemical (lime-soda), or by
the electrolytic process. In the former,
soda ash is treated with quicklime :

Na,CO, + CalOH), — 2NaOH -+ GaCO,

In the latter, a saturated solution of salt is
clectrolysed :

2NaCl ; 2H,0O —-2NaOH . H. - (I,

The simultaneous production of chlorine,
in quantities ncarly cqual to those of caustic
soda produced, limits the use of the clec-
trolytic process to arcas wherc there are
adequate facilities for the economic disposal
of chlorine.

Plants manufacturing sodium hydroxide
by the chemical process are usually ad-
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juncts to soda ash factories. A strong solu-
tion of soda ash (18-20 per cent.) is pre-
pared by dissolving the ash in water, or by
dccomposing a solution of sodium bicar-
bonatc from rotary filters (ride sodium
carbonate) by boiling it with stcam. This is
charged to a causticizing tank provided with
an agitator. A solution of milk of lime
(250 g. CaO/l.) is gradually run in while
thc temperature is maintained at about
85° by mcans of steam.  Agitation is stopped
after an hour and the contents of the tank
arc transferred to a series of cylindrical
scttling tanks with conical bottoms. In
the first of these, the precipitated calcium
carborate settles in an hour, and the clear
liquor which contains about 12 per cent.
N:#OH is decanted. Recovery is generally
over 99 per cent.  Plants designed for con-
tinuous opceration arc of large capacity.

The precipitate is washed scveral iimes
using the wash water in counter-current,
Frcsh water is employed only when it is
nearly fiec from alkali. The calaum car-
bonate thus obtained is recaleined to vield
quicklime, or it may be ¢ m} «yed i e
manufacture of ccament.

The decanted lye is used directly in some
industrics such as paper-pulp manulacture,
Its concentration is carried out in muldple-
cffict evaporators till it rcaches about  go
per cent., aud is allowed to conl. Most of
the unrcacted sodium  carbonate, sodium
chloride and other impurities separate out.
The clarificd liquor constitutes the * liquid
caustic ’ of commerce.

Further concentration (up to 55 per cent.)
is carricd out in a single-cflect nickel-coated
evaporator. The liquoris then transferied to
direct fired cast-iron fusion pots and heated
till the tcmperature reaches oo’ After
some time, it is allowed to cool down to
350°, when most ot the remaining sodium
carkenate, ctc., are thrcwn out. 'The molten
mass is ladled into divms, cach capable of
containirg about %5co Ib. of solid caustic
soda. Thke mass solidifics on ccoling and

the drums arec immediately sealed, in order
to prevent absorption of moisture.

Sometimes, due to impurities, caustic
soda in the pots is found to be coloured
dork-green or slightly reddish.  The colour
is improved by sprinkling over the surface a
small quantity of sulphur, before it cools
down to 400°.

2900 1b. of soda ash and 160 1b. of make-
up lime (CaO, go per cent.) are required
for the production of 2000 lh. of caustic
soda (11 per cent. solution) in a plant of
capacity, 8q9.3 tons per day. The cti-
ciency of conversion is about 98 per cent.
Caustic soda produced by the lime-soda
process 1s cf a high degree of purity and is
snitable for use in rayon manufacture.
Goced quality caustic soda produced by this
process has the following analysis {Hou,
loc. cit., 295) : NaOH, a8.70; Na,CO,,
0.0 ; NaCl, 0.90; NaSO,, o0.20 and
water and undetermined substances, 0.20
per cent.

In the manuofacture of clectrolviic caustic
soda, purification of brine is the first stage.
Seturated brine prepared from rock salt or
solar salt contains small amounts of calcium
and magnesinm salts (chlorides and sul-
phates). Calcinm, and most of the mag-
nesium are  precipitated as carbonates by
the additien of requisite quantities of soda
ash, and the remaining magnesium, as
hydroxide by the addition of slaked lime,
or caustic soda residues.  Sulphate ions are
eliminated by mecans of bar‘um chloride
and the brine is heated to 60° to facilitate
the settling of the precipitate.  After filtra-
tion it contains 25 per cent. of sodiu m
chloride. To correct its alkalinity a small
amount of hydrochloric acid is added be-
fore it is sent to the cells. Apart from
facilities available for the disposal of chlorine,
the availability of cheap salt and electric
rower dctermine the suitability of the elec-
trolytic process for any particular region.

The cells which are in general use at
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present arc of two types : mercury cells,
and diaphragm cells. In mercury cells,
the cathode consists of mercury and the
anodes are made of rods of graphite.
During electrolysis, sodium is amalgamat-
ed with mercury, and chlorine isliberated
at the anode. The amalgam is deccmpos-
ed by pure water in a separatc compart-
ment, resulting in the formation of pure
sodium hydroxide and hydrogen. The
quantity of water is so regulated as to re-
sult in the direct production of caustic soda
of up to 50 per cent. concentration. The
mercury cells run at high current densities,
with a current efficiency of necarly g5 per
cent. Thc operating voltage is 4-5 volts
per cell and 1.6 Kw.-hr. of power are
required for the production of 1 Ib. of
caustic soda.

Mercury cells have the advantage of a
high output (4-16 cwt. per day) of pure
caustic soda of high concentration, free
from sodium chloridc and other impurities.
The original Castner cell has undergone
numerous modifications. Qae of these, the
Krebs cell, takes as much as 15,000 amps.
per cell and is capable of a very largc out-
put. But the initial investment is high
owing to the cost of mercury.

The development of diaphragm cells has
received the greatest attention in the U. S. A.
In thesc cells, the tank is made of either
mild-steel or concrete, and an asbestos diaph-
ragm separates the clectrodes, and prevents
the admixture of cathode liquor and chlo-
rine, without arresting the flow of brinc from
the anode to the cathode. For high energy
efficiency, the anodes are placed as ncar the
cathodes as possible, the electrode surface
is made largc and the electrolyte is kept
hot.- To prevent cxcessive anode losses,
clectrolysis is stopped when about half the
sodium chloride in the brine is converted
to caustic soda. The diaphragm allows ions
to pass through by electrical migration,
but reduces the diffusion of products. The
flow of brine from the anode to the cathode
inhibits the secondary reaction resulting in

the formation of sodium hypochlorite and
chlorate.

The standard Vorce cell consists of a
cylindrical steel cell tank 26" in diameter
and 42" in height. Inside the tank are a
perforated iron sheet cathode, and an
asbestos shect diaphragm, both cylindri-
cal in shape. The anodc assembly consists
of a circular row of 24 graphite rods of
2" x 2" square section and 36" length.
Several units arc operated in series, and
current efficicncy is 95 per cent.

The Hooker ¢ S’ type cell 1s the latest and
the most advanced type cf diaphragm cell.
The external dimensions of the cell are
by 5" X 4’ 6” > 3’ 8. The cell, which
is cubical in shape, consists of a concrete
top picce, a concrete bottom and a central
steel frame which carries a unique finger-
type of cathodes. These are made from
crimped steel wires and arc inserted between
the anodes. The cathodes are dircctly
covered with asbestos which forms the
diaphragm, and are completely immersed
in brine. The cathode assembly also
carrics outlets for hydrogen and caustic
alkali. The anode assembly consists of 30
graphite blades set in a hitumen covered
lead base plate. The cell operates at a
temperaturc of about 85°, has a large
production capacity and high electrical
current  efficiency (97 per cent.).

‘The oprrating data for the Vorce and
Hooker ‘S’ type cells are given below :

Vorce cell Hooker ¢ S * type

cell
Current per cell 1000 amps. ;]500 amps.
Voltage across cell 3.5 volts 3.4 volts

Power consumptionjlh.
Caustic soda

Caustir soda produced .

.15 Kw.-hr. 1.1 Kw.-hr.

72lbiday  5cwt./day

Chlorine . 61 lh./day 4.52 cwt./day
NaOH content of cell 8.5 per cent. 12 per
liquor cent.
NaCl content of cell 16 percent. 14 per
liquor cent.
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Since the conversion efficiency of diaph-
ragm cells is only about 50 per cent., the
eflluent contains 8-12 per cent. NaOH and
14-18 per cent. NaCl. The liquor i< con-
centrated  in double— or triple --effect eva-
poraters till the concentration cf alkali
reaches 50 per cent. and is allowed to cool.
Most of the sodium chloride crystallizes
out at this stage, owing to its insolubility in
strong alkali. This is separated, washed,
till it contains only o.1 per cent. NaOH, and
its solution is used for the purification of
raw brine. |

The 50 per cent. caustic liquor after the
separation of sodium chloride, etc., still
contains about 1 per cent. NaCl. This
liquor (liquid caustic) is suitable for most
purposcs, and over 50 per cent. of clectroly-
tic alkali is matketed in this form. To
obtain solid caustic soda, liquid caustic is
further concentrated in a single-cffect cva-
porator till the concentration reaches 70-
75 per cent., and is subsequently heated in
direct-fired caustic fusion pots. The caustic
soda thus produced contains about 2 pa

cent. NaCl.

Mecthods have been developed for the
further purification of caustic soda from
diaphragm cells. In onec, liquid caustic
is diluted to 35 per cent. and cooled to 4°,
when pure sodium hydroxide crystallizes
out in the form of NaOH. 3giH, 0. Thnse
are separated and converted into anhydrous
NaOH. In another recently developed
method, liquid caustic is washed with a
counter-current of anhydrous ammionia
when chemically pure crystals of anhvdrous
NaOH separate out.

The chlorine obtained as a by-product is
cooled, dried, condensed and filled into
cylinders or tanks. The hydrogen produced
is made use of for various hydrogenation
processes or for the preparation of synthetic
ammonia, hydrogen chloride, etc.

Owing to limited demand for chlorine,
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the world production of chemical caustic
soda was in cxcess of electrolytic soda till
about ’40. The chemical process is worked
as an adjunct to soda ash factories and
vields a product of very high purity contain-
ing over 98.7 per cent. NaOH with less
than 0.3 per cent. NaCl. The process
has the additional advantage that it has no
problems connected with the disposal of
by-products.

The clectrolytic caustic industry made
phenomenal progress during the War and
enabled the rapid stepping up of production.
Owing to shortage of mercury, most of the
devclopments were with diaphragm cells.
These cells yicld alkali of low concentration,
and an claborate process of purification is
necessary to concentrate theliquor, and to
purify it. Recent developments in Germany
in the design of mercury cells are likely to
bring them into greater prominence in the
production of caustic soda in the future.
The production of electrolvtic soda is limited
only by the demand for the chlorine which
is simultaneously produced.

Caustic soda is onc of the basic heavy
chemicals indispensable to a number of
industrics such as the manufacture of rayon,
soap, paper, chemicals, oil refining, and the
textile industry.  Although it is nearly 24
times as costly as soda, immense quantitics
are produced and consumed in all industrial-
ly advanced countries. 1n°’44, the U. 8. A,
produced 1,894,600 short tons of caustic
soda (689,600 tons of lime-soda and
1,205,000 tons of electrolytic soda), and the
consumption in that year is cstimated to
have been distributed thus (Chem. FEngng.,

1947, 5% i, 111) :

Short tons

Soap 125,000
Chemicals .. .. .. 300,000
Petroleum rcfining . . .. 140,000
Rayon, staple fibres and cellulose film .. 345,000
Lye and cleansers . 110,000
Textiles 110,000
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Short tons

Rubber reclaiming 25,000
Vegetable oil 18,000
Pulp and paper 100,000
521,000

Total x—,é84,ooo

Rs. 41.64 lakhs. There are now three
concerns 1t India producing caustic soda
with a total capacity of 12,000 tons per
annum.

CAUSTIC SODA PLANTS IN INDIA

The present annual Indian requirements
of caustic soda are estimated at only 54,000
tons, and the Heavy Chem. Industr. Panel
(Rep., loc. cit., 18) has placed the five-ycar
target for production at 103,000 tons per
annum :

Present

N
Locaton ' 9 g_g g—g &I Remarks.
BE <&
25 a
S (Tons)!
The Tata  Mathapur 8,800 || 6,000 tons of alkali by
Chemicals ' | the hme-soda process
and 2,800 tons by
the electrolytic process.
. Production so far has
' heen intermittent and
very much below
| capacity,
The Alkalh Rishra ., 1940 1,600 | Sold to consumers in
& Chemi-  (Calcutta) ' the form of 48 per
cals Cor- cent. solution,
poration
The Mettur Mettur 1941 1,600 NaOH sold In sticks
Chemical & and flakes.  Product
Industrial contains 4 _er cent,
Corporation NaCl P

Five-
consump- year
tion | targett
(Tons) | (Tons)
1] ! -
Soap . 29,500 52,000
Textiles 15,400 ;| 21,000
Paper . 9,000* 18,000
Misc. including oil refining, 6,000 12,000
, etc.
Total 54,000 103,000
- .

* This is in addition to the alkali produced by many In-
dian paper mills (estimated at 14,000 tons per annum,
Thomas, Rep, Develop. Industr. War Supplies. 1944, 28),
for consumption in their works.

t The target does not include the alkali required for rayon
manufacture.

Before 40, thc entire quantity of caustic
soda consumed in India was imported,
chiefly from the U. K. The average annual
imports during the quinquennium ending
’38-39 amounted to 22,300 tons, valued at

Hitherto, the quantity produced by the
factories has not exceeded 3,000 tons in
any one year. According to the estimates
of the Tariff Bd. (Rep. Caustic Soda and
Bleaching Powder Industry, 1946, 13), pro-
hyplen duction is expected to reach 11,730
ons in ’48-49. Thus the major portion of
caustic soda used in the country has still to
be imported. '

Imports of caustic soda are subject to a
duty of 36 per cent. ad valorem and a pre-
ferential rate of 24 per cent. ad valorem. The
landed cost of caustic soda including duty
at present (1946) is estimated at Rs. 15-10
per cwt. while the fair selling price per
cwt. of the product manufactured by the
Mettur Chemicals is estimated at Rs. 19-10
during the period Oct.’46-Dec. ’47. This is
expected to go down to Rs. 15-9 per cwt.
after Jan. ’48. The Tariff Bd. was not in
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favour of an increasc in duty on a basic
chemical which has to be imported in large
quantities.  Their proposal to grant a
subsidy of Rs. 2 per cwt. for all the caustic
soda manufactured and sold by the Mettur
Chemicals during the period mentioned
above has been accepted by the Government.

Caustic soda in the form of flukes or
powder fetches a higher price, usually
about Rs. 2 per cwt. than the fused variety.

Plans have been made for a rapid ex-
pansion in the production of electrolytic
caustic soda by the installation of a number
cf small plants (5 tons/day) in various
consuming centres throughout the country,
and production in the future is es pected to
reach 35,600 tons per annum. The new
plants have been sanctioned only on the
basis of showing use for chlorine which is
simultaneously produced. They represent
the saturation point for the use of chlorine
at the present stage of Indian industial
development.  Conscquently, in owder to
attain self-sufliciency with respect to caustic
seda, India will have to mannfacture a
large proportion of her requiremients by
causticising soda ash, and the production
of the latter will have to be vienped up

correspondingly. |
\

-

AVERAGE ANNUAL IMPORIS OF NMERALIS INTO

BRITISH INDI A

Oy 1oon ons an byval wobdkbhe of Re

CUSTOMS DUTY AND PRICES

- - - - ‘ R
Valuatinn

Customs for tariff | Market r'aten‘
duty ad purposec in Jan, '4%
1 oalorem (Rs./cwt,) . (Rs.[cwt.)
: - !
e o !
Stan- | Prefe- - | <
dard 'rential ‘39 PGal- g gl <
| Tate | orate ' H jeuta ‘ @
| | ]
' l , '
Per | Per
cent. | eont, lR« a Rs a R a.; Re. alRs a
Soda ash 30 18 14 8 g on 4,5 6|3 8
Sadm '
bicarbonate 6 2 a 912 J
icarbx 3 + a4 8 o1y 4 7 6|6
hydroaice 4b 2 8 02 019 010 0,4 3

Senl 1 ach ln?a,:ll'):xx:ll;m Caustie coda
!
On o NVale Qiv, Val O Nl
ll) q""l('ll('llnlll"l

ending— !
“""3" , 4}} O EUR: B 3 8.1 12.0 120.9
* 38-39 n51 b2 58 b4 229 {16
'$3-44 711 843 51 79 420 8o
In “44-45 508 759 46 102 122 140.5
»o 45440 789 128, 197 110 3749 1167

* Indiun Customs Tarift

t Indian chen My Aes | Ne s shed, 17937. 31, No 1 &

POTASH AND CALSTIC POTASH

Potash or potassium carbonate, K.CO,,
is a constituent of wood ashes.  Ray gives the
following analyses of the ashes of some
plant materials  Proc. nat. fust  Sei. India,

1913, 95 113

. K20
{percent.)

Sun-flowar ctem 36 3%

Chrveanthemum 1=~ tam 2]—ap

Cotton husk 10-—42

Banana stem . 46—64

Bamboo shoots 32—3%

Potash s manufactured trom potassium
chloride o1 potassium sulphate.  'he anhy-
drous salt i a strong dehydrating agent. 1t
is cmployed for the prcparation of potas-
sium salts and in the manufacture of special
glasses.  Potassium  bicarbonate, KHCO,,
is formed, when carbon dioside is passed
through a strong solution of the carbonate.
It is less soluble in water than sodium
bicarbonat-.

Caustic potash or potassium hydroxide,
KOH, 1s very similar to sedium hydroxide.
It is prepared by the clectrolysis of potas-
sium chloride, or by ftreating potassium
carbonate with milk of lime.  Potassium
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hydroxide is used in the manufacture of
soft soap.

Before the War, India's requirements of
these potassium compounds were met by
imports, mainly from Germany, Holland,
and France.

ALUMINIUM

Aluminium is the most abundantly oc-
curring metallic element being even more
plentiful than iron. However, it never occurs
free, but is always found in the combined
statc. It was first isolated in 1825 by
Oerstedt, and was comparatively rare till
1886, when the electrolytic process for its
preparation was discovered simultaneously
by Hall in America, and by Heroult in
France. Since then it has rapidly attained
the position of & major industrial metal.
Werld production, which in "29 was 270,100
metric tons, rose to 672,400 metric tons in
’39. In the latter year, Germany was the
leading producer with an antput of 200,000
metric tons.

During the last War "39-45., world pro-
duction reached a peak ot 1,026,000 metric
tons in 43 to mect the military demaneds of
the belligerent powers.  Eapansion in pro-
duction was most marked in Canada and
the U. S. A, Nince the War, there has
been a rapid deddine inoutput, and it came
down to 916,000 tons in “y5. At present,
United States, Canada and the UL 808, R,
are thg major producers.

WORLD PRODUCITON O6  ALUMINIUN
IN 1915*
(In thousand mettic tone

Canada 105.7
U.S.A. . 1504
U.S8.S.R 86.3
France 97.2
U. K. q2.4
Others 114.0
‘Total 916.0

* Muner, deartook, 1915 by

~1

()

Aluminium is a silvery white metal (m. p.,
660°), the main characteristic of which is
lightness combined with strength. It gives
a wide range of extremely valuable alloys
with a number of clements, chiefly, copper,
magnesium, mangancse, nickel, and silicon.
Thesc alloys have lower melting points than
the pure metal. -

Aluminium has a sp. gr. of 2.7 (wt.,
169.21b. per c. ft.) as against 7.84 for steel,
and 8.8¢ for copper. Itis capable of taking
a high polish, and is an excellent conductor
of hoth heat and electricity, its electri-
cal conductivity bheing about 62 per
cent. of that of copper. Tts coefficient ol
linear expansion is 24 10--* and modulus
of elasticity, q.9 10° lh.jsq. in. The
tensile strength may vary from 5 tons per
s. in. for soft, high purity metal, to 30-36
tons per s in. for some of its alloys. Pure
alumimum is a comparativelv soft metal
and its Brinell bardness (10 mm. ball, roo
kg., 30 sce) is 25, but may be raised to about
1o by annealing and cold work. Tts alloys
are much harder, their Brincll hardness
varving from o to nearly qgo (Liddell,
Handbook of Non-feirous Metallurgy, 1,
103, 21, '

Chemi ally aluininium is a reactive metal.
[t combines directly with a number of
elements  under  suitable  conditions. Tt
hae a great aflinity for oxvgen, and alumi-
nium foil or powder can be burnt in air.
Iowever, at ordinary temperatures, alumi-
nium i~ comparatively stable when exposed
to awmosphere.  This is due to the forma-
tior: of a thin protective coating of the oxide
on ity surface. Aluminium s clectro-positiy ¢
to most of the common mectals, such as,”
iron, silicon, copper, and, consequently,
undergoes corresion, due te electrolytic ac-
tion, when it comes into direct contact with
them in the nresence of moisture.

Aluminium is attacked in varying degrees
by many minecal acids cspecially in the
dilute state, and is also attacked by several
organic acids. However, it is unafected
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by pute, cold nitric acid, dilute or concen-
trated. The mctal is readily dissolved
by caustic alkalis and is corroded by solu-
tions of chlorides and mild alkalis.

The commercial ore of aluminium is
bauxite (q. v.), in which aluminium is
present as hydiated oxide. Bauxite occurs
in the form of moderately dense rock, often
pisolitic in structure. Its colour depends
upon the amount ofiron oxide present, and
may be white, grey, pink or brown. It
varies widely in composition, and bauxite
for aluminium manufacture should con-
tain a minimum of 52 per cent. of
ALO,, and not more than 5 per cent.
Si0,, 10 per cent. Fe,O,, and 10 per cent.
TiO,. The usual grades contain : AlO,,
55-60 ; SiO,. 2-3 ; Fec,0O,, 3-10; and TiO,
up to 10 per cent. Where alumina works
are not close to bauxite deposits, freight is
usually the major item in the cost of ore,
and in considering the utilization of apy
particular deposit, its composition, cost of
mining, and tiansport have to be taken
into consideration.

During World War II, considerable de-
velopments were made in Germany and in
the U. S. A. in the production of alumina
from clay and low-gradc bauxite orcs.

The production of aluminium is carried
out in two distinct and well-defined stages.
The first is the climination of impurities in
bauxite by chemical means, resulting in the
separation of the pure aluminium oxide
falumina). The second is the reduction of
alumina to metallic aluminium in electro-
lytic reduction furnaces.

The first practical process for the pro-
duction of alumina from bauxite was de-
veloped by Bayer in 1888. In this, the ore
is crushed and calcined to remove water
and organic impurities and ground to fine
powder (100 mesh or finer). It is then
digested for 2-8 hrs. in autoclaves with
caustic soda solution (sp. gr., 1.45), with
stcam led in at 50-70 lh. pressure. Nearly
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9o per cent. of alumina goes into solution
forming sodium aluminate, Na,Al,O,, while
ferric oxide, titania, etc., remain undissolv-
ed, and silica is precipitated as sodium
aluminium silicate. The liquor (sp. gr.,
1.23) is blown into large settling tanks,
and the impurities separate out as ‘red
mud’. It is then somewhat diluted and
passed through filter presses. The clear
sodium aluminate solution is pumped to
large precipitating tanks, and °‘seeded’
with a small amount of piecipitated alu-
minium hydroxide from a previous batch.
About 70 per cent. of the dissolved alumi-
nium hydroxide separates out in a
nearly pure state during 36 hrs., and the
rest on further standing. The precipitate is
drawn off from the bottom of the tank,
washed, filter-pressed and calcined at about
1000% to vield anhydrous alumina in the
form of finely divided whi.e crystalline
powder, containing approx. 9.3 per cent.
of ALO,.

Sodium hydroxide sulution from the taunks
is concentrated in vacuum evaporators and
used again for the treatment of bauxite.
The red mud forms a source of titanum

(q. v.).

In the clectrolytic process, alumina is

dissociated by the electric current :
ALQ, = 2Al + 30

The electrolyte consists of fused cryolite
(natural or synthetic), and calcium fluoride.
Usually it corresponds to the formula,
2AIF,. 6NaF.3Cal,.  The purpose of cal-
cium  flunride is to lower the fusion point
of cryolite from qg5° to about 700°. The
electrolyte is capable of disselving up to 20
per cent. of alumina, but during the clec-
trolysis the concentration of alumina is
usually maintained at 2-6 per cent. so
that the density of the clectioivte is about
2.097.

The elcctrolytic ccll consists of a rec-
tangular stecl box usually 8 3 4" x 4.
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This ix lined inside with refractory material,
covered by a thick layer of petrolenm coke
which forms the cathode. The anodes
consist of specially prepared carbon elcc-
trodes fixed to aframe and arranged so that
thecy may be lowered within 2" of the
molten laver of metal at the bottom of the
furnace. Collector bars are embedded in
the carbon lining and anodes to act as
conductors of electricity.

The amperage of cach cell varies from
eight to ten thousand, and the cell operates
at 5.5-7 volts. Consequently to get a work-
able voltage, itis usual to operatc a number
of cells in series. When starting, cryolite
or a prepared bath matenal 1s charged into
the ccll and melted down by lowering the
electrodes. When the cell 1s ncarly filled
with the molten bath, alumina is added at
thc top, and the electrodes raised into
position. The resistance of the cell main-
tains the bath in the molten condition, and
the aluminium formed, because of its
higher density (2.29), collects at the bottom,
and is drawn ofl at iptervals, and poured
into ingot. The metal 15 remelted to re-
move coccluded bath salts, and cast into
pigs. From time to time alumina is added
to the cell to make the process continuous.

A cell of the dimeusions mentioned vields
about 120 Ih. of aluminium per day and
current consumption varies from 8 to 13
kw.- hi. per Ib. of aluminium.

The anodes are made of petroleum coke
of high purity (ash, 0.3 per cent.), because
any impurity present in them will get mto
the metal. These anodes are continually
oxidized by the liberated oxygen, which also
keeps the bath well stirred. Flectrode con-
sumption is 0.6-0.8 Ib. per 1. of aluminium.

Continuous self-baking Soéderberg  elec-
trodes are now being used in the aluminium
industry. These are made of hollow alu-
minium cvlinders suspended above the tur-
nace, with perforations to allow the escape
of gases. The eclcctrode mixture is fed into
the cylinders and baked by the heat of the

furnace. The cylinder and the electrodes are
consumed ‘as eclectrolysis progresses, and
fresh sections are welded at the tops of
cylinders when necessary. The clectrode
assembly is so arranged that current is fed
into the furnace at all times, thus making
the operation continuous.

Aluminium thus manufactured is ovei
99 per cent. pure. Purer material (Al,
ay.8 per cent.) can be prepared by using
Hoopes cells. In these there are 3 hori-
zontal layers. The lowest is a liquid alu-
minium-copper alloy which forms the
anode. Above this floats a layer of fused
cryolite-barium fluoride (the electrolyte),
and on the top is the cathode of pure
liquid aluminium. The cell operates at 6
volts and 20,000 amps. Pure aluminium
is dissolved from the anode and deposited
on the cathode. from which it is tapped.

The electrolytic process consumes large
Guantitics of electricity and hence an abund-
ant supply of cheap power is essen.al for
aluminium extraction. The greatest ex-
pansion in the production of aluminium has
taken place in the 1i. 8. A. and Canada,
owing to vast development of hvdro-clectric

projeccts. The latter country extracts the
mc.aal from ore imported from  British
Guiana.  According to Heavy Chemicals

and Electro-Chem. Industr. Pancls Rep.
(1947), the following are the quantitics of
raw material and power required for the
production of r lIb. of aluminium :

Lb.

Baunxite 4.0
Caustic soda 0.15
Cryolite .. .. 0.05
Aluminium fluoride . 0.03
Fluorspar (Calcium fluoride) 0.01

Petrolcum coke 0.65
Pitch .. .. . . 0,07

Cloal .. . .. .. - 3.50
Electric power . 10 kw hr.

The aluminium ingot thus produced niust
be fabricated to forms used by manufac-
turers, such as, sheets, foils, castings, forg-
ings, extrusions, and powder. Tor making
sheets, the metalis first cast into rectangu-
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lar blocks for rolling, which are preheated,
and then hot-rolled to slabs, }"-1" thick.
Thesc slabs are then sheared to size,
and cold-rolled to thc desired thickness.
Since aluminium hardens with cold-working,
annealing at a temperature of approx. 350"
is necessary at intervals before further
rolling can be continued. The production
of foil (0.005" or less in thickness) is a
continuation of the strip rolling process,
in which rolls arc ground to a fine finish,
and narrow mills of extreme accuracy are
used. Aluminium powder for use as paint
is produced by stamping or milling alu-
minium shot or shect clippings with a
suitable lubricant stearin and tale-.

Commercial grade of aluminium is gen-
crally about gg.0 per cent. pure, with iron
and silicon as the usual imourities, and is
used for all purposes where high strength
is not essential.  Since the metal hardens
with cold-working, it can be obtained in
various tempers from soft to full haid, by a
combination of anncaling and rolling. Pure
aluminium is cxtensively used in the manu-
facture of houschold cooking utensile and
numerous domestic appliances and fittings.
The metal and its salts are non-poisonous,
and aluminium vessels are  resistant  to
corrosion by several foods cooked in them.
Aluminium 1 also employed for the manu-
facture of equipment for the chemical
industry, the food industry, breweries and
dairices.

Aluminium  possesses high ductility. Tt
can he drawn out into fine wires or beaten
into very thin leaves. Aluminium foil is
used for wrapping tobacco. coffec, tea,
cheese, ete. The metal has also high clec-
trical conductivity, and electric cables of
hard-drawn aluminium wirc are now re-
placing copper cables. Tn order to give them
the necessary tensile strength, aluminium
wires are reinforced by winding them over
a stranded steel cable core.

Aluminium paints are made by mixing
aluminium powder (200 mesh) with drving

~

/

oils, spirit varnish, synthetic resins, ctc.
Thesc paints are extensively used both as
protective and decorative coatings for
mctals, wood, etc. Such coatings also act
as excellent light and heat reflectors.

Aluminium powder is also used in the
Thermit process for welding and repairing
iron and steel parts. Thermit consists of
a mixturce of g parts of red oxide of iron
with 1 part of aluminium powder. When
ignited, the temperature may rcach 2500°,
and the heat generated produces molten iron.
Aluminium powder is also used in metal-
lurgy for the reduction of the oxides of
chromium, manganese, titanium, ctc.

Aluminium does not cast readily in the
pure state, but when suitably alloyed it is
extensively used in the form of castings.
Casting processes include sand casting, gra-
vity casting in permancent cast-iron moulds,
and pressure dic casting.  Aluminium is
plastic at working temperature, and can be
readily forged, while its physical properties
improve with working. TForging is usually
carried out in steel dies by forging hammers
or presses.  Since aluminium is plastic at
relatively low temperatures, it is also well-
adapted to the extrusion process, in which
a prcheated billet is forced through a suit-
ably shaped die opening in a powerful
hydraulic press, producing long extrusions
of intricate cross-section.

ANMuminium  finds its largest use in the
form of alloys, and the greatest develop-
memt during the past thirty years has been
in the field cf heat-treated alloys. The most
extensively used wrought alloy of aluminium
1s duraiumin  (Cu, 1.0; Mg, o.5; Mn,
.51 Si, 0.25-0.6 per cent.). Tt is available
in all forms, sheets, bars, girders, forgings,etc.
It is the strongest aluminium alloy that can
be produced by age-hardening at room
temperature. On heat treatment, by quen-
ching it from 500 in water, an: allowing it
to age at room temperature, it acquires
a maximum tensile strength of 6o,000 Ib.
per sq. in., with an elongation of 18-20
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per cent., and hecomes comparable te low
carbon steel. Its density (2.8) is about
1/3 that of steel (7.9). It has high strength-
to-weight properties and is extensively used
in automobile and aircraft construction.

The prominent casting alloys of alumi.
nium contain copper (8 per cent.) or silicon
(12 per cent.), and also magnesium. Mag-
nesium alloys have low density, and possess
higher tensile strength than other alumini-
um casting alloys.  Besides, magnesium
renders the alloys resistant to corrosion and
tarnish. Birmabright (Mg, 4.5-5.0; Mn,
0.5 per cent.) is used for the outer plates
of small boats. Aluminium-nickel alloys
(Ni, 4.5 per cent.) arc used for die castings,

Casting alloys, containing 3 or | alloying
clements, are uscd for special purposes.
The Y-alloy [Cu, 4.0; Ni, 2: Mg, 1.5
Si (max.), 0.6 ; Fe (max.), 0.06 per cent.|
is widely used for casting cylinder heads
and pistons of acroplanc engines, and has
good strength at clevated temperatures.,

In recent years several high strength alloy s,
used as wrought alloys and as cast allovs,
called R. R. alloys (Rolls Royce). con-
taining Cu, Ni, Mg, Fe, Ti wnd Si, as
alloying constituents, have been produced

commercially by High Duty Alloys Tad. of

England. These are used for the cons-

truction of acroplane engines,

Aluminium bronzes are alloys of copper,
containing up to 11 per cent. of aluminium.
They have high tensile strength and haid-
ness, and show marked resistance to corro-
sion, but they are somewhat difticult to
cast,

Aluminium and aluminium alloys can be
readily welded either by the oxy-acetylene
process or by electric resistance welding.
In the case of hcat-treated allovs, these
must be heat-treated
strength is to be retained.  Alternatively,
jointing may be effected by rivets of the same
alloy. Aluminium machines readily with

after welding, if

ordinary metal cutting tools, and high ma-
chining speeds are obtained.

An eclectro-plated coating of nickel or
chromium can be given to aluminium, after
suitable preparatory treatment. However,
where maximum resistance to corrosion and
surface hardness is required, aluminium is
usually given an anodising treatment, by
an clectrolvtic process in a chromic or
sulphuric acid bath. This gives a hard
corrosion-resistant  surface, and since the
resultant film is shghtlv porous, an attrac-
tive surface finish can be given by the use
of aniline dves.  Another protective treat-
ment, the = Alcelad ” process, widely used
in the case of strong alloys, consists in rolling
over an outer coating of pure metal, a core
of strong allov sheet, the former giving
complete protection againet corrosion,

Tremendous expansion has taken place
in the application of aluminium and its
allovs during the past twenty vears. Modern
aircraft are constructed almost entirely of
high-strength light-weight  aluminium
allovs. Tuselage and wings are constructed
of extrnded shapes, the covering being of
sheet. \ledium strength alloys are used for
conlings. fairings, petrol tanks, cte.  Alu-
minium  alloy forgings are used for wing
attachments and under-carriages, and in the
case of aircraft engine for crank cases,
pistons, evlinder heads, connecting  rods,
and airscrew blades. [n automobile engineer-
ing, apart from its use for pistons, cylinder
heads, connecting rods, ete., extruded and
sheet products are widely used for bus and
lorry bodies, and for tanks, for the trane-
port of petrol and other liquids.  Alumi-
nium is also extensively used in the cons-
truction of new  high-speed  streamlined
trains, and for window-frames and interior
fittings. The most familiar application in
clectrical engincering is in the form of
cable for overhead transmission lines. Alu-
minium is also widelv used in radio engi-
neeting and in the construction of radio
sets.  \nother increasing use is in aichi-
tectire. for such  purposes as  grilles,
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railings, window-frames, and for interior
decoration.

Although the fabrication of aluminium
utensils in India commenced in ‘12, ex-
traction of the metal began only in ’43.
India possesses abundant deposits of bauxite
of good quality, estimated at 250 million
tons. Large deposits, in which mining de-
velopment has alrcady taken place, exist
near Katni (C.P.), Ranchi (Bihar), and at
Tungar Hill (Thana dist., Bombay), and
near Belgaum. Other deposits, which have
not been commercially developed, as yet,
arc in Kashmir, Kolhapur, in the Eastern
States Agency, and near Salem in Madras
(r1ide Bauxite).

The other raw materials, except coal,
arc required only in small quantitics. of
these, petroleum coke is available from the
oil refineries at Digboi in Assam, and pitch
from the coke ovens and coal-tar refineries
of Bengal and Bihar. The rest are mostly
imported. Fluorspar mined in India is
of low purity andis not suitable for alumi-
nium production.

Just before the last War, two companics
were cstablished almost simultancously for
the extraction and fabrication of aluminium
in India, with an authorized capital of ncarly
Rs. 4 crorcs. Onc of these, the Indian
Aluminium Co. (I. A. C.), a Canadian
sponsored concern, with alumina works at
Muri (Bihar), reduction works at Alwaye in
Travancore, and rolling mills at Belur near
Calcutta, has been producing aluminium
since Mar. ’43and converting it into sheets
and circles. Itsrolling mills are now being
expanded for the production of strong
alloys, such as duralumin. The Aluminium
Corpn. of India (A. C. L), with all their
works at Asansol, in the Bengal coalfield,
began production in ’44. The combined
capacity of these two works, when fully
developed, is stated to be 8,000 tons of
aluminium per annum.

The progress of the aluminium industry

in India is linked with the development of
hydro-clectric power. So far the production
of the metal has been low, and the chief
difficulties arc lack of suflicient quantitics
of cheap power, and high freight charges on
internal movement of raw materials.

The I. A. (.. began production of alu-
minium using imported alumina. The
A. C. 1. started the manufacture of alumina
in India, in’44, from bauxite mined necar
Ranchi. Since July ’44, a duty of 36 per
cent. ad valorem has been imposed on 1im-
ported alumina. Thealumina works of the
I. A. (.. came into operation in °48, using
bauxite from deposits near Lohardaga
(Bihar). They have also mining lcases on
deposits near Belgaum.

PRODUCTION CAPACITY OF INDIAN ALUMINIUM
WORKS (1uns)

Reductuion Works |Aluminn Works

Com- .
Clapa-

soutce of Capacity Capacity
an 3 apa- o ;
pany Power aty (.)ulput: for ex- ntl;' for ex-
o pansion 7 | pansion
I.A.C. Iliwancore, 2,500 1,600 Up to m,-mo1 20,600
' State Hy- 5,000 , rising
droelectric X up to
Worhs(Pal- " 40,00¢
Invasal) 40,000
I.A.C. | Coal | 300  goo .;.oooI 6,000

|
|

The fabrication of aluminium sheets,
circles, e.c., is a well-established industry in
India. Both the companies producing alu-
minium have their own rolling mills. In
addition, a number of brass rolling mills
also produce aluminium sheets. Recently
Messrs. Venesta Ltd. (Calcutta) have be-
gun the production of aluminium foil for
lining tea-chests, and the Aluminium In-
dustries Ltd. (Trivandrum) have erected a
plant for the production of aluminium cable.
The Indian Aluminium Co. are arranging to
produce strips and foils and duralumin
sheets in their works at Belur, near Calcutta.

The present capacity of Indian rolling
mills is estimated at 10,000 tons of ingots
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per annum, and the cost of rolling at As. 4
per 1b. of aluminium.

PRODUCTION CAPACITY OF ALUMINIUM
ROLLING MILLS

(Tons)
l |
Nature Capaaty
of | Capacity | Present for ex-
products output | pansion
. |
! !
LA.C. ’ Shaets & ar- 1,600 1,600 2,500
|« les,  later
stips  and
I cols
AC.T o . - 1.600 6oo
Venesta Ltd. | Foil 700
Aluminiam I Cable 1,500 ' ..
Industrics | l

Lud. ' i

VERAGF ANNUAL IMPORTS OF ALUMINIUM
AAN]’) ALUMINIUM PRODUCTS INTO INDIA

(IN GWT.)
P . ~
4 i [§] « v
8 2 ¢ | - ' I E l — E E
In quin- o e < g .EE -g . ©°
quenmuin | ¥ & 5 7 03 = 8z
ending °8 ' g S
= g |~
L | i | H O
I . I
w '33-3% 452 | 71681 2,096 6439 80,566 . 65.50
. 38-39 92 i {7,202 2,907 10,582 " 60,783 45.16
4341 293, 401 2,627: 4961 12,882 1464
| !
In'g4-45 | 18,793 2,172 5099 305 27,215, 2420
» 45-46 | 61,569 | 27,99t 16,401 3,592 109,553 ‘I 90.22

The consumption of aluminium in India
hitherto has been small compared with
that of other countries producing the
mctal. Until 1943, the entire require-
ments of the country were met by imports.
Imports beforec the War (’39-45) consisted
mostly of circles and sheets for the manu-
facture of utensils, and small amounts of
cables and foil. During the quinquennium
cnding ’36-39, the average annual imports
amounted to about 3,000 tons, valued at
Rs. 45 lakhs. The U. K., Germany, and
Japan supplied 36, 24, and 21 per cent.
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respectively, of the total imports. At present,
the quantitics allowed to be imported are
controlled and are fixed in relation to the
total requirements of the country and in-
ternal production.

According to the Tarift Board, the annual
consumption of aluminium in India in
coming ycars is estimated at 20,000 tons,
distributed  thus : utensils, 15,000 tons ;
powder, 500 tons ; foil, 700 tons ; castings,
800 tons ; engincering, 2,000 tons ; rods for
steel core cables, 1,000 tons (vide also Non-
ferrous Metal Industr. Panel Rep., 1947,
27 & 50).

Thus the mctal will continue to be used
mainly for the manufacture of utensils,
because of India’s deficiency in copper and
its alloys. In the U. S. A., the proportion
of aluminium used for preparing utensils
to the total consumption of the metal is
cstimated  to have decrcased from 16 per
cent. in the pre-war period to 10 per cent.
in the post-war years, while the transport
industry remains thc largest consumer (33-
34 per cent.). In India also, increasing
industrialization and power development
are likcly to increase the demand for
alominium,.

The sale of aluminium to manufacturers
has been controlled by the Government
since Mar. ’45. The metal produced in
India is pooled with the imported metal,
and relcased to civil consumers at a fixed
price, based on the average value of the
pooled metal. The present prices (’47) per
ton arc : ingots, Rs. 1,600; and sheets
and circles, Rs. 2,450.

The cost of production of aluminium in
India is at present high. The Tariff Board
cstimated that the fair sclling price of
aluminium ingots per ton was about
Rs. 2,400 in ’46-47. With larger production,
this is likely to decreasc to about Rs. 2,200
in ’47-48 and to Rs. 1,900 in ’48-49. On
the basis of the sclling price alrcady men-
tioned, they have suggested imposition of a
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specific.duty of Rs, 590 per ton on imports,
and a subsidy to Indian aluminium com-
panies, to cover the difference bhetween
their fair selling prices and the rates at
which a2luminium is allowed to be sold.

The Government regard the production
of aluminium as a key industry and are
appointing a technical committec to report
on the production and sale of the metal in
India (Indian Tr. Full., 1917, 3, Viii, 3).

ALUMINIUM SALTS
ALUMS

Alums are represented by the general
formula. R’ SO, R,”(80O,), 24H,0,
wherc R’ and R’ are respectively monoval-
ent and trivalent positive radicals. They
are usually the double salts of ammonium,
potassium or sodium sulphate with alumi-
niuin, chromium or iron sulphate, and arc
readily prepared by concentrating and cool-
ing a .solution containing molecular pro-
portions of the component sulphates. Potash
alum is the common alum. Ammonia alum,
chrome alum, ferric alum and soda alum
find occasional uses.

Potash alum, K,SO,. Al, (50,),. 24H,0,
also known as alum alumen, forms large
colourless cubes or octahedra;, readily
soluble in water (12 g. at 20" and 94.4 g.
at 70° in 100 g. of water), but insoluble in
alcohol. * The solutions are strongly acidic
in reaction and have a sweetish astringent
taste. Alum crystals are efflorescent. On
gradual heating, they dissolve in their water
of crystallization and become anhydrous
at about 200°. When hcated rapidly to
drive off all the water of crystallization, a
porous. bulky friable mass is formed which
crumbles into a powder known as ¢ burnt
alum’. Burnt alum dissolves slowly in water
and is not always completely soluble owing to
partial decomposition of aluminiumsulphate.

Sqlutions of alums coagulate proteins and
recipitate them ; they harden gelatine.
hey also precipitate colloids.

In industry, alum is used for the same
purposes as aluminium sulphate, and is
largely replaced by the latter which is
cheaper. It is still used as a mordant for
scnsitive colours, and for sizing paper of
superior quality. Alum is also used in
manufacture of matches to impregnate the
untipped ends to render them firc-proof.
Burnt alum is used by taxidermists as a
preservative.

In medicine, it is used as an astringent
and as a gargle, and externally as a stvptic.
Exsiccated alum is uscd as a dressing for
ulcers and sores and as ap astringent for
swollen gums.

In north-western India, freshly burnt
alum is added to the drinking water of
camels and buffaloes.  During the War
about 300 tons per annum were used in the
production of foam type fire extinguisher
refills.

Potash alum is prepared from its natural-
ly occurring minerals such as alunite and
kalinite, but in India these do not occur in
appreciable quantitics. Alum was formerly
prepared from alum shales by roasting them
in air and leaching it out with water (vide
Alum and aluminous sulphates). Alum is
now produced in India by crystallizing
together ecquivalent proportion of potas-
sium sulphate and aluminium sulphate.
The solution is concentrated and the crys-
tals that separate out are melted to yield
lump alum, or recrvstallized to obtain large
crystals.

AVERAGE ANNUAL PRODUCTION AND
IMPORTS OF ALUM
Production . lmport_s .
(tons) Tons | Lakhs of Rs,
In quinquennium I
ending '33-34 na. 1,319 | 1.73
.- *38-39 2,781 ';7-383 j11 ' 048
. 1,725 {* 38-39 ;
4344 1,187 392 184
In  “q4-45 1,264 829! 2.2
o 45-46 na. 159 i 0.43
1
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Imports during the quinquennium ending
’38-39 were chiefly from the U. K. (66 per
cent.) and Germany (26 per cent.).

Ammonia alum, (NH,),SO,. Al, (80,)s.
24H,0, forms colourless crystals with a
strong astringent taste. In medicine, it is
_ employed for the same purposes as potash
alum, It is also an ingredient of baking
powders. Soda alum, Na,SO, Al(SO,),.
24H,O, an efllorescent crystalline salt, is
uscd as a mordant, in water purification,
and in baking powders.

