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TOMORROW'S INSTRUMENTS TODAY 

AVAILABLE FROM IMMEDIA Tf. STOCKS 

HIGH VACUUM PUMPS 
1. CENCO HYVAC Oil Rotary Type 

(Central ScientiFic Co., U.S.A.) 

Ultimate Vacuum O·OOlm. Speed 10 Litres per minute 

2. METAL BOOSTER PUMPS 
~ore Pressure 0·50m.m.; Ultimate Vacuum 10-2 m.m. 

Speed 15 Litres .per Second at 10-2 m.m. 

3. GLASS THREE STAGE FRACTIONATING PUMPS 
~ore Pressure 0'10 ' m.m .; Ultimate Vacuum 5 x 10'8 m.m. 

Speed ~ '5 Litres Per Second at 10-4 m.m. 

4. GLASS METAL DIFFUSION PUM PS 
f 

~ore Pressure 0·15m.m.; Ultimate Vacuum I x 10-.5 m.m. 

Speed 220 Litres Per Second at 10-4 m.m. 

5. METAL FRACTIONATING PUMPS 
~ore Pressure O·075m.m,'; Ultimate Vacuum 5 x 10- 7 m.m. 

Speed 240 Litres Per Second at 10-4 m.m. 

6. VACUUM GAUGES 
(a) Pirani Gauge, Type PG-IA. Readj ng 0 ·02m.m. 

(b) Ionization Gauge Type VG-IA. 

7. PUMP OILS 
(a) Amoil-S (b) Octoil- S 

8. VACUUM GREASES 
(a) Celvacene Light (b) Celvacene Heavy 

RAJ-DER-KAR 6- CO., 
HORNBY ROAD, FORT, BOMBAY. 

GRAMS: "TECHLAB" PHONE: 27304 
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ORGANIC AND INORGANIC 

FINE CHEMICALS 

• 
• ANALAR ' REAGENTS 

• 
ADSORPTION, OX·IDATION

REDUCTION & pH INDICATORS 

• 

LABORATORY CHEMICALS & REAGENTS 

MICROSC0PICALSTAINS AND 

STAINING SOLUTIONS 

• 
Their exceptional reliability and high standard 

of quality are recogniseQ throughout the world. 
MICRO-ANALYTICAL REAGENTS 

• 

THE 
POOLE 

BRITISH 

REAGENTS FOR CLINICAL 

ANALYSIS 

• 
FINE CHEMICALS for INDUSTRY 

D R U GH 0 USE S LTD. 
B.D.H. LABORATORY CHEMICALS GROUP ENGLAND 

Distr ibuted in India by : THE BRITISH DRUG HOUSES LTD. (Incorporated in England) Post Box 1341 BombayNo.1 

COOPER, CONNELL (, CLIFFORD, LTD. 
(WORKS ESTABLISHED 1928) 

-= N GIN E E R S AN D F OU N D E R S - . 

LAL CHIMNEY LAMINGTON ROAD BOMBAY II 

ION GO VERN .WENT. RAILWAYS AND MUNICIPAL LIST) 

We undertake all Classes 01 the following work: 

Casting Ferrous and Non-Ferrous Metals,lStructural,' Welding. etc. 

SPECIALITIES:-Manufadure of Chemical Plants and Machinery, and ACID AND 
ALKALI RESISTANT CASTINGS, OIL PAINT MIXERS, FOOD PROCES

SING MAC~INES, DISTILLATION PLANTS, STAINLESS STEEL AND 
MONEL METAL PLANTS 'AND VESSELS, VEGETABLE G~EE 

PLANTS, DRY MIXERS, FILTERING MAC~INES, · 5TORAGE 
TANKS, LEAD LINING 

We solicit your enquiries on Chemical Plant problems for our 
consulting Chemical Engineers, without any obligation for you 



vii 

COUNCil OF SCIENTIFIC 
& 

INDUSTR 'IAl RESEARCH 
.,. 

'The Council invite applications from candidates possEssing 

high scientific qualifications for the following posts in 

the Fuel Research Institute at Dhanbad. 

Senior Scientific Officers. 

JuDAor .Scientific Officers. 

Scientific .Assistants 

3 posts Its. 350-25-550-30-700, 

9 posts II 250-25-400-450-450-500. 

15 posts II 150-10-300-20-400. 

The Council propose to make a selection of staff at this stage 

and to offer appointments as the laboratory develops. 

It may be necessary to depute selected 

candidates for training abroad in 

certail} specialised work. 

Forms of application and 'other 

particulars may be obtained from the 

Office of the Secretary, Council of Scientific and 

Industrial Research, P. Block, Raisina Road, New Delhi. 

Applications must be submitted before 31st December, 1947. 



viii 

PHILIPS 
ELECTRONIC .. RAY OSCILLOGRAPHS 

Various types of Oscillographs for L.F. as well as for H.F. research. 

HIGH SENSITIVITY· FULLY TROPICPROOF -
Phi/ips Oscil/ogrlJphs can be used on A.C. mains between 100 lJnd 250 volts, 40.100 cIs. 

o FOR FULL TECHNICAL DETAILS AND PRICES APPLY TO ,_ 

PHILIPS ELECTRICAL CO., (INDIA ) LTD. 
PHILIPS HOUSE, HEYSHAM ROAD, CALCUTTA 

FREE : " ELECTRONIC MEASURING" -a p.riodical dealing with the applications 01 electronic measuring 

techniqu e , will be sent free to those who are interelted in receiving the lame. 
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OF THE PUBEST OUALITY 

e JETHER SULPHURIC 8. P. 

ThIa Ie pare quUty AeIh .. complyblg wi!!' alae IlUldard. of abe Briri.b 

PhuIllIlCOpOM. It Is aed in abe manufaClUre of pharmaceuticals and 

Ie alto suitable for go.,1 use In chemical ,lid toctudoil laboratories. 

Av.il.W. III , lb. Botti ... flJ 2a 16So Dr-. 

}ETHER DISTILLED OVER SODIUM 
Thlt It chemically pur.e Aelher. fr .. from aldehydes, peroxides and 
oth. Impurlrieo. II is specially suitable where batt quality pure 
A.h. It required fOl special lechnical use or In analy.l, research 
end chemicall.boratorles. 

Avail.bl. in , lb. Bott/tIC. 

}ETHER ANJESTHETIC B. P. 
This I. highly purified and stabilised AeJher free from ald~hydes. 
peroxides and other impurities. It complies wuh British Pharmacopoea 
standards for Anaesthetic Aelher and is specially prepared for u" in 
hOlpitals for anaeslhetic purpo_. 

AI.",bi, .re pionee, 
,".lIu/.du,.,. 0/ A.th., 
0It • ..,y I.,go .co/. .tld It. lupply;lIg it to ,I._ 
.nti,. felis/.ction ol, •• cI'Hlg 

Av.i/.bl. in I lb. liottlef. 

I./,o,.tor; .', coli. gel, 
~o,pit.I.. comm."i,1 lirm. 
.nd go •• rnm.nt ins/ltutiOfl' 
.11 ov., Indi.. w~.,.v., 

Aether is required 

'i. 
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We are now manufacturing :. 

* KIPP'S APPARATUS of one lihe capacity. * Desiccators of 4/1, 5", and 6/1 . diameter:. * Measure Glasses of · 2 drams, I-oz., 4-oz. 

and 8-oz. capaci~y accurately calibrated 

and 

ALL TYPES OF GRADUATED GLASSWARE 

such as Measuring Flasks, . Measuring Cylinders, 

Burettes, Pipettes, etc., etc. 

Manulactured by: 

INDUSTRIAL ENGINEERING APPARATUS 
COMPANY, LIMITED 

CHOTANI ESTATES, PROCTOR RqAD, BOMBAY 7. 

A-C' CALCULATION CHARTS 
By R. LORENZEN 

This series of 144 charts and supplementary 8cales was designed with the object of reducing 
the -·-tiine- cODsumed in- making- A-C electric c :rcuit computations to a rrunlmum • 

The filst group of 72 direct-reading charts is used to compute reactaDce 01' impedance and 
the second group of the same Dum.ber is uaed to calculate BIlBceplance or admittance, the 
fre'queney range being from 10 cycles to 1000 megacycles. Thes. chart. are arranged in 
groups of nine , each group having the sam.e frequency range but with increasing values or 
reactaDce or Susceptance: In order to racilitate the location or points on tbe 144 cbuts, 
they are printed in two coiours : the frequency-resistance logarithmic co-ordinate system is in 
green and the inductance-capacitance loguithmjc co-ordinate system ia in red . 

TABLE OF CONTENTS 

Introduction 
Anangement of Chuts 
History of the Chari. 
Taeory Underlying the Charts 
Inductive Reactance 

·Iaductive Susceptance 
CapacitiYe Reaclance 

Capacitive Susceptance 
Series ResonaDce 
Parallel Ruoaaace & Antiresonance 

Series and Parallel Circuits 
Series-Parallel Circuli. 
Mesh Circuit. 
Miscellaneous Applications 

Complete book at Rs. 35/10/. post paid. 

INDIA TRADERS 
101·B, Girgaum Terrace, Near Glrgaum Portuguese Church, BOMBAY, 4. 
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BIGSER 
aBETtER 
POTATOE' 
& MOflE 

'1IELDPER 
AC~E 

xiv 

Your ye.r1y yield or POI~loe. may be good.'" 
are you satisfied that it represents maximum out·· 

put? Successive cultivation of. root crop li .. 
pota'toes saps the eanh of its fertility . particulaily 
of its mineral contents. 

D.C.M. Superphosphate restorea this deficiency. 
stimulates better root formation and promorca 
vigorous growth. 

Charged with D.C.M. Superphosphate. your soD 
will grow bigger and more nutritious potltoa 
with a I~rger yield per acre . 

D. C. M. SlIpJrphQsphal' is parliell/ar!:! mo",,,,.tIII,~ 

for soils grolNing cerlah, ritt, ',a, (offee , 'oboao, ,"bw. 
1Il~'. {T/lil. wg,I";/u. jD""" erops ."d r •• 1 tr,ps. 

RESTORE I ENRICH YOUR SOil WITH 

S/lPEI-PHfJSPHATEI 

f., '".iI,' 1"/.r •• II.,, r •• , ,,.h, ," .", 
fill I.,,, " I." •• ,,, .. I ,,1, ... rll. I,, : O. C. M CHEMICAL WORKS. POST lOX NO . lit , Oe.LH., 

DC:It • 
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B. C. P. w. 
AETHER 

ANJESTH ETICUS 
It Is free from peroxide, aldehyde or other products 

liable to produce untoward post-anaesthetic distress. 

CHEMICAL AND PHARMACEUTICAL WORKS, LTD. 
CALCUTTA BOMBAY 

-. • • • • e, • 

I 

Reliable House I 

FOR 

1 Laboratory Glassware and AppatalUs 
~ 

of EVEly descriptioo. 

. 2 Chemicals, A. R: Ph:lrmll"ceutical and S~ains, etc. 

a Porcelainware of "Royal Worcester," "Sillax" and "Doultoo," etc. I 

4- Ch:lmical Thermometers and Hydrometers of various ranges. 

S Rubber T ubing-Corks-Gloves, etc. 

PRICE LIST FROM 

-. UNIQUE TRADING CORPORATION 
Direct Importers and Stockists 

51 - 53, New Hanuman Lane, Bombay l 2 

-
Grams:- " UNILA f> " 

I 
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FROM 1'897 TO 1947 
50 YEARS OF SERVICE 

IN THE CAUSE OF SCIENCE 

THE FIR S T FO RAN Y SCI E N TI Fie FIR MIN I N 0 I A 

Lahore, 

As early as. 1903 
Department of Public Instruction, Punjab 

Educat ional Exhibition 190) 

Certificate of Merit 

FIRST CLASS 

Awarded to M ... , • . Harlolal & Sons , 

Science Workshop, Ambal. , for Scientific Appa ra tus . 

Director of Public Instruct ion Punjab. 

(Sd .) K. B. THAPOR. 

* 
Datod 1st July. 190J Secretary to the Exhibition 

AND IN 1946 
I was very pleased with the progress made by Messrs. ~argolal 
and Sons in the manufacturing of scientific Instruments, when I 
was "conducted around their works by Mr. Nand Ki~hore, the Pro
prietor of the firm. My pleasure was-enhanced because he was 
a student of the Governm.nt College when I was on the Staff. 
The firm 'has a progressive outlook and has high standards. It 
has already an AII-ll)dia reputation, and I am certain that with the 
new opportunities which are bound to arise, it will rise to still 
gre-ater fame. The work the firm is doing is of immense impor- ' , 
tance to 'education and to its expansion and improvement in the 
near future. I hope therefore that Messrs. ~arg-olal and Sons will 
receive every encouragement from Government, as well as from 
the University and private educational institutions. 

I wish them all success. 
(Sd.) G. C. C~ATERJI, . 

2-10-46 

Phone' 173 ' ~.O : AMBALA CANTT. 
D. P. I., Puniab. 

~el. '~ARGOLAL ' 

,HARGOLAL & SONS . . 
The Science Apparatus Wo,kshop 

Phone: 173. H. 0.: AMBALA CANTT Tel. "Hargolal' 

Branch: 27-A LlNGA C~H1Y STREET, MADRAS, G .T. 

Agene)' Offices at 

Lahore, Delhi, Patna, 

J.Iyd.rabad (On. ), Bombay, 

Jubbulpor. and Saugor 
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When aeeurae~ and advaneed 
design are more important than 

Priee, speeif~ Instruments . b~:-· 

INDIA 

MANUFACTURERS OF FIRST GRADE INSTRUMENTS 
FOR 30 YEARS 

THE ORIENTAL SCIENCE APPARATUS 
WORKSHOPS 

HEAD OFFICE WORKS:-AMBALA CANTT, PUNJAB. 

Grams: -SCIENCE 

BURMA 
113, · BIGANDET .·ST., 

RANGOON . . 

Branches: 

Code: ABC 5th EDITION 

BRITAIN 
325, GLASGOW ROAD, 

BLANTYRE-SCOTLAND. 

ALSO AGENTS &: REPRESENTATIVES THROUGHOUT THE EAST 
. - - ~ 

~======================~====~~ 
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Alcohols FOR RESEARCH 6- ANALYSIS 

TRADE ~ MARK • 

PREPARED UNDER RIGID ANALYTICAL CONTROL 
TO CONFORM TO THE SPECIFICATIONS. 

• AMYL ALCOHOL, B. P. C. 
Packed in I lb. bottles. 

• ETHYL ALCOHOL, (Absolute) B.P. 
Packed in I lb. bottles. 

• METHANOL (Methyl Alcohol), 
Guaranteed Reagent (Acetone-free): . 
Packed in I lb. bottles &- 10 &- 25 c.c. ampoules. 

PRODUCTS OF 

For Milk Analysis. 

For use in Histological 
and Cytological Studies 

For Leischman's Stain. 

THE MY S 0 REI N 0 U S T R I A L & T E S 11 N G LAB 0 RAT 0 R Y I LTD. 
[SUCCESSORS TO GOVERNMENT INDUSTRIAL. TESTING LABORATORY] 

MALLESWARAM P.O., BAN6ALORE ' 
Selling Alfenu lOT Madras 
Pr.!sidenc'Yand H,derabad State: BEST &- CO., LTD. Post Box No. b3, Madras. 

OUR 

WAT~RPROOF & RUBB~R PRODUCTS 

* DUCK BACK WAT~RPROOfS 

* WATERPROOF CANVAS III PAULINS 

*. RUBBER HPSPIT AL REQUISITES 
Hospital Sheetings (Rubber Cloth), Hot Water Bags, 
Ice Bags, Air Beds II: Pillows, Air Rings and 
CuShions, Tubings etc. * GUMBOOTS OVERSHOES, RUBBER HEELS 

* WAX PAPER, WAX CLOTH Etc. 

Enquiries cordially invited. 

BEN GAL W ATE R PROOF W 0 R K S (1 9 4 0) LTD. 
Head Office: 32, THEATRE ROAD, CALCUTTA 



VISION IN STEEL 

_# /- . 
~~. Providing 
adequate medical aid for the peasants 
and labourers is closely bound up with 
the country's material advancement. 

Building of hospitals, the manu· 
facture of hospital furniture, equipment 
and pharmaceutical preparations, the 
establishment of medical colleges and 
res!!arch laboratories-all these are 
essential for the promotion of health 
and prosperity of India. 

xx 

Here, as in all other spheres of recon- ' 
struction, Tata Ste~l will play it. part. 

TATA ITEEL 

PLATES • RAtLS • BEAMS • SHEETS • 
lOlS,.· PILING. WHEI:L TY/IE AND AXLEa 

' . HIGH CARBON STEELS. SPECIAL ALI."DY 
AND TOOl. STEELS . 

~·tlE TATA IRON & STEEL co., LTD. Hu d S.I .. OWco : I02A, Cl ive Street, CAlcutta 
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Na tural R esources No. 7 

from the plateaux of the Peninsula 
Bauxite, valuable ore from which 

the metal aluminium is extracted, 

is found in good quantity on 

laterite-capped plateaux and 

flat-topped hills of the 

Peninsula. Regarded ,not so much 

a mineral as a rock. bauxite is 

described as a laterite, a residual 

product of rock decay . 

Important deposits occur in the 

Ranch! district of Bihar, the 

Khaira and Belgaum districts and Kolhapur State in Bombay Presi

dency and the Jubbulpore district of the Central Provinces. 

Whilst Bauxite is principally used for the production of 

aluminium, it is also used for the manufacture of aluminous 

cements, which have greater resistance against chemical action and 

heat. Bauxite is also employed for the manufacture of artificial 

abrasives (artificial corundum and emery) and for the manufacture 

of chemicals used in such industries as d'yeing, printing, tanning 

and paper. 

IMP E R I ALe HEM I CAL I N 0 U S T R I E S (I N 0 I A) lTD. 
CalCUTTA BOMBAY UDRAS NEW DELHI KARACHI RANGOON COLOMBO 
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D.O. T. 
(100% Technical) 

• 
ZINC OXIDE 

(Second Grade) 

• 
SODIUM 

HYDROSULPHITE 
(<)4% strength) 

All manufactured by 

ROHM & I-IAAS, Philadelphia, U.S.A. 
Prompt: shipment: available. 

Please contact: 

AMRITLAL {; CO., L T'O. 
- 11, Sprott Road, B'illard Estate, BOMBAY. Telephone. No. 25816 
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SULPHURIC 
ACID 

I=OR 
QUALITY 

. Sulphm·jc acid is manufac
tured by D.C.M; Chemical 

Works ill three standard 
strengths Sulphuric Acid 

(1'840) or ~M:, : (1.750) or 82% 
and as Oleum upto 20%. Depend

ing on the nature of the .industry 

the required strength of Sulphuric I' 
Acid is supplied. Every consign
ment is pretested before it is des
patched. 95% Sulphuric Acid is sup-
plied as far as possible ih specially 
fabricated hOoped drums, suitable 
for railway transit. 

Write for your requirements to :-

A Iso manufacturers 01: 
Nitric Acid.l-lydrC!chloric Acid· ChI oro -
S"Ifollic Acid·Alumi". Ferric·Alum
Vihite t-o pinle • ·So.p. t-o DisinFectants 
Tur"ey Red Oil- Superphosphates and 
mi.ed f.rtilizers-Glues·Sizol S, &. I·f. 

ADMITS .ELWI LTO . D.C.M.D. " 
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M&B 
MEDICAL PRODUCTS. 

The seal of M & B symbolizes the patient research 

and strict analytical control in production that are 

exercised in bringing a medical product to the state 

of perfection, required by May &. Baker standards. 

at which it can be placed at the disposal of the 

medical profession. 

SULPHONAMIDES 

ARSENICALS 

BISMUTH~ 

BARBITURATES 

CONTRAST MEDIA 

ANTI-MALARIALS 

ANAESTHETICS 

ACRIDINE ANTI. 

SEPTICS 

AMIDINES 

GOLD SALTS 

MANUFACTURED BY 

MAY & BAKER LTD. 

o ; s t , ; b 1/ ted b y MAY & B A K £ R ( I N D , A ) L T· 0 • 
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Chemical Engineering Education in India 

A Committee set up by the Central 
Govermnent to report on Technical 
Education in India, recently submitted 

its recommendations. Amongst the engineer
in~ courses they recommended was one on 
Chemical Engineering, thus giving public 
recognition to the fact that a chemical 
engineer is an essential element in the indus
trialisation of India . A question which 
naturally .springs to one's mind is: What 
must be ' the curriculum of a Chemical 
Engineering Course? how does it differ from 
on,e on Industrial Chemistry or Chemical 
Technology? In the October (1946) number 
of Science and Culture, Mr. S. K. Nandi 
surveyed briefly the scope of Chemical 
Engineering education in Europe and America; 
in this. article we shall discuss the sort of 
curriculum needed in , India, takiIig into 
account the present state of her industries 
and future developments. 

What is a Chemical Engineer? 

A Chemical Engineer may be defined, 
briefly, as a man who can design, ere<;t and 
run a chemical plant. Erection and running 
of a plant need not be -a specialist chemical 
engineering job: a structural engineer will 
erect, and an ordinary chemist run, a plant 
as well as a chemical engineer. It is iIi the 
designing of chemical plant that the chemical 
engineer becomes the real specialist. This 
is ,not to suggest that the only place for the 

chemical engineer is the de$ign office of' "the 
plant manufacturer, but to point out that 
the chemical ~ngineer who is running a plant 
is valuable not hecause he is running it well,,
an ordinary chemist would run it as well-, but 
hecause he has an insight into the design of 
the plant he is running; any alterations, 
repairs, renewals the plant may require can 

. be carried out according to the best practice 
of his profession and so maintain the effi
ciency of the plant. 

It is often thought that a good knowledge 
of pure chemistry is more important to the 
Indian chemical engineer as "machinery 
manufacturing factories 'are yet to be ' de
veloped in India". There seems to be some 
confusion about the term 'machinery': if it 
is meant to be such items as pumps, motors, 
roller-crushers, then they never are normally 
designed by chemical engineers. But if by 
machinery is meant evaporators, condensers, · 
distillatIOn columns, then they arc and 
must be, designed by chemical engineers. 
Evch if fabricating facilities are not available 
in India that is no reason why we should 
not at least design our plants here and get 
them made elsewhere to our own specification. 
In any case, chemical plant are mllde in 
India; during the war several factories 
making important chemicals expanded their 
capacities by getting new plant items made 
locally. It was actually at ' this time that 
the country really suffered for its dearth of 
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chemical engineers with ' design experience. 
The chemical firms could only expand by 
copying their existing plant, but some of 
this plant was already thirty years old! The 
country now Hnds itself saddled with plant 
which are 30 years out-of-date and have yet 
at least another 10 years life in them, and 
which run with about half the efficiency of 
a modern plant. At to-day's inflated prices 
the product s from such factories can be sold 
at a profit,- but at what cost to India's 
power resources ! 

We havc to look to something beyond the 
running of India's existing chemical fa ctories. 

. Some of them are quite modern; most are 
out of date; many should never have been 
allow ed to exist at all,-but they are all 
running and presumably ad equately staffed. 
But India needs to expand her industries 
and the country must make sure that the 
new factories are the most modern in design 
and layout, making the most efficient use 
of her man-power and fu el resources. 

Reverting to our defination of a chemical 
engineer, we may say that as far as India 
is concerned a chemical engineer is a man 
who can design chemical plant, although his 
actual professional career m ay consist in 
developing chemical processes, or in running 
chemical plant or doing the dozen other jobs 
he may find for himself in chemical industry. 

The Basis of A Chemical Engineering 
Course 

In reading through all that. was 8aid on 
chemical engineering education and curriculum 
before about 1938, it is ob~ious that chemical 
engineering was being looked upon either as 

(a) 

(b) 

a v eener of engineering on a back-
ground of chemistry, or • 

a veener of chemistry on a background 
of engineering. 

But in recent year s . it has come to be re
cognised that Chemical Engineering,-the 
study of Unit Process-, is a branch of en
gineering in ' it ~ own right, alongside Civil, 
Mechanical, Electrical and the rest. This is 
clearly shown in the suggest ed syllabus for a 

. degree course put forward by the Institution 
of Chemical Engineers (London); it is al so 
shown by the fact that recently three Chairs 
in Chemical Engineering were founded at 
British Universities; and that London and 

the M.I.T.,- -to mention only two places-' 
have been giving graduate degrees in chemical 
engineering for many years. 

There is thus no question of including 
chemical engineering under the faculties of 
chemistry or cngineering; it is a faculty in 
itself. A stud y of the syllahus suggested by ' 
the Institution of Chemical Engineers for the 
graduate course . shows the wide variet y of 
subject s tha t hav.e t o be studied. No doubt 
Bome of the pure chemistry subjects can be 
taught best in the chemistry fa culty, some of 
th e en gineering subject s taught best in the 
e~gineering faculty, but it will need a special 
chpmical engineering department to (a) t each 
the purely chemical engineering subjects. (b) 
co-ordina te the chemical and engineering 
parts of the subject and (c) to plan the 
chemical and engineering subject s with special 
reference to t heir application in chemical 
engineering. 

Mr. Nandi suggest s that chemical engineer
ing should be placed under the fac ulty of 
chemistry. Such a sugges tion ignores ~hat 
is involved in the t baching of chemical en gi
neering. It confuses chemical technology 
with chemical en ginecring and imagines that 
a course in the latter subject consists in in

.structi@ns in soap and dye-making; or it 
imagines that chemical cngineering can be 
taught by giving a course of lectures on the 
Theory of Distillation, or The Design of 
Condensers. 

A chemical engineer must be a practical 
person. If he is e.mployed in running a 
plant, he is concerned with valves that stick 
and pumps that fail, welds that crack and 
joints that leak ,-and.....- r epairs have to be 
done on the spot and perh aps by himself. If 
he is designing a plant he must be able t o 
visualise the practical possibilities of his 
design,-will it work ?- or perhaps what i s 
even more important, can the designed plant 
be fabricated at all? H e must have practical, 
though n ot expert , knowledge of the various 
methods of fabrication of the different ma
t erials of con struction u sed by him 80 that 
he can sp ecify the appropriate method in his 
design.. It is not unknown to find designs 
where welds have been specified in positions 
which no welder, not even a contortionist , 
could reach! A designer must have a feel for 
his job so that by looking at a drawin g he 
can say at once whether or not a plant will 
be comfortable to work. 
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True, most of this practical knowledge can 
only come by actually working in factories , 
but the groundwork must be laid in the 
student's colle gil days. His chemical engine
ering department muot-have a black· smith's 
and copper-smith's shop where he can be 
tanght welding, braising and soldering; a 
machine shop where he can cut and mill and 
work a lathe; a laboratory equipped with 
apparatus to carry out experiments in unit 
operations,-and these apparatus to be not 
laboratory models but of a size big enough 
to approximate to small faetory equipment, 
preferably also instrumented as plant in any 
modern factory should be. The provision of 
all these fa cilities is absolutely e1isential ' if 
the chemical engineering course is to have 
any value at all. Is a chem.ical .faculty 
really equipped in training, temperament and 
outlook to provide this sort of training? 

There seems to be some confusion in India 
between chemical t echnology and chemical 
engineering . Chemical technology is know
ing the process by which a particular product 
is made; Chemical Engineering is knowing 
how the plant works in which the process is 
carried out. A chemical" technologist is 
necessarily 'an expert in this particular indus
try; a chemical engineer knows nothing 
about any particular industry,-he studies 
Unit Pro ~esses. That is to say, he studies 
distillation, evaporation, drying, etc . without 
any reference to the particular industries ill 
which these processes may be used. He is 
thus a more versatile person; because of his 
background knowledge of the unit prDces~es 
he is soon able to learn the particular appli- ' 
cation of any u~it proce@s in any industry he 

may choose to enter. The point to be em- ' 
phasised here, however, is that the chemical 
engineer is concerned with the behaviour of 
the plant, and hence his education would be 
out of place in the hanrls of a chemist who is 
primararily concerned with the behaviour 
of reactions. 

An Institute of Chemical Engineering 

What sort of a place, then, should our 
department of chemical engineering be ? 

It tihould have a small but well equipped 
workshop where th" student can learn how 
chemical plant is fabricated. 

It ehould have a large laboratory equipped 

with evaporators, dryers, columns, etc. at 
least of pilot plant size, where h e can study 
unit operations. These items must be 
properly instrumented with indicating and 
control instruments. In this laboratory- the 
student will learn to handle his plant, he will 
learn how instruments work, he will learn to 
dismantle and re-erec t he_avy items' of equip_ 
ment,-operations he will need to perform 
all too often in later life. 

The department shuuld also have a W il li 

equipped drawing office where the student 
can be taught the forms of drawing so essen
tial t.) a chemical engineer; machine-drawing , 
lay-out dra Iving, line-and flow-diagrams . 

Finally, our department should have · an ' 
active research programme. Several Indian 
Universities have departments of chemical 
engineering; 'few. of them have yet published 
a single paper on a chemical engineering 
subject. India will never have a school of 
chemical ~gineering worth the name unless 
she goes in for research work on the subject. 
Can we imagine the Physics Department of 
The Indian Institute of Science achiaving its 
present high standard without doing a single 
piece of original research work? The chemi
cal engineering department s of the American 
universities and institutes of technology are 
world famous; pages of j 0 urn a I s like 
Industrial and Engineering Chemistry are 
sufficient commentary . . 

It was pointed out earlier that during the 
war the only way India could expand a lot 
of her chemical plant was by copying old 
existing plant. That is not good enough. 
India aims to have her industries free of 
foreign control. But it is no use having our 
industries entirely under our financial control 
if we have to go to foreign countries for 
drawings and plans. To be truly independent, 
our industries must also be designed by us, 
-and our designs must be as good as any
where else in the world. And we shall never 
be able to design our own plants until we 
have our original thinkers and workers' in the 
field backed by research laboratories . 

It may be objected that such a department 
of chemical engineering would be too 
elaborate for India's needs; that it ignores the 
present poor condition of Indian industry. 
Our industry is not so much poor as anti
quated. We want men who will enter industry 
and modernise it; who will design new in-
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dustries in the best modern manner. The 
writer recently visited a factory which had a 
fairly complicated distillation unit,-and on 
this unit there was not a single thermometer, 
pressure gauge, flow-glass or steam-meter! 
Heaven knows how control is obtained or 
efficiency maintained! Such plants should 
not be allowed to exist; certainly no new 
plant of such a type -should be permitted. A 
student from our suggested school of chemical 
engineering, if he got in charge of such a 
plant, would try his best to modernise it; if 

. he had to design a similar plant he would 
never be guilty of such a horror! 

India demands the finest industries; she 
must also 'have the best men to run them. It 
would be a short-sighted policy jo send our 
best men overseas for training and turn out 
mediocre stuff at home merely because we 
shirk having the elaborate machinary requir
ed to produce experts ourselves. 

It may be objected that. such a school 
would be too expensivc to start and maintain. 
This is true. By its very nature chemical 
engineering equipment is expensive, and 'so is 
chemical engineering research. But if the 
country really needs chemical engineers, then 
the money must be found from somewhere. 
A national need must be met by the nation. 
Perhaps this suggests /I solution. The Central 
Government recently inaugurated schemes for 
National Laborataries ·for fuel and metallurgy 

and an Institute for medical research and 
tution. Can it not start a similar National 
Institute of Chemical Engineering? Some 
scientific hody of. national / status should 
appoint a committee w~ose duty would be to 
impress upon the Government the desirability , 
nay the need, for such an Institute. 

