
Journal of 

Scientific & Industrial 

Central Glass & 
Ceramic Research 
Institute 

The locust Cycle of 
~ 1949 

Cast Iron 

The Indian Salt 
Industry 

Pentode Scalers 

Biguanido·arsenicals 
lS Possible Anti· 
nalarials 

')ilatometry & 
)wder Metallurgy 

Zircon Porcelain 

Research 
V. 9, No . 10 , OCTOBER 1950 

. ' . . . . 
...... :: . . . ' : ' 

UBLISHEO BY THE COUN·C[L OF SCIENTIFIC · 8;. ~ NDOSTR IAL RESEARCH, INO 

. ':-.: ........ . 
industr. Res., V. 9A, No. 10, Pp. 349-388; & V. 98, Nc.. 10 Pro 239,16'!, New Delhi. October 1950 



NEW EDWARDS 
TWO-STAGE LABORATORY PUMP 

8PEEDIVAC 2820 

SPECIFICATION 

Ultimate vacuum (McLeod gauge ) -0·000 1 
mm . Hg . 

Normal runnin, speed - 450 r . p . m. 

D isp lacement at normal speed - 0'8 cu . ft. l 

m in . or 11 Ijtres,i m in . 

O il cha,.ge - I p in t or 600 mi. a pp rox , 

Horse-power of motor - I 8 - I .ot 

• light alloys and modern . design minimize weight and di me nsions, 

• High pumpi ng speeds at low pressures . 

• Small oil capacity, with easy refilling; integral oil spray arrester . 

• New valve design gives quiet operation. 

• Specially designed moisture uap accommodating various fittings, anj pump 
plate with bell jar, etc., for demountable connection to pump sp:>ut. 

• Oil trap available directly connected to pump . 

• Demou ntable vacuum connections fo r rubber or metal piping. glass or metal 
cone joints. 

• Finished in attractive , easily cleaned, durable stove ename l. 

SOLE AGENTS 

THE SCIENTIFIC INSTRUMENT CO. LTD. 
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The picture on the cover shows the Central Glass & Ceramic 
Research Institute, Calcutta, which was declared open by 
Dr. B. C. Roy, Chief Minister of West Bengal, on August 26, 
1950. This Institute is the fourth among the National Labora­
tories, sponsored by the Council of Scientific & Industrial 
Research, to be declared open this year. 
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Bengal Chemical & Pharmaceutical . Works Ld. 
----",---The largest Chemical Works in India------

Manufacturers of Pharmaceutical Drul1s, Indil1enous Medicines, Perfumery, Toilet 
and Medicinal Soaps, Surl1ical Dresslnl1s, Sera and Vaccines, 
Disinfectants, Tar Products, Road Dressinl1 Meterials, etc. 
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Ether, Chloroform, Mineral Acids, Ammonia, Alum, Ferro-Alum, 
Aluminium Sulphate, Sulphate of Mal1neslum, Ferri Sulph., 
Potassium Permanl1anate, Caffeine and various other Pharma­
ceutical and Research Chemicals. 

Surl1ical Sterilizers, OxYl1en Apparatus, Dlstiil"d Watec StUll;, 
Operation TabJc(!., Instrument Cabinets and other Hospital 
Accessories. 

Chemical Balance, Scientific Apparatus for Laboratories and 
Schools and Colleges, Gas and Water Cocks for Laboratory use, 
Gas Plants, Laboratory Furniture and Fittings. 

Fire Extlnl1ulshers, Prlntlnl1 Inks, etc. 

Office 94 CHITTARANJAN AVENUE, CALCUTTA 

Factories CALCUTT A 

Manufacturers of 
SCIENTIFIC APPARATUS. 

VIALS. TEST-TUBES. 
NEUTRAL GLASS. AMPOULES. 

ETC .• ETC. 

• 
For further particulars, write to : 

BOMBAY SCIENTIFIC 
GLASS WORKS 

AliA. HOUSE. KHETWADI UTH LANE 

.OH.AY 4 
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HOSPITAL at 
LABORATORY 
EQU IPMENT 

• 
LABORATORY 
CHEMICALS 
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COLLEGES & 

RESEARCH 
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please consult 

UNION SCIENTIFIC SYNDICATE 
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THE PERFECT ANSWER TO A SCIENTIST'S PRAYER 

METTLER* BALANCES 
ANALYTICAL. 

ANALYTICAL BALANCE E 5 

READING TO 0'0001 g. 

Manufactured by : 

E. METTLER, ZURICH 
SWITZERLAND 

THREE MODELS: 

ES: Capacity 200 g. 
reading to 0'0000 I g. 

E6 : Capacity 100 g. 
reading to 0'00002 g. 

Micro : Capacity 20 g . 
reading to 0'000002 g . 

SEMI-MICRO • MICRO 

With the (allowing sensational (eatures : 

• Automatic weighments up to 200. 100 or 20 g. 
(depending upon the model) 

• Large optical scale, range 0- 115 mg. 

• Constant loading of the beam , resulting in constant 
sensitivity throughout the whole range 

• Single dial registering the weight 

• Built-in. standardized, rust-free. first quality weights 

• Quick reading - each weighing (from putting sample 
on pan to recording the weight) takes only 30 
seconds 

• Personal error reduced to a minimum 

o ~ fi).6 • 

E 5 READING: 123-7306 g. 

• Sapphire bearings: harder than agate 

• Perfect damping 

• Absolutely foolproof: even a schoolboy can take 
weights in less than a minute! 

• Prices fairly competitive with normal type balances 

• Ask for demonstration - No obligations 

SOLE AGENTS 

RAJ-DER-KAR & Co. 
COMMISSARIAT BUILDING, HORNBY ROAD 

FOR T, B 0 MBA Y 

Telephone: 27304 (2 lines) Telegrams: TECHLAB 

* These very balances are sold in U.S.A . by Fisher & Co. under the name Gram-matic. 
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INDICATOR SNAP GAUGES 
Thesegaugesareto external diameter gauging what MSE Indicator Plug 

Gauges are to hole measurement. They are handy and extremely 
simple to use, but have the accuracy of a fixed comparator, making them 
suitable both for taking progressive measurements while the work is 
still on the machine, and for final inspection. 

Eight models are available, covering measuring ranges from 0" to 4", 
with English or metric dial graduation. 

Giv~ far more information about hole size than 
.. GO" .. NOT GO .. gauges. Their accuracy is 
independent of wear. G"!ne ral purpose plug gauges 
supplied in sets to cover r to I" and I" to 2". DescrIptive leaflet 
No. 570 on request. 

PLUG GAUGES 

SISTA'S 

Write for detailed information to : 

Branch Offices : 

p.o. BOX No. 168, NEW DELHI 
26, ERRABALU CHETTY ST. , G.T. , MADRAS 

COX STREET, COIMBATORE 

G .749 

.####._# •••• -_##---~.-----------------------------------------. 1 ' 
t li For i ~ t i QUALITY & STANDARD l 
, ' t t • Heavy Chemicals (Mineral acids & salts ) ~ 
~ • Pharmaceuticals (Tinctures & B.P. products) ~ 
: • Printing Inks t 
l • Textile Auxiliaries ~ 
• • 'Disinfectants ' 
t • Insecticides, &c., &c.. t 
t ... are manufacture(f by us under careful control and ~ , \ 
, supervision . \ , \ 
, You can buy our products with confrdence. Quality is \ , \ 
: guaranteed. ~ 
\ \ i EASTERN CHEMICAL Co. (INDIA) : 
i DOUGALL ROAD, BALLARD ESTATE ~ 
, BOMBAY , 
, I 
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'STANDARD' 
RESONANCE TOP 

ILL LJ STHATES 

U 1FFEl{ENCE 

BETWEEN 

HESONANCE & 

I'ORCED 

VIBHATIONS 

A strikingly convincing demonstration 

Manufactured by 

THE STANDARD 
SCIENTIFIC INSTRUMENTS CO. 

115 BRODIES ROAD, MADRAS 4 

------____ .. _I~ .$ .. -----------
MADE IN INDIA 

"BASYNTH" 
ANALYTICAL REAGENT ACIDS 

• Acid Sulphuric 
• Acid Nitric .. . 
• Acid Hydrochloric 
• Acid Acetic, Glacial 

S.G. 1.84 
S.G. 1.42 
S.G. 1.18 

Here are a few reasons why chemists prefer 
.. Basynth " Analytical Reagent Acids: 

I. Always uniform in quality. 
2. Water white in appearance. 
3. Low in impurities. 
4. Clean. 
5. Packed in special quality bottle. 

For full particulars please write to : 

BASIC & SYNTHETIC 
CHEMICALS, LTD. 

CALCUTTA 32 
--_____ 1';1 ______ _ 

OPIUM ALKALOIDS & THEIR DERIVATIVES 
The Government Opium Factory, Ghazipur, manufactures 

Morphine 
Morph ine Hydroch loride 
Morphine Sulphate 
Morphine Tartrate 
Morphine Acetate 
Codeine 
Codeine Phosphate 

Other salts or derivatives of these 
plied as required . 

Codeine Sulphate 
Ethyl Morphin e Hydrochloride 

( Dionene ) 
Narcotine 
Nar::otine Hydrochloride 
Cotarnine 
Thebaine 

alkaloids can be manufactured and sup-

The products conform to the standard of purity laid down in the B.P., 
B.P.C.. U.S.P., LP.L.. and other latest recognized authoritative publications. 

Most of the drugs are always available for supply in large quantities. 
packed in bottles containing I oz., 2 oz., 4 oz., 8 oz. and I lb. as required. 

For further particulars, write to: 

THE MANAGER 
GOVT. OPIUM FACTORY 
GHAZIPUR, U.P. 
INDIA 
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PETROL GAS PLANTS NAMES OF A FEW OUT OF 
MANY INSTALLATIONS: 

E.lectrically Worked 
Our • G S' Plants are found 
most suitable for Laboratory, 
Industrial and Domestic uses. 

Simple but sturdy construc­
tion and mechanism, requir­
ing no expert for installation 
or working: cheap and 
efficient. 

Made In various capacities 
from 10 to 250 B. Burners: 
Prices from Rs. 650/- to 
Rs. 6000/-. 

Also Makers of all types of 
laboratory gas burners and 
hardwares, viz. Gas Taps, 
Clamps, Stands, Ovens, etc., 
etc. 

College of Technology, 
Coimbatore 
School of Military Engineer­
ing, Kirkee 
H.Q. Engineering Laboratory 
( Soils), Kirkee 
Medical College, Ahmedabad 
Pharmacy College, Ahmeda­
bad 
Sarabhai General Hospital, 
Ahmedabad 
Central Drug Research 
Institute, Lucknow 
P.VV.D. Research Laboratory, 
Lucknow 
Co-operative Dairy Labora­
tory, Lucknow 
Patna VVomen's College, 
Patna 
Fuel Research Institute, 
Jealgora, Dhanbad 

GANSONS Ltd. Office - DADAR. P.O. B 5576, 

BOMBAY 

Work. - LALBAUG. BOMBAY 

FARMING 
THE JOURNAL OF 

AGRICULTURAL PROGRESS 

* 
Britain's leading technical monthly 
for farmers, breeders and growers. 
Articles by leading authorities describe 
the practical application of the latest 
scientific and technological advances to 
their particular branch of the industry. 

SINGLE COPIES, MONTHLY 1/6d 
ANNUAL SUBSCRIPTION 19/- post free 
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• 
From any bookseller, or direct from: 

JARROLD & SONS LTD. 
COVVGATE, NORVVICH 

ENGLAND 

DISCOVERY 
THE MAGAZINE OF 

SCIENTIFIC PROGRESS 

* 
Britain's leading magaZine for scientists 
and laymen alike. Authoritative, fully­
illustrated articles explain in non-techni­
cal language the latest developments in 
all branches of scientific and techno­
logical progress. 

SINGLE COPIES. MONTHLY 1/6d 
ANNUAL SUBSCRIPTION 19/- post free .. 
From any bookseller, or direct from : 

JAR ROLD & SONS LTD. 
COVVGATE, NORVVICH 

ENGLAND 



Our Reliable & Prompt Service 

A BOON TO THE INDUSTRIES 

DIRECT IMPORTERS & STOCKISTS 

OF LABORATORY REQUISITES OF 

EVERY DESCRIPTION FROM "A" TO "Z" 

INC L U DIN G C HEM I CAL S, ETC. 

Full particulars from: 

UN IQ U E ~~A~~N; 
~ 51·53 NEW HANUMAN LANE 

L __ ~_~~ ___ ~~~~_~:~~ ____ ~ _______ l 

ALL CAPACITIES • MACHINE MADE 

Can be had from: 

• BOROSIL GLASS WORKS 
: . 

+ CHOTANI ESTATES, PROCTOR ROAD t 

L BOMBAY 7 + 
+++++++++++++.+++++++-++++++++.++++++++++++++l 
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Please include us 
in your suppliers' list 

FOR EVERYTHING IN 

IMPORTED LABORATORY & SCIENTIFIC 
GLASSWARE GOODS & MEDICAL, 
HOSPITAL, RUBBER & SURGICAL GOODS 

• 
Ask for our catalogue 

BOMBAY SURGICO-MEDICAL AGENCY LTD. 
LARGEST IMPORTERS &: STOCKISTS OF SURGICO-MEDICAL &: SCIENTIJI'IC GOODS 

113 CHITTARANJAN AVENUE 
CALCUTTA 12 

BHARUCHA BUILDING 
PRINCESS STREET, BOMBAY 1 

• • • • • • • • • • • • • • • • • 
Scientific Instruments 

LABORATORY GLASSWARE 
SILICA WARE & PORCELAINW ARE 

PLATINUMWARE 
HYDROMETERS & THERMOMETERS 
CINTERED GLASS FUNNELS & 

CRUCIBLES 
FILTER PAPER, CHEMICALS, ETC. 

Available from: 

ZILL & CO. 
128 PRINCESS STREET 

•............. ~ ? ~.~ ~.: .. : .. ( .. ~~:a.) .............. 1 
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Sale Agents (or 

IN DIA 
BURMA 

& 
CEYLON 

for laboratory and 
small-scale production 

Pascali Roller Mills are ideal. Research chemists 
find them to be of inestimable value for experi­
mental work. sampling. production testing and 
small-scale production . 

They will refine various materials such as creams, 
ointments, pastes, paints, printing inks, plastics, 
etc., and are available with either steel or porcelain 
rolls. 

PASCALL 
ROLLER MILL 

GIDVANI & Co 
PEOPLE'S BUILDING 

SIR PHEROZESHAH MEHTA ROAD, FORT, BOMBAY 

FIVE 
reasons for using 

'ANALAR' REAGENTS 
I They conform to puhlished standards of purity. 

2 Their lahels show maximum limits of all likely impurities. 

3 They are packed under carefully controlled conditions. 

4 Their use eliminates • reagent errors '. 

5 They arc standard analytical materials in lahoratories 
undertaking important and responsihle work. 

TIlE nnrTlSH DRUG HOUSES LTD. 
•. D.H . LAIlURATORY CHEMICALS CROUP 

POOLE ENGLAND 

BRITISH DRUG HOUSES (INDIA) LTD • 
P.O. BOX 1341 BOMBAY. 
P .O. BOX 0024 CALCUTIA. 

All 



TYPE IIIG·A 

INTERPOLATING 

FREQUENCY 

STANDARD 

FREQUENCY MEASUREMENTS UP TO 3,000 MC WITH ACCURACY 
OF + 25 PARTS PER MILLION 

• Between 100 and several thousand megacycles , the present 100 Me upward (or t he I Me unit , and from 10 Me upward for 

accuracy of heterodyne frequency meters ranges between 0·01 the 100 kc unit. 
and 0-1 per cent. Continually increasing importance of frequencies F EAT U RES 
within this range call (or increased accuracy of measurements . 

A reference standard and prec ise interpolation offer the 
simplest , most inexpensive and most direC[ method of increasing 
the accuracy of heterodyne frequ ency meters . 

The Type IIIO-A Interpolating Frequency Standard is com­

posed of two un its: a frequency standard variable over a range 
of 1000 to 1010 kc (1 % ). and a multivibrator un it for frequencies 
of I He and 100 kc. The frequency standard consists of a 

temperature-controlled 950 kc crystal oscillator , a highly stable 

50-60 kc bridge-type variable-frequency l-C oscillator, a modu­
lator and a filter for sel ecting the sum of the two frequencies 
at the final output. 

Whe n the 100 kc multivibrator is used . the 100th harmonic 
has a range of I % as the standard freque"ncy is changed 

the full range of the dial , covering 10' 0 to 10' 1 Me. The 
multivibrator harmonics give complete frequency coverage from 

ACCURACY OF MEASUREMENT : over-all accuracy is 
± 25 parts per million usinC oscillator dial directly . If oscillator 
is carefully trimmed in terms of the crystal . the over-all 

accuracy is limited principally by the error of the crystal . or 

about ± 10 parts per million at room temperatures. 

SIMPLE TO CHECK ABSOLUTE ACCURACY : harmonic. 
of multivibrators fall at all WWV standard frequencies . With 

suitable receiver t he abiol.Jte accuracy . includi ng that of the 

950 kc crystal. may be checked read ily . 

ZERO BEAT ADJUSTMENTS : no need for wide-band 
circuits or wide-band inte rpolating methods. 

The Type IIIO-A Interpolat ing Frequency Sundud can be 
used for frequency measureme nts with high-frequency rece ivers 

'provided the rece ive r calibrations can identify frequenc ies if 
separated by as liule as I per cent. 