Other Alums : Chromce alum, K.SO,.
Cr,. (8O,);. 2qH, O, is prepared by pass-
ing a current of sulphur dioxide thrcugh a
solution of potassium dichromate until
there is no further change of colour. On
concentrating the solution and cooling it,
chrome alum scparates out in dark violet-
red crystals. It is used in the chrome :an-
ning of leather, and as a mordant in the
textile industry. For these purposcs, it is
being displaced by dichromates.  Ferric
alum, (NH,),SO,. Fe.(SO,);. 24H,0O,
forms violet crystals. [t is used in medicine
as an astringent gargle and as a paint for
the throat, and internally to arrest hacmor-
rhage. It is also employed in the textile
industry as a mordant.

ALUMINIUNMN SULPHATL

Aluminium sulphate forms white crystals
(d, 1.62) of the formula Al (SO,);. 18H,0,
readily soluble in water (87 g. in 100 g.
at o° and 128 g. at 30°), but insoluble in
alcohol. Owing to hydrolysis its solutions
are.acidic in reaction. The anhydrous salt
is obtained by dehydrating the crystals at
200-250°, and this decomposes completely
at 450° yielding alumina, sulphur dioxide
and sulphur trioxide. Aluminium sulphate
solutions are similar in properties to alum
solutions, but they are somewhat more
astringent.

The largest use of aluminium sulphate is
in water purification. Its clarifying action
is due to aluminium hydroxide formed by
hydrolysis. This carries down colloidal im-
purities, and forms a slimy layer at the
bottom. Aluminium sulphate is used in
sizing paper, in tanning, and as a water-
proofing and fireproofing agent. In the
textile industry, it is used as a mordant and
for the prcparation of lakes. It is also
extensively employed in several industries
as a clarifying agent.

[n medicine aluminium sulphate is used
as an astringent and antiseptic.

Aluminium sulphate is marketed in
various grades. The chcapest grade called
*alum cake’ is preparcd by trcating purer
varicties of calcined china clay with sul-
phuric acid, and allowing the reaction
mixture to solidify. It contains 13 per cent.
of ALO, and all the silica and other
impurities originally present in clay ; in-
soluble matter in it may be up to 27 per cent.
The two principal varietics now marketed are
¢ aluminoferric’ and ¢ aluminous sulphate.’
The former is prepared from low-iron
bauxite. After treatment with  sulphuric
acid and allowing the solid residue to settle,
the clear liquor is run out, concentrated by
boiling, and allowed to solidify. Alumino-
ferric usually contains 14-15 per cent.
ALO,. It is consumed in very large
quantities for the purification of drinking

ater, and in the treatment of sewage,
where the presence of iron sulphate does
not matter. Tt is prepared atsite inr some
of the larger waterworks, and the solution
employed directly for clarification. Some-
times barium sulphidc or some other re-
ducing agent is added during boiling. This
reduccs the iron content to as low a figure as
o.r per cent. and improves the colour by
converting ferric iron to ferrous state. The
purer quality ¢ aluminous sulphate’ is em-

ployed for sizing paper.

Pure aluminiam sulphateis prepared from
aluminium hydroxide and sulphuric acid,
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and contains 17-18 per cent. ALO, and
only traces of Fe,O, (0.003 per cent.).
This matcrial is mostly employed in the
textile industry as a mordant, and in calico
printing, and for the preparation of alums.

The present Indian requitements of alum
and aluminium sulphates are estimated at
20,000-21,000 tons (for water purification,
8,500 tons; paper sizing, 10,000 tons; textiles
aud misc., 2,000 tons), and the five-ycar
target for preduction has been placed at
38,000 tons in the Tleavy Chem. and Electro-
Chem. Industr. Panels Rep. (1047, 9). Most
Indian sulphuric acid works produce alume
and aluminium sulphates for local consump-
tion, using good quality bauxite ore from
the Ci. P., Central India and Bombay areas
(vide Bauxitc). Raw material requirements
per ton of aluminium sulphate are 0.36 ton
of bauxite, and 0.47 tonof sulphuric acid
(100 per cent.). Annual production before
the war was 6,000-7,000 tons, chiclly of
aluminoferric, and it has now been stepped
up to 16,000-17,000 tons per annum. Somc
factorics are also preparing pure aluminium
sulphate (from aluminium hydroxide), and
alum.

AVERAGE ANNUAL PRODUCTION AND 1M-
PORTS OF ALUMINIUM SULPHATE OF
ALL GRADES

|
Production i Impotts
Tons i Tons Lakhs of
l S
[
In quinquennium .
ending ’33-34.. n. a. 2,357 . 1.77
’" '38-39.. 1,508% 1,803 | .11
v '43-44..| 8,463 62t ;198
In  ’44-45.. 9,281 4,449 = 6.58
" ’45-46. . n.a. 1,837 | 3.82
f I

Sulphuric acid is the most important
single factor which influences the prices of
aluminium sulphate and alums as may be
seen from the prices of these compounds in
India and 1. K. in 1046 : --

Tz - © Aluminium
Jc e no- ate
¢ %2 Potash alum Aluml_no sulphate
ESg (Rs. per ton) ferric  (ALO;,
Y - (Rs. per | 17-18",)
i ~ ' ton)  (Rs. per ton)
A ! - N |
UK. | 61- ! 2143’5 104'5 1535
India* i 226-1 30~ 104 - 48u;-

(from free)

*Calcutta prices (Messrs Beneal Chem. & Pharm Wearks),

The current tarifl duty on imported alums
is 25 per cevt. ad vulorem, or Rs. 1-6 per
cwt., whichever is higher, plus 1/5th of the
total duty. The largest consumption of
alum is in Bengal.

OTHER ALUMINIUNM COMPOUNDS

Aluminium oxide (zide Aluminium) or
alumina is the starting material for the
preparation of aluminium. An activated
form of alumina, consisting of partially
dehydrated aluminium hydroxide, has a
stable highly porous structure. It is used as
an adsorbent for certain gases and vapours,
and as a catalyst. Fuscd alumina is a re-
fractory and an abrasive. Anhydrous alu-
minium chloride, AICI, is a ycllowish
whitc amorphous substance. It is now an
smportant industrial chemical, extensively
used in petroleum refining, and as a catalyst
in the synthesis of several organic com-
pounds. Synthetic cryolite, gNaF. AlF,,
is also used in aluminium manufacture.

* for "38-39 only.

‘The imported material consists mostly of
the iron-free varicty. During the quinquen-
nium cnding ’38-39, imports werc chiefly
from Germany {43 per cent.) and the U. K.

{34 per cent.).

Sodium aluminate, Na,AlL(Q,, isused in
water purification, and as a mordant.

An aqucous solution of aluminium acctatc,
Al CH,0,);, called ‘red liquor,’ is
used in dyeing and calico-printing, in the
preparation of lakes, and for water-
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proofing cloth.  Aluminium stearate,
Al{C,H,,0,),, an amorphous vyellowish
powder, is precipitated by the addition of
sodium stearate to aluminium sulphate so-
lution. It is also obtained by heating
together aluminium acetate and sodium
stearate. It is used as water-proofing agent,
and is employed for thickening oils, and
as an ingredient of mixed paints to prevent
separation of colours. Some  aluminium
stearate has heen produced in Tudia during
recent years, and its consumption in< i cased
during the War.

ALUMINIUM WARE

Aluminium, on account of its lightness,
strength and remarkable ductility, is ex-
tensively used in the manuflacture of hollow-
ware, and for this purpose has to a great
extent replaced brass and copper.  The first
aluminium ware factory in India was started
in Madras in’12 by the Indian Aluminium
Company. The -industry received an
impetus during World War 1 through the
heavy demands for mess tins, watei-hottles,
ctc., and several modern factorics sprang up
in Calcutta, Bombay and Madras.

There arc at present about 5o factories
in India including about g5 new factories
which came into existence during World
War Il. Five of the larger concerns pro-
duce abhout g5 per cent. of the total Indian
output. Of these, Messrs. Jeevanlal (1929)
Ltd., Calcutta, are the biggest. This Cana-
dian firm which has amalgamated with a
former Indian concern of the same name,
now owns also the Indian Aluminium Co.
of Madras, and accounts for ncarly 45 per
cent. of all the aluminium ware manu-
factured in India. The other important
concerns are the Aluminium Manufactur-
ing Co. in Calcutta, the Wolverhampton
Works Co., Lallubhai Amichand, and Anant
Shivaji Desai, in Bombay. The first com-
pany produces about 20 per cent., and the
others 10 per cent. each, of Indian manu-
facture (Tyson, India Arms for Victory,

1042, 140).

Aluminium for this industry is obtained in
the form of circles, shects and billets. Circles
(16, 18 and 20 S. W. G. thickness) of
diametct varying from a few inches up to
g32” arc used for most articles. Sheets
are emploved for containcrs, boxes, snitcase,
cte.  Wires are used for handles, and rivets
for joining. Aluminium ingots and scraps
arc also ueed for the manufacture of handlcs,
spouts, etc., by casting. Before World War
[1, all the aluminium sheets, circles and
billets were imported.  In ’41, the Alumi-
nium Corporation of India hegan to
produce commercially pure  aluminium
sheets and circles from imported and indi-
genous virgin metal.

In pre-War vrs., the average annual
consumption of aluminium was 3,000 tons,
with a peak figure of 7,500 tonr in ’g0, when
the sale of utensils alone amnounted to
Rs. 1.5 crotes. During the War (’°39-45),
owing to shortage of aluminium, production
of utensils including those for the armed
forces diminiched to 25-30 per cent. of
pre-War figures (Tyson, loc. cit., 141). In
46, however, ahout 13,000 tons of alumi-
nium were consumed in India of which
10,300 tons were imported. About 10 per
cent. of the total was intended for the
manufacture of articles other than utensils.

During World War II, the supply of
primary aluminium was augmented by melt-
ing and refining aluminium scrap in specially
installed furnaces. The price of scrap rose
from As. ¢ to Rs. 2-8 per lb., and Govern-
ment imposed control over scrap, fixing the
price at Rs. 1-12 per Ib. Thereafter alu-
minium was relcased mainly for essential
purposes.

Aluminium ware is manufactured by
pressing, spinning or casting. In pressing,
the blank after lubrication is stamped with
the name of the brand and pressed into
shape in power presses. Most of the press-
work is usually done in one stage. Deeper
pressings are done in two successive stages for
lessening strain-hardening diie to drawing.

-
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The wrinkles produced are removed, and
the edge trimmed and beaded during spin-
ning. Pressing is uscd for the manufacturc
of many articles like saucepans, dishes, tea-
travs, dekchis, tca-kettles, etc. This process
is generally preferred to spinning in large-
scale production, although it is costlier
due to the high cost of dies, punches and
presscs.

In the spinning process, the blank or
partially drawn article is held between a
chuck and a tail piccein a lathe. A wooden
or mectal former, having the internal shape
of the article to be produced, is attached
to the chuck, and while the whole assembly
rotates, the blank is forced against the
chuck with the aid of tools. During spin-
ning, the articles should be well-lubricated.
The speed of rotation for aluminium spin-
ning is about 3,000 linear ft. per minute.

Good chucks are made of hard and close-
grained wood, such as babnl wood, although
for quality production metal chucks arc
preferred.  Scctional or split  chucks
are uscd if the chuck cannot be removed
when spinning has beeu completed, as in the
casc of dekchis, kettles, etc.

Spinning is adopted in thc casc of all
re-entrant shapes ; and also for edge-curling,
beading and scaming. It is cheaper than
pressing. ‘Therefore, although slower, it is
preferred for small scale procduction even in
the case of simple shapes.

Sonic articles are also made by hammer-
ing the shects with mallets over wooden
moulds. Smallet concerns use this process
for most of their operations. Ordinary
sand castings are used for making certain
utensils and many parts of aluminium ware.
The several parts are joined together by
riveting or by welding.

Aluminium ware is finally finished by
buff polishing, too! finishing, or matt finish-
ing. In buff' polishing, surface scratches
are first remnoved with the aid of abrasive

whecls and buffing is carried out in a small
lathe with tripoli for imparting lustre. A
spun articlc is directly hufled. The article
is then finished with dry lime on a soft
wheel. Tool finish is carried out in a
lathe with edge-tools. White matt or frosted
finish is imparted by chemical etching. The
article is etched in boiling caustic soda
solution, washed with water, and immersed
in dil. nitric acid to remove black deposits
formed during etching. It is finally washed
with water, and dried.  Dekchis, thalis,
katoras, kettles, tiffin carriers, ctc., arc us-
ually matt finished. Matt finishing may
also be done by sand blasting.

Some articles are given a good brilliant
finish by an electrolytic process, known as
* anodising,” followed by a colour finish.
The article is made the anode in a sulphuric
acid bath with lead as the cathode. This
process deposits a hard film of aluminium
oxide which adheres well, and resists wear
and corrosion. It has also the property of
absorbing certain anilinc dyes giving the
article an extremely brilliant appearance.
The anodised article is boiled in caustic
soda solution, neutralized with nitric acid,
finally dyed in a vat.

Most of the factories are engaged in the
production of kitchen and dairy ware.
Industrial uses of aluminium warc have been
devcloped during the last 15 years parti-
cularly by the Aluminium Manufacturing
Co., Calcutta, and Wolverhampton Works
Co., Bombay. Of late, industrial uses
have increased greatly, and in the year
ending June ’42, the Aluminium Mfg. Co.
manufacturcd Rs. 20 lakhs worth of in-
dustrial goods and only Rs. 2 lakhs worth of
utensils. These articles include baskets for
collecting tea leaves, latex cups and co-
agulating pans for rubber industry, jute
mill bobbins, castings for electrical and
engineering works, and equipment for paint
and chemical industries. Other principal
lines of production during the War were
Jettison tanks, fuse pad used for gun firing,
castings for distilleries, percolators for fruit
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juice industry, water-bottles, service uten-
sils, auxiliary parts of electric transformers,
ficld telephone parts, medicinal containers,
etc.

The price of aluminum utemils i* cal-
culated gencrally on the basis of weight and
depends also on the shape and the process
of manufacture. Under the Aluminium
Utensils Control Order ((fa:. India, 1945,
No. 8,1, 236), the Central Govt. fixed  the
max. prices of dom(‘snc aluminium ware
from 1st Mar. ’45. The various articles
were classificd under 75 types for the whole
of India, with 18 types more for Madras.
20 S. W. G. was specified for utensils made
of circles up to 18" in diameter ; 18 S. W. G.
for those betwecen 18" and 24" ; and 16
S. W. G. for those above 24”. The controll-
ed prices range fiom Rs. 2-14 to Rs. 3-8 per
Ib.

Some quantity of aluminium hollow-ware
was bcing exported from India to neigh-
bouring countries. Tn 1937, imports from
India into Ceylon amounted to 973 cwt.
valued at Rs. 1,10,376 (Ceylon Customs Re-
turns) ; and into Burma, 165 cwt. valued
at Rs. 23,026 (For. Tr. Burma;.

AMMONIA AND ITS SALTS

Ammonia, NH,, is a colourless, pungent
smelling gas, feebly combustible in air.
It is very soluble in water (at o', 1148 c.c.
dissolve in 1 g. of water ; at 20, bgo c.C.;
and at 40°, 403 c.c.), and the solutions
smell strongly of ammonia. The gas also
dissolves in alcohol, ether and other organic
solvents. Aqucous solutions arc alkaline
and neutralize acids forming ammonium
salts.

Ammonia (t, 132°; p, [12 atm.) is
casily liquefied by compression, and liquid
ammonia is a colourless mobile liquid
(d, 0.6382 ; b. p., 33.4°). At 07 its latent
heat of evaporation is 302 g.-cal./g. Liquid
ammonia is a very good solvent for
numerous materials.
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Anhydrous ammonia is marketed in steel
cylinders, and aqueous solutions are trans-
ported in glass bottles or carboys. Liquor
ammonia (sp. gr./15% 0.882) contains 35
per cent. NH, by weight.

Great care should be exercised in handl-
ing ammonia and its solutions, and in
opening its containers. Sudden cxposure
o ammonia vapours causes injurics to eyes,
and suffocation, sometimes resulting in
death. In case of poisoning by ammonia
solutions, dil. acetic acid or lemon juice
should be given, followed, if necessary, by
an injection of morphine.

Ammonia finds numerous uses.  t is used
directly in the manufacture of sodium car-
honatc (ride Alkalis), cuprammonium silk
(vide Rayon), and in synthetic chemical in-
dustr) (dyes, drugs, plastics, nylon, urea,
ctc.). Itis employed as a process material
in textile industry, in rubber manufacture,
and in the nitriding of steel. In water
treatment it is used to remove the excess of
chlorine. Since it readily breaks up into
its clements under the influence of heated
catalysts, the gas is sometimes employed as
a source of hydrogen in the welding of
metals.

Ammonia is also used in medicine. .\
dil. solution (10 per cent.) is given as a
stimulant and restorative.

A\mmonia forms the basis of the modern
nitrogen industry, and its salts arc used in
immense quantities as fertilizers. It is
employed also for the manufacture of nitric
acid by direct oxidation ‘vide Acids).

Ammonia is obtained as a by-product
during the destructive distillation of coal,
for the manufacture of coke or coal
gas. It is prepared synthetically from cal-
cium cyanamide by the action of super-
heated steam :

(}a(h ~-_1‘ % 3H20 - ( :ﬂ.(,‘t()d QNH_;

and by the direct combination of its ele-



THE WEALTH OF INDIA

ments, The former process is becoming
obsolete, and the latter accounts for thc‘
major portion of the world production of
fixed nitrogen.

By-product ammonia was the only source
of ammonia till the successful development
of the synthetic process in  Germany by
Haber and Bosch in "13. Since then, world
production of synthetic ammonia has in-
creased continuously, and owing to decrcasc
in prices, the recovery of by-product am-
monia is somctimes found to be uneccono-
mical.

In India, there are at present two synthe-
tic ammonia plants, one at Belagula in
Mysore (5 tons/day), and the other at
Alwaye in Travancore (40 tons/day). A
third factory capable of producing 350,000
tons of ammonium sulphate per annum
is being ciected at Sindri in Bihar by the
Government of India (Rep. Tech. Miss.
Art. Fertilisers India, 1944).

The economic production of synthetic
ammonia involves the preparation and puri-
fication of immense quantitics of hydrogen
and nitrogen, and requires a stcady supply
of large amounts of fucl, power, and water.
After its production, ammonia has to be
converted into its sulphate, or some other
salt, and this again requires large quantities
of raw materials (sulphuric acid or gypsum).
‘The Travancore plant uses g million c.ft.
of hydrogen and 1 million c.ft. of nitrogen
per day, to produce 40 tons of ammonia,
and consumes daily 240 tons of hardwood,
120 tons of gypsum (CaSO,. 2H,O, 86
per cent.) and 58 tons of sulphuric acid to
produce 150 tons of ammonium sulphate
(Chem. Engng., 1947, 54, No. 8, 93). In
the Sindri plant, the capacity of which is
abou. 7 times that of the Travancore plant,
the estimated daily requirements (300 work-
ing days in a year) of raw materials for
the production of 1,167 tons of ammonium
sulphate are : coal, 803 tons; coke, 510
tons: and gypsum, (CaSO,. 2H,0, 93
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per cent.), ca. 1,790 tons. A great
dcal of organization is nccessary for the
maintenance of a regular supply of these
raw materials. The integration of the va-
rious procesres, and the successful working
of the high-pressure plant demand a high
order of technical skill.

Approximately 100,000 c.ft. of a mixturc
of 3 vol. of hydiogen and 1 vol. of nitrogen
are required for the manufacture of one ton
of ammonia. Of the two gascs, hydrogen
is thc more expenrive to produce, and its
cost dectermines the pricec of ammonia.
Although nitrogen may be obtainead from
the atmospherc by the fractionation of
liquid air, or by the removal of oxygen by
combining it with suitable materials, in
most modern plants its production is linked
with that of hydrogen.

Hydiogen for ammonia synthesis is ob-
tained chiefly by the action of steam on
red-hot coke (water gas), or iron, and by
the clectrolysis of water. The other pro-
minent sources are coke oven gas, (hydro-
gen, 50 per cent.), natural gas (chicfly
methanc), and by-product hydiogen from
chemical industries. But these, at present,
are not of much significance in India.

The credit for developing a satisfactory
process for producing large quantities of
hydrogen for ammonia synthesis is due to
Bosch. Water gas, made by blowing steam
over red-hot coke, consists cf a mixture of
ncarly equal volumes of carbon monoxide
and hydrogen. When it is mixed with
producer gas (carbon monoxide and hydro-
gen, and nitrogen), and a large excess of
stcam, and is passed over a heated catalyst
(iron oxide with small amounts of chromium
and cerium), steam reacts with carbon
monoxide and converts it to carbon dioxide,
yielding at the same timc some more hydio-
gen :

H,O (steam) 4 G (coke) - CO+H,;
Air (oxygen & nitrogen) 4 C(coke) =CO - N,;
CO ‘{-Hzo = C02+H2.
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The resulting gas mixturc is passed through
condensers to rcmove stcam, and carbon
dioxide is climinated by scrubbing the
gases under pressure (50 atm.) with water
(when CO, dissolves 1eadily), and then
with a solution of caustic soda. Finally,
unconverted carbon monoxide is removed
by scrubbing the gas mixture under pres-
sur¢ (200 atm.) with ammoniacal copper
formate. After this, only nitrogen and
hydrogen are lcft bcehind with traces of
inert gases (methane, argon, ctc.).

Water gas and producer gas arc usually
mixed in the ratio 1 : 2 or 2 : g by volume
(Curtis, Fixed Nitrogen, 1932, 223). This
mixture after passing through carbon mon-
oxide converter, and purification, contains
hydrogen and nitrogen in the correct pro-
portion for ammonia synthesis.

PERCENTAGE COMPOSITION OF WATER
GAS, PRODUCER GAS & MIXED GAS

Water | Producer Mixed
gas gas gas
| ] -
Jarbon dioxide 2-0 5 45
Carbon monoxide. . 10-15 25 | 35- 10
Hydrogen 49-51 5 33-36
J |
Nitrogen 0-2 6y 22-24
|
Argon, methane, elc. 0 { 2 , I

This process yiclds hydrogen as well as nitro-
gen at the lowest cost, and is used for the
production of the major proportion of
world’s synthetic ammonia output.

In the semi-water gas mecthod, a modi-
ficaticn of the above process, air is intro-
duced simultancously with steam into the
gas generator containing red-hot coke, at
such a rate that semi-water gas is produced.
After purification this contains hydrogen
and nitrogen in the correct proportion

N
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for ammonia synthesis. The Technical
Mission (Rep., loc. cit.) has recommended the
adoption of this method by the Sindri
plant.

The stecam-iron reaction, g IFe }-4H,0 --:
Fe;O, -+ 4H,, although it has been used
for the preparation of large volumes of
hydrogen for oil hydrogenation, has not
found favour in the synthetic ammonia
industry. This is due to the cost of produc-
tion of large volumes of water gas (2.3-3
vol. for 1 vol. of hydrogen) required to
regenerate iron from iron oxide. However,
this is an altcrnative process when fuels
other than coke have to be employed (cf.
Rep. Tech. Miss.), and is now being used
in the synthetic ammonia plant of the
Travancore Fertilizers and Chemicals at
Alwaye. Producer gas is generated from
wood ; a part of it is used for reduction,
and the 1est as fuel. Nitrogen and carbon
dioxide are recovered from the gases result-
g from combustion.

In the clectrolytic process, hydrogen is
prepared by passing a direct current between
nickel-plated electrodes through a 10-25
per cent. solution of caustic soda in a
series of cells. But the consumptior of
current is very high, ncarly 13,200 kw.-hr.
heing required for the production of one ton
of ammonia. Out of this, 11,800 kw.-hr.
arc usced for the production of 88,400 c.ft.
of hydrogen (1 kw.-hr. on an avecrage
producing 7.5 c. ft., hydrogen), and 1,400
kw.-hr. for power, etc. The process is
economical only in places where electricity
is very cheap. A part of hydrogen produced
(13,400 c.ft.) is burnt in air (32,000 c.ft.)
to preparc nitrogen (25,300 c.ft. - Ernst,
Fixation of Atmospheric Nitrogen, 1928,
69 and go). A special burner is employed
and the supply of hydrogen and air is so
adjusted that after drying, the exit gases
arc made up of hydrogen and nitrogen in
the correct ratio for being sent to the con-
verters.

The Belagula plant at Mysore which uses
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the clectrolytic process gets its supply of
current at the low rate of one cighth
of an anna per kw.-hr. But cven at this
ratc the cost of electricity per ton of ammonia
synthesised works out to Rs. 103.  Accord-
ing to Technical Mission, sufficient power
is not available anywhere in India through-
out the year for the production of any con-
siderable proportion of fertilizer required.
The Mission could not rccommend the
adoption of the process even for small
plants to meet a concentrated demand in a
special area.

In the original Haber-Besch process, a
‘purified mixturce of hydrogen and nitrogen
i the ratio 3: 1 by vol. at about r00° and
200 atm. is circulalcd in  Igh-pressure
vessels called ‘ converters,” containing the
~ catalyst maintained at 500-600". The cata-
lyst is said to consist of a spcecially prepared
form of reduced iron to which are added
small quantitics (about 1 per cent.) of
sodium or potassium oxides, alumina and
silica. The formation of ammonia takes
place with' the evolution of considerable
heat which is made use of in heat exchangers
to pre-heat gases entering the reaction
chamber. The gases leaving the converter
contain usually 8-10 per cent. of ammonia,
which is scrubbed cut with water, and they
are then sent back for reciiculation. Haber-
Bosch plants account for about one-third of
the world capacity of ammonia synthesis.

The Haber-Bosch process has been medi-
fied since its introduction in numecrous
ways, and these changes relate mainly to the
working pressure and tempcerature, the
catalyst, and plant design. Other processes
now in operation arc the Casale, Claude,
Fauser, Mont Cenis and the American
processes.

The Claude process works at 500-650"
and 9oo-1000 atm. With a number of
converters in series, the overall yield of
ammonia is about 85 per cent.,, and the
residual gases are not recirculated. ‘The

«Casale. procdss works:at; 500" and at 600-750
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atm., and conversion is about 15 per cent.
The Mont Cenis process, on the other
hand, operates at 100 atm. and 400-425°
using an iron-cyanide catalyst. Its conver-
sion efliciency is 8-20 per cent. .

The Fauser and the Amcrican processes
are very similar to the Haber-Bosch process.
The former is characterized mainly by
the use of clectrolytic hydrogen produced in
a special type of cells. The American pro-
cesses work at 500” and 200-300 atm.,
using a doubly promoted iron catalyst.
'The plants arc of special design and employ
a purifier, which is really an initial ammonia
converter operating at a somcwhat higher
tempcerature, in which impuritics in the
gases arc removed by the ammonia formed.
Conversion cfficiency varies from 16 to 22
per cent.

The catalyst employed in the American
process for synthctic ammonia production
consists of iron oxide granules containing
1 per cent. potassium oxide and 3 per cent.
aluminium oxide (based on the weight of
iron oxide) as double promoters (Industr.
Engng. Chem., 1925, 17, 971). It is adversely
affected by several * catalyst poisons’, the
chiefof which are sulphur compounds, water
vapour, carbon monoxide, cartbon dioxide,
and also freec oxygen (mecthane and argon
have no action). Hence the necessity for
claboratc purification before the gas mixture
enters the converters. The normal life of
the catalyst is about 100 days. During
operation its temperature is maintained at
480°, and since temperatures above 500*
grcatly reducc its life, the circulation of
gases and hcat exchange systems must be
vay efficient, in order tc prevent over-
heating by any local rise in tempcrature.

'The converter in the American system is
a_thick-walled cylinder of chromium-vana-
dium stecl, and is built of a single forging,
except for the head, or is a laminated struc-
turc with several concentric cylindrical
forgings pressed one above the other. It
contains the contact chambers made . of
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thrce concentric stecl tubes, the heat ex-
changer, and an clectrically operated heat-
ing unit. This heater is required to pre-
heat the catalyst when starting the opera-
tions, and also to supplement the heat from
heat-exchangers for raising the temperature
of the gas mixture to about 410° hefore
it enters the contact chambers.

The cold gases enter from the bottom of
the converter and travel up the annular
space between its outer wall and the contact
chambers, and keep the shell wall relatively
cool. Then they pass through the heat-
exchanger, and over the clectrical heating
coil, and enter the contact chambers, where
synthesis takes place. The conversion 1s
about 16 per cent. at aspace velocity (number
of litres of exit gas at N. T. P. passing over
1 litre of catalyst space per hour) of 40,000.
The cxit gases (510°) after passing through
the heat-cxchanger inside the converter
arc led into the condensers.

In the first condenser, which i water-
cooled, the temperature of gases is brought
down to 30-34°, and becausc of the high
pressure a portion of ammonia is liquefied.
In the main condenser which follows. the
temperature is lowered to about 5° by the
cxpansion of ammonia, due to relcase of
prescure, and all the remaining ammonia is
liqucfied, and sent to storage.

The unconverted gases are mixed with
fresh make-up gas mixture, compressed and
rcturned to thc converter.  Pcriodically
the gases are purged to remove accumulated
argon, etc. The losses due to this and to
leaks, ctc., in the circulation system, average
to about 10 per cent.

Since the first successful operation of the
Haber-Bosch process in 13, the synthetic
ammonia industry made spectacular pro-
gress, and the process has become the lead-
ing method for the fixation of atmospheric
nitrogen and for the production of the che-
mical nitrogenous fertilizers. By about
’24, world production of synthetic ammonia
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cqualled thatof by-product ammonia, and in
b * oxqe
34, outstripped the latter by about a million
tons. Co
WORLD PRODUCTION QF CHEMICAL
NITROGEN* '
(1000 short tons)

[}

P .
| 1013 | 1924; 1929 | iga4
| i |

!

By-product 313 | 352 497 394
Synthetic ammonia .. l 24 | 366 1,102 ; 1,332
Cyanamide 42 | 121 251 il 239
Nitrate | 4713 | 412 555 | 145
Total : 852 (1,241 ;2,405 t'z,no

! !

* Shreve, 389.

Till the commencement of the World
War II, the greatest developments in the
production of synthetic ammonia took place
in Germany, and her annual output was far
in cxcess of that of any other country.
World capacity for nitrogen fixation about
the year ’40 was estimated at 4,510,000
short tons (N), and of by-product ammonia,
603,000 short tons (N). Of this, German
capacity was 1,364,000 short tons (N) of
synthetic ammonia, and 137,500 short tons
(N) of by-product ammonia. A single
titanic factory at Leuna was producing
949,000 short tons (N) of synthetic ammonia
(Industr. Engng. Chem., 1940, 32, 1170).

During the last War, the largest expansion
in synthetic ammonia production took place
in the U. S. A. in order to meet the military
demand of the allied powers for nitric acid
and ammonium nitrate. In 45, the total
capacity of the plants in the U. S. A. was
1,450,000 short tons (750,000 tons in Govern-
ment plants, and 700,000 tons in private
plants of synthetic nitregen (Chem. FEngng.
News, 1945, 32, 809). In England, produc-
tion of synthetic ammonia and by-product
ammonia in ’39 was 168,000 long tons and
12,250 long tons respectively, and for ’45,
the corresponding figures were 201,050 and
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16,875 long tons (Chem. 11. J., 1947, 120,
191). The other countrics which expanded
production were Canada and the U. S. S. R.

At the same time, the capacity of Axis
countrics decrcased considerably as a result
of systcmatic bombing, and disruption after
their defeat. Today, as a result of increased

India, however, occupies a very insigni-
ficant position in the nitrogen map of the
world. Her consumption of ammonium
sulphate as fertilizer rose up to about 100,000
tons in ’38-39, of which nearly 75,000 tons
were imported, while indigenous production
of by-product ammonium sulphatc from
coke oven gases was only 25,000 tons. The
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world demand for chemical nitregencus
fertilizers, thete is an acute shortage, and
distribution of thesc fertilizers is heing con-
trolled by the International Food Council.
In India, distribution is carricd out by the
Government with a high priority for food
crops.
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{ Courtesy of Mesoss, Fertrhzers € Chemicals, Tracancore )

lirst synthetic ammonia plant, in Mysore,
started production in ’41. Very recently
(1947), a sccond plant, in Travancore, has
gon~ into production. These two have been
designed by American chemical engineers,
and are expected to mcet the fertilizer
demands of surrounding areas.
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SYNTHETIC AMMONIA PRODUCTION IN INDIA

Authorized Rated daily

Authorize¢ output of . :

captal | ammonium Construction

‘l sulphate
. i

Mysore Chemicals Rs. 25 20 tons | Chemical
and  Ferulizers lakhs Construction
Ltd. (Belagula- Corporation
Mysore) ;

Fertilizers and Rs. 500 150 luns Intercontinent
Chemicals  Lid, lakhs ;
(Alwaye-Travan- .
core) ! |

) |

The immediate post-war requirements of
ammonium sulphate fertilizer in India
have been estimated at 350,000 tons. In
order to makc the country sclf-suflicient
with respcect to this commodity, the Govern-
ment of India invited a technical mission
from the U. K. with Mr. G. S. Gowing of
the Imperial Chemical Industries as leader,
to-advisc on its production. Alter consider-
ing the recommendations of the committee,
Government started the erection of one
large factory at Sindri near Dhanbad, in
Bihar. The estimated capital expenditure
of the Sindri plaat is Rs. 10.53 crores, out
of which Rs. 5.44 crores are for plant and
cquipment (gas generators and purification
systcm, compressors, converters and  other
high-pressure equipment, condensers, ctc.).
Materials worth Rs. 4.12 crores are to be
imported and the rest obtained in India.

In India, the industrial consumption cf
ammonia hitherto has been very small while
in the U. S. A. the present consumption is
estimated to reach 29o,000 tons (J. chem.
Fduc., 1945, 22, 611). The average annual
imports of ammonia into India in the
quinquennium ending ’38-39 (U. K., 68 per
cent.) were only 125 tons valued at Rs. 2.7
‘lakhs, and ncarly go per cent. of this was
used for refrigeration.  During the War,
some ammonia was also cmployed for con-
version into nitric acid in the Ordnance
factorics. The Hcavy Chemicals and Elec-
tro-Chemicals Panels appointed by the
Planning and Development Dep., Govt. of

9
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India (Rep., 1947, 27) have cstimatcd that
with the growth of chemical industries in
the future, the annual industrial consump-
tion of ammonia will be 8-10 thousand tons
distributed thus: 1,500 tcns for the prepa-
ration of ammonium chloride (4,000 tons)
and ammonium carbonate (600 tons) ;
2-3 thousand tons for the manufacture
of nitric acid; 4-5 thousand tons for
soda ash plants ; and 2-3 hundred tons for
refrigeration. If a ten thousand ton urea
plant is put into operation, this will require
an additional 6-7 thousand tons of ammonia.
The supply of these quantities are cxpected
to become available from the Sindri plant.

Ammonium Acetate

Ammonium actetatc, NH,.C.H,0.,,
(m.p., 89°) is a white hygroscopic crystalline
material, readily soluble in water. It is
prepared by neutralizing acetic acid with
ammonia. In medicine it is used as a mild
expectorant, diuretic and  diaphoretic. Tt
i also used in textile dy eing.

Ammonium Carbonate and Bi-arbonate

Commercial ammonium carbonate con-
vists of a mixture of ammonium bhicarbonate,
NH,HCO,;, and ammonium carbamate,
NH,.CO.ONH,. It occurs in crystalline
translucent masses, soluble in water, and
has a strong odour of ammonia and a
purgent ainmoniacal taste. On exposure it
undergoes dccomposition forming ammo-
nium bicaibonate.

Ammonium carbonate is formed when
ammonium sulphate is heated with calcium
carbonate or Dby leading in ammonia,
carbon dioxide and stcam into water-cooled
lead chambers, It is used in medicine as
smelling salts, and is a valuable expec-
torant and carminative. It is also employ-
ed in the preparation of baking powders.

Ammonium bicarbonate is formed when
ammonia and cabon dioxide in molecular
proportions arc passed into water at 40"
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Itmay be prepared from commercial ammo-
nium carbonate by discolving out carbamatc
by means of alcohol. It is a crystallinc
powder and has a faint odour of ammonia
and a pungent taste. When heated (36-60"),

it decomposes giving ammonia, carbon
dioxidc and water. Ttis used in baking
powders.

The average annual imports of ammonium
carbonates during the tricnnium ending
’38-39 werc 600 tons valued at Rs. 1.85

lakhs. The chief supplicers were the U. K.
(66 per cent) and Germany (22 par
cent.).

Ammonium Chloride
HIND. —Nausadar ; OTHERS  Aawsaga.

Ammonium chloride, NH,Cl, commonly
known as salammoniac, is a white crystalline
solid with a fibrous structure. It is odcur-
less and has a saline taste. It is slightly
hygroscopic and is recadily soluble in water.
When heatced, it volatilizes.

Ammonium chloride is used in galvaniz-
ing, in dyeing and calico-printing, and in
the manufacture of Leclanche’ cells and
dry batteries. Itis employed as a soldering
flux, and in electroplating.  In medicine,
the salt is used as an expectorant, diapho-
retic and diuretic, and in inhalations.

The salt is generally not used as fertilizer,
as it is likely to increasc the total chlorine
content of the soil when other fertilizers
like potassium chloride are also ecmployed.
In other cases it is as effective as the sul-
phate, but it is slightly morc expensive. A
fertilizer grade of synthetic ammonium
chloride contains, N, 24 per cent.

Ammonium chloride is more cffective for
grain crops than for root crops. When
applied to barley, the grains contain a
lower percentage of nitrogen than when
ammonium sulphate is used, which raises
its malting and money value.

Ammonium chloride is usually produced
by passing ammonia gas into hydrochloric
acid, or by ncutializing ammoniacal liquor
with hydrochloric acid. The sal. is purified
by crystallization from water, or by sub-
limation. A very pure product is obtained
by mixing gaseous ammonia and hydrogen
chloride diluted with hydrogen, maintain-
ing the temperature at 230-310°,

In cerain villages of the Punjab (Karnal
dist. and Patiala State), small quantities
of crude nausadar collect in the colder parts
of brick-kilns called pazawas which are
fired by refuse. This matcrial is recovered
and purified by crystallization or sublima-
tion, and various grades cf the product
(NH,Cl, 13-99.8 per cent.) are locally
marketed (Dunnicliff; Proc. nat. Inst. Sci.,
India, 1943, @, 169 : Sarin, Sci. & Cult.,
1941-42, %7, 107) .

The average annual import of ammonium
chloride during the triennium ending ’38-39
was about 1,500 tons, valued at Rs. 3.88
lakhs. The principal suppliers were the
U. K. (46 per cent.). and Germany (25.3
per cent.).

Ammonium Nitrate

Ammonium nitrate forms colourless de-
liquescent crystals (m. p., 153-166°), which
arc highly soluble in water. The salt
decomposes above its m. p. (210°) yield-
ing mnitrous oxide : NH,. NO;-=N,O+4-
2H;O. If heated suddenly to high tem-
peraturc or detonated, it explodes with
great violence : 2NH;NO;=2N,+4-4H,O
}-O,. The molten salt also decomposes
with explosion in the presence of traces of
organic matcrials. It is packed in barrels
or casks marked ¢ Dangcrous °.

Ammonium nitrate is used in the pro-
duction of munitions, and is a constituent
of the high explosive amatol (a 50 : 50 or
80 : 20 mixture of ammonium nitrate and
trinitrotoluene). It is also used in the pre-
paration of nitrous oxide (‘ laughing gas’),
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in fireworks, and freezing mixtures. In
recent years, it s being increasingly used as
fertilizer.

In the manufacturc of ammonium nit-
rate, ritric acid (40-50 per cent.) is added to
ammonia liquor (25-30 per cent.), in closed
iron tanks provided with agitating gear
and cooling coils. The resulting soluticn is
kept slightly alkaling, filtered and evaporat-
ed in vacuum pans. The crystals are se-
parated from the mother liquor and are
dricd by a powerful strecam of warm air.

Ammonium nitrate for the production of

amatol was manufactured in India, during
the War, in the high explosive factories.

Since ’46-47, some ammonium nitrate
(nitra prills vide infra) is being supplied to
tea estates for use as fertilizer.

Ammonium Nitrate as Fertilizer

Ammonium nitrate is the quickest acting
nitrogenous fertilizer, and when pure, it
contains 35 per ccnt. of nitrogen, half of
which is in the form of nitrate and half in
the form of ammonia. [t suffers from two
disadvantages which have hitherto restricted
its use as fertilizer : it is hygroscopic and
sets to a hard mass, especially in a moist
climate ; and under certain conditions it is
a dangcrous explosive.

In order to overcome these disadvantages,
ammonium nitrate is mixed with powdered
chalk and marketed under the name ° nit-
rochalk.” This contains about 44.3 per
cent. ammonium nitrate and 51.8 per cent.
calcium carbonate, with 20.5 per cent. of
nitrogen. Ni.rochalk can be used in all
kinds of soils, since calcium carbonate
present in it counteracts the tendency of
ammonium nitrate to make the roil acid.
‘Leuna Saltpeter ' BASF, devcloped in
Germany, is said to consist of a double salt
of ammonium nitrate and ammonium sul-
phate, containing about 26 per cent. nitro-

gen, one-fourth as nitrate, and threc-fourth
as ammonia.

The problems connected with the direct
use of ammonium nitrate as fertilizer have
been tackled with a large measure of success
in America, during the last few years, in
order to find an outlet for the surplus pro-
duction of Government factories erected
during the War. The caking difficultics arc
overcome by graining or ‘¢ prilling’. The
motten nitrate while being stirred i cooled
under carefully controlled cenditions, when
rounded granules, composed of scveral
fine crystals, are formed. Thesc are subse-
quently screened to separate granules which
pass through 12 mesh (Indust. Engng. Chem.,
1946, 38, 709). In prilling, a concentrated
solution of the nitrate is sprayed at the top
of a 70" tower. When going down, the
droplets mcet a counter-current of hot air
and sclidify to spherical prills,* nitraprills’
of the size of buck-shot (Chem. Tr. 1., 1944,
114, 128). The granules and prills are
conditioned by coating them with a water-
repellent, consisting of 1 per cent. of a pet-
roleum-rosin-paraffin mixture (r : g : 1),
subsequently dusted with 4 per cent. kaolin,
and packed in multi-wall paper bags, with
one or two moisture-proof plies. The mate-
vial thus prepared possesses good storage
properties and drillability.

The consumption of ammonium nitrate
in the U S. A., during the fertilizer year
13-4, was approximately 300,000 tons,
and American farmers have now become
tamiliar with the use of conditioned am-
monium nitrate .J. chem. Fdue., 1045, 22,
orrd.

Ammonium nitrate, as such, is not ex-
plosive, but it explodes with great violence
when mixed with certain materials, or
when it is acted upon by a high velocity
detonator. Investigations by the U. S.
Dep. of Agric. have shown that in spite
of several disastrous explosions connected
with ammonium nitrate,when pure and in
ordinary conditions, it is relatively safe
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(Chem. metall. Iingna., 1941, 51, No. 4, 101;
Chem. Engng., 1947, 545 No. 5, 147), and
the danger is further minimised when it is
granulated.

The ‘Technical Mission on artificial fer-
tilizers opined that the best methods of
conditioning ammonium nitrate then avail-
able (1944), could not be considered to
yield a product comparable to the sulphate
for the conditions of storage, transport
and application, likely to be found in
India. Besides, ammonium nitrate was
new to Indian agriculiural experts and they
were not prepared to recommend its trial
without extensive field trials spread over
several scasons. However, India’s lack of
sulphur resources, and the difficultics of
access to, and transport of, large quantities
of high grade gypsum might force the
country to re-cxplore the possibilities of
the manufactuie of nitrate-based fertilizers.

Ammonium Phosphates

There are threce ammonium salts of phos-
phoric acid, the acid being tribasic. Of
these, triammonium phosphate, (NH,),.
PO,, is unstable, and on exposurc to air
gives off ammonia forming diammonium
phosphate, (NH,).. HPO,. The latter and
monoammonium phosphate, NH,. H.PO,,
arc obtained in the form of white
crystals or powders, and are readily soluble
in water. A solution ¢f monoammenium
phosphate is mildly acidic, and a solutien of
diammonium phosphate, teebly alkaline.

Monoammonium phosphate is prepared
by leading in ammonia into 75 per cent.
phosphoric acid.  Considerable heat is
evolved and the solution becomes pasty.
On coolirg, it solidifies into an almost
solid crystalline mass. In thc preparation
of the diammonium salt, phosphoric acid
of 35 per cent. concentration is employ-
ed. If the acid js stronger, the rise in
temperature is so great that absorption of
ammonia becomes incomplete, resulting in

g6

the formation of a mixture of the two salis
(Shreve, 349).

The most important use of ammonium
phosphatcs is as feriilizer and they form a
ready source of both nitrogen and phos-
phorus :

Per cent.
NH, | PO,

— ————— S S
Monoammonium phosphate 14.8 61.7
Diammonium phosphate 25.8 | 53.8

The fertilizer is marketed under the name

* Ammophos ’, and is usually sold in two
grades :

Per cent.
) | — P,O4
NH, : (available
| HiPO,)
¢ Ammophos A’ l 19 ‘ 48
¢ Ammophos B’ . 20 20

Mixed fertilizers containing other plant
nutrients, such as ammonium sulphate and
potassium chloride, are also  marketed.
* Leunaphos ” and *“ Diamondiphos ’ con-
tain varying proportions of ammonium
sulphate.

The technical grades of ammonium phos-
phates arc also used for fire-proofing textiles
and timber, and in the manufacture of
yeast. The medicinal salt is a mixture of
mono-, and diammonium phosphates and is
employed as a diuretic.

Ammonium phosphate is always used in
combination with other plant nutrients
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(compound fertilizers). Beforc the War,
Imperial Chemical Industries (India) were
importing ° Nicifos 22/18’ (N, 17.5 and
P,O,, 17.5 per cent. ; Rs. 8-6-6 per cwt.).
At present, ammonium phosphate (N, 16
and P,O,, 18 per cent.) of Canadian origin
is being imported by the Government, and
the price is Rs. 15-8-0 per cwt.

The average annual imports of ammonium
phosphates during the quinquennium end-
g ’ 38-39, mainly fiom U. K., were t,400
tons valued at Rs. 6.50 1nkhs

Ammonium Sulphate

Ammonium sulphate,  (NH,) S0, is
obtaincd in brownish-grey to white cerystals
depending upon the degree of purity. The
salt (sp. gr., 1.77) is odourless, and has a
sharp saline taste. 1t i stable and melts at
140". It is soluble in water (about g parts
in 4), but is insoluble in aleohol.