A Plea for Action 

The matter is very urgent. State and 
Provincial governments are drawing 'up ambi
tions schemes of industrial expansion; indus
trialists are ' starting factories all over the 
country. But none of these schemes will 
come to nlllch if tllere are not chemical 
engineers of the highest training to man these 
factories. Also, if Indian industry is to be 
entirely free from foreign control , then 
Indians must design their own factories al}d 
plants. The training of expert chemical 
engineers is a matter which will take years to 
accomplish That is ali the more reason why 
we should begin at once. The industrialization 
of India is a national problem; the training of 
men to run these industries should also be 
made a national concern. Is there any or
ganization which will take it upon itself to 
draw the Governments attention to the 
urgency of the matter and point out the 
country's need for 1m Institute of Chemical 
Engineering? 

H. E. Eduljee. 

Linseed Oil Substitute 

THE Liverpool research team headed by 
Prof. T. P. Hilditch has discovend a 
satisfactory commercial substitute for' 

linseed oil after four years of research. This 
discovery, which should be regarded as an 
important development, relates to the 
processing of conophor oil obtained from 
the nuts (Awusa nuts) of a small shurblike 

vine that grows wild in Nigeria. Extensive 
trials with the processcd (a special heat
treatment) oil have shown that the product 
can satisfactorily replace linseed oil. The 
picture on ~he cover page shows kernels of 
the Awusa nuts, whicb are of the . size of a 
normal nutmeg', from which conophor oil is 
extracted. 



The Discoverv of the Electron 

Introduction 

THE elt'ctron was discovered by J. J. 
Tbomson in 1897. This discovery 
inaugurated the remarkable scientific 

development which we call "modern physics" . 

It would be interesting to consider the 
state of physical science about 1895. Newton's 
laws of mechanics and the kinetic theory 
of matter explained a variety of observed 
phenomena. The discoveries of Young and 
FreRnel, Arago and Biot had given an 
adequate theory of light. The foundations of 
electricity and magnetism were well and truly 
laid by the brilliant researches of Oersted 
and Ampere, Ohm and Faraday. Maxwell ' s 
theory of electromagnetism had shown an 
intimate relation between light and electricity 
and led the way to the celebrated work of 
Hertz and Marconi on the production and 
propagation of electromagnetic waves in 
space. There WaE, in general;' 'a feeling of 

_ robust optimism in scientific circles that the 
fundamental laws of the universe had been 
established beyond doubt. 

Major discoveries oj·1895-1900.-This con
tentment was rudely shaken by the great 
discoveries which followed each other in quick 
succession during the period 1895-1900. In 
1895, Rontgen discovered X-pays. 11\ the 
succeeding year,- Becquerel discovered the 
phenomenon of radioactivity. And in 1897, 
J. J. Thomson discovered the electron. These 
apparently diverse discoveries, made by phy
sicists trained in different schools of thought, 
wcre soon blended by master minds like 
Bohr and Rutherford into a single hormonioU8 
picture of the atomic uni"erse. 

It was during this period that' classical 
theories , were found to be inadequate to 
account quantitatively for the radiation emitt
ed by a black body . In 1900, Planck 
proposed the quantum theory, which appeared 
quite revolutionary at that time. The basic 
assumption of this theory is that an oscillator 
emitting a fre<{uency can radiate only in 
integral multiples of h v where h is a universal 
constant. Plank's theory accounted comple-

J . J. THOMSON 

tely for the propertie8 of black body radia
tion. 

Eleclric discharge itt g(lses.- The fact's 
relating to the patience and persistence with 
which J. J. Thomson tracked the electron and 

- studied its properties make admirable reading. 
Today we know that the electron is one of 
the fundamental particles of matter. There 
is perhaps no branch of pure or applicd 
physics in which the electron does not find a 
prominent place. 

The study of the electric discharge in gases 
at low pressures was undertltken initially by 
Faraday. There was a sudden outburst of 
activity in this direction during the seventies 
of the last century. Hittorf, Geis~ler and 
Sir William Crookes were pioneers in this 
field of research. 
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It is :well known that at atmospheric 
pressure, an electric discharge will not pass 
from one metal sphere to another about a 
centimetre apart -unless the potential differ
ence between them is raised to a considerable 
value. In fa;:t a potential difference of about 
30,000 volts is' necessary for an electric spark 
to pass across a gap of 1 cm. 

If however the pressure between the elect
rodes . is reduced, discharge takes place at 
much lower potentials. A striking demon
stration may be given wilh a discharge tube 
shown in Fig. I . A glass tube about 50 cms. 
long and 4 cms. diameter has a metal 
electrode insetted at each end. The two 
electrodes are connected to a high tension 

·generator giving about 2,000 volts or more. 
As the pressure inside the tube is progress
ively reduced' discharge commences in the 
form of a reddish column when the pressure 
falls to about 1 cm. of mercury. As the 
presrure is further reduced , the crackling 
disaharge gives place to a silent streamer. A 
considerable length of the tube near the 
positive electrode 'is occupied by a bright 
column known as the positive column. At · 
lower pressures, this column breaks into 
striations. The appearence of the tube at 
this stage i~ illustrated in Fig. 1. Next 
to the positive column, there is theFaraday 
dark space. Between this dark space and 
the negative electrode are successively the 
negative glow, Crookes dark space and the 
cathode glow. At lower pressures, the 
Crookes dark space gradually expands and 

STRIATIONS 

finally occupies the whole space. The 
current read by the ammeter included· in 
the circuit shows a gradual decrease through
out. this process. When the Crookes dark 
space occupies the whole of the interior, the 
glass walls of the ' tube give rise to a bright 
phosphorescence, the colour of which depends 
011 the nature of the glass. A~ the pressure 
is still further diminished, the current decreas
es continuously and the tube bet;)omes 
practically nonconducting. 

Crookes in England discovered that when 
the dark space known after him fills the tube , 
something which he called ' radiant matter' 
was given off from the cathode of the vacuum 
tube. Investigations on the properties of 
this matter were undertaken simultaneously 
in Germany. The name ka!hoden slrahlen 
(cathode rays) was given to the radiant matter 
of Crookes . 

It was gradually realiud that these rays, 
emanating from the cathode in the discharge 
tube, have several interesting properties. 

Several bodies phosphoresce when placed 
in the path of the cathod,' rays, the effect is 
markedly shown by potassium platinocyanide. 
A screen cov"red with a fine powder of this 
material is !Heful in the study of cathode 
rays. A pencil of these rays when allowed to 
fall on tbe screen produces a bright spot of 
light. 

The rays are always emitted normal to the 
cathode surface. By arranging cat~odes with 
concave surfaces, it is possible to focus the 
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rays. The rays exert a small mechanical 
pressure on the bodies on which they fall. 
There is 8lso a large heating effect. In fact, 
by focussing a strong beam of cathode rays 
on platinum, it is possible to melt this metal. 

+ 
Fig. 2 

The rays are easily deflected by electric 
and magnetic fields . Crookes showed that 
weak magnetic fields are enough to deflect 
the beam. This is ilIustra ted in Fi . 2. In 
1895 Perrin allowed the rays to fall into a 
metal cy inder (known as the Faraday cylinder) 
connected to a'n electrometer and obtained 
definite evidence tbat the rays carry a negative 
charge. 

J. J. Thomson. 

It was at this stage that J. J. Thomson 
became interested in the problem of catho
de rays. Born at Cheethem Hill near 
Manchester on 18th December ]856, he joined 
Owens College, Manchester, in his . 14th year. 
Here he came under the influence of Balfour 
Stewart, Professor of Physics. He was also 
greatly impressed by the lectures of Osborne 
Reynolds, Professor of Engineering and 
Barker, Professor of Mathemati.::s. It was in 
these early days that he came into contact 
with Schuster and Poynting. 

When Th'omson was 20 year), he joined 
Trinity Cotlege, Cambridge. In due course, 
he appeared for the Mathematical Tripos exa
mination and came out Second Wrangler, 
Larmor being the Senior. This was in 1880. 
Two years later, he submitted his thesis to 
Trinity and was admitted a Fellow. 

. Cavendish Laboratory. In 1884, the Profes
sorship of Cavendish Laboratory fell vacant. 
This great institution was started in 1870 
due to a generous grant from the seventh 
Duke of Devonshire. The main functiun of 
the laboratory was to provide facilities for 
practical work in physics for the ~tudents of 
Cambridge. The first professor was .T. C. 

Maxwell. When he died in 1879, the third 
Lord Rayleigh was appointed to the chair. 
After holding the post with great di~tinction, 
Lord Rayleigh resigned in 1884. The boards 
of eledors unanimously recommended J. J. 
Thomson. Thus at the early age of 28, he 
found himself successor to Maxwell and 
Rayleigh. 

The first 10 years of Thomson's professor
ship was spent mainly in organizing the 
dcpartment and adding greatl y to its facilities. 
it was during this period that he published 
his book on Recent researches in Elect'icity 
and Magnetism. His keen interest in the 
subject of electric discharge in gases is amply 
illustrated hy his elaborate treatment of this 
subject in his book. 

In 1895, the University of Cambridge 
allowed graduates of other Universiti<ls to 
work for Cambridge degrees by thesis or by 
eXl!mination. Simultaneously, the Commi
ssioners of 1851 Exhibition made it incumbent 
on the scholarship holders to proceed t~ 
institutions other than those which nominated 
them. These favourable conditions brought 
sevel'al prominent scholars to Cavendish 
laboratory. The most prominent of these 
was Rutherford, who arrived at Cambridge 
in 1896 from New Zealand. 

Rontgen's discovery of X-rays in 1895.
Rontgen's discovery of X-rays in 1895 crea~ed 
a great stir in all physical laboratories. At 
Cambridge, Thomson prepared many X-ray 
tubes with the help of his 8ssistant Everett. 
Photographs were taken of broken bone! at 
the request of the surgeons in the local 
hospitals. Thomson rightly conjectUlcd that 
the new rays shuuld be electromagnetic .waves, 
having wavelengths in the neighbourhood of 
molecular dimensions. 

One of Thomson's earliest discoveries on the 
.properties of X-rays was that the rays caused 

+ I + 

Fig. 3 
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Fig. 4 

the discharge of a charged electroscope. 
'l'homson and Rutherford studied the effect 
of irradiating the space between two conden
ser plates. The gas atQ...ms are broken into 
negative aud positive ions by the X-rays. 
When the two parallel plates of the condenser 
~re subjected to a difference of potential, the 
positive and negative ions drift in opposite 
directions (Fig. 3) and set up what is known 
as , an ionization current. This current is 
found to be proportional to the applied 
potential up to a certain stage {Fig. 4). After 
a certain difference of potential is reached, 
the current becomes independent of the 
potential. A satnration current is thus 
obtained. This happens when all the positive 
and negativp ions produccd every second by 
the X rays are removed by ' attraction to the 
re~ectivc plates. 

These studies led Thomson naturally to the 
subject of thc nature of the cathode rays. 
Having already come to the conclusion that 
these rays were corpuscular and had an 
electric' charge, he directed his attention to 
the determination of the ratio of the mass m 
to the charge e of the particles and incidenta I
Iy of their velocity. 

m le for electrons: Thomson'sfirst method.
It is of interest to consider ,the first method 
by which Thomson arrived at an estimate for 
the value ofmle for the cathode ray particles. 
He utilized the observation that the cathode 
rays get deflected in a magnetic field. Con
sider a particle of charge e and mass m . 
Let, it move along the direction OX (Fig. 5) 
with a veloeity v. If a magnetic field of in
tensity H is applied in the d'irection OY 
(perpendicular to OX), the particle experien
ces a force in the direction OZ (normal to the 
other two axes). This force acting , on the 

particle would deflect it in the direction OZ. 
The path would become an arc of a eircle 
with a radius r given by H ev = mv2/r, If the 
particle had a negative charge, the deflection 
will be in the opposite direction. 

In the first part of the experiment. J. J. 
Thomson subjected a cathode ray beam to a 
magnetic field of known intensity. By deter
mining the deflecti01l. produced, he calculated 
the radius of path of the deflected beam. 
Since H ev = mv2/r, we hav~ mv/ e = Hr. 

The cathode ray beam was then directed 
by a magnetic field into a Faraday chamber 
connected to a quadrant electrometer. A 
thermocouple was also fitted to the Faraday 
cylinder. From the known rise of tempe
rature in a given time and the thermal capa
city of the cylinder, the amount of heat 
developed per second may be calculated. If 
N particles are collected per second, the heat 
given is obtained from the expression lNmv2 = 
Jh where J is the mechanical equivalent of 
heat. Also the charge received per second 
is N e = q. From these two equations, we 

z 
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have mv~/e = 2Jh/q. This relation combined 
with m,'le = Hr enables one to calculate v and 
m l e. . 

Thomson's first experiments on these lines 
gave him the values v = 15,000 kilometres 
per second and mle = 2 X 10-R gram per eon
lomb. The charge e was found to be defini
t~ly negative from the direction of deflection 
in the magnetic field . 

Thomson thus showed that thc cathode rays 
were corpuscular and that the particles were 
negatively charged. He drew attention to 
the fact that since for hydrogen ions, the ra
tio of mass to charge is ahout 1. X 10_" gram 
per coulomb, the cathode ray corpuscles are 
much smaper than hydrogen ions: 

m /e jor electrons : Thomson 's second me
Ihod.--In a later series of investigations in 18~7, 
Thomson used the electrostatic deflection of 
the cathode rays in conjunction with 1 he 
magnetic deflec ' ion. For, if the rays pass 
thtough the space between a pair of plane 
condenser plates (Fig. 6), the radius of path 
r' is given by X e = mv2/r', where X is the 
electric intensity between the plates. The 
magnetic deviation gives H ev = mv2jr. If 
the rays are subjecte,d simultane ,usly to the 
electric and magnetic fields and the intensity 
of the magnetic field is adjusted till the deflec
tions mutually cancel each other, then r = r'. 
Also X/H = v . From this relation, the velo
city of the corpuscles may be calculated. If 
further we determine the magnetic deviation, 
m/e= rH/v. 

In an important paper published in 1897, 
Thomson showed that although in the limits 

set by the experimental conditions, the velo
city varied from about 15,000 to about 36,000 
kilometres per second, the value of mle was 
nearly 1.3 X 10_R gram per coulomb. This 
value shows good agreement with the result 
of his first investigation. 

The cathode ray corpuscles came 'to be 
known as electrons. The term electron had 
been proposed much earlier by Dr. Johnston 
Stoney for the fundamental unit of dectric 
charge. 

mle jor photoelectrons.- In 1888 Hall
wachs showed that when ultra-violet light 
. fall s on a clean surface' of zinc, negative 
corpuscles are 'given off. J. J. Thomson 
determined the value of m /e for these CQt-
pu~('les bX the following method . . 

Consider a beam of ultraviolet light falling 
on a clean surface of zinc. The corpuscles 
liberated from the lIurface are subjected to 
an electric field normal to the. surfaee and a 

. magnetic field parallel to the surface. Under 
these conditions, the electrons would move 
perpendicular to both these directions. In 
Fig. 7, the X-axis is taken normal to the 
surface. The Y-axis is taken parallel to the 
surface and perpendicular to the magnctic 
field (taken normal to the plane of the paper). 
G. is a piece of wire gauze placed parallel 
to the surfaM. Ultra-violet light passes 
through the gauze and falls on the metal sur
face. The liberate~ corpuscles are attracted 
towards the guaze by m.aking the metal 
negative with respect to it. Due to ·the 
magnetic field, however, the path of a cor
puscle is bent in the manner shown in . the 
Figure.. When the guaze is gradually moved 
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away from the zinc, at onp, position (indicat. 
ed by the broken line A), it would cease to 
receive any charge. ThiA critical distance 
may be shown to he 2mX/eH2 where the 
terms have the usual significance. Thomson 
determined this distance and obtained for m/e 
the mean value 1.37 X 10.8 gram per. coulomb . 
He thus showed beyond doubt that when a 
zinc surface is illuminated ' with ultra· violet 
light, electrons are liberated. 

m/e for thermions.-Thomeon next investi· 
gated the corpuscles known to he emitted 
from red hot filament of carbon, an effect. 
which had been studied by Elster and Geitel 
during the period 1882·1889. Using the same 
method as the one adopted by him for photo. 
electrons. he obtained for these corpuscles 
m/e = 1.16 X 10.8 gram per coulomb. He 
proved in this manner that the red hot 
filament of carbon gives out electrons, a 
result which formed the subject of extended 
study later by O. W. Richardson in Cavendish 
laboratory under Thomson's own inspiration. 

Determination of e· 
Thomson's attention was next directed to 

the determination of the charge carried by 

the corpuscles. His contemporary C. T. R. 
Wilson had shown that when a space rendered 
dust free is irradiated with X·rays, the charg. 
ed particles which are produced serve as 
nuclei for the condensat.ion of water vapour. 
To enable such a condensation to take place, 
the space hail to be given a sudden inc~ease 
in volume . This adiabatic expansion resulted 
in a general cooling and the superfluous water 
vapour was condensed on the charged 
particles. Thomson's method was to deter· 
mine the number of charges produced by 
X·rays in the given volume and also the 
current between two electrodes under a known 
difference of potential. To determine the 
number of charges produced, he assumed that 
water condensed on all the charges when the 
given volume was suddenly expanded. The 
heat aborbed during this adiabatic expansion 
could be calculated and tbus the mass of 
water condensed . 

From the rate 'at whi-::h the cloud settled, 
assuming that the individual droplets settled 
down in air at con.stant speed in accordance 
with Stokes law, Thomson calculated the 
radius of these droplets. It was thus possible 
to calculate the number of positive and 
nigative charges produced in the given 
volume. 

He found that the total number of droplets , 
was 40,000 per cubic centimetre. Hence 
there shouhl have been 20,000 positive ions 
and an equal number of negative ione. The 
current carded by tbe positive charges would 
be 20,000 e X 2.4 where e is the ,charge and 
2.4 i3 the velocity of the ions in ems. per 
second under the given conditions, this valne 
being taken from the experiments of Ruther· 
ford. If the current carried by the negative 
charges is also the same, the total current is 
2.4 X 40,000 e. Thomson found in this expc· 
riment that the current was 1.035 ampere 
per sq.cm. The value of e thus obtained was 
2.15 x 10.19 coulomb. It is remarkable that 
with a variety of ' assumptions, Thomson's 
value agrees with the modern accepted value 
of' J .601 X 10.19 coulomb. 

Other determinations . Perhaps the most 
reliable method of determining the charge on 
the electron was carried out by Millikan, 
following an earlier method of H. A. Wilson. 
Individual droplets of oil ha ving a diameter 
of about 1/10,000 of a centimetre were obser
ved in the space between ' two parallel 
condenser plates. When the space was 
irradiated with X.rays, positive and negative 
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charges were produced. The parallel plates 
were rai~ed to a difference of potential of 
ahollt 1,000 volt s. Whenever the droplets 
picked up olle or more charges, their velo
dties showed a sudden change. From the 
smallest change observed in this velocity , 
Millikan was able to calculate the uuit of 
charj!;e as 1.601 X 10-10 coulomb. 

Takinj!; the bes t mean value of m /e to be 
5.6'll X J 0-" gm. per coulomb, we find that 
the mass of the electron is 9.110 X J O-~~ gm. 
Accurate " determination shows that the mass 
of the !Jy<lrogen atom is 1834 times the mass 
of the elec tron. 

An estimate of t he radius of the electron 
could be made by collision experiments. 
The results suggest t hat the radiu s is nearly 
2 x 10- I:: cm. 

Conclusion 
We know today that the electron is a fun

dam('ntal particle of mati cr. Electron bellm s 
have been IIse ,1 in various investigations. 
Harlio , tdev iFion and radar techniflues are 

all based .on the electron. Photoelectric cells, 
cathode ray oscillographs and electron micros
cope have become powerful tools in different 
branches of pure and applied science. Pro
duction of high energy electrons has made it 
possible to organize powerful X-ray outfits. 
The extensive experimental investigations on 
the atomic nucleus in recent years are largely
due to the electron. In the field of theoreti
cal research, the electron has occupied a high 
place. The wave mechanical · eonsiderations 
of de Broglie haye led to· some fine piece of 
work at the hands of Schrodinge, Sommer
feld, Max Born and Brillouin. In astrophy 
sical problems also, the elect ron bas found a 
high place. 

Much no doubt has been done during the 
last fifty years. However, it is only fitting 
that today we turn our thoughts reverently 
back to the old Cavendish laboratory where 
half century ago J. J. Thomson , working 
with remarkably simple appararus, S ll cces~ 
fully isolated the electron and gave us a 
complete picture of its properties . 

Present Position of Soil Survey in India 
By S. P. RAYCHAUDHURI and S. K. MUKHERJEE 

(I ndian Agricul~ural Research Ins~itute, New Delhi). " 

SO I L and forest resources constitute a vital 
national ht'ritage. In the best interestR 
of the country, they should be utilized 

in an appropriate manner. This is all the 
more imperative when a food crisis stares us 
ill the face . India has to confront with a 
deficit of some 21 million tons of food grains 
in the next t~n years with a population gro
wing at the rate of 5 millions a year. The 
possibility of bringing more land under culti
vation, of increasing the fertility of soil by 
proper mana~ement and the use of manures, 
fertilizers, better seed s etc., should be looked 
into with greater care and attention. Apart 
from the broad · aspects of land ntilization 
mrvey, the soils which are to be allotted for 
growing agricultural crops require to be 
surveyed in great detail along hnes similar to 
those followed in the United Kingdom, United 

States of America, Australia and Canada". 
The main objectives will be to recognise the 
agricultural capabilities and potentialities 
of each soil type of . the country. This will 
entail long-term investigations on soil-crop 
relationships. The maximum productive ca
pacity would be a guide to procedures the 
peasant should adopt 'to ge t the optimum 
production. It would even be possible to 
work out suitable and definite schedule of 
manurial and tillage operations and cropping 
systems· for each tract 80 that. detailed ins 
tructions may lie handed over to the peasants. 

The Present Position 

A survey of the soils of India along lines 
envisaged above has not been so far attempted. 
In fact , a survey of the soils by any method 
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whatsuever on a uniform basis has not been 
carried out. A lot of valuable information 
is, however, available from old records such 
as those of Land Settlement and Geolog-ieal 
Survey. Besides, as a result of the studies 
carried out by Government Agriculture 
Departments and by soil workers - all over 
the country, a vast mass of data on thc 
properties of India soils has ,,·:cumulated. 

A comprehe-nsive attempt was ' made to 
collect and collate these data under the aus
pices of all India Soil Survey Scheme financed 
by the Imperial CouncH of Agricultural 
Research.* An attempt has been made in 
the following pages to give an idea of the 
Jines along which_ soil survey and soil classifi
cation in India have so far proceeded and to 
indicate the salicnt facts which have emerged 
from such studies. 

The scattered data which have been 
collected may be classified into the following 
groups:-

Land assessment methods: The earliest 
information about Indian soils is available in 
the Land Seulement Records. In areas of old 
settlements it has been possible, through 
experience, to determine the suitability of the 
land for the prod uction of crops, and a 
textural classification of the soil has been 
arrived at by empirical methods-. The main 
factol's which governed the syst.em of classi
fication for land assessment purposes are 
texture _ colour, availability of water, level 
of the lan~ and yield of crops. The inform
a 1 ion is useful, bu t is insufficient and lacks 
a scientific background for efficicnt utilisation 
of land and land-use planning. 

Study of soil from the geolcgical point of 
view: The study of soils from the geological 
point of view was made by various workers 
of the Geological Survey of India, and this 
forms an important contribution to our know
ledge of Indian soils. The subject has been 
summarised by Wadia, Krishnan and 
Mukherji who have alw prepared a soil map 
of [ndia on the basis of geological formations. 
The generalisation put forth by workers in 
the Geological Sur-vey are baset! on the exami· , 
nation of lithographic material s on a very 
broad scale. 

* The fin~l Report of the Scheme W:l.S approved by 
the Soil Science Committee and the Advisory Board 
of the I. C, A, R at its meeting in F ebruary , 1946. 
The repor& haR not yet been publi shpd. 

For soil survey, however, a much more 
detailed examination of the nature of the 
parent materials, including petrologil;al stlldy 
of the rock-forming minerals is necessary as 
also the stuny of profils an.1 examination 
of pro6Je characteristics. 

Assessment of Soil Fertility 
Classification of soils has been attempted 

by some workers on the basis of their 
nitrogen, phosphorous and potassium i.e., _ 
the nutrient statns, the lime content and the 
mechanical composition of surface and sub
soils. Such classifications have some agro
nomic valuc but have many limitations. 
This method (If grouping of soils has been 
used extensively until recently in most soil 
survey work in India. In most of these 
fertility surveys uniform and standard 
methods of sampling have not been used. 
Moreover nitrogen, phosphorus and 
potassium being transient constituents of 
soils, as their contents depend on many ex
ternal factors, soil maps prepared on the 
basis of these figures do not difl'erentiate snil 
types and are uJisuitable for soil classificatilln 
on a physical basis. The number of samples 
taken for analysis in these snrveys is also 
in many cases( too small for the area survey
ed, as shown in Table I. 

Soil Studies on Profile basis 

Soil studies on pro6le -basis and the 
classification of soils based 011 them are of 
comparatively recent development in India. 

. Except the one initiated in the Bombay 
Deccan Canal area, no soil survey carri~d 
out so far seemed to have this objective in 
view. It has been shown in that area thpt 
the different soil types produced as a re'sult 
of difference in topography, grainagc and 
subsoil water table respond differently to 
manuring and irrigation. 

Soil Survey Jor Irrigation purposes: Soil 
surveys in connection with irrigation have 
been carricd out on extensive scales in Sind 
and the Punjab. Usulllly the surface and 
subsoil samples are analysed for clay, silt, 
soluble salts and, less often, fOi exchangeable 
bases. The Soil profiles' up to 3' or more arc 
generally examined, but m 0 r p h ~ log i c a I 
characters are not always taken mto con
sideration. The latter are particularly 
important in view of such factors as rise of 
water table and salts and waterlogging. 
which are prevalent in the irrigated tracts. 
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'T'ABLE I. 

Maueas, (Guntl.lr, Malabar, Tanjort' , &. 
(Kistna & Godavari deltas) 

Travaneore (Shertallai TalVk) 
Travancoee (Shencottah Taluk) 
Tungabhadra project (Madras) 
Tl.Illgabhaol ra proj" et (H yderabad) 
Rihar (Sugar factory areas) 
Deccan (Canal area) 

Salin e lIlid 4lkaline soils and/heir R eela
malion: About 21 lakhs acre,; of land are 
affected by usar in the United Provinces 
alone. In Bombay Deccan ; out of the total 
area of 75,000 acres irrigated , one-third is 
more or less affected by salts. It has been 
"stimated that in the Punjab over 5 lakhs of 
acres have been abandoned as unfit for 
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area .surveyed 
Sq. miles 
] 1,000 

117 
46 

],600 
2,700 
1,600 

100 ' 

A t'erage area 
per sample 
Sq. miles 

20 
2 

O.7R (!'lOO acres. 
4, 

0.01:! :,) (8 acres. 
0.1 

0.0031 (2 acres. 

cultivation owing to the accumulation of salt 
and it is estimated that nearly 25,000 acre~ 
(Ire being added to this figure each year. In 
cascs of badly damaged alkali patchcs. cg., 
in Trichinopoly, treatment with sulphur and 
gypsum accompanied by adequate watering 
has led to steady improvemcnt of the soil, and 
successful crops have been raised. In thc 
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P,unjab and Bombay Presidency also, 
methods of reclamation of these soils havc 
been suggested which are based on mit able 
processes of irrigation, application of lime of 
gypsum where necessary and growth of salt 
,resistant crops like, rice, berseem and sligar 
cane. 

Broad S~il C-roups in India: It is possiblc 
on the basis of thc existing data to recognise 
a number of broad soil groups, e,g. red and 
latel"itic soils, black soils, alluvial soils forest 
soils desert soils and ' peaty ana marshy 
soils: Of these, 'the red ·and the lateritic 
soils and the black soils havc been studicd 
more than the rest. The so-called alluvial 
soils are an ill-defined' group whose actual 
classification will depend on a much more 
detailed study; for instance, they may 
include desert, meadow and forest soils. 
There is also not much information about 
the nature of forest and hill soils and it is 
desirable that morc sys'tematic stud ies on 
high level and low level forest soils should 
bc undertaken and the characteristics of 
podsol~ and other important soil g~ou~s 
ascertained. Information on desert soils IS 

also meagre. The Thar or the Rajputana 
desert alone occupies a'n area · of 40,000 sq. 
milcs. Thcse soils consist mostly of sands 
which have been derived from thc old sea
coast. The extent of occurrence and the 
paturc of peaty and marshy soils are not 
known except in one 'or two places and a 
survey for the purposes of reclamation and 
proper utilization of these soils is necessary. 

Soil Maps 
Altempts have been -made by .several 

investigators to draw soil maps of Iniha, e.g., 
by Schokalsky by Wadia" Krishnan an.d 
Mnkh~rjee of the Geological.Survey of In~JU 
and by Viswanath and Ukll of the IndIan 

Agricultural llesp.arch Institute. Thf'se 
maps are good attempst but they are not 
based on sufficient data. The available data 
on Indian soils collected under the All India 
Soil Survey Scheme have enabled us to pre
pare fresh soil maps of India and of the 
Provinccs and the States. But even thel\. 
the maps show only a gencral distribution of 
the soils and fall far short of what ar~ 
n~ed~d for any land lise plan. 

,Future Plan of work 
It has becomc apparent from what has 

heen said above that fresh approaches for 
a soil survey requirc to bc made. In a vast 
country likc ours, a detailed survey will 
involve much time and cvidently money 
also. Pl'rticularly in this case time becomcs 
more precious, and it can be saved if the 
number of trained workers is increased. To 
achievc this end it is desirable that a strong 
nucleus of training is set up in a central 
institute from where workers trained in the 
modern methods of soi\ survcy will be sent 
out to different places all over India, who 
will work under thc Provincial and State 
Departments of Agriculture. The idea is to 
initiate uniform methods of investigation; 
~therwisc the soil survllY will lose much of 
of its valull. It may be mentioned here that 
such a nucleus sec tion has hf'en already 
started at the Indian Agricultural Re~ear('h 
New Delhi. 
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Some Aspects of the Economics of Sulphuric 
Acid Manufacture in India 

By A. NAGARAJA RAO 
(Eastern Chemical Co. (India), Bombay) 

l "'1HE selling price .of sulphuric acid has 
always been much higher in India than 
in the other industrially developed 

clluntries, and thi~ has been one of the factors 
rcspolI~ible for thc 1I0n~development of 
subsidiary industrics consuming this acid in 
their manufacture. While the acid enjoys a 
kind of natural protection against its large 
importation into the country" mainly on 
account of its corrosive nature and tht~ 
incidental high trallsport and insurance 
chargc', the products manufactured from it 
have beml extensively importl~d into India 
before tlae war. During the war years, 
however, want of shipping space and higber 
demand ill the producing countries themselves 
resulted in the dimination of imports of 
these I,roduets also. Consequently, manu
facture of some of them waSllndertaken in 
India with improvised equipment, in spite of 
the higher price of sulphuric acit.l and the 
resultant bigher prices of these products. 
With gradual reversion to peacetime 
conditions, foreign manufacturers arc once 
again attcmpting to export their products, 
while the indigenous manufacturers who put 
up their plants under s tress of war conditions 
are anxious to retain the loeal market for 
themselves. 