Factory Representatives : 

EASTERN 
Telephone: 

109]7 (] line. ) 

ELECTRIC & ENGINEERING co. 
ESTABLISHED 1909 Telecram : 

127 t Mahatma Gandhi Road. Post Box 459, Fort, Bomb;ay .. EASLEKTRIK .. 

AGENTS: 

THE CHICAGO TELEPHONE & RADIO CO. LTD. 
25. Chowringhee 

Post Box 2589 
CALCUTTA 

Phone: Bank 1953 
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-48 . Hazrat,anj 
Post Box -46 
LUCKNOW 
Phone : 860 

196. Mount Road 
Post Bag 5238 

MADRA52 
Phone : 8~357 

68. Queensway 
Post Box -47 

NEW DELHI 
Phon. : 7179 

TELEGRAMS: •• CHIPHONE" ALL OFFICES 

-412, laminitOn Road 

BOMBAY ~ 

Phone : 40033 



M&B laboratory 
chelllicals 

Manufactured to specifications 

selected to gi~e the widest possible 

fields of application in analytical 

and synthetic work, the range 

of M&B Laboratory Chemicals is 

particularly suited to the everyday 

requirements of laboratory practice. 

A list of stockists will be sent on request 

Made in England by 

MAY & BAKER LTD DAGENHAM 
Distributed by MAY & BAKER (INDIA) LTD. 

BOMBAY • CALCUTTA D MADRAS • LUCKNOW 

1813 
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Apply to: 

Vol. I (Complete) 

Vol. II ( do ) 

Vol. III ( do ) 

THE EDITOR 

JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH 

NATIONAL PHYSICAL LABORATORY 

HILLSIDE ROAD 

NEW DELHI 5 

I 
i 
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NATIONAL REGISTER OF 
SCIENTIFIC & TECHNICAL PERSONNEL IN INDIA 

The Council of Scientific & Industrial Research has pleasure 
in announcing the publication of Vol. I. Part I of the NATIONAL 
REGISTER OF SCIENTIFIC & TECHNICAL PERSONNEL IN INDIA. 
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Vol. 1- ENGI NEERS, Part I 

No. of .pages 392 Price Rs. II 

Now Ready 

Vol. 11- MEDICAL PERSONNEL, Part I 

For copies and particulars, please write to : 

THE CHIEF EDITOR 
DICTIONARY OF ECONOMIC PRODUCTS & 

INDUSTRIAL RESOURCES OF INDIA 
20 PUSA ROAD, KAROL BAGH 
NEW DELHI 



SILICA GEL 
PRACTICAL VALUE 

The adsorbed substances can be removed from Silica Gel 
by application of heat and the Gel used again for further 
adsorption. This process of adsorption and desorption 

can be repeated indefinitely. 

LABORATORIES 
are requested to use it in place of calcium chloride or 

sulphuric acid and thus save money. 

Can be had NATURAL or with INDICATOR 

from 

T_~m" T~~I:~s~I~:~I~~~NB~oAD C~.~ ... _, ~~ I 
.~### ••• ## ........ ## •• ## •••••••••••••• ## ••••• ##.###~.## •• ## ••• 
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The Central Road Research Institute 

THE laying of the foundation-stone of 
the Central Road Research Institute 
on September 6,1950, at Delhi, by the 
Hon 'ble Shri N. Gopalaswami Ayyan-

. gar, Minister for Transport, Government of 
India, is yet another landmark in the great 
constructive work of" bringing into existence 
large-scale laboratories and institutes for the 
promotion of scientific research and its 
application to industry and to the betterment 
of human life" , initiated and pursued by Dr. 
Shanti Swarup Bhatnagar with such conspi­
cuous success. The need for a central 
organization for the study of soils in relation 
to road construction was first mooted by the 
Indian Roads Congress in 1943 , but the 
proposal to establish a Central Road Research 
Institute, covering all aspects of road cons­
truction and maintenance, emerged in 1944 
as a recommendation of the Industrial 
Research Planning Committee of the Council 
of Scientific & Industrial Research. The 
Governing Body of the Council accepted the 
recommendation in 1945 and appointed a 
Committee to work out the details. 

The importance of good road communica­
tions to a country, both for economic 
progress and defence, is now widely 
recognized, but the vital role of scientific 
research in the making and main­
tenance of roads and the magnitude and 
the economic significance of road research 
do not appear to have been so widely appre­
ciated. The Hon'ble Shri N. Gopalaswami 
Ayyangar observed in this context: .. Like 
all things connected with all forms of commu­
nications, there has been a revolution in 
ideas, technique, policy and action. The 
study of soil conditions is now recognized 
to be a necessary preliminary to the design­
ing of foundations and embankments on 
which roads could be built. The require­
ments of effective drainage call for careful 

investigation. The materials for surfacing 
roads and the methods of soiling, binding, 
rolling and carpeting require knowledge, 
experience and . in telligence. There have 
been very rapid developments in the kind, 
weight and speed of fast-moving road traffic; 
and the relating of the strength and durability 
of the road surface to such traffic is among 
the major problems of road construction and 
maintenance. Above all, due to these and 
other reasons, the public have come to 
demand a progressively higher standard of 
road maintenance. We have, therefore, 
reached a stage when we can no longer avoid 
or delay an organized scientific approach to 
the satisfactory solution of what is an 
intensely practical human problem." 

The total length of roads of all kinds in 
India is 3·5 lakh miles. According to the 
Indian Roads Congress, India should have 
an additional 4 lakh miles of roads including 
approximately 25,000 miles of national 
highways and trails, 65,000 miles of provin­
cial highways, 60,000 miles of major district 
roads, 1 lakh miles of other district roads 
and 1· 5 lakh miles of village roads. The cost 
of constructing tarred roads is about 
Rs. 30,000 per 10-ft. wide mile, Rs. 50,000 
per mile of cement-concrete road, Rs. 5,000 
or more per mile of kucha road. Accord­
ing to the estimates of the Planning Com­
mission, 1,159 crores of rupees are to be 
spent on transport development schemes 
in India. The implementation of this 
plan of road construction calls for the 
expenditure of huge amounts of money and 
material, and if, as a result of research, 
it is possible to reduce the cost of construc­
tion and maintenance by even 1 per cent, 
the saving effected would amount to a 
few crores of rupees. 

I t is obvious that a good road must be 
solid, and that it should withstand the effects 
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of traffic as well as those of climate. The 
construction of such solid roads in the m03t 
economical way is one of the aims of road 
research. Yet economy do:!s not only 
depend on the cost of construction, but also 
on the durability of the road. Both good 
construction and efficient maintenance 
postpone the need for repairs or expensive 
reconstruction. If one considers the enor­
mous sums of public funds that yearly go 
into roads, it would be in the interests of 
national economy to ascertain, even from 
the beginning, the optimum conditions for 
constructing " the solidest and safest roads 
using the natural and most economical 
methods ". 

Road-making and road maintenance are 
intensely practical problems, and research 
of a purely scientific character, which is 
both necessary and important, has to be 
carried out in the closest collaboration with 
engineers in the field. The raw material 
resources have to be investigated collectively 
and on a regional basis; the requirements of 
various tracts and regions have to be deter­
mined and assessed, and the results of re­
search carried out in the laboratory and in the 
field, both at the Institute and at other sta­
tions, have to be co-ordinated. It was em­
phasized by the Hon 'ble Shri N. Gopalaswami 
Ayyangar that" research, before it can be 
held to be complete, will have to pass at least 
three stages. There is, first, purely scientific 
work in the laboratory. The results of this 
work have, in most cases, to be tried out 
first in working models. There has then 
to be the field test. It is only when all the 
stages have been successfully passed through 
that large-scale construction work on the 
roads embodying the results of the research 
could be put in hand. There has to be very 
close liaison between engineers and scientists 
at all the three stages; in the laboratory 
when the engineer states the problem for 
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which he requires a solution; at trials on the 
working models and, during the field tests, 
the assistance of the engineer will be neces­
sary in ensuring that the natural condi­
tions are reproduced there as fully as 
possible." 

The special requirements of road research 
have been fully examined and taken into 
account in planning the work of the 
Institute in its various divisions. The 
Central Institute will work in close co­
operation with regional stations like those 
at Madras, Patna, Kamal, Lucknow, Calcutta 
and Poona. A Division of Economics and 
Statistics has been organized and results of 
research will be proved and tested before 
they are recommended for adoption in the 
field. The Institute will undertake investi­
gations on the properties of materials of 
construction, their testing and standard­
ization; the characteristics of roads under 
different traffic conditions; incidence of 
accidents, road safety, and road statistics. 
Recently work on road building and 
surfacing materials has been made in the 
temporary laboratories erected at the 
site, and significant results have already 
emerged. 

The Institute is fortunate in securing the 
services of Dr. Ernst Zipkes, distinguished 
for his many original contributions to the 
scientific and engineering aspects of road 
construction and maintenance. Dr. R. K. N. 
Iyengar, Assistant Director (Planning), 
has been .largely responsible for drawing 
up detailed plans for the Institute. Dr. 
Zipkes, Dr. Iyengar and their colleagues 
have before them vast opportunities fOJ; 
constructive work. All men of goodwill 
will join the Hon'ble Shri N. Gopalaswamy 
Ayyangar in wishing the Central Road 
Research Institute "an unbroken career 
of increasing usefulness to the country of 
which we are proud to be citizens ", 



North-east 
of 15th 

Assam Earthquake 
August 1950 

D. N. WADIA 

N ORTH India, more precisely extra­
peninsular India, has been visited by 
a succession of disastrous earth­
quakes within historic times. It is a 

well-authenticated generalization that the 
majority of the Indian earthquakes have 
originated from the great plains of India or 
from their peripheral tracts, mostly the 
northern border, which has been a region of 
great seismic sensitivity. This area is a 
zone of weakness and strain implied by the 
severe crumpling of the rock-beds in the 
uplift of the great pile of the Himalayas 
within recent geological times, and which 
have not yet attained stability or quiescence. 
In the Assam region, the geological instability 
is largely due to the occurrence of two great 
fault lines, one along the foot of the Hima­
layas and the other passing from south of 
Shillong plateau to beyond the Patkoi range. 
Minor slippings or dislocations along these 
faults are believed to have occasioned the 
great Assam earthquake of 1897 as well as 
the present quake. Compared with the 
disaster of 1897, the present quake seems to 
be of lesser violence and intensity. Then, 
Shillong and the surrounding country of 
1,50,000 square miles with many populous 
cities were laid waste in a minute, all 
the communications destroyed, the plains 
riddled with rents and flooded and 
the hillside scarred by gigantic landslides. 
The total disturbed area bounded by the 
isoseismal of V was not less than 16,00,000 
square milesl • In the present earthquake 
the area severely shaken is comparatively 
much less, being largely restricted to 
Lakhimpur district and area further north­
east. 

Up to now no accurate data are available 
from seismographic records to enable us to 
fix the epicentre, or epicentres, in case there 
are two foci, as in the case of the Bihar 
earthquake of 1934. From such data as 
are available, the area surrounding the 
Lakhimpur district, about a thousand to 

1,200 square miles, may be an epifocal tract. 
Possibly the main epicentre lies without the 
borders of the Assam Valley, in barren un­
inhabited mountainous tracts from which the 
Brahmaputra, the Dihang and tributaries of 
the Salween have cut out deep canon-like 
valleys. This inference is supported by the 
havoc wrought by floods which have swept 
successively the rivers of upper Assam, 
caused by landslides interrupting normal 
drainage and creating temporary lakes burst­
ing their dams one after the other. Changes 
in topography, ground movements and rela­
tive level of the land, usual accompaniments 
of great tectonic quakes, will only be appa­
rent when proper ground surveys have been 
made. But such relative rise or subsidence 
of tracts is generally of a minor nature, the 
differential movements being rarely as much 
as 30-40 feet. Fissures and rents in the 
ground erupting water and sand, with occa­
sional gases (sometimes inflammable), are 
common features of such earthquakes, though 
their significance is often exaggerated. The 
more gaping fissures in the 1934 Bihar 
earthquake were usually not more than 20 
feet in width, the majority being about a 
foot in width and rarely more than 40 or 50 
feet in depth2. Their length may vary from 
a hundred yards to about half a mile at most. 
Much of the devastation caused by the 
earthquake of 15th August is really to be 
ascribed to subsidiary effects, felt long after 
the passage of the seismic wave, and not to 
the actual violence of the earth tremors. 
It is possible that a few permanent changes 
may be noticed in the tributaries of the 
Brahmaputra, e.g. in the shifting of their 
courses, creation of new lakes, etc. Sounds 
accompanying great earthquakes are usual 
features. These have been variously described 
as booming of guns, passage of express trains 
or heavy motor vehicles, heard by many 
people during or immediately after the 
passage of earthquake. These are caused 
by sound-waves generated by the undulatory 
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motion of seismic wave as it sweeps along 
the earth's surface. 

It is certain that the present earthquake 
is of the "tectonic" type, connected with 
the structural weakness in the underground 
rock framework and not at all connected 
with any volcanic eruption. There are no 
living or dormant volcanoes within hundreds 
of miles of Assam, the nearest volcanoes 
being the Popa and Narkondam cones of 
Burma and the "Barren Island" Volcano 
of the Bay of Bengal. Reports and tales of 
mythical volcanoes in Tibet having been 
observed in actual eruption by travellers 
are not substantiated. The emission of 
sulphurous vapours and inflammable hydro­
carbon gases from some of the ground 
fissures has evidently led to stories of volcanic 
outbursts. Such gaseous emissions are 
entirely superficial and have not even a 
distant connection with volcanic phenomena. 
Earthquakes of valcanic origin are, moreover, 
local in their effect and do not shake an area 
of thousands of square miles. 

The most usual feature of violent tectonic 
quakes is aftershocks, which may number 
hundreds, or even thousands, felt in the 
epifocal tract and may last for months if 
not a year. These aftershocks are of gra­
dually decreasing intensity and may show 

shifting foci. Though these aftershocks 
cause panic and may further intensify the 
damage caused by the initial shocks, their 
occurrence is to be welcomed, as they indi­
cate gradual relief of strain and the settling 
down of rocks before held under tension. 

Science has yet no means of forecasting or 
fore-warning of impending earthquakes and 
the only protection man has against this 
natural calamity is building of earthquake­
proof structures which minimize the damage 
to life and property. 

Further data for study of this earthquake 
are to be awaited till the usual Memoir on 
the subject is published by the Geological 
Survey of India - the distribution, duration 
and severity of the shocks; their direction 
and focus of origin; the effects on topography, 
hydrography, agriculture and other works 
of man; seismometric records from Indian 
and extra-Indian stations; isoseismals of 
different intensities and carefully compiled 
lists of aftershocks. 
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Characteristics of the Ionosphere 
over Calcutta (July 1950) 

S. S. BARAL, R. K. MITRA, D. C. CHOUDHURY, 
A. P. MITRA & R. B. BANERJEE 

Ionosphere Laboratory, Institute of Radio Physics 0-
Electronics, Calcutta 

THE following are the ionospheric data 
observed at Calcutta for the month 
of July 1950. 
The mean hourly values of the 

penetration frequency of region E and the 
penetration frequencies and virtual heights 
of region F2 are represented in Fig. 1 in 
graphical form. The figures are obtained 
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from average values of the data taken for 
each hour of the day for 5 days a week. 
Fig. 2 gives the prediction of the maximum 
usable frequencies which can be used for 
different distances of transmission by reflec­
tion at the F region over Calcutta for the 
month of October 1950. Table I records the 
various occasions dlldng routine oQservations 
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when sporadic E ionization was observed 
and the corresponding values of penetration 
frequencies and heights. 

Sporadic E ionization was found to occur 
frequently during evening and at night and 
sometimes during the afternoon. Sporadic 
E ionizat ion occurred more frequently during 
night than during day in the present month . 
Region F2 ionization was found to remain 
steady up to late afternoon. 

MONTH & 
YEAR 

July 1050 

TABLE I 

DATE HOURS 

8 

10 

11 

12 

13 

18 

19 

20 

21 

24 

26 

27 

28 

31 

L.M.T. 

14.00 
16.00 

13.00 
14.00 
15.UO 

00.00 
10.00 
11.00 

13.00 
H .OO 

13.00 
I S.OO 
lO.OO 
20.00 

20.00 
22.00 

18.00 
l!I.OO 
20.00 

16.00 
17.00 
10.00 

20.00 

10.00 

16.00 
17.\10 
18.00 
l!I.OO 
21.(10 
22.00 

16.00 
17.\10 
111.00 
20.00 

17.00 
18.00 
lO.OO 
20.00 
21.00 

15.00 
16.00 
18.00 
10.00 
20.00 

17.00 
18.00 
10.00 

IKOO 
In.(HI 
2U.OO 
21.00 

i"E 
Me. 

7'80 
6'65 

8·00 
8·00 
7·20 

6·15 
6·70 
7'00 

8·00 
8·00 

7 · 10 
5·50 
5·50 
4'00 

6·10 
5'40 

3 ' 50 
3'50 
3 ·20 

3 ·40 
3'00 
2'75 

2 ·50 

7'00 

7 ·80 
7'00 
6·75 
5·UO 
3·00 
4 ·00 

6·50 
O'W 
5·00 
3'50 

4 ·00 
3'50 
4·00 
3·2U 
3·00 

4 '40 
4'00 
5'00 
4 '80 
3·40 

3'50 
5·00 
4·30 

6'nO 
!j·~O 
f) ·no 
a·ao 

s 
hE 

s 
Km. 