Ammonium sulphate is extensively used
as fertilizer and forms more than fo per
cent. of all the nitrogenous fertilizers pro-
duced. The salt is sometimes used as a
source of ammonia. Commercial grades
contain 0.4 per cent. acid and g per cent.
moisture.  The synthetic product is 99.5
per cent. pure (N, 2r.t per cent.) and its
moisture content is less than 0.4 per cent.
The salt is packed in hags or barrels.

Ammonia is converted into the sulphate
by two processes : (¢) by neutralization with
sulphuric acid, and (b) bv the gypsum
process.

In synthetic ammonia plants ncutraliza-
tion is carricd out in a large lead-lined
“saturator’.  The acid is fed from above,
and ammonia bubbled from the bottom,
both at a uniform rate, maintaining the
acidity at 1.5-3 per cent. The temperature
is kept at 80-go° by the heat of neutraliza-
tion and bv bubbling steam through the
salution. When the solution is saturated
with ammonium sulphate, the salt begins
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to crystallize out, forming a slurry. This
is prevented from caking by agitation.
When the percentage of solids in the slurry
rcaches 40-45 per cent., the entire contents
of the saturator arc transferred to a sump
tank. After settling, the clear liquid is
returncd to the saturator, and the crystals,
centrifuged and washed with water or dil.
ammonia to free them from adhering liquid.
They are then dried in a rotary-kiln. screencd
to remove fine dust, and bagged.

The production of pure white and uniform
crystals requires careful control of condi-
tions. Crystallization is carried out in a
slightly acid solution containing a trace of a
tervalent ion. The formation ol large crystals
is induced by the addition of smll amounts
of phosphates or phosphoric acid (Thorpe,
[, 251). The salt thus prepared does not
cake when stored.

In the Fauser process, sulphuric acid is
sprayed into chambers in counter-current
with ammonia gas. The heat of reaction is
sufficient to produce solid sulphate  in
granular form, and this has no tendency
to cake (Thorpe, lo~ cit..

In the recovery of ammonia from gases
formed during coal carbonization (coke
oven or coal gas), tar is first scparated from
them, and they are then bubbled through
sulphuric acid. Alternatively, the gases are
stripped of their ammonia content by pas-
sing them through water, the gas 1egenerat-
cd from solution, and absorbed in sulphuric
acid (Trans. Min. geel. metall. Invt. India,

1940, 35, 381).

In the gypsum process, ammonia is first
carbonated to form ammonium carbonate,
and a solution of the carbonatc (40 per
cent.) is reacted with finely ground gypsum
or anhydrite (40 mesh). In some plants,
ammonia and carbon dioxide are passed
directly into a reaction vesscl which con-
tains a suspension of powdered gypsum in
water. After filtering off the precipitated
calcium carbonate, the solution contains
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about 55 g. of ammonium sulphate in 100
c. c. This is then transferred to stcam-
heated cvaporators and crystallization is
carried out under partial vacuum.

Calcium carbonate obtained in the pro-
cess contains traces of nitrogen, and may be
uscd for agricultural purposes, as a dressing
for land deficient in lime, or for the manu-
facture of cement.

In India, the synthztic ammonia plant at
Belagula (Mysore) employs the neutraliza-
tion process, and produces 20 tons of the
sulphate per day (6,000 tons per annum).
The Travancore factory at Alwaye combines
the two processes, and produces 150 tons
of sulphate per day (J. sci. industr. Res.,
1947, 6, 13). This factory obtains its
supplics of gypsum (150 tons’day) from the
Trichinopoly area, estimated to contain 15.3
million tons. The ore is about 86 per cent.
purc, and is crushed and washed before it
1s reduced to powder.

The Sindri factory is designed for the
production of the sulphate by the gypsum
process. The annual gypsum consumption
of this factory is estimated at 536,000 tons,
and the gypsum reserves are located in the
Salt Range (70 million tons) in West Punjab,
and in Bikaner and Jodhpur States (15.6
million tons). The mineral from the Salt
Range (Khewra and Daud Khel) is of high
purity (92-94 per cent.). The dcposits also
contain anhydrite and investigations have
been undertaken to determine the reserve
available. The use of anhydrite ir expected
to reduce the cost of production of ammo-
nium sulphate (Rs. 119 per ton) by about
Rs. 3.5 per ton, as it is free from water
(gypsum contains about 20 per cent. H,0).
The Jamser deposits (8.12 million tons) in
Bikaner form an alternative source, although
the mineral is of poorer quality (83 per
cent.).

The average annual imports of ammo-
nium rulphate in the quinquennium ending
’38-39 were 56,000 tons, valued at Rs. 57

98

lakhs, and the U. K. was the principal
supplier (85 per cent.). The consumption
in India rose up to ncarly 100,000 tons in
'38-39. The  production of by-product
ammonium sulphate  from coke oven
gases was about 25,000 tons per annum
before the War, the yield per ton of coal
coked being 25 1b.

Imports of ammonium sulphate are duty-
trec. Before ’39, the Imperial Chemical
Industries (India) were the chief importers.
World supplies of ammonium sulphate are
now controlled by the International Emer-
gency Food Council, and price fixation and
internaldistribution are madeby the Govern-
ment, with a high priority for food crops,
such as, paddy (60 per cent.), and wheat
(15 per cent.). At present, there is an acute
shortage, owing to incrcased world demand
for food production, and India gets hardly
50 per cent. of allotments made.

In India, the retail price of ammonium
sulphate was Rs. 8-2 per cwt. in 39, and
Rs. 15 per cwt. in ’47.  The prices for the
same years in the U. K. were Rs. 5-6 and
Rs. 6-7 respectively. 'This brings into pro-
minence the urgency for the production of
this essential fertilizer in India.

Ammonium Sulphate as Fertilizer

Ammonium sulphate is probably the
most cxtensively used inorganic nitrogenous
fertilizer. In the soil, it reacts with clay and
humus, forming an insoluble ammonium
complex. Ammonia in the complex is then
converted into nitric acid by bacterial
action during 7-10 days, and the latter
presumably forms calcium nitratec by re-
acting with calcium carbonate. Hence,
ammonium sulphate tends to make the soil
acidic due to removal of calcium carbonate.
This defect may be overcome by giving a
dressing of lime.

Ammonium sulphate is usually applied to
the soil at the rate of 1-2 cwt. per acre,
often with a suitable proportion of super-
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phosphate, and in the case of some crops,
also used along with potassium sulphate.
It acts very well when used in combination
with organic manures, which improve the
texture of the soil. It is not so casily lcached
out as sodium nitrate, and hence it
gives better results in regions of heavy
rainfall.

According to Russcll (A Student’s Book
on Soils and Manures, 1945, 159), the in-
crcasc in yield per cwt. of ammonium
sulphate peracre, in the presence of suflicient
phosphate and potash is : wheat (grains),
280 Ib.; barléy, 336 Ib.; hay, 4-6 cwt. ;
and potatoes, 20 cwt. The fertilizer is cs-
pecially valuable for potatoes, barley and
grass. In the case of potatoes, since the
tendency to soil acidity does not injure the
crop, the fertilizer mav be used up to 4 or
morc¢ cwt. per acre.

In some experiments in India, one maund
of ammonium sulphate, in addition to
normal light manuring, gave the following
additional viclds per acre : sugar cane, 55 ;
potatocs, 15 ; leal tobacco, 1.2 tea, 1
paddy, 4.5; wheat, 4; sced cotton, 1.6
maunds (Russcll, Rep. Work Imp. Coun.
Agric. Res. Sci. Crop Production  India,

1937, 58).

In India, ammonium sulphate is used
principally for paddy, wheat, sugarcanc,
and somc of the plantation crops. The
dosage varies from 1-5 md. per acre de-
pending upon the crop, the soil and the
climate (vide Burng, Tech. Possibilitics Agric.
Devclop. India, 1944 ; and Madras agric.
J., 1944, 32, 47 and 83). The fertilizer is
generally applied cither at sowing time or
before transplanting scedlings. Later ap-
plications have not been bencficial except
in " the case of irrigated cotton in the
Punjab.

A review of recent investigations on the
application of fertilizers to crops in India
has been included in a report hy Stewart
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on ‘Soil Fertility Investigations in India
with spccial reference to manuring’ (1947,
117-156). Extensive experiments have been
carricd out with ammonium sulphate. In
the casc of rice, the increase in yield ranges
from 13-70 per cent. for dosages varying
from 15-60 Ih. of N per acre. The response
to the addition of superphosphate is not
much. According to Burns (loc. cit., 53),
the increase in yield per md. of ammonium
sulphate varied from 1.99 md. of paddy in
the Punjab to 4.42 md. in Madras, the
average increase for all India being 3.44
md. (275 1b.) of grain and 7.26 md. (581
Ih.) of straw. To obtain any tangible
improvement, a minimum dose of 20 Ib.
N per acre appears to be necessary, and
where the average level of fertility is high
in other respects, it may be increased to
60-80 1b. N per acre in certain centres
(Stewart, loc. at., 156).

In the case of wheat, the increase in yield
varics with soil, climate, and agricultural
conditions. In Bihar, where the soil 1s
deficient in phosphates, a combination of
ammonium sulphate with phosphate gave a
better response, while in the U. P. the effect
of adding phosphates was not so clear. Gen-
crally, a combination of organic and inor-
ganic N, or a combination of N and phos-
phorus have a better response than any of
them applied singly. According to Burns
(loc. cit., 60), the usc of 13-2 md. of ammo-
nium sulphate per acre resulted in an average
increase of 2}-3 md. (200-250 1b.) of
grain per md. of fertilizer.

For sugarcane, nitrogenous manuring is a
nccessity throughout India, while phos-
phatic and potassic fertilizers have proved
advantageous only in a few places. The
optimum dosage varies from 60-225 Ib.
of N per acre in different parts of the country,
and it is much lower in the Indo-Gangetic
alluvium than in the pcninsula. The best
results. from the point of view of both
tonnage and quality of juice, are obtained
when ammonium sulphate is used in com-
bination with organic manures.
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HARVESET DATA AT SOME STATIONS*

1 de
\rverage yield per | § ‘g Sucrose content of
acre b, X E p Juice (per cent.)
ol - R
- L .
With | oo With
. ammaos- s TJ . ammo
Gontal © mum | O3 Control nium
sulphate , E'E sulphate
. P
Lyvallpur i l |
(’47-3%) Waer | 775521 92 !
, |
Shahjahan-
pur
C37-38) 39771 17400 94 1543 | 1440
Muczaffar- '
nagar '
("36-47) 68,180 | 101 H00 | 19 I 1285 11.9y

* Rege, Imp Coun. Agnie. Res. Misc. Bull. No. 41.

Groundnuts gave an average increase of
12 Ib. of nuts per acrc per onc lh. of N
(Stewart, loc. cit., 144). Since the crop
makes a large demand on soil potash, the
addition of potash to ammonium sulphate
gives cnhanced yield. In the case of irri-
gated groundnuts, Nicifos I (N, 13.5;

P.O;, 40.1°/,) and  Nicifos 11 (N, 17.5:
P.O,, 17.5"/,) gave striking response.

In regions of modecrate rainfall (about
38.6 incher), the increase in yield of cotton
per acre, when 125 lb. of ammonium sul-
phate were applied, was about 60 1b. in
poor soils, and g6 lb. in fertile soils. The
cffect of fertilizers on potatoes is most
marked, and it is quite possible that pro-
duction on existing acrcage can be at lcast
doubled (Burns, loc. cit.).  'Tobacco is
another crop to which ammonium sulphute
is very beneficial. Among garden crops,
chillies and cabbage respond satisfactorily
to this fertilizer (vide Rep. Tarifl Bd. Heavy
Chem. Industry, 1929, 122-124).

In general, there is a umversal response
of crops to nitrogen, a conditional responsc
to phosphate and a general absence of res-
ponse to potash. In the case of certain
crops, a phosphate supplement to nitrogen
in particular areas has given striking in-
creases in vield.

AV ERAGE ANNUAL IMPORTS OF AMMONIA AND I't'S COMPOUNDS

{Qty. and val. in thousands:

= Anmmoninm compounds used as
5.8 . fertilizers
o \ . . Othcrs
=8 . Ammoniuum Ammomum .
ER Ammonia carbonate chloride (nitrate, acetate)
TE ! n ete.) \ . .
= ANNmonim Amm(mmm
G- sulphate phosphate
_. _ o — : — e
Cwt. ' Rs, Cwt. Rs. Cwt.| Rs, wt. Rs. }JTons Rs. Tons Rs
> 33-34 1 2.5 . 2611 | na. na. | na. | na v . 25.7 2,837 na. | na.
w3839 | 2.5 2734 | i11.a*| 185.6%] 23.1 | 388.2% | 5.6% 09.3*1 55.7 5,663.3 4.4 | 650.9
w4341 21 218.3 9.5 322.5 | 30.7 704.1 4.3 | 242.7 | 23.5 | 3,240.4 0.52| 112.4
In :44-45 3.3 ' 467.9 | 26.8 | 1,009.8 [107.5 |2,472.1 | 13.6 | 5735 50.8 }10,860.8 10.2 |2,714.0
« 45-46 | 3.1, 393.9 | 8.3 | 279.1 | 27.4 | 851.0 | 17.7 | 955-5 [09-3 11,3743 | 3.9 | 9685
]

* Tigures correspond to triennium ending Mar. “3q.
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The customs duty on ammonia is 30°/,
ad valorem ; and on ammonium carbonate,
ammonium chloride etc., it is 36°/, ad
valorem ; the preference rate for materials
from the U. K. becing 24°/,. Imports of
ammonium salts used as fertilizers are
duty free.

ANTIMONY

Antimony {sp. gr., 6.72-6.86 ; H., 3.0-
3.5; m.p., 630°) is a lustrous white metal
with a bluish tinge and it is extremely
brittle. It expands on solidification and
this property is also shown by its alloys, to
which, in addition, it imparts hardness.

The pure metal finds very little applica-
tion. Antimony black, the precipitated
mctal, is used for bronzing metals and for
giving the appearance of polished stecl to
pottery-ware. The largest use of the metal,
however, is in the preparation of certain
extremely valuable alloys. Type metals
arc cssentially alloys of lead, antimony (2-
23 per cent.), and tin. The addition of
antimony hardens the alloy and the slight
expansion on solidification gives rise to
perfect impressions. White metals (bear-
ing mectals) contain varying proportions of
antimony (6-19 per cent.), tin, lead and
copper. Hard antimonial lead, a by-pro-
duct of lcad smelting works, has a higher
melting point than pure lead. Ttis employed
in the making of bullets, shrapnel, ctc.
Indian ordnance factories are reported to
consume about 70 tons of antimony per
annum (Thomas, Rep. Metall. Engng. In-
dustr., 1944, 29). Low grade antimonial
lead (Sb, 4-12 per cent.) is cxtensively
usced in the manufacture of storage battery
plates. Antimony-lead alloys find nu-

merous applications: in the preparation of

collapsible tubes, lecad foil, lecad pipes,
traps, etc. Lead containing 1 per cent.
antimony is used for cable coverings. Bri-
tannia metal, an alloy of tin, antimony and
copper, is used for making cheap tableware.
It 1s noteworthy that antimony used in

most of these alloys is not lost, but is re-

101

covered and used again. The consumption
of antimony in the U. K. in 1946 was
5,600 tons, while that of zinc was 216,000
tons, and of lead, 193,500 tons (Chem. Tr. ).,
10.47, 120, 172).

Antimony  white  (Sb,O;;, obtained
during the roasting of antimony orcs, is
used as a white pigment, and as an in-
gredient of enamels.  The trisulphide, when
freshly precipitated, is orange-red, but on
being heated to 200" it turns black. The
black sulphide as well as the antimony
sulphide liquated from the ore¢ are used in
match manufacture and in  fire-works.
Native antimony sulphide, after purification,
is used in veterinary practice as a paiasiti-
cide (Martindale, The Extra Pharmaco-
pocia, I, 1941, 195). The golden antimony
sulphide, which has a higher proportion of
sulphur, is used as a rubber pigment.
Antimony sulphide is also used in the charge
of some shells for range finding, as it pro-
duces a dense white smoke on explosion.
Tartar emetic (potassium antimonyl tar-
tratc) is used in medicine and as a mordant.
Some organic compounds containing anti-
mony, such as urea stibamine of Brahma-
chari. are effective in the treatment of
kala-azar.

The Taritl Board {Rep. Anumony 1n-
dustry, 1946) places the demand in the
near future at about 300 tons per annum,
distributed thus: type-metals, jo0; anti-
triction bearing metal, 25 ; storage batteries,
15 ; munitions, 5; miscellancous (drugs,
chemicals, fire-resistant paints, solders,
clectrical cables, toys, ctc.), 10; safen
matches (crude antimony), 5 per cent.

Some antimony metal (2.7; tons; is
reported to have been produced in Mysore
during the years ’17-19 (Rama Rao, Quart.
J. geol. Soc. India, 1042, 14, 173). Before the
last War, Napier Paint Works used to pro-
duce small quantities of antimony at Clalcutta
from ores of Burmesc origin, and during
the War, the Star Metal Refinery, Bombay.
set up a smelter at Vikhroli for exploiting
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the antimony deposits found at Shagor in
Chitral State.

The Chitral ore contains 30-40 per cent.
of antimony and traces of lead and copper,
but no arsenic. 1t is crushed to the size of
walnuts and concentrated by liquation at
550-650"  when antimony sulphide melts
and scparates from the gangue. The
liquated antimony crude usually contains
Sb, 71 per cent. TFor conversion into the
metal, it is mixed with mild steel scrap
borings and soda ash and hcated in a
reverberatory furnace when iron combines
with sulphur and liberates antimony. The
‘singlc’ metal thus obtained consists of
about g2 per cent. of antimony with a small
amount of iron. The liquating residues
contain  12-20 per cent. of antimony.
On roasting, most of it is rccovered in the
form of the wvolatile oxide, Sb,O,. This,
when mixed with coke and roasted at about
400" in a reverberatory furnace, is reduced
to the single’ metal. The latter is re-
fined by treating it, in the molten state,
with calculated quantitics of antimony
‘crude’.  The refined metal is g9 per cent.
pure.

Trade custom demands that antimony
ingots should show a fern-like structurc on
the surfacc. This cffect is achicved by
pouring the metal into moulds which con-
tain a special slag mixture with a mclting
point lower than that of the metal. During
cooling, it allows the formation of crystals
on the surface of the ingots, from which it
is later chipped oft (Schwarz, Antimony
Smelting, 1945).

The Star Metal Refinery commenced
operations in ’41 and their production in
tons was 56 in ’41, 156 in ’42, 130 in 43,
105 in 44, and 157 in ’45.

The cost of Chitral ore at the works in
Bombay was Rs. 510 per ton in ’46. Of
this, Rs. 300 was mcrely the cost of trans-
porting the ore from the mine to the rail-
head at Durgai. The firm is planning to

mechanise mining operations and to reduce
the bulk of the ore by installing a flotation
plant to concentrate the ore to 71 per cent.
piior to transporting it. When thesc im-
provements materialisc (after ’48), the cost
of the ore per cwt. of antimony (about 5
cwt. of Chitral ore) is cxpected to come
down from Rs. 122.5 (1946) to Rs. 48.0

(Rep. Indian Tariff Bd., loc. cit.).

Before the War, the price of Chinese
antimony in India was about Rs. 42 per
cwt. as against Rs. 70-75 per cwt. of
English antimony between ’35 and ’38.
The war time landed cost of the latter ranged
from Rre. 100-115 per cwt., and imports
during this period were 200 tons in ’43,
150 tons in ’44, and 125 tons in ’46.

The cost of production per cwi. of anti-
mony in India, including a profit of 10
per cent., was Rs. 223.50 in ’42-43;
Rs. g301.25 in ’43-44 ; and Rs. 28¢g.00 in
’44-4%5 ; and the fair selling price in 1946
was estimated to be Rs. 215 per cwt. Thus,
there is at present a great disparity in the
prices of locally produced antimonv and
imported antimony. In order to safeguard
the interests of both the producers and the
consumers, the Tariff Board has recommend-
ed the fixing of the selling price of antimony
at Rs. 150 per cwt. and a specific duty of
Rs. 60 per cwt. on imports, and a subsidy
of Rs. 40 per cwt. for the indigenous pro-
duct up to the end of ’48, when the Star
Mectal Refinery is expected to be able to
produce antimony at about Rs. go per
cwt.

ARMS, ARMAMENTS AND
AMMUNITION

There werce six Ordnance factories in
India, before World War II: the Metal and
Stecl Factory and the Rifle Factory at
Ishapore, the Gun and Shell Factory at
Cossipore, the Gun Carriage Factory at
Jubbulpore, the Cordite Factory at Aru-
vankadu (Nilgiris), and the Ammunition
Factory at Kirki. Of these, the Metal and
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Steel Factory was mainly engaged in the
production of alloy steels and other metals
for various arms and ammunition compo-
nents, and in the manufacturc of artillery
cartridge cases. The Rifle Factory was
producing rifles and their components, bayo-
nets and machinc gun components, and
carrying out repair of machine guns, while
the Gun and Shell Factory was producing
guns, howitzers and their components. The
latter factory was also making shell, fuses,
primers and misccllaneous storcs. The Gun
Carriage Factory was manufacturing artil-
lery carriages and vehicles, general service
wagons, transport carts and various mis-
ccllaneous articles. The manufacture or
handling of explosives for ammunition was
restricted to the Ammunition Factory, and
the Cordite Factory. Arms and ammuni-
tion for civil purposes used to he entirely
imported.

The Indian arms and ammunition in-
dustry was considerably rcorganized and
greatly expanded under five production-
drive plans : the Chatficld plan, Post-
Chatfield plan, Eastern Group plan, Trans-
plantation plan and the Ordnance factory
cxpansion plan. The first plan, involving a
capital expenditure of Rs. 7 crores borne
by the British Government, was devoted to
the expansion and modecrnisation of existing
Ordnance factories. This led to an ex-
pansion in output by about 25 per cent.,
and the manufacture of a wider range of
arms and ammunition. The establishment
of the High Explorives Factory at Kirki and
the Toluene Recovery Plant at Jamshedpur
were also new developments under this
plan. The second plan was aimed at
doubling the production of small arms and
small arms ammunition, by expansion of the
Cordite Factory, the Metal and Steel
Factory and the Ammunition Factory.
Under the Eastern Group plan, which re-
sulted from the deliberations of the Eastern
Group Supply Conference, and the Roger
Mission, 21 new projects estimated to cost
Rs. 16 crores were sanctioned. These includ-
ed manufacture of alloy steels for guns and

small arms, of gun forgings, bayonets, light
machine guns, gun carriages, shell fuses,
artillery cartridge cases, fuscs for primers,
and high explosives. Of these, 19 were
Ordnance factory projects, involving the
crection of 8 new factorics, the recondition-
ing of one factory, as well as the expan-
sion of Ordnance factories, and conver-
sion of two railway workshops for arma-
ment production. The Transplantation plan
involved the removal of factories planned
in Bengal under the previous plans to safer
places, the construction of five new Ord-
nance factories, and the expansion cof two
of the factorics under the Eastern Group
plan. The last plan envisaged the com-
plction of 13 new projects, including those
for the maintenance of imported artillery
equipment and aircraft instruments, and
the production of packages and respirators.
The new Ordnance factories werce located at
Muradnagar, Katni, Ambarnath, Khamaria,
Lucknow, Amritsar and  Hyderabad
(Deccan). The Brem Gun Factory at
Hyderabad and the factories at ILucknow
and Amritsar have recently closed down
as Ordnance factories, while that at
Khamaria is being maintained.

Besides Ordnance factories, three 1ailway
workshops were switched over to armament
production, and they produced 4.5-inch
howitzer and 25-pdr. shell foigings. Various
civil workshops including those of the jute
mill industry were also engaged in the manu-
facture of ammunition parts. At the
peak period of the War, the Director-General
of Munitions Production was utilising about
1,500 engineering workshops for the
production of ammunition components.

The most important raw material fc1 the
manufacture of guns, 1ifles and machine
guns is alloy steel. Previously, only the
Ishapore Mectal and Steel Factory was
producing alloy steel to different spccifica-
tions for shell forgings, cartridge cases, etc.
During the War, the Tatas developed new
alloys, such as, steel bars for production of
18-pdr. and 25-pdr. armour piercing shells,
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high carbou steel for high explosive shell,
for guns of various calibre, chrome-molyb-
denum alloy steel bars for manufacture of
shot, special deep drawing quality steel for
cartridge cases, steel bars for manufacture

of hammers for fuses, high sulphur stecdl
bars for manufacturc  of nosc containers

for high explosive aircraft bombs, cte.

Prior to  World  War 1, imported
walnut (Juglans regia) was used for rifle
work. Although Kashmir walnut is lighter
in weight and somewhat weaker than Faro-
pean and American walnut, it has now
been accepted as approved timber for rifle
work. It canbe worked to a fine finish on
high speed cutting and  drilling machine:,
and is very steady.  Also scasoned timbcr is
not liable to excessive shrinking, swelling.
warping or splitting (Trotter, 1941, 222).
On account of the shortage of supply from
Kashmir, walnut {rom other arcas was alse
accepted. THimalayan maple (dAeer pictum)
and bird cherry (Prunus padus) were also
used for rifle work. Two more timbers,
hola (AMlorus lacvigala) and amoma (Amomna
wallichii) were recommended as substitutes
during the Wav ' Tudian For. Leafl. No. 0,
1043).

Duting World War 11, the manufacture
of armoured vchicles was undertaken at
the L. I. Ry. Workshops, Tatanagar,
Bengal Assam  Ry. Workshops, Kanchra-
para, Indian Standard Wagon Co., Burn-
pore and the Port Commissioners’ Work-
shops, Calcutta. [In addition, some 150-
200 firms were engaged in the manufacture
of various components, such as, pannier
components, rifle brackets and clips, ma-
chine gun brackets and clips, water tanks,
hot food containers, equipment lockers and
ammunition boxcs.

Chassis and bullet-proof steel were re-
quired to build armoured vchicles. The
{ormer were imported from Canada. In
the initial stages, the latter also had to be
imported, but subsequently Tatas developed
the production of various alloy steels. These

included bullet-proof armour plates varying
in thickness from 14-40 mm., for the fabrica-
tion of armoured fighting vchicles, bullet-
proof rivet bars for rivets, bullet-proof plate
for  howitzer shields and gun turrets,
proof plates up to 8o mm. thickness of
special alloy stecl. for testing armour picrcing
shot, composite plates to withstand the attack
of 2-pdr. shot, special austenitic steel for
welding clectrodes, nickel steel plates for gun
carriage mountings, and special quality
steel for rifle and machine-gun magazines.

Thice classes of aimoured vehicles were
manufactured dwing the War : (a) the
armoured carrier, « wheeled vehicle on a
Ford chassis with an open type body, and
about 2! tons of armour, () the armourced
car, of a somewhat heavier body, closed
with a revolving turret mounted on  the
top. and (¢) armourced general  purpose
vehidle, olso o wheeled vehicle on FFord
chassis, the body being rectangular, and
covered with about 2! tons of armous.
The manufacture of spare parts for bodics
and equipment for maintenance of vehiceles
was expanded. Between g1 and  Aug.
"15, India produced 3,514 water tankers and
unarmoured vehicles, and 6,251 carriers,
armowed cars, cte. (Commerce  Dep.,
Statict. India’s War Effort, 1947. 9.

The manufacture  consists mainly  in
mounting armoured bodies on chassis.  For
this purpose, steel is cut into required
forms and sizes and then assembled into
bodies.  ‘The first vehicle to be designed and
put into production was Mark T Carrier
based on a standard V-8 Ford chassis fitted
with a special front axle unit, radiator, and
petrol tank, and the body was armoured
with 6 mm. plate. Subsequentl: an im-
proved type, Mark II Carrier, was manu-
factured with a rear enginc Ford chassis,
having 101-inch wheel base and four-
wheel drive ; minimum thickness of the
armour on its body was 14 mm.

Ammunition includes pojectiles used with
rifles and similar weapons, propellants, fus-
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cs, cartridges and ignition devices for them.
Beforc the War, the Ammunition Factory
at Kirki was producing ammunition for
small arms and pistols, and also filling shells,
fuses and primers, and the Cordite, Factory
at Aruvankadu was manufa(,turmg cordite,
gun cotton and cannon cartridges. Three
new shell-forging presses were installed at
one Ordnance factory, and this cnabled the
production of finished cavity forgings for
special types of high explosive shells, includ-
ing 25-pdr., 3.7-inch anti-aircraft and 3.7-
inch howitzers. Under the Pnst-(‘hath(‘l(l
plan and the Eastern group plan, self-
sufficiency was attained in the manufacture
of high explosives, T. N. 'T'. and Composi-
tion Exploding.

The main items of ammunition produced
during the War were shells and mortar
bombs, fuses and other components, gre-
nades and bombs, mines, depth-charges,
various types of small arms ammunition,
anfi-tank  mines, anti-personnel  mines,
-smoke generators, cxplosive  shells, tail
units for bombs, containers, ete. Grenades,
mines, and bombs were not made in India
hefore the War,

The manufacture of empty shell formed
an important part of war work.  Besides
Ordnance [actories, various railway work-
shops and others maintained a  constant
output of many components of projectiles.
The production of {.5-inch howitzers and
23-pdr. projectiles was established in rail-
way workshops and orders were placed with
them for noless than 147 items, normally
manufactu:cd in Ordnance factories, some
of the new items being empty shell, empty
grenades, fuses, mines, cte.  The General
Motors Ltd.. Bombay, were making, on a
mas¢  production scale, shell ol various
calibre, and fuses for shell and mines. The
Aluminium  Marutacturing Co. manufac-
tured huge quantities of cartridge containers
and fuses, the latter being made of zine
base alloys by pressure die-casting. Mes 1s.
Kumardhubi Enginecting Works were the
pioncers in bomb manufacture and their

production started in June, ’41. The month-
ly output at first was only a few hundred
3-inch bombs, which rose to 20,000 bombs
in ten months. They were also making
bombs of high calibre, such as, 250 and
500-pdr. for the air force. Rallway work-
shops and several cngineering firms were
also equipped for bomb manufacture.

Propellants such as cordite, and its ingre-
dients (gun cotton, nitroglycerine, etc.) are
manufactured at Aruvankadu, and high ex-
plosives, such as, ammonium nitrate and T.
N.T. at the High Explosives Factory. Filling

is mainly done at the ammunition factories.

The manufacture of ammunition is a
complicated operation requiring cxacting
workmanship and precision. Shell must be
machined to high tolerances, and fuses arc
often cxtremely intricate.  About 574
operations are involved in the manufacture
of a complete round of 3.7-inch anti-aircraft
ammunition, and 63 to produce a shell ; and
to produce a cartridge, 54 operations (The
Canada Year Book, 1945, 367).

Ammuniuon is finished with paints and
lacquers before being packed in containers.
Ammunition boxes are generally made of
Jurma teak. The timber should be suffi-
ciently strong and not liable to shrink or
expand too much with changes in atmos-
pheric condition.  During the War, due to
the stoppage of supply, Indian teak was
emploved ; if properly seasoned, it is as good
as Burma teak.  Fir .1bies pindrow) and
spruce (Picea spp.) are suitable for 18-pdr.
and .{.5-inch howitzer ammunition boxes.
These twe may also be used for packing
small arms ammunition, if slightly thicker
planks arc used. Kiln-scasoned salai was
used for all kinds of ammunition boxes. Kiln-
scasoned mango also was found _ suitable
‘Indian Far. Leafl., Nos. 2, 3 and 4, i§41)'.

Manufacture of some of the stores deve-
loped considerably : rifles, 11 times, bayo-
nets, 20 times ; small arms ammunition, 4
times : gun carriages, 20 times ; gun and
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mortar ammunition, 35 times the pre-war
output. In addition to these, India pro-
duced a number of other ammunition items
not produced before the War, ranging
from small arms to big guns including

AVERAGE ANNUAL IMPORTS OF ARMS
INTO BRITISH INDIA

(In thousands)

grenades, mines, bombs, anti-aircraft and | . [Firearms| L2rt
anti-tank shell and pyrotechnic stores. | Fnriztasr;x;: ra:;_i (Govt. | ¢
Among the more important items of arma- pa ereol Jaccount) ar::;
ment steres produced were 6-pdr. gun e e S
carriages, tripod$ for light machine gun, | No. ! Rs. Rs. | Rs.
anti-aircraft gun-sights, etc. In quinquennium - | : ; -
The value of munitions produced in  ©"4n8 ,ig:zg i 'g | 'g’?ig 'i‘ig‘-g 22:?
India during ’39 to Oct., ’45 amounted to Tn  44-45 | 1° ! ’(’,,-3 -
about Rs. 131 crores (Aggarwal, Hist. w 45746 { 07 | 1,05.4
Supply Dep., 1947, 188).
PRODUCTION OF ARMS AND AMMUNITION IN INDIA*
| ar | Mortar Small arms .
v ! Small arms | Ar%‘"":} . A;tllllxlg{i‘:m "ammunition, ammunition | I ‘E A'rl"u
car (No.) I eqn;lpm n dml'{o dsy erenades and: (Million ! Jomé i;’o ?
I | (No.) (Rounds) mines (No ) rounds) ! c e
'39-40 ' = | i
(Sept.-Mar.) | .
'40-41 L Y AL T 97 183,430 : 77
'41-42 03+019 i 200 417,771 10,080 152
'42-43 198,831 348 1,135,283 190,552 204 .-
'43-44 279,837 468 1,617,625 1,025,425 222 --
'44-45 366,543 417 1,072,423 1,380,568 204 885
'45-46 484200 | 1,376 2174492 1,4u8,303 116 878
(Apr.-Aug.) | 286,650 | 134 927,624 662,428 6 —
Total . | 1,727,942 E 3,046 - 8,728,653 ' 4,776,446 | 980 1,763

¢ Comm. Dep., loc. ci., Tables 8 & g.

AVERAGF. ANNUAL IMPORTS OF AMMUNITION
INTO BRITISH INDIA

(In thousands)

AVERAGE ANNUAL IMPORTS OF GUN POWDER AND
FXPLOSIVES INTO BRITISH INDIA

(In thousands)

In guinquennium

ending '38 -39..

”

'43—44- -
In ’44—45..
"45—46..

Short gun
cartridges filled

No. Rs.

11597.2( 788.8
6613.3
$393.2

10053.7

527.0
3414
1037.7

Riflle and other
cartridges
filled

Rs.

213.4
61.4

17.2

56.1

Blasting
gelatine.
Gun powder | Gun powder | dvnaniite,
(black) (vnokeless) | gelatine dyna-
mite, detona-
Fmpty tors, ctc.
€ascy
Lb  Rs. Lb. R Ras.
No. |Rs. In quinquennium )
! ending’38 -39 .| 596 , 37.4] 119 " 17.2 2733.7
wo 1344 .| 144 129 210 95 2969.0
In ‘44—45..] 18.8 | 21.4| 36 9.7 2619.8
787.4 | 22.4 »w  ‘45--46 ..] 18.5 | 25.8 ] 11.3 l 26 1 3327.5
5079|174

In addition to the above, huge imports
of arms and ammunitions were made into
India under the American TLease-Lend
Account.

106



ASBESTOS-CEMENT

ASBESTOS-CEMENT

Asbestos-cement products are made from
a mixture of fibrised asbestos (15-20 per
cent.) and cement, to which is added a
small quantfty of bonding material like
sodium silicate. During manufacture, as-
bestos fibres acquirc a uniform coating of
fine cement particles and give strength and
lightness to the finished product.  Asbestos
sheets are built up in specially designed
rolling mills, in the form of thin layers of
asbestos and cement which adhere firmly
to cach other. After reaching maturity,
they are found to possess considerable
toughness and flexibility, and do not show
any stratification and lamination. In the
manufacture of roofing slates, the sheets are
subjected to high pressures, to remove air
bubbles and excessive moisture, cut to size,
and cured for scveral davs in a steaming
chamber.

The  Asbestos Cement  Lid.  (paid-up
capital, Rs. 41.5 lakhs) arc the only pro-
ducers of asbestos-cement goods in India.
Their factory at Kymore (C. P.), with a
capacity of about 1,200 tons per mon.h,
started production in ’34. Owing to in-
creasing demands of the building industry
ncar port towns, the company established
two more factorics, onc at Bombay and the
other at Calcutta. The latter started pro-
duction after the outbreak of the last War.
The combined production capacity of the
three factories is 6,500 tons per month, and
during the War, 75 per cent. of their output
was taken up by the Government. It is
expected that now their entire production
will be available for civilian usc. In’43, the
three factories used to cmploy about 2,500
labourers.

The most important asbestos-cement
products are: plain and corrugated sheets
for roofing and partitions, rain-water pipes,
drains and gutters, flue goods, etc. These
are manufactured in India and are in
considerable demand. Special products,
such as pressure pipes, brake and clutch

linings, decorative sheets, and electrical
insulating materials are imported. Asbestos
Cement Lud. are also the chicef importers.

Cement of Indian manufacture suitable
for this industry is readily available. Indian
asbestos which belongs mostly to the tre-
molite and actinolite specics of amphibole
asbestos yields fibves which are weak and
brittle. Asbestos Cement Ltd. have ex-
amined several specimens mined in different
parts of India and found that thcy cannot
yicld products of the quality which they
manufacture (vide also, Mysore Geol. Dep.,
Pop. Studies No. g, Krishnachar, Note
possibilities mfg. asbestos-cement Mysore,
1943). The Mysorce Asbestos Products Ltd.
was blending Hole-Narasipur asbestos (tre-
molite 2nd anthophyllite) with imported
Canadian chrysotile asbestos for the manu-
facturc of mill-boards.  This Company
went into liquidation in ’23.

The imports of asbestos which were
negligible before ’33-34 have 1isen steadily
with the development of the activities of
the Asbestos Cement Ltd. who are the chief
consunicrs of imported asbestos. Imports in
’38-39 were 73,200 cwt. valued at Rs. 7lakbs,
and in ’44-45, 211,000 cwt. valued at nearly
Rs. 44 lakhs. Corrcspondingly, there has
been a decline in the import of asbestos-
cement goods into India. Imports which
werc 5,779 tons in ’34-35 declined to 3,234
tons in ’37-38, and to only g42 tons in

"45-40.

AVERAGE ANNUAL IMPORTS OF
ASBESTOS-CEMENT PRODUCTS

| Tons | Rs. (1000)
In quinquennium )
ending ”38-39 3,464 4.25
n 4344 1,239 3.8
In 4445 395 1.74
» 45746 342 4.03

During the quinquennium ending *38-3q,
supplies were principally from the U. K.

(35 Eer cent.), Belgium (32 per cent.),
and Yugoslavia (20 per cent.).
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ATROPINE

Atropine  G;H,O;N, is the most im-
portant alkaloid obtainable from scveral
spccies belonging to various gencra in the
family, Solanaceae. Probably it does not
occur as such in plants except in traces,
but is formed by the racemisation of its
lacvo-isomer, hyoscyamine, during the pro-
cess of extraction. The chief commercial
sources of hyoscyamine,
atropine, are .1tropa belladonna, Datura stram-
monium. and Hyoscyamus muticus. ‘The last
one known also as Egyptian henbane is the
richest source of hyoscyaminc. Scopolia
carniolica Jacq. also contains up to 0.6 per
cent. of hyoscyamine.

ALKALOIDAL CONTENT OF SOURCES
OF ATROPINE*

and hence of

f'e1 cent
\ —
Range M
1
Atopa belladonna Limes&stem ' o2 o8 1 oy
100ts 01 - ub o
1
v acuminala 019 -0.7 o4
02 odo .47
Datwa shammenium  Leaves & stem 02 0y4y 02y
seeds to 2
Hyoscyamus mutacus . ol 130

*Denston, A Textbook of Pharmacognoss. 1945 :
Flrease, A Textbook of Pharmacognosy 1044

It is reported that the roots of Indian
belladonna (Afropa acuminata) are now being
used for the production of atropine in
Kashmir. Hyoscyamus muticus is found grow-
ing in patches in West Punjab, Baluchistan
and Western Sind, but its quality is poor.
Attempts to prepare atropine from the leaves
of Datura strammonium gave very low yields,
0.05 per cent. Datura metel which occurs in
the N. W. F. P. can be used for the pre-
paration qf the related alkaloid, hyoscine

“
.

(yield, o.05 per cent.; m. p. of hydro-
bromide, 193-194°).

In the preparation of atropine from
Egyptian henbane, the drug is.extracted by
percolation with hot alcohol. The extract,
after the removal of the solvent under
reduced pressure, is poured into 1 per cent.
hydrochloric acid. The acid liquor is se-
paratcd from resinous matter, and is further
purified by shaking with petrol. It is then
neutralised with ammonia and is set aside
when some more resinous matter separates
out. The clear liquid is rendered alkaline
with ammonia, and the precipitated al-
kaloids extracted with chloroform. 'The
chloroformic solution is again shaken up
with dil. acid and the acid layer basified
with ammonia and re-extracted with chlo-
roform. The solvent is then distilled over
and the residuc is converted into oxalate,
which is recrystallized from water.  This,
when dissolved in water and treated with
ammenia, gives hyoscyamine which can
then be extracted with chloroform.  To
convert into atropine, hyoscyamine is dis-
solved in 0.8 per cent. alcoholic sodium
hydroxide and allowed to stand until the
mixture shows no optical activity. It is
then neutralised with oxalic acid, alcohol
removed, and the salt purified by reerys-
tallization from water (Allport, Chemistry
and Pharmacy of Vegetable Drugs, 1943,
36). The base is 1egenerated and con-
verted into sulphate.

The sulphate is usually  prepared by
adding the requisite uantity of pure at-
ropine to a solution of one part of sulphuric
acid in 10 parts of absolute alcohol. The
neutralised solution 1s covered with a layer
of ether and the salt is precipitated in a
pure state as cther diftuses into alcohol.

Atropinc may be extracted fiom fresh
belladonna plants. These are richest in
alkaloidal content at the time of flowering,
when they are cut and the sap pressed out.
This contains mcst of the alkaloids. It is
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warmed to 80° when proteins and some
of the other constituents are coagulated.
After filtration, alkali is added to the sap
and the liberated alkaloid is extracted with
chloroform. Some organic colouring matter,
mucilagenous material and resin, also go
into solution. In order to separatc them,
the process is rcpcated. The solvent is
removed from the final chloroformic extract
and the residue is treated with very dilute

sulphuric acid. The bases are again
libcrated by the addition of potash,
filtered and crystallized from  dilute
alcohol.

In the casc of the dried roots they are
finely powdered, mixed with soda solution,
and extracted with a suitable organic sol-
vent. The cxtract is reduced in volume to
about 1/5 or 1/10 and shaken up with dil.
hydrochloric acid. The acid extract is
precipitated by soda solution and the mix-
ture of bases, after washing, is dried at
40-50". The finely divided material is
shaken up with cther and scparated {rom
mucilage. If necessary, it is  decolorized
by animal charcoal, filtered and concen-
trated. The material which recrystallizes
consists mostly of a mixture of atropine and
hyoscyamine and is completely converted
into atropine in the manner already des-
cribed ( Ullmann, Enzyklopadic der tech-
nischen Chemie, 1944, 1, 222).

Atropine is a colourless crystalline base
(m. p., 118}, It is readily soluble in al-
cohol, acetone and chloroform, less so in
cther, benzene, and hot water, and only
sparingly soluble in petroleum ether. When
heated rapidly, it sublimes unchanged.
Aqueous solutions are distinctly alkaline to
litmus and phenolphthalein and have a
.bitter taste. A singlg drop of 1 in 130,000
aqueous solution produces a marked my-
driatic effect when introduced into the eye
of a cat. Pure atropine is optically inactive,
but the commercial product is slightly
laevorotatory, owing to the presence of
traces of hyoscyamine. It is one of the
deadliest poisons known.

Atropine, in common with hyoscyamine
and hyoscine, when treated with strong
nitric acid, and the mixture evaporated to
dryness on the steam bath, leaves a pale
yellow residue, and gives a violet coloura-
tion with a drop of freshly prepared al-
coholic potash. This is known as Vitali's test.

The  sulphate, CG,.H.,;O;N),. H.SO,.
H,O, is the most important salt of atropine.
It occurs in the form of colourless crystalline
powder, and melts at 196°, when anhydrous.
It is soluble in water (2 in 1), and in alcohol
(11in 4), and is insoluble in c¢ther and chlo-
roform. The hydrobromide melts at 163-
164", and the oxalate, at 198",

Atropine and its salts exhibit a twofold
physiological action. The alkaloid stimu-
lates the central nervous system, where it
acts especially on the motor arca, and para-
lyses the terminations of the para-sym-
pathetic nerves which supply glands, plain
muccle and the heart. [t controls excessive
salivation, and in phthisis stops sweating.
It is sometimes used to check nasal secre-
tions due to coryza or hay fever.

Atropine in small doses max., 1,60
grain) stimulates circulation and respira-
tion. It gives relief in spasmodic affections
involving the unstriped muscles as in asthma,
Sometimes it is also used in whooping cough,
and dysmenorrhea, and is added to laxa-
tive mixtures for preventing griping.

Atropine acts on the terminations of the
netves in the involuntary muscles of the cve
and dilates the pupils widely. A one-in-
two thousand solution is used in sight-
testing, but the paralysis lasts for a wcek.
It should never be used if there is any tend-
ency to glaucoma. Consequently, for older
people, it is always replaced by homatro-
pine, C,H, O,N, the tropic ester of
mandelic acid, which is generally used in
the form of its hydrobromide. Its action is
milder than that of atropine and it is also
comparatively less toxic. Homatropine does
not give Vitali’s test.
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ixternally, atropine, as unguentum alropina
or as plaster of belladonna, is extensively
uscd as a local anodyne in certain painful
conditions.

The physiological action of atropine sul-
phate is identical with that of the alkaloid.
The salt is generally employed in making
hypodermic solutions (dosage 1/240 to
1,60 of a grain). Lamcllac atropinae arc uscd
in ophthalmology. Each lamella contains
1/1500 of a grain of atropine sulphate.