Consideriug that sulphuric acid is the most 
important basic chemical required in a large 
number of industries, either directly or 
indirectly, there are no two opinions that 
every effort should be made to lower the 
selling pricc of this product to a level at 
which co-ordinatet.l development of industries 
depelll.ling ou it coulrl bl: a!-!hievecl. Not 
only the manufacturers of bichromatc and 
superphosphatc, hut IIlso the Government 
and the Tariff Board arc anxious to secure 
thiR result with minimum delav. But' before 
any satisfactory solution of tb'is problem can 
oe 'had, it iti necessary to examine carefully 
and remed y the causes leading to its higher 
cost of production in India. Unless these 
factors are inv estigated and a co·ordinated 
development of the ind'ustry plauned, there is 

very little that cau oc done to bring down 
the cost of this acid. 

Factors influencing cost of production 
As is well known, the cost of production oJ 

any manufactured product depends on: 

(a) The type of process, raw material and 
equipment employed, 

(b) The size, condition and age of ·the 
. individual plants, 

(c) Other operating costs such as labour, 
supervision and ovcrheadti. 

In regard to the influence of each of ~hese 
factors, India had to depend so far only ou 
imported sulphur, the small deposits at Koh
i-Sultan whbh were attempted to bc utied 
dnring the war years proving neither satisfa.c
tory nor suffil~ient . The cost· of the sulphur 
delivered at "ite in India is about double of 
thllt at factory site in America. In the U~lited 
Kingdom, where also sulphur is used as a raw 
material in a number of planis, it is said that 
its cost is subsirlised by the Government. In 
Germany, the bulk of production of sulphuric 
acid is from pyrites occurring within the 
country or imported from nearby countries at 
romparatively low prices. There are also 
instances where large plants have been put 
up for recovering and cunverting ex;t 
sulphurous gases from plants manufacturing 
products such as sodium silicate from sodium 
sulphate. In England. in addition to sulphur, 
pyrites, gypsum and waste sulphurous gases 
from metallurgical industries are being used 
as raw materials. Advantage has also been 
taken in a number of countries of the gypsum 
process that was developed in Germany 
during the first world war for producing 
sulphuric acid in large plants. . It is only in 
India · that we have still been depending 
entirely on imported sulphur without any 
rational attempts at using alternative raw 
materials wbich arc available in the country. 
As regards pyrites, some deposits are said to· 
occur in the Khvmoor Hills in Bihar aud 
near Simla in the ·Himalayas. There are also 
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rcports of other occurrances here and there, 
and our resources have not been sufficiently 
prospected. It is imperative that this is , 
done without further loss of time. This is 
particularly il'llportant , since the deposits so 
far known are in comparatively inaccessible 
places, making I.heir transport or tbat of the 
acid produced from them expensive. As regard s 
gypsum, India's deposit£ are mainly in· the 
Punjab, Trichinopoly, Jodhpur and Bikaner 
with small occurrcnces in Si~d , Jaisalmere, 
Gharwal and Kashmere. Considering the 
large quantitie~ of this raw material that are 
already known to be available, the use of the 
gypsum process which has been found to be 
industrially successful not only for manufact
uring this acid but also for generating 
elemental sulphur and liquid sulphur dioxide 
in Germany, should be a clear pointer to us 
to solvc our raw material prublem. 

During the recent visit of thc author to 
Germany, he had the opportunity of in5pe;:t
ing a large pilot plant designed and pllt up 
for producing 50 tons of sulphuric . acid pcr 
day from magnesium sulphate by adopting 
an entirely new and novel process . In sp ite 
of the war time difficulties in harnessing the 
necessary ~pecial constructional mat('rials 
required, the plant was constructed and put 
into normal operation for secm ing the stipu
lated prorluetion. Further developments in 
this direction had been envisaged for adopting 
the process mor~ widely iu tbe count.ry. 
Although on first thought, one may wonder 
how this process could he applicable in India 
in the absence of natural deposits, on careful 
consideration one sees immense potentialities 
of this prosess; for , in India, even with the 
present production of about 2.25 million tons 

, of sea salt per year, the potential output of 
magnesium sulphate (MgSO 1,7H~O) from 
the bitterns could be about 260,000 tons . 
Even on the basis of only 40 per cent. 
r ecovey, the country, should be able to 
produce more than a lakh of tons of this 
In at erial by the trcatment of bitterns from all 
the salt works on the coast. By adopting the 
G~nnan process about 17,200 tons of 
magnesium oxide and 43,200 tons of 98 per 
cent. suiphuric a~id can be manufactured from 
this quantity of magnesium sulphate. 
According to the p-stimates of the Heavy 
Chemical~ Panel of the Government of India, 
the anuual production and consumption of 
sea salt in India is expected to incrcase to 
about 5 million tons, so that on the basis of 
l'ccovering J~agncsium sulphate from all the 
bittcrns corresponding to this larger sea salt 

output, anywhcre . from 90 to 100 thousand 
tons of 98 per cent. sulphuri c acid can bc 
manufactured from this source alone. B y 
improving the rc(:overy efficiency of magne
sium sulphate from bitterns, it should hc 
possiblc ·to further increase thc production of 
acid from thi s SOllrce. Magnesium oxidc 
obtained as a by prod uet of this process is a 
valuable material and should find an casy 
market J n regard to our raw matcrial 
problem. therefore, there are at present two 
indigenous r aw materials, gypsum and 
magnesium sulphate on which the furture of 
our cntire sulphuric acid industry has to be 
based , pending thc detailed prospecting of 
our pYl'ites resourccs and utilization of thc 
available d e.posits. 

] n rcgard to the question of process and 
efluipmcnt adopted in India, till rccentl y 
most of thc plants wcre producing the acid 
by the chamber process and were designed 
lllld.erected according to the practice prevailing 
scveral d ccades ago. This was probably 
necessary at that timc in view of the small 
sizes of the plants. It is only durillg the last 
decade I hat contilCt plants came into 
operation, aud evcn today only about 25% 
of the manufacturin g units employ thc 
contac t process. Excepting two plants, thc 
rest of them are sma ll and t he designs do 
not secm to he quite in linc with the latest 
practice for economical and effICient prod uc
tion. It is, howevc r, expected that onc of 
the bigger units t hat is now under erection 
'and wliich happens to bc of considerably ' 
larger s ize would be of th e of lal es t t ype . 
It is well known that the eo~t of concc n
trated acid from a chamber plant is always 
higher than that from a contact plant anti 
thi s d ependcnce of the c;ost of production on 
the process employed should be rem embered. 

In additioll to thc factors mentioned 
abovc., the cost of plodutioll of acid in a 
small plant is always much higher than that 
in a bigger plant. The statement that is 
mad e in some books and which has also been 
mentioned by the Tariff Board (Page 14 of 
R eport on Bichromates Industry) that the 
cost of production of sulphuric aei" is 
roughly 1/3 the cost of sulphur per ton plus 
Rs. 30;' seems to have recenlly received 
greatar importancc ill our contry than what 
it deserves. There is no doubt that thi s 
method of rough reckoning is useful in d et er
mining the approximate cost uf production 
in big plants with capacities of 100 tons and 
over per day, for, it is ·based on the experi-
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cncc of other industrialised countries in 
which thc averege daily capacities of plants 
in operation are of the order of 250 tons and 
over; but in the case of small plant. such as 
those generally operating in India, this 
method of reckoning is likely to lead to very 
ill accurate inferences. In India, with the 
exception of 2 or 3 plants which are of 
25 tons and over, most of the plants are of 
approximately 10 tons per day, excluding 
about 10 to 12 plants which are of th'e order 
of 1 to 2 tons per day. While even our 
biggest plants should be considered unccono
mical from the point of view of cost of 
production of acid in comparison with bigger 
units in other industrialised countries, the 
smaller 1 to 2 tons per day plants should be 
considered as littlc ~ore than laboratory 
units in which the cost of production is 
bouud to be extremely high. 
, ·It may p~rhaps be desirahle to discuss 

here in detail the reasons for wide variations 
in the costs of production in plant" depen
ding on their capacity: 

(1) Cos! of raw material.- The cost of 
raw material per ton of product is almost 
independent of the capacity of the plant, 
although in the case of bigger plants it would 
go down slightly due to higher efficiencies in 
operation and some ~aving in handling charges. 

(2) - Steam.- While extraneous steam is 
required in all smaller plants, in the case of 
bigger plan. s sream can he generater! within 
the system and the cost of production is 
reduced by Dlakin~ due allowance for this 
steam whkh is ' available for other process 
purposes. 

(3) . Power.- In thc case of smaller and 
medium sized plants, external power is 
wholly required, while in the bigger plants a 
part of the power could be generated -using 
the steam produced in the system. 

(4) Labour & Supervision.- The aggre
gate cost of labour and supervision irrespective 
of thc size of the plant remains· nearly 
constant, and in any case does not definitely 
increase rapidly with increasing capacity i. e., 
these expenses diminish rapidly per ton of 
the product wit4 increase in the capacity of 
the plant. 

(5) Maintenance .- Expenses on this item 
diminish rapidly per ton with increasing 
prOduction. 

(6) Investm ent.- The invcstmcnt on plant, 
erection, buildings and auxiliaries dimini
shcs rapidly per ton with increase in the sizc . 

of the plants. According to the most recllnt 
quotations, thc costs of contact plants of 
differcnt capacities ready for operation III 

India are roughly as follows: 

10 
20 
50 

]00 

Capcu:iIY: 
tons per day. 

.. 

AmQullt. 
Its. 1,00,000 

6,00,000 
10,00,000 
15,00,000 

These figures are subject to variations 
depending on the location of thc plant8. 
Provision has not bcen made herc for carrying 
sufficient stocks of sulphur as well as for 
working expenses. In regard to the fnrmer, 
there is a fundamental difference bl.'tween 
conditions in India and those obtaining in 
America i.e., comparatively heavy investments 
ranging from about Rs. Olle lakh to about 
] 0 lakhs, depending on the capacity of the 
plant, are required towards 'cost of importc.1 
sulphur, ample stocks of which will ha\'e to 
be carried always. Thc stock of sulphur 10 

be carried being related to plant capacity, 
the interest on this investment is directly 
proportional to production; hut as regards 
depreciation on plant and buildings and othcr 
overheads reckoned per ton of thc product, 
they diminish rapi<Jly with increase in tlw 
size of the. plant, becoming, in thc case of a 
100-ton plant, only about 40 per cent. of 
that in a 10-ton plant. -

The above brief discllssion of the factors 
convincingly shows that the cost of production 
of ~ulphuric acid should always he lowcr 
ill bigger plants anJ (,omparatively much 
higher in the case of smaller plants. Com
parison of the ('osts of production of this 
commodity in othcr COUll tries with. that in 
India i8, therefore, not valid. 

In regard to our operating conditions, therc 
;s another important aspect that has to bc 
borne in mind. Most of our plants are old 
chamber plants in which efficiencies are low 
and maintenance charges are high, both on 
account of thc antc-dated designs and thc 
age of the plants. It is expected that in thc 
first instance plants of small capacities which 
are most uneconomical should he scrapped 
and gradually even the IO-ton units 8hould 
be given facilities for increasing their capaci
ties to more economical sizes. Unless a 
rational development is envisaged and thc 
present difficulties contributing to higher 
prices are eradicated, it may be futilc to 
attempt to bring down the price of sulphuric 
acid . 
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It ma y nol be out ~f place h ere to mention 
that as late as in Novemher 1944. at a Meeting 
nf the Sulphuric Acid Control Panel convened 
by , he Government of India , the factors 
determining the cost of production of suI
phurie acid at that time were carefully gone 
into and thc selling price was fixed at R s. 
290/- per ton. To-day, two years after the 
cessation of hostilities, circumstances have 
still not changed muc!t for the better' except 
in regard tn the price of sulphur which bas 
gone down by about R s. 40/- to SO/- per too. 
On the other haml , the conditions of the 
plants have become generally· worse, partly 
beca use of aging and also sincc plant 
operations had to be maintaincd at all costs 
to help war supplies amidst dill'iculties in 
obtaining repair and constructional ' materials 
during the war years. These diff'iculiies 
continue largely even to day. "'"ages have 
also been steadily increasing so that therc is 
no factor whieh can enable the sulphuric 
acid manufacturers, as things stand at 
present, to reduce their selling price to an y 
large extent. 

Solution to the problem 

sulphuric acid aud sulphur frum !;YI'~lIm is 
a standardiscd process ami Dot so intricatc 
or undeveloped as has been stated ill the 

report. GYl'sum plants with daily capacitics 
of 25 to 3()0 tons of 98 per <:ent· acid or for 
recovering 10 to 50 tOilS of sulphur have 
alrcady been put up in Germany, Switzerland , 
Austria and Japan by a well-known designing 
firm of Engineels. In addition there arc 
other plants in England and France operating 
by the gypsum process. As a result of ' 
discuss ion with some of the German experts 
who have a first-hand knowld~e of this proces 
in aU its ramifications, a considered opinion 
has been ob~iDl'd tbat thc minimum tiize of 
the gyptium plant should he toO tons per du y 
and under no circumstance should a plant of 
Icss. tllan 50 tons per day' be pelmitted. It is. 
therefore, suggested that the capacity of the 
experimental plant t.o be put up by the 
Government in the first instance should bc at 
Jell s t :;0 tons and on the busis of the data allll 
ex perience gained for ourselves in the desigo, 
erection and operation of this plant, other 
plant s of bigger capacities could come int .. 
existence in due coursc. 

As is well known , the gypsum process 
In thc Heavy Chcmicals Pancl Report yield s ccment also as a hy-product and a 

recently published by th", Government of· eement plant of less than 100 to 120 tOllS of 
India, it has been suggested that about fifteen cement per day is not an eC'onoll\Lcal uuit. 
10-ton plants should be put up in dilf'erent From both considerations, therefore, thc plant 
parts of the country for increasing the future ,;apacity of the gypsum unit should bc 100. 
production of sulphuric acid. The author .tons of acid per day. It has been estimated 
feels that this ~tep would be retrogradc ~inee that the total cost of a gypsum process plant 
in the light of what has been discussed above, for producing 125 tons of cement and 125 ton~ 
thc ('ost of production in a 10-ton plaQt can. of 98 per cent. acid pcr day by thc contact 
IInder no CIrcumstance, be brought to a level proecss is roughly fu. 40,00,000/-. If, on thc 
with thosc obtaining in other countries. He other hand , the sulphurous gases arc COll
iti, 'jill the other hand, of the opinion that verted into acid utilising the modern adapta
possibilit!es should be explored to amalgamatc tions of the chamber process, the enlire cost ' 
cven thc existing small plants opcrating ill of the plant would he only a littlt~ over 
nearby ar.cas into larger uuitij so as to bring Hs. 30,00,000/-. These estimates are on the 
down the cost of production. Facilities basis of investments on German . plants and 
should be givcn to existing maollfa(;1 urers to reekoning 20 Ma ks to a pound Sterling. 
incrcase their plaut capacities and to put up To-day, however, the standard rate of 
bigger cconomical units, by Government exchange fixed by the Military G!>vernment 
advocating and contributing, wherever advi- in Germany is ·1.0 Marks to a pound ~terIing, 
sable, to the development of acid-consuming so that estimates of these plants in terms. of 
industries only in areas in proximity to Sterlil1g and further in Rupees would be very 
centres of acid productiOJI. The Heavy much lower. There is, however, onc aspect 
Ch~'mieals Panel has recommended that the which requires to be mentioned in this 
Government should put up an experimental connection. Most of the gypsum plants 
gypsum plant with a capacity of 35 tOIlS per operating in Germany have been using 
day. While no time fhould he lost in. giving anhydrite. ' While , using gypsum, slight 
elrect to this recommendation, the author \ modifications would be required and these 
found from the discussions he had with thc havc also been worked out in some places in 
German experts that the manufacture of Germany. 
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As explained before. the prospecto . of 
adopting magnesium sulphate process should 
be explored without further d elay and 
extensivc work undertaken both on this 
problem as well as on the development work 
required for the gypsum process. in a suitable 
research organisation in the country provided 
with facilities for pilot plant work. Collabo
ration with senior chemical engineers already · 
employed in t)1e industry. who have visited 
such plants and possess experience of actual 
factory operations would be desirable in 
arriving at tangible conclusions and for 
translating the data collccted into practi ce. 
Plant and buildings for producFng about 20 
tons of magnesium oxide and 50 to 55 tons of 
98 per cent. acid per day cost approximately 
H.M. 3.500.000 or about Rs. 25,00.000 even 
at the old .ratc of exchange of R.M. 20/- per 
Pound Sterling. This estimate W} IS based 011 

war conditions and taking the present advant
agcous cxchange rate of R. M. 10 Sterling, thc 
priee could be very much lower. In case this 
investment is considered too heavy for a pilot 
plant, a smaHer plant of at least 10 to 20 tons 
acid capacity per day and entirely financed 
by the Govcl'Dment should be put up so as to 
collect the necessary data for the develop
ment of this process in India. 

In corr-neetion with the larger sized plants 
recommended by the a'uthor. there might be a 
controversy in regard to the distribution of 
acid amI difficulties and freight charges 
involved. Simultaneously with the introduc
tion 01 Government directives on the sizcs ami 
location of the sulphuric acid plants with a 
view to bring down the cost of production, it 
is necessary to organise and co-ordinate also 
the development of other sulphuric acid COIl

suming industries at such centres of acid 
production. consistent with the availability 
of raw materials required for sllch industries. 
In other cases. where transport is essential, 
bulk transport in tank wagons should be 
encouraged by railways providing the nece
ssary tank wagons for carrying goods in 
bulk ever economic freight distances. Special 
tariff rates may also have to be provided 
by Government to enablc movement of such 
es.sential goods. 

In regard to the bichromatc. phosphoric 
acid and phosphate industries on account of 
which the question of supply' of cheap 
sulphuric acid has been specifically I raised at 
the moment. the solution to their troubles 
cannot be achieved by influencing them to 

put up small acid plants to meet their 
req uirements. From what has been stated 
ahove, it should bc clear that the cost of 
producl ion in thc small plants would not be 
lower than the cost in the present sulphur-ic 
acid manufacturing units. As regards thc 
cost of phosphoric acid , phosphate, superphos
phate; etc., a reduction in the priees of 
these. prod ucts is possible, and has to bc 
brought about not merely by lowering thc 
price of acid used but also by carefully cont
rolling the price at which the other basic 
raw materials,--bones or rock-phosphate . ..• 
would be available . With the recommence
ment of export of bones to other countries, 
the price of boncs which had gone down 
during war years has again shot up making 
the cost of production of superphosphate 
high. It must be admitted that if super
phosphate has to bc widely used by the 
farmers to step up food-produ ction. it ha~ 
got to be made much chcaper by providing 
every possible faeility to the manufacturers. 
There are othcr factors which inHueuee the 
cost of production of superphsophate fcolII 
bones, and thesc should reccivc separate 
consideration. It may perhaps be found 

_ possible to eliminate the use of sulphuric 
acid almost co mpletely by working Ollt 

conditions under which the T.V.A . process 
ean bc adopted for using bonc as raw 
material. 

The views put forward above do nut 
diminish the imporLance of a \ thorough 
exploration of the pyrites deposits in [ndia , 
for, depending on thc different types of 
raw materials available, the prospects of 
using each of them under dift'crcnt conditions 
and in different 10l:alities have to be ultima
t ely developed. Whatever be thc raw 
material adopted in different places, the plants 
will have to be of comp.aratively large 
capacities and of economical sizes, lin addition 
to the adoption of the more efficient processes 
for conversion of 8ulphurous gases to 8ul· 
phuric. acid. 1t seems th2t the future 
processes to be used in India for this stage 
will have to be restrit:ted to (1) Contact plants 
of largc sizes utilising vanadium contact 
cv talyst in the lates t types ,of 3-stage con
verters and equipped with waste· heat boilers 
and power generating equipment whereve r 
deemed advisable, and (2) Intensive reaction 
process utilising Mills-Packard or Petersen 
towers so as to secure high efficiencies with 
minimum chamber space and low operation 
and maintenace chages. 



Petroleum* 
By E. S. PIN FOLD 

(Con'inued fl"(lm September isme) 

The oil occurs in the upper IJart of thc 
Uarail and in the Surma and Tipam Series. 
It is thus at a somewhat higher horizon than 
the oil-source rocks of northwest India. 
Assam is one of the regions in whi·~h coal and 
oil are found in beds of the same age (barail), 
.and this association led Pascoe and others to 
emphasise the clo~e relationship ill this and 
sume other areas of the two minerals. 

A large number of te'st wells have been 
(Irilled 011 st.ructurally favourable areas 'in 
(1 pper Assam. Silchar and Sylhet Districts in 
the Surma Valley. in the Chittagong region 
and ill the Teknaf peninsula. Only ~two oil
fields have as yet besn proved; Digboi in 
llppar Assam and Badarpur ill the Surma 
Valley west of Silchar. 

The Digboi oiltield, from which almo~1. the 
whole production of Assam has bccn obta.in()d, 
lies on a narrow, asymmetric antic1in.e which 
runs ENE, WSW, across the eastern mar,gin 
of the Brahmaputra plain near its northwest 
corner. The structure is steeply folded, and 
the ~outhern limb is, in places. overturned 
and thrust faulted. This area was first dril
led by the Assam Railwa'y-~ nnd Trading 
Company in 1888; The Assam Oil Company 
coutinued development from 1899 to 1922 
whell thc B ",rmolt Oil Company acquired a 
controlling interest. Ptod'uction iu I !l92 was 
28,000 gallons on ly, but this rose to 753,049 
gallons ) in t 900, and to ~.320,(j80 gallons in 
] 920. A rapid increa~e occurred after 1922 , 
and by 1941l the Digboi was produciug 65 
million gallulls. per annum. 

Tbe lladarpnr field was tirst drilled ill 1915, 
but YIelded only a very small production, 
and was eventually abandoned in 1933. The 
oil in this field was obtained from an antic
line in the Surma !;eries of Lower Miocenc 
age . A very deep test was drilled on the 
Masimpur anticline a few miles east of Badar
pur without encountering any oil deposits of 

. workable size. 

A mknn Const.- This furms thc direct conti
.lIuatioll southwards of the Assam region, and 
geological conditions are closely similar. The 
geological succession includes a great thick
ness of Lower Miocene sandstones and shales, 
mostly unfosssiliferous but with occasional 
marine bands , overlain unconformably by 
Upper Tertiary rocks which are mostly soft 
sandstones. The structure is severely' com
pressed and comprise a number of narrow, 
asymmetric, anticlinal and synclinal folds, 
the degree ,if compression increasing eastward 
in' 0 the Arakan Y omah ranges. Oil seepages 
arc 1I0t abundant, but small yields of light uil 
have be II obtained for many years past from 
shallow wells on a sharply folded anticline at 
thc s~Hlthern end of East Baronga Island , 
south of Akyab, and from complex structureR 
near Kyaukpyu on Hamri Island. Large 
natural gas shows un Cheduba · ISland give 
risc IQ lIlud volcanoes, and uutbru,'1;s of eon.i
derable violence have heen reported from time 
to time. Mud Islands due to the same c-auses 
have been formed scveral miles out to sea off' 
Cheduba and Flat hlands. . 

Rumw - BaIl's account of the Burmese 
oil industry in 18Hl and earlier has already 
been referred to. A detailed description of 
the geology and production uf the Burma 
fields is contained ill E. H. Pascoe's memoir;/; 
with full bibliography to that date. A later 
description is that hy L. Dudley Stamp in 
H. L. Chhibher's Mineral Resources of 
B u.rma7• A full a( ~count of the regiunal 
geology is giveu in a paper by P. Evalls ,~. 
Thc natural gas resources of Burma have 
been .described by C. T. Barber!I. 

Burma ean hc divided intu the following 
structural zones: (i) The Arakan Yoma, a 
bread moul.taill belt. of complex strudurc 
and composed almost entirely of shales and 
phyllices with subordinate sandstones; these 
rocks are mostly unfossiliferous but are 
believed to range from Trias or ulder to 
Tertiary; (il) The Chindwin Irrawaddy 
syncline, a wide, upen-folded basin uf mostly 

.' Contribution 10 the Dictiollary of Economic Produc/J and Resources of India. Suggestions are 
invited hy the Chief Editor, 20 Pus" RO;ld, New Delhi. 
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Upper Tertiary rocks, but interrupted by 
eloJlgated anticlinal and dome structurcs 
exposing lowcr beds; (iii) The Shwl:bo 
Hills and Pugu Y oma, a secon« belt of hilly 
country of simple structurc in 'he north but 
hecoming a wide bdt. of complex folding 
further south; (iv) The Shan platcau, a regioJl 
of much older (Palaeozoic) rocks, which has 
remained stable and comparatively undistrub
cd during the violent folding movements of 
latt~ Tcrtiary times. Pil and gas shows occur 
in the foothills of the Arakan Y oma, the 
Chiu~in-Irrawaddy basin, and in the Shwebo 
Hill8 and Pcgu Yoma; no oil or gas shows 
arc kJlown in the ~han States and their 
structural continuation from Moulmein 
through Amherst, Tavoy and Mergu.. The 
productive fields arc confined to the Chimlwin· 
Irrawaddy basin. 

Granite intrusions of eonsiderahle sizc 
occur along the fault line which form th .. ~ 
lJUundary between the Shan plat')au and the 
Tertiary folds to ' the west. Recent or sub· 
reccnt volcanic activity has resulted in the 
outpouring' of lavas and ashes ill several parts 
of the Chindwin amI northern Irrawaddy 
valleys; Mt Popa,4,981' above sea level, is 
.111 extinct volcaJlo thirty miles east of the 
Singu oilfield. No relationship between this 
volcanic activity and the occurrenee or 
absence of-oil has been recognised. 

Thc oil occurrences arc confined. to the 
Eocen\}, Oti)§ocene, and Lower Miocene; the 
Oligotene anJ:-'ower, Millel~!le together fOHm 
the .,egu Senej;. 1 hese rocks arc marIne, 
estuarine and freshwater deposits laid duwn 
in a gulf which stretched north and south 
between what are now the Arakan Y oma and 
thc Shau platcau ~ Thc gulf bl~caU\c fillcd up 
progressively. so that marine . conditions 
persisted latcr in the tiouth than in the north , 
and individual members of the succession 
tend to pass from marine clays through 
estuarine alternations to fresh-water 
sandstones when traced from south to north. 

The Eocene is most fully developed in the 
north of Burma where it attains a total 
thickness of over 30,000', and includes 
representatives of all the Eocene stages as 
known in northwest India. The Eocel\(' rocks 
arc thick shales and clays containing limc
stone bands and coal seams, interbedded with 
sandstones and conglomerates, some of which 
have yield cd a rich mammalian fauna. Oil 
seepages arc numerous throughout the 
Eocene, hut despite several test wells in thc 

Uppcr and Lower Chindwin aud Pakokku 
Districts, n) workahle oilf:c111 ha,; yet bel:n 
proved in rocks of th i sage. 

Thc Peguan deposits arc lithologically 
similar to the Eocel\f: and indudc clays and 
shales with thin fossiliferuus hard ballds ami 
thick sandstoncs often containing fossil wood. 
The total thickness 01' the Peguan is estilllate<l 
to be about 20,000'. Oil and gas shows arc 
numerous in the oilfields region, and almost 
the whole of the oil production obtained in 
Burma has been fwm rocks of this age. Mud 
volcanoes (Bur. Nagabwet) occur in Eocene 
and Peguan rocks at many localities from 
Henzada in the Sauth to the far north of thc 
Chindwin valley; till; Burmese attrihute thesc 
to 'super.natural agencics. 

Thcre is a pronounced unconformity at the 
hasc of the succecding beds correspollllinf!; 
with that at a Himilar horizon in Assam and 
northwest India. Thc whole of thc Peguan 
is abscnt in some parts of Upper Burma, dIU, 
to thc carth movements and erosiun whi"h 
occurrcd at this time. The lwwer rock s, 
known in Burma as the lrrawaddian, arc 
almost eutirely soft, yellow sand"tones, highly 
ferrguinous in places, and containing abuuda· 
ut fossil wood alill vertebrate remains. SOllie 
brown and gray clays and occasional I'onglo· 
lIIeratcs occur in the upper part of thc serics. 
The total thicknes,; of 'he Irrawaddian is 
about 10,000. No oil or gas shows OCI'lIr in 
this formation, but thl~ T rrawaddian hasel 
conglomerate, knuwlI as the 'Hed Bcd" ont
liJ"'8 WC PI)guan inlicrs as a rim cul'k "in all 
th" main oil/ileds. 

All the productive area ., occllr as antidinal 
interruptions in the lrrawaddy-~:hidwin 
basin (sec Fig, 6); they will be briefly Ilescri· 
bed from the south northwards. 

Pyalte:' Natural gas IIlIllor cOJlsiderable 
pressurc OClallS in a small dome structure 
about ten miles south of Thayetmyo. Th" 
discovery well, drilled by the Indo·B urma 
Petroleum Company with cable tools in I1J26, 
could not be controlled with fittings available 
and blew willI for sume months. The gas from 
this field has b een utilised as fuel iu th e 
BI/.rma Cement Company's works; abont twu 
milliou euhic feet daily wa,; supplied to the 
plaut lIuder the well-head pressure available 
at the field. A deep test for oil was drilled 
recently Dut no workable oil-sands have yet 
been proved. 

Padaukpin:- This oilfield is ou a faulted 
dome structure in Peguan rocks, scven miles 
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' west of Thayetmyo. The area has been 
tested from time to time by vl/rious compan
ies, hut results have been disappointing. 
This field a ttained a prod uction of 17,000 
harrels per annum in 1926: no production has 
been recorded in recen t years though somc 
clrilling is still being done. 

Yenanlll(l:- This small field , about forty 
miles northwe.t of Thayetmyo, is exceptional 
in t,hat it Iics close to the foothill s of tbe 
Arakan Y oma and is an easterly dippinl,! 
monocline without anv surface evi.dence of 
anticlinal structure; the cause of the oil 
accumulation has been attributed to over
thrusting or to lateral variation in the 
sa ndstones and shales. The field was disco
vered by the Indo-Burma Oilfields, Ltd. in 
1922. Only a small production was obtained, 
and the company went into liquidation. A 
lIew company, Yenan Mines, Lrd., took over 
the property from the debenture. holders and 
was working the field at the time of the 
Japanesc occupation. Production under the 
new management has fluctuatcd around 200 
barrels daily and was reportecl to be above 
th;s figure in 1941·42. 

M inbu:- The Minhu anticlinal is a long, 
e'ompressecl, asymmetric fold with pronounced 
overthrust faulting on its castelli flank; it is 
much complic,ated by cross faults and minor 
structures . The fold axis runs almns,t due 
north and south along the western bank of the 
Irrawaddy River between h.titudes 20°0' and 
20010'. Several small oil-pools have been 
proved and worked by various companies, the 
most important 10caliJ.ies being Yethaya, 
Palanyon, Bloek DS and the area north of 
Minhu town. 

Due mainly to the complex geology, reSl.lts 
have on the whole heen disappointing and 
have not repaid the considerable Fums which 
have' heen spent on prmpecting and drilling. 
The f,arliest recorded production was in 1910 
and the output reached a maximum of over 
six million gallons in 1928, Production for 
1937 was 3.75 million gallons only. 

Yellangyaung.- The principal oilfields of 
Burma, Y enangyaung, Pynma, Sin g u 
(Chauk), Lanywa and Yenangyat, all lie on a 
~in(!:le elongated anticlinal which rises ffum 
the Irrawaddy basin twenty miles east of the 
Minbu structure and runs NNW for over one 
hundred miles. Pronounced doming occurs 
on this fold axis at, from south to north, 
Ondwe, Yenangyaung, Singu and Yenangyat. 
All these domes have been drilled to ~onsider-

able depths, with remarkably varied results: 
Ondwe got gas only to a depth of over 6,000' 
Yenangyaung has a succession o( numerous 
ancl rich oil-sands; at Singu there are fever 
and more regular ,oil-sands, some of them 
with gas-caps; and at Y enangyat the f~w 
oil-sands found arc poor producers only. 