150 
135 

150 
150 
135 

120 
120 
135 

150 
150 

135 
135 
120 
105 

105 
105 

90 
!lO 
!lO 

120 
105 
105 

!lO 

120 

135 
120 
120 
120 
105 
105 

120 
120 
105 
105 

105 
105 
105 

00 
!lO 

120 
120 
105 
!O5 
105 

105 
105 
105 

135 
120 
120 
105 
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14 
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2 
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( 5 HR. 54 MIN . AHEAD OF G.M.T.) 
FIG. 1 - J ULY 1950. 
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4 
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AT POINT OF REFLECT ION . 
FIG. 2 - PREDICTED M.U.F. VIA F. LAYER DURING 

THE MONTH OF OCTOBER 1950. 
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The Central Glass & Ceramic 
Research Institute, Calcutta, 
Opening Ceremony, August 26, 1950 

T HE Central Glass & Ceramic Research 
Institute, Calcutta, was declared open 
by the Hon'ble Dr. B. C. Roy, Chief 
Minister, West Bengal, on August 

26, in the presence of a distinguished 
gathering of scientists, representatives of the 
glass and ceramic industry, officials of the 
Central and State Governments and promi­
nent citizens of Calcutta. His Excellency 
Dr. Kailas Nath Katju, Governor of West 
Bengal, presided over the ceremony. 

Fourth in the chain of National Labora­
tories to be declared open this year, the 
Central Glass & Ceramic Research Insti­
tute satisfies a long-felt need. Since the 
time of the Industrial Commission, 1918, 
the need for setting up a research institute 
was stressed by a succession of Tariff Boards, 
leaders of science and industry and scientific 
organizations. For the development of the 
Indian glass industry, two primary require­
ments were considered essential: trained 
workers, and scientific knowledge relating 
to materials, processes and techniques. 
Thanks to the efforts of the Paisa Fund 
Glass Warks at Talegaon near Poona, a large 
number of skilled workers were trained and 
made available to the industry. This was 
of considerable assistance to the industry in 
the early stages of its development. Faci­
lities for research and investigation and for 
training glass technologists, vital to the 
progress of the industry, were not so far 
available, and these have now been provided 
in an adequate measure by the new Institute, 
which owes its establishment to the zeal, 
foresight and energetic leadership of Dr. 
Shanti Swarup Bhatnagar, who initiated 
this project in 1942 and took measures 
necessary for its completion. 

Dr. Shanti Swarup Bhatnagar, in his 
address, referred briefly to the developments 
which led to the establishment of the Insti­
tute. He had received considerable en­
couragement in the work connected with 
this project from Dr. B. C. Roy, Chief Minister 
of West Bengal, the late -Mr. K. C. Roy, 
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Secretary, College of Engineering and Techno­
logy, Jadavpore, and Dr. Meghnad Saha. 
He paid a warm tribute to the work of Dr. 
Atma Ram who, as Planning Officer and 
subsequently as Joint Director, contributed 
that zeal, industry and vision to the project 
which provided Calcutta "with a modern 
palace of glass - a real thing of beauty, 
which will instil inspiration in industry 
taking to scientific techniques of manufac­
ture, and which will inspire our young men 
to contribute their mite to the success and 
progress of Indian industry". 

Situated on a spacious site on the Gariahat 
Road, close to the Jadavpore Technical 
College, the Central Glass & Ceramic 

DR_ ATMA RAM, JOINT DIRECTOR, CENTRAL 
GLASS & CERAMIC RESEARCH INSTITUTE. 
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Research Institute, with its 
imposing tower, IS a carefully 
designed and well-equipped 
laboratory providing facilities 
for team work and for special­
ized research in glass and 
ceramics. I t consists of two 
blocks, the Main Block com­
prising laboratories for preci­
sion work, the library and the 
museum, and the Technologi­
cal Block comprising units for 
processing raw materials, 
furnaces and workshops. This 
imposing structure has many 
notable features. Special 
mention may be macle of the 
glass doors made of bullet­
proof armoured plates. The 
vestibule is decorated with a 
mural in cut glass clepicting 
the glass blower's craft and 
an enamelled panel bearing 
the Council's insignia and 
the inspiring words of Pandit 
Jawaharlal Nehru : .. Do it 
now! I am not interested in 
excuses for delays. I am 
interested only in things 
done ". The museum, the 
entrances of which are cur­
tained by artistic glass 
fabrics, houses, besides the 
raw materials and the finished 
products of the glass and 
ceramic industries, many rare 
exhibits of historic interest. 

DR. B . C. Roy, CHIEF MINISTER OF WEST BENGAL, OPENING 
THE CENTRAL GLASS AND CERAMIC RESEARCH INSTITUTE. 

Excavated pieces of ancient Indian art from 
Mohenjodaro and Harappa, glass articles 
of the Moghul, Napoleonic, pre-Victorian 
and Victorian periods, specimens of the 
historic articles from Westminster Abbey, 
Switzerland, France and Sweden provide 
an array of exhibits spanning the long 
stretch of man's evolutionary history. Of 
special interest to the man of science are a 
double-ended discharge tube belonging to 
de la Rive, a Woulfe's bottle used by Davy 
and Faraday, an original heavy glass prism 
made by Faraday, porcelain prisms, glass 
and semi-cylinders employed by Sir J . C. 
Bose in his investigations and a desiccator, 
a stone bottle and measuring cylinder belong­
ing to Sir P. C. Ray. A specimen of glass 
producccl by the first atomic bomb <'xplosion 
at New Mexico has been presented tu the 

museum by Chancellor Arthur Compton 
of U.S.A. 

The subjects of study at the Institute 
include glass, pottery, porcelain, enamels, 
glazes, abrasives and refractories. Its func­
tions will be to conduct fundamental research 
having a bearing on different aspects of glass 
and ceramics, testing and standardization 
of raw materials and finished products and 
dissemination of technical information. 
Special provision has been made for render­
ing technical assistance to industry for 
improving the quality of glass and ceramic 
products and to induce industry to adopt 
improved techniques of manufacture. Even 
during the incubation period, the Institute 
has carried out a large number of investiga­
tions for improving the quality of raw 
materials by such treatments as washing 
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and magnetic separation. Researches on 
coloured glass, sintered glass and foam glass, 
are in progress. The work on foam glass 
is of particular significance as the product 
possesses thermal isolation and buoyancy 
and is expected to find use as a building 
material. It is proposed to put up a pilot 
plant to study the commercial aspects of 
foam glass production. With the limited 
facilities of staff and equipment so far avail­
able, the Institute has been rendering 
technical assistance to industry with regard 
to raw materials, processes and techniques 
and giving advice on plant lay-out, furnaces, 
etc. The work of analyses of raw materials 
and the testing of articles for serviceability 
is well organized and samples for examina­
tion and report are being regularly received. 
The Institute is equipped with a modern 
workshop and several items of equipment 
now in use have been designed and fabricated 

by the staff in the workshop. A sand wash­
ing plant of about t ton per hour capacity 
and a percolator for treating casting slips 
have been presented to the Institute by 
Messrs Hardy & Padmore and Messrs Rapid 
Magnetting Machine Co. A section for 
making refractory parts has been organized 
and it is proposed to conduct trials on slip 
casting of pots required in the manufacture 
of optical glass. The Institute has been 
assisting the Indian Standards Institution 
in preparing standards for glass and ceramic 
products. 

Declaring the Institute open, the Hon'ble 
Dr. B. C. Roy stressed the role of research 
in the development of the Indian glass and 
ceramic industry and the role of the Insti­
tute in improving the range and quality of 
products manufactured in India. He said: 
" It is not only necessary that the Institute 
should be well established in properly cons-

DR. S. S. BHATNAGAR, DIRECTO R, C OU NC IL OF SCIE NTIFI C & I NDUST R IAL R ESEARC H, ADDRESSI NG 
TH E GA TH E RI NG . 
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DR. B. C. ROY DELIVERING HIS ADDRESS AT THE OPENING CEREMONY OF THE CENTRAL GLASS & 
CERAMIC RESEARCH INSTITUTE. 

tructed building and equipped with all the 
necessary paraphernalia, but it is also essen­
tial that it should be manned by the type of 
persons who would create enthusiasm amongst 
the trainees and confidence in those who 
would be benefited by the results of research. 
Dr. Atma Ram and his associates have 
established a reputation and I hope and 
trust that this Institute will have a succession 
of achievements to its credit." 

In his message, which was read on the 
occasion by the Hon'ble Sri Hare Krushna 
Mahtab, Pandit Nehru referred to the 
scientific developments in the country 
during the past two or three years and pointed 
out :" it may be said with truth that we have 
laid, during this period, the foundations 
of scientific research on a firm basis. If 
these foundations are built upon properly 
and in the right spirit, I have no doubt that 
they will bear rich fruit in India." He hoped 

that the Institute will play an important 
role in developing not only the glass industry 
in India, but many of its ramifications, and 
nurture and spread the spirit of science. 

There are at present 80 glass factories 
and 40 pottery. works distributed all over 
the Indian sub-continent. A large majority 
of these are small concerns and the total 
value of their production is 3 to 4 crores of 
rupees. These industries provide employ­
ment to about 1,00,000 workers. Abundant 
raw materials required by the industry are 
available in the country, but the quality of 
the indigenous products is not uniformly 
satisfactory. India imports annually nearly 
Rs. 2 crores worth of glassware and Rs. 70 
lakhs worth of china ware and porcelain. 
The demand for imported goods is on the 
increase, and when in 1948 the Open General 
Licence was in force, the imports of glass 
and ceramic articles rose to Rs. 3·67 crores. 
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This serves as a pointer to the need for 
improving the standard of indigenous pro­
duction. No improvement is possible with­
out a clear understanding of the science and 
technology of glass manufacture and the 

activities of the new Institute would provide 
that understanding which would enable the 
industry not only to hold its own against 
foreign competition but also to make subs­
tantial new advances. 

Outbreak of aFresh Cycle 
of the Desert Locust 

HEM SINGH PRUTHI 

Director, Locust Control <5- Plant Protection Adviser 
to the Government of -1 ndia, New Delhi 

B
EFORE describing the initiation of a 
fresh locust cycle in 1949, a brief 
account of the history of the previous 
locust outbreaks and main features in 

locust biology should be of interest. There 
are about half a dozen species of locusts found 
in the world of which three occur in India; 
of these, the Desert locust,* Schistocerca 
gregaria Forskal, is the most important. 
India, like some other countries, has been, 
from times immemorial, subject to periodical 
visitations of locust swarms. Comparatively 
authentic records of locust swarms are avail­
able only since the beginning of the nineteenth 
century. Outbreaks occurred in 1812, 1821, 
1834, 1843, 1863, 1869, 1878, 1889 and 
1896-97. In the present century, the locust 
was active during 1901-3,1906-7,1912-15, 
1926-31 and 1940-46. Thus there is a certain 
amount of periodicity in locust outbreaks 
when swarms appear and cause incalculable 
damage and destruction to crops, resulting 
sometimes in severe famines. Due to lack 
of fodder and pasture, there is also heavy 
mortality among cattle, goats and sheep and 
sometimes people have to leave their homes 
in search of livelihood elsewhere. During 
the 1926-31 cycle, which was of moderate 
intensity, direct losses to crops alone 
amounted to about 10 crores of rupees in spite 
of some expensive control measures under­
taken. In view of India's food position, the 

*The other two locusts are the Bombay locust 
and the Migratory locust. 
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locust epidemic at this juncture is full of 
evil potentialities. 

Generally locust invasions are confined 
to north-western India, but in some years 
the swarms spread as far as Bengal and 
Assam in the east and Madras in the south. 
The Desert locust is; however, an international 
pest. The areas where this locust remains 
and breeds permanently lie in a vast desert 
tract, extending from Hissar district of the 
Punjab and Rajasthan in India, through 
Pakistan, the Middle East countries, eastern 
Africa, Sudan and up to the west coast of 
Africa. Investigations carried out in India 
for about eight years ( 1931-39) under the 
Indian Council of Agricultural Research have 
shown that permanent breeding grounds of 
this locust on the Indian continent are 
mostly in the sandy regions of Hissar, 
Rajasthan, Cutch, etc., in India proper, 
Thar district of Sind, Khairpur Mirs and 
Bhawalpur States and the coastal areas of 
Lasbela and Baluchistan in Pakistan. These 
otherwise dry and desert tracts become green 
with wild vegetation after rainfall and afford 
food to young locusts. Generally the 
locust population is low and the general 
public and even the cultivators are hardly 
aware of it. When thus scattered about 
and rather inactive in movement, the 
locusts are said to be in the solitary phase. 
However, if the rainfall is abundant in the 
permanent breeding grounds and other 
meteorological conditions are favourable, the 
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locusts multiply very rapidly, giving rise to 
immense swarms which fly actively, leave 
their desert homes and invade not only the 
neighbouring parts of the country, but go 
into adjoining countries as well. Locust 
swarms have been visiting all countries of 
southern Europe and U.s.S.R., the major 
part of the African continent, all the Middle 
East countries, Afghanistan, etc. The active 
phase of locusts in which they have the 
tendency to move in mass fligh ts is the 
swarming or gregarious phase. 

General Biolo~y of the Locust : 
Phase Characteris tics 

The locust, like the common grasshopper, 
has three distinct stages in its life history: 
(1) egg; (2) hopper - the young wingless 
individual, which hops about ; and (3) adu lt 
or flier, when wings are fully developed. 

The freshly emerged fliers in the swarming 
phase are pinkish in colour. After a fortnight 
or 3 weeks ( during late spring and summer), 
they become sexually mature, when they 
assume a distinct yellow colour. The 
adult locusts of the solitary phase are 
grey and become only slightly yellow when 
mature. 

The adult locusts, though active during 
the day, do not usually fly during the night 
and on cloudy days. After sunset they 
settle down on crops and trees and feed on 
them. Most of the damage is thus caused 
between dusk and morning. 

The female lays eggs in moist , sandy or 
sandy loam after drilling a 3" to 6" deep 
hole with its abdomen. Hot and moist 
conditions are necessary for egg-laying. 
Eggs are not laid during winter and the 
adult locust over-winter and lay eggs in spring. 
During her lifetime, a female can lay as 
many as eleven clusters, each con taining 60 
to 120 eggs, at an interval of about one 
week, so that the total number of eggs laid 
by a female may be about 800. The rate of 
mortality at the egg and hopper stage is low. 
In fact there are very few natural enemies 
or diseases which effectively keep down the 
locust population. 

The eggs resemble rice grains in size and 
shape. They hatch in about 10 to 14 days in 
summer and in 3 to 4 weeks in spring and 
autumn , depending on soil temperature and 
moisture content . The hopper or wingless 
stage lasts from 6 to 8 weeks in spring ami 
about 5 weeks during summer depending on 

the prevailing temperature and humidity 
conditions. 

The character.istics of the two phases of 
the locust may be briefly described. In 
general, the colour of the hoppers in the 
gregarious phase is black in early stages but 
later on it turns yellow or pinkish with 
distinct black markings. The solitary hoppers 
are generally green but vary in colour 
depending on the colour of the surrounding 
vegetation . For example, on " booh" ( Arena 
javanica ) the solitary hoppers assume an 
ashy hue and those found on" bajri " (Penni­
setum ty phoideum) or "wekra" (I ndigofera 
cardifolia) are green. The colour of the 
freshly developed adults or fliers in the 
gregarious phase. is pink, gradually turning 
to grey and finally yellow when sexually 
mature, unless they get scattered. The 
adults of the solitary phase remain grey 
even when sexually mature, but when they 
get crowded the colour turns yellowish. 

There are three important anatomical 
features which distinguish the two phases. 
In the gregarious phase the ratio between 
the length of elytra and that of hind femur 
is over 2·15 ; in the solitary phase this ratio 
is about 2·05. In the intermediate speci­
mens, the ratio varies between the two 
limits. There are invariably 6 eye-stripes in 
the gregarious phase, whereas they are general­
ly 7, sometimes 6 and rarely 8 in the solitary 
phase. Similarly, whereas in the gregarious 
phase the number of antennal segments is 
26, in the solitary phase it is 27 to 30. 

Breedin~ Seasons & Swarm Mi~ration 

Locust breeding depends very much on 
rainfall as the eggs are laid in sandy soils 
which have sufficient amount of moisture 
for proper incubation and hatching of eggs. 
There are generally two breeding seasons 
during the year, namely the spring and 
monsoon. In some countries in the locust 
belt the rainfall is received mostly during 
winter and early spring, e.g. in south-eastern 
Arabia, Red Sea coastal areas, southern Iran , 
Baluchistan, etc. In such areas the locust 
breeds in the spring season and there may be 
one or two broods and generations. For 
example, in Baluchistan breeding starts in 
January and again in April. In India, 
Anglo-Egyptian Sudan , etc., where the 
rainfall is received mostly in the summer and 
monsoon seasons, locusts breed during these 
seasons. However, when there is spring 
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rainfall and the soil conditions are suitable 
for breeding, as is often the case in the 
Punjabs (P. and 1.), breeding takes place 
during spring also, if swarms are present. 