Inlargerdoscs, atropine isa deadly poison.
The symptoms are similar to those of bel-
ladonna poisoning : dryness of mouth and
throat, dilated pupils, drv skin, cte. The
temperature is often raised and the patient
becomes delirious. Death takes place from
respiratory failure. In cases of atropine
poisoning (taken by mouth), tannic acid
should be administered (20 gr. in 4 oz.
of water) and the stomach washed. Chloro-
form and ether may be helpful in control-
ling spasms, and caflein and artificial res-
piration are emploved to control depression.

AUTOMOBILES

The automobile industry includes the
manufacturc of cngines, chassis and body,
and the assembly of these to form completc
units. On account of the vital part which
automobiles playin modern warfare, and the
case with which an automobile factory
may be converted into an armament plant
the industry may be considcred * cssential ™.
In India, at present the industry is confined
mainly to assembly work and commercial
body building.

Before the War, thc Gencral Motors
(G. M.) and the Ford Motor Co. had es-
tablished assembly plants. Inrecent years
threce companics have becn formed for the

roduction of automobiles in India, with a
joint capacity of 20,000 vehicles per annum.
The Hindustan Motors Ltd., Calcutta, will
shortly assemble motor cars imported in
‘ knocked down condition,” and expect to

manufacture automobile cngines by ’s50.
This company is rcceiving assistance from
the Nuflield Organisation (U. K.) and the
Studebaker Corpn. (U. S. A.). The Premier
Automobiles, Bombay, assisted by the
Clhuysler Corpn. (U. S. A.) is now assembl-
ing cars, and expect to manufacture motor
cars in three years. The Motor House
(Gujerat), Bombay, will work in collabora-
tion with the Kaiser-Fraser Corpn. In
addition to these three concerns, two more
factories, one in the U. P., and the other in
Madras, arc likely to be established shortly.

MOTOR ASSEMBLY

The G. M. arc pioncers in assembly
work and they erected their plant in
Bombay as early as ’28. Soon after, the
Ford Motor Co. established plants in
Bombay, Calcutta and Madras. Prior to
World War I, the total annual capacity of
these two was 96,000 units (G. M., 60,000,
and Ford, 36,000). Besides these, some
distributors also carry out asscmbly work
on a small scale. ‘The chicf advantages in
assembling cars from componcnts are savings
in customs duty, and in freight, insurance
and handling charges. The industry en-
courages training of technical personnel
in the country.

‘Two different mcthods are used for as-
sembly work. The G. M. and the Ford
Motor Co. import their vchicles in ‘ com-
pletcly knocked down’ condition ; the chas-
sis, frames, and bodies come dismembered
and require rivcting, assembling, painting,
etc. Rear axles, power units, gear boxes,
dynamos, and self-starters are received ready
for installation. The chassis is assembled
upon a slow moving conveyor belt; frames are
placed on the conveyog at one end, and the
chassis is gradually fitted with brakes,
springs, axles, engine, gear boxes, dynamos,
self-starters, wheels, etc. Radiators and
cowl are then dropped on to the assembled
chassis and bolted.

The main assembly line is fed by a number
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of conveyor lines carrying different parts,
each feeding a component at the appro-
priate point. The workers stationed at
various places in the linec quickly fit the
different parts to the chassis, and the as-
sembled units come out in quick succession.
If intended for commercial vchicles, these
are sent direct to distributors and decalers.
For cars, the assembled chassis is next fitted
with the body, built in a sub-assembly line,
and brought to pasition on over-hcad con-
Veyors.

Some distributors import cars in a * par-
tially knocked down’ condition.  The
complete chassis is mounted underncath a
pulley block for fitting and bolting the body,
and accessories.

Amongst articles purchased locally for
assembly work, the main item is tyres. The
Dunlop Rubber Co., and Firestone Tyre
and Rubber Co. have plants in India, and
have been supplying a large proportion of
commercial types of tyres required.
Batterics (q. v.) are mostly imported, though
some concerns manufacture them in India.
Electrical copper wire was manufactured by
the Indian Cable Co. during the War for
army vehicles.

BODY BUILDING

Before the War, there was no commercial
body building industry in India. The
chassis for commercial vehicles, assembled
from ¢ completely knocked down ’ parts by
the G. M. and thc Ford Motor Co., used to
be distributed through their dealers, who
made their local arrangements, for the
construction of the body. The G. M.
were the first to establish the body building
industry in India. In Sept. ’39, they ins-
.talled plant and machinery in Bombay
for mass production, and by the end of
the year produced 1,069 army type
bodies. During thc War, due to tremen-
dous increase in army demand for vehicles,
their plant was mainly engaged in army work
and a number of other firms in Calcutta,
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Madras, Delhi, ctc., also commenced op-
erations. In ’40, the G. M. and other
important dealers were capable of supplying
about 1,000 bodies per month. In ’43,
the G. M. reached the peak of nearly 3,000
bodies a month. Their total production
during ’43 and 44 was 26,105 and 27,956
bodies respectively. The Indian industry
supplied 132,572 completed vehicles to the
Defencc Department from the beginning of
thc War, up to Feb. ’44, and monthly
production was maintained at 5,000-5,500
bodics (Thomas, Rep. Develop. Industr.
War Supplies, 1944, 70).

The principal raw materials for body buil-
dings, for commercial vehicles, are timber,
mild steel sections, (channcls, angles, flats
and rounds), aluminium sheets, and hard-
ware. Other items are canvas and hessian,
lcather, rexine, plywood and hard board,
standard fittings and paint

The chief requirements of timber for
motor bodics are lightness, strength, frce-
dom from wear and tear, especially around
bolt and screw holes, and resistance to
fungus attack at joints and bolt holes
(Trotter, 1944, 215). In pre-war days,
the use of dcodar (Cedrus deodara) was res-
tricted to Rawalpindi Arscnal. During the
War it was not readily available in Bombay.
A number of S. Indian woods, such as poon
(Calophyllum elatum), bijasal (Plerocarpus mar-
suptum) and aini (Artocarpus hirsuta) proved
highly serviceable. In lorry bodies, timber
is used for the runners or bolsters, which
serve as bed for lorry bottoms, and as joists of
the floor, and for planks uscd for flanks, etc.
Timber for runners should be very strong,
and sissoo (Dalbergia sissoo), rose-wood (D.
latifolia), Andaman padauk (Pterocarpus dal-
bergioides), Barma padauk (P. maciocarpus)
and bijasal, and to a lesser extent, teak
(Tectona grandis), sal (Shorea robusta), benteak
(Lagerstroemia lanceolata), thingan ( Hopea spp.),
aint and dhaman (Grewia tiliaefolia) are also
used (Indian For., 1947, 73, 266). Flanks
require reasonably light and resilient tim-
ber. A larger choice of woods is allowed, but
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deodar is preferred owing to its springy
qualities ; others used are cypress (Cupres-
us torwlesa), kail (Pinus excelsa), chir (P.
longifolia), tcak, poon, chaplash (Artocarpus
chaplasha), aini, gamar: { Gmelina arborea) ,whitc
cedar (Dysoxylum spp.), white bombway (Ter-
minalia procera) and Andaman pyinma ( Lager-
stroemia hypoleuca). About 21 c. ft. of timber,
inclusive of wastage, are used for one lorry.

In bus bodics, timber i1s used for cross-
bars, bottoms. floor-boards, roof cross-mem-
bers, roofs, side- and back-boards, windows,
footsteps, luggage carrier frames, seats, par-
tition walls, etc. The amount of timber
required for onc bus is about 53 c. ft., in-
clusive of wastage. Timber for bus bodics
should be similar to that used for lorrics,
but teak is generally preferred. I teak is
not available, sa/ or sissoo, without any
knots, may be used. Benteak is extensively
used in Madras for motor bodies. For
station wagons, white cedar is used for
pillars, doors and roof, the flooring being
of teak. The timber, excepting for seat,
partition and floor-boards, should be cap-
able of taking a high finish. For hood
frames, a fainly strong, clastic and tough
wood capable of being bent is required.
Mulberry (Morus spp.), dhaman, sissoo, rose-
wood. tcak, benteak,  bijasal, Andaman
padauk, Burma padauk, Andaman pyinma arc
suitable (Trotter, loc. cit. .

Mild steel angles, bars and rounds are
required for bus and lorry bodies. They are
used for superstructure, reinforcing and
supporting panels, luggage carriers, scats,
ctc. About 0.33 ton of steel is required for
a bus body and 0.16 ton for a lorry body.
Havdware, such as coach bolts and nuts,
wood screws, machine screws, hinges, cte.,
is imported.

Plywood. used in the construction of bus
bodies, is mostly imported.  Masonite and
other hard boards, also safety glass and
window glass are imported. Hessian, canvas,
cotton wadding and rexine are locally
available, but indigenous rexine is of poor
quality. Linoleum for flooring is imported.

Certain bus bodies use an outer panel of
aluminium sheet which is locally available.
Aluminium strips, beadings, gutters, etc.
arc imported. Somc paints manufactured
in India arc used for painting wooden
portions and the interior.

Various standard fittings and accessories
such as door handles, wind screen wipers
traffic indicators, springs for seats are im-
ported. Locally made door handles are of
inferior quality.

At present only the G. M. arc capable
of applying mass production technique to
body building. During the War, this was
made possible owing to large army re-
quirements of vehicies of particular designs.
After a prototype is completed and approv-
cd, suitable jigs are constructed. Timber is
cut and shaped ; simultaneously, iron and
steel sections are cut or forged to shape,
drilled, and made rcady for use. The
asscmbly is carried out on line production
system, and during the process the chassis
is drilled and fitted with extensions. After
the War, owing to decline in orders, the
G. M. are not able to make full use of their
plant.

A\ large variety of bodies are made, such
as load bodies, for carrying goods and ma-
terials, with fixed or drop down sides,
delivery vans, passenger buses, ambulance
cars, station wagons, ctc. Restrictions on
length of body, and on load, influence
body designing. The wheel-base of chassis
for commercial types (4 tons, is usually
of 166", and those of delivery vans (1! and
3 ton), 135" and 113”. Passenger bus
bodies usually have chassis of wheel-base
of 160", 175" and 200", and station wagons,
of 113" or 140", During the War, several
other types, such as troop carriers, wireless
vans, water tanks, tipping wagons and
cinema lorries, were built.

ENGINES, SPARE PAR'TS, CHASSIS PARTS,
ETC,

Raw materials used in the manufacture

of automobiles are the unfinished and finish-
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cd products of other industries. Develop-
ment of thesc subsidiary industries is there-
fore essential for an uninterrupted flow of
raw materials. In the initial stage many of
the components and parts will have to be
imported till their manufacture in India
becomes technologically and economically
feasible. Even big firms do not manufacture
all the parts of an automobile. They get
many of them from subsidiary industries,
and it is reported that out of 40 major itcms
entering into a vehicle, Studebaker buys 35
items; Chrysler, 34 ; Packard, 32 ; Ford,
27 ; and G. M., 19 items,

The principal materials used in the manu-
facture of engines and other auxiliary parts
are alloy steels, cast-irons and various non-
ferrous alloys. The industry requires 118
different types of steel, g2 different types of
castings, with strict conformity to specifica-
tions. Alloy steels are used for crankshatfts,
camshafts, gears, counccting rods, valves,
etc. During the War, Tatas produced a
large number of alloy steels, and may be ex-
pected tosupply India’s requirements of alloy
steels for automobile manufacture. Grey
cast-irons are used for cvlinder blocks and
head, brake drums, and parts exposed to
heat and corrosion.  Messrs. Jamshedpur
Enginecring and Machine Manufacturing
Co. (Tatanagar), and Messrs. Burn & Clo.
(Howrah) are in a position to make these.

Aluminium alloys are used for pistons,
and sometimes for cvlinder blocks, gear

boxes, and then covers. For covers,
magnesium alloy also may be used.  Zin

alloys, containing aluminium and copper,
and occasionally magnesium, are used for
a number of auxiliary parts made by
diecasting, such as carburcttors, petrol
pump, door handles, cte.  These are
usually clectroplated with  nickel or
chromium. Brass, plated with nickel and
silver, is uscd for head-lamp reflectors.
Smaller quantities of lesser known metals
and alloys are also required. Nickel alloy,
containing mangancse, chromium or
silicon, is uscd for sparking plug parts ;
tungsten, for ignition ‘coils, makc-and-break

contacts, etc. The only pure metal, need-
ed in considerable quantities, is copper in
the form of electric wire, sparking plug
washers, petrol pipes, radiator honeycombs
and gaskets.

Rubber and rubber-lined materials,
such as flexible tubing for petrol pipes, etc.
tor which oil, petrol and heat-resisting
rubber or synthetic rubber compounds are
required, can be made in India.

So far, automobile cngines have not
been manufactured in India. ‘The Hindus-
tan Motors Ltd. arc reported to be busy
commencing the manufacture of engines
and a few other motion parts of auto-
mobiles.

Besides batteries, a number of spare
parts arc manufactured in the country,
but their quality has not reached the
standard of forcign products. The main
centres of production are  Lahore,
Rawalpindi, Calcutta and Madras. The
parts made are bushing for driving shaft,
kingpin, etc. bcarings, various types of
holts, rear spring pins, fan blades and
belts, hub-nuts, spanners, enginc valves,
washers, cvlinder head gaskets, pistons,
piston rings and pins, valve guides, cylin-
der liners, diaphragme, radiator hose, etc.

A new plant for the manutacturc of
automobile wheels, chassis, bumpers, brake
drums and other cold pressings s proposed
to be installed near Tatanagar (Capital,
1947, 118, 701). ~

T'he following table gives the number and
types of motor vehicles other than * those
owned by the military department, in use
in British India during the year ending 3ist

Mar. g5 (A India  Motovist,  Lahore,
June 1946, 120,

Motor cycles 8,934

Private cars 73,530

Motor cabs

7,015
Other public seivice 16,088 (Including diesel-en-

vehicles gined vehicles, 281) -
Goods vehicles 24,839 (5. ., 24,715)
Miscellaneous 2,887 (., h)
Total 136093 (. .. 411)
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It is estimated that there are now under
the Indian Union about 200,000 registered
motor vchicles including 75,000 cars
(Capital, 1948, 120, 54). Imports have been
heavy since the war. In 1947, nearly 21,000
new cars and 10,600 commercial vchicles
were imported. This ycar’s demand is esti-
mated at 30,000 units, rising to about
15,000 in 1950. A substantial part of Indian
requircments arc expected to be met by
Indian Assembly plants and Factories. The
plants of the Hindustan Motors near Calcutta
and Okha, when they came into full pro-
duction, will be able to turn out ncarly

Imports of motor cars including taxi-
cabs, motor cycles and articles other than
rubber tyres and tubes adapted for use as
parts and accessories thereof, are subject
to a revenuc duty of 45°/, ad valorem, and
to a preferential duty of 30°/, ad valorem.
Imports of motor omni-buses, chassis for
omni-buses, motor vans and lorries are
subject to a revenuc duty of 30"/, ad valorem,
and to a preferential duty of 21/, ad
ralorem.

BAKERY

28,600 cars per annum  (Capital, loc. _
cil., 783). Bakeries manufacture bread and other
INPORTS OF AUTOMOBILES AND PARTS
(Val. in lakhs of Rs.)
| ; .
| . Parts of mechanically propelied
Motor cars, Motor omni- . J
. L T vehicles & s oth
lnc!udllrng buscsal?otqr vans Chassis ¢ :;:: tho?gi:‘;s:;::;;}t cer
taxi-cabs and lorries i | (exclu ding rubber tyres)
i |
_ - | - - -
No. Val No. Val. | No. Val | Val.
- o e —
Annual av. in X
the  quinquen-
nium ending : |
w  '33-34 10,622 217 l 2,045 , 26 5303 | 86 8o
« 38-39 13,544 254 ; 295 I 8 9.802 | 131 83
o '43-44 3,660 81 ! 413 10 Cagant 250 I 184
In '44-45 13 0.5 | I 7,736 ; 266 ! 6o
i , . i
w 4546 263 10, 150 | 42 : 359 12 || 68
' ! | |

The U. K., Canada, and the U.S.A.
were thec main suppliers in the pre-war
period. In the quinquennium ending
'38-39, they supplied 46, 12, and 32°/,
respectively of the imports of motor cars
and taxicabs. The corresponding per-
centages for motor omni-buses, vans,
lorries and chassis were 22, 19 and 55,
respectively, and for parts and accessories,
41, 10, and 41, respectively.

yeast-raised products (buns, rolls, etc.),
biscuits, crackers, and cakes. These are
prepared from wheat flour dough and differ
only in the naturc and proportion of other
ingredients, such as fermenting and leaven-
ing agents, sugar, fat, salt, etc.

In the dough, the protein (9.5-12.5°/,)
is hydrated and swells up into a highly
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clastic rubber-like substance, gluten. This
mixed with moist starch granules imparts
to the dough its elasticity and gas-retain-
ing properties.

Two varieties of wheat flour, hard and
soft, are used, varying mainly in the quality
and quantity of proteins. Hard flour
contains comparatively tough and elastic
gluten, capable of good gas-retention and
high water-absorption, and vyields well-
shaped bread of good grain and structure.

It is also utilized for making products ,

allied to bread. Soft flour, on the other
hand, contains a soft and incoherent gluten
of poor gas-retention and water-absorption.
It is used in the preparation of cakes,
biscuits, etc. in which no fermentation
takes place to mellow the gluten.

COMPOSITION OF WHEAT FLOUR

(Per cent.)
T
ERE l 155,
Description (1 & | Fat '5 £ §|Fibre | Ash
|5 | & 24
SO e el e
English (1) patent .. | 150 | 7.6 ! 0.8 ! 83.2 ,
| |
American (2) patent | | ! :
all purposes .. l‘ 12,0 | 10.8; o.9 1759 o3 04
American (2) patent | |
flour for bread . I 12.0 | 11.8 Lo 74.6 i 03 0.5
! I
Amcrican (2) patent | ‘
solt flour for cakes | ' : ' \
or pastrv .. | 12.0 ] 8.3 } o8 785, c2 ot
, |
Indi*n flour (3), re- | l
fined o1 133 ! 11.0 ‘ 03 0t

! 09, Tht
1

(1) McCance and Widdowson, 28 ;
(3) Hith. Bull. No 23, 1941, 27,

(2) Jacobs, T, 629

BREAD

In India, brcad-making is not an or-
ganized industry and is scattered all over
the country in small units, catering mostly
to lecal dcmands. Moderately large baker-
ies arc found in big citics. A number of
tea and coffce shops also prepare bread,
buns, etc. The Army in India has its own
bakeries, and their production during World

War 1I, increased considerably. Civilian
consumption of loaves, buns, etc. is con-
fined to a section of the population.

Strong or hard wheat flour is favoured for
making bread and other allied products.
The fat content of the flour should be low,
since fat has a tendency to turn rancid.
The flour enzymes, diastasc and protease,
also affect the quality of bread, the former
by helping thc fermentation of starch into
sugar, and thc latter by softening the
dough through the breaking down of gluten
into simpler substances. Excess of these in
the flour will yield a sticky dough of low
gas-retention. Insufficient amount of these
will result in tough and non-elastic gluten.
To supﬂply these enzymes, properly malted,
wheat flour is used or the requisite quantity
of malt extract is added to the dough. Most
of the smaller bakeries in India, however,
use flour without any discrimination. The
bigger bakeries generally use matured and
bleached patent Indian or Australian flour.
In making dough, 60 Ib. of water are added
to 100 lb. of flour ; the dough should be

ncither too stiff nor toc sticky.

Ycast is thc most suitablc fermcnting
agent.  The yeast zymase develops fermen-
tation in the dough, producing carbon
dioxide and alcohol. The former causes
the dough to rise, and the latter is expclled
during baking. Only the most up-to-date
bakeries usc compressed or active yeast.

Gencrally, 1 Ib. of ycast is needed for
treating 100 lb. of flour. Compressed yecast
is dissolved in water at 80-86° F., and
kept for an hour before use. With active
dry vyeast, the ferment is prcpared by
mixing 1 1b. of yeast, 7 Ib. of water and 3 oz.
of sugar at 80-86° I'. Certain types of dry
yeast arc first brought to an active coadition
by mixing 1} lb. of sugar, 2 lb. of flour
and 1} gal. of watcr with every lb. of yeast
and allowing the mixture to stand for an
hour before use. Other fermenting agents
used for inferior grades of bread are milk,
curds, toddy, etc.
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Sugar is added to impart swectness and
flavour, to help fermentation and to in-
crease the cal. val. of bread. It also gives
the characteristic colour to the crust.
About 5-6 lb. arc needed for too lb. of
flour. Salt is an essential constituent, since
it controls fermentation by toughening the
gluten, prevents bacterial growth, and gives
taste and flavour. About 20-2y or. are
used for 100 1b. of flour.

The usual fat content of wheat Hour
(2-3 per cent.) being sufficient, no extra
fat is added in preparing crdinary bread.
Tor buns, rolls, ctc., some extra fat {Vanas-
pati, lard or butter) is used. For greasing
bread pans and for brushing baked loaves,
hydrogenated fat or salad oil is used. Milk
powder is sometimes  added to enrich

. bread.

The straight dough method or the
sponge and dough method is used in the
manufacture of brcad.  These differ only
in the method of mixing. The former is
more common in India. It consists in
mixing togcther all the ingredients at about
80° F. The quality of bread depends on
thorough mixing of the ingredients and on
proper kneading. This is carried out me-
chanically in large bakerics, but by hand in
small bakeries. Thc kneading machine con-
sists of a slow rotating vessel in which the
flour is worked by mecans of a number of
moving arms. The ferment is added during
kneading and salt is added after the pre-
liminary rising of the dough.

The kncaded dough is kept covered with
a moist cloth for g-5 hrs. for fermentation.
During this period, the dough is cut at
intervals to expcl gascs. Proper control of
time and temperaturc of fermentation is
necessary to give the dough the right degrec
of ripeness. The fermented dough is again
worked with salt for about half an hour in
the kncading machine, when stale gas is
expelled. The dough is then divided into
.smaller picces of the desired weight. Therc
are rounded up with dry flour which gives

them a surface skin. After about 15 min.
they are squcezed to expel accumulated
gas, rolled to proper shape and placed in
greased blacksheet moulds or pans. The
moulds are then kept for proofing in a warm
place near the oven, for about an hour,
when the dough rises almost to the top of
thc mould. The surface skin prevents the
escape of gas during proofing.

The proofed loaves are then baked.
Some fermentation continues during the
carly stage of baking, but at 140-145°F.,
it ceases. As baking proceeds, the alcohol
produced during fermentation is expelled,
the protein is coagulated and the starch is
gelatinized.  Dextrin formed at the top of
the bread is caramelised, imparting to it a
decp brown colour. In India, the bigger
bakeries use the modern tyvpe of coke-fired
draw plate ovens, but do not yet use the

improved, continuous  gas-heated ovens,
with temperature control.  Most of the
smaller  bakeries  still  use a  primitive

type of oven, heated by burning wood.
The asher are removed to one corner, and
the dough in moulds placed inside. Once
heated, the oven iv generally good for the
whole day.

The baked loaves are removed from the
oven, brushed with butter, Tanaspati or
salad o1l to give the glaze and to prevent
cracking, cooled for 2-3 hrs., stripped from
moulds, and finally packed in waxed paper.

In the sponge and dough method, part
of the flour and water and the whole cf the
veast are first doughed and then allowed to
ferment ; the sponge so formed, is broken
and well mixed with the rest of the ingre-
dients. Subsequent  operations  arc  the
same as in the straight dough method.
This process recuires less yeast, less proofing,
etc., but is hardly used in this country.

Bread, not meant for immediate con-
sumption, should be wrapped in moisture-
proof paper to prevent loss of moisture, so
that it may not get stale. Loss of moisture,
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-however, is an accentuating factor and not
the cause of staleness. Precautions taken
during bread-making help in arresting
staleness. The dough should not be made
too stiff or too warm and should never be
over-proofed. Addition of oils, fat and malt
extract, tend 1o delay staling. Freezing to
a low temperature also prevents staling.

Bread is casily liable to infection by
moulds. The mould-free life of bread can
bc incrcased by 7-8 days, if 2.5-5 oz. of
propionates (calcium or sodium) are in-
corporated with 100 Ib. of flour. Sodium
diacetate serves equally well. Bread also
develops ‘rope’ due to bacilli of the
B. mesentericus group. * Rope * in bread can
be avoided by increasing the acidity with
lactic acid, vineger or calcium phosphate.
Sodium diacetate is also cllective against
‘rope’ {von Locsecke, 265 ; Jacobs, 11, 4001,

White bread is usually manulactured in
g sizes, } lb.,, }1b.,, 1 lb.,, and in bigger
sizes such as sandwich bread (3 Ib. loaves).
Other varicties, containing various cnrich-
ing substances are, raisin bread {containing
morc sugar and raisins), brown bread (made
of whole mecal flour and malt), dinner
rolls (containing milk and eggs), and milk
1olls (milk replacing part of water).

BISCGUITS

The use of biscuits is very limited in
this country but their popularity is incrcas-
ing. Britania Biscuit Co., the first organiz-
ed factory to be started in India, cam-
menced production in 1897, in Calcutta,
and subsequently established another fac-
tory in Bombay. Their total capacity is
about 5,160 tons per annum. This was
closely followed by the Delhi Biscuit Co.
(1898) with an annual capacity of 750 tons.
Before World War II, six factorics were
started, of capacity varying from 250-1,200
tons. During the War, two more of goo
tons capacity each sprang up. Besides
these, there are now 5 smaller factories and
numerous small concerns to satisfy local

demand. Most of the factories are situated
in large cities and towns, and the industry
received considerable stimulus during the
two wars.

[ndia at present produces only * plain,’
‘slightly sweet,” *‘sweet,” *short,” and to
a smaller extent, fermented biscuits. The
plain type includes cheese, milk, and water
biscuits. These contain little, if any, swecten-
ing agent, and a small proportion of fat.
Slightly <weet biscuits, such as Thin Ar-
rowroot, Maric and Petit Beurre, contain
20-25 per cent. of sugar and 16-18 per cent.
of fat. The sweet type contains a much
higher proportion of sugar. These are the
cream sandwiched, the sugar-coated and the
* Ginger Nut ’ biscuits.  Short biscuits eon-
tain a high percentage of fat and sugar.

For biscuits and crackers, especially for
plain, slightly sweet and fermented types,
the most suitable flour is one which contains
a medinm proportion of soft and silky
cluten. Flour from Indian wheat contain-
ing tough and rubbery gluten, although in
smaller proportions than in hard flour, is
still considered hard. It is, however, quite
suitable for the *short ™ and to a smaller
degree for the *sweet " types.  The Indian
biscuit industry, therefore, prefers imported
Australian flour for certain types. Correct
blending and standardization of flour is also
essential for uniformity and quality. The
flour should be fresh-milled, free from
added phosphates and chemicals, and should
have creamy white colour with no large
specks of bran. It should normally con-
tain: moisture, 12; ash, 0.40; protein,
11 per cent.  The moisture content should
not exceed 13 per cent., and dry gluten
should not be less than ro per cent.

Sugar breaks the gluten, and also acts
as an anti-oxidant for fat and increases the
keeping qualities. Shortening or fat is
another essential ingredient. It breaks the
gluten and gives crispness to the biscuit by
leavening it, and by giving it a flaky struc-
ture. Sufficiently large percentages are
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required to prevent dry gluten forming a
hard mass. Vanaspati, preferably without
¢ grains,” margarine, lard or oil can be
used, but in India only Vanaspati is used.
Its characteristics should be m. p., 36-39° ;
free fatty acids, o0.25 per cent. ; iod. val.,
65 ; R. M. vel,, 1 per cent. ; Polenske val.,
1 per cent. and impuritics, less than 1 part
in million. While Vanaspati is otherwise
suitable, it does not give as soft or as short a
biscuit as scme of the best grades of imported
biscuits. It is considered that the use of
animal fats in the mixture brings about the
desired improvement. According to Indian
practice, 1 ton of biscuits requires on an
average, 2,000 lb. of flour, 410 Ib. of sugar,
and 300 lb. of shortening.

In addition to fat, ammonium carbo-
nate is generally used as a quick
acting leavening agent. Sodium bicarbo-
nate, yeast, and baking powder are also
used in some varieties. Small quantities of
glucose are used, in order to bind the dough
and give sweetness to it. Honey produces
a very rich colour and salt is added for
taste. The other materials used are fla-
vours and vegetable colours.

The industry requires high quality mois-
ture-proof packing materials, for preserv-
ing the crispness and the quality of the
biscuit. The packing materials in use arc
waxcd paper, butter paper, cardboard,
and tin-plates.

The manufacturing process consists in
introducing wheat flour and sugar in 1e-
quisitc proportions, along with the other
ingredients, into a vertical or drum mixer,
the former being used for biscuits of the
fermentcd and short types, and the latter
for cthers. Here they are mixed and kneaded
mcchanically to a comparatively «tiff but
pliable dough. Salt, sugar, colours, and
flavour, ctc. are dissolved in water before
teing added to the flour. Ammonium car-
torate is also added at this stage. The
stortening is added when mixing and
kneading is almost complete. The forming

riod varies with the class of dough re-:
quired; hard doughs taking about go min.,
soft doughs 15-20 min., and cracker doughs,
20 min. The cracker, to which yeast is
added, must lie for another 2-3 hrs. for
fermentation and rising.

The prepared dough i first passed several
times through the dough brake, consisting of
a pair of steel rollers. The thick sheet of
dough then g;sses through the reducing
rollers, the ishing rollers, and finally
through a high speed cutting and embossing
machine. Dough for short type biscuits is
not given any preliminary treatment in the
dough brake. The scraps are taken back to
the dough brake for reprocessing. The
finished dough pieces are deposited on pans
or trays and fed into the oven, which is a
large gas-heated tunnel with temperature
control. The biscuits are carried through
the oven over a travelling chain or steel
band at different speeds, depending on the
type of biscuit and the temperaturc of the
oven. Generally, 3-15 min. are required,
but the time for baking may go up to 20-40
min. for very thick biscuits. Baking takes
placc at a temperature of 400-500°F. At
an average temperature of 450°F., the baking
time for most types of biscuits is about 12
min. The trays emerging from thc oven
are cooled by passing through a long air
draft cooler. The biscuits are then sorted,
the defective ones removed, and the rest
packed.

In the casc of cream biscuits, the cream
or filling is sandwiched between biscuits.
The filing generally used is a batter pre-
pared from hydrogenated vegctable short-
ening, sugar, milk powder, colours and
flavours.

Biscuits are usually packed in paper
packets or cartons, carc being taken to
protect them by mecans of grease-proof or
butter paper. The usual sizes are }, 3,
one and two lb. packets. Sealed tin packings
are the best, but there is scarcity of these
at present. The cheapest method of pack-
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ing is to pack them loose in bulk into large 4
gal. tins containing 10-18 lb. of biscuits.
Generally, 1 1b. of biscuits contain 60-go
picces, depending on the type. Very thick
biscuits prepared for the Army, such as
Shakapara biscuits, weigh 16 to a Ib.

Before World War I1, India was produc-
ing mecinly second quality biscuits. During
the War, due to stoppage of imports, the
industry madc great strides both in quality
and quantity. Somc of the leading firms
are now producing certain types which com-
pare favourably with the first quality foreign
brands.

Beforc the War, the average wholesale
price of the hetter class biscuits, sold in bulk
containers, was As. 10 per Ib. Thcre was a
steady rise in selling prices during the War
due to complete stoppage of imports, and
diversion of production to military require-
ments. The wholesale selling prices of
manufacturers (1947) vary from As. 15 to
Rs. 1-8 per lb., loosc.

During the War, 13 factories supplied
34,238 tons of army biscuits (Shakapara
biscuits), of which thosc in Bengal and
Bombay supplicd 13,644 and 11,486 tons
respectively (Food Statist. India, 1946,
181). The present production capacity of
the existing factories has been cstimatcd at
27,000 tons, but due to insufficient supply of
flour, most of the factories are working on
single shift and arc producing only one-
tenth of their capacity. The Government
of India is proposing to increase the total
annual production to about 40,000 tons,

by ’52.

The pre-war annual consumption of
biscuits has been estimated at about g,000
tons.

AVERAGE ANNUAIL IMPORTS OF BISCUITS
. AND CAKES INTO INDIA

| Cwe | Rs.
" In quinquennium ) -
ending  ’33-34 44,837 | 36,62,038
‘ » 3839 44,924 | 32,13,825
v 4344 | 10852 | 10,35,347
In ’44-45 29 6,078
»__'45-46 156 19,83

The imports arc mainly from the U. K.,
and are subject to a revenue duty of 3o per
cent. ad valorem.

CAKES

In India, cakes are generally prepared in
rectaurants and by confectioners. Smaller
bakerics also produce cakes, but of inferior
quality.

The essential ingredients of a cake are
good flour, sugar, fat, baking powder and
eggs. Along with these, milk, salt and
flavours are also uscd. The optional ma-
terials are almonds, raisins, custard, ctc.
The usual proportions of the ingredients
are : flour, 25-30; fat, 13; sugar, 25;
eges, 15-18 ; baking powder, 0.7-0.9 parts
by wt. ; and milk as required.

For preparing a good cake, it is neces-
sary to have soft flour with low protein
content. It must be capable of forming
cnough gluten to hold the cake togcther, and
to give it a cellular structurc. For high
sugar cakes, the flour should have a protein
content of 7.5-8 per cent.,, and for soft
cakes, 8.5-9.5 per cent. The fat should cream
well and 13 primarily responsible for the
cellular structure. Generally, hydroz=nated
fat or butter is used. The latter gives a
more attractive flavour. The sugzar softens
the dough and remains in a dissolved or
svrupy condition.

In most cases oaly eggs and milk are
used for moistening the batter. The former
functions also as a leavening agznt. E33s
are beaten into a foam-like mass which re-
mains stable till thz gluten scts during
baking. Baking powder is als» addzd fior
leavening.

Cakes are of three kinds : yzllow, white,
and sponge cakes. The first two are similar.
In white cakes, onlyeggwhite is used. They
have a finer grain. but they rise less during
baking.
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Soft cakes arc made by the sugar batter
mcthod in which sugar and fat are first
crcamed and then mixed with egg, flour
and milk ; and cakes of finer grain and tex-
turc, by the flour batter method, in which
flour and fat arc creamed together, and later
mixed with eggs and sugar batter. In the
single stagc method of preparing cakes, all
the ingredients are mixed together at the
samc time. The cake produced does
not possess the same volume, as those pro-
duced by the other two metheds.  The pre-
pared batter is put in cake pans of various
shapes and placed in baking oven. The
baking temperature is 300-400"F. The time
required for baking depends on the
type, rize and shape of the cake. The
cakes after being baked are cooled and cov-
ered with special compositions and finishes.

BARIUM COMPOUNDS

The chief commercial salts of barium
arc the chloride, the carbonate (vide infra),
the nitrate and the sulphate.  Barium nit-
rate which gives a green colour to flame
is used in pyrotechnics, and for green flares
and signals. Precipitated baiium sulphate,
also known as blanc fiae, is a valuable base
and «xtender in the paint industny. A
specially purified sulphate, free from any
tracc of soluble barium compounds, is
used in the X-ray examination of the
alimentary tract.  Barium sulphide is some-
times used as a luminous paint duc to its
feeble phospherescence, and as a depilatory,

The minerals withente (BaCO ), and
barite (BaSO,) are the sources of barium
compounds. From the former, theyv are
readily obtained by treatment with corres-
ponding acids. Barite is reduced to barium
sulphide by roasting it with powdered coke
or charcoal, and the latter 1s processed to
vield barium salts ‘zide J. sel. industr. Res.,

1044, 3, 108).

In India, the production of baiium com-

pounds started during the last War. The
Mettur Chemical and Industrial  Corpn.

have a plant capable of producing up to
1 ton per day of barium salts, chiefly the
chloride. Since witherite does not occur in
India, they use barite as raw material.

BARIUM CARBONATE

Barium carbonate, BaCO,, is a white
powder which decomposes at a very high
temperature (1360°). It is prepared from
barium sulphide by passing carbon dioxide
through its solution, or by treating it with
sodium carbonate. Aithough insoluble in
water, it is poisonous, as it is acted upon by
acid in the stomach which converts it into
a soluble salt.

Barium carbonate is used in the manu-
facture of optical glass, china and porcelain,
and cnamels for ironware. It is an effec-
tive rat-poison, and the bait is usually
prepared from barium carbonate, 6 oz. ;
common salt, 1-4 oz. ; wheat flour 4 oz. ;
pea or bajri flour (Pennisetum typhoides),
12 oz. ; and dripping, 4 oz. (Kingzett),

BARIUM CHLORIDL

Barium chloride, (BaCl,. 2HO;, is a
colourless crystalline salt. It is readily
soluble in water and is highly poisonous.
Tt loses its water of crystallization completely
at 100 and melts at 860. Unlike the
chlorides of calcium and strontium, it is not
hygroscopic.

Barium chloride is used for the prepara-
tion of precipitated barium sulphate. It is
also employed in leather tanning, in boiler
compounds, and in water softening.

In India, its principal use is for the re-
moval of sulphates from brine solution used
for the clectrolytic manufacture of caustic
soda. The Indian Alkali Industry, when
producing 45,000 tons cf electrolytic alkali,
will require 1,000-1,500 tons of the salt
(Rep. Heavy Chem. and Flectro-Chem.
Industr. Panels, 1947, 26). This demand
will decrease when purer salt becomes
available.
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Barium chloride i manufactured in India
by the Mettur Chemicals. Powdered barites
and charcoal arc mixed with a 50 per cent.
solution of calcium chloride and heated to
800-850° in a reverberatory furnace for
about six hours. The products of the re-
action arc lixiviated with water, the clear
solution treated with a small quantity of
hydrochleric acid or chlorine to remove
soluble sulphides, and concentrated. The
crude crystals that separate on cooling arc
recrystallized, and dried in a hot air dricr
(Shah, .J. sci. industr. Res., 1946, 4, 788).

Small quantitics of barium chloride are
also produced by the manufacturers of
electrolytic caustic soda.

EXPORTS OF BARIUM COMPOUNDS (EX-

CLUDING BARTUM PEROXIDL, BARYTES AND

BLANG FIXE) FROM UK. TO INDI\*

Yemr Tons ' £

‘40 . 270 4931
‘41 .. . 219 5.350
g2 83 1,817
43 . 72 1,780
44 9 4194
45 : 205 8,393

* T, UK., T
BATTERIES AND ACCUMULATORS

Batteries and accumulators are devices
for gencrating clectrical cnergy by chemical
rcaction. Thcy arc asscmblies of primary or
sccondary cells, to give higher output of
energy. Primary cells, such as dry cells,
produce elcctrical energy by chemical
rcaction which is not easily reversible. Se-
condary cells dcpend upon reversible re-
actions for their operation. These cells are
always assembled into batteries, as in the
lead acid storage battery.

DRY CELLS

A dry cell is a Leclanche’ cell in which
the clectrolyte is in the form of a paste, and
cannot be spilt. The cell consists of an
anode of carbon rod surrounded by a
mixture of depolarizer and elcctrolyte, the
entirc asscmbly  being scaled in  a
zinc container, which serves as thc cathode.
The scaled cell is insulated by covering
it with paper. Itis essential to construct
it in such a way that the -clectrolyte
is always kept sufficiently moist.

Dry cells are of two types : the packed
type, and the bag or dolly type. In the
former, absorbent paper soaked in clectro-
lyte, is pasted to the inner surface of the zinc
container ; the dcpolarizer, moistened with
the electrolyte, is pressed round the carbon
rod placed centrally in the container. Gen-
crally, larger cells are constructed in this
manner. In the dolly type, as in flash-light
cells and other small sizes, the carbon rod
surrounded by a mixture of depolarizer and
clectrolyte, is compressed into a dolly,
wrapped in muslin, and introduced into the
container along with the electrolyte. © Inert
cells * are manufactured dry, and require the
addition of water before use.

sse-- BRASS CAP --
~- SEALING COMPOUND --
_____ CARDBOARD DISC~ . _
H----~- CARBGOM ROD ~--- - I
F=-~---. AR SPACE---- "~ |

| ooLLy--
. i~ PareR weAPPING JACKET-
I---——~- ZINC CAN --=~---

L oaper Wit
J ELECTROLYTE

=~ DEPOLARISING MIXTURE - 1

ELECTROLYTE

WRAPPING CLOTH - -~

~-IMBULATING CARDBOARD -

The reactions taking place in a dry cell
during discharge are summarised in the
following equation :
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Zn 4- QNH,‘ { (“?—I" 2Mn03=—'le(NH3)2CI:,-+—
H,O | Mn.O,

During discharge, hydrogen liberated by
the action of zinc on ammonium chloride,
accumulates on the internal surface of the
container, giving rise to polarization which
retards further action. Mangancse dioxide
acts as a depolarizer by oxidizing it to water.
A well-constructed dry cell should show an
e.m. [ of about 1.5 volts, its output depend-
mg upon its size. It should be capable of
being stored for several months  without
deterioration,

Duc to ther portabilitn and ease of
working, dry cclls are extremely convenient
sources  of electrical energy.  These are
extensively used in flash-lights  (torches),
medical mstruments, post and  telegraph
equipment, and various electiical appliances.
The Army requires them for signalling
lights, ficld telephones, radio and anrerafi
communication instruments, ctc.

In the manufacture of dolly type cells,
rolled zine sheet or ribbon is used for the
container : it should have sufficient tensile
strength, and stifliess to withstand manu-
factming operations  Impurides such as
lead, cadmium, copper, iron, arsenic, an-
timeny and tin, should be as low as possible
to cnable it to resict the corrosive action of
the clectrolyte. Tt is amalgamated by tieat-
ment with a weak solution of mercuric
chloride, to increase its corrosion resistance
and to prevent pitting of zine. Generally,
sheets of 6-8 gauge No. {0.012-0.0:4" thick)
are used for flash-light cells, and thicker
sheets, for cells of longer life.

The materials used in the manufacture
of the dolly, which is the composite anode,
arce carbon rods, manganese dioxide, acety-
lene soot and lumpblack. The carbon rod
should be straight, dense, and of good me-
chanical strength. It should have longi-
tudinal surface grooves, for better contact
with the depolarizing mixture. It is usually
manufactured from coke or retort carbon of
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high purity (ash content, 5 per cent.), and
very low electrical resistance. The rod is
generally lightly paraffined, in order to
prevent crecping of the clectrolyte to the
brass cap.

The cfliciency of manganese dioxide, as a
depolarizing agent, depends upon its che-
mical composition and physical structure,
such as particle size, crystalline state, etc.
The ore (pyrolusite, psilomelane, etc.)
should be free from mectallic impurities, and
is ground to 60 mesh. In many cases, the
addition of artifictal manganesc dioxide, up
to 10 per cent. of the ore, enhances its
depolarizing action.

Graphite, up to about cne-fourth the
wt. of manganecsce dioxide, 15 used to increase
the clectrical conductivity of the latter.
Flake graphite is preferred, but usually a
mixture of crystalline and amorphous varie-
ties is used. It should have a minimum
carbon content of 85 per cent. with the
following limits for impurities ; Fe, 2.5 :
Cu, 0.04; Ni and Co, 0.03; As and Sh,
0.03 per cent ; ash, 10 per cent. ; and at
least 85 per cent. of it shculd pass through
200 mesh sieve (fudustir, Chen:., 1947, 23, 31).

Acetylene soot is added in small quanti-
ties to the depalarizing mixture for increas-
mg its porosity. [t <hculd net exceed 1,
per cent. by wt. of the total carbon content.
Finely-divided lampblack is also added in
small quantities for assisting contact between
the relatively larger particles of manganese
ore, graphite particles, and the électrodes.

The clectrolyte is a paste  consisting
mainly of ammonium chloride, zinc chloride
and a geclatinising substance.  Ammonium
chloride, which is the main ingredient,
should be free from copper and iron, as
these would settle on zinc and form harmful
local galvanic cells. Usually, white powder-
ed commercial grade, containing less than
1 per cent. ash, and an equally small per-
centage of moisture, is used. Some dry
ammonium chloride (10-15 per cent. of the
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wt. of the dolly) is also added te the

depolarizer.

The electrolyte consisting of a 20", solu-
tion of ammonium chloride, has a scvere
corrosive cffect on the container. Zinc
chloride (7-10v,,) is added to resist its cor-
rosive action. as it minimiscs local action.

Small quantitics of calcium chloride (2-3
per cent. of paste) and magnesium chloride
are added to the electrolyte, on account of
their water-retaining properties, and also
some mercuric chloride to effect amalga-
mation of zinc and to prevent the growth of
moulds and micro-organisms in flour or
starch.  Gelatinising substances, for pre-
venting spilling of electrolyte, are mo:stly
flour and starch, although agar-agar, gum
tragacanth, and plaster of Paris are some-
times used

Zinc cups or cans are prepared either
by rolling or drawing. Smaller sizes, such
as those used for flash-light cells, are made
by soldering rolled picces with blanked bot-
tom discs. The cups are grooved about
t” from the top, to make a seat for the top
cardboard washer, over which the scaling
compound is poured. A parallined star-
shaped cardboard is inserted at the bottom
of the can for insulating the dollv from the
can.

To piepare the depolatizing misue,
mangancse dioxide, graphite, soot and lamp-
black, together with some  ammonium
chloride and zinc chloide are mixed in
rotating drums, and moistened  with the
requisite quantity of water. The mixture
is then forced through a sieve to eliminate
small lumps formed during mixing  Fo
preparing  dollies, this mixture is presed
round carbon clectrodes ; or the electrodes
are forced into cyvlinders moulded from it
The dollies thus prepared are wrapped
firmly with loth and tied with twine.

The clectioly te is preparer] by dissolving
the required chemicals in definite proper-

tion, and adding thc gelatinising rubstance
slowly, while the solution is thoroughly
stirred. [n building the cell, the dolly is
dipped in the electrolyte to wet the cloth and
to expel air bubbles, and inscrted into the
can. It is centered and held in situe by
means of cardboard washers. The prepared
clectrolyte is poured into the can, up to
the top edge of the dolly ; it should not
touch the carbon rod. The exposed por-
t'on of the caubon rad is lightly paraffined on
the out ide, and its upper end fitted with a
brass cap. The electrolyte is usually gelatin-
ised round the dolly n situ by heating the
cells in a water bath at a suitable tempera-
turc. The cooked cells are quenched in
cold water and left open for 24 hrs., before
ccaling with shellac or bitumimous compo-
sition.  Somctime: se'f-gelatinising clectro-
Ivtes are used.