, At Yenangyaung Ihe Peguan is oil-bearing 
from tire surface downwards, and the larg~ 
number of variable oil-sands and exception
ally close competitive drilling, have resulted 
in a very high production per acre for lhis 
field. , The structure is more rohust than at 
Onclwe with flank dips of 35° to 50°, the 
western flank bein(!: somewhat steeper than 
the eastern. 

Yenangyaung is known to have been an 
important oil producer from seepages and 
from shallow hand-dug wells since very early 
times. The production of this field since 
1889 is illustrated in Fig. 2; almost the entire 
production from India and Burma was from 
this field until Singu and Dighoi hecame 
important contributors from 1910 onward~. 
The Yenangyaung field reached peak produc
t ion , 203,638;04:l imperial gallons, or 
approximately 14,000 barrels daily, in 1918. 
Production had declined to about half this 
figure in 1912. Total production from this 
field to date about 6,000 million gallons, a 
remarkable figure in view of the restricted 
area, less than 700 acres, from which thi. 
production has been obtained. Recent 
extensions have been provcd l some distance 
east ana north of the main dome summit. 

In twoO portions of the Yenangyaung ficici , 
known as the Twingon and Beme Reserves 
the oil rights have been reserved to certain 
Burmese families, in continuation of rights 
held under the Burmese kings. Well sites 
at 60' intervals have becn demarcated in 
these arells and distributed from time to 

. time amongst these Burmese families and 
their descendants, known as 'Twinzayos', 
and these in turn lease or sell the sites to the 
operating companies. A large proportion 
of the production from Yenangyaung has 
been obtained in the two Reserves. 

In L 942 about 3,000 drilled wells were 
producing. Deep tests have been drilled to 
over 7,000' Lut no oil-sands of consequcncl) 
have occurred b ~low 4,000' on the dome 
crest; sands far out on the easrern flank have 
been provea at depths down to over 5,000'. 
1/1 addition to the machine drillerl wells, over 
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200 hand-dug wells are still producing from 
sands down to 300'-400'. 

Pyinma., Singu anil Lany wa Fields .-Thesc 
fil>lds , lwo of thl>m of comparatively recent 
development, occupy part of a single I>lon
gated dome, discovcrp.d originally by Grimes 
of the India n GI>ologieal Survey in 18n. and 
first drilled by the Burt/wh Oil r:ompany ill 
] 902 . Prolluction reachetl 2,300 barre ls daily 
by 1905, and in creased to nearl y 7,000 barrels 
b y 1919. In 1937, 568 wells on thp. main 
Singu field y ielded a tOla] outpnt of 119,858, 
608 gallons for the year. This field has been 
treate£1 as a reserve and production has 
he en drawn from it in increasing quantiti es 
to oft'~et the decline of the older field . 

Thc Singu fi elds have been worked und er 
careful t echnical control, more p.specially as 
regards water incursion and gas offtakc, and 
still remain the musl important reserves of 
oil in sight in Burma. 

Due to ·the mal·ked asynlm~try, the east 
iiank dips almost vertically, all the produc
tion to date has been from the moderately 
dipping western flank. Large gas-eaps occur 
in several of the sands, and gas off-takc has 
heen carefullv controlled; several well~ with 
unduly high "gas/oil ratios havt~ hCtnl plugged. 

The crestal area of the Singu structure has 
been worked tmtirely by the Burmah Oil 
r:ompany; other companies later obtained 

. some .produ('.(ion on outl ying blocks. Thc 
British Burmah Petroleum r:ompany st :lI 
produces from an area on the soutb pitch 
of the fold. At its northern end the Singn 
field is truncated by the Irrawaddy River , 
and in ' 1919 the Indo-Burma Petroleum 
r:ompany found oil on the ~pposite bank of 
the river near Lanywa village, thus d emons
tratin~ that oil production was probably 
continuous across almost three mih~s of the 
fold beneath the rive r bed. A re taini ng wall 
was built along a semi-permanent sand-bank, 
and this wall , with later extensions, has now 
reat!hed over two miles in length ; it has bcen 
constructed high enough to be clear (of the 
forty feet seasonal rise of the river. The 
area ilt the back of the wall has been sand
filled, and Over ]00 producing wclls have been 
drilled in t he reclaimed area. This is known 
as th l' Lanywa oilfield. Production was first 
obtained from the reclaimed area in J 926, 
and by 1937 production had reached oVl'r 
12,000 barrels dailv . It was later maintain
ed at about this "figure with the assistance 
of sevl'ral wdl8 drilled at a coneiderahle and 

controlled inclination to tap the Rand s well 
out-beneath the river bed to the I'ast. A 
similar l etaining wall and sand-fill was later 
construct ed by the Burmah Oil r:omjJa.ny on 
thl' east ern bank of the rive r, 

The Singu fidd is intersected by several 
transverse faults which , to some extl'nt, afi'l' ct 
thl' distribution of oil and gas. The most 
important. of Ihesl' is thl' Thatagu Fa ult. 
which crosses the west ern flank almost at 
ri /!ht angles to the crest, thrce and a half 
miles sOllth of the dome s1lmmit. Thi s fault 
has a downthl'ow to tbt~ north of 350' ami 
heads northwards at 35° to the vl' rticaI. It 
has held up an important oil-pool to thc 
south, with two largc and several smaller 
oil-sands hetween :1,:>00' and 5,000' . This 
area , now known as the Pyinma oilfield , was 
first test ed by the M oola Oil r:ompan:r in 
1936. The adjoining blol!ks to t he west , 
helonging originally t o the British Burma 
Petroleum Company and t o the Indo-Burma 
Petroleum Company, have been developed 
jointly by a subsidiary company form e.1 for 
this purpose, the Py inma D evelopm ent Sy ndi
cate, amI much wasteful competitive drillin g 
so avoided. Production from this fieltl hatl 
rem;hed 2,000 barrels daily in ] tli1. 

Y enangyat:- This is the most northern 
fi eld on thc Y enangyaung SingH anticlinal. 
The structure i ~ similar to that at Singu, but 
the eastern flank is lIOW overturned , and 
overthrust , and a consid o) rably greater thick
ness uf P egu beds is exposed in the ert~stal , 
area Production was first obtained in early 
wells, this fi eld has been a disappointment ; 
peak production w~ s attained in ] 90;{ 
(22,668 ,312 gallons, tlr 1,550 barrels daily ) 
but thc fidd declined . apidly and in recent 
year;; has been _producing less than ] 00 bar
rels daily. Dl'ep tl'sts have also been di ~sap
pointing. 

Indaw:- Although m any tt~ s t well s have 
bcen drilled in tilt: f{'gion nort.h of th ., maiu 
oilfields, lI O workable oil has been proved 
except in the Indaw fi eld , Upper Chind win 
Distri ct, 180 mills north of Singu. This 
field occupies the crest of a large dom e st.ru
cture which arises from thl' centre of the 
Chindwin basin. Gas shows, mud volcanoes 
ancl small oil seepages occ ur in thl' crestal 
area, The folo is asymmetric , the east flank 
being vertical and compressed; the wes t Hank 
dips at moderatc angles amI there is a wide 
low-dripping crest. As in the main field s, tht~ 
basal conglomerate of-the Irrawaddian (here 



October, 1947] Petroleum 

prohably at a somewhat lower horizon) forms 
a rim completely round the structure, the 
beds within the rim being eClllivalent to the 
Peguan . This well has supplied ga8 for fud 
until recently. Oil in fair quantity was struck 
in the seceIDfl well, anel this ler! to the dcve
lopment of a sma ll shadow oil-pool. Th" 
field has produced a total of about forty 
million gallons to date , and was produciu~ 
abuut 75 ~'arrels daily in 1941. Attempts 
have been made to t est to greater depths, bllt 
high pressure gas and water sands hav" 
hitherto prevented the test wells fTCIm hfJin g 
carried to much below 3,000' . 

Prospecting in Burma 
The major companies have employecl large 

geological stalfs , and all the rc~ions in which 
oil might occur have been examinee l ill 
consiilerab le, detail. This work has recemtlv 
been supplemented be [",rial SlIrv"ys an;l 
geophysical exploration. A vast expenditure 
has been entailer!, but results have been 
fJxtremely disappointing, for , apart frum the 
cliscovery of the Inelaw field and ext ensions 
to Ytlnangyaung and Singu, no new fielrl of 
commercial importance has been discovered. 
{)ver thirty separatIJ anticlinal structu res have 
been testecl by the major companies with 
o'nly negative results. A list of these is given 
hy E.L.G. C le~gg in The Mineral D"posits (~f 
HlLrmu1tl• 

All the fields were demoli shed as far as 
possible before the Japanese occupation in 
April 194.2. Many of the smaller wells will 
not be worth rl'flrilling or repair. It seems 
probable that the pre-war level of proeluction 
will never be regained. 

Petroleum Rules and Regulations 
Over rrost of India and thc whole of 

Burma, mineral rights are ves ted in Govern
ment ; tllfJ main cxceptions are the Indian 
s tates, Bengal and parts of Assam. Prospect
inl!: Licenses are granted to repntabl4' app
licants of Indian, Burman or British 
nationality , and to companies in which a 
majority of the share capital is owned by 
persons of these nationalities . Licenses arc 
normall y issued for two years during whieh 
exploratory work must be carrie!l out. ancl 
lest wells drilled; and license can usually be \ 
r4 'newed if the work is not completecl in the 
time allowed. The rental for pruspeeting 
licenses is normally annas 4 per acre for 
the first year, increasing by yearly ilJ(:rerneJl1ts 
to one rupee per acre. 

If oil is proven, a Mining L"ase may IlIJ 
granted for any part or the whole of an area 
previously held under prospIJcting license . 
A mining lea84' is usually fur t hirty year~ 
with an option to remew for a similar period . 
A cl ead rent is payable unless this is covereel 
b y thf' royalty on lhe oil won; this is annas 
CJi~ht per bar rei, or 5 per cent. ad l)elorem. 

All opCJraliollS must be carried out in an 
ellieient manner to the satisfaction of govern
ment offie:ials, in Burma the warden of the 
oilfietds and his anviser, a Resident Geologist 
secontl4~d from the G'eological SlIrv'~y of 
India. 

Imports and Exports . 
Inelia's oil production is quite insufticient 

to meet her own requirements anr! the only 
oJl produe which is exported in any quantity 
is paraffin wax ; in 1940 the vallie of 
paraffin wax exported from India was 
Hs. ~2,97 ,874. 

Thll following were importlld into India ill 
]940 : 

Kerosene 
Fuel oil 

Table n 

Lubricating oil (Batl'1iing oil) 
" " (other luhs.) 

Motor Spirit 
Other dangerous petrnlllllm 
Grease 
Parafl'in wax 
Candles 
Asphalt 

R~. 7,5J,32,lt)ll 
" 2,14,72,602 

61,19 ,939 
" 2,04,92,94,tj. 
" 1,35,64,574-

n,72,43') 
16,4l,479 

7,16,012 
8,92,043 

23 ,21,048 

Total: Hs. 17,47.25,278 

The maiu sourCe:s from which , these W4'rll 
obtained indueltJ: Burma, the Dutch East 
Indies, lran, th(, Un ited States ofAm"ric,a 
and Trinidad . 

'fa bit, HI gives I ltc , important eilltitls ill 
forcll at present. 

The Petroleum Industry in India 
' and Burma 

Fifteml major eompanies, ami s.w"ral 
smaller ones, are enga/!ed ill th" search for 
oil and in its production and refinin/! . Ov"r 
fifty additional companies arc activI' in tlu, 
importing, distributing and sale of ptJtroleum 
'products. III 1940 almost the whole of the 
production in India and Burma was being 
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TahIr. III. 

Asphalt 
Min. oils 1I0t otherwise Specifil'.J. 
Kerosene and illuminate 
Motor spirit 
.T ul r. hatching oil 
Flash Pt. at or abov,~ I!)OOF 
Luhricating nils. 

Standard Rat". 

4/(i/per 1-(111. 

15/." " 
] HI] 2/- per tun. 

15 
As. 2/ 6 per gal, 

Preferential 
/lrit. {;ok 

% 
In 

raIP,- frolll. 
H IIrma. 

% 
(i 

]:! 

. Excise duties in fone in III.lia ill 19,1.4 w'~re: 

Kerosene 
Motor spirit. 

obtained by the Burmah Oil Co. Ltd. and its 
sul'sidiarics (including the Assam Oil (;o. Ltd.,) 
The Indo·Burma Petroleum {;o. Ltd., The 
Attock Oil Co. Ltd. and the British Burma 
P.etroleum (;o. Ltll. The issued capital of the 

. . ster1ing producing companies is over 21. 
million poundf; that of the more important 
rupee companies over two crore~. More than 
thrity companies formed to prospect for and 
produce oil ill India anrl Burma have failed 
or become moribund in the last thirty years. 

The numher of natiouals I1IlIploye.l by the 
pro.lucing f'ompanies in India and Rurma is 
.. vcr 30,000, whilst an additional 9,:'00 arc 
employed indirectly. The producing .~om· 
panics paid to Government in 1949 ovcr 
Rupees 45 ' lakhs in royalty, and excise 
payments on kerosine and petrol amounted to 
over 9.5 crofl~s . Other contributions to the 
revenue of India and Burma, including income 
tax, amounted to oyer 1.6 erores. These 
figures demonsi'rate that the production of 
pelroleum and the refining and distribution 
.. f petroleum products hold il pre-eminent 
place in In(]il1n industry. 
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Obituary 
PROF. MAX VON PLANCK 

Prof. Max von Planck 
( April 23, 1858 - October 4, Iq47 ) 

W7 E re~r!'t to re~onl the dl'ath of Prof. 
W Max Planck at G;iltingen on Ol', tol,,~r 

,1" 1947. Prof. Planck's namc is 
known wherever physi cs is taught and studied, 
as the discoverer of the cel!'hrated Quantum 
Theory or the Doctrine of Elemental Quanta , 
which necessitated a fundamental revision of 
the physical concepts. This discovcry was 
annouced in a classical communication to 
the German physical Society on DeceQlber 14, 
1900, under the title "On the Distribution of 
energy in a Normal Spectrum. " Kirchoff 
had shown that the distri bution in wave 
length of heat radiation produced in an en
closure surrounded hy any emitting or abo 
sorbing bodies, all at the same temperatnre, 
was independent of the nature of sn eh bodic~. 
This showed that the distribution of radiant 
energy in an enclosure in terms of temper
ature and wave length could be expressed 
in terms of a universal function. As a rewlt 
of seve ral years of work, Planck established 
the new fundam ental and universal constant 
which not only provided the general formula 
for the spectral distribution of heat radia
tion, bllt al80 proved to be "of great value 
to the problem of specific heat of solid 
bodies, in explaining the. efl"ect of light-elect
ricity and in many other pllf~nomella of 
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el ec tric sc ience. It. throws light on the con
structive law of the periodical sys tem of 
elements and lays the foundation for a 
future astronomy of atoms." 

Max Planck was born in Kiel and studied 
physics and mathematics at Munich and 
Berlin. He took his doctorate in 1879 ill 
recognition of his dissertation on the Second 
Law of Thermodynamics, and in the follow
ing year became lecturer in physics at tha 
Munich University. Five years later, at the 
early age of 26, he was appointed extra 
ordinary professor at the University of Kiel 
and in 1899, succeeded Klfcholf as professor 
of theoretical physi cs of the Berlin University. 
He was appointed permanent secretary of the 
Prussian Academy of Sciences ill 1912, and 
was awarded the Noble Prize for Physics in 
1918" in recognition of the mf~rit hp, had 
attained for the development of physical 
science by his discovery of the elemental 
quantum." Prof. Planck was elected 
President of the Berlin K"iser- Wilhelm
Gesellschaft Zi'lr Fiirderung der Wissens
ehaften, a post which he filled with con
spicuous distinction until 1933. He was 
elected Foreign Memhcr of the Royal Socif'ty 
in 1926, and awarded the Copely Medal 
' n 1921). 



REVIEWS 

Theoretical Chemistry By Samn~1 Glas
s ton~ : Third Printing: (1946) D. Van 
Nostraml Company, Inc. Ncw York: 
(pp . v iii + 5];;) . Pri~~ 31/6 net. 

This hook is intend~.l to b~ an introdllction 
to thc s tlld y of Quantum mechanics, Stlltis
t.ical me~h a nics, Molecular spec tra and allierl 
topics from the view point of th~ ch~mist. 
There are nine chapters dealing with fl uch 
;' s p~~ts . E1~mentary principles :md the 
notation of quantum mechanic~ are explained 
ill the first two chapters. Great clarity of 
exposition is a feature of these two chapters. 
The third chapter deals with the subject of 
valeney and is likely to be of particular 
interest to chemists. It must , however , be 
mentioned that t he treatment hear, as in 
other ehapters, is somewhat mathematical in 
character as it is bound to be in a book of 
this t yp<,. Th~ next three chapters deal with 
t he configurations of diatomic and polyatomic 
molecules with special reference to the ir 
spectroscopic hehaviour . . Different types of 
spectra Stich as rot ation spec t ra , vibration
rotation spectra, electronic spectra and 
naman spectra have been dealt with. Sym
metry properties and 8ymm~try effec ts have 
heen given some promi.;ence. Chapters VII, 
VIIT and IX are devoted to statis t ical 
problems and topics like class ical and 
quant urn statistics; specific heats, thermody
namics, partition function s, compress~d gases, 
<, ritieal state, etc. are ably dealt with . 

In a few places, th e author errs on the side 
of giving much dctllil rather than' of observing 
I,r~vity. The differ~ntiation of t he power 
series, substitution of the results and the 
collection of coefficients given on pages 31 
;lIld 32 whil~ dealing with the harmonic 
oscillator and a similar process on pages 41 
and 42 wbile dealing with the Legendre's 
e(lliation are illustrations. Such detail is 
probably helpflll to the class of reader s h e is 
having in mind. There are other places 
whl're th e book is (Iefinitely difficult mathe
matics for a general chemist but the specialist 
who is devoted to the theoretical aspects 
will find a most valllable account of topics 
t.hat havp- /I bp-a ring 011 his suhject. On 

page 201 is the statement "With hydrogen 
d p- utp-ride, which dop-s not have two identical 
nuclei , all rotational lines have equal intensi
ties and none are missing". This is incorrect. 
The description of the method of extreme 
nel(l s given 011 page 211 is not dear enough . 

These are trivial lapses and are only few 
and far between. They do not in anY 'way 
diminish the value of the book as a whole 
which contains several extreml'ly lucid and 
logical accounts of difficult topics . Although 
the author intends the book to be of help to 
chemists and has achieved his object in so 
far as a particular category of them is 
concerned, the book has been so well written 
and the topics it covers have bee n dealt with 
in such a nice manner 1 hat it. is of even 
greater value and widp-r appeal to physicist s 
amI physi('1I1 ehemist s. 

S. Bhagavantam 

Cottage and Small-Scale Industries. 
By Mukhtar Singh (K·tahi~tan, Allahabad), 
1947, pp. 242, Price Us. 7/8/-. 

This hook is a fairly comprehensive survey 
of tIw pre~ent position of cottage and small
seale industries in India. _ The author has 
given his impressions and views based on his 
extensive tours in England , Germany and, in 
particular, Japan. The place of cottage 
industries in the economy of the country has 
been well discussed and their economic. 
potentialities indicated. 

The book is divided into three parts; the 
first consisting of eight chapters deals with 
the statu s, organization and other aspects of 
cottage and small-seale industries. A defini
tion of " Cottage industries and small-scale 
industry" is attempted after taking into 
consideration the variou s definitions that are 
in vogue. A critical rev iew of the plans for 
the development of cottage industries is 
attempted . This part provides useful data 
on the density of popullltion in various 
Provinces, the expenditure incurred on 
industries, approximate number of cottage 
industry workers engaged in different indus
tries, and II sclwme for a State Organization 
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to develop cottage and small-scale industries 
in India. 

The industrics operating in serveral parts 
of the country and the possibilitics of organi
zing them into small-scale industries are 
discu~sed in part 11. The textilc industry, 
including silk and wool, has received special 
attention. Other industries examined include: 
leather, metal industries, fibre and straw, 
tobacco, oil, soap and perfumery, timber and 
wood, pottery and glass, agricultut'al, food, 
chemical and miscellaneous industries. 

The third part deals with what the author 
calls "New Industries· under three heads: 
mechanical, chemical and agri.::ulturaI. Many 
of the industries included in this part are 
already working in various parts of the 
country. For instance, the fountain.pen, 
button and wire-drawing industrics exist. in 
several Provinces and States but they stand 
in need of State aid and encouragement. 

The author favours a pattern of organiza
tion for cottage and small-scale industries 
similar to what was operating in pre-war 
Japan. He observes, emphatically, "We 
will have to follow the footsteps of Japan in 
the employment of our people. We will 
have to earmark big factories only for the 
production of those things which cannot be 
manufactured on a small scale and without 
which we cannot supply the needs of the 
countrv. . Cottage industries must be the 
rule and big industries the exception." 

T,here has been a rather conepicuous omis
son. The part of the Indian States in the 
progress of cottage industries has not been 
insignificant. The usefulness of the volume 
would have been greatly enhanced if it had 
included a survey of the illdu~ tries in the 
Indian States also. 

The volume is well got-up and moderately 
priced . 

A. K. 

A plea for the Mixed Economy: by 
M. R. Masani (The National Information 
& Publications Ltd.) 1947, pp. 37, Pricc 
As. 12. 

The pamphlet discusses thc relative 

importance 'of state enterprise and free 
enterprise in tackling the problem of India' s 
industrialization. The 'Mixcd Economy' to 
which the author rcfers relates to an 
economy which would keep alive and 
stimulate both these forms of enterprise. 
According to thc author, the mixed economy 
can be relied upon to take the country more 
quickly to the goal of a "free and equal 
society" tban total State ownership and 
management. The bulk of the pamphlet is 
devoted to an attack on the policy of 
Nationalised Economy. The author has 
strong views in the matter and at one place 
finds,-"the conclusion is irresistible that not 
only are State ownership and management 
not the answer to our needs," but that that 
way lie destitution and dictatorsbip" . His main 
theme, however, admits the need for some 
amount of nationalisation; and it is pointed 
out that a lot of experimenting will be 
necessary before the final attitude towards 
State ownership and managem~nt can be 
determined in the light of the expedenee 
gained. 

The pamphlet is brief and stimulating and 
will be read with sll staiued interest. 

R. B. P. 

India Archives, a quarterly published by 
the Imperial R ecord Department, is the first 
of its kind in this coun try. Primarily 
intended for the t echnical personnel of the 
various Record office' in India Indian 
Archives will serve as a clearing house for 
scientific knowledgc on the mcthods and 
techniques of prcserving old papers, 
renovating old manuscripts, safeguarding 
printed books against ,llf) natural forces of 
decay and such other ma,tters of interest to 
Indian archivists. 

The first issue of this well edited and well 
I!ot-up Journal carries articles on Survcyof 
India Records, study of palm leaf 
manuscripts, preservation of rare book~ and 
manuscripts in H lIntington Library, and 
others. It has a lengthy "News Notes" 
Section containing brief notcs on record 
oJliccs in provinces and states. 



NON-TECHNICAL NOTES 

Manufacture of Phosphorus in India 

THE prewar requirements of amorphous 
red phosphorus in India were of the 
order of 150 tons per annum. Although 

a small quantity was used for the manufac
ture of phosphorcopper used in nonferrous 
metallurgy, the bulk of the 150 tons was 
consumed by the match industry. The 
demand for whit.e phosphorl\s was practically 
nil. During the war, however, while phos
phorus was in great demand for munitions 
purposes. It was to meet this shortage that 
an investigation was undertaken by the 
Board of Scientific and Industrial Research 
and this led tl) its production on a pilot 
plane scale at the Indian Ins/i,ute of Science, 
Bangalore. The present day requirements of 
red phosphorus for the Indian match industry 
and in nonferrouR metallurgy may be 200-250 
tons per annum. Taking into consideration 
the expansion of the match industry, the 
development of the nonferrous metallurgical 
industry, and the operational economics it 
has been considered that a plant producing 

_ about 300 tons of red phosphorus per annum 
would suffice for the needs of the country. 

Pilot Plant 

The pilot plant consisted of a 20 K VA 
Bingle phase arc furnace of 3 cu. ft. cubical 
contents with a rammed graphite lining and 
sillimanite crown. The hearth served as one 
electrode while the moving electrode consisted 
of a block of A cheson graphite attached to a 
water·cooled copper pipe moving in a speci
ally designed deep stuffing box. The furnace 
was insulated by magnesia and firebrick and 
provided with a gas-tight mild steel shell. 
The charge of rock phosphate (of 55 per cent. 
calcium phosphate content) mixed with 40 per 
cent. of its weight of silica in coarse lumps 
and 20 per c8nt. of its weight of charcoal 
substantially free from volatiles was fed into 
the furnace through a double hopper system 
and the phosphorus fumes evolved were 
cooled in a traiu of surface cooled condensers 
with a Stroeder type of spray absorber at the 
end of the train to retain the last traces of 
fumes. The product was collected uuder 
water after melting by means of an electri-

cally heated coil. The prod'lct was dark 
coloured and required elaborate purification 
with sulphuric acid and dichromate. It 
would be possible to obtain a colourless 
product by pre-calcination of the various raw 
materials to get rid of the carbonaceous 
materials. The addition of the calcining 
unit to the plant will minimise the final 
purification to a very great extent, and for 
certain purposes no further purification may 
be necessary. 

The operations involved a moderate 
amount of skilled attendance. There were 
many risks connected with 'the poisonous as 
well as explosive nature of the products 
issuing from the furnace and danger of un
controllable fire in the event of the product 
being accidentally exposed to air. 

Abstract of Test Results 
Analysis of Rock Phosphate: 

Calcium phosphate 
Calcium Carbonate 
Gypsum 
Calcium fluoride 
Strontium sulphate 
Oxides, organic, etc. 

Test run: 

Duration 
Interruption in feeding 
Arc voltage (average), Single 

phase 
Average ampcrage 
Approximate total energy 

input 
Total weight of mixed charge 

fed 
Weight of crude phosphorus 

obtained 
Estimated phosphorus content 

of crude product 

Calculations: 

Weight of mixed charge per lb. 
of finished phosphorus ... 

Energy input per lb. of finished 
phosphorus 

59.1 % 
12.8 % 

3.2 % 
5.5 % 
3.1 % 
16.3 % 

96 Ius. 
10 brs. 

70 volts 
250 amps. 

1,500 KWH 

1,800 lb. 

98 lb. 

98 % 

30 lb. 

25 KWH 
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After making due allowances for various 
losses i.ncidental to small scale operation, it 
has been reckoned that in commercial scale 
working, it may be possible to produce 1 lb. 
of white phosphorus with an input of: 

Mixed charge 
Total energy 

25 Ibs. 
12.5 KWH 

The following eomparetive figures relate to 
the efliciency of the pilot plant as against the 
'1'. V. A. plaut in the United States of 
America . 

Pilot Plant T . V .. A.Plant 
l'~O:. contcllt of roc k phusphorll s 
CaO 
SiO:! " 
)I'luul'ille 
CnO : Si()~ 11 101. , atio 

:ti% 
44% 
4% 
3% 

].25 
Arc Voltage iO 

(Sillgle plu s,, ) 
Ene l'gy cUllsumptio ll in KWH PCI' 

\l6-3 ',% 
3Hi% 

8- 23% 
~.7-;l.5% 
1.2-1.\l\J 
114-121 o phase) 

ton of 1'205 charged 110U 5il~0-5(jliO 

The size of the liilot plaut is the principal 
factor responsible for high ' energy re'luirc
ments in case of pilot plant. 

Proposed Plant for 1 Ton Daily 
Production: 

Heckoning on 0.9 power factor and 22 
hours operation, the eletrical installation 
would bave to be of 1,500 KVA rating. The 
transformer would bc of customary arc 
furnace type designed for a secondary 
voltage range of 130-190 with continuous 
steps of 10 volts. The taps , would have to 
be provided on the primaries and designed 
for changing on full load. Usual automatic 
electrode controllcrs would be providetl; and 
those could he of electric type, although 
hydraulic controllers appear to bl: more 
popular. The electrodes would ht' about 18" 
diam. if made of carbon. Graphite e1eetflJdes 
of 10" diam. would serve as well. 

The furuace chember would be 6' in dialll. 
x 6' high with the highest grade graphite 
lining 2' thick lagged with ~ uperduty 
firebricks 1.5' and insulation bricks I ft. 
The crown would have to be specially 
designed in sections so as to obviate spelling 
due to thermal 5tresses at high operating 
temperatures. The overall dimensions of the 
furnace would be of the order of 15' diam x 13' 
high with slag hole specially designed to 
prevent chilling of slag. The condensation 
apparatus would be a comparatively simple 
matte!:; and so would he the auxiliary equip
ment such as crushers and grinders, caleining 

units, clevetors, charging hoppers, melting 
devices, purification kettles and final cOllver
sion apparatus for production of red phospho· 
rus. All the requisite equipment and 
materials are readily available ill India anti it 
would be only necessary to import the tram
former or to have it fabricated by arrange
ment with Messrs Crompton-Parkins 011 in 
their Indian Works. The furnace and the 
(,rushing equipment may be fabricated under 
the Council's guidance. ' 

Estimates 

Capital t:xpcndilltre: 

1,500 KV A furnace transformer 
and swit.chJ!ear 

Metera and elect.ric control 
equipment 

Electric wiring and acccssories 
Fabrication of furnace and 

electrode operation gear 
Crushers, grinders, sieving 

eq uipment and elevators 
Hefractory lining materials 
Steel plates for furnace shell aud 

'other structural materials 
Motors, accessories, piping and 

miscellaneous 
Fabrication and ercction charges .. . 
Freight and incidental expenses .. . 
Complete boiler house equipment 
Pre calcinators for the charge and 

acid resisting etluiprncnt for puri
fication of crude phosphorus 

Final phosphorus conversion 
equipment 

Safety and lire-protection 
e'luipment 

Contingencics and unforesee ll 
expenst's 

t::ontrollaboratory equipment 
Building and stores 
General expenses 
Working capital 

Total Capital Ue'luirements : 

R~ . 

70,000 

5,000 
5,000 

30,000 

15,000 
10,000 

20,000 

10,000 
10,(tOO 
5,000 

15,000 

30,000 

10,000 

10,000 

25,000 
20,000 

1,00,000 
10,000 

1,00,000 
5,00,000 

It is estimated that t.he building re1luired 
will cover an area of 10,000 sq. ft. The cost 
of building will depend upon the location of 
the plant, etc. but it is anticipated t.hat it will 
cost about 1,00,000 rupees. The total 
capital investment will therefore be about 
B.s. 5,00,000, the plaut costing B.s. 3 lakhs 
while the Building and Working Capital will 
cost B.s. 2 lakhs. 
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Cost oj Production: 

naw materials, @ Hs_ 12/- per tOil 
delivered at site free of charge, 
25 x 300 tons 

Electric power charges, @ 1/5 anlla 
per KWH, fu . 330/- per ton of 
finished product 

Calcining costs 
Chemicals 
Electrodes @ 60 ILs/ ton @j -/8/- pcr lb. 
Miscellaneous stores 
Supervision, technical & lion-technical 

«)0,000 

1,00,000 
45,000 
20,000 

9,000 
5,000 

labour, office etc .. @ 3,500/- per month 42,000 
PackiJl!! charges @ Rs. 100/- per ton 30,000 

Matcrial cost of 300 tons 3,41,000 
Cost per Ib_ of amorphous red 

phosphorus = - /8/4 annas. 