The swarms produced during spring and 
early summer in the Middle East and Balu­
chistan (winter-rainfall countries) usually 
fly eastwards into Sind, Punjab, Rajas­
than, Uttar Pradesh, etc., during May, 
June and July. They are, however, mostly 
concentrated in Sind, Khairpur, Bhawalpur 
and Rajasthan. In the wake of the monsoon 
rainfall these swarms of locusts lay eggs and 
breed up to about the middle of September 
and even October and November if the rainfall 
continues to be favourable and the tempera­
ture is fairly high as was the case in 1949. 
Thus, as in the spring and early summer 
period, there can be two generations 
during the monsoon and autumn. Many 
of the new swarms, produced as a result 
of monsoon breeding, fly westward into 
Baluchistan, Persia, eastern Arabia, etc., 
where they breed again in the spring of 
the year following. However, a number 
of swarms developed in Rajasthan , Sind, 
etc. , also fly in the northern, eastern and 
southern directions and thus invade all parts 
of India and damage kharif crops over vast 
areas. The swarms are yet not known to 
States beyond U.P. and Madhya Bharat and 
those going there eventually die off. Some 
swarms may over-winter in northern India and 
when conditions are favourable in the next 
spring, they breed and damage rabi crops. In 
the summer they are joined by migrants from 
Baluchistan and other spring breeding areas. 
Thus the multiplication of swarms continues 
from season to season and year to year, the 
breeding becoming progressively more intense 
and extensive and thus the cycle gets into full 
swing. When conditions either in the spring or 
monsoon breeding areas become unfavourable 
for active breeding, or there is heavy 
destruction of locusts in any zone, there 
is a decrease in the number and size of 
swarms and general decrease in the locust 
population. Ultimately, when conditions 
become unfavourable for rapid breeding 
throughout a year, or control measures are 
successful both in spring and monsoon 
breeding areas, locusts get scattered and 
revert to the solitary phase. However, even 
in the solitary phase, locusts keep on breeding 
on a negligible scale and undergo seasonal 
migrations as scattered locusts. When 
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general ecological conditions for mass multi­
plication of locusts become again suitable in 
any part of the belt, the locust changes into 
the gregarious or swarming phase, and there 
is an outbreak of a fresh cycle. 

Swarmin~ Phase in 1949 

After the last cycle ended in India in 1946, 
no locusts of gregarious phase were noticed 
in this country and the population of solitary 
individuals also remained low for about two 
years. However, there were fluctuations in 
their population because of seasonal· migra­
tion of locusts from western countries, viz. 
Baluchistan , Persia, east Arabia, etc., into 
India from May onwards and .their emigra­
tion in the opposite directions in the autumn. 

After a lull in locust activity during 
1947 and 1948, gregarious breeding took 
place in some parts of east Arabia in March 
1949, giving rise to swarms. Similarly, in 
April of the same year, gregarious breeding 
was noted in Baluchistan. Gregarious breed­
ing was observed also in some parts of north­
west Africa. 

A sudden rise in locust population in 
India was observed towards the end of May, 
the population rising to about 800 locusts 
per sq. mile in some localities. Some locusts of 
the gregarious phase were met with, and these 
had obviously come from western countries. 
This infiltration continued during June and 
July, and the maximum population of 19,200 
locusts per sq. mile was observed on 13th 
July at Kaki ( Bikaner). 

The monsoon broke out in the second half 
of June. Rainfall was heavy and extensive 
in some parts of Rajasthan, Jodhpur having 
recorded 739 cents, Barmer, 1313, Phalodi, 
1363, Jaisalmer, 477, Bikaner, 1113 and 
Sikar, 1220. During June, the rainfall was 
mostly concentrated in Jodhpur (Phalodi 
area) and Bikaner districts (Kaku-Bhadla 
area). In August-September, the western 
districts also received heavy rainfall. 

After the first shower of rain, locusts 
became sexually mature and started laying 
eggs by the end of June. Hoppers were 
fairly grown up in the last week of July in 
Kaku-Bhadla-Hansasar area of Bikaner and 
Ajasar-Rohena area of Phalodi. Control 
operations were organized against a huge 
population. The survivors which escaped 
destruction in these areas moved about and 
got scattered, raising the population in the 
neighbourhood. A maximum of about 9,000 
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per sq. mile was reached during August at a 
few localities. Late migrants ( end of July) 
also laid eggs, and the second brood was 
located in Amla area (Phalodi) and Loia­
Hadda-Bholasar area of Kolayatji ( Bikaner ) 
during September-October. By the end of 
September, a yellow swarm entered J aisalmer 
from the north-west (Pakistan) and appa­
rently laid eggs in the western parts of 
J aisalmer and moved into Khairpur Mirs. 
Large bands of hoppers were discovered in 
north-west Jaisalmer extending from Kishen­
garh to Shahgarh over a gross area of about 
400 sq . miles near the Indo-Pakistan border. 
Some breeding was also observed at one 
locality in eastern J aisalmer in the middle of 
October. There was breeding during October 
in west Bikaner also ( Bikaner and Anupgarh 
tehsils) covering an area of about 250 sq. 
miles near Bahawalpur State. Controlopera­
tions were soon organized and the situation 
brought under control; only a couple of small 
swarm lets could develop in J aisalmer and 
Bikaner areas. The operations were conclud­
ed in the first week of December. 

Simultaneously, breeding occurred during 
October in the desert area of Bahawalpur 
and Khairpur Mirs States and Thar district 
of Sind, where the locust breeds at the same 
time as in Rajasthan. This was detected 
by Pakistan's Locust Organization early in 
September (in the Chachhro area) after 
which control operations were organized. As 
it was widespread and had extended into the 
remote corners of the desert area, such as 
south-east Bhawalpur and east Khairpur 
Mirs, many concentrations appear to have 
escaped destruction and hoppers fledged into 
adults. The tendency of hoppers, which 
bred along the Indo-Pakistan border, was to 
migrate towards east and south and thus big 
concentrations were found coming into 
Kishengarh, Tanot and Shahgarh tehsils of 
Jaisalmer district during October-November, 
requiring large-scale operations and, there­
fore, involving the aid from Defence Forces 
of the Government of India. 

Locust Situation in 1950 

India was free from swarms during the 
winter. However, one swarm came into 
J aisalmer from Pakistan towards the end of 
January but it went back after a couple of 
days. In Pakistan several swarms were 
present throughout the winter and spring. 
Some swarms were observed in southern 

Iran also . Breeding took place on a fairly 
extensive scale in D.1. Khan district of 
N.W.F.P. and several districts of Western 
Punjab, viz. Mianwali, Khushab, Muzaffar­
garh, etc. Hoppers were noted from the 
beginning of March onwards. During April­
June, breeding took place on a fairly extensive 
scale in northern Baluchistan also. Control 
measures were undertaken by the Pakistan 
Organization, but apparently several hopper 
bands escaped destruction, particularly in 
western Punjab. It is reported by the 
Director of Plant Protection, Pakistan, that 
during spring breeding was in progress in 
parts of Afghanistan bordering on N.W.F.P. 
and that many swarms developed in that area. 
The breeding areas are shown in Fig. l. 

In the second week of May, a number of 
swarms entered India from the Pakistan 
side. The invasion was in full swing up to 
about the middle of July and some locusts 
came in later also. The swarms visited 
almost all districts of East Punjab, PEPSU, 
Rajasthan, Saurashtra, U.P., Madhya Bharat, 
etc., the easternmost limit being Patna and 
Ranchi in Bihar. In the southern direction, 
they reached some northern districts of 
Madhya Bharat. With the onset of the 
monsoon, the swarms which had gone into 
Bihar returned to U.P. (FIG. 1). Similarly, 
there was a check to their further movement 
in the southern direction. The swarms got 
concentrated in Rajasthan and from the 
second week of July the activity of swarms 
started declining. This was mainly due to 
the fact that in the wake of good rainfall 
swarms were settling down to breed. Egg 
laying was reported from several parts of 
Rajasthan since the middle of July and hop­
pers started hatching out at several localities 
from the 23rd or 24th of that month. It is 
feared that extremely heavy breeding will 
take place during this season in Rajasthan. 
Unless the pest is destroyed in hopper stage, 
India will be overrun by swarms which 
would develop during September. 

Anti-locust Campaign 

A nti-locust Organizations - The success of 
a locust campaign depends on two factors, 
viz. (i) anti-locust organization; and (ii) 
efficacy of methods of locust destruction. 
The former is administrative and the latter 
technical. Both are equally important. 
Technical work includes, besides measures 
for destruction, locust intelligence, such as 
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FIG. 1 - LOCUST SITUATION IN 1950. 

collection of information regarding the 
time of swarm migration, their sites of 
resting, breeding and development. On the 
basis of such information control equipment 
is moved and labour arranged to carry out 
control operations in time. 

Since locusts breed often far away from 
inhabited tracts, the work of collecting infor­
mation on their occurrence, movements and 
actual breeding has to be carried out mostly 
by rural authorities and villagers under the 
guidance of trained technical staff. Officers 
of the revenue, police, forests, excise, railways, 
etc., work in rural areas, and since for 
locust control operations timely recruitment 
and movement of labour and transport of 
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equipment have to be ensured, the primary 
responsibility for such work falls on the 
Revenue Department and its village officers, 
viz. Patwaris. Other departments, however, 
are also important because the normal duties 
of the officers lie in rural areas and they can 
render valuable assistance in the collection 
of locust information and in educating 
villagers in anti-locust measures. It is, 
therefore, essential that every State should 
enlist the assistance of all officers belonging 
to various departments as an integral part 
of its anti-locust organization and arouse the 
interest of all inhabitants. 

For purposes of technical work, the Indian 
States can be divided into two parts. The 
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permanent breeding grounds of the locust 
are the desert areas of Rajasthan and the 
neighbouring parts of Punjab (Hissar 
district ), PEPSV, Saurashtra, Bombay, etc. 
In such permanent desert breeding areas in 
which foreign swarms generally breed initial­
ly, multiply and thence spread to other 
States, the responsibility for technical work 
is that of the Central Government. The 
Government of India are maintaining a 
permanent Locust Warning Organization , the 
staff of which is posted at strategic points in 
the main permanent breeding areas, with a 
substation at Jodhpur. This Organization 
works under the con trol of the Director, Locust 
Control, and Plant Protection Adviser to the 
Government of India, Ministry of Agriculture, 
keeps close watch on fluctuations in locust 
populations in the permanent breeding 
grounds even when the locust is not active and 
studies the changes in locust phase from 
solitary to gregarious and vice versa. In 
order that control measures may be organized 
by all States as soon as there are signs of 
increase in locust activity, the Director, 
Locust Control, at New Delhi, issues weekly 
or fortnightly reports which describe locust 
situation and contain timely warnings. 
He also keeps a close watch on the locust 
situation in other countries in the belt which, 
as already explained, extends up to west 
Africa. This is essential in order that India 
as a whole may be in a position to anticipate 
the approximate time of outbreak of a locust 
cycle in any area in the belt. When a cycle 
breaks out, similar studies on a more inten­
sive scale have to be undertaken in order to 
determine the time and direction of swarm in­
vasions from foreign countries. Within India 
also the Central Locust Warning Organiza­
tion has to intensify its surveys. This organ­
ization is considerably expanded to cope with 
the increase in intelligence work. Villagers 
and rural officers also assist in this work. 

As regards the actual destruction of the 
pest in desert breeding areas, a Control 
Wing is added to the Central Organization 
for conducting and supervising control 
operations which are carried out in close 
co-operation with the officers of Revenue and 
other departments of the States concerned. 

In the States in which permanent desert 
breeding areas do not exist, such as the 
V.P., Madhya Bharat, etc., anti-locust work 
starts when a locust cycle actually breaks 
out. The technical authorities in these 

States are kept informed by the Director, 
Locust Control, Government of India, of the 
changes in locust population in permanent 
breeding areas in India and abroad even 
when the locust is in the solitary phase. 
During a cycle, the anti-locust work in a 
State has to be carried out by the rural 
departments and the technical department 
of the State concerned on the same lines 
as in the permanent breeding areas. 
Similar arrangements have to be made in 
the cultivated areas of Rajasthan and 
other States which contain permanent desert 
breeding areas. Since the locust situa­
tion is inter-dependent in various States of 
India, in the same way as the locust situation 
in the country as .a whole is dependent on the 
situation in other countries in the locust belt, 
the anti-locust work in India has to be co-ordi­
nated by a single all-India authority. The 
Director, Locust Control, and Plant Protection 
Adviser to the Government of India, Minis­
tryof Agriculture, is entrusted with this work. 

The Government of India have expand­
ed considerably their Anti-locust Organ­
ization during 1950. The budget for locust 
work during 1950-51 is about 10 lakhs of 
rupees as against I! lakhs of rupees 
budgeted during 1949-50 before the outbreak 
of the cycle. This figure, however, includes 
cost of 18 new light trucks, 6 land rovers fit­
ted with power-operated dusting machines, 
about 700 hand-dusting machines, etc. 
About 30 outposts have been established 
in Rajasthan and in adjoining States. 
Additional staff has been appointed and the 
Locust Warning Organization has the same 
strength now as during the previous cycle of 
1940-46. It will be recalled that during the 
previous cycle a part of the expenditure 
incurred (cost of labour, pesticides, etc.) 
in desert breeding areas was distributed 
among the beneficiary states. This time, 
however, Government of India have agreed 
to finance the entire scheme for at least one 
year. Such expenditure during the current 
year is estimated to be about Rs. 4 lakhs. 

All non-desert States, particularly those 
adjoining Rajasthan, Punjab, Madhya 
Bharat, V.P., PEPSV, etc., have also 
established Anti-locust Organizations and 
have equipped them with pesticides and 
appliances. Locust breeding in these States 
is not likely to be extensive or menacing 
because the majority of swarms have got con­
centrated in desert areas as described above. 
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Nodular Cast Iron-Literature Report No. 10 

B. S. SRIKANTIAH & B. R. NIJHAWAN 

National Metallurgical Laboratory, C.S.I.R., Jamshedpur 

I T is well known that graphite in cast 
iron has a very marked effect on 
its properties. In the basic metal 
structure of grey cast iron graphitic 

carbon is distributed in the form of flakes the 
size and shape of which vary according to 
composition, cooling rate, method of melting, 
etc. It is this flaky graphite structure 
which breaks the continuity of the matrix 
and is responsible for the poor mechanical 
strength of grey cast iron. When cast iron 
is under stress, intense local stresses develop 
at the edges of the flakes which may exceed 
the elastic limit, resulting in local distortion 
or strain. This effect has marked influence 
on the physical properties of the iron. The 
low tensile strength as well as the high fatigue 
ratio and good damping capacity are also 
attributed to it. In malleable cast iron 
these drawbacks have been overcome by 
annealing white cast iron. The metal, after 
it is cast, is annealed so that roughly 
spheroidal aggregates or nodules of graphitic 
carbon are formed. 

Thus, the mechanical properties of grey 
cast iron could be considerably improved if 
the graphite in the metal could be had in the 
nodular form instead of being flaky. Recent 
investigations at the laboratories of the 
British Cast Iron Research Association have 
led to the development of a new process for 
producing cast iron containing nodular 
graphite in the as-cast state. No annealing 
treatment is necessary to obtain this structure. 
The nodular graphitic structure in the iron is 
achieved by the addition of suitable quantities 
of cerium to the molten metal of suitable 
composition. More recently certain American 
investigators1,2 have been able to obtain this 
structure by the addition of magnesium. 
Morrogh3-6 claims that under appropriate 
conditions both processes will produce grey 
iron castings with all the graphite in the 
nodular form, giving the finished casting 
superior mechanical properties. 

The new product resembles malleable iron 
in having a nodular graphitic structure, but 
has not the same properties as malleable iron 
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which can be subjected to considerable 
deformation and distortion prior to fracture. 
According to Pearce3-7, this nodular iron is a 
new product between ordinary grey iron and 
malleable iron and may be regarded as a 
high-duty cast iron with special qualities 
rather than as a new form of malleable iron. 
The material, however, possesses the pro­
perties of the present high-duty cast irons in 
use and is readily castable and machinable. 

Nodular Iron by Cerium Additions 

Irons having under-cooled graphitic struc­
ture are found to be suitable for this 
purpose, since they solidify and graphitize 
immediately after solidification. 

Morrogh and Williams,,8 have studied the 
nickel-carbon and cobalt-carbon systems 
and showed that it should be possible to 
obtain nodular structures in cast irons by 
the addition of a carbide-stabilizing element 
to retard carbide decomposition. The ele­
ment added should be a desulphurizer 
also. Low sulphur content very likely assists 
in achieving the desired structure. 

I t was found by Morrogh and Williams' 
that addition of cerium to cast iron of appro­
priate composition would produce spherulitic 
nodular graphitic structure. 

Cerium metal could be added as such to the 
molten metal. It can also be added in the 
forms in which it is commercially available. 
Misch metal, containing between 43 and 
50 per cent cerium together with other rare 
earths and a little iron and manganese, has 
also been employed. Misch metal dissolves 
readily in cast iron at all temperatures above 
1,200°C. Its solution in cast iron is not 
violent or explosive. Misch metal is pro­
duced from monazite sands. The composi­
tion of a standard alloy of this type is 
cerium, 50-55 per cent; lanthanum, 22-25 
per cent; neodymium, 15-17 per cent ; 
iron 0,5-3 per cent ; and the rest 8-10 per cent 
consisting of other rare elements. 

The cast iron employed should have the 
following characteristics and composition: 
(1) the iron must solidify grey even without 
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cerium addition ; (2) the carbon content 
should exceed the value 4· 3-1/3 ( %Si + %P) ; 
(3) silicon preferably about 2·3-7 per cent ; 
(4) sulphur content should be as low as 
possible and after treatment should be below 
about 0·015 per cent; (5) phosphorus content 
should not exceed 0·6 per cent and preferably 
below 0·1 per cent; and (6) manganese, copper 
and nickel, chromium and molybdenum 
may be present in small amounts singly 
or in combination, provided condition (1) is 
observed. 