The cells are next wiappaed in ppar, or
placed in cartons and labelled.  For bat-
teries, unwrapped cells are assembled in a
box veparated by paraffined  cardboard
strips, the inteivening space being filled
with scaling compounds.  Brass strips are
soldered to the terminals to make inter-cell
connections.  Somctimes a vent hole is
provided to allow ammonia o escape.

Fuished cells are  subject 1o
control ond service tests. A defective cell
is usually detected by momentarily short-
circuiting it through a low resistance dead-

regular

heat ammeter and noting the maximum
deflection of the needle:  such  cells give
lower readings. .\ certain proportion of

finished  cells, selected  at random, s
subjected to sevvice  tests, which include
measucement of open cirenit - voltage,
internal aesistance,  polarization,  output
capacity, and shelf-life tests. Good  cells
have a life of 18-2¢4 mounths.

The fust dey cell Tactory in India was
set up in 19206 by the Evercady Co. of the
U. K. at Chssapore, Galeatta.  In 1936, it
was taken over by the National Carbon Co.
of U.S A. under the name, National Carbon

123



THE WEALTH OF INDIA

Co. (India). Messrs. Jesco Chemicals and
Allicd Industrics, Bombay, commenced pro-
duction in ’36, and in ’3g, the company was
venamed Estrella Batteries Ltd. Before the
last war, these two were the only companies
in existence, and are now the largest pro-
ducers of dry cellsin India. Subsequently,
two other concerns, Baroda Batteries Ltd.,
Baroda, and Amco Ltd., Bombay, of smal-
ler capacity, camc into cxistence. During
the War, Indian production was sufficient
to mect the greatly expanded demand.
Amco Ltd. stopped production in ‘42,
but expect to resume work in ’48. Two
other factorics, one at Bombay with a ca-
pacity of 15 million cells per ycar, and the
other at Lahore with a capacity of 5 million
cells, are also expected to commence pro-
duction in ’48.

Most of the materials used in the in-
dustry (over 75 per cent.) are imported.
These include zinc sheets, carbon rods,
manganese dioxide, graphite, lampblack
and soot, chemicals, brass caps and solder.
Before the War, the annual imports were
valued at Rs. 10 lakhs. During the War,
the U. S. A. exported them to India under
the Leasc-Lend Agreement.

Indian manganese ores have not been
used much in dry-cells, and manufacturers
have becen importing the ore from the
Caucasus, Java and Africa. Joglckar, Subba
Ramiah and Verman (Bull. Indian Industr.
Res. No. 23, 1941) have shown that some
ores from the C. P., and Mysore, after
suitable treatment, may be utilized in this
industry. The powdered ore is roasted with
caustic alkali (10 per cent.) and an oxidizing
agent (5 per cent.). Tt is then washed with
water to remove soluble materials and is
again roasted in air (Indian Pat. No. 28135).
The ore thus treated may be used as a depo-
larizing agent, without the addition of
artificial mangancse dioxide. The Baroda
Batteries are now using indigenous ore.
Ceylon graphitc is cxtensively used in  India.
The ash content of Indian graphite is too
high. Artificial graphite which is alco em-

ployed in dry cell manufacture is not pro-
duced in India.

At present, only dolly type cells are
manufactured in India. Most of the concerns
use semi-automatic or hand-operated ma-
chines, and only the N. C. C. has a com-
plctely automatic plant. Semi and fully-
automatic machines, although requiring
heavy initial investment, are economical for
higher output and give a better product,
but they require systematic and expert
attention.

The products manufactured at present
include flash-light cclls ; radio batteries,
big mono-cells, small dry cells, sac elements
(dollies), and inert cells (cells without
water).  The so-called standard cell (diam.,
1'y" ; length, 2%/") is manufactured in
very large numbers. Special cells for air-
craft communication and signalling are
made by a few firms. During the War, about
8o per cent. of production was rescrved for
defence purposes.  Most of the products are
being sold within the country.

The pre-War production of dry cells
was 18 million cells. In 44, it was 101
million cells of which about 75 per cent.
was manufactured by the N. C. Ci. and the
remainder by the Estrella Batteries. In
’46, production dropped to 88 million cells,
cons'sting of 71 millions by the N. C. C., 16
millions by the Estrella, and o.23 million
by the Baroda Batteries. It is cxpected
that by the end of ’50 production will
increase to 150 million cells per year, valued
at Rs. 250 lakhs. The capital invested in
the industry is about Rs. 88 lakhs, and it
gives employmcnt to over 2,500 men.

Indian manufacturers are now able to
compcte with the best imported varieties,
both in quality and in price. Before the
War, they experienced serious competition
from the U. S. A., Germany, China and
Japan. The quality of the Chinese and
Japanesc products was not high, but they
were sold at very low prices.
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AVERAGE ANNUAL IMPORT OF DRY
CELLS INTO INDIA

Lakhs of
Rs.
Quinquennium ending ’33-34 12.81
" '38-39 21.63
" "43-44 8.07
In 4445 3.07
” ’45=46 5.12

Most of the imports are flash-light battcries.
Special batteries are imported only to a
small extent. In ’38-39, the val. of the
former was Rs. 19.6 lakhs, and cf the latter,
Rs. 1.9 lakhs. During the quinquennium end-
ing ’38-39, the U. S. A. supplicd 70 per cent.
of total imperts, followed by Germany
(14 per cent.), China— including Hongkong
(7 per cent.), U. K. (7 per cent.) and Japan
(2 per cent.).  Imports of dry batteries are
subject to a revenuc duty of 30 per cent.
ad valorem.

ACCUMULATOR OR STORAGE BATTERY

A storage battery consists of two or more
secondary cells, connected in series, and
manufacturcd as one unit. A storage cell
consists of two dissimilar clectrodes or
poles immersed in an electrolyte.

The two commercial types of storage
battery are lead-acid cells, and alkaline
cells. In the former, the positive and nega-
tive electrodes are made up of lcad peroxide
(PbO,) and spongy lead respectively, and
are immersed in the electrolyte (dil. sul-
phuric acid). The peroxide and this spongy
lead arc held in grids, made of lead-anti-
mony alloy.

Alkalinc cells are of two kinds, the
nickel-iron type (Edison cell) and the
nickel-cadmium type (Jungner cell). Inthe
Edison cell, the po-itive consists of nickel
peroxide, and the negative, mainly of iron.
In the Jungner cell, the positive is nickel
oxide mixed with high conducting graphite,
or nickel flakes ; the negative is a mixture
of iron and cadmium oxides. The electro-
lyte in both is a solution of potassium
hydroxide with small quantities of lithium

EXPOR'T OF DRY CGELLS FROM U. S. A. TO INDIA

(No. in thousands and val. in thousand dollars)

No. | Val. ~ No.

40 ] 1b ' 2. 6,895

¢! l 5b ' 10.7 ' 28

’43 . i 30 0.2 : 155
i

44 om ma | enm

Dry cell batteries I Flash-light batterics
|

Dry multiple cell
batterics except
fash-light

‘ Other dry and wet
' cell primary

| batteries
i

Val. ' Val. No. : Val,
1,849 87 | 39
|
i 90 | 43 .
i
78 2,560 ! 878 752 5,769
I
190 3 || 0.4 | 1,930 15,821

Exports in 43 and 44

were almost completely under IL.ease-Lend Agreement.
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hydroxide, in a steel container. The active
materials are packed in perforated tubes and
pockets, supported in grids.

The reactions taking place in the lead-
acid cell during charge and discharge may
be shown as below :

D scharge
———

. ]
Pbao, + «H,S0,+4-Pb PhSO, ¢ 2H,O 1 PhSQO),
Charge

-

The charged cell therefore consists ot a plate
of lead, and a sccond plate of lead peroxide
separated by a porous separator through
which sulphate ions can migrate. Sulphuric
acid is used up during discharge, and this
brings akout a decrease in the sp. gr. of the
clectrolyte. During charging, on account
ol the reverse reaction, sp. gr. increases.
The state of charge of a cell can be readily
determined by measuring sp. g1 of the clec-
tnolvte

Sulphutic add attacks  the ddectrodes
cven when the cell v idle. and slowly con-
verts lead into lead  sulphate, resulting
in gracual loss of capacity.  These cells
recquire 1outine maintenance,  both during
active and idle periods

In the atkalue celll the reacton may be
represented by the following equation

1).schare

1
Charce  NO) DKOH - 10O

-—

NO o 2RO T

Duimg chaiging, MO of the posiuve plate
is oxidized v @ higher oxide of nickel, NiQ),,
and ferrovs oxide in the negative plate is
reduced to metallic  iron, oxidation and
reduction being breught about by oxygen
and hydrogen liberated at the iespective
poles by electiolvtic  decomposition.  The
rcaction durinzg  dischaige is merely  the
reverse.  The clectiolvte does not uudergo
anv change, and this makes it difficult to

find out the statc of charge of a cell.  In this
type of ccll, no reaction takes place during
the idle period, and hence it can be left un-
attended to for a long time.

Each cell consists of positive and negative
plates varying in number and size, accord-
ing to capacity, and connected in parallel.
Lead-acid cells are  divided into two types
based on plate structure ; these are the
Plante’ tvpe, and the Faure pasted plate
tvpe.  In the former, the active material
is tormed clectro-chemically from lead of
the plate, whercas in the latter, the active
materials are pasted to lead grids which act
as supports.  The pasted plate may be
of the ordinary flat type, or of the modified
type  Lxide-lIronclad) ; in the latter, the
active material is used in the form of
cylindrical pencils, enclosed in slotted rubber
tubes, held in lead grids.  This type of cell
has come into extensive use, especially for
clectiical propulsion of trucks, tractors, et
aud in marine and other services.

.

In the alkaline tpe, the active material
ol the positive iy contained in perforated
tulies and is held in a grid  The negative
plate s of similar  construction ; the active
material is contained in rectangular  per-
foratcd <teel pockets and fixed in a grid.
Grids, bes and packets are made of nickel-
plated steel.  Alkaline cells are more robust
than lead-acid cells and can stand vibration ;
they are also immune to serious damage
from negligende

When fully charged. o lead-acid cell on
open circuit has  on approx. e. m. f. of
2.3-2.4 volts, regardless of its size, and
an alkaline celly about 1.8 volts.  Automo-
bile hatteries condist of 3 or 6 lead-acid cells,
containing 15 or 15 plates per ccll, con-
nected in oseries, and  have a voltage of 6
or 12 volts. During  discharge, the voltage
drops down to 1.5 volty in a lead-acid cell,
and to .1 volts in an alkaline cell.  The
batteries should not be worked beyond
these limits, as repeated o er-discharge would
permanently injure them.

126



BATTERILS AND ACCUMULATORS

‘The capacity of a battery is the product
of discharge current in amperes, and the
time in hours during which the current
could be drawn, and is  expressed
in ampere hours (amp. hr.). The
capacity of a battery with cclls in «eries
is the same as that of a single cell, and

‘The most important use of lead-acid ac-
cumulators is in automobiles where they arc
required for starting, lighting and ignition.
The pasted plate type is universally used
since it is capable of giving very high cur
rent, on account of its lower internal resist-
ance. Automobile batteries are made of g on ¢
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that of a battery with cells in parallel i the
sum of the capacities of all the cells. A
13-plate battery of 4 cells stores abouat 100
amp. hrs. of energy .\ charged battery will
deliver 8o-go per cent. of the energy used
in charging, but as the battery becomes
older, this cflicieney drope sharply

Electric batteries or - accumulatos are
used in widely varying fields.  ‘They find
extensive application in automobiles,  air-
craft, marine service and railways  they
are also widely used for radio receivers in
arcas where there is no power supph.  Laige
stationary batteries of electric accumulators
are used in hospitals. cinemas, cte., for
emergency purposes.  Telephone services also
require a number of storage batteries,

cells comnected inseries and thewr ¢apacit
is about 100 amp. hrs  Diesel buses, witl
more difficult  starting  problems, requir
12, 24, 30 or 32 volt batterics, containing
g-15 plates per cell.  In railway coaches fo
lights and fans. lead-acid batteries are use:
with discharge capacity of 300, 270, 210, 15
and 100 amp. hrs. measured at the 10 hn
rate o a minimum of 1.8 volts per cell
Lach coach iy fitted with two batteries
cach battery consisting of 12 cells (India
Ry Bd. Specif. E2A-30).

Lead-acid batteries are used for varioa
stationary purposes, such as telephone oper.
tions, switch devices, operation theatres
and in marine service for ignition in in
ternal combustion engines, for gunfiring o
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naval ships, and for submarine propulsion
- under water.  Light lead-acid batteries
" with non-spilling electrolyte are used in
aircraft for engine starting, lighting and
radio. Reduction in weight is secured by
altering the composition of grid materials,
and design of grid, and by using light alu-
minium containers.

ey
EDISON C€ELL.
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PERFORMANCE CURVE OF EDISON CELL

In India, alkaline batteries are only
used in railways for coach lights and fans.
Each coach is provided with 2 batteries,
cach containing 19 cells. For this purpose,
alkaline batteries with discharge capacity
of 300, 225, 150 and 100 amp. hrs. mca-
sured at the 10 hour rate to a minimum
of 1.1 volt per cell, are used (Indian
Ry. Bd. Specif., E2).  This battery cannot
be used for starting purposes, but is
eminently suitable for motor opcration
and ignition. It delivers a moderate
current, but is not capable of furnish-
ing the peak surges for motor starting.
Unlike a lead-acid cell battery, it is
not injured by complete discharge. Its
life varies from 7-20 yrs., depending upon
service conditions. D

The principéi materials used in lead-

acid cells are lead and antimony, litharge
and red lead, sulphuric acid, containers and

128

LEAD-ACID CELL

A

i

1.9, by FFRY PLATES
(Courtesy of Messrs. Standard
Batteries Lid,, Bombay)

separators, and
sealing composition.
Others are . vent
plugs, terminal
posts,  connccting
bars and straps,

Grids of lead-acid
cells, which act as
supports for active
materials, are made
of antimonial lead,

containing §-12 per

cent. antimony.
Antimony improves
the flow charac-
teristics of lead in
the mould, and
gives sharp castings.
Both lead and anti-

mony of high purity
(99.9 per cent.)
should be  used.
Secondary lcad

fromn discarded bat-
terics 1s also be-
ing increasingly em-

ployed ; its anti-
mony content is
adjusted during

melting and casting.

Grid
are filled
paste

interstices
with a
made from

- lead oxides and dil.

sulphuricacid. These
materials arc subsc-
quently  converted
clectrochemically in-
to the active mate-
rials  of finished
plates. Both red
lead (PbyO,) and
litharge (PbO) of
high purity are used
for making plates.
Impurities in good
grades of oxides for
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battery purposes arc : S10,, 0.05; Ca, 0.05 ;
Fe, 0.02; Clu, o.01; Bi, 0.05; Ag, 0.001°/,;
zinc,traces: and chlorine, nitrates and arsenic,
nil (Vinal, Storage Batterics, 1940, 23).
Apparent density, acid absorption, particle
size distribution, ctc. are important cone-
siderations.  Litharge has the property
of forming a cement when moistened with
sulphuric acid. This property of red lead
is not so good ; it is thercfore mixed with
a small amount of litharge for making the
paste. The composition should have suffi-
cient porosity while maintaining cohesion
and strength.  Generally, & mixture con-
taining 75 per cent. litharge and 25 per cent.
red lead s used for negative plates ; for the
positive plates it is made with a large pro-
portion of red lead, 50-80 per cent. Both
red lead and litharge arc at present manu-
factured in India, and in 44, the battery
industry consumed 6o tons of litharge and

120 tons of red lead. Small amounts of

expanders, such as lamp-black, blanc fire,
charcoal, wood flour, etc., arc used with the
paste for preventing solidification of spongy
lead on the finished plate.

Sulphuric acid is used as clecurolyte, and
also for making pastes of active materials.
Tt should be colourless and of exceptionally
high purity (for specif. vide p. 23), and only
distilled water is used for diluting it to the
required  sp. gr. When fully charged,
the sp. gr. in the portabletypes is 1.25-1.30,
and in stationary batteries, 1.20. Owing to
the smaller size of the former, acid of higher
strength is used to obtain the desired omt-
put of cuirent. In India, the annual con-
sumption of sulphuric acid (100 per cent.)
by the battery industry is 410 tons (Rep.
Hecavy Chem. & FElectro-chem. Indu:tr.
Panels, 1947, 2).

Battery containers and covers should be
lcak-proof and acid-resistant, and arc made
of hard rubber or cbonite, asphalt compo-
sitions, or glass. Hard rubber containers
are employed for portable types, and those
subject to mechanical shocks in service.

These have raised ribs, fitted at the bottom
or moulded with the container, meant for
carrying and holding the plates in position.
Glass gives better maintenance facili-
ties and is used where size and service
conditions permit, as in wireless and lighting
plants. Lcad-lined wooden tanks are in-
variably used for large stationary batteries
and may also be used in smaller sizes.
During the War, polystyrene plastics were
tried in the U. 5. A. Containers are usually
divided into compartments of two or more
cells, and the cover is provided with a number
of openings for terminal posts, and vent
plugs, for filling. Most of the containers
and covers are imported. Recently a few
firms in India have started the manu-
facture of hard rubber containers and lids.

Separators are placed between the posi-
tive and negative plates to prevent contact.
They should be porous to allow the clectro-
lyte to diffusc through them and to
permit clectrolvtic conduction, and should
maintain sufficient
mechanical stren-
gth throughout the
life of the battery.
They may  be
made of perforated
hard rubber sheets,
porous rubber,
glass, wood, ctc.

The essenual re-
quirements of wood
for reparators are
permeability, strai-
ght grain, freedom
from knots, and
resistance to the
action of the clec-
trolyte. Any tan-
nins, volatile acids
or resinous matter
present must  be
removed and this is
done by boiling the
separators in 1 per

BATTERY SEPARATORS
{Courtesy of Messrs. Standard
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caustic soda for two hrs.,, followed by
thorough washing. A subscquent trcatment
in a glycerine bath gives extra permeability
and cnables the separators to be stored
witkout any darger of warping (Indian For.
Leafl. No. 14, 1042 ; Trotter, 1944, 104).

Rattcry scparators of wood are vsually
prcparad from Port Oiford cedar [Chamae-
af aris lcwscriana (A, Murr.) Parl.], a Nerth-
American timber. Other woods used in the
U.S.A. are basswood (Tilia americana Linn.),
peplar (Pefulus spp.), come kinds of pine
(Poaus spp.), Douglas fir [ Pseudotsuga tavi-
Sulia (Toir.) Pritt.], cvpress (Cupressas  pp.)
ard 1cdwood, [Scquoia sonpereiens {Lamb.)

Endl].

Among Indian woods Cupressus  toralvsa
D. Don (Himalaven Cypress) and Aichelia
chempeca Linn.  (Chemgp)),  when  properly
trcatcd, have been found to be as good as
Port Oiford cedar. Adina cordifolia Benth.
Hook. f. (haldu) can be used where the
batterics arc not subject to mechanical
shocks, but the wood is adversely affected by
the clectrolyte (Indian For. Leafl., loc. ct. ;
Indian Fer. Bull., Nace Soies, No. 124, 1944 ;
Trotter, loc. cit.). Wooden scparators arc
generally madc fiom sawn veneers, and
occasionally ficm peeled veneers. Grooves
are cut on one side of separators to allow
circulation of electrolyte, and free passage
for scdiment to settle.  The wood should
be properly scasoned and the moisture
content should be maintained at 20 per
cent. At present scparators are mostly
imported.

Other parts of a lead-acid battery arc
conncctirg bars and straps, terminal posts,
vent plugs, ctc. Two connecting bars arc
used to weld group of positive and negative
plates in a cell. External connecting straps
of lead or ron-conosive metal cactings
conr.ect the cells of a battery in  service.
Teiminal yests are upward cxtensions of
cerrectirg Lars that pass through the holes
of cell covers. Tlese are for connecting the
cells in serics, or the battery with the mains.
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Vent plugs are screwed on to covers for
prevention of spilling of acid, and for escape
of gas. Blown asphalt of m. p. of about
200°F. is used for secaling cell cover to the
container.

Alkaline batterics, although similar to
to lead-acid types in construction, emplcy
diffcrent materials.  The grids, tubes and
rockets, for active materials are made of
nickel-plated  steel.  Materials  used for
filling tubes of positive plates are nickel
oxide, flake mickel and  graphite. The
two latter ircrease - the  conduetivity of
ke peroxide formed.  The negative plate
tube is filled with a misture of metallic
iron, ferrous oxide and mercuric oxide in
LEdison cells, and with a mixture of iron and
cadmium oxides in Jungner cells.  Caustic
potash (15 per cent. solution) with a small
quantity of lithium hydroxide is used as
clectrolyte. Its sp. g1. should be 1.19-1.25.
Sceparators are made of hard rubber, and
the container, of nickel-plated stecl.

In the manufacture of lcad-acid cells,
plate grids are first cast from Icad-anti-
mony alloy.  About 14 Ib. of the alloy
\Sb, 8-10" ) are required for a 6 volt battery
of 13 plates. The grids are 2-5 mm. in
thickness, and are designed to hold the
active material firmly, the usual designs
having straight or diagonal cross Dbars.
Machine castings are made for large-scale
production. Negative grids are generally
lighter than the positive grids as they are
subject to less corrosion.  Terminal posts,
screws and conductors are similarly cast.
Cast grids are trimmed to remove edges ;
Jugs which connect grids to connecting
straps arc cut to the required length. The
grids arec next cleansed with a wire brush,
and the meshes pasted or packed tightly
with a reasonably stiff paste of lcad oxides
and dil. sulphuric acid (sp. g1., 1.10 or less).
PastiLg is gencrally done by hand, but for
large-scale production, machine pasting
may be adopted. The pasted plates are
dricd to harden the paste, and carefully
‘ formed ’ c¢lectrolytically in a tank contain-
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ing dil. sulphuric acid. The anode plates
arc connccted to the positive, and the ca-
thode plates to the negative supply terminals.
During this process, the oxides in the anode
arc oxidized to lead peroxide, and  those
in the cathode, reduced to spongy lead.
The formation of plates is  sometimes
carricd out separately, using dummy plates
for the sccond clectrode. In  large-scale
manufacture * forming ’ is done in assembled
cells.

The formed plates are washed, dried
and assembled mto groups of positive and
negative plates for cells, by burning plate-
lug, to respective connecting straps, which
in turn are burned to the projecting ter-
minal posts.  In building a cdl, separators
are placed between alternating anode and
cathode plates. In every cell there is one
negatve plate more than positive plates. In
a 13-plate cell, there are 6 positive and 7
negative plates, and 12 separators.  ‘The
cell unit i+ inserted in the container, lids
are put on and fixed to terminal posts by
binding screws, and f{inolly scaled with a
scaling composition. A 6-volt battery con-
sists of g cclls connected by lead conncectors
buined to the projecting terminal  posts.,
When a new battery is to be put to use, it is
filled with dil. sulphuric acid of required
strength and  charged according to ins-
tructions of the manufacturer.

In the manufacture of alkaline cells,
perforated tubes for positive electrodes made
from nickel-plated steel ribbons are tamped
with the active material consisting of alter-
nate lavers of nickel oxide and nickel or
graphite flakes.  These  tubes are  then
clamped to a punched steel grid under
pressure. T'or the m‘g:l.ti\'c I)Ll.l(‘ a nickel
plated stcel punching having a series of paral-
lel openinge is used for the grid. To thes are
fitted perforated nickel-plated steel pockets
filled with the active material. The pockets
arc fixed in the grid by pressure. Groups of

ositive and ncgative plates arc made
y fitting them to respective conncct-
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ing rods which pass through holes at the top
of the tubes, and are <cparated from cach
other by means of washers on these rods.
Groups of plates <o made are then inter-
meshed with hard rubber separatois to
form a cell,; and cellz are inserted into Jteel
containers, and lids are welded. Pole piecces,
where they project through the lid, are
insulated.  The electrolyte is filled through
a filler cap on the lid and scveral cycles
of charge and discharge are given to stabilize
the clectro-chemical characteristics of the
battery.

Battery manufactuie started 1in India in
"33, and prior to the outbreak of the War,
only onc or two firms were in production.
Owing to the impetus given by the War,
there are now five major concerns, in addi-
tion to a number of smaller oncs, located in
Calcutta and Bombay. The large manu-
facturers are : the Amco Ltd., Bangalore ;
the Standard Batteries Ltd., Bombay ;
Estrella Batteries Ltd., Bombay ; the Bharat
Battery Manufacturing Co., Calcutta, and
the Chlcride Electrical Storage Co., Cal-
cutta. During the War, their factories werc
working under the statutory control of the
Government.  Oaly portable pasted type
of lead-acid batteries are manufictured in
India. Amco Ltd. also produce somc types
of battery plates, required for train lighting
cells.i Alkaline batteries are not manufac-
tured.

The quality of Indian batteries is quite
comparable with that of imported ones.
About go per cent. of Indian  production
consists of motor car batterics. The pre-war
production was about 36,000 batteries. In
“#4. it increased to 122,000 duc to hecavy
demand for defence purposes.  The present
output is about 36-48 thousand batteries
per year.  Indian requirements have been
cstimated at 75,000 units, and the post-
War 5-year target has been fixed at 100-
125 thousand batterics per year (Rep. Heavy
Chem. & Electro-Chem. Industr. Panels,
loc. cil., 49).



THE WEALTH OF INDIA

AVERAGE ANNUAL IMPORTS OF ACCUMU-
LATORS (INCLUDING PARTS: INTO
INDIA

1.akhs |)£RS.

In quinquennium ending "53:3-5 14.07
“38-30 .07

.- w1341 708

In “11-1n 14.81

15710 12.07

The pre-war annual imports mostly from
the U. K. conesponded to alout 40,000-
50,cco batteries at Rs, 16-20 per battery.
In addition to these, number ol batteries are
iryperted as standard equipment of chassis
of motor Gus, (vcles, and lorries, estimated
at 22,cco-25,000 batteties per year (Rep.
Heavy Chem. & FElectio-Chem. Industi,
Pancls. loc. cil.. 50).

EXPORTS OF ACCUMULATORYS FROM ‘T HL
U. K. AND THE U, S, A INTO INDIA

(No. and val. m thousands,

U.K.* .S A

No. L No, 3

In 30 3 2 57 171
o 40 a3 a1 34 137
31 -8 10 +7 232

o g2 42 32 .

EY] 15 u8 5 22
52 ¥ 249

Y 85 154 10 51
, 202 § 1047

« 7r. U. K, 1L
*% Lor, Comm. & Nane, 17,8 thsted as worage hartenies
t Lease-lend.

BEARING MATERIALS

Bearings arc used to provide rotating or
sliding contact between surfaces to reduce
friction. A great variety of matcrials are
used for bearings, the most important of
which are bearing metals used in machines.

Wood, glass, plastics and other materials arc
emploved to meet special requirements.

\ Dbearing metal should have low co-
cflicient of friction, high compressive strength
at  working . temperature, good  wearing
qualities, and sufficient plasticity to com-
pensate for minute irregularitics in the bear-
ing or shaft. It chould be able to carry the
weight of the shatt, and sudden load fluc-
tuations without flowing out or cracking

Corse. Bearing Metals and Bearings, 1030,
1]

There are two main types of bearing
metals 1 auti-lviction or white  metals and
bearing bronzes.  The fermer are used as
thin linings on bearing  shells and are spe-
cally suited to light loads at high speed and
pressure, and the latter, for cast bearings
which have to withstand high pressure and
temperature. and for bearing <hells.

Anti-hiiction  alloyvs
lcad, ting antimony  and  copper.  Then
structure consists of hard  gramms m a re-
latively softer matrix, ‘The grains resist wear
and take the Joad, while the matrix allows
an adjustment for avoiding  local  pres-
sures.  There are two main types of anti-
friction alloys @z, the lead-base and the
tin-base alloys.  In the former, the matrix
is mainly an alloy of lead, and in the latter,
of tin,

gencrally  contain

Lead-base alloys are comparatively soft
and arc uced for low pressures and slower
speeds, as in railway and tramway bearings.
In theve alloys, antimony increases tensile
strength, and hardens lead.  When present
in more than 13.5 per cent., it tends to in-
crease the brittleness of the alloy, but this
can be overcome by the addition of tin,
which makes it tougher. .An alloy contain-
ing 19 per cent. antimony and 15 per cent.
tin has the best mechanical properties.
Copper, in small amounts, hardens and
strengthens the alloy, and prevents segre-
gation. Nickel is occasionally added in very
small amonnts te improve wearing qualities.
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Tin-base bearing metals, also called
Babbitt’s metals or Babbitts, are superior to
lead-basc alloys in strength and hardness.
‘They are used for light loads and high speeds
and for pressures considerably above the
normal, as in automobile, acro- and dicsel
engine main bearings. These are light and
have low fluidity, but are expensive.

Some anti-lriction metals for use in auto-
mobile pistons contain high proportions of
«inc or aluminium alloys.

Bearing  bronzes are mainly copper-tin
alloys containing ca.. 1o-12 per cent. tin.
These comprise phosphor bronzes {Cu-Sn-
P), gun-metals Cu-Sn-Znj, and leaded
bronzes  (Cu-Sn-Pb). and contain  hard
particles of tin-copper in a softer matix.
The copper-tin alloys are used only for cast
bearings.  Another bearing bronze which is
a comparatively recent  development s
the copper-lead alloy, also known as * lead
bronze.” 'This consists of soft particles of
lead in a hard matrix of tin bronze alloy
(Corse, loc. cit., 227 and is used for thin
castings on steel shells.

Phosphor bronzes generally contain 10-
12 per cent. tin with a small percentage of
phosphorus. Phosphorus increases the hard-
ness and tensile strength and the fatigue
range of bronzes. It also acts as a deoxi-
dizer and improves their casting qualities.
‘These alloys can stund heavy loads and high
pressurcs, and arc preferred to  gun-metal
for gears, slide valves and journal bearings,
on account of their superior hearing quali-
t1es.

Gun-mectal, containing 2-6 per cent.
- zinc, has good casting qualities and suffi-
cient bearing propertics, and is uted mainly
in complicated castings for railways, ship-
building, motor, and all other engincering
industries. Zinc slightly improves casting
properties and acts as a deoxidizer but does
not appreciably affectits mechanical proper-
ties, such as strength and impact resistance.
The most commonly employed zinc bronze

1 Admiralty  gun-metal (Cu, 88 ; Sn, 10 ;
Zn, 2). In Admiralty gun-mectal tin
may be replaced to a certain extent, by
twice its weight of zine without altering its
general properties 5 these alloys are known
as modified gun-metals and are considerably
cheaper. .\ common modified gun-metal
uced i this country consiste of 85 per cent.
copper, 5 per cent. ting 5 per cent. zine and
5 per cent. lead, but it 1< not satisfactory
owine to reduction in the difference m
hardness between the matrix and the hard
particles on account of the increase 1 use
of sinc.

Leaded bronzes containing up to 12 per
cent, lead, possess increased plasticity due
to the presence of small particles of lead,
good ant-fiiction  qualities, and superior
wearing qualities Copper Deyvelop. Assoen.,
Bearing Bronzes, 1933, 9 . Theve are used
for bearings in which lubrication is not
very gnod, ¢ oL m cases where there may b -
temporary failure in the supply ot oil. In
such cases lead particles  lessen the danger
of damage to the shatt.

Lead bronzes containing about 23-30
per cent. lead, and a small amount of tin
up to 1”,) have low co-cflicient of friction.
high thermal conductivity, and high resis-
tance to wear.  These are used in place of
white metals for higher speeds and heavier
loads, as in high-duty acroplane, automobile
and diesel engine crank-shatt bearings, etc.
Their plasticity about the shaft is inferior to
that of white metals, and special technique is
required for casting these allovs into bear-
ing shells.

Graphite, owing to its lower co-eflicient
of friction, is sometimes mixed with bronzes
and anti-friction metals to form * graphite-
bearing metals.” Owing to their porosity,
they absorb lubricants and these alloys
are used in closed machines. Typical
compositions are : @ Cu. 85.5-90.5:
Sn, 9.5-10.5 : graphite, 1.5 per cent. max.:
b) Cu, 60-66 ; Pb, 2r5-33: Sn. 6-q per
cent.
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Closc-grained cast iron with low silicon
and maximum carbon content is used as a
bearing metal with hardened steel. It
weare like bronzes and can stand occasional
" failure of lubtication due to its graphite con-
tent.  Glazed cast i1on is used for soft iron
and steel shafts. Owing to very rapid
wear, it has to be changed the moment it
begins to cut.

Wood is one of the oldest bearing ma-
terials and is stll used mainly for large, low-
pressute and slow-speed bearings. Only the
Earcdest wood is used, the best wood being
ligitm 1 ivze obtained from Guaiacam officinale
Linn. and G. sanctum Linn. of Central Ame-
rica. During the War, .lcacia sundra was
used as asubstitute in propeller tail-bearings.
Mimusops Litoralis {Andaman bullet wood)
has been found to be a fairly  suitable
substitute  (Trotter, 1944, 1053 1040,

171).

Recently, laminated fabric-based mould-
ed phenolic plastics and some kinds of
nylon are being used as bearings for low
load-speed ratios, and moulded glass for
bearings when electrical insulation s
required.

A number of gem stones, e.g. inferior
types of ruby, and corundum and garnet
arc uscd for pivot supports in delicate in-
struments, as jewel bearings of watches, and
for bearings in scientific instruments.

Steel is also used in bearings for cheap
watches.

Prior to World War II, the Indian
demand for bearing metals was mainly met
by imports. The Railwaye, who are the
biggest consumers, also produce some for
their own use by refining non-ferrous scrap.
Since the outbreak of War, imports rapidly
declined and production has been under-

taken by several Indian firms, who refine
scrap with emall quantities of virgin mctals.
Their products are cousidered to be cqual
to the imported alloys.

In the manufacture of anti-friction metals,
the ingredient with the highest melting
point is first melted in cast iron pots, and
the others are then added in the decreasing
order of their melting points. In the case
of bronzes, a master alloy of copper and
antimony or copper and tin is made, which
is later emploved according to requirement.
Bronze is made in graphite crucibles. Prior
to pouring into moulds, the melt is deoxi-
dized by the addition  of phosphor-copper
or phosphor-tin alloy, an cxtra amount
being needed  for  producing  phosphor-
bronze.

The approximate annual production by
Indian Railways is 500 tons of anti-friction
metals, and 5,000 tons of bearing bronzes

(Indian Ry. Bd.).

AVERAGE ANNUAL IMPORTS OF ANII-FRICTION
METALS

Cwt. Rs.
In quinquennium ending * 43-34 4,596 2,69,734
“ ' ' 38-39 2,024 2,29,773
” ” 4341 ' 1,205 4,78,948
In 4445 | 144 35,365
” ’45-46 350 80,473

During the quinquennium ending ’38-
39, U ..K. supplied about 95 per cent. of the
total imports. Imports are subject to a

rcvenuc  duty of 30 per cent. ad
valorem. .

.
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WHITE METALS MANUFACTURED IN INDIA
Meliing .
Composition (per cent.) l and ‘ :;réfft
Description pouring Applications p 1
sn | s | P \ tempera- | | oy
) _ture 947
- ’ ‘ | | " | Rs. a.
*No.6 & tI.R.S.]| 5.5-6. 5 12-14 | 77~8o5| I-1.5 | 310-340 | Ry. carriage and wagon | 105 o
Cass 111 ; | ¢ bearings ; ordinary bear-

. ' ings in gins, ol and 1

. i snear crichers
*No. 10 10 15 74 o 320- 340 Light combuston engines 143 o
tI. R. S. Class II 19-15 10-12 72-7 ' .. Metalize packing for pis- .

- ton and valve yods,
*No. 20 20 19 6o 1 300-540  Crude ol and kerosene 164 8
MOLOY CnULes,

*No. 4 ' 2 10 47 1 300-950  Heavy hearir o, .. 294 8
*No. ()o & t I 58-00 11-13 19 5-24.0 5.5 0.5 4e0-330  Locomornve ard he a\) 922 0
R.S. Class | ' ' steam enuine Learines,

tL R. S. Class IV 74.5-845.5 g-11 2-4 5-6 Motor  and  heh-speed

engme beardr gs., '
1L R.S. Class V 82-85 10-12 -0 Locomotive axle-bex &

conneating 1od big end |

bhearines, |

*No. 83 83 11 6 | 400-420 Hceaviest bearires, e 385 o

*No. go Qo h.5 3.5 300-400  Steamn and water- lurlnn- | 40b o

) : : es, diesel and high class %
! | motor car engines. l
| | :
*The number denotes the pereentage of un,
tBrinell hardness of I R.S. {Indian Ry. Standard) anti-fiiction alloys ranges from 23- ;>
BEARING BRONZLES MANUFACTURED IN INDIA
. . . Prices
o Compositon (per cent.) |pcr cwt.
Description ‘ Pl / p . T | (July,
§n Cu _-,:k, i _.n_ '_ o .L“i_ _] 1047)
! ! | Rs. a.
thphor-.)rmwe 10-12 86.4- ' ! 0.4-0.6 For heavily loaded bear- 130 ©
(I.R.S.Class I) 88.6 : ings. .

Gunmetal (I. R. 9-11 88-90 2-3 Axale-hox bearngs, con- |
S. Class I1) } \ necting rod laige end

| ! bearings, tender bear-
\ . ings, etc.

Gunmetal Gradel 5 8 © 5 5 1 130 ©
. [} t

Gunmetal Grade 5 8o 5 10 ! RITEE:

~ 11 | Cn | ' ,

Leaded bronze 8-10 ' 973-77 | 14-16 i Carriage and wagonbear-

(I. R. S. Class , [ l l i ings, steel and  non-fer-
111) f :_ l ! rous axle-box bearings. '

Lcaded bronve x g-11 78-82 | g-11 | Connceting rod bearines, |
J. R, S, Class | \ l | and vide rod and motion
VY ' i kushes, ‘
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BEER AND BREWERIES

Beer is an alcoholic beverage produced
by the fermentatien of malted barley.  Al-
though the preparation of fermented bever-
ages has been practised in India since carly
times, the art of brewing beer does not

appear to have eaisted before the advent of

Luropeans.  The first brewery was  started
in Muiree in 1860. Since then several others

have been established in different parts of

the ccuntry. At present there are  four
Furopean managed firms who are control-
ling most of the important breweries in
India.

BRTWIRILS IN INDIA

Annual
productm
capaaity
w1000 gal )

T ocation

Solan 10.80
I uc I\lhn\
Kasaul

Ramlt Lier

Drver Mealrr Breweres G

Niuar o Lpovay Co Raw dirirar 1 jo

Banaalor 1- 00
Kun N\l
Modra,

Urnitedd Biewrrues O

Bengal Bre e Co Cole [

| RYURY §7.00

The two prinapal operations imvolved
in the production of beer, malting and fer-
mentation. require a comparatively  cold
climate. The first breweries were. there-
fore. located on the hills in India, and even
now. most of the malting s done on the

halls

Barley siuntable for maliing should be of
bright vellow colour, free from other food
grains and dnt, and should germinate readi-
Iy. Besides, the grains should be mature, well
filled, plump and uniform, with a compara-
tively low protein content /8-10 per cent.),
and when cut they should show a chalky

appearance. 1,000 grains of good malting
barley should weigh not less than 30 g.,
a wt. of 50 g. per 1,000 grains being con-
sidered excellent.

There are two main classes of barley, the
two-rowed class ( Hordium distichon), and the
six-rowed class (7. zulgare). The former is
suitable for malting, and is used in Europe.
Indian harley belongs to the latter class
and is generally unsuitable.  However,
barcly grown in somc of the south-eastern
districts of the Punjab (Gurgaon, Ferozepore
and Pataudi State), and in certain districts
of the U. P. (Bulandshahr, Agra, Muttra
and Hardoi; has been found suitable for
malting  ‘Rep. Marketing Barley  India,
1945, 9 5 vide also Dep. Agric.. . P., Bull
No. (3. 1944, 2

COMPOSITION OF BARLTY

Per cent

. i |
Water Protar 1 '
tem bat Starch 1ibrey Ach

I
*] nehish | EIH oo 20 v pho 1 ! A3
*Gotan medam 1q 0y e . H O ¢ ' “
sround* ! P RS
*Amenean \ e 1 o ' 29 | by h in ) eg
ndian 125 1A 1 ; 69 2 30, 1y

* Bacharach and Renedle, The Natton s T ond
ey Bl No, 231940 a0

1046 20y

BARTLY CONSUMED BY INDIAN BRLWLRILS «

lons

RSV UETS

N e fannmla,) ST 4o-p g2
I '
Mivrce Brower, Co o L) b 104 [, 167
IR 2

Dver Meahin Breweraes !
(.0 - 6y ato 1,22 1,830
Uinted Brewenes Co 931 971 193 608
fotal 1,674 2020 4,028 4,7~ol

|

*Rep. Marketing Barlev India, loe it =y
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Rice, wheat or maize are the usual malt
adjuncts. These should be fully mature,
and frece from extraneous mattcr.  Some-
times sugar or gur is also added to help in the
clarification of beer and to increase its
sweetness.  Both barley and the malt ad-
juncts, uscd in brewing, should be complete-
Iv free from fungus or inscct attack.

Hops, which are added to impart flavour
and to provide antiseptic matter to beer,
consist of the female inflorescence of Humu-
lus lupulus, cultivated in England, Furope
and America. It has been introduced into
Kashmir and Chamba States, but is not
cultivated on a large scale in India Indian
Fmg., 1942, 3, 25). At present, hops are
imported (annually about 39 tons valued
at Re. 80,000 during '34-35/°38-39). Hops
contain : protein, 12-24; bitter resins,
11-20 ; tannin, 2-6; cssentinl oil, 0. 4-
0.8 ; and ash, 5-9 per cent. 'The escential
oil gives the flavour, the resing pascess anti-
septic properties, and the tannins help o
coagulate some proteins.

.

Yeart used in brewing belongs w  the
Saccharomyces group. These convert maltose
and other sugars into CO, and  alcohol.
S, ceranisiee Hansen,y called * top yeast,” is
used when fermentation is carried out at a
higher temperature.  During  fermentation
it is carricd to the top of the vats by the
rapidly evolving bubbles of CO,. S, carls-
bergensis Hansen is the typical * bottom
veast,” used for slow fermentation at a
lower temperature.  During fermentation,
it scttles at the bottom of the vats. The
brewers generally use ycast collected from
their fermenting vessels.  Unless proper care
is taken to maintain purity of the yeast
used successively, it is gradually contaminat-
ed with undesirable proportions of * wild’
yeast and bacteria. Many modern breweries
usc puic cultures of special strains.

Suitable water for brewing is of great
importance. To make light, clear ale, per-
manent hard water containing 50-100 gr.
of salts should be used. A less hard water

may be used for porter and stout. If soft
water is used, salts are added in suitable
proportions. Phosphates arc added, if re-
quired, at the wort stage, to supply nourish-
ment to yecast. Carbonates in cxcess of
1-2 parts of CO, per 100,000 parts of water
are undesirable. The less of nitrates in
water the better, as these tend to weaken
yeast. Presence of iron also is undesirable
as it affects the colour of beer.

White oak (Quercus alba) is the best
wood for liquor casks, but is not available in
India. Quercus dilatata, Q. semicarpifolia,
dhaman (Grewia lilaefolia) and sandan (O.agei-
nia dalbergioides) are reported to be good
substitutes (Trotter, 1910, 163; 1914, 207).
These, however, have to be paraffined, or
otherwise coated on the interior, as a pre-
caution against leakage.  Pressure casks,
hottles and erown cork are largely imported.

In the preparation of malt from barley.
selected grains are steeped in water in con-
tainers  having false  bottoms for 48-y0
hrs., at 50-53"F. Water is run off cvery 24
hrs. and intermittent aeration is given.
The steeped barley is then * couched’ or
spread on the melting floor or a rectangular
frame called ‘couch’ for 12-14 hrs. at g5-
60°F. and turned very frequently to main-
tain uniformity of moisture and tempera-
ture, and for proper acration. The germina-
tion and malting is usually completed in
7-8 days. Loss of moisture is replenished
by sprinkling water, and uniformity of tem-
peraturc is maintained by letting in hot or
cold air, as required. Lighter barley malts
more quickly than heavier varietics. The
steeped malt is stacked in heaps for 1-2 days
for withering.  ‘The withered malt is then
dried in a kiln and thc moisturc content
brought down to about 6 per cent. by rais-
ing the temperature slowly to 150°F. during
2-3 days. In the next 6-8 hrs. the tempera-
ture is raised further (for pale ale, 19o0-
195°L'., for mild ale, a little higher, and for
porter and stout, 205-215°F.). The dry malt
now contains about 2 per cent. moisture and
has a biscuit flavour. The activity of diastase
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and other enzymes, developed during
germination, is arrested, and the rootlets
wither and drop off.

The dry malt is stored in air-tight con-
tainers and should not be allowed to gain
more than 4°/, of moisture from the atmos-

here. During malting, starch in barley
is only slightly attacked (5 per cent.),
and its conversion into malt-sugar takes place
mainly in the next stage.

For mashing, malt is coarsely ground
between rollers. Grist and pieces of un-
modified grains are sieved off, ground fine,
and mixcd with giound malt or grist. Two
methods of mashing are gencrally followed :
infusion mashing, followed in England and
also in India and decoction mashing, prac-
tised in larger brewerics. Infusion mashing
consists in adding water at 158°F. to grist
(2-3 parts to 1 part of grist), and mixing
the two in a hopper to the consistency of
porridge. Maize, rice or other grains, used
as malt adjuncts, are first washed, their
starch gelatinized in a steam-heated con-
verter, and then added to malt grist. Invert
sugar, glucose or raw crystal sugar, if de-
sired, is also added at this stage.