This excludes interest 011 investment, 
insurance premium and depreciation on plaut, 
which is likely to be very heavy in the ('asc 
of this industry and should be reckoned IIbout 
30 per cent. Taking these into consideration, 
the cost will be : . 

Cost of 300 tons of phusphorus H~_ 3,41,000 

Insurance @ 2 pcr cent. on 
Us. 41akhs 8,000 

Interest 011 Working capital 4 % 
and depreciation on Buildings 4% 

Depreciation on plant @ 30% on 
Us. 3lakhs· 

Cost per Ih. -/10/7 annas. 

6,000 

90,000 
4,45,000 

Research . 
In Indian Railways 

Hescarch work of vallle to the maintenance 
of rolling sto{~k and conservation of essential 
raw material s, such as coal, is being conducted 
in the Laboratories of the chief Chemist and 
Metallurgist, B . B. and C. I. Railway , Aimer. 

Sprayed M etnl B c(Jrings.~The matt finish 
of the metal hearings is known to be satisfac
tory from the point of view of efficient uil 
treatment; it is difficult, however, to main
tain a matt surface under heavy loads, for 
such loads tend to polish out matt surfaces. 
Thc application under of sprayed lUI-tal sur. 
face is likely to he use ful in this respect. 
Sprayed surfaces by reason of the nature of 
their formation, arc very porous, the surface 
being a continuous mass of small pits which 
cannot be entirely removed even by eunti
nuous lapplngs. It acts like a sponge retain
ing oil in its recesscs and thus giving a low 
coefficient of frietion. Sprayed metal ~hafts 
have been found tu withstand much heavier 
loads as compared with polisbed hardcned 
~ tecl shafts. 

The spraying process has becn successfully 
applied for building up of worn ·out surfaces 
to the original dimensions, thereby Raving 
cost. Expensive machine parts such as turned 
shafts, crank shafts, shafts of armatures, 
turbine impelloro; , transmissions, conveyors. 
wheel spindles , piston rods, axils and studs 
have been reconditioned for usc. 

U,iliz(ltion oj Coal dll~t-Giridih an<l 
Bokaro coal dusts are quite suitable for 
burning on " L" type travelling grate stockers. 
These coal duts arc particularly suita hIe for 
the manufacture of briquettes or ovoids with 
or without a binding mcdium. Good hri
IJuettes have been matle using pitch (6 per 
.cellt,) as binder. Briquetting is possible 
without a binder lIoth by the pressure process 
aDd by the Hardy rotating kiln method. 
The manufacturillg cost per ton of briquettes , 
excluding the CORt of dust coal, by the three 
proeess, viz., using a binder; by the Hardy · 
rotating kiln process and by pressur~ alunc 
without a binder, is Hs_ 1~-1l-3 , 2-1-0 and 
2-14-8 per ton respcetively. 

Recimnalion oj used Di es d Enginl! 
Lubricatillg Oil.-A process for the reclama
tion of med lubricating Oil, giving 80 per cent. 
recovery, has been developed. The used oil 
is hcated to ahout J 80oF. with sodiuUl 
silicate and allowed to settle for about 4 
hours. Thc supernatent is drained off to 
another tank where it ib heated again by 
steam and allowed to settle fur 48 hours. 
The oil is then filtered through II D-:' Laval 
Centrifuge. The sudium silicate completely 
neutralises the acidity, removes all the carbon 
particles by coagulation and prevents the 
formation of an emulsion in the presence of 
water. 



Boron in Medium Carbon Steel 
By G· P. CONTRACTOR· a~d J. S. VATCI-4AGANDI-4Vt 

During the past few years many sweeping claims 
have been made for the influence of boron in Steels; 
for example, it has been asserted that as little as 
0.003 per (ent. of boron has the same effect on 
steel as I per cent. of nickel, 0.3 per cent. of chro
mium, 0.2 per cent. of maganese, 0.12 per cent. of ' 
vanadium, or 0 . 10 per cent. of molybdenum. Some 
important aspects of the influence of boron on 
medium carbon steels were reported by the authors 
in the recent Spring issue of Metal Treatment, from 
which the following abstract has been taken. 

11 is only since 1940 that boron has been reported 
to tie a usc:£u1 and potent alloying material. :some 
ot the recently published results snow that the addi
tion of 0.002) to 0 . 003 per cent. of boron to' steel 
gives the besl results especiaUy in terms of depth 

. J:lardenability, accompanied by an increase in ultimate 
strength and elastic lImit . Very little advantage is, 
however, gained by the addition of boron to a steel 
which by its composition has suttlcient hardenability. 
It is for this reason that steels with a carbon content 
of 0.20 to 0 . 60 per cent. are more receptive and 
responsive to boron treatment. · 

The- use of boron in cast iron' precedes its adoption 
by steel industry. Much of the early work involved 
its use in such large amounts, as judged by present 
standards, that there is hardly any scope for com· 
parison. Walter l was perhaps the first to suggest 
that extremely small boron contents -were really 
effective in improving some of the characteristics of 
steel and that the amounts employed by early work
ers were far in excess of those required, making 
the steel brittle and red-short. 

Steels Investigated 

The steels investigated were of the following 
compOSItIons ; Carbon o . 4~. 50 per cent., man· 
ganese o . 70-0 .80 per cent., silicon o. 18-0. 25 
per cent. and phosphorous and sulphur 0 .025 per 
cent. maximum each. Nineteen heats of the above 
composition with boron varying from 'nil' to 0.098 
per cent. were prepared. The steel was made in a 
2S-lb. high frequency induction furnace, and all heats 
were deoxidised with S gms. of aluminium .before 
the addition of boron alloy, The boron alloy, added 
just before pouring the ingots, was developed in the 
pilot plant of the T ata Iron and Steel Co., LId., 
and contained 0 . 47 per cent. carbon, 6.65 per cent. 
silicon, 0 . 23 per cent. aluminium, 4 . 5 per cent. 
boron, and 87.9 per cent. of iron. All ingots were 
provided with hot tops, and the portion containing 
the pipe was removed during forging. No relation 
was observed between the extent of piping and the 
boron content. 

The temperature range suitable for forging was 
found to be between 10S00 C. and II20~ t. 
Ingots containing up to 0.013 per cent. of boron 
could be forged without difficulty but steels with 
higher boron content cracked and showed red-short· 
ness. Experience gained during the forging led the 
authors to infer that under commercial rolling con· 
ditions, the upper safe limit of boron content in 
medium carbon steel may be placed at o. t per cent. 

Critical Temperatures 

Helting ana cooling curves were taken with the 
help of a platinum/platinum-rhodium thermo-couple 
working in conjunction with a potentiometer. The 
results indicated that 0.098 per cent. of boron had 
little effect either on the position of the transforma· 
tion. Leitz dilatometer curves were recorded with 
a view to finding the Aa Point more definitely. 
The curves shown in Figs. 1 and 2 warrant the 
assumption that within the range treated, boron 
lowers the temperature of the A Ca transformation 
from 8400 .C. to 82So,.C., in steel containing 0.098 

per cent. of horon. ACI point, however, remained 
practically unaffected. 

Fig. I.-Dilatometer curves for steels containing boron 
varying from 'nil' to 0 . 028 percent. 

t Research Lahor, tories . The Tata Iron & Steel Co . Ltd ., Jamshedpur. 
t Researen Laboratories. The Tata Iron & Ste.l Co., J amshedpUf. 
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Physical Characteristics 
Fig. 3 shows the results of mechanical' tests on 

boron steels. Boron does not appear to have I 

strengthening effect on the tensile properties of steel, 
while the ductility in terms of percentage reduction 
of area decreases. Impact value falls seriously 
when o . 007 per cent. of boron is exceeded. This 
sudden fall is attributed by the authors as probably 
due to the presence of hard particles of boride in 
the ferrite of~ the grain boundaries. Figs. 4 and ~ 
show globules of boride in unetched and etched 
condition respectively. 

Although boron additions up to 0.006~ per cent. 
have no adverse effect on the fatigue strength of 

Fig. 2.-Dil.tom<ter curve. for ,teds conta ining boron 
varying from 0 .0+4 percent to 0 . 098 percent. 

Fig. ~.-Mechanical properti.. for medium·carbon ,t«1s 
contai"iDg upto 0.098 percent boron. $t«1 normalised 

twice, first at poo" C. lael tIIea at 860", .C. 

Fig. 4.-Boride particles in steel containing 0 .044 per cent. 
boron (un<tched). ( X IOO) . 

Fig. ).-Boride particles in steel cODtaining 0 .098 per cent. 
. boron (et.:hed in Na picrate ) . ( X )oo). 

steel, amounts higher than this are deleterious as 
indicated in Fig 6 with 0 . 038 per cent. of boron the 
end urance limit is red uced hy 22 per cent. 

A standard Barr-Bardgett2 appllratus was built to · 
determine creep properties of the steels. The tests 
were made at 5000 C, the variation in temperature 
being of the order of "= 3 ~ C. The results, shown 
graphically in Fig. 7, indicate that limiting creep 
stress is progressively lowered with the increase of 
boron contents. With 0.08 per cent. of boron, the 
limiting creep stress is reduced from 1. 57 tons per 
sq. in., for steel containing 0 . 0028 per . cent. of 
boron to 0.16 tons per sq. in. 

Case hardening of the steels 
Test specimens each measuring 8.80 sq. cm. in 

total exposed area, were case hardened simultane
ously at 920" C for 6 hrs. The specimens were 
weighed and measured before and after the test, the 
increase in weight being taken as the amount of 
carbon absorbed by each steel. the carburised , 
samples were examined under the mlaos~pc and 
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the surface hardness and depth of penetration deter
mined. The results indicate that although the depth 
of carbon penetration was practically the same for 
all steels, the amount of carbon absorbed increased 
with high boron contents. The authors attribute 
the innease as probably due to the formation of 
complex iron-carbon-boron compounds in the steel.. 
containing higher percentages of boron. 

Up to 0 .018 per cent. of boron the hardness of 
the case is not affected, but above this amount there 
is it slight drop in hardness. This decrease may be 
due to the absence of straight iron carbide 'in the 
edge with the increase of boron content. With o. ~ . 
per cent. of boron and above, the usual hyper-eutee
toid case is changed and is replaced by eutectoid 
pearlite with globules of boron compound. This is 
sampks containing 0 . 007 per cent . . and 0 .{}55 per. 
cent. of boron. Fig. 8 further indicates that in the 
shown in photomicrographs (Fig. 8) of carburised 
high-boron carburised steels there is a distinct 
tendency for the iron-boron compound or the ternary 

Fig. 6.-End uran..:c limit (ten million reversals) for stn' I 
containing boron, up to 0.038 per cent. 

Boro" (untcnts :- BOD-S=Nil, B07-S=0 .0032%. 
[l01~-S=.0 . 006S% and B0100-S=0 .038%. 
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Fig. 8.- I'holomicrvgraphs of carburised specimen. contain 
0.007 and 0.055 pcr ccnt. horon. S~cimens etched in 2 

pcr cent. nitaI. ( X ,0) , 

complex compound to migrate towards the outer 
layers, but never reaching the edge in large bulk, 
while retaining the assential eutectoid character. 

Hardenability Determinations 

Hardenability of the· steels was determined by 
using stand3rd Jominy Technique3_ Some of the 
Jominy curves are reproduced in Fig. 9. Ideal 
critical diameters (DI) were determined by the use 
of curves puhlished by Grossmann4 and by Gr~s
mann, Asimow .and Urban~. In order that the results 
may be comparable, the ideal critical diameters were 
corrected to a common grain size and a base com
position , Grossmann's factors were used for the 
mrrections. This procedure was adopted to remove 

Fig. 7.-Limiting creep stress as a function of boron content the possible effect of slight . variations in . the com-
up to 0.08 pcr cent. positions of the individual steel. 



October, 1947] Boron in Medium Carbon Steel 

The WflcctCJ Jiametcrs were averaged and plotteJ 
against the boron wntent as shown in Fig. 10. The 
llIultiplying lador was calculated by dividing the 
iJeal Ultical diamders by the intercept on the critical 
diameter axis at zero boron content. Fig 11 shows 
the effect on harJenability in terms of the multiply
ing factor. The results (Fig. 10 and ll) indicate 
that hardenability of steels is increased progressively 
with boron up to 0.01 per (ent. but the increase at 
the wrnmonly employeJ levels of 0.003 and 0.007 

pcr cent. is not so great as reported by early work
ers. Above 0.01 per cent. of boron this element 
bcwmt:s less effective in further increasing the 
hardenabilitl' of steel. 

Hardenability was also determined by quenching 
normalised bars in water and then measuring the 
hardness from the surface to the core. The results 
arc graphically represented in Fig 12. The rise in 
hardenability is not significant unless the boron con
tent is 0.0065 per cent. and above. Actually, the 
resu lts, in terms of ideal critical diameters are even 
less ;triking than those obtained by Jominy test. It 
app~ars to the authors that the increase in depth 
hardenahility resultant upon boron additions has been 
over-emphasised in certain quarters. ' 

Corr0sion Tests 
As a rc~ ult of corrosion tes ts it was found that 

steel with o. 002/{ per cent. of boron is more resist-

Fig. 9 .- Jominy h ;t~c.1cnabilit i' curves (or steels containing lip 
to 0.01, pc,' cent. boron. 

Furon contents:- BO·D=Nil . BO·7=0.0028% 
HO-15=u,0079<. BO-25=0_010% and BO·35=0 . 013 % , 

Fig. lo.-Ideal critical diamttcc as a function of boron 
contrnt. 

Fig. I 1.- EfTcrt uf boron on harden abi lity in terms ot 
m ul ti p lying factor. 

Fj~. 12.- Hardness surveys over the cross section of quench· 
ed [" and , 1l2" di:lmctcr hars in steels containing up tl ,l 

0.038 per cent. boron. 

ant to attack by 5 per cent. -hydrochloric and 5 per 
ccnt. sulphuric adds than carbon ;leel. Similarly, 
steel containing 0,007 per cent. of boron is more 
resistant to atmospheric corrosion than boron-free 
steel. The steels are, however, not increasingly 
resistant to atmospheric and acid corrosion when 
boron is present in amounts hight'! than the above 
limits_, ,There is little improvement in corrosion 
resistance when boron Steels are subjected to immer
sion tests using 3 per (ent, magnesium chloride solu
t.ion as the corroding medium. 

Re!erel/res. 
J. Walter, If.s''-1: P"lelll No. 1519388. 
2. Barr and Bardgett, Pt'Or~/lIsl. Merh. Ellg ., 1932, 
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3- S.A .E. !Olll'l/" !, 1942, '50, 15. 
4. Grossmann, Metal Techllology, June 1942. -
5. Grossmann, Asimow, and Urban, A.s.M . Sym

pOJ iJl111 011 hade/lability 0/ alloy steels, 1939, 
p. 124_ 



NOTES and NEWS 

Synthesis of DDT 
A one-step method for the synthesis of DDT 

from chloral hydrate, chlorobenzene and chloro-sul 
-ph uric acid has been described (Ind. Eng. Chem., 
1947, 39, 868). The method is superior to the 
origmal three-step method employing the same re
actants in yield of purified product, simplicity of 
operation, ease of control of experimental conditions 
and uniform reproducibility of results. The yield of 
pure DDT by the sulphuric acid-oleum process, in 
which a large excess of the condensa~ion agent is 
employed, i~ claimed to be 70-75 per cent; the yield 
of pure DDT in the one-step method, in which the 
reactants are employed in essentially mathematical 
quantities, is 65-69 per cent. 

The appara tus consists of a litre, three neck Bask 
. equipped with a mercury seal, motor driven stirrer, 
thermometer, dropping funnel and gas exit tube, 
which is vented over a beaker filled with sodium 
hyJroxide solution. A mixture of 165 . 4 gms. 
(I mole) of chloral hydrate and 22 3 . 6 cc. (2 . 2 
moles) of chloral-benzene is placed in the flask, 
which is surrounded by an ice-salt brine bath 
(4-5 Kgm. capacity) . Chlorosulphuric acid 
(143 . 4 cc. or 2.2 moles) is added from a dropping 
funnel at a uniform rate over a period of 2 hrs., 
with vigorous sterring of the mixture and control 
of the reaction temperature so that it does not 
exceed 10· C. The temperature of the Bask and 
contents is allowed to rise to O· C and maintained 
at that temperature for I hour. During the addition 
of the acid, and throughout the operating period, a 
steady stream of hydrogen chloride is evolved. 
Within 30 minutes after the addition of the acid, 
the dark brown reaction mixture thickens to a pasty 
consistency and assumes a lighter colour. The tem

-pcr"tllrc of the reaction product is_ allowed to rise 
Ie" C. for the fourth hour and finally to 20· C. for 
the fina l hour of stirring. After the product has 
stood at room-temperature for I5-IS hrs., it is trans
ferred to a 2 litre beaker containing approximately 
200 gms. of crushed ice, and the mixture is reduced 
to a colourless, fine grained mass by hand stirring 
and dilution with 800 cc. of the ice water. After 
filtration on a Buchner funnel, it is washed with an 
equal volume of cold water added in 3 or 4 separate 
portions and allowed to dry under suction for 30-45 
minutes. The crude filter cake weighing approxi
mately 340-350 gms. (and containing some moisture 
together with other contaminants) is transferred to 
a Soo cc. beaker, covered with 400 cc. of 95 per cent. 
ethanol, mixed well, chilled in an ice-salt brine bath, 
filtered on a Buchner funnel and washed with an ad
ditional 200 cc. of cold alcohol. The resulting pro
duct is treated in a similar manner with petroleum 
either (B.P., 30-60o, C.). After the ligroin wash 
the product is dried under suction and weighed . The 
yield of purified product varies from 236 to 244 
gms. or 66 to 6S.7 per cent. of theory based on 
chloral hydrate. 

New Products of Petroleum: Industry 
The wartime developments in petroleum industry 

in America are described in an article appearing in 
the JOllmal of the Frallklin Institllte (1947, ;243, 
95). The industry had its real growth along with 
the automotive and aviation industries. The refiner 
has been mainly seeking ways and means of in
creasing gasoline production from crude oil fractions. 
The use of "Cracked gasoline" resulted in poor 
engine operation and a comparison of notes by the 
refiner and the automobile designer brought out 
fundaml!Otal information which initiated a series of 
new developments. It was revealed that the knock
ing tendency of the higher compression automobile 
engine could be materially reduced or entirely elimi
nated by the heretofore disfavoured cracked gasoline 
in preference to the previously used straight run 
gasoline. It was found that cracked gasolines con
tained substantial quantities of olefioes and aroma
tics, whereas crude oil as received by the refiner 
contains few if any of these types of hydrocarbons. 

Two parallel developments were thus started in 
the refineries as a result of the move by the engine 
designers to higher compression motors. Processes 
to remove gummy materials, indentified principally 
as diolefines, from cracked gasoline took the form 
of treatment with sulphuric acid and vapour phase 
treatment over activated fullers earth. The result of 
all these developments is that cracked gasoline is 
found to be a desirable component of motor gasoline. 
The other series has to do with the prod uction of 
cracked gasoline itself. As special methods of fabri
cation were developed and new high temperature 
steels were formulated, thermal cracking operations. 
were conducted at higher temperatures and pressures 
to obtain a great improvement in the anti-knock 
propenies of this fuel. 

One of the processing materials made from petro
leum in the largest volume is paraffin wax. Micro
crystalline wax which is tough and pliable at low 
temperatures, has been used as coating for metal 
cans and drums to resist the action of beer, wines 
and acids. The use of wax emulsions is gaining 
importance. They impart a water repellent finish 
to the individual fibres and the treatment has practi
cally no effect on the appearance and feel of the 
fabric and because of openings remaining between 
the fibres, adequate ventilation is assured. A large 
number of rust preventives containing petroleum as 
base have been prepared and are in use. 

Two new developments in the field of asphalt are 
prefabricated airport run ways ud asphalts resistant 
to stripping from stones. In the first development 
burlap is saturated with asphalt, coated with small 
stones and rolled up as in common asphalt roll 
roofing. for shipment. It is placed in position by 
emploYlDg . a 50 per cent. overlap and cementing 
together with an asphalt cut-back. Asphalts resistant 
to stripping from stone contains additives to increase 
the adhesion tension between stone and asphalt. 

43 2 
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Oth~r developments in processing materials derived 
from petroleum include plasticizers and softeners for 
synthetic rubbers, special oils heavier than water for 
mosquito control and high refractive index oils fot 
examining quartz crystals cut into oscillators for 
radar and radio equipment. 

Large quantities of butadiene and styrene were 
needed to make the all-purpose rubber, GR-S. 
There are several methods of prod ucing butadiene 
from petroleum, but the best method consists in 
dehyd rogenating certain C4 hydrocarbons to form 
hutadiene. Government owned plants in America 
proJuce as much as 100,000 tons of butadiene per 
year from petroleum. Styrene, also required for 
GR-S, is produced by alkylating benzene with ethy
lene to form ethyle benzene which is converted to 
styrene by dehydrogenation. Butyl rubber is 6btain
ed entirely from petroleum being synthesised from 
isobutylene, a pet.roleum hydrocarbon obtained from 
cracking processes and a diolefin such as isoprene. 
These two hydrocarbons are converted into butyl 
rubber at-150° ' F. by a continuous process. 

Among the newer petroleum plastics are polyethy
lene resins, allyl plastics and polyvinylidene chloride 
resin. Allyl plastics are based on allyl alcohol 
derived from propylene. These resins constitute ex
cellent coating materials for metal containers being 
harder than glass but less brittle. A resin produced 
from vinylidene chloride differs from vinyl chloride 
in that 2 chlorine atoms instead of T have been 
substituted for hydrogen atoms in the ethylene mole
cule. The plastic is tough, resistant to solvents, 
possesses high tensile strength and can be drawn 
into strong filaments. 

Among the important chemicals derived from 
petroleum are phthalic anhyride produced by o1:ida
tion of orthoxylene. 

For many years both oil soluble and water soluble 
soaps have been produced from petroleum mainly 
as by-products. Synthetic detergents or wetting agents 
far superior to either the by-product soaps or vege
table oil soaps have been developed from petroleum 
hydrocarbons. The petroleum refining industry in 
America is either in active production or contem· 
plating production of materials used in alcohols and 
antifreezes; lacquers, paints, varnishes and solvents 
for rayons and plastics; dyestuffs, textile oils, leather 
oils, synthetic rubbers, paper, toilet goods, detergents, 
emulsifiers and wetting agents. 

New Diamond Die Drilling Method 
A new electrical method for drilling small dies 

used in drawing and shaping extremely hard and 
fine wires has been developed at the National Bureau 
of Standards (J. Frallklill IIISI., ' '' 47, 243, 424). 
This method has completely revol utionized the fine· 
wire dimond die industry. 

Although dies of tungsten, molybdenum or boron 
carbide have in recent years competed with diamond 
dies, diamond is still the only tool used in shaping 
harder materials, such as chrome-nickel, phosphor. 
bronze and high-carbon steel wires. Moreover, 
wires finer than 15 thousandth of an inch can be 
drawn to any size and of perfect roundness . Import
ant uses for diamond drawn wire are in radar and 
radio equipment, in high frequency coil windings, 
as filaments for tungsten lamps and in delicate and 
precise electrical instruments. The new process 

replaces the older mechanical die cutting with high 
voltage drilling followed by electrolytic drilling. 
The electrical methods are adopted for dies used in 
drawing wires of 0 .0015" in diameter or smaller. 

A diamond die consists of 5 surface areas: the 
primary cone, the secondary cone, the reduction cone, 
the bearing and the exit cone. - The appearance of 
the die is similar to a wine glass. The primary 
cone is drilled by means of high-voltage sparks 
formed at the point of a needle electrode in contact 
with the face of the diamond. These sparks release 
the energy stored in a condensor charged to a high 
voltage through a "quenched gap" consisting of a 
number of very small gaps in series, by a trans· 
former. 

When a rising voltage is applied to the circuit, 
sparking first occurs at the quenched gap. This i~ 
followtd, as the voltage is increased, by a discharge 
across the face of the diamond between the needle 
electrode and the brass block on which the diamond 
is mounted. Without the quenched gaps in the cir
cuit, overheating of the diamond would result. The 
rate of drilling increases with power input in the 
circuit until a limit is reached where the temperature 
of the diamond is so high that its surface takes on a 
frosty appearance. The drilling needle, ~hich is 
0 .02" in diameter, becomes red hot at its tips before 
the "roasting" point is reached and the reddening 
point of the electrode is used as a criterion in ad
justing power input to circuit. 

The secondary cone is formed by the action of a 
low-voltage spark in an electrolytic solution. The 
diamond is mounted on an insulating post in a 
shallow glass dish and enough of the electrolyte is 
used to fill the dish and just cover the diamond. , 
The "drilling" electrode is a platinum-iridium needle 
that is lowered into contact with the bottom of the 
primary cone and rests with very light pressure 
(around one fifth of a gm.) on the diamond . A 
second electrode dips into the solution at some 
distance from the diamond. 

When a low voltage (around 90 volts) is applied, 
sparking occurs at the tip of the drilling needle and 
a smooth walled conical hole is formed in the 
diamond. The shape of the hole and the angle of 
its walls are controlled by the type of electrolyte 
used. while the hole size is controlled by the pressure 
of the needle. The power input into the solution is 
controlled by the depth of the solution covering the 
diamond and by the voltage applied. 

The National Bureau of Standards method in" 
volves 10 steps which combine electrical with 
mechanica l drilling. The first 6 stages employ high 
voltage sparks for drilling, followed by 3 electrolytic 
drillings, the final step being finishing and polishing. 
The first electrolytic drilling of the secondary cone 
utilizes a 5 per ccnt. aqueous solution of sodium 
chloride followed by potassium nitrate. Drilling 
the main body of the secondary cone with potassium 
nitrate solution is similar to the previous operation, 
except that the electrolyte is stronger and the tip 
diameter of the drilling electrode is smaller ranging 
from 0.0010" to 0 .0015" . After 40 to 45 minutes 
drilling, the drill will have pierced the back face of 
the die giving a smooth-bore with a length of about 
0 .006" and a diameter at the bottom of o . ooo~" . 

Electric drilling, producing superior dies, takes 
, -1 5 hours depending on the type of the die, with 
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10 hours' as an average. There is a saving of 2 
man-hours per die. T he method requires no special 
skill or long training on the part of operators. 
Equipment is inexpensive and the drilling technique 
is simple. 

Titanous Sulphate 
A method for the production of titanous sulphate 

hY the reduction of titanium dioxide (in the form of 
r~tile, etc. ) . by means of sodium hyd ride is des
cribed ( Chimie el /li dlijll'ie, June, ( 947) . The 
fusion mixture used is that due to Bardwell (f . 
A llier. Cbelll . Soc., 19 22, 44, 2499 ) . With thi s 
mix ture:, the nlpidit)' of hydrogen evolution is re~dil.y 
r~gubted by controlling the temperature and It IS 
possible to make use of the reducing effect of the 
whole, hydrogen in a short time, the molten mass 
as~ um ing a deep bl ue colour. T.he p rocess can be 
carried out in a rotary q-lindrira l furnare and conll 
Illi O US operat ion is po~sihle . After cooling the 
reaction mas~ , the Bard well salt mixture is leached 
out without water and the residue is Ti ~():I conta
mi l}attd by a very small proportion of. TIO. The 
oxide mi xture is readi ly soluble in mcdllun streng th 
sulpil l!; ic acid g iv ing .1 sf'!ution fron~ which crystal
li ne ti tallo ll s sul phate can be obtained by parll al 
evaporat ion. 

Quaternary Ammonium Compounds as 
Fungicides 

Quaternary amn10ni pm compound ~ have fo~nd 
practi cal appl ication in the baking Industry (Blo~ . 
A bs .. '947, 2 r, 1452 ) . As they possess 111gh anll
hactt ria l potency, they have proved useful in ron
trollin .:: : f'pe and mould infections in the bakery. 
They 'can he applied conveniently as sp.rays. The 
solutions are odourless and tasteless, and If ca refully 
employed, will not inh ihit yeast activity. 

Flouring-Hydrogen Flame for Cutting 
and Welding 

A new method for cutting and welding metals 
using a Rourine-hyd rogen /lame has been patented 
(US. Palelil, 2.42 ' ,649 ) . The cutting and welding 
of copper has presented peculiar. difficulties, partly 
because copper readily forms OXides as soon as It 
melts and even more because of its high thermal 
conductivity. The oxygenless /lame obtained by the 
new comb;'nation attains a high temperature,-ahout 
4,000 0 C , whidl is suffi cient to n it copper. It is 
also good for weld ing because of the formation . of 
copper Rouride, which serves as a /lux protectJ.ng 
the metal at once aga inst oxid ation and the corrosive 
effects of the /lourine gas itself (Sciellce N ews 
Leller, June '4, 1947 ) . 

Utilization of waste Iron Salt Liquors 
The possibilitr of utilizing the large amounts of 

waste iron salts from steel mills and titanium oxide 
plan ts ' has heen d iscussed in Chemical A,I(e, (1947, 
57. TO). 

A small steel mill in U .S.A. normally di sposes of 
an iron oxide equivalent of over 125 tons per day 
in the fo rm of ferrous sulphate dissolved in acidu
lated water. The proper neutrali zation of such 
waste acid ferrous solutions involves much time, 
labour and money. A certain amount of the iron 
salt solution is converted to copperas and ferrous 
sulphate by evaporation and crystallization . From 
these purified solutions iron oxide pi,gments enn be 

made . . Another use for the iron oxides resuJting 
from pickle liquor, is the preparation of metallic 
iron powder, from which many useful o~j ect s can 
be made by applying the technique of powder metal
lurgy. Larger quantities of pickle liquor can be 
economica lly utili zed in synthetic iron oxide pigment 
industry by employing continuous operation methods 
instead of batchwise operation. Finely divided iron 
oxide find s application as drilling mud in petroleum 
industry. The property of hydration and adhesion 
to rock structures of iron oxide is made use of in 
colouring rcment blocks to red, brown, yellow or 
blue tints hy appropriately prepared iron oxide. A 
mixture of such material not only gives desirable 
colours but also improves waterproofing qualities of 
the blocks. 

Uses for Wood Pulp By-products 
An up-to-date review of the large and increas ing 

"loge of industr ial u s~s now being found fo r the 
waste liquor resulting flO m the chemical prod uction 
of wood pulp in Canada has been recently published . 
( Chem. A ge, 1947, 57, Jl). 

The liquor w ntains per litre:, about 62 gms. 
lignin , ' 7 . 5 gms. hexo~es, I gm. methanol , 4 · 5 gm. 
aceti c acid and , gm. fo rmic acid , besides furfural, 
pentoses, etc. 

One of the ea rliest mcs for the sulphite liquor 
was .tS a soil stabilizer in which it was comparable 
to ca lcium chloride, and was employed in making ai r 
craft runways, which remained firm even after heavy 
rains. T he liquor is concentrated to 50 per cent. 
so!ids and sold fo r road surfacing, as a binder fo r 
sand moulds, linoleum and fuel briquettes. 

The war has stimubted the use of the liquor as 
a source of alcoho l. T he Canad ian paper and pulp 
indl!stry has a potenti:t1 capaci ty of 30 mill ion 
ga llons of ind ustri al alcohol a year. Two plants are 
pmducing yeast from sulpbite liquor, but the poten
ti al capacity for producing yeast is so great that one 
fai r sized mill w uld supply the whole D ominion. 