Cerium, when added to molten cast iron, 
first combines with the sulphur present and 
acts as a desulphurizing agent. As long as 
the sulphur content of the metal is above 
about 0·015 per cent , this desulphurizing action 
will take place. When the sulphur content 
is reduced to about 0·015 per cent, metallic 
cerium goes into solution in the molten cast 
iron. The cerium content at this stage 
should exceed 0·02 per cent of the metal to 
induce the formation of nodular graphitic 
structure. 

The structure and cooling curve data of 
cerium-treated nodular irons, in which special 
care was taken to ensure that sufficient 
cerium remained in the cooling ingot, have 
been examined by Morrogh and Williams5• 

They observed that on slow cooling to room 
temperature the samples showed well-develop­
ed hypereutectic spherulites with quasi­
flake graphite. The sample was found to be 
completely graphitized when it is quenched 
from 1,087°C. and has the same graphitic 
structure as the slowly cooled specimen. 
The samples quenched just after complete 
solidification (i.e. about 1,1400-45°C.) were 
found to be substantially white with 
some small and some large graphite spheru­
lites. 

Nodular Graphite by Ma~nesjum Addition 

Donohol has described the results of the 
investigations conducted at the American 
Cast Iron Pipe Co. on the use of magne­
sium. Suitable precautionary measures have 
to be taken while carrying out the addi­
tion of magnesium since magnesium in any 
form may be violently explosive. Nodular 
cast iron can be produced by adding pure 
stick magnesium on to the surface of iron 
in the ladle, but 95 per cent of magnesium 
may be lost. In spite of this, with an addi­
tion of 1 per cent of magnesium, sufficient 
metal may be retained t6 produce the nodular 

graphite structure. One practical method of 
adding magnesium in the ladle is to use an 
alloy in which the magnesium is diluted to 
make the mixture non-explosive. It has 
been observed that the 80 per cent copper 
and 20 per cent magnesium alloy is not 
explosive but burns quietly on the surface 
of the metal. This alloy appears to be 
suitable for use in a commercial foundry. 
More efficient methods of adding magne­
sium have still to be developed. The results 
can be summarized as follows: (1) high­
strength cast irons with the graphite in 
the nodular form are produced by incor­
porating 0·03-0·10 per cent of magnesium; 
(2) pure magnesium and several magnesium 
alloys are effective in producing nodular 
graphite irons; (3) magnesium recovery and 
convenience of addition were found to be 
better with copper or nickel alloys of low 
magnesium content; (4) advantages of mag­
nesium treatment over cerium treatment are 
that magnesium is effective in low carbon, 
high phosphorus and relatively high sulphur 
irons; (5) ladle addition of a graphitizing 
inoculant (such as ferro-silicon) after the 
magnesium addition is useful for controlling 
the structure and machinability of nodular 
irons. A granular graphite inoculant, how­
ever, causes reversion to flake graphite; 
(6) there is an optimum magnesium content 
for a given iron; too little magnesium results 
in a mixed structure and too much of mag­
nesium causes increased hardness and brittle­
ness; (7) excessive holding time after mag­
nesium treatment may result in loss of 
magnesium and reversion to flake graphite; 
and (8) tests on keel block test bars of 
magnesium-treated cast irons gave strength­
ductility properties superior to most 
malleable irons and approaching those of 
cast steels. 

Properties 

Table I gives the mechanical properties of 
nodular cast iron ( obtained by treating with 
cerium) with those of untreated iron. 

TABLE I 

MATERIAL TENSIL E SHOCK BRINELL4 
STRENGTH RESISTAN CE HARDNESS 

RANGE 
( tons,sq. in. ) 

(ft. lb.) NUMBER 

Untreated 24·28 25·50 250·400 
cast iron 

Nodular 17-60 25-120 130-500 
cast iron 
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The endurance or fatigue strength is 
markedly improved in nodular cast iron. 
This superior endurance may be explained 
by the fact that there is a reduction in the 
severe internal notch effect arising from the 
flaky graphite structure. This improvement 
is an important result of the change in struc­
ture. The heat and growth-resistance pro­
perties also show marked superiority in 
nodular cast iron. Flake graphite makes the 
grey iron easily oxidizable and it is found 
that grey irons are susceptible to destruc­
tive growth at high temperatures. The 
machinability of nodular cast iron is 
generally superior to that of grey iron. 
The material can also be readily welded 
following the techniques established for 
grey irons. Casting quality of nodular cast 
iron is excellent. Fluidity is about the 
same as grey iron of like composition. It 
is, however, observed that spherulitic Iron 
has a distinct tendency towards piping. 

Applications 

Nodular cast iron constitutes a new high­
duty cast iron with great flexibility in its 
mechanical properties. The product bridges 
the gap between cast iron and cast steel. In 
the cast condition it is a superior cast iron 

of high strength, high elastic modulus and 
good ductility. It can be heat treated to 
improve its properties further and bringing 
it close to cast steel. An important feature 
is its low cost. 

The material is likely to have numerous 
applications in the automobile and agricul­
ture implement industries and in the manu­
facture of castings for use in railways. 
Crankshafts, pumps, compressors, valves 
and heavy industrial equipment, such as 
rolls, rolling mill housings, are other instances 
where the high strength and rigidity of the 
new material may be useful. It may also 
find application in the manufacture of pipes, 
textile and electrical machinery, marine 
equipment, etc. 
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Inventory of Research Equipment & Materials 

THE UNESCO SCIENCE CO-OPERATION OF­
fice for South Asia at Delhi is undertaking to 
compile an inventory of research equipment 
and materials available in universities and 
other research laboratories in the region. 
The information so collected will help scien­
tists in formulating plans of research and to 
facilitate co-operation among workers inter­
ested in any particular branch of research. 
The inventory would give an idea of the pre­
sent condition and the future needs of scienti­
fic materials in this region and help to 
promote closer co-ordination in research and 
development on an international scale. 

The survey will cover only specialized 
apparatus and will include information on 
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apparatus, manufacturer, date of procure­
ment, price or estimated cost and its present 
condition and serviceability. Rare chemicals 
isolated from natural sources or synthesized 
artificially including enzymes, hormones and 
other biologicals not available commercially 
and pure cultures of micro-organisms collect­
ed and maintained in the region will consti­
tute another list. It is proposed to include 
mainly those types of cultures which are 
intended for special studies or for industrial 
research. 

Additional points of information on which 
data should be collected are invited by the 
UNESCO Science Co-operation Office for 
South Asia, University Buildings, Delhi. 



The Distribution of Anthocyanins* 

R WILLSTATTER ( 1913-1916), the 
most important of the pioneers in 

• the field of anthocyan ins, isolated 
many of these colouring matters in 

a pure condition and proved that they are 
glucosides of the colour nuclei, the antho­
cyanidins. The botanist Molisch (1905) 
was actually the first to show that the antho­
cyan ins could be crystallized outside the 
plant. In 1907 a synthetic method was 
discovered in Perkin's Laboratory in Man­
chester, of quite general applicability to 
the whole group of benzopyrylium salts, of 
which the anthocyanins were later shown to 
be members. In spite of many difficulties, 
eventually Robinsons and his co-workers 
were able to synthesize all the anthocyanidins 
and the more important anthocyanins. 

The anthocyanins are isolated in the form 
of oxonium salts, usually the chloride, and 
on hydrolysis with hot 10-15 per cent hydro­
chloric acid they break down into an tho­
cyanidin chloride and glucose or other sugars. 
The three chief anthocyanidins are pelar­
gonidin, cyanidin and delphinidin. In addi­
tion a methyl ether of cyanidin (peonidin) 
and three methylated delphinidins, inalvidin, 
petunidin and hirsutidin, are known. 

In monoglucosidic anthocyan ins the sugar 
is always attached to the hydroxyl in posi­
tion-3. The monoglucosides of pelargonidin, 
cyanidin and malvidin are callistephin, 
chrysanthemin and oenin respectively. The 
3-galactoside of cyanidin is idaein. The 
diglucosidic anthocyan ins may be 3-biosides, 
e.g. mecocyanin is cyanidin 3-gentio-bioside 
and antirrhinin is cyanidin 3-rhamnogluco­
side. In an important group, glucose units 
are attached to different hydroxyls. The 
3 : 5-diglucosides of pelargonidin, cyanidin, 
delphinidin and malvidin are pelargonin, 
cyanin, delphin and malvin respectively. 

The properties of the individual antho­
cyan ins are highly characteristic and distinc­
tive and the possession of pure synthetic 
samples afforded an essential basis of com­
parison. This applies not only to the recog­
nition of known anthocyanins in plant 

material but also to the study of any antho­
cyanin exhibiting unusual behaviour. The 
most generally useful properties are, however, 
the" distribution numbers" between immis­
cible solvents and various colour reactions, 
especially because the study of these does 
not always necessitate the isolation of the 
pigments in a pure condition. The ferric 
reaction, a deep-blue colouration produced in 
neutral or slightly acid solutions, either 
aqueous, alcoholic or amyl alcoholic, indicates 
free hydroxyls in . positions -3' and -4' and 
is, therefore, positive for cyanidin, petunidin 
and delphinidin only. Petunidin and del­
phinidin alone are at once destroyed by 
aerial oxidation in alkaline solution. This 
serves to distinguish petunidin from cyanidin. 
The behaviour of anthocyanidins and antho­
cyanins in solutions of varied pH depends on 
the number and position of the hydroxyl 
groups and is largely independent of the 
nature of other substituents. The presence, 
however, of co-pigments has a large effect. 

The most striking result obtained on the 
chemical side is the prevalence of the antho­
cyan ins based on the three main types, 
pelargonidin, cyanidin and delphinidin. 
There are just a few exceptions. Gesnerin, 
the anthocyanin of Gesnera fulgens (orange 
flowers), is one such. The anthocyanidin 
was soon recognized as one that had already 
been synthesized (5 : 7: 4'-trihydroxy flavy­
lium chloride) and then the anthocyanin 
itself ( 5-glucoside) was synthesized. This is 
the first case noted of the occurrence of an 
anthocyanin with no substituent in position-3. 
To this category belongs carajurin, the main 
constituent of the rare cosmetic pigment 
" Carajura ". It is the colour base of cara­
juridin chloride (5 : 4' -dimethoxy-6 : 7-di­
hydroxy flavylium chloride). This may 
originate from an anthocyanin similar to 
gesnerin. 

A very important group is that .of the 
nitrogenous anthocyanins easily distinguished 
from the usual types by their quite different 
behaviour. The best-known example is 
betanin in the common beet but the group is 

* Summary of the Dr. Bimala Churn Law Lecture delivered by Prof. Sir Robert Robinson, in 
J annary 1950, at the Indian Association for the Cultivation of Science, Calcutta. 
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fairly well represented. Little is known 
about the chemistry of these colouring 
matters but the composition of two of them 
suggests that they may be ordinary an tho­
cyanins in which amino acid residues are 
attached to the benzene rings by means of 
the amino group. Synthetic compounds of 
this type have been made and show similar 
properties. 

The nitrogenous anthocyanins are found 
in five related orders only. Similarly, there 
are certain families which produce only one 
of the three main types, although there are 
many others in which only two occur and 
still others in which pelargonidin, cyanidin 
( or peonidin ) and delphinidin ( or its methyl 
ethers) all occur. The occurrence of pelar­
gonidin and delphinidin in the more differ­
entiated plants suggests that the pigments 
themselves require more steps for their 
synthesis. 

The usual anthocyan ins are found in young 
fern fronds together with some of unusual 
constitution not yet identified. Anthocya­
nins are normal constituents of green 
leaves. Permanently pigmented leaves 
contain pelargonidin, cyanidin or delphinidin 
derivatives and autumnal reddening in the 
vast majority of cases is due to cyanidin 
glucosides. 

It appears that many plants have at hand 
a ready mechanism for the production of 
anthocyanin and it is incredible that this 
should have no deep physiological signi­
ficance. We do not yet know what this 
function is. Different parts of the same 
plant yield different anthocyanins. A variety 
of Nasturtium (Tropaeolum majus, Empress 
of India) was found to contain pelargonidin 
3-bioside in the petals, cyanidin 3-bioside in 
the sepals and a delphinidin diglucoside in 
the leaves, indicating that the three types 
are derived ~y modification of a common 
precursor. The conviction that this pre­
cursor is changed most naturally into cyanidin 
glucosides is based on the almost universal 
appearance of these under conditions of 
stress (injury, drought, etc.) but it is also 
derivable from a statistical survey of the 
colours of flowers. 

The influence of climatic conditions is very 
marked ; there is a high proportion of delphi­
nidin derivatives among Alpine flowers and a 
preponderance of pe1argonidin derivatives in 
those growing in tropical and subtropical 
countries. 
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Finally, there is the very interesting class 
of leuco-anthocyanins which yield antho­
cyanidin on treatment with alcoholic hydro­
chloric acid in presence of oxygen; the 
distribution of these colourless substances 
is very wide. They are nearly always to be 
found in woods, nutshells as well as in softer 
structures. Most leuco-anthocyanins are 
convertible into cyanidin, but some give 
pelargonidin and some delphinidin. 

All related types, catechins, flavones, 
flavonols, leuco-anthocyanins and anthocya­
nins are regarded as different manifestations 
or modifications of a proto-type, a C6.C3.C6 
structure. It is assumed that this type is 
derived from two molecules of hexose 
and one of triose. The linking by aldol 
condensations requires one of the terminal 
nuclei to be less oxidized than the other 
and, in fact, cyanidin is the natural result 
by dehydration without oxidation or reduc­
tion. 

The genetics of flower colour is a subject 
demanding full and separate treatment. Dr. 
Scott-Moncrieff has suggested as the result 
of complete genetic study of dahlia that the 
anthocyan ins are produced from two subs­
tances, one of which is always present in 
sufficient amount and the other in limited 
amount. The relation of this to C6,C3 ,C6 
hypothesis is evident, because the substance 
present in limited amount is presumably the 
C6,C3 intermediate. One clear outcome of 
this work is a definite indication of a relation­
ship between anthocyanin production and 
flavone production. If the limited compo­
nent is used to make much flavone, it is not 
available for anthocyanin and vice versa. 
There are also intermediate positions and this 
is very important. 

The geneticist can do chemical experiments 
in vivo; by introducing a new gene, for 
example, a methylation factor, he can 
observe its operation on a new anthocya­
nin. It is probably from researches in this 
field that we shall get the fullest knowl­
edge of chemical processes affecting antho­
cyanins. 

Finally, attention should be drawn to the 
existence of complementary genes, the pre­
sence of both of which is necessary for the 
development of anthocyanin. Two further 
complementary genes are necessary for the 
production of anthoxanthins. The chemical 
basis of these and similar phenomena is quite 
unknown. 



Indian Sal t Industry 

T HE Report of the Salt Experts' Com­
mittee constituted by the Govern­
ment of India in April 1948 to advise 
the Government on the measures 

necessary to put the salt industry on a sound 
footing has been recently published. In an 
exhaustive survey, covering all aspects of 
the industry, the Committee have suggested 
measures to increase the production, improve 
the quality and reduce the cost of salt manu­
factured and make the country self-sufficient 
within a reasonably short time. 

The production of salt in India has increas­
ed from 12,12,000 tons in 1930 to 23,31,000 
tons in 1948. The production figures for 
the two years at different centres and the 
target figures for 1955-56 are given in Table 1. 

TABLE I 

1030-31 ID~8 TARGET "'OR 
(tons) (tons) 1\)55-56 

(tons) 
Inland Works 

(i) Sambhar 2,73,000 3,16,(I()()} (ii) Didwana 20,000 47,000 
(iii) Pachbadra 45,000 70,000 9,46,000 
(iv) Kharaghoda 1,00,000 1,36,000 
(v) Dhrangadhra 58,000 

M a,in~ Work s 

(i) West Bengal 1,000 30,000 
(ii) Bombay 3,H2,OOO 4,50,(~JO 4,65,000 

(iii) Kathiawad 2;"OUO 2'~~::~~1 5,15,000 (iv) Kutch 
(v) Madras 3,63,000 S,IO,OOO 9,20,000 

(vi) Oris~a 20,000 60,000 
(vii) Travancorc Ul,lXIU 75,000 

Rock Salt Mines 
Mandi 4,OUO 4,000 65,000 

TOTAL 1:!,l2,OOO 23,3 1,000 30,70,000 

The present production (23 ,31,000 tons) 
falls short of the estimated consumption by 
2,98,000 tons and this is being met by imports. 
The country's requirements in the next 
5 years is expected to go up to 3 million tons. 

The bulk of the salt produced in India is 
from sea brine and salt is raised by solar 
evaporation in numerous places distributed 
along the sea-board stretching from Bombay 
to Calcutta. Rock salt deposits occur in 
Mandi State and inland salt lakes are found 
at Sambhar, Didwana and Pachbadra in 
Rajasthan. The methods of salt production 
have remained more or less unchanged for 

decades and the quality of salt raised from 
a large number of the salt-producing areas 
is sub-standard. The production sites have 
not been selected with proper regard to 
economic advantages and factors such as 
initial density and continuity of supply of 
brine, rainfall distribution, temperature, 
relative humidity, wind velocity, surface of 
exposure, impermeability of soil and protec­
tion of sites against floods and dust storms. 
The Committee have examined these factors 
in detail and have made valuable recommen­
dations appropriate to each area for improv­
ing the production and quality of salt. The 
measures recommended include (1) mainte­
nance of a high ratio between crystallizers and 
condensers; (2) removal of bitterns regularly 
and draining off the crust before lifting; 
(3) leaving behind a layer of salt on the 
crystallizing beds to form a clean floor; 
(4) setting up of control laboratories; and 
(5) the consolidating of small uneconomic 
holdings into units with a minimum area of 
100 acres each. 