The mixed grist is then passed into the
mash tun, a cylindrical vessel with a false
bottom of perforated metal plate. It
may be of wood, lined with copper, or of
iron or aluminium. The period of infusion
in the mash tun is generally 2 hrs. and the
temperature is maintained at 150°F. Under
English conditions of mashing, more nitro-
gen is brought intc solution and starch is
converted into maltose (55-65 per cent.),
glucose and other sugars (12-15 per cent.),
and dextrins (20-30 per cent.). By regulating
the condition of mashing, the proportion
between maltose and dextrins can be varied
to suit the requirements of the kind of beer
to be brewed. For strong beer with little
tody, or beer not to be stored or exported,
more of maltose and less of dextrins are need-
ed, tut for beer to be exported, or for stout,
more of dextrin is necessary to keep it spark-

ling and to prevent it from

turnin
acid. d

The liquor or ‘ sweet wort’ is drawn off’
through perferations in the false bottom cf
the mash tun. The residue is ‘ sparged’ or
washed with hot water (176°F.) sprayed on
them. In certain breweries thc whole mash
is passed through a filter press. This cnables
the use of finely ground malt and
grain.

The wort is then boiled with hops for
2-3 hrs. in the ‘ coppers’ or copper vessels
fitted with steam jacket or closed steam pipe.
This boiling destroys the enzymes, and
sterilizes the wort. The essential oil and
the bitter resins of hops are extracted,
and the proteins coagulated. In some cases,
hops arc added in lots, the last portion
being added half an hour after boiling is
complete.

The spent hops and the coagulated pro-
teins are quickly separated, and the clear
bright wort is cooled and allowed to stand
for some time (30-60 min.) when some sludge
is deposited. It is then passed on to the
refrigerators, which consist of [lat copper
pipces through which cold water or brine
tlows, and thence to the fermenting vats. The
ratc of flow is regulated according to the
temperature at which wort is to be fermen-
ted. For top-fermentation it enters the fer-
menting vessel at 58-61°F. and for bottom
fermentation (lager beer) it is cooled to 40-
41°F.

The fermenting vessels are made of
wood, or wood lined with copper. Vessels
of stainless steel, cement or stone are also
used. In the.Rawalpindi brewery, jacketed
aluminium vessels are used. Cold water
or brine flows through the jacket to keep
the temperature low. Other typer are fitted
with cold water pipes or * attemperators.’
After the vessels have been filled, and the
density of the wort adjusted by mixing with
weaker wort or washings, it is impregnated
with yeast.
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The quantity of the yeast to be used
depends upon the strength and kind of beer
desired. In Furope 1 Ib. of pressed
yeast per barrel of 36 gal. is usual. In
India 1.5-2.0 lb. of good thick stiff yeast
are added per barrel of g6 gal. of wort
(d, ca. 1.055). For wort of higher density
(1.066) to which a larger quantity of hops
has been added, 2.5-3.5 1b. of yeast per
barrel are required. .

In top fermentation, fermentation be-
comes fairly vigorous, within 4 hrs. of
impregnation, and is usually complete with-
in two days. The temperature is not al-
lowed to risc above 55-60°F. by attempera-
tors. Yecast rises to the top and flocculates
forming a firm spongy mass. This is skim-
med oft and preserved for future use. The
products of alcoholic fermentation are about
51 per cent. of alcohol, 49 per cent. of
CO,, 2 per cent. of glycerol, with small
quantities of organic acids, higher alcohols,
etc. Acidity increases and the pH falls from
5 to 4.

In bottom {ermentation, as ftor the pre-
paration of lager, the wort after impregna-

tion with yeast is kept at a temperature of

41"F. for 24 hrs., ' the dead period.” It is
then transferred to fermenting vessels, and
fermentation is allowed to proceed more
briskly at about 506°F. It is complete after
about 7-10 days and yeast settles at the
bottom of the vats

After fermentation is complete, beer is
allowed to stand for about two days, when
some morc yeast scttles down. It is then
run ofl’ (raked) cither into storage vats or
casks for maturing, or is bottled for imme-
diate issue. Some brewerics, like the Murrce
Brewery, collect C:O, produced during fer-
mentation, and use it for carbonating stor-
age beer. After raking or removal from
storage vats, beer is filtered. Lager is low
in alcohol and contains a higher percentage
of extract.

In the older * krausing ’ process, beer is

matured and carbonated by storing it in a
cellar at 32-36°F. for 2-4 weeks. It is
then transferred to pressure vessels, and
mixed with 12-15 per cent. of its volume of
beer in the first stage of fermentation. , Slow
fermentation continues and beer gets charged
with CO,. Carbonation is allowed to con-
tinuc for 2-4 wecks till the concentration of
CO, reaches 0.45-0.52 per cent. (by wt.).
This is then stored for another 3-4 wecks.

In the modern carbonating process,
beer is allowed to ferment to completion
and to scttle for some time. It is then
pumped into a storage cellar, cooled to
32°F. and stored 3-6 wecks, for settling and
mellowing. After filtering, carbon dioxide
is passed in until 2.7 vols. of gas arc absorbzd
(von Loesecke, 421).

In some cascs, specially when beer is to
be consumed bcefore sufficient time is al-
lowed for clarification, ¢ finings > are added,
at the rate of 1-2 pints per barrel. The
finings usually consist of a solution of isin-
glass (ca. 31b. in a barrel). * Dry hopping,’
the addition of one half to onc 1b. of hops of
the finest quality to a barrel of beer at the
time of raking, enhances its flavour and
keeping qualities, and also clarifies it. Some-
times beer is pasteurized afier bottling, the
bottles being heated by immersion in hot
water at 130-144°F., for about three-
quarters of an hour.

Cl.lcm‘ it considered to be more a food
supplement than a stimulant. Its alcoholic
content is low (4-5 per cent.), and it con-
tains some nutrients in the form of dextrins,
sugars (3.1-4.9 g.;100 c.c.) and digested
proteins (0.2-0.5 g./100 c. ¢.). The hops
resins present in it stimulate appetite and
indirectly aid digestion. It is for sh'ese
reasons that beer is more lightly taxed‘than
other alcoholic bcvemges.,_’j

Variations in the quality of beer (strength -
of alcohol and the quantity and nature of
extractives) depend on the quantity of malt
and malt adjuncts used for the preparation
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of wort, the amount of hops added, and on
the conditions of fermentation. The al-
coholic strength of the usual types of beer,
produced in India, does not exceed 7.5 per
cent. by vol. corresponding to a sp. gr. of
1.005 of the wort.  In south India a cheaper
beer, called Tavern ale or Government beer,
is produced, and the Excise Dep. controls
the quantitics of malt and hops used (Bed-
ford, Tech. Excise Manual, 1916, 110 & 116).

({OMPOSITION OF BEER AND ALLIED
FERMENTED BEVERAGES

Alcohol l Total solids
(C.c./100 c.c.) | (G./100c.c.)
1. Mild ale | 1.5 | 39
2, Strong ale 8.0 SN
3. Lager (English) 1.0 1.9
{. Porter 3-b
5. Stout 7-8
6. Pale ale (Indian) 3-8 | e
7. ‘“lavern ale i 8-11
8. Toddy (Palm) 45 ,

1 & 2, McCance and Widdowson, q6 : g, Thorpe. I1, 105 ;
1 - 8, Bedford, loc-cit., 6 & 7.

Carbon dioxide is the principal by-
product of the brewery industry. It is
generally collected, compressed into cylind-
ers and sold to manufacturers of aerated
waters.

Among the waste products, brewers’
grains, the residue left after extraction of
malt, when fresh, are uscd for feeding cattle.
They contain over 70 per cent. of moisture
and hence dcteriorate easily. When unfit for
stock-feed, they are used as fertilizer. Dried
brewers’ grains are more suitable for feeding
animals. They contain : water, 10.3 ; pro-
tein, 18.9 : fat, 6.4 ; soluble carbohydrates,
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45.9 ; fibre, 15.2 ; and ash, 3.9 per cent.
(Bull. Minist. Agric., Lond., No. 124, 1945,
15). Barley sprouts, which are scparated
from germinated grains during drying, arc
also used as feed for live-stock. If they
detcriorate, they can be ground to powder
and used as fertilizer. Their average com-
position is : nitrogen, 4-5 ; phosphorus pen-
toxide, 1-2 ; and potash, 2-2.5 per cent.
Hop rcsidues are also used as fertilizer for
light soils, preferably after composting (Brut-
tini, 234). Dried brewers’ yeast is a rich
source of vitamins of the B group. It con-
tains : protcin:, 40.1 ; carbohydrates other
than fibre, 36.6; fat, 1.6; phosphorus,
1.89 per cent., and vitamin B, 14,000 ;
vitamin B,, 5.000 u (g) and nicotinic acid,
50 mg. per 100 g. (Heinz & Co., Nutrit.
Charts, 1942, 29).

During the War, it i¢ estimated that the
breweries paid Rs. g per md. of clcaned
barley and that the cost of production of
malt was Rs. 15 per maund. Hops used to
cost Re, g-1-0 per lb. On the basis of
these prices the Government was purchas-
ing beer for supply tc the Services at
Rs. %-2-0 (inclusive of overhead charges
and excice duty) per doz. quart bottles.

INDIAN PRODUCTION OF BEER

(In 1,000 gal.)

| Beer |
! brewed
. Indian on Stout | Total
Beer English ‘
I principles l
] ! ‘
’38-39 357 i 752 38| 1,147
'30-40 L 397 ; 846 ! 68 | 1,311
"40-41 | 437 ! 1,377 | 75| 1,889
"y1-42 ': 1,876 ! 1,186 l 107 | 3,469
'42-43 l 1,672 i 1,874 ' 63 . 3,609
|
43-44 i L5811 1731 120 | 3,332
|
1445 | 185 l 759 | 8| 3,630




BEER AND

Production of beer in India has shown a
continuous decline in the period between
the two World Wars. Production in *18
was 8.2 million gal. (Statist. Abstr. Br. India,
*17-18/°26-27, 641), while in ’38-39 it was
only 1 2 million gal. (Punjab, 860,000 gal. ;
Madras, 195,000 gal. ; and Bengal, 155,000
gal.). Imported beer, although more cx-
pensive, was in greater demand because of
its superior quality. During the last War,
production again incrcased and rose almost
up to the max. capacity of Indian bre-
weries, owing to stoppage of imports, and
hecavy demand from Defence Services.

EXCISE REVENUE FROM MALT LIQUORS
(In lakhs of Rs.)

BREWERILES

The cxcise duty on  bulk beer, per
gal., varizs from As. 8 in Bihr and O s,
to Re. 1 in Ba'uchistan and C. P., and on
bottled bzer, fron Rz 1 in Bombiy to
Rs. 1-12 in Sind. per doz. quart boitlas,

During the quinquennium ending ’3%-39,
bottled bzer form=d the largest pronortion
of imports (66 per cent.), the chief sup-
plicrs being the U, K. (57 per cent.)
Japan (15 per cent.) ; Netherlands (15 par
cent.) ; and Germany (11 per cent.). Since
thc commencement of World War 1I,
imports have declined continuously.  Gus-
toms revenue from imports of ale, beer,
porter, cider and other fermented liquors

1
1

3839 | 4445
Punjab ; 3.5 18.5
Benéal 2.6 6.1
U. P 1.2 3.5
Madras 4.1 6.2
"T'he rest of British India 1.3 53
‘Fotal for British India . ,—- 1.1.-7> _E o _';q()

was Rs. g6.1 lakhs in ’38-39 and it dwindled
to Rs. 3.1 lakhs in ’43-44. Import duty is
now (1947) charged at the rate of g annas
per bottle of 20-27 oz. capacity, Rs. 1-2-0
per Imp. gal. in barrels (above 27 oz.),
and Rs. 1-8-0 per Imp. gal. in other con-
tainers.

During World War II, some Indian
brewcries greatly improved the quality of
their products, and if this improvement is
cflected in others also, the Indian industry
will be able to meet the entire demand of
the country.

AVERAGF. ANNUAL IMPORTS OF BEER INTO BRITISH INDIA
(Qty. and val. in thousands)

Ale and becr ! Stout and Porter i Total
T TS el
Gal. l Rs. I sl | Re |oGal | Re
In quinquennium ending : | ! : l
- '33-34 39’23; 81,48 j LY 543 TN ; 86,9t
. 3839 3620 | 7650 | s | 355 37,22 75,14
o 4344 18,79 | 50,04 8t 1 34y 19,60 53,51
In ’44-45 .. . ] b2 ! 14,27 4.20 ' 14,27
» 454 .. . i 1,43 5,84 ; ; L3 5,84
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BELTING

Belting is extensively used for transmis-
sion of power from prime-movers or  from
shafis to machines in all industries and work-
shops. It is also used for conveyor and
clevator belts. The principal types are
cotton (solid-woven), hair, leather and
canvas-ply.

The first belting factory in India was
started in 1882, when Birkmyre Brothers,
Calcutta, commenced manufacturing cot-
ton belting from imported cotton. In 1904,
they started making their belting frcm im-
ported hair and cotton yarns. The Bengal
Belting Works  (Serampore, Hooghly dist.)
was founded in 1926. There arc at present
two more firms in the Serampore area,
manufacturing solid-woven cotton and hair
beltings.

India manufactures adequate quantitics
of hair belting. It is used in cotton and jute
mills, railway workshops, mines, saw mills,
rice mills, ccment, match, sugar, oil and
paper factories, and for all other drives re-
quiring supcrior quality belting. It has high
elesticity and will remain soft and pliable
durirg its whole life. Canvas-ply beltings
may be plain, rubberized, bitumenized or
trecated with balata. Bitumenized beltings
arc generally used in workshops, and rub-
berized beltings for train lighting dynamos.
Plain canvas-ply belting is used for light
drives ard as conveyor or elevator belting,
and is manufzctured in small quantities.

Rukber Leltings are not manufactured in
Irdia. They have high tensile strength,
¢ccd grip ¢rd raisterce to deterioration by
noistvie, erd are st flldntly stiong to hold
metal festenas.  Balata belting also is not
made in I1dia. 1t is similar to rubberized
and bitumcnized keltirg, and is also water-
prccf. lalata kelurg is not clastic, does
rot zge, and is not aficcted by oil.

A fair amount of lcather bclting is also
produced esgecially in Chromepet (S. India),
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Bombay and Calcutta, and also in Cawn-
pore, Jullundur and Bangalore. But the
products are of inferior quality.

Yarn of 10, 12' 15, or 16 count,
spun from indigenous long staple cotton, is
used in the manufacture of cotton belting.
Itis also used as weft, and as binders for
inter-stitching plics, in the manufacture of
hair belting. Cotton or flax canvas is used
for the manufacture of all types of canvas-
ply beltings.

For hair beltings, a variety of worsted
yarn made from all kinds of long coarse
hair, is imported from England. The hair
is twisted into §° count varnof 3-4

plies.

The manufacture of solid-woven belt-
ings is similar to that of cotton piece-goods
or of hessian cloth, except that more plies of
warp, generally 3-5, arc used. The
varn from hanks is checsed, multiplied
twisted and blcached for being used as
warp. Similarly weft yarn is light-twisted
and wound over pirns. Weaving is done
on special multiple fabric looms. The
several layers of warp, of twisted hair or
cotton varn, are woven with cotton weft
under tensile stress into a solid and homo-
geneous belting, and in the samc operation
the plics are inter-stitched using cotton yarn
binders. In hair belting, the hair warp
gives the traction and takes the load pull,
while the cotton weft, which binds the
scveral layers of the warp, controls the
stretch on hair, and strengthens the belting.
The woven belting is treated with a dressing
composition, like red oxide in linseed oil
mixed with a little terebine. The dressing
colours the belting, preserves the fabric, and
lubricatces it. The belting is then stretched,
calendered and rolled.

Canvas-ply beltings arc not of the solid
woven type. For their manufacture, canvas
or duck is folded into the requisite number
of plies, and stitched together. These are
then treated with a dressing composition,
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stretched, calendered and rolled. They are
made in 4, 6, 8 and 10 plies.

Rubberized belting is made from cotton-
ply belting by impregnating the surface with
a latex compound and vulcanizing it. Bitu-
menizing is done by putting the belting into
a tank containing bitumen or pitch, and
allowing it to soak for 1 or 2 days.

For high quality leather belting, the
leather should be cut from the butt. Such
leather is uniform, and has minimum stretch
and maximum elasticity. 1t produces belts
which will run straight and quiet on the
pulley.  Sometimes shoulder and belly

rtions are also used, but they yield
inferier products. Tanning is done by the
pit tanning process similar to that used
for sole and harness leather. 'The leather
is curricd to bring it to the pliable condi-
tion “cssential for durability, good adhesion,
and elasticity. It is then painted on the
grain side and rolled to make it smooth
and straight.

Ox-butt yields the best belting.  Strong
hides, free from grain faults, sores, scratches,
warble holes and butcher cuts, are sclected.
In India, buffalo leather is used, but it is
less firm in structure. The leather is cut
into strips of required width, passed through
a rolling machine and compressed, or al-
ternatively compressed before cutting. The
cut lengths are then matched for uniformity
of texture and thickness, the cnds spliced
or bevelled, and joined by glue, stitching,
riveting, etc. In India, the joints are made
by stitching with raw cow-hidc lacer, or
with imported leather cements. The stitched
belting is passed through a pair of rolls, to
compress the leather and to smoothen the
joints. It is then cciled into tight rolls, and
finished to the correct width by scraping the
sides with tools and glass cdges, and colour-
<d on the surface. The outer ply of leather
beltings is dressed with wax. tallow, oil or
grease. -

Leather belting may be made of one or

more plies according to the strength and
drive required, but gencrally oaly single
ply beltings and small quantities of double-
ply beltings are manufactured. Common
leather beltings arc not durable when ex-
poszd to steam, dampness or oil. Special
waterproof leather beltings are made for
use under conditions of excessive moisture.
The consumption of lcather belting in India
is large, but the demand is reported to be
decreacing.

The two ends of a belting are generally
fixed together by means of fasteners, metal
clips, rivets, etc. The types commonly used
arc Alligator and Walker fasteners, of which
the former is manufactured in the country.

The pre-war capacity for the production
of cotton and hair bzltings was approxi-
mately 750 tons per annum. The present
capacity of the four concerns engaged in this
line is 1,600 tons per annum, while the
output is about 850 tons per annum. The
capacity for leather belting is about 650
tons per annum. Indigenous textile belt-
ings are as good as imported oncs, but
Indian leather beltings are considered to be
inferior to imported ones made from ox-
hide.

IMPOR'L'S OF BELTING INTO INDIA

(Tons)
‘Types 1944 1915
Cotton belting 252 150
Hair Belting 594 390
Leather belting 019 b2y
Rubber belting .. . 106 764

«Minst, Industry & Supply.

U. K. supplied 65 per cent. of the im-
dorts during the quinquennium ending °38-
39

Iinports of cotton, canvas-ply and hair
belting are subject to a revenue duty of 7}
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per cent. ad valorem. Other varieties are
subject to a revenue duty of 10 per cent.
ad valorem. Import duty on hair yarn for
hair belting is at present 7} per cent. ad
valorem.

Small quantitics of leather beltings arc
exparted  to Burma, Ceylon, Kenya,

Malaya, Indo-China and the East Indies.

The demand for belting in Indiais
largely industrial.  The other important
consnmers are the Indian Railways who
are stated to usc annually about 200 tons.
The postwar demand for behing is estimat-
ed at 2,000 tons per annum.

VALULE OU AVERAGE ANNUAL IMPORTS OF BELTING

{Lakhs of Rs.)
! , Other l
| Cotton Hair |, Leather | materials Total
' | . incdluding
; ‘ | coir
o ' - -
l i
In quinquennium ending
3331 7.95 . 28.67 29.95 bo.57
. '38-39 6.84 10.93* 23,70 14.98 10
13-41 6.76 11.18 43.25 12.61 67.10
In "41-13 19.04 2354 3729 16,03 109.8'e
153-10 .29 25.08 50.64 31.54 116.50
* v, of g yaars hom “3b-37
PRICES OP INDIAN AND IMPORTED BLLTUING*
(Per {oot;
3 1’
Indian Imported Indian Imported
- SR - e e | S
Rs. a. p. | Rs. a. p Rs. a. p. ' Rs. a. p.
5 |
Cotton 09 o, 0L 2 012 0 I 3 o
: |
Hair 110 14 0 1 7 0o 1 10 11
[}
Rubberiz d canvas 0o g o] 012 3 !
I

Minist. Industry & Supply. 1947,
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BIDIS

Bidi is the cheapest Indian smoke and
is made by wrapping tobacco in a specially
preparcd leaf. The raw materials required
arec tobacco, wrapper leaves, and cotton
thread.

The best and the most extensively used
bidi tobacco comes from Gujarat and from
the Nipani area of Belgaum (Bombay Pro-
vince). But this tobacco is often mixed
with inferior tobacco from Bihar, U. P.,
Hyderabad and Mysore, and scraps and
rejections from Guntur tobacco. The nico-
tine and ash content are respectively 3 and
19 per cent. in Gujarat leaves, 4 and 19
per cent. in Nipani leaves and 4.9 and 24
per cent. in Mysore leaves (Rep. Market-
ing Tobacco India and Burma, 1939.

33)-

For bidi-making, tobacco should be care-
fully selected. Gujarat tobacco should be
light orange-yellow in colour, and the
Nipani brand should bc greenish. Strong
thick leaves are dried and crushed to powder
and sieved. Bidi-powder is generally packed
in gunny bags. Bombay exports large
quantities to C. P. & Berar, Rajputana and
Central India. Madras also imports some
from Bombay, but obtains the bulk (86
per cent.) from Mysore. In making bidis,
mixtures of tobaccos are generally used, and
the mixture used by each manufacturer is
kept as a trade secret.

The leaf of Diospyros melanoxylon is the
most commonly used cover for wrapping
bidis, especially in Bihar, the C. P., Orissa
and Bombay. It isalso used to asmaller
cxtent in Madras. Bombay imports it from
the C. P. In the U. P., bidi leaves ( D.
melanoxylon and D. timentosa) are collected
in Bundelkhand division.

Leaves of Dauhinia racemosa are alto
extensively used for wrapping bidis, in
Bombay and Madras. In Assam, leaves of
Castanoposis inlica are also used. Butea mono-
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sperma leaves are commonly used in Bengal
and to some extent also in Madras.

The best quality bidi leaves obtained
from D. melanoxylon are those plucked just
after they have turned from crimson to
reddish-green and become leathery in tex-
ture. They should be soft and pliable, and
should not have an cxcess of pubescence cn
the underside, or stiffness of primary and
secondary veins ( Indian For. Leafl. No. 6o,

1044, 6).

The leaves are tied together in bundles
of 25-150, and exposed to the sun for 5-
10 days. They are turned over frequently
until completely dried. In some localities,
the leaves are first dried in shade and later
in the sun.  In Bengal, the leaves of Butea
monosperma are boiled in water before they
are dried.  Bidi lcaves arc generally packed
in gunny bags, and can be stored for about
years.

Bidi-making is a simple process. The
dried lcaves are softened by soaking them
in water overnight, and then cut into rec-
tangular pieces about 3" 1.5". The cut
leaf is then rolled by hand into a conical
form, the tobacco mixture put into it, and
the broad end closed by bending it over the
wrapper. The other end is then tied with
thread. About 10-16 0z. of tobacco are
required for 1,000 bidis.

The bidis, after drying, are tied into
bundles of 25 each, wrappcd in coloured
paper, and labelled. These are made into
packets of 500 bidis and transported in
gunny covered bamboo crates, each con-
taining about 40,000-60,000 bidis.

Bidis are gencrally made in three sizes;
small, medium and big. They are o,
2]" and 3" respectively in length. The
quality depends on the wrapper leaves, and
the tobacco. Good bidis must be properly
rolled. Bidis of medium strength and sizc,
made out of bright yellow wrapper leaves,
packed fully with tobacco are preferred.
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Large-sized bidis with strong flavour are
liked by the working class.

About 80,0co million bidis are made
cvery year in India. Bidi industry has de-
veloped mainly in places where wrapper
leaf is available in plenty, since 1t
is more economical to transport tobacco
than the leaf. The C. P. and Berar arc
the most important centres of the &idi in-
dustry and about 25 per cent. of the total
Indian output is made there, and more than
6o per cent. of this is made in the dist. of
Bhandra. Almost three-fifths of the total
manufacture in the C. P, is controlled by
the big manufacturers in  Jubbulpore,
Gondia, Nagput and Kamptce

Madras and Bombay come next in order
of importance, cach producing about 2o
per cent. of the total Indian manufacture.
In the north, Delhi is an important produc-
ing centre. In Bengal, Bihar and U. P,
the industry is  localised in large towns.
Bidi-making on a fairly large scale is also
prevalent in Mysore and Hyderabad. "The
industry is not found in the Punjab.

The C.. P., which produces the maximum
quantity of bidis, exports 75 per cent. of its
preduction to other parts of India and
Burma. The whelesale price ef bidisin the

C.P. now : 1947) is Rs.g to Rs.4 per thousand.

Bihar obtains large quantities from C. P.
end  Orissa.  Bidis are also cexpoited  to
Cevlon and the Maladives.

Bidi  consumption is high in Bombay,
Sind, Baroda, Hyderabad, and Mywore,
moderate in Bengal, Bihar, Orissa, C. P,
Madras ond Travancore, and low in Assam,
N. W. I P., the Punjab, U. P. and Kashmir
(vide Rep. Marketing Tobacco India and
Burma, loc. at., 79, .

It has been estimated that the bidi in-
dustry gives employment to  about 50,000
labourers in the C. P., and to a lakh in
Bombay, and another lakh in South India.
In C. P. and Bombay, women and children
are also engaged in the industry.
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A man can roll on an average, about
1,000 bidis per day. The wage rate per 1,000
bidis varies from Re. 0-13-6 in Bhandra to
Rs. 1-4-0 in Jubbulpore. In Bombay, the
rate is Rs. 1-4-0 to Rs. 1-5-0 ; in Calcutta,
it is Rs. 1-9-0 to Rs. 1-14-0 (Lab. Invest.
Comm. Rep. Bidi, Cigar and Cigarctte
Industr., 1946, 18).

BIDRIWARE

Bidriware was probably introduced into
India from Persia in the carly twenties of
the sixteenth century. It takes its name from
Bidar dist. in Hyderabad State, where it is
principally produced. Lucknow is the other
prominent centre of the industry.  Small
quantitics are 2lso made at Purnea, Mur-
shidabad and Kashmir. In Hvderabad,
there has been a notable development re-
cently in the industry, due to the introduc-
tion of improved processes and designs
Speight, Bidriware, 1933;.

Bidriware is a variety of damascened
work in which one metal surface is orna-
mented by another. The applied metal may
be left in relief or sunk into the surface of the
basc. The base is generally an alloy con-
taining 16 parts of zinc and one part of
copper.  The small amount of copper gives
a better polish to zinc. At Purnea, some
lead is also introduced, which makes the
p-eces heavy. Inlayving is done with silver,
and occasionally with gold, on a blackened
surface.  Copper is rarely used now. Bid-
riwvare displays great crafismanship, and
is very appealing  because of the con-
trast between the black base and the inlaid
mectals, and thc richness and varicty of
designs.

The artidle to be inlaid is first cast.
The matrix is made of red clay over which
is applicd a laycer of wax and resin mixture,
the resin being used to give a hardening
cffect to wax. This is covered by a layer of
red clay supported by stops. Wax is melted
out and molten alloy poured in. The
rough article so produced is polished with a
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file, or on a lathe, and finished with sand-

aper, charcoal, and sweet oil. Blackening
is cffected by moistening the surface with
copper sulphate solution. Designs are then
drawn and cut with a fine point and inlaid
with silver shects or wires by hammering.
The inlaid articles arc filed, polished, and
subsequently cleansed with a certain carth
found near Bidar.

The inlay workmanship, depcnding on
the place of manufacture, is of three types :
zarnishan or embossed work, a low relief
which can be felt by passing the fingers over
the vessel, tarkashi or inlay of wire, and
tabnishan or overlay of shect silver. The Jact
two types are often found in combination.
A special type of bidriware, krown as zar-
buland ware, is also made in Lucknow,
in which silver is applied in high relicf.

Great ingenuity is shown in the wealth
of design of these articles.  Floral and geo-
metrical patterns ate common. In the best
works an attempt is made to reproduce or
adapt the beautiful ornamentation of the
famous Bidar fort and of the neighbouring

tombs.

Leaves, flowers like the poppy and the
lotus, and the running vine arc some of the
common patterns. Mixed with these are to
be found arrow-heads, stars, lattice work
and trellises.  Geometiical  patterns  like
parallel and crossing lines, spots, spirals, are
often interwoven with the floral motif.  Ani-
mal and fish designs are found in Lucknow
bidriware. At Purnea, more or less con-

ventional designs, and sometimes,  Chinese
patterns e used.
Originally bidriware consisted mainly

of. hookahs, pandans betel boxes), «mall
boxes with trays, water bowls, tovs, etc.
Some beautiful specimens of antique  bidri-
ware arc found in the Prince of Wales
Museum, Bombay, and the Hyderabad
Museum, Hyderabad (Deccan). The articles
made now are mostly copies, or commercial
ware, like cigarette boxes, ash trays, but-
tons and links, and curios,

BITTERNS

Bitterns are the mother liquors obtained
during the manufacture of common ralt
from sea-water and the waters of saline
lakes, and contain all the residual salts.

The sea forms an inexhaustible source
of a number of valuable chemicals, some of
which are now being prepared directly
from it.

AVERAGE COMPOSITION OF SEA WATER*

Parts Tons Per

Per 1000 cubic

Parts mile

of of sea-

water water
Sodium chloride . 27214 128,284,103
Magnesium chloride 3.807 17,946,522
Magnesium sulphate 1658 7816053
Clalcium sulphate .. 1.2b0 5 919,747
Potassium sulphate . 0.863 4.008 255
Calaum carbonate ., . 0.123 579.832
Magnesium  hromide 0.076 B 338,270
375 000 164.993.082

* \inntrong and Mial, 4 and 20

Immense quantitics of common salt are
prepared from sea-water by solar evapora-
tion along the scaboards of China, India,
Japan, and along the tropical coasts,  In
India, the annual production of salt from
sea-water is cstimated at 1.46 million tons,
out of a tatal production of over 2 million
tons. Large quantities of bitterns hitherto
regarded as waste products are being
utilized for the production of some
chemicals.

Sea-water has an average density of
3.5-4"Be’. In the earlier stages of concen-
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tration, calcium carbonate, gypsum and
some magnesium carbonate separate cut
till the density reaches 24.5°Be’. The de-
position of common salt begins at a density
of 24.5-25-Be’., and continues till it reaches
26'Be’.  The salt that separates thereafter
is very impure and cannot be readily sepa-
rated from the mother liquors. Conse-
quently, the preparation of common salt is
stopped at this stage and the bitterns (2g-
30" Be'.' are run out of the kyars or salt pans.

AVERAGE COMPOSITION OF SEA-WATER

BITTERNS

| 1 Bitterns

Bitterns of 29 Be'.* of
130 Be'.

(per (G.per \per

cent.) litre) | cent.)
Sodium chloride 11.21  140.14 7.48
Magnesium sulphate . 589  73.65 6.70
Potassium chloride 2.89g 3b.09 4.02
Magnesium chloride 10.30 128.80 1504

Magnesium bromide .."  o0.17 2.07

* Pioncer Magnesia Works; + Vakil, Salt 1945,16.

The bitterns obtained at Okha Salt
Works, which produce annually 125000
tons of common salt, are processed at Tata
Chemical Works for the production of
potassium and magnesium compounds
(J. sci. industr. Res., 1946, 5, 213)

During the concentration of bitterns,
the salt which separates out between 29-
32" Be'., consisting of very impure sodium
chloride, is discarded. Carnallite, KCI.
MgCL.6H,0O, mixed with sodium chloride,
crystallizes out between 32 and 36 Be'.
This is treated with water when magnesium
chloride goes into solution, leaving
behind potassium and sodium chlorides,
from which the former is separated by
fractional crystallization and purified. At
some works the potash salts that separate

out only between 34-36"Be’. are collected.
These on washing yield directly a fertilizer
grade containing 8o per cent. of KCI.

The bitterns of 36°Be’. contain three
important magnesium compounds, the sul-
phate, the bromide and the chloride. Crude
Epsom salt. MgSO,. 7H,O, separates out
when the bitterns arc cooled to 10° and
it is purified by recrystallization; and
bromine (q. v.) is recovered by treating
the warmed residual bitterns with chlorine.
At this stage the tail liquor contains mainly
magnesium chloride with a considerable
amount of colloidal organic matter and at
37.5 Be'. it may contain, MgO,30.7;MgSO,,
4.76; and KCl, 0.46 per cent.

This liquor is further concentrated in
direct-fired open evaporators for obtaining
magnesium chloride. During concentration,
temperature rises considerably, charring
organic matter, which is subsequently des-
troved by the addition of au oxidizing agent.
When the liquor attains a temperature of
160-162", it is poured into drums made of
galanized iron sheets, each of which holds
56 cwt. of fused magnesium chloride.
On cooling, it solidifies into a snow-white
mass. Magnesium chloride is also marketed
in the form of flakes prepared from the
fused mass,

The magnesium  sulphate contcnt of
some hittcrns is too low to be economically
rccovered by artificial refrigeration, and
too high to be tolerated as an impurity in
the magnesium chloride produced. In such
cases, the liquor at 162° is transferred to a
settling tank, and allowed to cool down to
120-130" when all the magnesium sul-
phate scparates as kieserite, MgSO,.
H,0, and settles to the bottom. Magne-
sium chloride which is still liquid at this
temperature is poured into drums.

Magncsia, NgO, is now prepared in
large quantities directly from sea water
(Industr. Engng. Chem., 1936, 28, 383). The
Tata Chemicals use a portion of the tail

!
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liquors from the bromine recovery plant for
its manufacture. Any sulphate present is
precipitated by the addition of requisite
amount of calcium chloride solution, and
separated out. The liquors arc then
reacted with quicklime in a rotary slaker,
when magnesium hydroxide is precipitated
and forms a slurry. This is thoroughly
washed with large volumes of water, filt-
cred, and <alcined in a rotary furnace to
vield magnesia or periclase.  The plant
has a rated capacity of 20 tens of magnesia
per 24 hours.

The Khursheed Salt Works ncar Kara-
chi also manufacture Epsom salt, potassium
chloride and magnesium chloride from bit-
terns (Vakil. loc. cit., 34).

KHARAGODA AND KUDA BITTERNS

The two large salt works in the Rann of
Cutch are situated at Kharagoda and Kuda.
The Rann is a vast flat saline tract, scarcely
above sea level, and is completely flooded
by sea-water during Aug. and Sept. At
the end of Dec., water begins to disappear
by percolation and evaporation. Edible
salt is manufactured from natural brine
obtained from wells dug into the Rann
during Oct. to middle of May. Annual
production is over 120,000 tons. ‘The brine
has a density of 14-18'Be’., and its compo-
sition is similar to that of sea-water of
samc density (Vakil, loc. cit., 22 ; vide also
Turner, Dept. Indusir., Bombay, Bull. No. 2,
1920).

ANALYSIS OF KHARAGODA AND KUDA
BRINES
\ Per cent.)
Kharagoda + Kuda
(Sp. gr., - (Sp. gr.,
20.5 Be'.)  21.3°Be'.)
Calcium carbonate 0.012 v.016
.Calcium sulphate 0.440 0. 421
Sodium chloride 14.668 16.038
Magnesium sulphate 0.486 0.510
Potassium chloride 0.414 0.275
Calcium chloride . .
Magnesium chloride 4.636 4647
Magnesium bromide 0.072 0.057

Total solids 20.728 ' 21.964
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Kharagoda bitterns have been exploited
for the manufacture of magnesium chloride
and Epsom salt since the first World War,
by the Pionecer Magncsia Works, and the
Kuda bitterns are being cxploited by the
Mayurdhwaj Magnesia Works. The present
annual production of magnesium chloride
of these two concerns is 3,000 and 1,000
tons respectively.

Since 1939, the Pioncer Magnesia Works
have been recovering fertilizer grade potash
salts, pure potassium chloride, 85 per cent.
magnesia, etc. They have also crected a
plant for bromine recovery «J. sei. industr,
Res., loc. cit., 211 ..

SAMBHAR BI'T'TERNS

The deeply coloured bitterns left after
the preparation of edible salt from the
saline lake waters of Sambhar have a
density of 30-g91 Be’. and possess an
offensive odour. They differ from sea-water
bitterns in composition, and contain sodium
sulphate and sodium carbonate, but no
magnesium or potassium salts ‘Aivar, .J.
wei. industr. Res., 1044, 3, 198",

The salt which separates out on further
concentration is called * bittern salt® and
shows considerable variations in composi-
tion (vide infra). It is dirty pink in colour
and has a foul smell due to sodium sulphide.
Exposure to sun and rain improves its
colour and smell. This salt is not fit
for edible purposes, but may be put
to several agricultural and industrial uses,
in which the presence of sodium sulphate
and carbenate does not matter. During the
last War, owing to shortage of edible salt,
bittern salt was used for curing hides and
skins, and was found to be as gcod as ordi-
nary salt «Aivar, loc. cit.>,

It 1s estimated that the annual produc-
tion of bitterns from Sambhar is 12.5 million
c.ft., containing 1.2-1.5 lakhs of tons of
mixed salts. The output of bittern salts in
1044 was 0,260 tons and this was sold to the
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hide and skin industry at the rate of As. 2-9

COMPOSITION OF SAMBHAR

per md. f. o. r. Sambhar.

BITTERNS AND BITTERN SALTS

(Per cent.)
I l
i Bittern salt
Bitterns Solids from From city FI’OI!_'I_ ‘E;st
' bitterns bitterns Lake bitterns
' ared | area
| , ‘ :
Sodium chloride \ 19.5 ha.1 6q.4- 77.0 | 86.8
Sodium sulphate | 6.8 21.8 11.3—18.0 6.5
Sodium carbonate i 12.0 7.4 8.3 2.4
3.1
Sodium bicarbonate (including sodium sul- 1! 1.2- 2.5 o.1
phide and silicate) :
BITUMEN Natural asphalt occurs in large quantities
in Trinidad and Bermudez. It s estimated
The International Committee on ™ the  that the * pitch’  lake in  Trinidad

nomenclature of materials and processes
used in the construction of roads ™ has
defined bitumen as ‘ mixtures of natural
pyrogenous hydrocarbons and of their non-
metallic derivatives, which may be gaseous,
liquid, viscous or solid, but must be com-
pletely soluble in carbon disulphide.” This
cevers a.large range of petpoleam products
as well as the soluble material in tar. To
distinguish tar products from asphaltic bitu-
men, the latter has been defined as ** natural
or naturally occurring bitumen prepared
from natural hydrocarbons or from deri-
vatives of natural hydrocarbons by distilling,
oxidization or cracking ; solid or visccus,
containing a lcw percentage of volatile
products ; possessing characteristic agglo-
merating propertics and substantially soluble
in carbon disulphide.” Asphalt is a mixture
of bitumen with mincral matter, either
prepared artificially or occurring naturally.
In nature, asphalts are formed by the eva-
poration or distillation of crude petroleum,
and some rocks, usually limestone, arc
impregnated with bitumen.

still contains 10-15 million tons of asphalt.
Trinidad asphalt concists of bitumen, 38 ;
water, 29; and mineral matter, 43 per cent.
Bermudez asphalt contains about 64 per
cent. purc bitumen and about 10-40 per
cent. of water. Rock asphalts occur in Val
de Travers. Zimmer. Ragusa anfd some
parts of the U. S, A,

In India, stray occurrence of asphalt
have been reported in the Deccan Trap
dolerite of the Sewri Quarry, Bombay
Island ‘Rec. geol. Surv. India, 1922,
117) ; in Poonch State, Kashmir (AMem.
geol. Surv. India, 1928, 51, 319); and in
Bilaria, Jodhpur State. However, none of
these is of any cconomic importance.

The oil field near Chakwal, Jhelum
dist. (Punjabj, has recently produced a
crude oil with an unusually high percentage
of bitumen. Bitumens prepared from - the
oil of Dhulian field arc being regularly
supplied by the Attock  Oil Company
Lid.
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‘There are four tests to determine the
suitability of bitumen for road work. The
bitumen content is determined by its solu-
bility in carbon disulphide. The melting
or softening point gives the temperature at
which the bitumen begins to flow freely.
The ductility of bitumen is the distance in
cm., to which a standard briquette of hitu-
men at a temperature of 25°can be drawn
out without breaking, when the ends are pul-
led apart at the rate of 5 cm. per minute. The
penetration test is a measure of the degree
of hardness or consistency of the bitumen.

Asphaltic bitumen, chtained as the un-
distilled residue of petroleumn refining, is a
black solid or semi-solid material. There
are three types known in trade. Steam re-
fined or straight-run asphaltic bitumens are
madc by the straight distillation of suitable
crude oils o1 residues from crude oil, the
more volatile products being distilled off,
lcaving behind the required grade of as-
phaltic bitumen. During distillation, steam
is mjected into the oil, so that distillation
can be carried out at  a lower tempera-
ture, thercby avoiding cracking or
decomposition of the oil.  Blown asphaltic
bitumenr are produced by blowing air
through molten, stcam-refined asphaltic
bitumen. As the blowing is continued, it
attains a rubber-like consistency ; its melt-
ing point rises and its ductility decreases.
This variety has good weathering pro-
pertics, and doer not casily undergo changes
in protective properties on exposure or with
changes in climate. Pitch or *Z’ type of
bitunien is made by the distillation of rei-

.dues from cracking plants.

For certain types of road work. it is
found desirable to use bitumens, which are
liquids at ordinary temperatures. Cut-backs
and emulsions are two such varieties.
Cut-backs are mixtures of asphaltic bitu-
men and a volatile solvent such as kerosene
or creosote. ‘ Colas’ is a typical example
of the emulsion type. It contains about
56 per cent. of asphaltic bitumen, water
and a small quantity of soap.
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Asphaltic bitumen is most useful in
road-making, where it functions as a cement
or binder for the mineral aggregate. Tt
is resilient and flexible and can, therefore,
withstand changes in temperature, and
stresses of traffic.  There are three ways
of building a bituminous road surface, viz.,
surface dressing, grouting and pre-mixing.
Fach of these methods has innumerable

-variaticns in detail, and the surface can also

be made by a combination of all these
methods.

The application of asphaltic bitumen in
industrial processes are numerous. In the
U. S. A, it is used in the manufacture of
roofing felt. The impermeability of bitu-
men to water makes it an excellent material
for the manufacture of waterproof fabrics,
paper, ctc. A coating of asphalt prevents
structures from damagc due to moisture.
Owing to its high dielectric strength, as-

haltic bitumen serves as a good clectric
msulator.  Asphalt-coated fabrics arc used
as insulating tapes for clectric cables, and
asphaltic bitumen is uscd in junction boxes.
Other industrial applications of asphaltic
bitumen are in the manufacture of accu-
mulator cases and other moulded articles,
in the protection of buried pipe lines and
steel pipes intended for carrying water,
and in the production of bituminous paints
and coal briquettes. In recent years, as-
phaltic bitumen has been finding importanr
use in hydraulic engincering for water-
proof and protective revetments.

During “j40-35, the Burma Oil Co.
.Digboi) produced 21,487 tons of bitumen,
and the Attock Oil Co., 5,124 tons.

Bitumen is mainly used for road-making,
and Government purchases during the War
increased frcm 13,058 tons in “y0-41  to
1,86,871 tons in °44 and 1,74,683 tons in
’45.  The price of bitumen which was
firm at Rs. 195 per ton in ’41-42 reached
a peak cf Rs. 260 per ton in ’44, and dec-

lined to Rs. 214 per ton in July 45 (Govt.
India, Petroleum Directorate).
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IMPORTS OF ASPHALT AND BITUMEN
(Qty. in 1,000 tons, and val. in lakhs of Rs.)

; Qty. ‘ Val.
| i
Annual av. for the quinquen- I
nium ending: '
'33-31 32.8 254
’38-30 49.0 23.q9
" 13-4 60.0 140.9
In “34-43 176.5 238.9
« '45-46 214.4 293.8

Before the Second World War, imports
were mainly from Egypt, 36 ; the U. S. A,
34.4 : and Mexico, 24.3 per cent. In recent
vears Iran has been supplying considerable
quantities of bitumen (67,728 tons in "43-4 4.

Imports arc subjected to a preferential
revenuc duty. In 1947 the preferential
rate in the case of asphalt from a British
colony was 18 per cent. ad valorem as against
a standard rate of 30 per cent. ad valorem.

For road surfacing, India imports mostly
bitumer. and there is no appreciable import
of road tars into India. The quantity of
road tar produced in the country rosc
frem 22,000 tons in "33 to a peak of 46,000
tons in ‘42 (Fielder, .J. sci. industr.  Res.,

1044, 45 528).
BLEACHING POWDER

Bleaching powder or * chlorinated lime’
is a dull white powder with a pungent odour
slightly diflerent from that of chlorine. Tt is
obtained bv the chlorination of hvdrated
lime :

CatOH),-; Cl, Ca, ClL,(OCl)--H,0.
But the reaction is never complete and
most commercial samples contain 32-35
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per cent. of available chlorine, i.c., the
amount of chlorine evolved on the addition
of acids :

Ca(Ch (OCQ)) | H.SO, CaS0,4-Cl, ; H,O.

Bleaghing powder is upstable and rapid-
ly deteriorates in a tropical climate. The
decomposition is accelerated by certain
catalysts, such as ircn, manganese, etc.
Even under the best conditions of storage
it tends to losc almost all its available
chlorine within a vear.

Bleaching powder is chiefly employed
for bleaching cotton yarn and textiles, and
paper pulp. It is also used as a disinfec-
tant, especially for sterilizing wounds, sur-
gical dressings, ctc., and in water purification
and sanitation. Somectimes it forms a sourcc
of chlorinc as in the preparation of chloro-
form.