W artime research by the Howard Smilb Paper 
MiIIJ, at the request of the Canadian Government. 
has led to the development of a method for isolating 
lignin in a relatively pure from waste liquors. The 
lignin is prod uced as a fine, brown powder. This 
is mixed with kraft pulp of other pulp making 
fibres in a papermakers' beater, and then run over 
w nventional papermaking mach ine. The retention 
of the lignin is 40 to 4~ per cent. The lignin en
ri rhed paper is then made up into piles, placed het
ween po li shed steel plates and inserted in a hydroul ic 
press where it is subjected to a pressure of floo lb . 
per sq. in .. and heated to about 160 0 C. On cool
in e ~he ind ividual sheets are fou nd to he fused into 
a single homogeneous sheet material having great 
impact strenl!th and impervious to mild alkalis, acids, 
alcohol. and ordinary solvents and having h i.~ h 
dielectric properties . 

A war-time development in England was the usc 
of sulphite liquor as a source of g lycerine. By using 
the proper strain of yea~t, yields up to 35 per rent. 
on the weight of s u~a r have been obtained. Toluene 
wa~ produced in Germany by the hydrogenation of 
sulph ite liquor. 

A substance with properties similar to rubber has 
been produced by trea ting sulphite liquor with 
hydrogen " erox ide and recovering the prer ipitate 
whirh is then hyd rolysed and polymerised. Con-
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centra ted liquor, the organic materials of which have 
a fuel value of 8,500 B.Th.U. can be used as fuel. 
One mill in the United States and another in Canada 
propose to burn concentrated sulphite liquor in their 
furnaces in order to red uce coal consumption and 
to recover the chemicals. 

A New Method for determining 
Moisture Contents 

A new technique for the determination of moisture 
in grain, wood, tex tiles, butter and a wide range of 
IIla terials, has been recently described (Philip.r Tech. 
Rel,ie'lt', ' 947, 9, I». The method is reasonably . 
quick and offers the advantages of simple operation 
:lnd inexpensive apparatus. 

Water is extracted from the substance to be tested 
by acetone in which oxalic ' arid is dissolved. As 
oxalic acid is only slightly dissociated in acetone, 
the solution possesses a low conductivity. The 
absorption of water hy acetone increases its power to 
dissociate oxalic acid and the result is a considerable 
incre,lse in the conductivity of the liquid, which can 
be measured hy simple means. When a solution of 
10 per cent. oxalic acid in acetone is used, the con
ductivity of the solution as a fuoction of the water 
content increases very rapidly. Variations in the 
content of oxalic acid makes relatively little differ
('nce and the cITed of changes in temperature is also 
slight. 

The prest'nce of other electrolytes, such as com
mon sa lt, might introdu£e errors ordinarily. In thi s 
m ethod the extremely slow dissolution of common 
sa lt in acetone containing little water « 5 per cent.) 
is taken advantage of and little difficulty is experi
enced from the salt content of the substance to be 
examined. The extraction should be completed 
within 2 hours and the final acetone-oxalic acid-water 
mixture should not contain more than a few per 
cent. nf water. Provided these conditions are ful
Iilled , large deviations from the calibriltion curve are 
only observed in cases of substances with an 
ex tremely . high moisture content such as salted Iish. 
The accuracy of the method is limited by the fact 
that the test object stubbornly retains the last traces 
of water and the state of equibibrium, where only a 
minute quantity of water remains delinitively in the 
suhstance, is very slowly attained. The extraction 
with acetone has the advantage that the equilibrium 
is established much more quickly than when drying 
in air or in vacuum . 

Tn the practical application of thi s method care 
must be taken to see, that during extraction and 
suhsequent measurement of the conductivity, no 
acctone evaporates. Tt is desirable to carry out the 
measurement in a completely closed vessel. 

Molybdenum and Soil Fertility 
The importance of molybdenum to soil fertility 

has been discnssed in a BlIlletin recently issued by 
the Australian Council for Scientific and Industrial 
Research. Subterranean clover and other legumes 
h~ve been particularly responsive to small amounts 
molybdennm. Tt has been shown that this element 
is essenti~1 for nitrogen fixation by symbiotic bac
teria.On soils deficient in molybdenum, lime stimu
lates nitrogen fixation by increasing the availability 
of molrhdenum present in the soil, but when, molyb
denum is supplied, lime is not required for the 
normal growth of clover. The provision of adequate 

phosphate . ensures a maximum response froll' 
molybdcnnm_ 
Protection of Books in Tropical Clim.ates 

The Division of Economic Entomology, Council 
for Scientilic and Industrial Research, Australia, has 
developed new' methods of utilizing boric acid for 
preservation of books. A solution of boric acid, 
J lb. in J gallon of commercial methylated spirit, is 
used for the purpose. The solution is applied to 
the (Overs and binding of books by spraying. The 
treatment does not affect the colour of the covers 
and even when applied liberally, it does not cause 
any sticking. The light white coating \ is Iinally 
dusted off, hut much of the boric acid is actually 
deposited in the paper and covers. 

Treatment with boric acid is probably insufficient 
-against attacks by crYP/MeI'1II eJ, which forms colonies 
in shelves . and other wooden fittings of homes. 
These colonies may be destroyed by soaking infested 
wOCld or by injecting into the ga lleries a 5 per cent. 
solution of p-dichlor- henzene in kerosene. Steel 
shelving eliminates thi s trouble. 

Where damage is caused by cockroaches a dust 
consisting of boric acid or sodium fluoride should 
he . scattered liberally wherever cockroaches are 
known to be present. Pe rsi stence in applying the 
poison dust over a long period is often necessary . 
Atomic Research in Australia 

A Van De Grnaf machine for researches on atom 
snushing has been recently completed at the Nuclear 
Physics taboratory of the University of Melbourne. 
The nnit, made wholly in Melbourne from Austra
lian materials, is the Iirst of its kind in Australia 
and generates J ,00,000 volts_ The design was taken 
from a German blue-print, which was altered slightly 
to suit Australian materials and equipment. A pit 
~/ deep houses the machine and special precautions 
have been taken to provide safety conditions for 
research workers, when it is in operation. 

Biological control of St. John's Wort 
A successful method for the biological control of 

the weed known as SI. John's wort has been worked 
out by the Australian Council for Scientilic and In
dustrial Research. The weed destroys crops and is 
poisonous to livestock. The only remedy, until 
recentl\', was to scatter sa lt over the weed . This 
cos t about £ A 25 an acre, involved much labour 
and was nn guarantee against reinfestation of the 
land after the effects of the salt had worn off. 

A species of British beetle Chl'ywlina hyperi(i and 
two others C . . Cemel/(Itn and A gl'illls hY/lerici from 
France, have now been introduced into Australia for 
the eradication of the weed. There is no longer any 
,Iouht as to their effectiveness. The release of these 
heetles is being undertaken on a rapidly increasing 
scale. 

Cultivotion of Oil Seed Crops in 
Australia 

Australi ,lIl interests are seeking Government ap
proval fne planting J80,000 to 200,000 acres of the 
Rarkly tahle lands or elsewhere in the Northern 
Territory with sunRowers. The sunflower seed oil
cake constitutes a valuable feed for stock and 
poultry. The cultivation of castor plant will be 
undertaken in New South W ales. These schemes 
will be investigated by ' the Council for Scientific and 
Industrial Research, with a view to the economic 
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development of large tracts of Central Australia. 
Jute Growing in the Missipi Delta 

The rich Mississipi delta soils in U .S.A. have been 
found to be suitable for the cultivation of jute. The 
substitute fibres, Kenai and Urena .lobata can be 
grown in the vicinity of Atmore Ala, where the 
environmental and soil conditions are favourable for 
their cultivation. 
Fibres from Feathers 

A new synthetic fibre from feathers, having a 
structure similar to that of natural protein fibres, e.g. 
silk and wool, is reported to have been produced in 
the Western Regional taboratories, Albany, Califor
nia. This finding was recently reported to the 
American Chemical Society by Mr. Harold P. 
tandgreen. 

New Cattle Feed 
Jamun (Eugel/ia Ja1llblllana) S'eed, rich in protein 

arid calcium, is useful as feed for livestock. Farm 
animals fed on wheat straw and a concentrate of 
rape cake mixed with ;amul1a seed in equal propor
tions, gained on an average 32 Ibs. in weight during 
a period of 30 weeks. It can be satisfactorily used 
to replace oilcakes to the extent of about n per cenl 
Fulmer Research Institute 

The Fulmer Research Institute founded at Stoke 
Poges, Bucks, provides facilities both in equipment 
and personnel to industrial firms for carrying oui 
researches, the results of which remain the solt 
property of the firms (C.T.]. , 1947, 121, 53). 

The idea of a common user research institute is 
somewhat novel in Great Britain. Similar in prin. 
ciple, if not yet on a comparable scale, to the Batelle 
and Mellon Institutes in the U.S.A., it is claimed to 
be the only important research organisation in 
England where independently sponsored work can 
be carried out confidentially according to an agreed 
programme. At the moment the activities of the 
Institute are restricted to the metallurgical field for 
which it is very well staffed and equipped, but fur
ther expansion is by no means ruled out. The 
Institute is so organised that the staff works as a 

. team, there being no division into water-tight com
partments. Research on the same or closely similar 
projects will not be carried out for more than one 
sponsor simultaneously unless the sponsors agree to 
share in the work. Decisions on ' publication lie 
with the sponsor and not with the Institute and the 
Institute will advise publication where practicable 
and particularly where the results of the work ca~ 
be covered by patents which are the property of the 
sponsors. 

Work already in progress includes, among many 
other subjects, the catalytic distillation of aluminium 
alloys and other materials, the development of alloys 
for service at high temperatures, the action of fluxes 
used in melting aluminium allovs and a preliminary 
investigation of the effect of different surface finishes 
on the adhesion of electro-deposits applied to alumi
ni 11m alloys. 

Metal Distillatioll.-One of the research projects 
1Indertaken by the Institute deals with metal distilla
tion sponsored by Ill/ematiollal Alloys, Ltd .. (C.T.]., 
1947, 12I, 42) . 

The existence of mnnohalides of aluminium has 
heen deduced from spectroscopic data and calcula
tions suggested that such monohalides would be 

stable at low pressures and high temperatures. That 
these dedurtinns were correct was proved by show
ing tha\ aluminium can be distilled catalytically at 
temperatures in the region of 900· ' -1000· C. 
despite the fact that the vapour pressure of alumi
nium at 1,000· C. is of the order of only 0.0002 
mm. and at I,5~Oo C. of the order of I mm. only. 

The Catalvtic method of distillation involves 
leading the vapour of normal trivalent halide over 
aluminium or aluminium alloys at temperatures of 
ahout 900 ' C. at about I mm. pressure, when the 
monohalide is formed. The reversible reactioft 
2AI + 2AICI = 3AICI moves to the right at high 
temperatures and low pressures, and on cooling the 
reaction proceeds to the left. 

The aluminium so produced has been shown to 
be of high purity. and the findings indicate the basis 
of a process for purifying aluminium from compara
tively dilute aluminium alloys which may be pro
duced b~ electrothermal reduction. 

Expansion of the British Scientific 
Instruments Industry 

Six new laboratories of the B.S.I.R.A. have been 
recently inaugurated at Chislehurst Kent. The new 
building offers greatly extended facilities in the 
departments of optics, chemistry and physics and 
adds three new fields of research,-electrical instru
ments, electronics and mechanics (Chem. Age, 1947, 
57. 86). 

Newsprint Manufacture in India 
With a view to manufacture high grade and cheap 

ntwsprint, a new company, The National Newsprill/ 
alld Paper Mills Ltd., (Capital, Rs. 5 crores) has 
been established. The factory will be situated at 
Chandni on the Burhanpur-Khandwa section of 
the G.I.P_ Railway in the heart of a 375,00" acre 
forest tract, of which an area of 100 sq. miles has 
been leased to the company by the Central Provinces 
Government. The factory which will produce 100 
tons of newsprint per day, will be equipped with 
Canadium and American plant and machinery. 

The new industry will utilise the hitherto unex
ploited Indian " Broad-leaf" tree. The cost of news
print produced in the factory will be approximately 
60 per cent of the landed cost of the Canadian 
product. 
Indian Medicinal Plants 

A scheme of research on Indian medicinal plants 
and food poisons sanctioned by the Indian Cou"cil 
of Agricultural Research, was initiated in April 
1945. and terminated last March. The objects of 
the scheme which has cost the Council about 
Rs. 96,700 were: (1) to encourage and give expert 
advice to Provincial and State Governments. public 
bodies and private individuals in the cultivation and 
commercial exploitation of medicinal plants in 
India; (ii) to study active principles and actions of 
all important plants used in indigenous medicine; 
(iii) to collect specimens of all medicinal and poi
sonous plants found in India; (iv ) to carry out a 
systematic investigation of different food and forage 
poisons; and (v) to prepare and publish a mono
graph on "Poisonous Plants of India." (Capilal, 
1947, Sept. 18). 

Lt. Col. Sir R. N. Chopra, who has been in charge 
of the scheme, has grouped Indian medicinal plants 
into 4 categories (a> Medicinal plants used in 
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Western medicine and their substitutes growing in 
India, (b) plants ·used in Western medicine and 
recognised iit the extra · pharmacopoeias, ( c) 1m; 
portant plants used in indigenous medicine, and 
(d) plants with alleged medicinal properties. 

This work will be of special value in selecting 
areas for growing important medicinal plants on a 
commercial scale. 

Radio-isotopes for Research 
President Truman in a message to Dr. E. V. 

Cowdry, President of the fourth International Cancer 
Research Congress, announced that the United States 
will make radio-isotopes for medical and biological 
research available to users in other nations. Accord
ing to the U.S. Atomic Energy Commission (AEC) 
which is to direct the distribution, they are in a 
position to prouuce radio-isotopes in sufficient 
quantity to permit the 20 most important isotopes 
for medical and biological research to be made avail
able in limited amounts and at reasonable cost. 
Conditions of Supply: Governments .whose researcb 
workers request radio-isotopes from the United 
States must agree: 

( I ) To make progress reports to the AEC every 
6 months on. the results of the work with isotopes 
and to permit publication of the reports; (2) To 
insure that the radio-isotopes are used for the pur
pose stated in the requests, which must be approved 
by the commission prior to shipment; and (3) To 
permit qualified scientists irr~pective of nationality 
to visit the institutions where the materials will be 
used and to obtain information freely with respect 
to the purposes, methods and results of such use. 

U.S. laboratories and research groups have indicat
ed theil desire to have foreign scientists visit Ameri
can institutions where medical and biological re
search with radio-isotopes is under way. The U.S. 
State Department has reviewed and approved the 
proposed distribution programme for the radio
isotopes. 

Each foreign government requesting radio-isotopes 
from the U.S. will be required to designate a re
presentative in the United States to file requests and 
receive shipments, make payment within the United 
States, and, upon receipt of shipments, assume res
ponsibility for safe handling in transit of the radio
active materials. Delivery will be made only in the 
United States. 

Designated representatives, after registration 
with the State Department, will forward their re
quests to the Isotopes Branch, U.S. Atomic Energy 
Commission, Oak Ridge, Tennessee. The AEC will 
publish a catalogue for foreign purchasers which 
will include detailed instructions for ordering 
isotopes, price lists and precautions to insure safe 
handling. 

Isotopes available for foreign distribution do not 
includ<! any radioactive material applicable to the 
development 'Of atomic energy for military or in
dustrial purposes. No naturally radioactive materials 
or isotopes of any element of higher atomic number 
than element 83 (bismuth) are included . 

Following are the radio-isotopes available for 
foreign distribution and the principal fields of their 
use: 

Antimony 122, 124, 125,-Venereal and general 
parasitical diseases; 

Argon 37,-Respiratory functions; 
Aisenic 76, 77,-Action of irisecticides, arsenic 
. . '4rUgs arid fumes; 
Bromine 82,-Action of bromine drugs (includ

ing sedatives); 
Calcium 45,-Bone and teeth formation, rickets 

and bone diseases; 
Carbon I4,-Cancer, photosynthesis, biological 

processes; 
body; 

Chlorine 36,-Chlorine utilization by human 
Cobalt 60,-Cobalt utilization by animals, therapy 

requiring ,(-radiation; 
Copper 64,-Botanical studies; 
Gold 198, 199,-Bloon diseases, especially 

leukemia; 
Iodine 131,-Therapy in thyroid disorders, includ-

ing types of thyroid cancer; 
Iron 55, 59,-Blood studies; 
Mercury 19'7,203,205,-Action of mercuric drugs ; 
Phosphorous 32,-Polycythemia vera, chronic 

leukemia, bone and teeth formation, fat and 
protein metabolism; 

Potassium 42,-Disease of the nervous system; 
Silver 108, IIO, II I ,-Drugs containing silver, 

radio therapy; 
.strontium 89,-Bone metabolism; 
. Sulphur 35,-Amino acids and proteins, action of 

penicillin and sulphur-containing drugs; 
Sodium 24,-Exchange of body fluids and blood 

flow, principally in conne.ction with heart 
malfunctions; and 

Zinc 65, 69,-Studies of action of insulin. 

International Commission on Large 
Dams . . 

The next plenary session of the International 
Commission on Large Dams will be held in June or 
July 1948 at Stockholm. The following questions 
will be discussed among others: 

(I) Critical exposition of the measurement of 
uplift pressures and stresses arising therefrom; 
( 2 ) Research methods and instruments for the 
measurement of stresses and deformation in earth 
and concrete dams; (3) The most recent pte
cautions to avoid the formation of pipings; and 
(4) Experiences arising from the testing and 
actual use of special cements for large dams. 

The Central Board of Irrigation is the National 
Committee for India for the International Commis
sion on Larpe Dams. 
Fisheries Development 

The Central Inland and · Estuarine Fishedes 
Station, Calcutta, has commenced work under the 
direction of Dr. T . J. Job. The main station is 
located at Pu]ta. . 
Indian Ceramic SOciety .' 
T~e President of the Society, Seth P. B. Ganpule, 

has Issued an appeal for donations for the construe
tion of a suitable building at the Benares Hindu 
University, the Society's headquarters; for housing a 
library and museum. The President has donated a 
sum of Rs. 10;000 for the purchase of books and 
journals. An equal sum has been donated by the 
Benares Hindu · University towards building con
stlllction. Contributions may be sent to H. N . 
Roy, Hony. Secretary, Ceramics Department, Benares 
Hindu University. 



Fine Chemical:s. Drugs and 
Phannaceudcals Industry 

The panel for fine chemicals, drugs and pharma
ceuticals industry appointed by the Gove.rnment of 
India, has since issued a report. The industry is still 
in its infancy in the country. The panel considers ' 
that it should be possible to produce sufficient qualt
tities of the chemicals and drugs in the country 
provided (I) the heavy chemical industry is expand
ed, (ii) the manufacture of intermediates from 
distillation products of coal tar is taken on hand, 
and (iii) manufacture of adequate quantities of 
solvents and crude vegetable drugs of proper quality 
is well organised. 

enterprise, (ii) protection should be given to the 
industry (iii) research on fundamental problems 
connected with the industry should be liberally 
subsidized, (iv) scientists and technicians should be 
trained abroad for developing the industry, and (v) 
a technical planning commission should be set up 
to evolve an integrated plan on .the basis of reports 
of different industrial panels constituted by the 
Government of India. The panel recommends that 
the shark liver oil industry should be placed on a 
firm basis and a Central Board representing the 
relevent Departments of the Government of India 
and the Departments of Fisheries of the maritime 
provinces should be set up to examine the problems 
connected with the industry. 

Name P~esent production Target in JO years . 

Vegetabl, J,lIgs: tbs./anollm 
Quinine JOO,OOO 
Pyrethrum Mainly Imported 

Emetln Imported 
Strychnine 15,000 
Santonin 2,000 to 3,000' 
Ephedrine 3,000 
Ca1feine 20,000 
Morphine Nearly 2,000 

Synthetic J,lIgs .. 
Sulpha drugs Not known 
Mapacrine 
Paludrine 
D.D.T. Very little 
P-carbaminophenyl-arsonic 

acid ( carbarsone) 2,000 
SuI~harsphenamlne and 

Not known Neoarsphenamine 
Vitamin!: 

Vitamin A 35 ,000 gal. 

The panel has fixed targets of production to be 
achieved within the next ten years for about 100 
different kinds of drugs, vitamins, harmones, liver 
extracts, insecticides, refrigerants, photographic che
micals, line chemicals, solvents, etc. Among them arc 
some essential items for which the need is url(ent' and 
upon the production of which effort should be con
centrated durinp; the next 5 years. The present 
production of these essential items and the targets 
to be achieved in ten years are indicated in the 
above table_ 

The industry will require considerable assistance 
lrom' GOvernment. It is recommended that (i) the 
'State should initiate production of coal tar inter
mediates either by themselves o~ throush private 

Lbs./annum 
1 ,oo~,ooo (within 15 years) 
50,000 Ibs. of dried pyrethrum 

Bowers 
2,000 

J6,000 
3,000 
~,OOo 

30,000 
3,000 

500,000 
J60,ooo 
Target not lixcd 
30,000 tons 

,0,000 

,0,000 

J ,000,000 ga I. of Shark liver oil 
of potency 6,000 units per gm. 

MADRAS 
Research in fruit technology 

The Government of Madras have under consi
deration a proposal from the Agricultural Depart
ment for starting a Fruit Technolo~ Research In
stitute in Madras. The Institute will undertake re
searches on the preservation and utilization of fruits . 
I The scheme, it is stated, wi!1 involve an expendi
ture of Rs. J 1/2 lakhs. Madras has been selected as 
the venue of the Institute in view of the library 
and other technical lacilities available in the city_ 

New Minerals 'discovered 
According to the Minister for Industries In 

Madras, the following minerals have been recently 
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discovered in the places mentioned against each: 
Lignite in South Arcot; Chromite in Namakkal 
TiJuk · (Salem): Columbite-Tantalite in Trimen
gocle' and Bavani. taluks of Salem and Coimbatore 
respectively; high-grade limestone in parts of Salem 
and Tinnevelly and Madura districts; magnesite in 
Namakkal taluk, Salem, and Kyanite in Chundi 
Zamindari,. Nellore. Lignite which would be used 
in . the place of coal in some processes had been 
found in Coimbatore. 

An area of about 23 square miles had been proved 
to be lignite·bearing and to contain a seam of an 
average thickpess. of 24.7'. The gross reserves 
of the mineral were estimated at 498 million 
tons approximately. Lignite could be utilis
ed for steam raising and for generating electricity. 
It could be used as fuel for industries and locomo
tive boilers after being briquetted as was being done 
by the Italian Railways. It was also known to be 
used for the manufacture of synthetic petroleum by 
hydro,l:enation in Germany. Its value as fuel for 
domestic and technical usc was well established in 
other countries . . If it proved possible to convert the 
lignite into hard coke, it would be suitable also for 
the metallurgical ind ustries. 

BOMBAY 

All-India Manufacturers' organization 
In his Address at the third quarterly meeting of 

the Central Committee ' of the Organization, Sir 
M. Visvesvaniya stressed the need for stepping up 
industrial production. . He referred to the work of 
the A.·I: M.O. Delegation which toured the indus
trially advanced countries of the West, both in 
Europe and America, to study the latest develop· 
ments in the production and processes of manufac
turing industries. The report of the Delegation, 
which is now in the press, will become available to 
the .public shortly. The principal lesson which the 
pelegation has brought back is that "the individual 
citizen should depend upon his own efforts, his own 
initiative, self·help and team spirit, to improve his 
income or earning power. Every individual citizen 
is expected to contribute his best to the working 

power or economic strength of his country at the 
same time." Another lesson is that "every indivi
dual should work on some plan or system in co
operation with other people so as to obtain the 
best' results for himself and the greatest benefit to 
the group." . 

Sir M. Visvesaraya pointed out that one of the 
powerful impediments to industries is the laclt of 
proper statistics. He said : "The public are await
ing with anxiety the collection and issue of essential 
statistics to help in expanding the industrial life in 
each Province. This should be done for various 
special reasons. One is it will help to secure a 
substantial increase in revenue to Government; an
other is the saving of money which is going out of 
the country to purchase foreign products; a third 
reason is the increase of employment which it will 
secure for our" labour population. Generally all 
these will help to raise the average standard of liv
ing in this country." 

"An industrialization scheme can be evolved in a 
rough way at first from the material available . in 
the country. And with proper organization and 
staff a complete industrialization scheme which 
would be of great benefit to the population can be 
prepared in the course of a year or two. It may 
consist of three parts: (~) A Five·Year Plan and 
associated proposals together with a first year plan 
based upon it, (2) Development of heavy or large
scale industries by Provinces; and (3) Development 
of self·help and co-operative spirit in villages by 
increasing their income from small·scale village 
industdes. 

"There will be a large number of medium-scale 
industries which come somewhere between classes 
(2) and (3) above. Such industries are generally 
imitations of existing ones either large or small. 
The size of the industry will depend generally. on 
the capital available -{or investment. . 

"Correct up-to-date or latest statistics are nec-ded 
to prepare a final live· year plan for ind ustries. 

"A five-year plan will be of the nature of a target 
for any region for which it may be prepared or for 
the counlty as a whole." 



INDIAN PATENTS 

[The following is a List of Patent Applications notified as accepted in the Gazette 
ot India, Part U, section I, for May-June 1947.] 

,363 1. STABILISING OF FOAM : Conlaills amillo acid 
melal complex, formed by reacting . protein 
h"drolysate with a polyvalent metal.-Wormald 
Brothers Pty. Ltd. 

33878. MICROPHONES : Nickel used as base mate.
rial for electrodes.-Standard Telephones and 
Cables Ltd. 

33921. AUTOMATIC TELEPHONE SYSTEMS: Impulses 
are registeretl on a marking device situated earl, 
ill the traill of switches or associated with a 
selecting switch.-Siemens Brothers & Co. Ltd. 

33991. TUBUI.AR CONTAINERS FOR SECTIONAL 
CURING BAGS AND METHOD OF MAKING SAME: 
Longitudinal strain members attached to a ring 
at least at on e end of the cOluainer.-The Fire
stone Tyre & Rubber Co. 

34112 . PUNCHING MACHINES: Gear fIIheel drivhlf!, 
crank shaft having a clutch plate .with recesses 
adapted to be engaf!,ed by a pin of an engage
ment block OIl the shaft; pin kept disengaged bJ 
catch against force of a spring; when releasea 
pin engages one of the recesses and gear wheel 
drives the shaft.-Ahmed. 

'4164. ROTARY INTERNAL COMBUSTION ENGINE: 
Otto two-stroke cycle rotary i1lternal . combustion 
enghle.-Amin . 

34317. ELilcTRIC PULSE-WIDTH MODULATING 
SYSTEMS: Comprising tuned circuit shock-excit
ed b.y pulses, resonant frequenc.y of the circuit 
varying with modulatinf( voltaf!,e.-Standard 
Telephones and Cables Ltd. 

34'>24 . PLATES FOR USE IN THE MANUFACTURE OF 
'fILES OR THE CONSTRUCTION OF FLOORS: Lips 
proiecthlg from flanges at the ed!!es are arranged 
in pairs with the free ends of the lips of each 
bai, directed towards OIle another.-Constructors 
Ltd. and Finer. 

3433~. EDDY CURRENT CLUTCH APPARATUS: Flux 
from field coil inter links flux concentrating 
poles and non-magnetic eddy current elemeni 
alia magnetic meanr.-Heenan and Froude Ltd. 

'>4402. A. MACHINF. FOR SJ.!ARPENING TF.ETH OF A 
SAW: Rotatable J!,rinding stone drillinJ!. shaft, 
ana camsh" ft with two cams.-M. S. Industries 
& Saw Mills Ltd . 

34449. PUI.SE TIME MODULATING ARRANGEMENTS 
FOR MULTICHANNEl. ELECTRIC PULSE COMMU
NICATION SYSTEMS : Comprises means to "ro
dllr~ electron beams of a. sweeh movemenl which 
deflection is control!~d accorjin~ to increment.! 
o{ input signals.-Standard Telephones and 
Cah1es ltd. 

fl44Ro. F.DDY CURRENT APPARATUS: Adiace1lt belts 
pole.r are stagf(ered: pnles in the form of elon
?,ated tel'/h with fld;acent ends oVfrlappinf( 
"tid ,,,,,,,lIel to axir of rotatiml .-Heenan rnd 
Fronde ltd. 

34520. GENERATION OF ELECTRIC PULSES: ·Having 
means of generating the pulses by alterating 
between two conditions of stability.-Standard 
Telephones and Cables ltd. ' 

34648 . HYDROGEN PERoxIDE OF HIGH CONCENTRA
TION: Aqueous hydroJ!,en peroxide is distillea 
alld fractionated lind" reduced pressure.
B. Laporte I.td. and Whittaker. 

34682 . ApPARATUS OPERABLE DURING THE STARTING 
AND STOPPING OPERATIONS OF LOOMS: Inter
po.rmg a clutch between the picking mechani.cm 
al1d main drive, the clutch opening automatically 
to render the pickinf!, mechanism inoperative 
during starting and stopping the loom .-,Nicoll . 

'4684. GLASS BEADS: Blowing by a glass tube of 
the same colour a.r the molten glass 10 be blou'n 
-Dhar. 

'4790 . ACETIC ANHYDRIDE: Acetic anhydride if 
recove,ed /1'0111 " .mixture confaillill g aretic all
hvdride alld acetic acid b.y fractional distilla
tioll at hre.r.rure between 80 mm. and 200 mm. 
Rg.-The Distillers· Co. ltd. 

34794. GRI"ITlING ~rLLS : Beater rotates in a screell 
coml>,irin~ a . flat rirClll"r portion 'between alld 
" c ~lindrica! portion d;spo.red around its peri
"hen,.-Lipton. 

34R03: F.L"r.TRIC PULSE SIG"'''I.J.ING SYSTEMS: A 
periodic , Illave timl! modulalin~ train of pulse.r. 
1I1 M IIS beinf( provided for phas;nl' periodic I/lave 
lI'ith respect tn plI1.re traill .-Standard Tele
phones and Cables ltd. 

35'196. REINFORCING AND/OR SHUTTERING MATERIAL 
FOR USE IN BUILDING CONSTRUCTION: Sheet 
metal laths. with longitudinal edf(eJ curbed or 
bellt providinf( recesses with re-entrant an~les, 
sec1lred together at intervals by wire strandf.
Johnston. 

35 1<)8. COMI'ING MACHINES FOR COMBING TEXTILE 
. FIBRilS: ProvidhlJ!, a J!,raduated sellinf( arm 
located at approximately mid po.rition in the 
len!!th nf the combing machine and in oPeratille 
collnpctiOI1 with the nipper .rha/t.-Platt Bros. 
and Co. I.td. 

3 ~ 200 . EI."rTJ!lr.AL Cf'lM'M""'ICATION AND SIGNAL
ING SYSTEMS: Adapted to o_herate with modu
lated imhulses fyslem.r.-Standard Telephones 
and Cahles' Ltd. 

3054R. COPPER MFRCAPTIDF.S : Mercaptans derived 
from t»o,/ondic or f:.icyclic lerfll!1Js art interact
'ed with copher or a capper s~lt.-Du Pont de 
Ntmours and Co. 

31291. Pusnr. [)F:,,!"'ATING !X~,.OSIVF. ~OMP~S!
TION~: Coml>nrl11g one lIquid I'vfllosl1Je m/rl( 
e.rter and a mixture of nitff)-cel/ul~ re of wJ.:rh 
t .he I!reater pnrtion is gUlunl/nl1 and thl! smalle" 
portioll i.r ind,Jr,·i,.1 I,iirocellulose of high nitro
eel/ (o lllenl.-T.C.T. ltd. 