Several improvements have been suggested 
to enable the existing works at Sambhar Lake 
area to work more satisfactorily. As a first 
measure the Committee have recommended 
a detailed survey of the lake bed. A modified 
design of a percolation canal has been pre­
pared to replace the present system of canals, 
and to reduce the present crystallizing area 
at the works and convert it into condenser 
area. The present practice of throwing 
away of bitterns from crystallizers is harmful 
and is likely to affect quality of brine and of 
the salt produced, and should be discontinued. 
It is preferable to harvest two grades of salt, 
one between 26°-290 Be. and another between 
29 0 -32° Be. instead of a single crop. Large­
scale production of salt in pans under the 
direct control of Government and the use of 
improved methods of lifting brine from the 
wells and the installation of mechanical 
washing plants and the establishment of a 
research station to study the problem of 
byproduct recovery and the production of 
salt of standard quality are other measures 
recommended. 

The methods now followed for producing 
salt at Didwana are unsatisfactory and the 
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salt produced is unfit for human consumption. 
Advantage is not taken of the wide seasonal 
fluctuations in temperatures prevailing here 
to bring about a separation of sodium sul­
phate and salt. A careful and planned 
investigation of salt production in this area, 
and also in other inland areas now operating 
under private management, is recommended. 
The latter include Kuda works in Dhran­
gadhra and areas in Rajasthan , Kutch and 
E. Punjab. 

Recovery of Byproducts 

The recovery of byproducts from the 
inland and marine resources has not received 
adequate attention. With the exception 
of the salt worked out at Mithapur, Khara­
ghoda, Dhrangadhra and Travancore, no 
attempt has been made to recover the 
valuable byproducts such as magnesium 
chloride and sulphate, bromine, iodine and 
sodium and calcium sulphates. Table II 
gives an idea of the quantities of bypro ducts 
that could have been recovered from 23 '3 
lakh tons of salt produced in 1948. 

As a potential source of sodium sulphate, 
the Didwana Lake remains largely un­
explored. The lake bears a resemblance to the 
Dale Lake (California) where temperature 
fluctuations are taken advantage of to separate 
the salts. This method can be adapted with 
advantage in this area and as much brine 
as possible lifted during the cold season and 
subjected to pre-cooling to separate out 
sodium sulphate. 

Sodium sulphate as an industrial raw 
material is of special interest to India. Its 
utilization for the production of vital chemi­
cals, caustic soda and sulphuric acid deserve 
consideration. The Committee recommends 
the exploitation of these sources under 
Government control. ' 

Gypsum is now being recovered at Adira­
patnam by Messrs M etlur Chemicals, at 
J amnagar, Kandla and, more recently, at 

Mithapur. The Committee are, however, of 
the opinion that the processes employed for 
the recovery of byproducts at many of the 
centres are not efficient and improve­
ments are essential to obtain a satisfactory 
recovery. 

Distribution of Salt 

The distribution of salt in the country, at 
present, is effected through a zonal system 
under which the principal regions of pro­
duction and consumption are grouped under 
8 foci of distribution (FIG. 1). The Com­
mittee consider that the present railway 
freight for salt is excessive and should be 
revised and be put on the same footing as 
foodgrains to reduce wholesale and retail 
prices. 

Model Factories & Research Units 

In order to organize the Indian salt 
industry on modern lines and make it operate 
economically and efficiently, the Committee 
consider it essential for the Government to 
set up model factories as demonstration 
units in the principal salt-producing tracts. 
These factories should have an area of 100 
acres and should produce common salt 
required for human consumption as well as 
for industry, mixed salts of potassium and 
magnesium and other byproducts such as 
gypsum and sodium sulphate. The estimated 
capital outlay for each model factory will be 
about Rs. 2 lakhs and should be borne by the 
Government. Seven such factories, two in 
Bombay, three in Madras and one each in 
Travancore and Orissa, are to be set up. 
The model factories located at Bombay, 
Madras and Travancore should have research 
units attached to these for investigating into 
methods of improving the quality and yield 
of salt and of recovering byproducts. A 
separate research station is to be set up at 
Sambhar Lake to tackle technical problems 
pertaining to inland salt resources. 

TABLE II 
COMMON SALT DVPRODUCTS 

CaSO, MgSO, NaaS041 KCl MgCl, Na2CO. Bromin~ 

Marine salt works 17,00,430 05,593 1,48,076 76,840 3,30,R04 5,755 
Kharaghoda and 1,03,606 0,757 11,024 7,H l 2 H7,:.Wtl I,IHU 

Dhrangadhra 
Sambhar 3,16,495 44,799 668 20,043 22S 
Didwana 47,391 

'2;038 
18,076 '2;2:.3 8/188 

Pachbadra 69,985 11,0 18 

TOTAL 23,27,016 1,05,288 1,68,118 62,875 85,329 4,29,4[)O 28,631 7,164 
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INT£~NA.TlONAl BOtJHDARY ,.··v 
ZONAL BDUN[lA~Y 

~AllWAYS --
SALT P~OOUCTION CENTRE' 

INDIAK SALT INbUSTR\' 

..•......• 

FIG . 1 - MAP OF INDIA SHOWING SALT PRODUCTION CENTRES ANn THE ZONES OF DISTRIBUTION DUR­

ING 1949. DISTRIBUTION ZONES: 1. BOMBAY: 2. SAMBHAR ( RS.S . DIVISION): 3. KHARAGHODA; 

4. TUTECOH IN: 5. AUIIIAI'ATNAM, MADRAS ANI> CU[)DALORE: 6. PENUGUDURU: 7. NAUP,\DA; 

8. CALCUTTA: 9. i>HRANGAVHRA . 
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Quality of Salt 

According to the Committee the Draft 
Specification issued by the Indian Standards 
Institution prescribing a minimum sodium 
chloride of 96 per cent for edible salt is on the 
low side and should be raised to at least 97·5 
per cent and maximum limits to be pres­
cribed for other impurities. 

The methods of drawing samples from 
bulk consignments and of assaying the 
samples should be standardized and made 
available in the form of a code of practice. 

Salt Advisory Committee 

To implement the steps recommended for 
the development of the industry, the setting 
up of a permanent Salt Advisory Committee 
consisting of representatives of Government, 
manufacturers, consumers and importers is 
recommended. The Committee is to advise 
Government on all questions dealing with 
production, distribution, import and export 
and any other matter that may arise from 
time to time. 

The Committee is in favour of small 
manufacturing concerns and associations in 
different parts of the country federating into 
bigger regional units and ultimately forming 
an All-India Federation of Salt Manufac­
turers. 

The levy of a salt cess at the uniform rate 
of one anna per md. of salt on the entire salt 
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produced in the country is suggested. It is 
recommended that the heavy chemical 
industries should be allowed a rebate equal 
to the cess collected on the salt consumed. 

In order to carry out the programme out­
lined, it is considered that the present organ­
ization and set-up of the Salt Department 
should be reorganized and adequately staffed 
to provide technical assistance both to 
Government and to industry. 

The Committee is not in favour of opening 
new salt works in the Madras area until the 
factories improve the quality of salt pro­
duced and make it acceptable to the Calcutta 
market and till a demand for export develops. 
The existing works would increase their 
production by more than 12 lakh tons by 
improving the methods of manufacture and 
by properly realigning their factories. The 
setting up of a large factory at Contai under 
the management of the Central and West 
Bengal Governments is recommended with 
a view to encourage the development of salt 
industry in West Bengal. 

The potential capacity of the existing salt 
works in the country is estimated at 40,26,000 
tons per annum. The Committee conclude 
that, subject to the implementation of its 
recommendations, it is within the reach of 
the industry to meet not only the present 
requirements but also attain the target 
figure by 1955-56. 



Analytical Chemistry and Chemical Ana­
lysis, 1948, Proceedings of the Inter­
national Congress on Analytical Chemistry, 
Utrecht, Vol. II (Elsevier Publishing Co. 
Inc., New York, Amsterdam, London, 
Brussels; London distributors: Cleaver­
Hume Press Ltd.), 1948, pp. x+437. 
Price 25s. 

THE PUBLICATION IS A REPRINT OF THE 
issue of A nalytiea Chimiea A eta, 1948, 2, 
pp. 417-854, and the pagination remains un­
altered. The book is valuable as a full 
account of the proceedings of the Congress 
in Utrecht in 1948 which established a new 
status for analytical chemistry. The Con­
gress covered very wide grounds, divided 
into five sections and consisted of formal 
lectures, presentation of original papers and 
plenary sessions. All the lectures and 
papers are printed in full followed by a sum­
mary in English, French and German, 
along with the discussions that took place. 

In Section I, entitled "General Methods 
and Standardization ", papers on statistical 
aspects of chemical analysis, the place and 
task of analytical chemist in industry, 
rationalization, standardization and codi­
fication of analytical methods and recent 
developments in gas analysis, organic ele­
mentary analysis, isotopes as tracers and 
analysis with mass spectrograph are in­
cluded. 

Section 2, entitled " Electrical Methods", 
surveys methods and recent developments 
in polarography and amperometry and is 
covered by eminent authorities like Heyrov­
seky and Kolthoff. Other papers of interest 
are those on controlled potential electrical 
analysis, electrical methods in the analysis 
of water generally in industry and a conti­
nuous reading vacuum-tube voltmeter. In 
all the methods the problem of precision and 
sensibility was considered. 

Section 3 is "Emission Spectrography". 
The papers in this section are to be published 
in Speetrochimica Acta. 

Section 4 on "Optical Measurements and 
Physical Methods of,Separation" contains odd 
combination of titles but contains a masterly 

REVIEWS 

review on the recent developments in chro­
matography and is followed by papers on 
the analysis of hydrocarbon mixtures by 
absorptive percolation and analysis of hydro­
carbon oils by thermal diffusion. Optical 
measurements are covered by a survey of 
colorimetric and photometric absorption 
analysis, indicating the accuracy obtainable 
with different types of instruments: two 
reviews on the analytical application of 
infra-red spectrophotometry in general and 
in powders and a method of determination 
of vitamin D t . Research papers on the 
measurement of width instead of intensity 
of Raman lines for quantitative work and 
on the influence of reagent concentration 
on colorimetric determination of copper are 
presented. 

Three papers, one on determination of 
traces of oxygen in water in this section 
and two in the next section on determination 
of trace elements in biological material by 
spectrographic or photocolorimetric proce­
dures are presented. 

Section 5 deals with microbiological me­
thods. A review on microbiological methods 
of analysis deals with all aspects, stresses 
the necessity of statistical evaluation of 
errors of assays and calls for cautious inter­
pretation of results. Two papers on details 
in the use of lactic acid bacteria for micro­
biological assay in general and assay of 
tryptophane follow. Other two papers deal 
with the use of Aspergillus niger for the 
estimation of trace elements like potassium, 
copper, magnesium and molybdenum by 
weighing the mycelia or by a photronic 
measure of colour of spores. It is rather 
surprising that at an International Congres~ 
session there were no papers on biochemical 
methods. This is a very important branch 
of analytical chemistry and we hope in future 
sessions this defect will be rectified. 

Most of the papers have been followed by 
lively discussions. The main functions of 
such international congresses are comparison 
of various methods with a view to determin­
ingsensitivity,reproducibility,ease and quick­
ness, standardization of procedure and codi­
fication and discussion of new methods 
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developed. Judging from such standards, 
the Congress has been a success. 

To the reviewer the most significant of the 
papers are the opening address and the 
theses on standardization and codification 
and rationalizing of analytical methods. 

A significant point, arising out of the 
discussions of these papers, is the definite 
need for continued research on the accuracy 
and sensitivity of analytical methods in 
general, our knowledge of the lower limit of 
applicability of a method and the effect of 
variations in procedure being very unsatis­
factory. 

Trends in most countries, fortunately, 
are for standardization of routine analytical 
procedures including chemical glassware, 
apparatus, etc., though many still remain 
of a national character. Also" analytical 
methods when published should be printed 
in a standard format to facilitate comparison 
and standardization and as a safeguard 
against lack of details important for the 
execution of the method". This plea for 
codification is particularly significant since 
this has not yet attained even a national 
character. International congresses, such 
as the one reviewed, should bring in a study 
of such national standardization into an 
international standard, and it is gratifying 
to note that these papers have stimulated 
considerable discussion in the Utrecht Con­
gress. 

President C. J. van Nieuwenburg has 
sketched the progress of analytical chemistry 
to a status equal to any other branch of 
research and emphasizes the point that 
because of the demand for greater speed and 
accuracy and the need for handling small 
and micro-quantities of material, the classical 
gravimetric and volumetric methods are 
being replaced and supplemented by physico­
chemical and physical techniques. But we 
rather agree with Dr. Wenger, who has 
critically summarized the proceedings of the 
Congress, in feeling that there has been 
undue emphasis on automatization and 
physical methods. Many physical methods 
have to remain as aids to classical funda­
mental chemical analysis. Besides, the 
classical methods present the advantage of 
being useful without the necessity of costly 
apparatus not in the reach of ordinary 
worker or small laboratories. 

Of very great significance to scientists in 
India is the fact that modern analytical 
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chemistry is becoming a specialized science 
with its interest in optical, electrical and 
microbiological methods besides the classical 
methods and makes high demands in the 
training of its users. It becomes imperative 
that intensive efforts should be undertaken 
for the training of analytical chemists as a 
class and conduct research in chemical 
analysis than is hitherto being done in this 
country, if we are to keep abreast of other 
countries. Analytical chemistry should be 
made a subject of special study in univer­
sities and research institutions. 

The Netherlands Chemical Society which 
organized the Congress, and the publishers 
of the proceedings, the Elsevier Publishing 
Co., deserve our sincere thanks. This book 
should find a place as an indispensable 
reference work in all scientific laboratories. 

V. S. GOVINDARAJAN 

Aircraft Structures, by David J. Peery 
(McGraw-Hill Book Co. Inc., New York), 
1950, pp. xxii + 329. Price $ 3.00. 

THE WEALTH OF THE MATERIAL COVERED IN 
David J. Peery's book Aircraft Structures is 
not readily seen at a glance from the chapter 
headings. The author has done a remark­
ably thorough job in presenting the basic 
material for the analysis of semi-monocoque 
as well as truss type of structure in a concise 
manner. In his work he has attempted to 
present a simple basic treatment of aircraft 
structures with preliminary emphasis on 
fundamental structural theory. This, of 
course, does not in any way alter the position 
regarding the analysis of aircraft structure, 
though new material and new construction 
methods are developed. 

The reviewer agrees with the author that 
most of the theory outlined in the text-book 
is applicable to any design requirement and 
for any material. The author has covered 
a variety of topics in eighteen chapters and a 
large number of worked-out examples are 
given at the end of each chapter, thus bring­
ing home to the student the types of prob­
lems that are confronted with in actual 
practice, while stressing an aeroplane. 

There are certain noteworthy features 
about this volume. They are: the analysis 
of monocoque structures with cut-outs, bend­
ing trusses induced due to torsion, shear lag 
analysis and explanation of the buckling of 
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cylindrical shell by means of non-linear 
theory. The determination of the spanwise 
air-load distribution, a topic which is usually 
not covered in text-books on aircraft struc­
tures, is also included in this volume. The 
reviewer feels that it is a bit arlvanced for 
undergraduate students. 

Whatever may be the justification of the 
author in regard to the sequence of the 
material presented in the book, the reviewer 
feels that the topics are not arranged in 
order; for chapters on preliminary design 
data should have been dealt with at first. 
An aeronautical engineer should first know 
the aeroplane layout and applied and design 
loads before he actually proceeds to analyse 
the structure. In this respect there seems 
to be a serious slip on the part of the 
author. 

Most of the methods outlined in the book 
are up to date and are employed in factories 
by practising engineers, particularly the 
shear analysis of multi-cells and the analysis 
of incomplete tension field beams. Chapters 
sixteen, seventeen and eighteen need special 
mention. In chapter sixteen, the author 
has dealt in detail with the methods for the 
determination of deflection in either truss 
type of structure or semi-monocoque struc­
ture by means of the method of virtual 
work and Castigliano's theorem. In chapter 
seventeen, statically indeterminate struc­
tures are treated; such topics as the stress 
analysis of fuselage rings, multi-cell wing 
structures, etc., are covered. In chapter 
eighteen, a group of special methods are 
presented, such as the moment of area 
method and conjugate beam method for the 
determination of the deflection of beams, 
truss deflection by elastic loads, beam 
column and moment distribution method for 
both continuous beams and continuous beam 
columns. 

The author feels that this volume serves 
as a text-book for undergraduate course. 
But in the opinion of the reviewer, it is a bit 
unwieldy for a student to cover all the topics 
in one year and certain portions are too 
advanced for study in undergraduate course. 
However, the author is to be congratulated 
for introducing some of the complicated 
topics into undergraduate level, and this 
book should prove a welcome addition to the 
teacher, the student and the practising 
engineer. 