However, owing to  its instability,
bleaching powder is being rapidly displaced
by new bleaching agents. In 1923, the
production of bleaching powder in the
U. 8. A. was 147,000 tons and only 16,700
tons in 1930 (Riegel, 107). ¢ Bleach liquor,’
which is now extensively used, is prepared
fresh by passing chlorine into milk of
lime containing 1-1.5 Ib. of slaked lime
per gal. of water, maintaining the tem-
perature at 30-40°. It contains more avail-
able chlorine, calculated o the quantity
of lime employed, than bleaching powder.
Further, chlorine itself, and freshly pre-
pared sodium hypochlorite (available chlo-
rine, 10-15 per cent.) arc now widely used
in textile mills, especially for bleaching finc
quality goods, to avoid traces of calcium
salts which interfere in the dyeing process.
" High Test Hypochlorite’ containing 65-
75 per cent. of calcium hypochlorite, and
also the pure hypochlorite arec coming into
more general use (Ricgel, loc. cit.). These
are stable and more than twice as strong as
bleaching powder.

The two principal raw materials re--
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quired for thc manufacture of bleaching
g_owder arc high grade lime and chlorinc.

he latter is now mostly obtained as a by-
product duricg the electrolysis of brine for
the manufacture of caustic soda. When
used for the chlorination of lime, it should
be free from hydrogen to avoid explosions
in reaction chambers.

The quality of lime required is of the
utmost importance.  Generally, a very
purc fat lime (CaO, g5 per cent.}, which
slakes readily to yield a large volume of
slaked lime (over threc times the vol. of
CaO uscd), is employed. It should contain
less than 2 per cent. of carbonate, 0.5 per
cent. of iron oxide, 2.0 percent. of magne-
sium oxide, and no cobalt or manganese.
The lime after slaking should be  stored
for some time before use, and it~ moisture
content may be § per cent. Secarle,
Limestone and its Products, 1935, 601 ; vide
also Industr. Engng. Chem., 1947, 23, 303:.

When chlorine was being prepared in a
dilute form by the Weldon or the Deacon
process, chlorination of lime was carried out
in closed chambers. Since the commence-
ment of the manufacture of chlorine by the
clectrolytic process, numerous plants have
been designed to make the process a con-
tinuous onc.  Of these Krebs-Beckman tow--
ers built of reinforced cement concrete are
now the standard (Chem. metall. Engng.,
1926, 33, j60.. Each tower is 8-9" in
diameter and about g0’ high, with a pro-
duction capacity o1 2.5-3.5 tons of bleach-
ing powder in 24 lis. of continuous opera-
tion, and is built about 10" above the ground
1o accommodate the discharge mechanism
and the driving gcar of the agitater shaft.

The tower is divided into eight chambere
by. cement concrete slabs. A rotating ver-
tical shaft, provided with plough blades,
one set for cach chamber, passes through
a central hole in the slabs. There is provi-
sion for the circulation of refrigerated brine
through cooling  coils embedded in
the concrete slabs, o keep the temperature
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of reaction ' chambers below 40°.  Each
chamber har a window fitted with a glass
door, to serve as 2 man-hole, and as a safety
blow-off, in the event of an explosion. The
agitator mechanism and the interior of the
chambers arc painted with a bituminous
composition containing asphalt, china clay,
ashestos, etc.

Slaked lime is fed by gravity and travels
slowly and successively through all the
chambers. 1t comes into contact with air-
diluted chlorine, which enters just a little
above the bhottom chamber and travels
counter-current to lime. The Hlow of hyd-
rated lime, air and chlorine is regulated,
and the lime on the concrete slab: is con-
tinually raked up by the plough blade:. The
exhaust gases contain only traces of chlorine.

In the chlorination of lime in Krebs-
Beckman towers, the humidity of air and
chlorine i¢ carefully controlled, and the
temperature in the chambers is maintained
at or below 40". The moisture content of
lime may vary from 4-7 per cent., and the
best results are obtained when it is at the
former figurc. Thc concentration of chlorine
mayv he 6o per cent.

Bleaching powder leaving the tower is
stored in cast-iron drums or wooden barrels.
Its packing density is 70-93 lb. per c. ft.
To increasc its keeping qualitics, it is sqme-
times mixed with quicklime to yield * tro-
pical bleach ' containing 25 per cent. of
available chlorine (Rogers, 1, .452'.

The average annual imports of bleach-
ing powder into India during the quinquen-
nium ending ’38-49 were 10,060 tons, valued
at Rs. 11.6 lakhs, and the U. K. was the
most prominent supplier (over 70 per cent.).
Indian consumption of bleaching pewder
in 1944 was estimated at 11,100 tons, dis-
tributed thus : paper mills, 5,400 tons ;
textiles and surgical dressings, 3,600 tons ;
public health requirements, 1,800 tons; and
manufacture of chemicals like chloroform,
300 tons ‘Themas, Rep. Develop. Industr.
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War Supplies, 1944, 29). The Tariff Board
estimates the present demand at 13,600
tons, and this is likely to remain steady for a
few years to come (Rep. Caustic Soda and
Bleaching Powder Industry, 1946, 12).

The manufacture of bleaching powder
in India commenced during the Wai, and
the total production capacity of the three
plants in operation is 8,250 tons per arnnum
[Mettur Chémicals(Mettur), 2,500 tons; Tata
Chemicals (Okha-mandal), 4,500 tons; and
Rhotas (Dalmianagar), 1,250 tons]. The
Govt. factory at Rishra (Bengal) erected at
the inrtance of the Defence Dep. to produce
3,000 tons of bleaching powder per annum
was unfortunately never operated success-
fully. The estimated production during
each of the years 1945 and 1946 was only
4,600 tons, the only regular pro-
ducer being the Mettur Chemicals. Indi-
genous production is expected to rise to
6,000 tons in ’48-49. The tctal manufac-
ture of Rhotas is intended for consumption
in their own works.

The consumption of raw materials per
cwt. of bleaching powder manufactured at
Mettur is rather high (limestone, 1.46 cwt.,
and chlorine, 0.32 cwt.), and available
chlorine in the finished product is low
(28-30 per cent.).

Annually, some¢ 7-8 thousand ton: of
bleaching powder will continue to be im-
ported, and in the interest of the consuming
industries, imports are duty free. While the
landed cost and the selling price per cwt. of
bleaching pcwder before the War (1930)
were R:. 4-8 and R:. 6 respectively, the
corresponding figures now are Rs. 11-5 and
Rs. 13. The Tariff Board has estimated
the cost of production per cwt. of Mettur
bleaching powder now (Oct. ’46-Dec. ’47)
at Rs. 11-3 and its fair selling price at
Rs. 13-2. After 1st Jan. ’48 these figures
arc expected to ccme down to Rs. 9-6 and
Rs. 11-5 respectively. The recommenda-
tion of the Board to grant a subsidy of
Rs. 1-13 per cwt. on the sales of Mettur

bleaching powder up to 3ist Dec. 47, as-
suming the landed cost of the imported
material remaining steady at Rs. 11-5 per
cwt., has been accepted by the Government.

BOBBINS

Bobbins are chiefly made of wood and
are used to convey yarn from one machine
to another in textile mills. The cotton
textile industry requires various types of
bobbins differing in size, taper and
shape, such as slubbing and roving tubes,
ring rabbeths, ring weft pirns, uni-
versal pirns, Wadia pirns, etc. The bobbins
used in woollen mills arc similar to those
used in cotton mills, but differ in size. Only
two types of bobbins are used in jute mills,
rove bobbins for roving, and spinning bob-
bins for yarn spinning. ‘

A good bobbin wood should be straight-
grained, sufficiently hard, and of medium
weight (40-45 lb. per c.ft.), and must not
crack or split during boring or turning, and
should season without much shtinking. The
wood is also rcquired to withstand the
strains developed in high-speed machines.
Further, it should be available in commercial
quantitics, and should be properly scasoned.
Imported bobbins are¢ usually of beech
(Fagus spp.) and birch (Betula spp.), and
also of maple (dAcer. spp.) and alder (Alnus
spp.) Beech is used in England especially for
bobbinsof larger size, such as slubbing and
roving tubes. Both white and yellow birch
are imported ; bobbins made from the
former are of better quality. I[mported
timbers, such as Canadian birch and maple,
are used for lighter cotton-mill bobbins,
such as ring rabbeths and weft pirns.

Birch and maple occur in Kashmir, and
to a small cxtent in some of the extreme
northern forests of the Punjab, but at
present they are inaccessible. Haldu (Adina
cordifolia) is the chief wood used in India
for the manufacture of bobbins. Others are
kaim (Mitragyna parvifolia), kanju (Haloptelea
integrifolia), and kuthan (Hymenodictyon ex-
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celsum). A number of other species are also
recommended for trial (vide Rehman, Indian
For. Bull., New Series, No. 122, 1943; and
Trotter, 1944, 198). Bobbins made from
Indian woods have only 30 per cent. of the
life of imported, bobbins. .

Haldu and kaim are very brittle, and if
stored as logs or as thick squarcs, they arc
liable to severe end splitting or surface crack-
ing. Before use, the wood should be tho-
roughly seasoned, otherwise, the finished
bobbin will not retain shape and may
twist or split. Immediately on reccipt, the
logs should be converted into boards and
scantlings of required thickness, and stacked
for air-scasoning, or kiln-dried. For air-
drying, boards up to 1}” thickncss and 2"
square scantlings should be kept stacked for
at least 3 months. If a timber seasoning
kiln is available, the wood is dried in it for
about a fortnight. Rehman (loc. cit.) also
recommends combined air and kiln-season-
ing. The boards and scantlings are air-dried
for about & menth when the moisture con-
tent goes down to about 25-30 per cent.
They are then cut into bobbin blanks and
kept in a hot air kiln for about a fortnight,
when moisture content drops down to about
10 per cent.

Other materials required for making
bobbins are glue, sand-paper, linsced and
machine oils, black enamels, paints and var-
nishes, tin and terne plates and copper and
brass sheets.

Ordinatrily, only a tew simple machines,
such as sawing machines, boring and drill-
ing machines, turning lathes, ctc., are re-
quired for making bobbins, and most Indian
factories are cquipped with locally made
machinery. For accuracy of production,
automatic bobbin making machinery is
necessary, and at present only the Bareilly
factory is equipped with such a plant.

Boring the blanks is the first stage in the
manufacture of bobbins. This is carried out
slowly and in scveral stages in order to avoid

breakage of timber. The blanks are then
roughed and passed on to turning machines
where they are brought to the final shape
and size. Subsequently grooves are cut at
the ends and the metal shields fixed in a
hooping machine. They are passed on to
boring spindles where the bore is increas-
ed in 2 or 3 stages so that the bobbins fit in
correctly on the spindles in the mills. Ring
rabbeths and pirns arc given a tapering
bore, and slubbing and roving -tubes, a
uniform borc. The bobbins are finally
sand-papered, painted and varnished.

Ring rabbeths and pirns are very often
black-enamelled to make them moisture-
proof. Fach bobbin is tested for correct
fitting on the appropriatc spindle, and also
for true running by rotating thc spindle at
mill revolutions so that there is no vibration
or wobble. Slight differences in fitting are
corrccted by rincing.  Very often tips
of pirns and ring rabbcths arce coloured to
distinguish various tvpes of yarns.

Jute mill bobbins are made in several
sizes, but the sizes most in demand are

10"> 5" for rove bobbins, and 4" 2%"
5"<34{", and 6"~3}" for spinning
bobbins. Rove bobbin is made up of se-

parate shank and cnd pieces, as it is too
large to be made in one picece, and the worn
out cnds arc easily replaced by new ones.
A central hole is bored through seasoned
blanks, and these are turned to proper shape,
and the shanks and end pieces are attached
to each other by means ot hide glue and steel
pins. The hole in the spool is then reamered
to proper size, and the built-up bobbin
turned to final shape. [t is then sand-
papered and finally immersed in oil. Spin-
ning bobbins, which run at higher speeds, are
generally made from single pieces and with
a higher degree of precision.

Before the War (’39-45), some  alumi-
nium bobbins were also manufactured in
Calcutta, but this was stopped during. the
War, owing to demand for more essential
uses of the metal
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The manufacture of cotton textile bob-
bins was started during the ’14-18 Wai
with the establishment of a Govt. sawmill
and turnery at Barcilly. Before World War
1I, the Indian Bobbin Co., Bareilly,
was supplying a small proportion cf Indian
requirements. But their products could not
successfully compete with the Japanese bob-
bins, which were much cheaper. In the
Bombay province, a number of smaller con-
cerns were also producing bobbins hoth
from imported and indigenous woods. The
industry received encouragement during
World War 11, and a large number of con-
cerns came into cxistence. But the Bobbin
Control Order of 43 led to the closing down
of many small concerns and now there are
about 105 factories, mostly located in
Bombay and Ahmedabad. The biggest of
these s the Bharat  Bobbin Works  at

Ahmedabad.

The indigenous manufacture of bobbins
for jute mills was also started during the
first World War.  With the flow of imports
after the War, the industry suffered a set-
back and collapsed. During World War 11,
it was again started mainly in Calcutta, and
was able to supply all the bobbin require-
ments of jute mlls. The annual production
capacity amounted to 1,86,000 gross bobbins,
and 42,000 gross bobbin-ends. ‘There are
at present about 20 firms in and around
Calcutta, the largest of which is the Hindus-
tan Bobbin Factory, producing about 550
gross bobbins and 1,500 gross bobbin-ends
every month with a labour force of about
125. Bobbins for woollen and silk industry
arc gencrally imported. Some are also
made in Bombay, Bareilly, and Bangalore.

Since the beginning of the War (’39-45),
Indian factories have been supplying all the
requircments of the jute mills, and a major
portion of the requirements of the cotton
mills. The industry has been fairly success-
ful in producing good quality slubbing and
roving tubes and skewers. In the case of
ring rabbeths, weft pirns, Wadia pirns
and ring doublers, the finish is good, but

the fittings are generally imperfect. Dura-
bility is below standard due to lack of
suitable timbers, and imperfect scasoning.
Haldu and kaim, although considered fairly
satisfactory for the manufacture of heavier
types of bobbins, are not well suited for
lighter varieties, and a suitable substitute
for imported beech and hirch is yet to be
discovered.

AVERAGLE ANNUAL IMPORTS OF BOBBINS
INTO INDIA
» Lakhs of Rs.)

Quinquennium ending—

'38-39 42.0
13-4 54.6
In “g4-45 81
o '45-46 94.7

In the quingennium ending *38-39 imports
werc mainly from the U. K. (58 per cent.),
Japan (28 per cent.), and Germany (10
per cent.), and in subsequent years, from
the U. K. (over 75 per cent.). The import
duty on bobbins is 10.per cent. ad valorem
and since Mar. "46, the duty on wood for
the manufacture of bobbins has been
abolished.

The pre-War annual consumption of all
types of bobbins used in cctton textile mills
was about 340,000 gross and in 45 it rose
to nearly 477,000 gross. During the last 4
years (’43-46), Indian manufacturers have
produced 746,000 gross hobbins.
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BOILERS
COTTON MILL BOBBINS

!
Pre-War Pre-War : Production  Cost of pro-

Type av. annual annual j in’6* duction in’45
imports* requirements*
. (1,000 gross) (1,000 gross) ; U voo gross)  (Rs. fuross) T

Slubbing tubes .. .. . .. 10.0 313 ‘ 16.0 100
Roving tubes . .. .. .. 2.0 51.9 15.7 8o
Skewers, slubbing .. .. .. .. 1.9 8.6 o
Skewers, roving .. .. .. e 3.0 10.3 b
Ring rabbeths .. .. . 67 0 107.9 35 ' 37
Ring weft pirns . .. .. .. 200.0 116.7 a8 7 16
Others (\\'.ld%;l? pirns) i ¥
T —'_1'-()(—'(_11 ) — ) _ 7 .. - .. . 305.3 334} 200,73

* l'extile Commissioner , ! All-India Bobhin Manufuac turers Assac,, Bombay

If the imports into Bengal are taken to BOILERS
e only jute mill bobbins, the value of . . o
represent or },J . ) £ such  bobbins Boilers are of two kinds : (1) fire-tube
average :mm.ml mmpot s o such babbmis - ymoke-tube boilers, in which the combus-
during the quinquennium cnding °38-39 was  tion gases pass through tubes submerged in
Rs. 5.9 lakhs, in the following quinquen- L\’Qllt‘l‘ in tl}l;{ hbm]el‘, and k“;}‘. watﬁr-ui)bc
; s. 12.7 lakhs, and during '4r-16. oilers in which water passes through tubes
nium, Rs. 12.7 lakhs, & 454 surrounded by firc. Modern high pressure
Rs. 9.6 lakhs. and high capacity boilers are of the latter
type.

JUTE MILI, BOBBINS

Estimated Present Cost of
Type | requirements* production production
(1,000 gross) (1,000 gross' Rz, /gross
S Gme——— o — —— — - - s - - - = - l'—'_-'———— - e - s - ’_"_———;- -— - - O WD
Roving bobbins .. .. . .. e 10.0 13.5 178/-(10" X 5")
o _ : - '+ 73/4-(6" X 34")
Spinning bobbins .. .. .. .. o 40.0 20,4 46712- (4" X 23"
Bobbin-ends .. . . .. . .- 23.0 J9.0 18 -

* All-Bengal Bobhin Manufacturers Assaciation
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Firc or smoke-tube boilers include Ver-
tical, Lancashire, Cornish, Locomotive,
Scotch marinc and Economic types. All
these arc internally fired, except the last,
and are seldom employed for pressure ex-
ceeding 175 Ib. per sq. in. or for evaporative
capacitics over 12,000 lb. of water per hr.
Lancashire boilers are popular in India
and have.an cfficiency of 70 per cent. Their

average:life is. about 30 years and some of

them have lasted nearly 50 years. Economic
boilers have a higher overall efficiency (75
per cent.) and are casier to work and o
clean.

|

| Evaporative capacity

Type of boiler . (Ib. of water/hr.)
|

Vertical 180 6,000

Clornish * 1 a00- oo

Locomotine 2,000 (000

Lancashire 1,700- 12,000

Economic 1,300~ 20,000

Water-tube boilers are quick-steaming
and their capacity ranges from a few hund-
red pounds to over 800,000 Ib. Their overall
efficiecncy is 86-90 per cent., and their
average lifc, 20-25 ycars. The leading
English types are made by Messrs. Babcock
and Wilcox Ltd., Marshall Sons and Co.,
Ltd., the Stirling Boiler Co., Ltd., Clarke.
Chapman & Co., Ltd., and the John
Thompson Watertube Boilers Ltd., of
Great Britain.

In India, vertical boilers are employed
in most of the collieries, mica mines and dis-
tilleries, and Lancashire, Cornish and Loco
boilers, in textile mills, collicries and some
rice mills. Water-tube boilers are mainly
used in power houses and bigger industrial
plants such as sugar, cement and paper
factories and to a limited extent in textile
mills and collieries. The iron and steel in-
dustries use all types.

THE WEALTH OF INDIA

Boilers are invariably fitted with certain
controls : water-level gauges, steam pressure
gauges, safety valves, feed check valves,
fusible plugs and Etlow-off valves. For
efficient working, they arc provided with
economisers, superheaters, feed-water pumps,.
pre-heaters, water regulators and reducing
valves.

Certain precautions have to be observed
in the working of a boiler. It should be
carefully lagged with non-conducting as-
hestos composition for preventing losses by
radiation. The furnace should be frequ-
ently cleaned, and the sludge or soft scale
regularly removed. Scale and soot should
he removed from the inside of the shell
and tubes.

The presence of impurities in feed-water
leads to various troubles. Dissolved oxygen
and carbon dioxide may cause corresion
and this may be avoided by increasing the
alkalinity of water by the addition of sodium
sulphate and caustic soda.  Suspensions
usually consisting of insoluble clay-like ma-
terial combined with organic matter, con-
solidate into a hard deposit and cause
priming discharge of water with steam)
and foaming. Calcium salts produce scale
formation, and magnesium and sodium
salts cause corrosion.  High concentra-
tion of caustic toda lcads to caustic em-
brittlement of boiler metal.  The soluble
sialts are maintained at a minimum by
softening feed-water. In industrial plants,
fecd-water is usually softened by the
lime-sada_or base exchange.process. Some-
times softened water or water from the
main supply is re-trcated with ‘boiler com-
pounds ’ to minimise corrorion, etc.

Under  the Indian Boilers Act, 1923,
boilers must be registered and unless the
standard conditions in respect of materials,
design and construction arc satisfied no
certificate is issued for the use of boilers.
The certificate gives the maximum pressure
at which the bciler should be worked,
the load to be placed, safety valves or
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thickness of washers or ferrules required as
safeguard against overloading, and the date
and pressure of the last hydraulic test, and
when applicable; of the main steam pipes.

With the exception of some railway
loccmotive ‘ boiletrs made in the Railway
Workshops  (Humphries and Srinivasan,
Constr. Loccmotives India State Ry. Work-
shops, 1940) all boilers for industrial and
other purposes arc imported. The Tata
Locomotive and Engincering Co. (Telco
Works), Tatanagar, is now fully equipped
with modern machinery for the manufacture
of boilers according to the standards of the
IndianRy.Bd. The Company is manufactur-
ing ‘boilers for locomotives and road rollers.
'The works are also turning out miscella-
neous accessories for boilers, such as, ashpans,
smoke hoxes, tank reservoirs, ctc.  Most of
the raw materials are being supplied by the
Tata Iron and Steel Co. Cold drawn steel
tube and {lues, high and low pressure steel
and copper piping, and a few proprictory
articles arc imported.

AVERAGE ANNUAL IMPOR1LS OF BOILERYS
INTO INDIA

Rs.
Jakhs)
Duning the quinquenmmn ending -
839 . 93
134 - 3
In “44-45 79
» 4540 Phu

During the quinquennium ending "38-3y.
83.3 per cent. of the imports were from the
U. K. The av. annual cxports of boilers in
tons from the U. K. to India during ’35-39

. werc : internally fired boilers, 587 ; Loco

type (for stationary purposcs), 235 ; water-
tube boilers, 3,863 ; other sorts, 547 ; Eco-
nomisers, feed-water heaters and super-
heaters, 932 ; and other boiler plants, 951.

Imports are subject to a revenue duty of
10 per cent. ad valorem.
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Although the use of foot-wear in India
dates back to remote times, its manufacture
as an industry began in Agra, Delfi and the
neighbouring places, only during the
Mohammedan rule. The production of
western types of shoes was introduced.during
the latter part of the Moghul period, in the
ncighbourhood of cantonments, to cater to
Furopeans employed in the army. Gradual-
ly Indians also began to take to Western
types of foot-wear, and soon the industry
expanded and spread to other big cities.

Large scale factory production began
with the manufacture of leather, by the
Government Haracss and Saddlery Factory
at Cawnpore, in 1857. A little later two more
factories, the Foy Bros. (1872), and ‘Cooper,
Allen & Co. (1881) were cstablished at
Cawnpore for the production of army foot-
wear. The first organised factories for
cvilian foot-wear were started in 1900 with
the establishment of the Stuart Tannery at
Agra, and North West Tannery at Cawn-
pore. Other factories soon sprang up in
some cities in the U. P. and also in Gwalior,
Rewa, Bombay and Madras.

The Stuart Tannery, although it closed
down shortly afterwards, was mainly res-
ponsible for the present large scale produc-
tion at Agra, wherc itr employees, trained
in the system of division of work, opened a
number of emall factorics. World War I
gave an impetus, and numerous small
concerns sprang up in almost every street in
Agra. During this period, factories were
also started in Galcutta, Bombay, and in
various places in the Punjab. Before World
War II, southern India had cnlv small
concerns.

Leather foot-wear in India is made
mostly by mochis or cobblers. Indigenous
types consist of chappals, sandals and jooties,
resembling slippers. Western types of foot-
wear arc mainly used in urban areas. Hand-
made shoes. which form the bulk of output,
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arc manufactured on a large scale at Agra
and Calcutta. Machine-made foot-wear is
manufactured chiefly by Cooper, Allen &
Co., Cawnpore, and Bata Shoc Co., Bata-
nagar and Lahore.

In Agra foot-wear manufactune is almost
cntirely a cottage industry. About 50,000
workmen are engaged in the production of
17 million pairs every vear. During World
War LI, production, including that of army
foot-wear, was almost doubled, and the
number of small factories swelled up rapidly
to at lcast 1,000, with ncarly a hundred
producing 35-100 paits per day.

In Calcutta, more than 1,000 shilled
Chinesc workers are engaged in the manu-
facturc of hand-made shoes, with about
6,000 Bihari  moachis for sole-stitching.
'There arc besides another 10,000 Bihari
mochis in Calcutta, of whom sume g,000 arc
producers of modern shoes, and 7,000, ol
indigenous shoes.  During pre-war vears,
Calcutta wa< producing about 3} lakh pairs
of foot-wear (Dep. Industr., Bengal, Bull.
No. 86, 1941, 34;. Chinese shoe-makers
are also found in all big cities, and arc res-
ponsible for a large output.  Other import-
ant centres of production are Delhi, Lahore,
Rawalpindi, Gwalior. Baroda, Bombay,
Madras, and Bangalore.

MANUFACTIURE OF BOOTS & SHOLS

All types of leather boots and shoes are
manufactured in India. .\ modern boot or
shoe consists of an * upper ’ which is attach-
cd to a *bottom.” Fach of the two parts
may consist of a single piece of leather, or
of two or more picces. The upper and the
bottom are attached to each other by means
of thread, tacks, rivets, staples, screws,
nails, adhesives, ete.

The upper of an ordinary shoe consists
of an outside and a lining. The outside is
composed of a vamp and a quarter, which
may again be subdivided into other parts.
The vamp is the complete lower part of the

upper, and the quarter is the top portion
of the upper above the vamp line. The
interior  of the upper is
gencrally lined with soft
leather or canvas.

The bottom of an ordi-
nary shoe consists of a sole
and a heel. The solc is
generally composed of
scveral layers, such as the
outsole, the insole, and in
some cases, the midsole.
The heel is also made of
several layers, ov * lifts,” of
sole leather : or it may
consist of a block of wood
with a top leather lift.
The insole is pasted inside

AN ¢ UPPER’
with a sock and a heel pad.

Other major components of a shoe are
the stiffener or counter, toe puff, bottom

Vemp
A on ’0.

Shank Tophft

Welting

JInsele

Oulsole

Component parts of a shoe

filler, welt, etc. The stiffener is inserted
between the outside and lining of a shoc
upper at the back part, for strengthening,
and for preventing it from sagging. The
toc puff is a stiflcner used under the toe
cap to protect the foot. Bottom filler is
used for filling the cavity between the insole
and sole, and for giving a solid bed to which
the sole is attached.

The shank or waist piece is a short piece
of tough material attached between the sole
and in<ole, forming a bridge for the arch of
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the foot. It gives support and rigidity to
the middle portion of tE: shoe. Y

The leather used may vary from light
glace’ kids to heavy leathers. The types used
are : (a) cow and calf leathers, chrome-
tanned, () cow and buffalo leathers, vege-
table-tanned and curried, (¢) cow and buffalo
leathers, semi-chrome-tanned, (d) russet
kips, vegetable-tanned and curried. Glace’
kids, box and willow sides, box and willow
calf, suede skins, imitation sambur leathers,
patent leathers, glazed sheep skins, and
r(i:_ptile skins are employed for the uppers
of quality shoes. Light skins, sheep and
goat skins, calf leather, russet calf and
cloth are used for lining.

Bottom stocks, such as, soles, heel lifts,
welts, etc., are made from heavy leathers.
Vegetable or chrome-tanned buffalo leather
is generally used, but pit-tanned leather is
superior. Impregnated toe puffs made from
fabric are very common.

Chrome-tanned box and willow sides,
kips and calf are manufactured principally
at Calcutta, Cawnpore, and Madras, and in
smaller quantities at Bangalore, Trichino-
poly, Bombay and Sholapur. Higher and
expensive grades of chrome upper leather
are generally made at Madras and Cawn-
pore. Glace’ kid and chrome patent leather
come almost entirely from Madras, and
nubuck leather (white buck leather for
uppers), from Calcutta and Madras. Vege-
table bag-tanned scle leather comes from
Jullundur and other cities in the Punjab,
and from the U. P., Calcutta and. Bombay.
Superior pit-tanned sole leather is manu-
factured in Cawnpore, Calcutta and Madras.

During the War, the manufacture of
civilian foot-wear was stopped in most of
the organised factories due to their pre-
occupation with War orders, and the civilian
trade slipped into the hands of cottage
industries, and large quantities of hides were
diverted to this channel. As a result, there
was serious shortage of hides for the pro-

duction of foot-wear and other leather
equipment required by the Defence Services,
Consequently, the Government had to im-

several control measures on large
producers of leather.

Soles and heels are often made of crepe
rubber. Rubber sheeting from inferior
grades may also be used. Sole and heel
may be moulded from reclaimed rubber,
either scgfrately cr in one piece (monolith
soles). Moulded lproducts are generally
used in cheaper foot-wear, and soles are
channelled for stitching.

Wooden soles, common in, same parts of
India and Burma, are made of Croton oblongi-
folius, Gmelina arborea and Mitragyna rotund:-
Jolia (Trotter, 1940, 174).

For wooden heels, mango (Mangifera
indica) and haldu (Adina cordifolia) are used.
The former is very satisfactory, and the
latter is liable to crack during nailing. Other
timbers recommended are kgim (Mitragyna
parvifolia), kanju (Holoptelea integrifolia), Gar-
denia spp., mimi chambeli (Millingtonia hor-
tensis), Kydia calcyina (Trotter, 1944, 199).
In other countries maple wood (Acer
spp.) is preferred for wooden heels.

Generally, steel, wood, bamboo, and
sometimes leather are employed for shanks.
Steel is generally used in ladies’ shoes, and
wood is preferred for men’s and children’s
foot=wear. Bottom fillers, made of bonded
granulated cork or leather scrap, should
be waterproof.

Another indispensable requirement of
foot-wear industry is grindery which in-
cludes such items as, thread, wire and
tacks, rivets, eyelets, buckles, heel and; toe
tipr. For these, India is entirely dependent
on imports from thg U. K. and the U,S.A.
During the last War, owing to shortage
of grindery, the method of foot-wear manu-
facture had to be modified to suit available
materials. Small gquantities of brass screw-
ing wires, iron eog%latm, and heel tips were
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made during the War, but not eyelets or
iron nails. Production of heel and toe tips
during ’41 and ’43 was 59.2 million pairs
(Thomas, Rep. Develop. Industr. War Sup-
plies, 1944, 18). Stains and polishes are
now prepared in India.

Wooden lasts arc generally imported.
Some quantities are made by Batas with
last making machinery, and at Agra by
crude mecthods. Lasts are also made at
Sialkot and Jullundur from sisseo and
mango wood. Lasts generally have metal
bottoms against which lasting tacks are
clinched. Considerable quantities of cast-
iron lasts arc made at Agra.

The wood required for boot-lasts in
addition to being tough, should also be able
to stand repcated nailing. It should be
fine textured, moderately hard, and of a
medium weight, and must be able to main-
tain its shape indefinitely.  Dalbergia sissoo
(sissoo) is probably the best, and is popular
in northern India. Acer spp. and Prunus
padus (bird cherry) are considered second
best. Ekhretia laevis, Gmelina arborea, Gardenia
spp., Lagerstroemia flos-reginae, Milragyna par-
vifolia, Polyalthia cerasoides and Zizvphus
Jujuba are also considered useful (Trotter,
1944, 119). Lasts arc made from beech (Fagus
spp.) and hornbeam woods (Carpinus spp.)
in foreign countries. With proper care a
pair of lasts will serve for 7-8 years.

The production of foot-wear by ma-
chinery is a highly skilled industry in which
careful planning and proper designing are
of the utmost importauce. The former has
to take inte .account the availability of raw
materials (leather and grindery), and the
factory’s equipment and capacity. In the
latter the designer is required to produce
attractive styles to suit the prevailing de-
mand and to cut master patterns to those
designs. The factories generally concen-
trate on one, or perhaps two types of foot-
wear, and it is seldom that men’s, ladies’,
children’s and sports foot-wear are manu-
factured by the same firm.

162

The production of foot-wear by ma-
chinery involves several different operations,
which may be grouped into seven major
stages, viz., clicking, bottom-cutting, pre-
pering, lasting, and making and finishing.

Clicking, the cutting of upper compo-
nents, is done mostly by hand, uring tin-
plate patterns and hand clicking knives.
The quality of upper and economy in
cutting depend upon proper selection of
materials, and upon the technical skill of the
clicker.  The components are carefully
matched, and before closing they are skived
(edges thinned down for ease in seaming),
and beaded. Ornamental work, if desired,
is done at this stage. The lining components
stitched into a complete lining, are then
attached to the upper by chain stitching.
Four or five pairs of eyelets arc inserted
and clinched, and the upper is tightly
laced before it gocs for lasting.

Bottom-cutting involves the cutting of
insole, outsole, midsole, heel lifts, welr,
etc. The Ilcather is pressed between rol-
lers and the components are stamped out
by press machines, containing hollow dies
with cutting edges. Insoles are cut out of
light leather, and those cut from hcavier
stock are skived to proper thickness. Welts
are generally cut in the form of narrow
strips from scrap sole leather. The sole
pieces are then compressed, shaped, skived,
moulded and channclled, to make them
ready for attaching to the upper. Wooden
heels for ladies’ shoes are turned from rough
blocks of wood and are then fixed with a
top lift of leather or rubber.

The next operation is  lasting.” The
closed upper is pulled over lasts and fixed
to the insole. The stiffener and toe puff
are first cemented between the lining, and
the upper and the insole are lightly fixed
to the last with tacks. The edges of the
upper are pulled over the last uniformly,
and lightly secured to it, before being passed
on to the lasting machine for more secure
attachment. Here the sides, toe, and heel
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seats are in turn lasted by drawing the upper
and lining tightly down to the last and per-
manently fixing it to the insole by tacks,
staples, stitching, etc. After lasting, surplus
upper material is trimmed, and the bottom
is levelled and moulded to proper shape for
attaching the scle.

The lasted upper is then bottomed in
the making section. This involves the fixing
of the outsole after insertion of fillers and
shanks, and various methods of attachment
arc in vogue. In machine-scwing, the bot-
tom is fixed to the upper by a vertical chain-
stitch seam, in a Blake sewing machine.
In staple welted attachment, the welt is
stapled to the upper and insole, and the
sole is fixed to the welt by stitching or riveting.
This method has more flexibility than other
metallic fastening methods. In Goodyear
welted shoes, the sole is attached to the
welt in a channel by a vertical lock-stitch
§eam. In making heavy shoes, such as army
ankle boots, the midsole is solidly 1iveted
and clenched on the lasted insole. The
sole is then lock-stitched and the bottom is
reinforced by screws.

Stitchdown is a direct attachment made
with thread only, and is widely used for
children’s foot-wear, and gives a flexible
foot-wear. Cementing gives a flexible at-
tachment for light foot-wear, and is very
popular. The sole is fixed to the lasted
upper and insole, or to astitched welt, by
an adhesive. In pump shoes, the upper is
lasted with ccment or tacks, direct to the
sole.

When the sole is nearly complete, the
heels are permanently fixed with steel pins.
Iron toe plates and hecl tips are fitted to
Army boots.

When a crepe sole is used, it is ccmented
to crepc midsole which is blake-scwn to
the insole and upper, and the heel is at-
tached by cementing. Soles made of rubber
. sheet or moulded rubber, and also monolith
soles are machine-stitched, and heels are
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nailed. When wooden solcs are used, the
shoe is made in the ordinary way up to the
attachment of the bottom, and the wooden
sole is then scrcwed on, riveted, or cemented.

The bottom is then finished, and dressed
with blacking or stains, and finally wax-
polished. The lasts are next pulled out,
sock linings and heel pads attached, and
the upper and lining cleaned with soap.
The shoes, placed over trees (last-shaped
forms), are ironed to remove wrinkles, and
finally dressed and polished. The finished
shoes are wrapped in paper and packed in
cartons.

Except the factories of Messrs. Gooper,
Allen & Co. and Bata Shoe Co., which are
completely mechanised, leather foot-wear in
India is mostly hand-made. The majority
of Indian shoe-makers generally employ
an upper sewing machine, while carrying
out all the other operations by hand.
Some factories usc machines for lasting,
blake-sewing and bottom finishing. In
large factories, other operations such
as bottom cutting, perforating, eye-
letting, skiving, etc., are also done by
machinery.

RUBBER SHOES

The bulk of the so-called rubber shoes
manufactured in India consists of rubber-
soled canvas shoes (plimsolls). The upper is
prepared by coating canvas with a thin
layer of rubber. The lining material (un-
bleached cotton twill) is coated on one side
with a thin layer of the rubber composition,
and is covered firmly with the canvas upper.
The matenal thus prepared is cut into
uppers of different sizes by cutting dies.

The sole is different in thickness at the
heel, shank and toe portions, and is cut
from milled crepc rubber sheets. Foxing
and toc guards are made of special rubber
composition by extrusion. During the last
War, jute soles replaced rubber soles in
some canvas shoes.
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In the making of the shoe, the upper
components are pasted and lock-stitched into
a complete upper. The completed upper is
fitted with eyelets, laced, and lasted. Finally
the sole is attached by means of rubber
~ adhesive. i : e

The cemented shoes are treated with
steam for about 12 hours at about 300°F.
and g atm. pressurc. This makes rubber
more flexible and durable. The shoes are
then cooled for about half an hour, after
which they arc taken off the lasts, carefully
checked, and packed into cartons.

In manufacturing all-rubber waterproof

shoes, the upper is cut from a calendered
sheet of rubber composition.

Before World War I, rubber foot-wear,
rubber-soled canvas shoes, and all-rubber
shoes were being imported from the U. S. A.
~ Cheaper Japanese products ‘subsequently
captured the market, and in 1931 imports
from Japan reached 11 million pairs. The
Bata Shoe Co. began the manufacture of
plimsolls in India in 1933 and their capacity
18 now about 15 million pairs per annum.
Before the last War, a number of Indian
plimsoll factories came into existence, but
several of these were assembling plants
making complete shoes from 1imported
Japanese components. Imports of plimsolls
from Japan soon declined and in 1940
Indian producers exported 4} million pairs.

INDIGENOUS FOOT-WEAR

Indigenous types of foot-wear include
mundas, nagras, Peshawari chappals, jooties,
chappals, sandals, half slippers, etc. These
are manufactured all over the country,
every province having its characteristic
types.  Coarser mundas are mainly used
by the poorer classes, whereas chappals, etc.
are worn by the upper classes. Superior
Jooties and zari jooties (gold or silver
cmbroidered) are made mostly in the
Punjab, while ordinary chappals arc
made in Western India and in Calcutta,
Madras and Cawnpore. In N. W. F. P,
cspecially at Peshawar, Kohat and Bannu,

large quantities of Peshawari chappals are
made for local use and also for export to the

For mundas and other coarser types of
foot-wear generally bag-tanned buffalo
leather is used for the upper and the sole,
and for better grades, bag-tanned cow
leather is used for the upper.  Superior
types of chappals are made from chrome
leather uppers. In the manufacture of
mundas, nagras, and zari jooties, cut uppers
after closing and beading, are stitched to
the sole with thread or leather. No lasts
are employed.

r__ CHAPPAL S
FX Chappals consist essentially of a sole and

a number of straps for uppers. With very
few exceptions, uppers are always straps of

PESHAWARI CHAPPAL -

various shape and width, and they are
arranged to provide a firm grip around the
instep and the big toe. In chappal making,.
bottoms and uppers are prepared separately,
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and uppers are attachcd to the sole by
stitching, nailing or riveting. The Pesha-
wari chappal, which is being increasingly
used, is made from a separate insole, sole
and heel, two vamps, two quarters and one
back strap, and is fitted with buckles for
fastening.

Embroidered slippers are known as zari
Jooties. The manufacture of these artistic
foot-wear developed in India during the
Mohammedan period, mainly in Agra and
Delhi. Gold and silver threaded shoes, with
rich ornamentations on them, are at present
manufactured in Delhi, the Punjab (espe-
ciallyin Jhelumdist.), the U. P., the C. P.,
Jaipur, Sind, and Calcutta. The making
of these shoes is a fine art. The uppers are
cut and patterns marked on them by men.
Embroidery,’is done mainly by women.
There are innumecrable shapes, varieties
and designs, but considering the high quali-
ties of embroidery on these shocs, the lcather
used is often of inferior grade.

PRODUCTION, IMPORTS, & EXPORTS

In pre-war years, India produced an-
nually about 70 million pairs of indigenous
types of foot-wear and 16.8 million pairs of
Western types of foot-wear (Rep. Marketing
Hides India and Burma, 1943, 9o). During
World War II, the output was 140 million
and go million pairs per annum, respectively.
During the War, the number of workets in
the shoe trade nearly doubled. Messrs.
Cooper, Allen & Co. increased their labour
force from 3,000 to 10,750, and Batas,
from 3,600 to 7,550. But production in-
creased only to about 21 per cent. Much cf
the extra labour was employed for the
preparation of subsidiary articles and ma-
terials required for making Service foot-
wear. Further, secveral mechanical
operations had to be performed by hand.

Production of Service foot-wear increased
at a tremendous rate and a large number
of new types were designed and manu-
factured. These included women’s Service
foot-wear, specialized foot-wear for Air and
Naval Services and for jungle warfare. The
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most important tasks in developing Service
foot-wear were the skilful selection of
components from available materials, and
the developing of substitutes for materials
in short supply. Amongst the latter, re-
claimed rubber for rubber-soled shoes, re-
placement of rubber soles by jute soles,
rubberised canvas legs in place of rubber
legs in knee or gum boots, are worth men-
tioning. Shortage of heavy sole leather was
overcome by the introduction of laminate
half soles, and other repair components (vide
also Minist. Supply, Lond., A Study of Subs-
titutes for Leather, 1946). Therc was also an
acutc shortage of grindery, and this was over-
come by altering the design of the ‘make.’

As a result of the increased demand for
the Forces, drastic cuts had to be made in
the civilian market, where acute shortage
prevailed throughout the War. During the
War, prices of foot-wear began to rise
rapidly with increase in the prices of raw
materials, and this tendency was greatly
checked by control.

Out of the 26 million pairs of leather
foot-wear supplied to the Army during the
total period of thec War, more than 20 mil-
lion pairs were supplied by Cooper, Allen
& Co., and 2.5 million pairs, by Bata Shoe
Co. These consisted of 16.39 million pairs
of ankle boots, 1.52 million pairs of black
lcather shoes for Naval and Air Forces,
5.31 million pairs of Peshawari chappals,
and 0.56 million pairs of sandals. Of the
36 million pairs of rubber and canvas shoes
supplied to the Army during the War, Batas
supplied about 29.5 million pairs including
26.2 million pairs of plimsolls.

Pre-war production of leather foot-wear
was sufficient for distribution at the rate of
one pair per five persons. With increase in
the standard of living, the potential demand
may be put at a minimum of 400 million
pair; per annum. The total supplics of hides
and skins available in India every year, even
if solely used for the production of leather
foot-wear, wil! not be sufficient for more
than 200 million pairs.



THE WEALTH OF INDIA

ANNUAL PRODUCTION OF HIDES AND PRE-WAR PRODUCTION OF LEATHER
SKINS IN INDIA* FOOT-WEAR IN INDIA*
Million  Leather | Skins 1 po5 e,
ieces b used used (Milli
P ' (Million | (Million | V110D
| pieces) | pieces) pairs)
Buff hides 5.7 T T
Country types 8.75 .0 70.0
Kips 20.0
P Western types 2.1 ' 16.8
Goat skins 27.5 | !
Sheep skins 17.0 * Rep. Marketing Hides India & Burma, loc. cit.; Rep.

Marketing Skins India & Burma, 1943.

* Rep. Marketing Hides India & Burma, loc. cit. ; Rep.
Marketing Skins India & Burma, 1943.

AVERAGE ANNUAL IMPORTS OF BOOTS AND SHOES INTO INDIA

Qty. (in thousands pairs) and val. (in thousand rupees)

|

| Rubber Rubber
. All leather soled, soled, All rubber Other Total
| canvas other materials
upper uppers
Qy. Val. Qty. Val i Quy. Val. Qty. Val Q. Val. ' Q. Val.
In quinquennium end-
‘ing-—
"33-34 344 1436 5318 3635 2811 1171 8473 6801
’38-39 420 1269 1373 869 46 46 250 131 87 137 2175 2452
"$3-44 76 280 36 33 13 15 10 19 . 25 45 160 292
In ’44-45 .. . 1 14 1 1 I 2 16
» ‘4546 .. . 5 68 3 9 2 14 10 91

In ’38-39 the different types of boots and
shoes imported into India were : all-leather,
25.4 ; rubber soled with canvas upper,

37.9 ; rubber soled with uppers of leather or
other materials, 1.5 ; all-rubber, 2.8 ; and
of cther materials, 5.5 per cent.

166



BOOTS AND SHOES

IMPORTS FROM PRINCIIPIJM';;} SUPPLYING COUNTRILS
-39

AVERAGE ANNUAL EXPORIS OE BOOIS AND
SHOES FROM INDIA®*

(In per cent.) Qty. (in thousand pairs) and val. (in thousand rupees)
Type | Japan | U. K. So"::‘;?; In quinlgucnniuwi 'fd‘:b:;v” i Otbc.:rl i Total

All-leather ~ v . l . 13 77 enaing 1 . upper m:wna : l_ - —
Rubber soled, with canvas : ! T Quy. | Val. | Qty. - Val - Qty. Va:;;

uppers .. .. e 157 e 40 '33-34 .. | .. .. i . 21y 3
Rubber soled, with uppers of ' ' 389 L. | .. | .. b .. a9/} 1,582

leather or other materials .. ' .. 8 85 '43-44 1,866 1,379 767 1,50t 2,633 | 2,880
Allerubber .. . e 34 19 14 I'n’44-45 . 1! 1 otr . 163 | 1,017
Other materials .. .1 8 13! 53 ,, '45-46 .. | .. 1 .." 1 107 ! ‘516 + 107 516
All varicties = 323 2 5o * Exports of rubber soled canvas shoes have heen recorded

Japan was the chief supplier of plimsolls,
and Czechoslovakia, of all-leather and
other types of shoes.