October, 1947] Indian Patents 

31884. ACRYI.IC ACID AND ESTERS THEREOF: Rea,t
ing lIinylidene f"loride wilh furmaldehyde or 
a polymer thereof in Ihe presenre aqueous su/
phurif add.-I.C.I. Ltd. 

.)3138. SOCKETS l ' OR ELECTRIC PLUG AND SOCKET 
CONNECTIONS: I 'he sOfkel fonstilules a sMrt 
with thmned part Ilear edge jor admilling fun
dUftors .-lJorman :md SmIth Ltd. and ,Lund. 

3 3 282. ANTISEPTIC PREPARATlONS:- Mixture of twu 
or more antibafterial subslanfes emulsiorl and 
the like uJ a jally substanfe i,l aqueous solu
tirm of an iodonrum sall.-Parisepsm Ltd. 

33403. VASOCONSTRICTIVE, ALDEHYDE DERIVATIVES 
OF AMINOALKANES, AND THE PRODUCT RESULT
ING THEREFROM: Vasofonslri flille, aldehyde 
derivatlt'es 01 amitloalkanes.-r.li Lilly and Co. 

3 3446. SEPARATING OILS HAVING DIFFERENT VISCO, 
SITY INDICES FROM A LIQUID HYDROCARBON 
MIxTURE : Trealing the liquid hydrofarboll 
mixtur,; wilh at leasl an equal 1I0lume of a 
polar solvenl having a prefere'ltial solubiltiy for 
arumatif hydrofarbons.-Shell Development Co. 

3 3459. PHOTOGRAPHIC ROLL FILM SPOOLS: Hav
itlg a core, a flallge al eilher end of Ihe fore 
and dished inlier surfafes for the flanges 10 
colllaft the malerial wound Ihereoll.-(jeneral 
Aniline and Film Corp. 

3 3463. SOLlTBLE SUl,FANILAMIDE DERIVATIVES AND 
PROCESS OF PREPARING SAME: Reafling sui
fallilamide SIIbsliluted in the p-nitrogen alom 
by an aliphalh/-halogens afyl radifal, wilh a 
lerliary amine.-Hoffloann-La Roche Inc. 

33464. HIGH MEI.TING OR LABILE ISOMERS OF DIA
CETONALKAMINE: Produdng unsysmmelrifal 
fylie I a&et01wlkamine by subjefling Ihe forres
ponaing afetonamine 10 hydrogenalion in pre
senfe uf /zirkel catalyst.-William R. Warner 
& ('..0., Inc.. 

3 3467. SUBSTITUTED 1,3, 5 -TRIAZINYL-(6)- AMINO· 
PHENYL. ARSENIC COMPOUNDS: Reaf/ing all 
1,3,5'lriazi1le derillatille fonlaining a halogen 
alom or anoN H2 gmradial wilh a subslituled 
phenyl compound containing Irillalenl arsenic 
radifal,-Friedheim. ' 

33477. CONDENSER TUBES, CONDENSER FERRULES 
AND THE LIKE : Mallufaflure of fonde/lSe,. 
lubes eU. from aluminium brasses of compo
siliollS 5.1 10 6.25 per fenl. aluminium; 12.1 per 
.-enl 10 17 per ' fent zinf and remaining fopper 
by elfefting Ihe hOI working and annealing 
trealmenl al 500. C 10 650" C.-I.C.I. Ltd. 

33524. CINEMATOGRAPHIC FILM AND METHOD OF 
MAKING THE SAME: A ribbon film prollided 
with register leelh in its margin 10 fil with a 
film hailing sprofkel holes in prinling opera· 
tion.-Technicolor Motion Picture Corp: 

3 3526. METAL WORKING AND LIKE PRESSES : ROlary 
cams af/ualing redprofaling 1001 ,arriers.
T. A. Stevens. 

33 536. POWER STEER FOR SELF-PROPELLED VEHICLES : 
A labulur bein/( pin, fonne,ted 10 Ihe Iraflor in 
laterally lillable bUI steerable relalion to the 
traf/or, is mounted in a housing fonnefted to 
the trailer, for relalive rolation ahout an up
standing axis.-R., G. Letourneau, Inc. 

3 35 3y , BLENDiNG BITUMINOUS COMPOSITIONS, BITU
MINOUS PRODUCTS AND SURFACE ACTIVE AGENTS 
USED ON BITUMINOUS MATERIALS, AGGREGATES 
AND THE LIKE: In,ludmg m a bltummous 
material alld/ or foaling an agregale with a sur
fare a,tive agelll.-!'Iostrip. me. 

33544. KETO-SUI.tON ES: k eafting a benzene ,sui
tnif add wilh an unsalurated ,ketone ~o,lItalll
ing al least one double bond In L-pos/llon to 
tbe keto group.-Hoffmann-La Roche Inc. 

3; ).-+7 . .t'uw ,t,K ~J. r..r.Kl £"'l.j G LJ~ V J.\ ... .t.S l ' OK 'Uth C'lOttl A N D 

'1'llAILJ;R CUMlliNATlONS: K11Ig pm mounted 
ov~r Iraflor In lalerallY li/laole SUII sleeraole re
latille aaaptea to oe rolalea oy a rellerSlble 
eleo rif mUlOr, trailer fOupled to molar by a 
I> oosenerle se,urea 10 malar housmg.-R. G. 
l.e;:wurneau, Inc. 

3 3~~o . CONTROL APPARATUS FOR PLACING A USE-, 
f 'UL LOAD MOVED BY AN ELECTRIC MOTOR IN 
A PREDETERMINED POSITION : C;omprislng a 
pair oj electrIcally condumng elements eleftri
caliy separated by a neutral gap alld a fOntract or 
engagmg the condumng eiemellls.-Yardeny. 

3 3~~I. (jLYCOSIDES : Rea,ting al) acy/balo-h·aiduse 
witb a - (hydroxYfycl opentanopolyhydrophe
Iialithrene) - butyrolactone.-Eli Lilly and Co, 

33 5~7' STEAMING TExTILES: Comprises meallS for 
Jorming a series o! a,cordion folds jor steam 
trealmenl.-The ,Mathieson Alkali , Works. 

3 35~8 . ENGINENS: ill a multirow radial engill e 
adjai'ellt rows of ,ylillder are dffumferenlially 
ulfset so Ihal adj(lfenl rocker boxes of said 
rows 10ngitu(iinatJy otlerlap.~United Aircraft 
Corp. 

33568. CIGARETTE-HOLDERS, AND CIGAR'HOLDE~S : 
Air inlet is provided in Ihe smoke dUff leadmg 
from the tobacco holding part to the moutp 
pie,e end.-Sweet. • 

33582 LAMINATED, ARTICLES AND THE ARTICLES SO 
PRODUCED: Adhesillely billding sheets with 
resin formed by rea,lion between an L-substi
IlIled ethylellie fOmpound and a glYfOl polyester. 
-Bakelite Corp. 

33613, ADHESIVE BONDING OF SURFACES AND ADHE· 
SlVE COMPOSITIONS : Applying fOating of ' un
fured or partially fured polymerised ,.:hloropretle, 
alld a , ement of pulym£'rished fhloroprellc afld 
orgall;' soillen/s .-B. B. Chemical Co. Ltd, 

33652 , HEAT·HARDENABLE RESIN : Estri!yi fl g a mix
ture of an alefitlealpha-beta-di,arboxylic (w 
hydride and a diolefine-male;' anhydrifle adduct 
with a glYfOl and fOpolymerising t/:itb an 
ethylene fO mpound.-Bakelite Corp, 

33713. MASHED POTATO POWDER : Cooked and 
mashed potato ,aused to Ihaw, treated to redu,e 
moisture and subseque,ztly heat dried,-
Chivers and Sons Ltd. . 

3 37 52. SEATS AND CHAIRS : A thigh, ba,k or head 
test pivotaUy and deta,hably mounted on a 
tranJ1Jerse rod of Ihe seat is posilioned angular

' I ) by the pressure upon il.-Chapman. 
3 3753 . ADJUSTABLE SEATS AND SEAT BACKS, PARTI

CULARLY SEATS AND SEAT BACKS FOR VEHICLES: 
Front parI and rear part of the seat hingeabl, 
fOnnerted to a support and seat ba,k respertille
ly, upward alzd downward mOllement of seal 
ba,k alters angle of tilt of seat.-Chapman. 
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33813. TBLEVISION SYSTEM: • • P,odll>in& lin,s of 
pitl." sigmJs wilh inle'1IalJ, modliialing 
plilus Mto,ding 10 inslanlaneOIiS lIailies oj 
sOllnd. signals and itlle,lea1ling lim, modlilated 
pulses bel ween lines.-Standard Telephones and • 
Cables Ltd. 

34682. ApPARATUS OpERABLB DUlliNG THE STAll.TING 
\ AND STOPPING OPERATIONS OF LOOMS: Inlll'
. positlg a &Iuuh belween Ihll pi.king methanism 

and main d,i1le, Ihe tlllltb opening aUlomat;t
ally 10 fIIlde, Ihe pi.king mlthllll;sm inop".#i1l' 
4,.,ing sla,ling IIIId slopping Ib, loom.-N.icoll_ 

3~060. DYNAMOBLECTBlC MACHINES: To,it -jultJ 
Itnkin~ itldudor and field member p,odlltlll b, 
oppostlely diretled allemalillg polar witb wbitb 
a" shilp,d 10 p,oduce reversing fields witb on, 
or olher · polarilY predominating on Opposile 
sid,s of medial plane.-Heenan and Froude Ltd. 

3~207' SIGNAL TRANSMISSION SYSTEMS EMPLOYING 
pHASE OR. ·FI.BQUENCY MODULATION: Arrllllge
menlS for deri1ling frequenq or phase modliialed 
sinusoidal or tarrier wave from a lim, duralioll 
modulaled train ot · ·p"lses.-Standard .Tele
phones and ~Ies Ltd. 

352'9. PluNTINO fIBROUS SHEET MATEIlIALS : 
Prinling witb an emuliion which conlains as an 
;Jqueolls phase a solution of alkali caseinate 
colltaining formaldehyde alld as an oil,y phase 
a liquid of medium boiling poil1l.-Ciba Ltd. 

')306. INSECTICIDE COATED OR IMPREGNATED 
FIBROUS. MATEIlIAL AND A PROCESS FOR COVER
ING THE SAMB (DiVIDEP OUT OF NO. 33639): 
Covering th, fibrous material impregnated wilh 
napthalen, paradithlorobenzene and paraffin 
wllh cel/llioll acelale a plaslit · sheelings.
Chakravorti. 

')377. BOATS: Conslru.lion with longued and 
gro01led planking, Ihe planking benl and Iwisled 
10 suil .ondilions.-Buss. 

35)54. ELECTROLYTE ' LEVEL INDICATORS AND ANTI
SPLASH DEVICES FOR ELECTRIC ACCUMULATORS: 
Provides a ballle-.up open aI lOP and (los,s the 
lou'er parts of the slots, a restritted openillg 
and a le1lel inditalor.-The Chloride Electrical 
Storage Co. Ltd. 

3,,111 NON-SPILL ARRANGEMENTS fOR ELECTRIC 
ACCUMULATORS: A filling hoi, · lo.ated in a 
Ibreaded wall in Ihe side wall of Ihll cell, a 

-threaded plug for swrewing i1)IO tbll wall.
The Chloride Electrical Storage Co. Ltd. 

35583. ELECTROMAGNETIC TE~EPHONE SYSTEMS: 
Armalure Jies in gaps belween Ihll pole-pillC/ls 
of ' each of Iwo pairs of pole-piltlls whose 
dislance is determined by spa(ers.--Siemens 
Brothers & Co. Ltd. 

35586. ETCHING OF ALUMINIUM SURFACES: Euh
ing Solulion consisling of barillm of slornlium 
hydroxide.-Aluminium Co; of America. 

3~342. CONSTRUCTIONAL TOYS: Compriser as 
IIssllnlial II/em/lllll rods pr01lided wilh Ihrtaded 
opening at onll or bOlh ellds and Iransverse 
Itreaded opening intermediate their ends.
George Reed and Sons Ltd. 

'4450. HIGH FREQUENCY BALANCE-TO-UNBALANCB 
TRANSFORMER: Comprises a first alld a second 
(Olldll(livII loops 0/1 OIiIPUI lead (onnecled 10 
second loop and a pair of shields.-Standard 
Telephones and Cables Ltd. 

. 34540. WATER TAP: Casitlg bavlIIg ." :,·ollln.1 hOle 
nas a delivery hole Oil Its 'If.U1ll/erellce alia al 
rrgm angle 10 Ibe tOIlI.aI bOle, a bearlllg WIIO 
wpl.b a (OIll(tU plllg .arry",g u nalla.~ .. "a 
ba"lIJg a L sbapea bOle IS H '1<u,dJ on Ibil ,as
ing.-I...hadray. 

3.4621. J:lURNl;R l' OR STQVES: Prepared from P'"III 
melaJ oy ,·asllllg.-·J.nollovan and Rarnzanal1. 

34640. SULPHUR TIUOXIDI! (';OMI'OSH10NS: Aaamg 
Ibiollyl ,blorid, 10 sulpbur Jrloxl!ie.-l)u 1'0111 

de ~emours and Co. 
34657. PROCESS FOR INCREASING THE STRENGTH 01' 

PAPER: Paper impregllated WIth a polymeric 
,·/Ubo.xyli. a.id or witter soilible derrVali1le.
LC.I. Ltd. 

34894. COLLOIDAL SULPHUIl: Duompositlg am· 
monium polyiu/phid, wilh all al"enyde 111 p,,
sell(/l oj a prolulivl tolloid.~Schwartz. 

34897. SLAY MOTIONS fOR LOOMS FOR WEAVING: 
Ellulilig beatillg-IiP by slay through (olllleoillg 
rods colWru.ted in Ih, form of toggle artlls.-
Marsden, . . 

34931. RADIo POSITION INDICATING SYSTEM : An 
;'Idicalor, 4 /irsl means resPollSive 10 travel 
lime of ellergy a setond meallS respolHive to 
~/lerl1 -reradiated trom objuts.-Standards 
Telephones and Cables Ltd, 

34949. TIFFIN CARIlIERS OR THE LIKE: Ea.h .011-

lainer is sW;'lgably atta.hed tQ a 1Ierli.a/ 
member of the frame or stalld of Ihe liffin 
.arrier.-Bhappu. 

34951. PARACHUTE HARNESS: Adjusting meallJ 
allow ~hortening Qf straps and p"lIlInts 
lellglhemllg 0/ it whell i,l lension.-P.ioneer 
Parachute Co. Incorp. 

34955. GELATINE BLASTING EXFLOSIVES: G,Ilaiine 
blasting explosive having illduded Iherein " 
nitrocellulos, .,oss-/inkillg agent.-I.C.I. Ltd. 

35024. T1FFm: CARIlIERS ,(ADDITION TO No, 34948): 
To a SlallOnary 1Iertl.al engagemmt bar is suur
ed a brMkel ha1ling a hole whhh is IIlgaged 
by II pin secured 10 a plate and another engage
~nent o.Pening is formed ;'1 the plate, Ihe open
tr.g being /IIlgaged by Ihe top mds of the tlerli
ral bars.-Bhappu. 

3502 5, STANDS FOR SWEETS, CAKES, FRUITS AND 
OTHE~ GENERAL PURPOSES: A set of 1Ierti.al 
bars !S setured . to a base ea.h bar ha";'lg rest .. 
for Ilers, and ea.h tier has a pin whhh is deta
(hably held belweell one of the 1Ier/hal bar .. 
alld allother .o-operating pivoled movable b'/f 
and Ihen the ends of the two bars are damped 
to ea.h olher.-Bhappu, 

3(,32 7: TIN OPENERS: C~mprisillg a sh'11Ik, a (ut
tlng blade and a sprlll,g actuated /"I.rum piut 
on the shank alld gUIde place to bear against 
the outer side of Ihe lin.-Jorgensen. 

3(,492 , MACHINES FOR THE GRINDING OR CRANK
SHAFTS, CAMS, ECCENTRICS OR THE LIKE' 
Comprises. of. a driving w.hll~1 having a resilieni 
I.y,.e,. a grinding whllel 1,,,l1on (onta(t wilh the 
drrvlng .wh~el and supporl for the driving wheel 
and grlndmg wheel, II member to engagll the 
crank pin with the grindillK wheel.-Beech. 

36533, FOOD CHOPPERS OR MINCING MACHINES 
AND IN LIKI! MACHINES: CompriJes l'a(lIlIm (II". or disc ~nd Jets in al1l1ula, " hollow ;n 
their lIIule, "tle 01 a wide lense.-John Harper 
'" Co. Ltd. and Kermeth. 
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Molasses as a Medium for Gluconic Acid Fermentation 
By S. K. BOS~ 

(University College of Science and Technology, Department 

of Applied Chemistry, CalcuHa) 

Experimental 
Preparation of the medium:- The medium 

employed was made up as follows: 
THE disposal of molasses, a problem to the 

sugar manufacturers, has long attracted 
the attention of industrial chemists. 

The direct conversion of uncrystallizable 
sugar of molasses, which averages up to 50 Gms. 
per c!'nt., into valuable fermentation pro. Ammo~ium phosphate, dibasic, 0.70 
ducts is one of the best methods suggested for ~a.gneslUm .sulphate, 0.25 
the purpose. The possibility of direct cld potassIUm phosphate, 0.30 

'd t' f I - . I Chalk, 3.00 OXI a Ion 0 g ucose present ID mo asses to ~ C . 
gluconic acid should be considered in this ane sugar lind molasses, 100-300 
respect, since the calcium salt of the latter Water to make up L,OOO cc. 
has an important place in the pharmaceutical The medium aft!'l sterilization, was ino
industry. The microbial oxidation of pllre culated with Arp. niger and. incubated for 
glucose to gluconic acid is not a new ideal 10 days at 320 C. The fermented liquor was 
and its production on a technical scale has sterilised, boiled with excess of chalk and 
heen exhaustively studied2, but few investi- filtered hot. The filtrate was concentrated 
gators have explored the possibility of under low pressure to a syrup and 92 per 
utilising molasses as the starting material. cent. alcohol ( 2 vols. ) added to precipitate 

The present work relates to the utilization 
of molasses as the fermenting medium. It 
may be noted in this connection that inhibi
tion of fermentative reaction has been 
reported, when glucose, other than pure 
glucose, e.g. liquid glucose or 'technical' 
glucose is employed". Inhibition also occurs 
i'n the case of molasses; the study of inhibi
tors present in different varieties of molasses 
and their removal by clarifying method~, 
forms a necessary part of this study. 

calcium gluconate: The precipitate was 
washed with 5 per cent. alcohol (3 times), 
dissolved in water, shaken up with decolouris
ing charcoal (5 gm. per 100 cc.), and the . 
salt crystallised out from the clear solution. 
With clarified molasses (sulphuric acid 
treatment), precipitlltion by alcohol was not 
found necessary. Calcium gluconate separa
ted out from the syrup within 24 hours 
after seeding. 

Estimation:-- Gluconic acid was estimated 
as the soluble calcium salt via the calcium 
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TABLE I. Effect of medium on fermenting alld spore forming ability of the orga1lism. 

Medium Fermenting abil ity Spore forming ability 
Ori?inal 5th sub- lOth sub· Original 5th sub· loth sub· 

culture culture culture culture 

Malt 

Yeast 

Barley 

Potato 

Concentration 
of molasses 

% 

10 
15 
20 
25 
30 

31·40 28.30 20 .50 

31. 50 24.90 19.50 

41. 50 27·60 24. 20 

31.50 39. 60 42 .00 

TABLE II . 
Yield of gluconic acid% on basis of 

total sugar. 
A B C D B F 

30.30 34.20 28.30 25.90 35.20 33 .40 
27·80 30.30 27.20 24·30 32 .90 31.60 
10.20 24·60 9·80 6:90 24.70 12.40 

8·50 20.20 7·20 5.20 20.60 12 .00 
7.00 J9· 2O 6.So 5·30 IS ·50 10.30 

oxalate4• The results of the volumetric 
method were confirmed by weighiDf!; t.he 
calcium gluconate ,obtained from each bat.ch 
of fermentation. 

Fermenting organism:-- 41 strains of 
Aspergillus niger were cxamined . in cane 
sugar media to determine their physiological 
characteristics. It was observed that while 
the production of oxalic and citric acids is 
quite common, a few can produce gluconic 
acid, in 87 and 95 per cent. yields on the 
basill of available glucose and fermented 
glucose respectively. 

The selected strain was ino~ulated into 
the following media. 

(1) Malt extract medium : 0.5 gm. of 
Kepler's malt per 100 cc. of agar medium, 
(2) Yeast extract medium: 0.5 gm. of 
extract per 100 cc. of agar medium (3) Germi
nated barley extract medium:' 10 cc. of the 
extract (100 gms. of malt~d barley extracted 
with 100 cc. of water) per 100 cc. of agar 
medium, and (4) Potato extract medium: 50 
gms. ef potato cooked in water, peeled, made 
into a paste with 100 cc. of water and strain
ed through fine clot.h; chalk ~ 0.2 per cent.) 
and cane sugar ( 5 per cent. ) were added to 
the strained liquor. Table J gives the results 

. obtained with different media. It wiII bc 
seen that the potato extract medium not 
only enhances the fermenting ability but 
maintains also the spore . forming capacity. 

Effect of concentration on fermentation:
Molasses obtained from 6 different factories - , 

lllack Decrease Marked 
noticeable decrease 

lliack Marked Marked 
decrease decrease 

IllaL"k . Decrease Marked 
not iceable decrease 

Black Black Black. 

were examined. Media containing the Mola
sses (marbd A, B, C, D, E , F, & G. in Table 
II ) in which the concentration of molasses 
was varied from 10 to 30 per cent. were 
prepared and inoculated with a culture of the 
sclected organism. The concentration of 
sugar in each case was made up to 15 per 
cent. by the addition of cane sugar. The 
results obtained are given in Table II. It 
will be scen that the yield of gluconic acid 
falls with the ri se in the concentration of 
of molasses, indicating the presence of inhi
bitors. The drop in yeilds is highest in' A 
and F, and least in B. It was noted 'also 
that in concentrated solutions the mycelia 
were white and thick and were submerged, 
while in dilute solutions they were black, and 
remained floating as a superficial layer. 

Composition of molasses:- With a view 
to ascertaining the nature of the inhibiting 
substanCf·s, the 6 samples of molasses were 

, analysed. The results arc given in Table III. 
On·.comparison of the analytical data with 
the results given in Table II, it will be seen 
that the inhibition is related to the ash 
constituen Ls .and sulphites (absorbed S02 and 
sulphite). This has been confirmed by fer
menting cane sugar solutions to which 
phosphates, nitrates, sulphites and the ash 
from molasses were added. The results are 
given in Tables IV and V. 

The presence of sulphur in the form of S03" 
markedly inhibits gluconic acid production. 

Clarification o.f molasses .- The inhibitors 
present in the molasses can be eliminated to 
a marked extent by clarification. In the 
next series of experiments, the effect of clari
fication by the sulphuric acid method was 
studied. The procedure was . as follows. 
Dilute sulphuric acid was added to a solution 
of molasses to bring the acidity to pH.3. 
The solution was steamed and filtered, The 
results obI ained with the clarified solution 
are given in table VI. 
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T ABLE III. 

% present in 

Constituents A B C D E F 

Cane sugar 30 . 20 30.60 . 30.40 31.10 29. 20 29·60 
Glucose II .I O 8 . 90 7. 60 8 . 70 7 . 90 10.40 
Laevulose 13.20 9· 50 10.00 9'.40 9. 20 II.OO 

Total sugar 54.50 49 . 20 48 . 00 50 . 20 46 . 50 51.~0 
CnO 1.65 0·45 2 . 00 1.89 0.38 0.64 
Fe203 0 . 23 0 . 20 0 . 20 0.22 0 . 19 0.22 
S03 1. 31 0 .82 2·17 1. 42 0 . 84 1.45 
P205 1.99 0 · 42 1. 50 2 . 01 0 · 49 2 . 0 \ 
MgO 0·55 0 · 5) 1. 50 0.(;2 0 · 45 1. 32 
K20 4.86 2.82 5 . 02 5.96 2 . 03 5 · 0. 

T otal ash 13.00 7. 00 13.30 14. 20 6 . 50 13 · 50 
Amonia 0 .or 8 0 .018 0. 02 0 .02 0 .019 0.017 
Protein 0 · 55 0·59 0.67 0 ·. 67 0 . 61 0 · 50 
N itrate 0.12 o. 14 0 . 14 . 0 13 0 . 15 0·. I7 

Total nitrogen 0 . 46 o. 45 0 · 48 0 ·50 0 ·45 0 . 52 
Sulphite and 

absorbed S02 0 .16 0.10 o. I7 0 · 17 0.11 0 . 16 

TABLE IY. A marked ·improvement in the yield of 
gluconic acid is secured ·through clarification. 
Inhibition is still noticeable at higher concen
trations. Other methods of clarification, viz. 
the superphosphate and calcined bauxite 
methods, were not beneficial. 

Substance Quantity in gms. % yield on · 
added litre of solution. total sugar . 

l)ot. Dihydrogen 1.00 41. 5 
Phosphate 1. 50 41. 3 

2 . 00 30.6 
2 . 50 25·9 

Am . nitrate 0.20 30 .6 
_ o. 40 14 · 4 
0.60 1.2.2 
0.80 8·7 

Na. SO, 0.10 39 · 6 
0 . 15 30 · 9 
0 .20 21.3 
0.25 11.6 

TABLE Y.-Effect of ash. from molasses. 

Molasses % yield on total sugar. 
equivalent 

oi ash. C 

TABLE VI. 
Concentration Yield % on total sugar. 

of molasses 

% A B C D E F 

10 30 ·9 36. 2 27 · 8 30 . 2 36.2 29.6 
15 28 · 5 35 · 7 26 .3 29·4 35.6 28.4 
20 24· 3 35.6 24·4 28 . 6 34.6 26.2 
25 22.1 34 :9 18 .2 ]6·5 34.9 18 · 7 
30 20 . 6 35. 2 J9 · 2 J 5 .4 33 . 8 I"'.S 

The results of the above trials were helpful 
in fixing the optimum conditions for the 
production of gluconic acid from molasses. 

The procedure finally adopted was as 
follows: 

A 50 per cent . . solution of molasses was 
autoclavcu under 15 Ills. pressure for 15 
minutes and allowed to settle overnight. The 
supernatent liquid was acidified to pH. 3. 0 
with dilute sulphuric acid , heated by stea
ming for one hour, cooled and neutralized . 
with chalk.. To the clear liquid, nutrient 
salts and chalk were added in the req.uired 
concentration and the med ium diluted so 
that the concentration of molasses in the 
final s()lution was 30 per cent. 100 cc. of 
the medium were measured out into Roux 
bottles, sterilized, inoculated and incubated 
(32°C.) for 10 days. The fermented liquid 
was worked up for the recovery of calcium 
gluconate. The yields obtained from dif
ferent molasses a re given in Table VII. 

It has been found that some 4 to 5pre 
cent. of gluconate is lost during the proces
sing. There is a loss of about 1 per cent. 
sll gar during clarification . and about 3 per 
cen t. of calcium glucona.te remains in the 
mother liquor after separating out the 
gluconate crystals which cannot be recovered. 
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TABLE VII. 
Molasses Fermented Gluconate % yield on 

molasses obtained molasses. 
gms. gms. 

A 3960 396 10 .0 
B 2280 412 18 .0 
C 5560 506 8.2 
D 2594 506 19·5 

The losses which occur during the puri
fication of the salt can be recovered. The 
total process losses do not exceed 3 to 4 per 
cent. under efficient control. 

These results are helpful in fixing up speci
fications for molasses which can be employed 
for the' production of gluconic acid by the 
fermentation process. The speci6cations are : 

Ash 
Protien & Ammonia 
Sulphite at absorbed S02 
Phosphate 

Summary 

% 
< 7 
< 0.5 
< 0.1 
< 0.5 

1. All molasses can be fermented to 
gluconic acid in sufficient dilution. 

2. Commercial molasses contain inhibit-
ing substances which can be reduced by acid 
clarification. 

3. An yield of 80 to 84 per cent. on the 
basi s of available glucose in the medium can 
be ensured by the fermentation process. 
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Soap Gels in non .. Aqueous Media 
Part II. - Effect of Ageing 

By G. S. ~ATTIANGDI 
(Chemical Laboratories, Royal Institute of Science, Bombay). 

AGEING signifies the changes in the 
properties which a system undergoes 

. on standing. Several workers have 
studied the manner in which the physical 
properties of colloidal solutions are modified 
on ageing. Investigations on tbe effect of 
ageing on gels have been conducted, however, 
mostly in the case of the gels of hydrous 
oxides. It is' found in general that newly 
formed gels are highly hydrated and give a 
diffused X-ray diffraction pattern; on ageing, 
they become less hydrous, and bands or lines 
appear in the diffraction patterns. Earlier 
workers attributed these changes to the 
transformation of the disperse phase in the 
gel from one allotropic modification to 
another. However, it is now . fairly well 

established that the phenomenon of ageing is 
due to the growth or agglomeration of the 
minute colloidal gel particles into larger 
granules or aggregates1,2. The ageing of gels 
is manif<lsted usually by (i) the contraction 
of the syst em which is evidenced by a 
gradual development of opacity, and (ii) the 
consequent f!xudation of the dispersion 
medium which is known as "syneresis". 

McBain and McCIatchie3 and Hattiangdi4 

have examined the behaviour of a number of 
soaps towards several non-ionizing organic 
solvents before, during and immediately after 
the process of sol-gel transformation, and 
remark that structural -changes continue to 
take place in these get systems even after the 
setting point has been reached. This is 
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manifested by the development of opacity, 
the modific~tion of mechanical properties and, 

I in some systems, by syneresis when the gels 
are allowed to stand for some time. The 
present investigation was undertaken to study 
systematically the eifect of ageing on soap 
gels in organic solvents, mainly with a view 
to obtaining definite information 011 this 
Rubjp-ct which is lacking at present and which 
may be of some significance. 

Materials Used 
The sodium stearate employed was a pure 

product of Messrs. E. Merck & Co. Pinene 
and nujol were products of Messrs. E. Kodak 
& Co. and Stanco Inc., respectively; the other 
solvents employed were pure products of 
either E. M ert;k, Kahlbaum-Scherring, Riedel
Haen or the B. D. House. All t.hese solvents 
were tested for their purity before use. 

Experimental 
Known amounts of sodium stearate were 

taken in clean dry test tubes and 10 C.c. of 
one of the solvents were added to it. The con
centration of the soap in the gt"ls in pinene, 
cumene, cymene, llujol, iso-propyl alcohol, 
gIY':I':rine and benzyl alcohol was about 0.75 
per cent. and in those in o-cresol, m-cresol, 
phenol and ethylene glycol was about 4 per 
cent. Thp- soap-solvent system was heated 
gradually to a temperature near about the 
boiling point of the solvent when the soap 
dissolved completely and a clear mobile 
solution was obtained. Air bubbles present 
in the system were removed carefully, and 'it 
was then allowed to cool and set in an air 
thermostat at 30° C. The test-tubes were 
well corked and sealed to prevent evaporation 
of the solvent or absorption of moisture, as 
also to ,avoid contamination by fungus and 
dust particles. The gels were examined 
periodically over a period of 12 months to 
notice the changes in their structure and 
behaviour. The observations made are 
presented ill Tables 1, II and III. 