V. CAUAMBE 

Electronics in Engineering, by W. Ryland 
Hill, McGraw-Hill Electrical & Electronic 
Engineering Series (McGraw-Hill Book 
Co. Inc., New York), 194-9, First Edition, 
pp. 27+. Price $ 3.50. 

ELECTRONICS IS llEING APPLIED WITH EVER­

increasing tempo in many branches of science. 
Electronic instruments are being employed 
with advantage for control, detection and 
measurement in the fields of physics and 
engineering. Electronic instrumentation is 
an essential necessity for research in many 
branches of physics, especially in nuclear 
physics and radioactivity. Research workers 
and students of physics and advanced engi­
neering, therefore, find a positive need for 
an understanding of the fundamental prin­
ciples of electronics and its applications so 
as to enable them to apply this knowledge 
for problems of control and measurement 
in their respective fields. 

Electronics has a vast literature, meant 
only for the advanced student and the 
specialist. The publications on electronics 
for the use of laymen and amateurs are 
prolific. Neither of these give a thorough 
and comprehensive view of the fundamental 
principles of electronics and its application 
for research workers and students who have 
to employ electronic instruments in their 
research. The book under review, entitled 
Electronics in Engineering, is designed as a 
text for this class of students in physics and 
advanced engineering. The work deals with 
the theory and analysis of fundamental 
electronics and explains practical applications 
to illustrate the uses of electronics in various 
fields of physics and engineering. The book, 
therefore, will be found useful to these 
students. 

This work is divided into sixteen short 
chapters to enable the student to select the 
subject that interests him in his specific 
problems. Of the sixteen chapters, the first 
discusses the atomic structure and method3 
by which the electrons are emitted out of 
metals. The second chapter explains the 
thermionic law and describes the different 
types of emitters and diodes and their res­
pective efficiency. In this chapter there is 
also a brief account of contact rectifier and 
the copper oxide and the selenium rectifiers. 
The third chapter gives a brief account of 
singll'-phase rec.tifier c.ircuits. The fourth 
chapter gives the theory and explains tile 
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operative principles of a triode, tetrode, a 
pentode and a beam power tube with their 
respective characteristics. 

The fifth chapter, after giving an account 
of various forms of electrical discharge in 
rarified gases and vapours, describes gas­
filled tubes, their operation, characteristics 
and efficiency. An account of the theory, 
design, construction and operation of dif­
ferent types of photo-sensitive devices is 
given in the sixth chapter. The seventh 
chapter describes briefly various forms of 
electronic control circuits which are very 
frequently used in industry and pure re­
search. The eighth chapter deals with dif­
ferent types of circuits used in poly-phase 
rectifiers. 

An elementary treatment of wide band and 
tuned amplifiers with a discussion of R.C. 
coupled, direct coupled and transform 
coupled units, both of the power amplifying 
and the push-pull type, their operation and 
frequency response is given in the ninth 
chapter. The tenth chapter gives the theory 
of feedback with a quantitative feedback 
expression and describes negative and posi­
tive feedback and their applications in R.c. 
coupled amplifiers and cathode followers. 
The eleventh chapter gives a short account 
of resonance and tuned amplifiers, the func­
tions of the resonant circuit in a tuned 
amplifier and tuned power amplifier. The 
twelfth chapter deals with an elementary 
theory, design, construction of different types 
of oscillators and their application in high 
frequency heating. In this chapter a brief 
account of frequency control and wide range 
oscillators are discussed. 

The thirteenth chapter explains the theory 
of amplitude of modulation and demodulation 
and the general operation of superheterodyne 
receivers. The fourteenth chapter deals 
with a cathode-ray oscilloscope, its design, 
construction, operation and application for 
observing repeating wave forms, plotting 
curves, comparing two frequencies for 
measureme;)t and calibration, recording 
single-sweep transients, timing by Z-axis 
modulation, and recording continuously a 
large number of cycles of a non-repeating 
wave. In chapter fifteenth an account is 
given of different types of transducers for 
translating signals from one form to another. 
I t gives the principle and the method of 
operation of persistence strain gauge and the 
differential transformers used for very small 
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mechanical measurements. The last chapter 
of this book describes the theory and prin­
ciple of operation of vacuum-tube voltmeter 
used for both a.c. and d.c. voltage measure­
ments. 

The author should be congratulated for 
bringing out this valuable work. I have no 
doubt that the work would be found useful 
by research workers and students. The 
book should be a valuable addition to 
scientific and technical libraries. 

SWAMI JNANANANDA 

Recent Advances in Radio Receivers, by 
L. A. Moxon, Modern Radio Technique 
Series, Edited by J. A. Ratcliffe (Cam­
bridge University Press), 1949, pp. ix + 
183. Price 18s. net. 

THE BOOK MAINLY DEALS WITH THE PROBLEM 
of inherent" noise" in a receiver, its origin 
and measurement and discusses the advances 
made in the methods for improving the 
signal-to-noise ratio. It is this inherent 
noise in a receiver which ultimately puts a 
limit on the smallness of signal which can be 
usefully received. Any improvement in 
this respect increases the efficiency and 
performance of a receiver. 

The contributions of the various stages of 
a receiver to the noise factor are fully dis­
cussed and methods of improving it are 
explained. The discussion of the circuit 
design has, no doubt, special reference to 
short-wave receivers such as radar and 
television receivers but the new ideas 
introduced can be usefully adopted for an 
improved noise factor in other broadcast 
receivers. 

What an average reader will most appre­
ciate is the exclusion of all intricate mathe­
matics from the discussion without imparing 
in the least the physical exposition of the 
subject. Formulae do appear, and some­
times their derivations too, but only when 
they are necessary to give precision to design 
considerations. 

The book, however, will be found most 
useful by those who have kept themselves 
abreast with the developments in radio 
technique till the outbreak of World War II 
and who now wish to know the advances 
that have been made in the technique during 
the war years. Coming as it does from an 
author who has himself made considerable 
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contributions to these advances, the book 
is of interest. 

A. S. BHATNAGAR 

The Economic Prospects of Chemical 
Industries in India, by A. K. Madan, 
Technological Director, Messrs Industrial 
Chemicals (India). Bombay (Thacker & 
Co. Ltd., Bombay), 1950, pp. 402. Price 
Rs. 20. 

THIS IS A BOOK WITH A PURPOSE; ITS PUBLI­
cation is opportune. It opens with a general 
survey of the industrial and other problems 
facing the country; it is followed by a chapter 
on mineral and other resources, three chapters 
dealing with reviews of various chemical 
industries and six on chemicals required in a 
number of industries. In the concluding 
part, brief accounts are given on the materials 
of construction in the chemical industry, 
labour welfare in chemical industries 
and industrial training. Four indices are 
included. 

The author has endeavoured to provide 
adequate information on the availability of 
raw materials for different industries; as was 
reviewed the development of various chemical 
industries in the country with particular 
reference to their potentialities. The book 
~ill prove particularly useful to those engaged 
In trade and business and it provides detailed 
information on the types of chemicals manu­
factured in India, chemicals which are im­
ported and chemicals required in twenty-two 
industries. Data on production and trade 
given in Appendix B are specially useful. 

The first part of chapter III dealing with 
resources is well written. The later portion, 
however, lacks precision and fails to bring 
out the bearing of the subject discussed on 
~hemical industries. The information given 
In chapter V, " Fertilizers Including Ammo­
nium Salts", is not always to the point. 
An important omission in the publication is 
the absence of a bibliography of references. 
We hope the author would remedy this defect 

in the next edition. The printing and get-up 
of the book are good. 

The book represents a laudable effort and 
can be recommended not only to the average 
business man as a reference volume on 
Indian chemical industries, but also to the 
student of chemistry who is interested in a 
general survey of the chemical industry in 
India. 

SEN GUPTA 

Frequency Modulated Radar, by David 
G. C. Luck (McGraw-Hill Book Co. Inc., 
New York), 1949, pp. xviii + 466. Price 
$4.00. 

FREqUENCY MODULATED RADAR, AS DISTIN­
guished from puise radar, is comparatively a 
new technique and any book dealing with 
the principles and possibilities of f-m radar 
is always welcome. 

The principle of the f-m radar is well 
known. With this, the range is measured 
from the change in the frequency during the 
time interval between the instant of trans­
mission and the receipt of the signal reflected 
from the target. But if the target is moving, 
there will be a shift due to Doppler effect 
and this will give the speed of the moving 
object also. The various aspects of this 
problem have been dealt in the book with 
the help of simple mathematics. 

The book describes first the general princi­
ples of range determination, including some 
aspects of motion of aircrafts and missiles. 
Some types of f-m radar system developed 
and used in World War II have been des­
cribed, e.g. radar altimeter ANfAPN-l, 
low altitude automatic bombing equipment 
ANfAPG-4 and ANfAPG-6 (XN). 

The author has taken pains to explain 
most of the problems from first principles 
and the materials have been presented in a 
manner which will be very helpful even 
to readers entirely unfamiliar with the 
specialized subject of f-m radar. 

S.P.V. 
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NOTES & NEWS 
Scientific Research in Industry 

IN A LEADING ARTICLE APPEARING 

in a recent issue of Nature ( 1950, 
166, 41) the place of scientific 
research in industry has been 
discussed . The article refers to a 
debate held in the British Parlia­
ment on the question of the 
fullest possible development and 
utilization of resources with a 
view to ensuring effective progress 
in industry and various other 
fields; the later part of the article 
is devoted to a critical apprecia­
tion of the problems discussed 
during the debate in the light of a 
recent publication, Co-operative 
11IdustriaIResearch,* by Prof. R. S. 
Edwards. 

Many aspects of the ques tion 
were discussed during the debate, 
including technical and higher 
t echnological education, the ba­
lance, distribution and remunera­
tion of scientific and technical 
man-power and the general struc­
ture of research organization in 
Britain. How far the results of 
research are being effectively used 
in industry and whether the work 
of the research associations and 
that of the Department of Scienti­
fic Research was fully made use of 
by industry; whether the research 
associations are fitted for the 
creative and inventive work on 
which the industrial progress 
finally depended; and whether 
there is sufficient collaboration 
and co-ordination of the research 
units under various Departments 
of State, were some of the impor­
tan t issues discussed . 

The debate brought forth . a 
number of facts and suggestions. 
It was felt that for the small or 
even medium sized firms to set 
up independent laboratories might 
be a waste of scientific man-power. 
To bring scientific information to 
the smaller progressi ve firms , it 
was suggested that institutions 
such as Chambers o f Commerce 
should give training fellowships 
in industry on condi tion that they 
employ a s:ientific man of the 
highest standard, who would be 
encouraged to maintain his aca-

• C(I · o/>t'TlIti t·/~ 11IIlu .~/ri(l1 Nt'Sfl"d" ·11)' 
Prof. 1< . S. Edwards ( Sir Issac Pitllla ll "'= 
Sons Ltd., London) . 
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demic contacts as well as gain 
the widest l<Ilowledge of the 
industry and its problems. 

The organization of co-opera­
tive research and fundamental 
aspects to appraise fully the place 
of research associations in the 
industrial economy of United 
Kingdom and their future arc the 
issues discussed in the book by 
Prof. R S. Edwards. Prof. Ed­
wards has attempted to ascertain 
by means of a fairly wide canvas 
o f industrial opinion, what indus­
try thinks of research associations. 
The book provides a useful insight 
into industrial opinion on the 
possibilities and limitations of co­
operative research. Compulsory 
levy for financing research associa­
tions is ad vocated as a measure 
for the future development of co­
operati ve research . Overlapping 
of research association's pro­
gramme is regarded of slight 
importance; a note of caution 
is sounded against attempts to 
eliminate overlapping of research 
programmes by excessively large 
organizations and ponderous 
schemes for co-ordination. 

The value of research associa­
tions pursuing fundamental re­
search in solving problems econo­
mically in the long run and also as 
a measure of sustaining the quality 
of the staff and the scientific 
standing of the association was 
stressed. 

It is pointed out that research 
into the constitution and beha­
viour of materials, on which 
research associations are at present 
concentrating, is particularly suit­
ed to co-operative research effort. 
Work on the scientific and t echni­
cal aspects of specification and on 
the devising of standards is con­
sidered a valuable function of 
research associations. "Market 
R esearch " , in general, is an in­
appropriate study for research 
associations . It is felt that 
research associations should co­
operate in those operational re­
search studies which are most 
closely associated with the scien­
tific and technical aspects o f 
industries in which they are 
int('rc'stf'd and filII wf'i l-:ht shoilld 
he g i Vt'll til tht' ill fu nnation, 
ad visory and testing ser vices of 

the associations in any scheme of 
expansion. 

The location of a research 
association or institution is consi­
dered an important factor in its 
success or failure. It is indicated 
that proximity to the illdustry 
served may be far more vital than 
proximity to allotl. er research 
associatio ll wit', wI. i, h facilitie s or 
servi ~es may be shared. 

One argument put forward 
against the conduct of sponsored 
research by research associations 
rests on the embarrassment arising 
out of secrecy of a particular 
project. 

The effective use of man-power 
and of material resources must 
depend on the right choice of 
subjects. This is pointed out as 
one o f the essential questions to 
which an answer must be found if 
an opinion is to be formed OIi the 
value of research associations. 

The most important factor in 
the future development of research 
associations will be the quality of 
the staff they succeed in attract­
inl(, and the associations must be 
able to create conditions and 
opportunities which will attract 
competent men. While it is 
made clear that given capable 
direction and competent staff the 
co-operative research association 
is a valuable form of industrial 
institution, it is pointed out that 
it does not follow that the research 
association movement should be 
developed at the neglect of other 
forms of research organization. 

Electronic Telescope 

THE ELECTRONIC TELESCOPE DES­

cribed in a recent issue of Discovery 
( 1950, 11, 172) is reported to be 
either actually in operation in 
France or in a very advanced 
state of development. 

The idea of the electronic teles­
cope represents an interesting 
conjunction of a number of lines 
of research . The use of infra-red 
radiation to form an invisible 
image on a screen, electrons from 
which arc accelerated in vacuo 
to form a similar but more intense 
image in visible light on a second 
fluorescent screen, is the basic 
principle underlying the design of 
the instrument. It has many 
features similar to the electron 
microscope and embodies modern 
vacuum and high-tension tech­
niques. 

Th(' convl' ntional photographic 
plat l' ill a kl('s"op" is replacl'" hy 
a vactlUIJl tuhe, carrying on its 



inner face a thin layer of caesium. 
The luminous parts of the image 
cause the ejection of electrons 
from this caesium layer into the 
vacuum tube. In effect a lumi­
nous picture of a part of the sky is 
formed which emits no light but 
electrons. The electrons can be 
rendered more energetic by put­
ting two electrodes into the tube 
and applying an electrostatic 
potential of about 50,000 V. be­
tween them. This device is similar 
to the one developed for an 
electron microscope and all the 
electrons emitted from a point of 
the original picture are recei ved 
on a photographic plate and 
produce a blackening of the plate. 

One of the greatest advantages 
claimed, as far as light intensity 
goes, is that a 20' telescope can be 
made to perform as well as a 
200' telescope. 

The operation of such an instru­
ment poses some intricate prob­
lems; for instance the vacuum 
system will require very powerful 
pumps and, in addition, the pre­
sence of very high voltages will 
make the working conditions far 
from simple. 

Electronic Polarometer 

AN ELECTRONIC POLAROMETER 

designed for greater accuracy and 
higher speed than was obtainable 
with existing commercial paloro­
graphs was described at the 
Physical Methods Group meeting 
of the British Society of Public 
Analysts held recently (Chem. 
Age, 1950, 62, 780 ). 

The instrument measures the 
maximum polarographic current 
rather than the usual" average .. 
current. The measurement which 
is made without affecting the emf. 
applied to the cell involves adjust­
ment of a potentiometer until an 
electronic null point indicator is 
balanced; the current is then read 
off from the potentiometer to an 
accuracy of 1 in 1,000. For rapid 
operation, the principle of tangent 
slope compensation is used which 
enables diffusion currents to be 
obtained directly without the 
need for the complete plotting of 
the polarographic wave or graphi­
cal construction. Several further 
improvements on this instrument 
have been made in a commercial 
model built by Mullard Electronic 
Research Laboratories. A very 
stable electronic battery circuit 
and a method of current measure­
ment specially suited for a small 
polarographic wave preceded by 
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a large one have been introduced. 
For usc in conjullction with the 
polaromcter, a dropping mercury 
electrode has been designed, which 
incorporates a thermostat, capable 
of taking ten cells at a time, and 
is controlled to within 0·05°C. 

Manufacture of Solvents 

METHODS OF SOLVENT MANUFAC­

ture based upon direct synthesis 
from lower saturated and un­
saturated hydrocarbons, developed 
commercially within the last 15 
or 20 years, are reviewed in the 
M odern Methods oj Organic Solvent 
Manufacture by ]. L. Edgar, 
Royal Institute of Chemistry 
(Lectures and Monographs and 
Reports, 1950, No.2). 

Petroleum Solvents - A major 
development is in the methods of 
precise fractionation combined 
with azeotropic and extractive 
distillation. The waste gases from 
petroleum cracking plants form 
the basis of a major synthetic 
chemical industry. The gas stream 
can be separated into ethane­
ethylene, propane-propylene and 
butane-butylene cuts by the 
hypersorption process in which 
the lighter gases are adsorbed 
selectively on activated charcoal 
and arc then stripped from the 
absorbent; this process is, for 
example, capable of giving reco­
very of 98 per cent ethylene 
with a purity of 92 per cent from 
a stream containing hydrogen, 
methane, ethane, ethylene, pro­
pane and propylene. 