Imports of boots and shoes are subject
to a revenue duty of 25 per cent. ad valorem
or six annas per pair, whichever is higher,
plus 1[5 of the total duty. Uppers for boots
and shoes, unless entircly made of leather,
are subject to a duty of 25 per cent. ad
pvalorem, or three annas per pair, whichever
is higher, plus 15 of the total duty.

scparately from °36-37.

Exports of Indian boots and shoes show-
ed a marked increase after ’33-34 and
reached a peak of 4.9 million in ’40-4r.
Exports in ’38-39 consisted principally of
plimsolls (69 per cent.), to Portuguese
Fast Africa, British West Indies excluding
Bahamas, and Burma, each country taking
about 25 per cent. of the total exports of
plimsolls. Burma was the chief market for
other varieties of Indian boots and shoes

(68 per cent.).
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BRASS AND BRONZE WARE

The making of brassware is mostly a
cottage industry spread throughout India,
large mechanised factories being found in
a few places like Bombay and Poona.
In recent vyears, owing to increasing
popularity of aluminium, enamelled iron,
and porcelain vessels, the demand for brass
and bell-metal ware is showing a slight
decline.

Bengal has a widespread brass and bell-
metal ware industry. Important centres for
brassware are Dhamarai (Dacca), Palong
(Faridpur), Matiari (Nadia), and Dainhat
(Burdwan) ; and for bell-metal ware Dha-
marai (Dacca), Nawabjung and Araipur
(Malda), Khagra (Murshidabad), Sadhan-
para and Sarak (Nadia), Karar (Midna-
pore), and Vishnupur (Bankura). Vishnu-
pur also produces German silver articles.
During 1939, production of brassware was
75,000 md., valued at Rs. 22 lakhs and of
bell-metal ware, f51,000 md., valued at
Rs. 32 lakhs (Rep. Surv. Brass & Bell-mectal
Industr. Bengal, 1939, 5).

In Bombay province the industry is
widely distributed, the most important
centres being Bombay, Poona, Nasik, Hubli
and Pardi (Surat dist.). Large factories in
Bombay and Poona manufacture tiffin car-
riers, buckets, cups, saucers, lofas (tumblers),
thalis (plates), cooking utensils, etc.

In the U. P., the chief centres of brass-
ware production are Moradabad, Hathras,
Mirzapur and Benares. Excepting thalis,
trays, tca-sets, ctc., which are madec from
sheets, almost all the other articles are made
from scrap.

Moradabad is famous for utensils and
artware. About 60 per cen.. of production
consists of utensils ; 30 per cent. of orna-
mental brassware ; and 10 per cent. of
E.P.N.S. ware, and cutlery. Further,

brass utensils, imported mostly from Bombay .

and Poona, arc here polished and tinned, or

nickel-plated, for sale as Moradabad ware.
The artware consists of ornamental cast-
ings, such as, engraved and lacquered
pan-dans (boxes for betel leaves and nuts),
flower vases, trays, thalis, cigarette cases,
ash trays, etc. During ’45, ornamental
brassware worth about Rs. 50 lakhs was
manufactured and a fair amount was ex-
ported to America.

Benares has specialized in line and re-
pousse’ work on sheet and hollow brass-
ware, and at one time had an overseas
market, but trade is declining. Brass artware
is made entirely from imported sheets,
while scrap is utilized for domestic utensils.

In Madras, Chittoor (Tirupati), North
Arcot (Vellore), Trichinopoly (Lalgudi),
Tanjore (Kumbakonam) and Madura
dists. are well-known for brassware, and
Chitoor (Kalahasti), Madura (Dindigul)
and Malabar dists. for bell-metal ware.

Delhi has a fairly good brassware indus-
try of the Moradabad type. In certain
factories, the articles are machine finished,
tinned or electroplated.

Among the States, Jaipur and Porbandar
are famous for high quality brassware. Jai-
pur is especially noted for its artware made
mainly from brass sheets, comprising trays
with arabesque designs from Indian pat-
terns, engraved vases, repousse’ work, etc.
Baroda and Kashmir also produce repousse’
articles. Brasswarc is also made in Mysore,
but the finish is not good.

Until recently, Indian brassware industry
depended solely on imported brass sheets,
and on scrap. The usc of old and broken
articles entails additional labour as they
have {o be melted to prepare ingots. There
are now a number of small rolling mills
distributed throughout India, and bigger
brassware manufacturers prepare their own
sheets and strips. Brass sheet of very good
quality is manufactured by the Indian
Copper Corpn. at Singhbhum. In 1947,
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the industry consumed 3,000 tons of brass
sheets, and it is cstimated that hereafter
the average annual consumption will be
a. 40,000 tons,

Bell-metal (Cu, 7 ; Sn, 2) is a wellknown
alloy of the bronze type. It is mostly ob-
tained by melting down broken vessels. In
Bengal, a small proportion (about 10 per
cent.) is made directly from copper and
tin. Ordinary gun-metal and bela, an
inferior bronze, are also used.

Bharan, a special kind of gun-metal, i
used only in Bengal, especially in Dacca.
It is made from brass, copper and zinc,
and is usually obtained by meclting broken
vessels. This alloy is not so malleable as
bell-metal or brass, and can be worked
only by casting. The articles manufactured
fiom it consist chielly of tumblers and cups.

Imported German silver sheets are used
mainly in Moradabad, and in Vishnupur.
Gulli, prepared by melting  cupro-nickel
scrap and zinc, in the ratioof g : 1,is used
in Moradabad for casting E. P. N. S. ware.
Bharat, an alloy used in Kashmir, is an
inferior bronze made by melting together
equal quantities of gun-metal and bela.

MANUFACGTURY,

There are two methods of manufacture
of brass and bell-metal ware : the beating
process, and the casting process. The former
is mostly done by hand, and the operations
consist of smelting, forging, hammering and
beating out in the cold, scraping, spinning
and polishing. It is used for making brass
and bell-metal ware from scrap, mainly in
Bengal. Scrap is melted in carthen crucibles.
The molten metal, after clarification with

“a little borax and salt, is poured into small
earthen pots. The resulting ingots are
repecatedly heated and hammered to proper
sizec and shapc. The pieces are finally
hand-scraped and smoothened in a wooden
lathe, and polished by rubbing with
jute fibres or coir, smeared with some
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oil, and mineral acid. Sheets are being
increasingly used for making utensils. They
are cut into pieces of proper size and shape.
These are then successively heated and
hammered to shape on an iron anvil.
The parts prepared are joined together by
soldering, or by brazing with brass. Firmer
joints are made by the usc of silver in place
of brass. Trays, plates, etc. arc made from
single pieces, and require anvils of diff>rent
shape. German silver sheets are also treated
in the same manner.

Gun-mectal and other inferior alloys con-
taining brass, copper and zinc, and which
arc not so malleable as bell-metal or brass,
are usually cast. Bharan tumblers and cups
also are cast. The cast articles are scrapzd by
means of a chisel, and polished on a lathe.

Two methods of casting are employed.
In the first, both the mould and the crucible
containing the metal are hecated together.
In the second, which is more commnn, the
molten metal is poured into the mould.
In the case of some vessels, the parts are cast
separately and then soldered. The cast
articles are then filed to remove surface
irregularities, and decfective castings are
soldered. They are finally scraped by me=ans

of chisel on an improvised lathe, and
finished.

In mechanical production, brass circles
of 20, 21, 22 S. W. G. (Cu, 70 ; Zn, 30;
arc drawn in stages according to the depth
required, followed by spinning operations in
onc or more steps, as in the case of
aluminium ware. Very few articles are
spun directly from circles. Deep pressings
arc made with intermediatc annealing.
Parts of brass utensils are joined together
by riveting or pressing. The surface is
then scraped in a lathe, or rough finished
with emery paper. This is followed by
buft polishing with abrasive soap, or burn-
ishing with a blunt tool which gives the
article smoothness and high polish.

When finishing cooking and houschold
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utensils, they are given a rough scrubbing
with a mixtwe of powdered charcoal and
tamarind pulp, or with emery paper, fol-
lowed by further beating with a small,
sharp hammer, tll the entire surface is
covered with facets for ornamental effect.
Seme articles are finished in lathes, and
polished.  Thicker vessels, and those in
which the inside is not polished. are finish-
ed by pickling with nitric acid.

Moradabad aiticles are given a final
coating of pure tin (galai work). In galai
work, the vessel is heated in a hearth, and a
piece of tin is placed on it. When it melts,
sal-ammoniac is sprinkled on it and the
molten metal is spread on the surface with
a cotton rag. During subsequent heating,
the body is completely  covered with tin,
and the coating is extremely durable. After
tinning, the vessel is washed to remove sal-
ammoniac and again heated, when the
coating hardens. It is finally rubbed with
a powder made from fragments oi old cru-
cibles, and polished with a
kurand (corundum ?) and vegetable oil, and
then with wood ash. Owing to high cost
of tin, it has been replaced, now, by an alloy
containing 1 part of tin and g parts of lead,
with consequent  deterioration in  quality
and durability.  Moradabad ware is also
increasingly clectroplated with  nickel o1
silver. These finishes, though cheaper. are
not so durable.

ARTWARL

The chief centres for brass artware are
Jaipur, Moradabad and Benares, and the
work consists ¢f two types : engraving and
embossing.  Other important centres for
artware are Kashmir, Baroda. Nasik and
Poona.

In embeossing, the design ic brought into
rclief by hammering. Hollow vessels are
filled with hot pitch cr a mixture of resin,
powdered bricks and vegetable oil, which
on cooling forms a hard core. The cutline
of the design is first chased out, and the
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mixture of

ground is gently hammered with smalliron
punches, resulting in a flat relief of the
design.  For higher relief, the operation is
repcated.  Flat articles, such as,  thalis,
trays, ctc., are fixed in pitch or gum, and
hammered. The pitch is then removed,
and the sutface polished with tamarind pulp
and water, and then with acid. Repousse’
work is a spediality of Jaipur and Benares.
At Jaipur it is often engraved, while at
Benares  the background may be plain,
frosted (rukha), cngraved, perforated, or
cut into jaliv (screen or lattice  work).
Baroda and Kashmir also make repousse’
work.

Engraved brassware is made principally
at Moradabad, Jaipur and Benare:.  The
workman, with a small mallet in onc hand,
and an iron graver in the other, works out
figures or conventional decigns of flowers,
etc., on the anticle, fixed to a lac blacking.
Other designs prevalent are jungle scenes
of animals, landscape and imagery.  These
are generally made from memory, no pat-
terns or tracings being cemploved.  For
lacquering, the veswel is warmed and the
porticns chased out are filled with coloured
lac.  Lixcess of lac is scraped ofl; and the
surface polished with kurand, oil and wood
ash, ucing felt and cloth.

At Jaipur, three styles of engraving are
done. They are known as chikan, marori,
and bidar.  Sometimes engraved and lac-
quered articles are nickel-plated.  In chikan,
the design, which is usually a bold floral
decoraticn, stand., out in relief against the
background, which is chased out and filled
with lacquer.  The flowers also may be
slightly engraved.  Maiori is very much
finer work, in which the background is
covered wth minute lacquered engravings,
somectimes circular.  In bidar work, the
entire article is covered with minute leaves
and flowers in relief against a chased back-
ground, filled with black lacquer. The
design is not so delicate as in marori work.
Occasionally Jaipur engravings are done on
silver-plated articles.
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Moradabad  brass —artware generally
consists of cast articles.  Engravings may be
plain, or of siah qalam work. In th former,
the floral pattern is engraved o incised
on a tinned article so that bra,i shines »ut
against & white background. Sometime;,
the inside of the decoration is ornamented
with frosted patterns (sumba: and indent-
ations (noki, by hammering with a steel
punch. The engraved articles ore finally
hand-polished. This type of decoration with
incised floral patterns is also engraved on
plain brass, and the articles are finally
buff polished.

Siah qalam work, similar to bidar <tvle,
is characteristic of Moradabad. In this, the
design is in reliel against a chased out back-
ground filled with black lacquer (cf. Bid-
riware). In modern work coloured lacquer
is also™used for filling the background. .\
in Jaipur artware, engravings may be of
diflerent grades of fineness, chikan ov maron.
Somctimes siait galum work is nickel or

~» Benares engravings are quite different
and arc not given any lacquering or plating.
‘The outlines of the design are chased and
the background is frosted by hammecring
with a small steel punch containing a frosted
design in relief. Now-a-days the entire
design is being made by using hammering
punches, with different designs. -

In Bengal, Khagra (engraved plates and
dishes), Ranaghat and Nabadwip in Nadia
dist., produce some artware. Brass toweis
prepared in Palong (Faridpur dist.) are in
demand for decorating pagodas in Tibet
and Burma.

In the south, the wave of Saiwivn in the
oth century gave rise to a great school of
Indian bronzes. Several images of great
artistic value, manufactured dwing this
period, are to be seen in many of the south
[ndian temples, and in the Madras Muscum.
These images were made of panchaloham
(five metals), the ingredients being copper,
silver, gold, tin and lcad. In modern
practice, many south Indian images are
made only of copper. Even now small idols
of Hindu dcities are made, cspecially at

. Perumalapalle and Tiruchanur, near Tiru-

pati  Bigger idols are rarcly cast (Narayana-
rao, Preliminary Rep. Surv. Cottage Industr,
Chittoor Dist., 1029, 25].

The image is first modelled in wax which
is wrapped in a thick coating of soft clay,
held in position by wires. The wax model
is then melted away leaving a * hollow ’ into
which the alloy is poured. After the motal
has cooled and vet, the’ mud wrapper is
removed and the figure is then chased and
chiselled. Formerly images were also made
at Poona, Nasik, Vizagapatam and.in
Malabar.

VALUE OF EXPORTS OF INDIAN ARTWARE

BRONZFE AND BRASSWARE
Lakhs of
Do e e g— Rs. _
'37 .. . . .e .o 111
38 . .. . . V. 1.46
39 0.79
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BRICKS

Bricks are produced in almost all towns
and villages in India, and organized brick
fields are found in the neighbourhood of
large cities. Refractory bricks, a special
class ofbricks, are included under Refrac-
tories (q. v.).

Bricks are made of carth or natural clay,
which should be sufficiently plastic, and
should not shrink, crack or warp during
drying and burning. Iron oxide in the
clay is responsible for the characteristic red
colour of bricks, and excess of it gives them
a bluish black colour. The propertics of
carth for brick making may be modified
by the addition of sand, chalk, etc. Sand
prevents cracking, shrinking and warping.
Lime in small quantities is essential for
tluxing, but is frequently a serious impurity.
Too much of it will change the colour to
cream or white, and thc bricks will crumble
to pieces due to slaking.  Magnesia also
acts as a flux and changes the colour to
vellow. Grit and 2¢h talkaline cfllorescences
ficm soil) should not be present. The
average compesition of good brick-earth
is : alumina, 25 ; silica, 55; lime, iron oxide,
magnesia, etc., 20 per cent.

Three diflerent types of clays are used :
a) strong or fat clays, (b) loams or sandy
clays, (¢) marls or calcarcous clays. Clays
of the first type arc highly plastic and
tough, and are used with small additions of
sear.d ot loam. Loam consisting of not more
than 25 per cent. of free sand and a small
quantity of lime form good brick-earths.
Marls also make good bricks, and are
gcnerally used alone or with small additions
of sand.

For pieparing bricks, the clay is mixed
with water, and tempered to a homogen-
eous plastic mass by turning it up repcated-
ly with shovels, and treading it. In large-
scale production tempering is carried out
in pug mills. The preparcd clay is allowed
to dry gradually under cover of mats,

Bricks are made from prepared clay by
moulding, pressing or extruding. Sand-
moulding is the usual practice in India. In
this, 2 wooden or iron mould is used, slightly
larger in size than thc finished brick, and
which allows for shrinkage in drying and
burning. The mould is sprinkled with sand
each time before moiildifig to obtain cleaner
and sharper products. A moulder is capable
of turning out 600-1,000 bricks pzr diy.
Bricks are made by the slep-moulding me-
thod in which the mould is dipped in water,
from time to time, to prevent clay from
adhering to it. The moulded bricks are
dried by placing them on their edgss side
by side, and subscquently stacking th2m in
rows, in the open, for 3-8 days. Tais makes
them suflicientlv hard for handlinz.

A pug mill and an extrusion machine
arc used in making wire-cut bricks. An
improved device for making these bricks
is the Auger machine. ‘The pugged clwy
passes through a pair of expression rollers
which forces it through a die, and the ex-
truded clay column is cut transversely into
bricks bv a series of wires fixed in a fram:,
Wire-cut bricks arc smooth, perfect in form,
dense, and of good quality. These bricks
require careful dryving in order to preveat
cracking, and are usuallv burnt in conti-
nuous kilns.

The dried bricks ar¢ next burnt in
kilns. During burning, the high tempcra-
turc (875-1015") of the kiln eliminates
chemically combined water from  bricks,
and causcs the oxides present to combinc
into easily fusible glasses, which bond the
material and increase its strength.

Diflerent types of kilns are in use, viz.,
the Indian clamp or pazawah, overground
kilns, and underground kilns. The [ndian
clamp is generally used in villages or small
towns for small scale production. It con-
sists of alternate layers of fuel and 4 or 5
rows of bricks arranged on a sloping floor
of trapezoidal shape, the proportion of fuel
gradually diminishing towards the top. It
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is ignited at the bottom while it is still being
built up, and when completed, is covered
with mud for preventing loss of heat. After
burning, the bricks are removed, when the
kiln cools down. The process is slow re-
quiring 2-6 months. The bricks produced
vary greatly in shape, but due to slow cool-
ing they arc tougher. The yield of
good bricks is about 6o per cent. The
initial cost is the lowest and any fuel
may be used, but the firing cannot be
regulated.

Different  varieties of  overground kilns
are in use, but the best known variety is
the Allahabad flame kiln. This is a walled
enclosure without roof, generally 44’ long,
18’ wide, and 12" high (inside). Bricks
arc stacked in parallel rows with flues for
fuel.  'They are burnt for about 3-4 days,
after which all the holes are closed, and

the kiln allowed to cool for about 8-10 days.

The Allahabad kilnic more eflicient than
the Indian clamp, but its initial cost is
higher. It allows fire regulation, and the
usc of comparatively moist bricks. Wood
and coal are used ar fuel. Some heat is
wasted from the top. Cooling is more rapid
and the bricks produced are compara-
tively brittle. The  yield is higher and
the percentage of superior bricks obtained
is ahout 70.

Underground kiln, such as Bull’s trench
kiln, is an oval trench dug in the ground,
and is widely used for laige continuous
production. It is cheap and cflicient, as
waste heat is utilized to warm and dry the
bricks prior to burning, and the heating is
easily regulated. Bricks are tacked in

“sections with flues for fuel. FEach section,
after loading, is covered with mud.
Waste heat from a burning section is utilized
for the preliminary hecating of bricks in the
next section. Burning takes about 24 hrs.
after which the flue holes arc closed, and
the burnt bricks arc allowed to cool for
about 12 days. The yield of superior bricks
is as high as go per cent., but the bricks
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are liable to be brittle owing to rapid
cooling.

This type of kiln ensures a continuous
supply of bricks. While finished bricks are
being removed from the rear, those in centre
are being burnt, and those in frontare bzing
dried. A kiln, about 200’ long, and 15’
wide, produces 5-6 lakhs of bricks in g
months. Under average conditions in the
U. P, about 15 tons of Jharia coal are us=«
for 1 lakh of bricks of ¢” length. The quality
of bricks depends on their position in the
kiln. * Body " or * cheiry * bricks, obtained
from the interion, are the boest

Burnt bricks we divided inwo  three
classes. .\ brick of the first class is sound,
thoroughty  burnt without being vitrifizd
and of unifcrm gootd colour, shape and size.
1t is homogencous in texiure, and has sharp
cdges and parallel faces.  When struck, it
gives a clear ringing sound, and when im-
mersed in water for 16 hrs., it absorbs
not moie than one-sixth its weight  of
watet. .\ brick of the sccond class s
also fairly well-burnt, but is som:what
uneven in shape and is partly vitrifizd.
Under-burnt o1 over-burnt bricks fyrm the
third class. The tormer are yellowish and
soft, and the latter irregular in shapz, dark
coloured and brittle.

The usual sizes of bricks ave : 1

21" (old Indian bricks), 10"
-usual Bengal bricks), 1" | 43
Bengal P. W. D. specif.), 93" X
3" (Madras P. W. D. specif.), 9" X 41"

21" (Northern Indian P. W, D. specif.).
The width of a brick is abyut }” less than
hall of its length, so that one brick
when laid lengthwise will just cover two
bricks laid crosswise, with a filling of mortar
between then.

Hollow bricks are light (about 11 per
cent. lighter than ordinary bricks) and
afford better insulation against sound, heat
and cold. 'They may be made in any brick
factory worked by power, and are manu-
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factured in three sizes 9" ST A 4
9" X 53" v 23", and " - 6} - 3§
They are mainly used to wpl.l( e reinforced
(‘oncrctc in roof construction. Roof slabs
fabricated on the ground arc hoisted into
position, saving the costly centering and
some cement and steel. The weights of
hollow brick roofing, Jack-arch roofing and
reinforced concrete roofing are in the ratio :

66 : 100-125 * 70-75

Ordinary  bricks  ¢” s ad”
cost Rs. 30 ; wire-cut bricks  ¢” 13"
3"), Rs. 100: and hollow bricks. Rs. 120

per thousand .1947'. The high prices of
the two latter prevent their extensive use,

bricks, jamb
are made in special

Paving  bricks, bevelled
bricks, arch bricks, e,
sizes and shapes

There s a small export of ordinary bricks
to Cevlon and Burma.  About 66.4 lakhs
of bricks worth Rs. 2.2 lakhs were exported
during "44-45.

BROMINE AND BROMIDES

Biomine is a dark raddish-brown tunming,
liquid sp. @i, 3.195 h. p., 50", slighthy
soluble in water 3.2 . in 100 g. 20", but
more soluble in Chlm()fmm cther  aund
alcobol. It resembles chlorne inits chemical
propertics, aud is a powaful disinfectant.
Liquid bromince causes severe burns when it
comes into contact with the <kin, and its
vapours are lighly corrosive and peisonous.
It attacks organic matter and may some-
umes cause fires. It is stored in glass o
carthenware hottles.

In cases of bromine poisoning, milk,
white of egg, or stmch mucilage should be
administered.

The largeost use of bromine now i« for
the preparation of cthylene bromide for
anti-knock petrol, to prevent the deposition
of Icad 1w motor cylinders. Bromine is the
starting material for the preparation of
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bromides, uscd in medicine, and photo-
graphy. It is also used in the preparation
of some dyes and drugs. When mixed with
kieselguhr, it yields a solid disinfectant.
Bromine is a constituent of certain pmmn
gases and tear gasces.

The chief sourceg of bromine are sca-
water, brines and bitterns, and the natural
(lcpmm of potassium salts. In these, it is
present in very small quantities in  the
combined state.  Sca-water contains 66
parts per million (0.0066 per cent.) of
hromine, and in ’33, the Dow Chemical Co.
U. 5. A, developed a process for its re-
covery (Industr. Engng. Chem., 1036, 26,
361 ;. Lar ge quantities of bromine are now
being produced both from the sea and from
the salt lakes. The Ul S AL is now the
werld's largest producer (102 million 1b.
in "qq), and uses the entire output for the
manufacture of ethvlene bromide,

The other prominent bromine-producing
countries are Germany, France and Pales-
tine, and the production of each was over 1
million pounds in ’38. In Germany and
I'rance, bromine is recovered from mother
liquers left after the extraction of potas-
sium salts from potash deposits (Stassfurt
and Alsace).  These contain about .25
per cent. of bromine in the form of mag-
nesium bromide.  In Palestine, bromine is
prepared from bitterns (Bry 1.4 per cent.)
left after the separation of common salt and
potassium chloride from  the Dead  Sea
Armstrong & Mall, 61,

In the Dow process, chlorme is used to
displace bromine from the bromides in sca-
water.  This bromine is blown out of solu-
tion by a current of ain and abcorbed in a
solution of soda ash

3Na, (O,

3B, 5 NaBr ; NaBrO, |

3CQO,.

The bromide-bromate liquor is then treated
with sulphuric acid and the liberated bro-
mine is separated by stcam, and condensed
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to yicld pure liquid bromine. 1In the case of
bitterns, they are pre-heated and sprayed
from the top of a specially designed granite
tower, in which they come into intimate
contact with a counter-current of chlorine.
Steam is blown from the bottom of the
tower, and the displaced bromine passes
along with the cxit vapours at the
top and is condensed into liquid bromine
in tantalum lined coils or stoncware coils.
Uncondensed vapours are absorbed in a
column containing iron filings, forming
ferroso-ferric bromide, Fe Br, .

The bromine obtained (cntains small
amounts of dissclved and combined chlorine,
and is rectificd in special  carthenware
columns. It is warhed with conc. sulphuric
acid and subscquently with water, to vield
chemically pure bromine.

The chief difliculty in the manufiac-
ture of bromine is the highly «corrosive
naturc of the clement, which necessitates
the use of inactive materials like stone-
ware, glasy, ete. for plant  construction.
Tantalum  condensers  are sometimes
employed, but not gencrally on acccunt
of their cost.

Messis, ‘Tata Chemicals, in "43, began
the production of bromine from conc. bit-
terns (35°Be’.) cobtained at their salt works
at  Okbhamandal, with a plant capa-
city, 1,100 Ib. of biomine per day /. s,
mdustr.  Res., 1946, 5, =214).  During
the recovery «f salts from bitterns, imme-
diately after the separation ¢f Epsom salt,
the residual liquor is processed for the re-
covery of bromine (yield, 45 Ib. of bromine
from 1,000 gal. of bittern of 35°Be’.). The
plant is opcrated only during the dry season,
and most of the bromine produced is con-
verted into potassium bromide, there being

“wvery little demand in India for elementars
bromine.

7

The Pioncer Maguesia Works have re-
cently erected a small plant of capacity
100 lb. per day 10 recover bromine
from Kharagoda bitterns, which contains
0.35-0.50 per cent. of bromine (Kane and
Mata Prasad, .J. si. indwtr. Res., 1043, 1,
102 5 vide also ‘Thorpe, IT 108) ’

BROXMIIDES

The bromides are salts of hydiobromic
acid, which is foumed when hydrozen and
bromine vapours are pasied over heated
platinum or by the action of bromine on
moi<t red pho<phorue

a
“

P Br, 3H.,O H,PO, 3HBr .

t

‘The bromides of potassium and sodium are
used in medicine as s~datives, an:l in pian.o-
graphy. They occur cither as  coleurles
crvstals or crystalline powders, readily sulubje
in water. The solutions have a strong saline
taste.  Sodium  bromide readily ab:orb,
moisture from the air, while potassium
bromide is only slighthy hygroscopic.

These bromides are prepared by treating
an aqueous solution of iron bromide with
the requisite quantity of alkali carbenate.
Afier filtering off the precipitated iron car-
honate. the salts are recovered from solution
and purified by 1ecrvstallization. Potassium
bromide is vlse prepared by adding o slight
excess of bromine to a hot c2n-. s9lution of
hydroaide, when o mixture of biomide and
biomate i« formed. Tae solution is eva-
porated to driness, and th*residue is mixed
with charcoal and heated to redness, to
reduce the biomate 1 bromide. Oa cool-
ing, the salt ic extracted with water and
recrvstaliized.

Powasium bromide ot B.P. quality (KBr,
99 per cent.dis being prodaced by Moessrs.
Fata Chemicals, and the annual consump-
tion cf bromides in India is estimated at
1R0 tons.

3
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IMPORTS OF- BROMINE AND
POUNDS INTO INDIA

ITS COM-

i
Bromine, bromides

Bromides from the and bromates from

U, K.* the U. S. A.t
! f
! (iwt. L Cwit. N
“jo 942 1,914 |
1 316 psir | 2,02 30,627
'42 886 14,057 n. a. n. a.
+3 37 786 13y 1992
14 148 3,162 | O 256
15 ‘ 37 5690 n, a. noa

* Ty U. K. I+ For. Comm, and Na.ig 17§
BRUSHES AND BROOMS

Brushes were being manufactured in
India on a small scale before the last War.
The industry is Jocalized in Cawnporc,
Bareilly and Agra in the U. P., the chief
supply centres for bristles. The largest
factory is that of Messrs. Brushware Ltd.,
Cawnpore, which turns out the major por-
tion of brushes manufactured in India.

Brush-making concerns are also established
in Bombay, Calcutta, Delhi, etc. Bombay
factories produce mainly textile brushes.
Messrs. Aspinwall & Co. have a factory at
Colachal (Travancore) producing fibre
brushes. Brush-making is also a cottage
industry, but the products are in-
ferior to factory-made brushes and fetch a
lower price. Large quantities of home-made

brushes were supplied to the army during
the War.

[
-

A typical brush consists of a wooden
‘stock” or ‘board’ to which the filling
material i¢ fixed, with a ‘back’ covering its
upper side. Usually a handle is also pro-
vided. The chief raw materials used in
brush manufacture are filling materials
(vide infra) and wood to hold them.

The principal filling materials arc bristles,
vegetable fibres and wire.  The choice
depends upon the purpose for which the
brush is intended. Indian bristles arc ex-
tensively used in brush-making, and large
quantitics are exported to the London

market. Among vegetable fibres bassine,
coir and kittool are used for making
brushes and brcoms, generally ds sub-

stitute for Mexican fibre, bass and whisk.
Steel wire for brush-making is imported.

Filling materials

Bristles—
Dressed

* Shorts’

* Riflings’

* Darjeeling * bristles
¢ China ’

Synthetic bristles Imported.

Particuloars

Small quantities imported from China.

Types of brushes

Personal brushes (for  clothes,
hair, shaving, etc.), paint and
varnish brushes, sash tools, tar
brushes, and certain indus-
trial brushes

Cheaper brushes

Button brushes.
Sash tools.
Flat varnish, and shaving brushes.

Nail and tool brushes, and some
types of industrial brushes.
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Filling materials

Hair—

Horse hair

Goat hair

Camel hair

Sable hair

Badger hair
Vegetable fibres-
Bassine

* Coir

Kittool

Mexican fibre, Istle o
pico

Pirassava or bass

Whisk (Rice rout, Broom root)
. Wire—

Tempered steel wire

Brass wire .. .. ..

Phosphor-bronze wire

I'an-

Particulars

Tail hair. Lacks strength, toughess and
wearing qualities. Generally used in
admixture with bristles.

Very rough. Obtained from Afghani-
stan. Indigenous variety too harsh.

‘T.:il hair of a species of Russiansquirrel.
Very soft and tough. Also the fine
woolly hair from tae neck and back
of the camel. Kashmir squirrcl
hair used as substitute during the
War.

Reddish yellow hair from the tail of a
Siberian weasel-like animal. It is
soft and highly durable.

Long, tough and coarse. Tt i« not much

wsed in India.

From the leaf stalk of palmyra palm
(Borassus flabellifer).

From the husks of coconuts
mucifera). Coarse and strong.

(Cocos

From the base of the leaf stalks of the
Indian Sago palm (Caryota wrens).
Smooth lustrous strands, strong and
clastic.

From Agava lecheguilla Torr. and other

Mexican agaves. Also from Yucca aus-
tralis Trel. Wears well in water, Used
as substitute for bristles, Mixed
with Bahia bass or bassinc to form
* Union fibre * which has good stiff-
Nnes».

From certain palis of South America
and Africa, Bahia bass of Brazil from
Attalea funifera Mart. Strong and re-
silient fibre.

Mexican whisk from Epicampes macrouia
Benth,  Also from a few other Gra-
minac,

During the War M. S. wire flat, 16 X 24
S. W.G., or 18 S. W. G. round used
as substitute.

Round and crimped wire,

Types of brushes

Shoe and leather brushes for the
army, banisters and brooms,
etc.

Lacquer brushes, brushes for
metal and leather trades.

Water-colour brushes.

Artists’ brushes.

Shaving and varnish brushes.

Coarse brushes and brooms. Used
as substitute for Bahia bass.
Brooms and coarse brushes.
During the War used in place
of Mexican fibre for making
scrubbing and white washing
brushes, and in place of bristle
for sweeping, tar and harness
brushes.

Soft brooms and brushes. Used
as substitute for Bahia bass

Wet brushes (white-wash, nail,
bath and dog brushe,) and
brooms. * Union fibre ° for
scrubbing brushes,

Generally  for hard  biushes,
brooms and banisters, drain
and cask cleaning brushes.

Dandy brushes, banisters, in-
dustrial brushes and certain
brooms.

Moetal cleaning brushes (foundry,
condenser and boiler tube
cleaning, scraping paint, etc.).

Circular wheel and plate clean--
ing brushes,
Scrubbing brushes.
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The wood used in brush-making should
be of medium hardness, close-textured, free
from knots, and not liable to split or crack.
For 1oilet brushes, woods of attractive grain
and celour are prefeived.  Mitragyna parii-
Jolia \kaim), Dalbeigia latifolia (rosewood),
Chlorovylon secictenia satinwood), and  Divs-
pos chenum ebony) are good for toilet
brushes.  Millingtonia hortensis (nim-chambelr ),
Hymenodictyon  xeclsum  huthany  and - Cedrus
deodara (deodary are used tor ordinary house-
hold brushes and brooms ; and Mangifera
indica imangos tor road-sweeping and drain-
cleaning brushes. Lannca grandiy | ihinganihas
bean used for army brushes, but is expensive
in comersion Clrottary 1940, 173 3 1944,
169).  Aluminium, silver, ivory, cclluloid
and plastics e also used as substitutes for
wocd in making  toilet brushes,

Other  1aw materials  requited  are
md tallic ferrules, rubber solution and brush-
making pitch for cementing, wire for tying
the wifts in wire-drawing, nails, sciews,
pins, and glue for secuting the backs of the
brushes, flax twine for bridling, and varnish
and polish.

Most Indian brushes are hand-made,
and are cither * pan-sct * or * wire-drawn ’.
The working qualities of a brush depend
upon the pattern of holes employed. This
may be ‘open’, ‘medium’, or " close.” Brist-
les for personal brushes are invariably
sterilized.

There are thiee kinds of  * pan-set’
brushes. In some, holes are first drilled into
the stock to the required depth and pattern.
The f(lling material is divided into knots,
and glued to the holes by means of pitch.
The brush is then trimmed, the stock sand-
apered and varnished. The most common
brushes of this type are bass brooms, hair
brooms and bamnister brushes.  In another
type, the brush consists of a metal ferrule
with the handle at one end, and the filling
material at the other. ‘The base of the
filling matcrial is tied together, dipped in
pitch, spread evenly round the peg at one
end of the handle, and tied. The ferrule is

then placed in position and clinched. No
ferrules are nccessary in brushes in which
the base of the filling material is ticd with
copper wire. lor ‘pan-set’ brushes, with-
out pegs in the handles, the filling material
after being dipped into pitch is arranged in
the fertule and reinforced by means of pins
before it dries hard.  Alternatively, the
filling material may be inserted. into the
ferrule first, and the sctting composition
poured in at the opposite end of the ferrule,
and rcinforced by pins before it sets. The
handle is then inserted into the ferrule, and
secured by means of pins,

In wire-drawn brushes  (hair  brushes,
cloth brushes, shoe brushes, scrubbing brush-
es, cte.), the back consists of two parts, the
*stock ” or * board,” centaining heles for the
tufts, and the *back’ which is glued to the
outside of the stock. Scveral holes are bored
through the stock to receive the tufts. These
holes arc of smailer bore after a certain
depth. The knot is doubled through a wire
loop coming from the smaller end of cach
hole. It is pulled through the larger end
and fixed firmly by tightening the loop.
Mter filling al' the holes and trimming the
tufts, the back is glued and pinned, and the
brush is finished.

Slogging machines are mainly used for
making personal brushes. 'They drill holes
of the required depth and pattern into the
solid back, push in the knots, and securc
them by staples, but there arc very few in
India. In twisted wire handle brushes,
wire of proper gauge is doubled and held
between two vices, one of which is frec to
revolve. The filling is inserted evenly bet-
ween the wires and the free end is rotated
until the filling is fixed in the' twists of the
wire, and then trimmed.

Brushes of various kinds are manufac-
tured in India. The chief of thesc are : (a)
personal brushes, such as shaving, cloth and
nail brushes; () paintand varnish brushes,
sash tools, stencil brushes, ta1 brushes, and
brushes for cleaning metals ; (¢) commercial
brushes ; banisters and brooms, drain clean-
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ing, and scrubbing brushes, brushes for white-
wash, bottle cleaning and cask washing ;
(d) miscellancous brushes, horse  brushes,
brushes for saddlery, leather, cte. ()lhm
varicetics, such as toolh brushes, toilet brush-
-8, laquer brushes, and writing brushes are
imported. During the Wai the manufac-
ture of spedial types, such as wiiting brushes,
and brushes for welding and aluminium
soldering sets, was developed in India.

The army is the largest consumer of
brushes in India. Next in importance are the
railways and certain industries, c.g., textile
and lcather industries. Thete was very great
expansion in brush manufacture during the
War, and large orders were placed by the
Government for shaving brushes, boot brushes
and hair brushes.  Messrs, Brushware Litd.,
wlm manufactured 1.39 lakh nt brushes in
37, produced 53.5 lakhs in ’{2, ol which
50 lakhs were for the army. In India,
the consumption of raw materials in brush-
making in 2, is estimated to hive been :

bristles, 164, tons 5 hair, 3.5 tons; fibre,
11.25 tons ; wire, 16.5 tons; and wonl,
26111 cft. OF thw- 1.25 tons ol wire

and 12 tons of China biistes were import-
ed  (Thomas, Rep.  Develop.  Industr.
War Supplies, 1914, 77 . After the War,
production has shiunk considerably-.

In the quinquennium ending "36-30,
paint and vainish brushes were imported
principally from Germanyv 46 per cent.)

and U, K. 135 per cent.) ; wilet brushes
from Japan 59 per cento, UL K. (22 per

cent.) and Germany .14 per cent.) 5 and
other bruches fiom Japan 6o per cent.:,
U. K. (20 per cento. and Germany (15
per cent.:. Imports of brooms into India
are veny .small. The trade in brooms was
almost entirely between Burma  and the
Straits Settlements.  While many varieties
of industrial brushes. and paint and varnish
brushes are now manufactured in India,
large quantities cf toilet brushes, and brushes
for special purposes continue to he imported.

ANNUAL INPORTS OF BRUSHWARE AND BROOMS INTO INDIA

(Qiv. and val,

in thousands;

Paint and

1

. varnish Toilet bhrushes  Other brashes Brooms Total
brushes 1'

Dozs.  Rs. Doz Rs. Doss. R, Doz, Rs, Doss.  Rs.

In quinquennium end- | :

ing ' : '
3334 79 237 1 279 S5 172 373 b1 37 591 I, 190
© 48439 .97 270 | 358 507 282 316 10 24 7577 1.407
13-t ! 39 278 176 474 93 350 0.7 6 309 1,117
In ’44-45 , 12 190 185 1,232 ' 25 145 0.6 222 1,568
"45-46 21 381 197 1,519 25 274 0.5 :' 243 2,175
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BUTTON INDUSTRY

Buttons are generally made from horns,
bones, mother-of-pear], metal or from syn-
thetic materials like celluloid, casein plas-
tics, etc. In India, no scrious attempt to
staxt a button industry was made till 1910,
when the swadesht movement led to the
starting of the manufacture of mother-ct-
pearl and horn buttons in Bengal. In recent
vears, metal buttons (brass, iron, alumini-
um, etc.), arc manufactured on an extensive
scale in several provinces.

MOTHER-OF-PEARIL. BU'TTONS

Mother-of-pcarl  buttons are manufac-
tured mainly in Dacca and Tippera districts
in Bengal. This cottage industry gives
cmployment to nearly 3,000 persons. Bengal
produces annually about Rs. 8-g lakhs worth
of these buttonr (Rep. Button Industr.
Bengal, Dep. Industr., Bengal, Bull. No. 93,

1040, 3).

For these buttons, mussel shells are col-
lected from river banks and river beds in
castern and northern Bengal. They are
cut into pieces 1-11”7 square, the edges
trimmed and finally rounded off on a grind-
stone. Holes are then drilled, and the
smoothcning and polishing arc geneally
left to women and children. Only simpie
implements like cut’ing «pliers, hand drill,
ordinary files and hand driven grind-stone
are used. This crude technique leads to
lack of uniformity both in size and finish.
Indian fresh-water shells arc not usually
perfectly white like sea-shells used by thce
Japanese. Hence Indian mother-of-pearl
buttons suffer in comparison with those
imported from Japan.

HORN BUTTONS

In Bengal, the manufacture of horn
buttons which began during the first World
War, is concentrated in the City of Dacca
and gives employment to about 700 people
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(Draft Rep. Surv. Horn. Industr. Bengal,
1939).

Buffalo horns obtained mainly from
Madras and Assam arc used as raw materials.
Only simple tools like a saw, a file, a knife
and a lathe are used. The solid portion of
the horn is chiselled off to give it a cylindrical
shape and is attached to an improvised lathe.
Buttons are cut out by a chisel, which
also gives them a polish, and holes are
drilled by a bow-drill. In spite of the crude
technique employed, the buttons turned
out are fairlv uniform "and display a good
polish.

The price of horn varies considerably
depending upon colour and quality. The
button industry in Bengal consumes annually
about 1,400 md. of buffalo horn worth
Rs. 35,000 (1939). It is estimated that
Rs. 80,000 worth of horn buttons are pro-
duced annually. Dacca horn buttons are
exported to other Indian provinces and
even to Burma and East Africa.

Horn buttons are 1aanufactured on a
small scale in Ratnagiri dist. in Bombay.
the buffalo horns being obtained from
Karwar, Mangalore, and Bombay.

Buttons ate manufactured in a similar
manner from bones. Such buttons can
compete with cheap imported buttons made
from synthetic materials. During the War,
the Army alsc used horn or bone bu‘tons
and had to accept nut and coconut shell
buttons as substitutes. Two -firms in the
Punjab, Messrs. Janda Manufacturing Co.,
Lahore, and International Manufacturing
Co., Lahore, produced about 150,000 gross
of buttons at the low price of Re. 1 per gross.
The shells of Indian coconuts cannot be
used for buttens of bigger sizes, and East
African nuts werc imported for the produc-
tion of sizes above }” in diam. (Thomas,
Rep. Develop. Industr. War Supplies,

1044, 80).



BUTTON INDUSTRY

METAL BUTTONS

Many types of metal buttons are made
in India, e.g., tin and aluminium buttons
for shirts, galvanized iron buttons for shirts
and pants, brass buttons for coats and shirts,
spring buttons, shirt studs and links, motor-
hood buttons, buttons for purses and leather
bags. The industry, established in Hydera-
bad State about 30 years ago, is concen-
trated in the city of Hyderabad. Here the
factories specialize in the manufacture of
ornamental buttons (cuft’ links, sherwwani
sets, shirt sets, etc.).

Brass sheets are utilized in the manufac-
ture of cheaper types of buttons and German
silver for the superior types. They are passed
through a cutting machine, cut to proper
sizes and the design imprinted. The cavities
of the designs are then filled by lacquer
colours of different shades. They are finally
polished and mounted on cardboard
pieces for the market. The crinoid (a
casein plastic) is used in the fixing of brass
rings. Onec factory is equipped with plant
required for enamelling (Director, Comm. &
Industr. Dep., Hyderabad, Deccan, 1944).

Nearly 3,000 men are employed in this
industry in Hyderabad, and the value
of thc annual production of button
amounts to approximately Rs. 5,00,000.
The following table gives the output in
numbers (1937) of two factories working in
Hyderabad (Adm. Rep. Comm. & Indust.
Dep. Nizam’s Dom., 1937).

good demand for them in Burma, Ceylon,
Africa, cic.

Aluminium buttons are manufactured in
Agra, and Ratnagiri. For these aluminium
sheets and castings arec obtained from
Bombay.

In Delhi, buttons are also made from tin,
galvanized iron sheets and brass sheets.
For ordinary buttons, sheets of 22, 24 and
26 gauges arc used and for buttons of heavy
quality, 20 gauge sheet. During the War,
a number of concerns were started in Delhi
and the Punjab for making tin and G. 1.
buttons which involves only the cutting of
thin sheets, pitching, hole making and polish-
ing. A unit of 3 men daily produces g great
gross, single layer G. I. buttons. There was a
Jarge production of G. L. buttons for the use
of military personnel, since the Supply Dep.
was requiring about 2-3 lakh gross G. L
buttons cvery month.  Double layer tin
shirt buttons are made from shects of 28 and
g0 gauges. The manufacture involves 7
stages and a unit of 7 workers can produce
13 great gross buttons daily.

Owing to the high price of press buttons
during the War their manufacture was
started in ’43, and by the beginning of
'45, there were 25 establishments wurﬁing
at full pressure in Delhi alone. Owing to
the very low quality of thesc buttons,
almost cvery factory closed down by the
middlc of June, ’45.

Sherwani

Shirt

Cuff ! Gulla Military

. sets sets links | huttons stars Badges
i |
| y

'The Deccan Factory . 28,188 48,662 136,000 4,736 1 2,000

'The Hyderabad Button Factory 447,817 20,127 143,158 2,600

Hyderabad buttons are sold all over
India. Before the War started, there was
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Different t)}gcs of dress buttons of biass,
aluminium or Geiman silver, are also made
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i some of the factories. Cloth buttons are AVERAGE ANNUAL IMPORTS OF BUI'I'ONS

produced on a small scale in Bombay and INTO INDIA®

the U. P. Fancy buttons of conch shells are (Val. in lakhs of Rs.)
manufactured in limited quantities in

Bengal and Travancore. Ivory buttons Metal Other
arc also manufactured to meet the buttons | sorts

requirements of occasional customers. Small =~ _ _ _ L
scalc production of cclluloid buttons has | . : : |
. n quinquennium ending— !

been undertaken in Bengal. |
3994 .. . v 8.43 13.10
Metal buttons were mostly imported
from Germany and Czechoslovakia (42 and

"38-39 8.9¢ i 13.60

N
-
()

37 per cent, 1cspectively) during the "43-44 549
quinquennium ending ’38-39.  Japan mo- _— .
nopolized the Indian market for other sorts In"44-45 009 273
of buttons (67.4 per cent. during thc same | 4546 .. L . 2.24 | 10.55

period). |
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