Discussion 
It will be seen from the results presented 

in Tables I, II and III that the effects of 
ageing on the behaviour of gels of sodium 
stearate in the different organic solvents can 
be classified broadly into the following three 
categories; 

1. The gels synerise profusely and deterio
rate completely after a few months, the 
soap either settling down as a sediment 
or remaining as a suspension in an 
extremely finely divided state (cf:Table I.) 

2. The gels synerise to a much smaller 
extent than those above only after a 
considerable lapse of time, and the 
shrunken portion exists either in ,a 
translucent or in an opaque state (cf: 
Table II). 

3. The gels do not synerise at all and 
neither do they shrink appreciably; 
however, there is . evidence of the 
formation of large visible particles 
(cf: Table III). 

It will be seen from Table I that the 
gcneral beha"iour of the gels in cumette, 
eymene and pinene is very similar to one 
another. The' gels, which are initially clear 
and transparent, develop opacity after 2 or 
3 months and also commence synerising. 
Subsequent ageing increases the syneresis to 
50 per cent. of the total volume of the gel, 
and large aggregates of soap partici~s appear 
in the shrunken gel. The soap "crystals" 
settle down after 6 to 9 months, and these 

' revealed, on examination through a micros· 
cope of X 2,000 magnification the same 
shape and structure as the original dry soap. 
The behaviour of the gels in o-creslll, m,cresol 
and phenol is very similar to each other but 
differs from those in cumene, cymene and 
pinene in two marked respects, namely, (i) no 
change in the transparency of the gel takes 
place even when it shrinks, and (iiJ no 
sedimentation of the soap "crystals" occurs 
even after the gel has broken down completely; 
it is surmised that the system exists possibly 
in a "sol" stale. 

The behaviour of the gels of sodium stearate 
in phenetole, glycerine, iso·propyl alcohol 
and nujol iii the same in all respects, and 
corresponds' approximately after ageing for 
one year to the behaviour shown by the gels 
given in Table I during the nrst few months. 
No syneresis takes place in the first few 
months, but a distinct cloudiness is observed 
which does not appear to increase on further 
ageing. However, particles separate out 
from these gels and these appear to be 
similar to one another when viewed through 
a high-power magnifying glass and can 
actually be counted. ~ After ageing for 12 
months, these gels synerise to a slight extent, 
the syneresis decreasing in the order 

Nujol < iso-propyl alcohol < glycerine < phenetole 

It will be seen from Table III that the gel 
of sodium stearate in' benzyl alcohol is 
initially clear, transparent and colourless, 
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TABLE III 

Period of 
Ageing 
months 

Benzyl Alcohol Ethylene Glycol 

o Clear, transparent gel; colourless. 
No change in opacity or syneresis. 

Opaque, white gel. 
No syneresis or evidence of gel 
shrinking. 

- do- - do-

- do - - do-3 

6 No change in opacity or syneresis; 
small spherical particles are formed ; no 
br~aking down of structure. 

Small spherica l particles formed; gel 
still opaque and shows no signs of 
breaking down in structure ; no 
syneresis. 

- do- - do-9 
I2 Larger particles formed; system 

translucent ; no syneresis. 
- do-

and that it remains as such during the first 
few months. After 6 months, small spherical 
particles are visible which increase in sizc on 
ageing for 12 months; a slight increase in 
opacity also appears at the same time. The 
gcl of sodium stearate in ethylenc glycol is 
initially opaque and white, and shows the 
same behaviour on ageing as the gel in benzyl 
alcohol, the separated particles in this case 
being visible only at the surface of the 
container. The appearance of the aged gel 
is more or less like that of a soft wax. 

It will thus be noticed that the effect of 
ageing on the behaviour of thc gels of sodium 
stearate in different non-aqueous media 

. depends uptln the properties of a group of 
solvents_ This lcads to the surmise that the 
effect of ageing may be related in some 
manner to the physical charactiristics of the 
solvent molecnles. 

The general behaviour of the several gels 
can be explained" as follows: The micelles in a 
gel system, which are adsorption complexes, 
are highly unstable and tend to go over to a 
more stable state such as that of a molecular 
solution or of a coarse suspension. Since 
sodium stearate is practically insoluble at 
30° C. in the different organic solvents used 
in this investigation, it cannot go into solution 
but its transition to the state of coarse 
particles is quite possible. Thp,refore, when 
the gels of sodium stearate in the differcnt 
organic solvents arc allowed to age, the 
micelles in the gels either (1) approach 
nearer to one another, or (ii) readjust 
themselves in the gel structure, due largely 
to the internal force s exerted by the solvent 
molecules. In die former case, they form 
larger aggtegates and thereby cause the 

shrinkage of the gel, the squeezing out of 
the syneretic liquid, and the embrittlement of 
the gel structure. In the latter case, they go 
over to the crystalline state and give rise to 
visible crystals . 

Summary 
The effect of ageing on soap gels in 

numerous organic solvents has been examined. 
In general, ageing of gels results in their 
shrinkage and in the embrittlement of their 
structure, this being evidenced by the 
development of opacity and by the exudation 
of syneretic liquid . The physical properties 
of the solvent molecules appear to be 
responsible for the different behaviour 
exhibited by gels in different organic media. 
Thus there is rapid deterioration of the gel~ 
resulting in the sedimentation of soap 
particles in cumene, cymene and pinene. and 
of the formation of "sols" in o-cresol , 
m-cresol and phenol. The deterioration is 
less in the case of gels in phen etole, glycerine , 
iso-propyl alcohol and nujol, and is least in 
benzyl alcohol and ethylene glycol. 

The author is very grateful to Principal 
Dr. Mata prasad, D.Sc. , F.R.I.C., F.N.I., for 
his kind interest during the progress of this 
investigation. 
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Production .. of Strontium Carbonate 
from lndian Celestite 

By MATAPRASAD AND G. ·V. DANGE 

(Royal Institute of Science, Bombay) 

A· MONG the. struntium salts empluyed fur 
.' technical and .other pur·poses, strontium 

, carbunate is by far the must impurtant. 
Besides its use in several industrial prucesses, 
~'aHicularlytn the productiun .of high grade 
steel, it furms· the starting material fur the 
preparatiun .of uthel" struntium ~Illt 8. Strun
i .lum .oxide and hydruxide are extensivelv 
used· in the beet-sul!ar indu~try; the 8ulphat~ 
is used in paints and as a filler fur-rubber; the 
chI uri de is used in refrigeraturs. Struntium 
salts are used al s& in firewutks, flare s, signals, 
military rucket s and tracer bullct s. Sume 
struntium salts are u sed in medicinc as sed a
'tives and in the treatment .of heart truubles. 
Several tuns .of stmntium salts arc prubably 
impurted intu India every year; nu currl'ct 
.fi gures can be given fur want .of data. It is 
.uccessary, therefure, that the large-scale pru
.ductil)ll .of struntium salts shuuld find an 
impuI:tarit place in the develupment plans 
fur the manufacture of heavy chemicals in 

. this country. 

The miner"ls used for the manufacture .of 
·struDtium salts are celestite (sulphate ) and 
struntianite ·(carbonate). Only a few countries 
pussess large deposi ts of these mineral,;. The 
biggest source of celestite in the ,'vorld is the 
United Kingd.om., where the total production 
during t~1I period of 1884-1935 amounted tu 
·5,60,600 tons. Strontianite .occurs in Ger
·many which supplies most of the world's 
requirements. Several deposits of strontium 
minerals are f.ount! in the Duited States of 
America. 

Till recently strontium miucrals were con
sidered rare in India. Wrath l reported thc 
.occurrence of celestite in the Dttattur area .of 
' ~ rcteceous rocks .of 1:richinopuly District. 
Jayaraman and Krishnaswamy2 fuund that 
et runtium sulphalc uccurs in the phusphatic 
nodules derived frum the sa~e urea. Jaya
.rllUlan1 estimated that abuut a milliun tuns 

of celestite (93 per cent. Sr504) were present 
alung with gypsum in an area .of abuut 2,000 
acrt'S. A detailed investigatiun .of these d"pu
sits has been carried uuth'Y'"",Krishn!ln.~ 

Celestite has been fuund to .occur neali 
'~anwali in the Punjab cuvering an area of 
three square miles. It i!, estimated that half a 
million tuns of this mineral are available in 
this arca. Nu mention of this occurrence has 
been reported w far.. Celestite occurs in 
lumps of varying sizes; lumps 'uf 20-30 , I~s. 
are I<u~mun, and those .of 40.-50 '/ lbs. 
are not rare. The lumps cuntain ( i ) fibrous, 
radiating, white .opaque crystals and 
( ii ) powdery reddish-grev amorphuus 
withered material. Judged from the exami
natiun .of a representative sample 9£ abuut 
200 Ibs . .of the mineral, the average siruntium 
sulphate content of the dep.osit as a whole is 
97 per cent., while that of the crystals is well 
.over 99 per cent. These deposits appear to 
be richer than most .of the foreign and other 
Indian celestite and are tutally free frum 
barium and calcium sulphates, the small 
quantities of impurities being mustly 
superficial. . 

Two methuds are mainly empluyed fur t ·he 
prcparatiun .of strontium carbunate · frum 
celestite. In the first, celestite is reduced by 
coal or charcual in a reverb\~ratury furnace, 
and the soluble slllphide thus .obtained . is 
treated with carb~n diQxide or alkali carbu~ 
nate; in the uth~r, celestite . is aHowed to 
relict wit4 an aqucous solution of alkali 
carbonate under specified cunditions. In: the 
carly days, large quantities of stront;um 
carbonate were made by the first method; . 
the percentage of reduction obtained was 
60-80, and the conversiun .of sulphide to 
carbonate did nut ' e,fceed 90 per cent. 
Recently Shrikantan5 ad .opted this methud 
fur the preparation ufstx:untium carbonate 
frum Trichinupuly celestite. The prucess 
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suggested by him involves six operations: 
(i) preliminary concentration and grinding of 
the ore and mixing it with the requisite 
quaDlity of sodium chloride and charcoal, 
starch being added to form a pas1 c \ii) reduc
ing the ore in a furnace at bright red glow, 
(iii) powdering the bla.ck ash, (iv) lixiviatipg 
the black ash with hot water at 100°C. 
(v) filtration of the leached solution, and 
(vi) treatment of the filtered liquor with soda 
ash. 

The second method has been employed by 
a number of early workers (cf. Urquhart and 
Rowe1l6, Mebus and Decastr07 and Konther8). 

Piva9 obtained strontium carbonate by trea
ting celestite with carbon dioxide and ammo
nia, the percentage conversion under the best 
conditions being 82-85 per cent. Bashilov 
and Sobolev1o found that the speed of reaction 
between celestite (Russian) and sodium 
carbonate was a function of the particle size 
of the ground ore, temperature and exceS3 of 
sodium carbonate. Technical conditions for 
the efficient and econom~c conversion of 
celestite were determined by Sobolevll; these 
details , however, are not available. For the 
treatment of crushed celestite with sodium 
carbonate Th'omas12 patented a process which 
has not been quite successful. Using 
ammonium carbonte in place of sodium 
carbonate and optimum conditions of 
temperature, pressure and excess of carbonate, 
Gallo1', found that only 90.5 per cent. of the 
celestite was converted into the carbonate. 
These experiments were repeated by Kobe 
and Deiglmeier who obtained only 73 per cent. 
conversion. .ElIedge and Hirch14 attempted 
the conversion in the presence of sodium 
hydroxide, while Booth15 llsed fused sodium 
chloride as the medium of reaction; in the 
latter case a 99.9 per cent. conversion is 
claimed when 17 per cent . excess of sodium 
carbonate was employed. 

A systematic investigation of the reaction 
between strontium sulphate and alkali 
carbonate was conducted by Kobe ond 
Deiglmeier16 who studied the effects of time, 
temperature and concentration of alkali 
carbonates on four different types of strontium 
sulphate. Under the most favourable condi
tions they obtained a percentage converti'Jn 
of 97.5. They designed a pilot plant which 
could take in a charge of 200 Ibs. of ore, 40 
Ibs. of sodium carbonate (25 per cent. excess) 
and 15 gallons of water. On maintaining the 
temperature at 90oC. and keeping l4~ c4.uge 

well stirred they obtained 96 per cent. 
conversion in one hour. 1,400-1 ,600 Ibs. of 
the ore could be worked up in one day. 

Recently layaraman3 reported that finely 
powdcred celestite was easily and quantita
tively decomposed in 10 per cent. solution 
of ammonium carbonate on heating for two 
hours. He also worked out a process for the 
preparation of strontium carbonate from 
Trichinopoly celestite and sodium carbonate. 

On comparing the efficiencies of the two 
processes for the conversion of celestite to 
strontium carbonate , it is found that the 
former is cumbersome and entails heavy 
capital and manufacturing costs. The yield 
is low. and the product has often to be refur
naced . The second process is simpler 
and quicker and the conversion is 
almost quantitative. Only three operations 
are involved, viz. (i) preliminary treatment 
of the ore , (ii) reaction with a solution of 
alkali carbonate, and (iii) washing the product 
free from sodium sulphate. The manipula
tions are simple anrl no elaborate machinery 
is required, the only appliance needed being 
an efficient shaU:er. 

Theoretically any of the three alkali 
carbonates should prove equally effective for 
the conversion of strotium sulphate to 
carbonate. In practice, however, one of the 
three has to be ~electerl in preference to 
others. Potassium carbonate is ruled out 
as it is neither cheap nor plentiful in India. 
The advantages in using ammonium car
bonate are: (i) the reaction can be carried 
out at a lower temperature giving the same 
yield, thus reducing the consumption of fuel 
and (ii) most of the ammonia can be recovered 
as ammonium sulphate which is a valuable 
fertilizer. But the experimental 60nditions 
have to be carefully adjusted so that no 
decomposition or volatalisation of the car
bonate take.. place. The use of sodium 
carbonate, which is comparatively cheap, 
demands no such precautions amI the 
conversion is somewhat higher than that 
obtained with ammonium carbonate. 

Considering the solubilities of strontium 
carbonate (cf. Townley, Whitney and 
Felsing17 ) and strontium sulphate (cf. Gallo18) 

it would appear that the reaction should 
proceed to completion even at room tempera
ture, but the actual conversion obtained is 
only about 80 per cent. It was therefore 
necessary to study the influence of time, 
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temperature and concentration of sodium 
carbonate, the particle size of the ore and 
the efficiency of stirring the reaction mixture 
on the conversion of celestite (MianwaJi) into 
carbonate. The results obtained have been 
discussed from the point , of view of (i) 
economic manufacture of strontium carbonate 
from celestite, (ii) recovery of by-products, 
and (iii) possibility of using recovered soda 
ash and Indian natural ~oda (effiorescent 
deposits) as carbonating material. 

In the course of this study, it became clear 
that the percentage of conversion is deter
mined by the efficiency with which tbe reaction 
mixture is stirred, up. Even the mechanical ' 
shaker (giving eccentric motion) employed 
by Kobe and Deiglmeier was not efficient 
enough to bring all the particles within the 
zone of rcaction at all times. An elricient 
stirring device has been designed by us in 

. the course of this investigation. 

Experimental 

(a) ANALYSIS OF ORE: The results of 
analyses of two samples of Mianwali celestite 
are given in Table I. 

(b) PRELIMINARY TREATMENT AND 
CONCENTRATION OF ORE: The ore was 
ground in a ball-mill to 200-mesh and digest
ed with 9.0 N sulphuric acid for half an 
hour at 80°C. to remove the impurities. This 
concentration of acid was necessary for 
removing the last traces of iron and alumi
nium oxides and for preventing the loss of 
strontium sulphate which is soluble in weak 
solutions «9.0 N) of the acid. The acid 
was decanted off and used over again for the 
treatment of fresh quantities of ore. The 
treated. ore was washed free from sulphuric 
acid, dried and analysed; the results are 
given in Table I. 

TABLE J. 
Before acid 
treatment. 

Sample I Sample 2 

Strontium sulphate 97 . 88 97. 88 
Silica 0·30 0·39 
Calcium carbonate 0·93 0 ·93 
Magnesium carbonate. 0 . 12 0 .3 2 

Fea03 + AbO. 0.16 0·4~ 

Moisture 0.7 1 0 .03 

After acid 
treatment . 

99 . 80 
0.2 0 
nil 
nil 
trace 
nil 

(c) REACTION WITH SODA ASH: The reac
tion was carried out in hydrogen peroxide 
bottles provided with porcelain stoppers and 
iron clasps. The bottles charged with the reac-

tion' mixture were first corked, then closed 
with a rubber washer, porcelain stopper and 
finally by the iron clasp; rubber washers 
were wrapped in an oil paper to prevent 
attack by hot oil of the oil-bath. The 
bottles were sealed with a mixture of plaster 
of paris and gum arabic and shaken in an 
iron shaker rotated on an horizontal axis 
hy an electric motor whose speed could be 
regulated. The bottles were rotated in such 
a way that each bottle turned on 'its vertical 
axis upside down in each rotation, thus 
ensuring .a thorough mixing of the contents. 
The shaker and the bottles were immersed in 
an oil-bath maintained at 100° C ( ::I:: 0.2°C. ) 
by gas fired ring burners. The shaker was 
connected to the motor by a cog-wheel and 
chain arrangement as leather belting was 
attacked by hot oil. 

The strontium carbonate formed in the 
reaction was washed free from sodium 
sulphate and excess of sodium carbonate and 
dried. After careful sampling, 0.5 gm. of the 
strontium carbonate was dissolved in 
hydrochloric acid solution of known normality 
and the excess of acid titrated against . a 
standard solution of sodium hydroxide. 
The amount of the acid used up gives the 
percentage conversion of strontium sulphate 
to carbonate. The weight of the unconverted 
strontium sulpha.te served as a check for the 
titration data. 

(d) INFLUENCE OF TIME AND OTHER 
VARIABLE FACTORS ON THE RECTION: The 
effects of various factors ~n the progress 
of reaction were severally determined. 
The results obtained are given in Tables 
II - VII. The experimental conditio~s are 
indicated in each Table; the following not
ations have been employed-

a, amount of celestite ore in gms., 

b, amount of soda ash in gms., 

r, speed of the shaker, expressed in 
revolutions per minute, 

s, particle size in mesh per sq. inch, 

t, time of reaction in minutes, 

T, temperature of oil-bath in oC., 

v, cc. of water in t~e reaction mixture, 

c, percentage excess of sodium carbonate, 

x , percentage conversion, 

C, percentage concentration. 
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TABLE II. - -EFFECT OF TIME. 

a: 91.84.1501.; b: 63 60 gm . ; 1J : }OO CC.; T: IOO~ C; r : 24 rpm.; S: 200 mtsh .; c: lao/f) . 

I : 
x : 

I) 

87·60 
30 

92 . 86 
4) 

9)·34 
7) 

97·)4 
90 

98 . 1 4 
uo 

98 .• 8 

TABLE "/.- ·-EFFECT OF EXCESS OF SODIUM CA RBONATE. 

a: 91 .8 gm.; v: 500 CC.: T: 100° :(; I : 1,0 mins.; r: 24 rpm.; s: 200 mesh. 

c: j I) 2) 40 jj 70 8) 100 
x: 8) .70 94· 36 98 .'0 98 . 68 98·90 99 .0• 99·)4 99 · )4 

T ABLE IY .-EFFECT OF CONCENTRATION. 
a: 91.84 gm. : b: 66 . 25 gm .; I : .. ,0 mins .; T: 100 0 'C.; r: 24 rpm.; s: 200 mesh; c: 25%. 

----
C : 1.92 2.16 2·46 2.87 3 · 45 4 · 3 [ 5· 74 8 · 35 
x: 99 · )4 99·5+ 99.· 4' 99. 80 99.42 99 · )4 99··8 99 . 10 
C: 10 . 00 11 . 13 12 . )3 '4 · 35 17·25 19· 72 23. 00 '7 · 60 
x: 98:92 98 .• 8 98 . 80 97: 32 98.92 98 . 40 98. [8 98 . 08 

TABLE Y .-EFFECT OF TEMPERATURE 
a: 91.84 gm.: h: 611.25 gm.; I : 1 50 mins. ; 11: 500 cc.; t: 24 rpm .; s: 200 mesh ; c: 25 % . 

T : ~3 42 51 6. 7 ' 79 86 9} 100 
x : 76 . 98 84·54 90 . 50 95.90 97. 24 97 · 86 98 ·44 98 .28 99 · 5-1 

TAB I.E V I.-EFFECT OF PARTICLE SIZE 

a: 9 1. 84 gm.; b: 66.25 gm. ; I : 150 mins. ; T : 100 0 C.; r: 24 rpm . ; v: 500 ce.; c: 25 0/0 ' 

s: 
x: 

40.60 
93·,8 

60-80 
95 ·80 

80-100 

97·10 
120-1 50 

99 .2 8 

TAB cE VI I. - EFFECT OF RATE OF SHAKING. 

a: 9 r R4 gm . ; b: 66 .25 gm.; I : 150 mins.; T : 100~"'::. ; 11: Sao CC . ; S: 200 mesh ; c: 25%. 

r: 
. x: 

10 
97. ,6 

12 • t ~r' Y' 1 5 

98 . 30 . 98.80 
18 

99 · ·8 

The mechanical energy spent for shaking 
and the consumption of fuel for keeping the 
rcactants at the desired temperature are both 
determined by the time of the reaction. The 
results (cf Table II) show that the velocity of 
conversion rises rapidly during the first 75 
minutes, when 97.5 per cent. of the ore is 
converted. Subsequent increase in the 
conversion is slow reaching 98.5 per cent. in 
2- 2-5 hours and 99 per cent. in 4 hours. 

An excess of sodium carbonate is needed 
to obtain maximum conversion. It will be 
observed from Table III that the percentage 
conversion increases rapidly to 98.2 per cent. 
with an increase in the excess amount of 
sodium carbonate upto 25 per cent. With 
amounts larger than 25 per c·ent. of sodium 
carbonate the increa!le in percentage conver
sion is slow; it is 99 per cent. when 70 per 
cent. excess of carbonate is userl . and 99.5 
per cent. when the excess of sodium ca rbonate 
is 100 per cent. An excess of 25 to 30 per 

22 
99· 42 

24 
99·Q 

30 

97· 82 
3~ 

97 ·22 

cent. of sodium carbonat.e is used in ~ lIb~ 
sequent experiments . 

The concentration of sodium carbonate 
employed determin '!5 the volume 'of th~ 
reaction mixture and benee tbe s ize of tbe 
reaction vessel. The cfrect of this factor on 
the reaction was studico in the next ~cri('s 
of experiments. 

It will be ~een from Tahle I V that 011 

increasing the concentration, th e percentage 
conversion is decreased only to a small 
extent, the d e(~ rea se bein g nearly 1.5 per cent. 
w hen the concentration is incre!' sed from 
1 10 30 per cent. . This shows that the 
eOIl Le nlratiun of sodium corbonate has very 
little effect on the conversion efficiency, and 
hellce for the economic working of ihis 
process a s high a concentration of the reac
tants should he useo as practicable. A 
concentral ion ranging IlI' l wee n ] 0-15 per 
cent. would give about 9H.5 per cent. conver·· 
sion. . 
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The percentage conversion increases 
rapidly with temperllture, attaining a value 
of 96 at 60°C. Thereafter , the increase is 
slow, being 99.28 per cent. at 93° C and 
99.54 . per cent . at 100°C. Thus a fairl y 
high conversion takes place at temperatures 
ranging between 95·100oC. These results 
( r:f Table V) indicate that the rise in velocity 
of reactingmolecules more than compensate 
for the decrease in the solubility of strontium 
sulphate above 40°C. 

The s ize of the particle is an important 
factor in h eterogen eous reactions. It will 
be seen from Table VI that the percentage 
conversion increa ses from 93 per .n nt. to 
nearly 99 per cent. as the size of th e particle 
is increased from 40·60 m esh to 150·200 m esh. 
For economic and efficient conversion it is 
absolutely essential to grind the material t o 
150·200 m esh; particles of fin er sizes than 
this could be employed wi III even greater 
ad:v antage. 

With increase in the speed of the 
shaker (cf Table V lI) the percentage con· 
version at first lu t:reases, r eaches a 
m ax imum value and th en decreases; the 

TAB LE V IJI.- O /'t i"",m CondirifJ11J /0 ,. Conversion. 

F :t ctnc 

c 
C 
T 

Opt imum 
Conditi(JI~s. 

120- 15° mins. 
25'}0 % 
10-1 5 0/0 
95 - 10 0 (I C. 

150-200 mesh 
22 rpm. 

co nverSii lt1 
% 

98 .58 
98 .50 
98 .40 
99. 2 0 

99. 00 
99. 40 

r epeated with varying quantities of the ore. 
The resul ts obtained are given in the 
Table I X . 

It will be observed from the above that 
the conve rsion percentages are roulld 
about 99 . 

Economy considerations 
The excess of sodiulIl carbonate ( 25 per 

cent . ) employed ill t he reaction remains with 
the sodium sulphate in the final liquor. 
It is d esirahle to recover both the carbonate 
and the sulphate from this liquor; The 
former could be I II ded over again in the 
reaction and the latte r disposed off as a 
hy.product; this w"ult! minimise the cost of 
prod uction of ~ trontium carbonate. 

Attempts were made to separate the 
components by fractional crysrallization 
( at 20 0 C. and 40° C. ) fr,)m representative 
mix tures of t wo salts. The crys tallisation 
was s topped when a large amount of 

.sodium carbonate bagan to separa te out 
a long with bodium sulphate. A bollt 
89 per cent . of the total sulphate (average 
purity, about 96 per cent ) separated 
out on chillin g the Inixture to 200C. ; the 
separation was not so effic ient at 40"C. 
the percentage recovery and purity being 57 
per cent. and 94 per cent. respectively. 

In order to examine the usefulness of the 
sulphate·carbon ate liquor as carbonating 
liquor, ex perim ents were carried out under 
optim um c·lllJitions with mixtures of sulpha te 

T ABLE. IX . 

t: 150 min .: T : 10.:.
0 

.; r: 22 rpm.; J: 200 mesh~ C: 25%; C: 100/0 . 

II : 
.... : 

maximum conversion of 99.4.2 per ('ent. IS 
obtained when th" speed is 22 rpm. The 
decrease in convers ion beyond the maximum 
is due to the fa ct that ~hen the containers 
revolve fa st er than 22 rpm. some particles 
remain virtually s tationary aut.! gct little 
chance to react with the soTution . 

The results of the experiml'nt s de~cribed 
above imli eate that the optimum conditions 
fOT the conversion of strontium sulphat e to 
ca rbonate are given in Table V 1I I 

With a v iew to confirm th a I maximum 
~o~ver.s ioll is oh~a ined und e r tIlt' conditions 
given iri Table YIn, CXpel' illl !lJlts were 

82 . 62 
98 .80 

91 .80 
99. 14 

and earbonate in plare of s traight sodium 
carbonate solution. The results obtained are 
given in Table X 

T AB l.E X.-EFFECT OF SODIUM SULPHATE. 
0/0 composition o f the 

reaction mixture 
N"~CO~ Nn~S('4 

ry oj· 9 1 5. 0 9 
90 .3 1 9.69 
86. , (, 13 . 84 
R,. 3~ ' 7 . 6~ 
78.86 2 I. q 
75 . 158 24 ·3:! 
72 . 7 T 27 . 2 1) 
6ry. Qq 30 .0! 
67. oj ~ }2. ~~ 

65·10 H ·90 

% 

99·44 
99 . }6 
99 · 12 
99· 20 
99 . 02 
98.68 
98 .8, 
98.50 
98·42 
98 . 28 , 
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It will be observed that there is a drop of 
about 1.2 p er cent. ill the conversion as the 
percentage of sodium sulph at e is increased 
from 5 to 35 per cent . This shows that it 
will be economical to remove from the liquor 
obtained in the reaction as much of sodium 
sulphate as practicable by fractional crystalli
sation at 20oC. and to use the residual liquor 
after adding the calculated quantity of soda 
ash for carbonating a fresh lot of celestite. 

Utilisation of Natural Soda Khar. 

Since the presence of varying quantities of 
sodium sulphate in the reaction mixture does 
not affect the conversion of strontium 
sulphate t o carbonate to any great extent, 
attempts were made to ascertain whether 
natural soda (Khar or Reh), which contains 
sodium chloride and sodiu~ sulphate as 
impurities, could be satisfactorily employed 
in the Pl'OCf'SS . Natural soda occurs as 
effl orescent deposits in many dry regions of 
India. The proportions of the three salts 
varies with the locality, the percentage of 
sodium carbonate in the calcined khar varying 
from 50 to 90 per cent. R epresentative 
mixtures, having nearly the same composition 
as natural soda, were prepared and used in 
place of sodium carbonate for the .conversion 
of celestite to strontium carbonate. The 
results obtained under optimum conditions 
are gi ven in Table XI. 

TMILE X l.-EFFECT OF SODIUM CHLORIDE & 
SULPHATE ON T HE REACTION. 

0/0 compc--l$it ion of the reaction 
mixture: conversion 

Na2CO. ~ a2S0. Na Cl % 

80 ·99 13 . 00 6. II 88.2 8 

74·09 11 .91 14. 00 99. 20 
68.36 _ 10 .90 20.64 99· 12 
60·H 9·7; 29· 7; 98 . 92 

57. 92 9 .3 1 32 ·77 98 . 54 
71. 27 15 . 28 13 · 45 98 .74 
68 .64 18.40 I2 · 96 98 . 56 
66 .22 21.30 12 . 48 98 .42 

63 ·95 23 ·99 12 . 0 6 98 .28 
6, .8, 26:,1 II . 66 98 . 20 

It will be seen from the above that the 
presence of sodium sulphat e and sodium 
chlorid e d'oes not appreciably affect the 
effi ciencv of the conver sion of celestite to 
carbonate b y sodium carbona te. In the first 

- five experiments, in which the quantities of 
sodium chloride are considerably increased in 
the reaction mixture and those of sodium 
sulphate are nearly constant, .the conversion 

is lowered from 99.28-to 98.54 per cent. or by 
0.7 per cent. In the next five experiments 
in whi l)h the quantities of sodium sulphate 
arc gradually increased an(l that of sodium 
chloride kept constant, the converRion . 
decreases from 98.74...to 98.20 per cent, or by 
0.54 pel" eent. 

In the light of the above results it may be 
safely con cluded that. the substitution of 
pure soda by natural soua is a feasible 
proposition. The slight decrease (0.5-1.0 per 
cent.) in conve rsion obtained by using khar 
is overbalanced by the low cost of the 
carbonating liquor which will appreciably 
bring do.wn the cost of manufacture of 
strontium carbona\e . The quality of the 
product obtained would be adequate for the 
many uses to which strontium carbonate is 
put. The only drawback in the use of 
natural soda is poor quality of sodium 
sulphate that is obtained from the spent 
liquor. However, in view of the fact t~at 
natural soda is abundant and cheap, it may 
not be worthwhile t o recover sodium sulphate 
from the waste liquor. The employment of 
khar in this rection will open out a new lise 
for this raw material. 

A pilot plant for the productiOl~ of stron
tium carbonate from celestite is under 
construction. A flow-sheet of the processes 
involved is shown in Fig. 1. 

Summary 

The investigation deals with the prepara-
' tion of strontium carbonate from Indian 
celestite by metathesis with sodium carbo· 
nate. -A systematic study of the experi
mental condit ions have been made and 
optimum conditions det ermined for the 
conversion of strontium sulphate to carbo
nate. The economics of the process have 
been examined, and the possibilities of 
utilising abundant and cheap raw .materials , 
and of recovering by-products examined . 
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