A process has recen tl y been 
brought into operation in England 
whereby not only aliphatic sol­
vents but also a wide range of 
aromatic compounds are obtain­
able. This is the .. Catarole .. 
process being operated by Petro­
chemicals Ltd. The feedstock is 
a light petroleum fraction which is 
cracked in the vapour phase at 
600°-700°C. and at low pressure. 
A copper catalyst is employed. 
The yield of gaseo us products 
varies from 45 to 63 per cent. 
These are separated by fractional 
distillation into fuel gas, methane, 
ethylene, a C3 fraction and a C. 
fraction. The hydrocarbons are 
later used for the manufacture o f 
a range of solvents and derivatives. 
The liquid product is first stabi­
lized and then distilled in 3 stages 
for the separation of the aromatic 
constituents. 

The direct hydration method of 
ethylene was first operated on a 
commercial scale by the Shell 

Chemical Corporation, America. 
The method offers advantages 
hecause it eliminates the costly 
use of sulphuric acid. ' A solid 
catalyst is employed and corrosion 
problems are, therefore, greatly 
reduced. 

A new plant to be installed by 
the Shell Chemical Manufacturing 
Co. at Stanlow is to mailllfacture 
a wide range of solvents employ­
ing gas oil as the feedstock, the 
cracking conditions being such 
that the quantity of cracked 
residue produced together with 
those gaseous fractions not requir­
ed for chemical manufacture is 
sufficient to supply the fuel 
requirements of the entire chemi­
cal and auxiliary plants. The 
.cracking is carried out in the 
vapour phase at high temperature 
and low pressure and the products 
from the cracking furnaces are 
separated into two fractions, a 
light fraction with an end point of 
190°C., and a heavy fraction which 
is used as fuel oil. The light 
fraction is then separated by a 
process which is a combination of 
absorption and fractional distilla­
tion methods into fuel gas which 
contains all the hydrogen, me­
thane, ethane and ethylene, a 
high purity C3 cut which contains 
about 92 per cent propylene, a 
high purity C. cut, a C. cut which 
is recycled to the cracking fur­
naces and a highly aromatic 
distillate which contains high per­
centages of benzene and toluene. 
After suitable treatment the dis­
tillate will either be incorporated 
in motor fuel or it may be utilized 
as an aromatic solvent. 

Besides the above processes, the 
manufacture of new solvents has 
been made possible in U.S.A. by 
the manufacture of allyl chloride 
by the direct chlorination of pro­
pylene. This process has now 
been used as the initial step in the 
manufacture of synthetic glycerol. 
The process employs high purity 
propylene which is chlorinated 
without the aid of a catalyst at 
500°C. and at pressures only a 
little above atmospheric pressure 
resulting in the production of 
allyl chloride. The reaction is 
highly exothermic and is allowed 
to take place in adiabatic reactors 
with very short residence times. 
The allyl chloride is separated 
from the other reaction products, 
from hydrogen chloride and from 
residual propylene by distillation 
and is obtained in a high state 
of purity. Allyl chloride may then 
be hydrolysed to give allyl alcohol 
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to give glycerol and other useful 
solvents and chemicals, e.g. epi­
chlohydrin. From di-allyl ether, 
which is produced as a byproduct 
in the manufacture of allyl alcohol, 
acrolein may be produced which, 
although itself not a solvent, is a 
most important intermediate in 
the manufacture of numerous 
other synthetic chemicals and 
solvents. 

Levullnic Acid 

THE PREPARATION OF LEVULINIC 

acid from sucrose and the use of 
sodium levulinate as an anti­
freeze are described (Research, 
1950, 3,140 ). 

The essentia l steps in the forma­
tion of levulinic acid from aldoses 
and ketoses are: a ldose or ketosc-+ 
1,2 ene-diol-+ 5-hydroxy methyl 
furfural-+ levulinic acid + formic 
acid. Levulinic acid is produced in 
much the same yield from glucose, 
fructose, sucrose or starch . When 
250 gm. of sucrose was heated 
with 600 C.c. HCI of various con­
centrations, levulinic acid yields 
obtained are from 34 to 42 per cent 
of the theoretical. Levulinic acid 
was obtained in high yields using 
hydrobromic acid as a catalyst 
and using 3 per cent concentration 
of sucrose with 8 per cent hydro­
bromic acid when the yield is 79 
per cent. Yields almost as high 
were obtained when sucrose was 
heated with hydrochloric acid 
containing 1 per cent sodium 
bromide. The following proce­
dure for the preparation and isola­
tion of levulinic acid is used: 
Starch is preheated with dilute 
HCI (1 '5t02' 5 percent) at 100°C. 
and the mixture is then heated in 
a pressure digester at 190°-200°C. 
(with mechanical agitation ). The 
temperature is raised at the rate 
of 1 ° to 4°C. per min. for 50 to 60 
min. The degradation of sugar 
maintains the desired temperature 
for a further half an hour. The 
mixture is then filtered free from 
a granular humid material partly 
neutralized to pH 1'9 and eva­
porated to small bulk. N aCI which 
separates is centri fuged off and the 
mother liquor is subjected to 
steam distillation under vacuum 
when a relatively pure form of 
levulinic acid of light colour 
together with a residual tar is 
obtained. This tar has now been 
found to yield a further amount of 
levulinic acid by subjecting it to 
steam distillation . 

Cane juice has been found to be 
as efficient as pure sucrose in the 
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preparation of levulinic acid. The 
juice is evaporated to a syrup and 
heated in sealed tubes with acid 
reagents . The acid formed in the 
reaction is isolated by the same 
solvent reaction process as that 
for pure sucrose. 

A two-stage process has been 
developed for the preparation of 
5-hydroxy methyl furfura l and 
levulinic acid from sucrose. The 
sucrose is heated with oxalic acid, 
phosphoric acid, maleic acid , even 
very dilute hydrochloric acid, in 
an autoclave at 150° to 160°C. for 
3 hr. The reagents degrade only 
the fructose half of the sucrose 
molecule to 5-hydroxymethyl fur­
fural. After the weak acid treat­
ment humid material is filtered off 
and hydroxymethyl furfural is 
removed from the solution by 
continuous extraction with ethyl­
acetate. The aqueous residue is 
evaporated to remove dissolved 
solvent, the appropriate amounts 
of hydrochloric acid and sodium 
bromide added and the mixture 
heated as before to con vert the 
residual glucose into levulinic acid. 

The sodium salt of the acid has 
been found to be an efficient anti­
freeze, within the limits set by an 
eutectic point in the region of 40 
per cent w/v. Being solid, it is 
more convenient to transport than 
glycol. The behaviour of the 
aqueous solutions at t emperatures 
up to boiling is satisfactory in 
respect to freedom from frothing 
and stability of pH and freezing 
point. Laboratory corrosion t ests, 
using metals or combinations of 
metals likely to be present in car 
systems, have given satisfactory 
results except for some thinning of 
solder at soldered joints. Addition 
of 1 per cent wlv of sodium chro­
mate or phosphate reduces the 
attack. 

Chromatographic-spectro­
photometric Determination 

of Vitamin A 

A METHOD FOR THE DETERMINA · 

tion of vitamin A in petrol-ether 
extracts obtained from different 
materials employing both chroma­
tographic and spectrophotometric 
t echniques is described (A cta 
Chemica Sca1ld., 1950,4,618) . 

Before the new international 
regulations for the determination 
of vitamin A had been accepted in 
1949, it was possible to determine 
the content of vitamin A in fish 
liver oil without purification of the 
solution obtained after saponifica­
tion and ether ex traction of the 

liver oil, prior to the measurement 
of the absorption spectrum. The 
conversion factor 1600 compen­
sated to some extent for the im­
purities present in the solution. 
In the new international regula­
tions prescribing the conversion 
factor 1900, it is required to sepa­
rate vitamin A from the interfer­
ing impurities for its estimation. 

The vitamin extract is prepared 
by saponification and subsequent 
extraction with ether. The ether 
extract is completely freed from 
all fatty acids by washing once 
with water , twice with alcoholic 
KOH and finally twice with water. 
Tbe ether solution is evapora­
ted to dryness and the residue dis­
solved in petroleum ether. 

To prepare the column for 
chromatography some scoured 
wool is placed at the transition 
from the broader to the narrower 
part of the a:.l,;orption tube. The 
adsorbent ( dicalcium phosphate) 
is introduced in small proportions 
suspended in petroleum ether. 
Each time the powder is allowed 
to settle and then pressed together 
by suction. The tube is filled 
with the adsorbent to 1 to 1 i cm. 
from the top and then the column 
is ready for chromatography. 

A suitable quantity of the 
vitamin extract corresponding to 
150 to 600 gm. vitamin A is sucked 
through the column and washed 
with 25 to 50 c.c. pure petroleum 
ether ( b.p . 70°C.). The column 
is inspected in ultra-violet light 
where the vitamin A should be vis­
ible as a yellowish-green fluores­
cent zone in the column. If such 
a zone is not visible, the solution 
contained too little or no vitamin 
A or the ad sorber is too poor. In 
the latter casca stronger adsorbent 
had to be applied. When the 
vitamin is adsorbed satisfactorily 
to the dicalcium phosphate, the 
chromatogram is developed by 
continued washing with a petro­
leum ether-ethyl ether mixture 
( 50 : 1 ) until the yellowish-green 
fluorescent vitamin A zone appears 
at the very bottom of the column. 
A clean silicon tlask is inserted and 
a mixture of petroleum ether­
ethyl ether ( 50 : I ) is added until 
all vitamin A is eluated. The 
fraction is transferred to a volu­
metric flask of suitable size which 
is filled up with petroleum ether so 
that the solution contains 2 to 4 
Ilgm. of vitamin A per c.c. This 
solution can be used directly for 
the determination of the adsorp­
tion curve in a I'lcckmann spectro­
photometer. 



If the vitamin A from the 
solution available for chromato­
graphy cannot be absorbed on 
dicalcium phosphate, aluminium 
oxide should be used. If alu­
minium oxide proves too strong, 
dicalcium phosphate, which has 
been heat treated more efficiently 
than normal, may be used. 

Values for the adsorption at 
310, 325 and 350 ml-' with and 
without chromatographic separa­
tion of extracts from whale liver 
oils, cod liver oils, liver paste , 
butter, milk , v itaminized oats and 
fodder mixtures showed that the 
absorption curves after chroma­
tography fall very closely to 
the adsorption curve of vita­
min A, a criterion in favour of 
the speci fi city of the chromato­
graphic-spec trophotometric me­
thod. 

In experiments with pure vita­
min A, losses during chromato­
graphy were found to be t to 2 
per cent. 

Polaro~raphlc Determination 
of Titanium 

A SIMPLE AND RAPID POLAROGRA­

phic method for the determination 
of titanium in paint pigments has 
been described (Canad. j. Res. , 
1950, 28,128 ). 

An E. H . Sargent &- Co. Model 
XX pola rograph was used with an 
ordinary electrolytic cell with a n 
interna l anode, maintaining a 
temperature o f 25° ± 0·2°C. All 
the wave heights were measured 
by the slope-intercept method . 
The reagen ts used were : concen­
trated sulphuric acid (sp. gr. 1'84): 
potassium bisulphate (A .R.), acid 
tartaric (A.R.), 25 per cent solu­
tion ; tita nium dio'-:ide (A.R.). 7 
gm. of potassium bisulphate crys­
tals were mixed thoroughly with 
0 '3 gm. o f the dry pigment a nd 
20 C.c. of sulphuric acid added, the 
mixture covered, heated to fume 
off sulphur trioxide for20min. and 
swirling occasionally. It was cool­
ed and tra nsferred to a 100 c.c. 
volumetric fl ask, keeping sample 
and washings to less than 50 c.c. 
50 C.c. of tartaric acid solution was 
added, made up to the mark and 
mixed. A portion was transferred 
t o a polarographic cell, deaerated 
and polarographed. The overall 
time required for a single deter­
mination of titanium by this 
method is 1 hr. When several 
samples are run a t the same time, 
each additiona l sample requires 
about 8 min . Besides filtration, the 
ma intenance o f J one 's reductors 
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required in the usual method is 
avoided. 

To test the precision o f the 
polarographic method, 5 samples 
from Canadian Titanium Pigments 
Co. conta ining about 29'9 per cent 
Ti'O, were analysed polarogra­
phically. The maximum devia­
tion from the mean was 2'0 per 
cent and the average deviation 
1'1 per cent . The preparation of 
the samples contributed to the 
largest amount of error. The 
values, on the whole, are in very 
good agreement with those deter­
mined by conventional volumetric 
and gravimetric methods. 

Rapid Immersion Sllverin~ 

A NEW METHOD OF SILVERING 

developed at the Printing, Packag­
ing and Allied Trade and Research 
Association is described (Chern. 
Age, 1950, 63,14) . 

Most methods of silvering by 
the chemical reduction of an 
aqueous si lver solution suffer from 
the defect that only a small por­
tion o f the reduced silver is depo­
sited as a mirror. The remainder 
is deposited either on the walls of 
the conta ining vessel or is preci­
pitated in thesolu tion. A part from 
the wastage of silver involved, 
this s ludge is objectionable since 
it may spoil the mirror during its 
formation. Increased efficiency 
in the methods employed ( i. e. the 
proportion of precipitated silver 
deposited as a mirror) depends on 
the reduction of the rate of re­
action by the addition of various 
inhibitors. 

Addition of 10 to 15 per cent 
pyridine to a 1 per cent ammonia­
cal solution o f silver did not 
facilitate deposition of silver on 
the addition o f hydrazine sulphate. 
It was found that on a surface 
which has been previously treated 
with stannous chloride and washed 
with water, a heavy silver mirror 
was rapidly deposited. Despite 
the high ra te of deposition main­
tained on the surface sensitized 
hy the above treatment, very little 
sil ver precipitation occurred in 
the bulk of the solution or on the 
walls of the containing vessel and 
the solution remained perfectly 
clear and still usable 24 hr. after 
preparation, during which time a 
number o f silverings can be made. 

\Vhen the process was recom­
mended as a practical means of 
heavily s ilvering plastics in the 
manufacture of special elec trical 
components, it was found that the 
results obtained were markedly 

dependent on the source and 
quality of the pyridine used, and 
that no differential inhibition of 
si lver reduction occurred when a 
sample of purity greater than 
99'9 mol. per cent, as established 
by the freezing point, was used . 
Investigations carried out at the 
Chemical Research Laboratory , 
D.S.I.R., London, showed that 
the satisfactory results were due 
to a small amount of a surface­
active agent contained in pyridine. 
When a sufficient amount of a sur­
face-acti ve agent was added to 
pure pyridine, differential inhibi­
ti on of s ilver reduction was obtain­
ed. It was also established that 
the variable behaviour of different 
pyridine samples was attributable 
to the varying proportion of 
surface-active agent present . The 
desired results could be repro­
duced by adding a suitable pro­
portion of Fixanoi C (cetyl pyri­
dinium bromide) to "inactive" 
pyridine, so that the process 
becomes complet ely controllable. 

Good differential inhibitions 
have been obtained by adding 
ammonia and cyc10hexylamine 
instead of pyridine in suitable 
concentration together with cetyl 
pyridinium bromide, using solu­
tions of the order of 0'001 per 
cent . The following is a recipe; 
The surface to be silvered is pre­
treated by being wetted with a 
solution of 10 gm. SnCl, in 20 C.c. 
HCl (A.R.) and 80 c.c. water . The 
surface is then rinsed with a 5 per 
cent silver nitrate solution, well 
washed with distilled water and 
kept under water until required. 
Two silvering solutions are pre­
pared. Solution 1 consists of 
10 C.c. of Fixanoi C solution (0'005 
per cent) , 16 C.c. of 1'25 per cent 
hydraz ine sulphate solution. Solu­
tion 2 comprises 70 C.c. of 1 per 
cent solu t ion of ammoniacal silver 
nitrate prepared by adding 0'8 
per cent ammonia to 1 per cent 
silver nitrate solution until the 
precipita t e just redissolves. These 
two solutions are mixed just before 
use. The amount o f Fixanoi C 
solution is adjusted to give satis­
factory results. No exact qua n­
tity can be recommended. The 
process has proved useful as a t ool 
to investigate the catalytic effect 
of silver , pla tinum and various 
other metals on the chemical 
reduction of metals from their 
aqueous solution . The method 
should be of considerable use 
wherever the rapid and efficient 
deposition o f a heavy silver film 
is required . The process has 
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already proved useful in the 
Telecommunications Research 
Laboratory to obtain a thick film 
of silver on to the inside of tubes. 
This operation is employed with a 
degree of precision in applications 
where the spray method is not 
practicable. It is considered that 
the process should prove usefu I 
for instrument manufacture and 
for laboratory requirements. 

Recovery of 
Spent Lubricating Oils 

A METHOD FOR THE RECOVERY OF 
used lubricating oil by a process 
of chemical washing employing a 
simple washing tank having an 
arrangement for mechanical agita­
tion and steam heating is as 
follows : The tank is half filled 
with oil to be refined and while 
stirring, a vegetable oil ( coconut 
or groundnut), amounting to 2 
per cent by volume of the lubri­
cating oil, is slowly added and the 
mixture heated to about 180°F. 
by letting in steam. Sufficient 
caustic soda lye ( 15°Be. ) is then 
added to saponify the vegetable 
oil and to leave a little in excess. 
Stirring is continued for 6 hr. at 
180°F. after which as much fresh 
water as can be conveniently 
handled is added and stirring con­
tinued for a further period of 4 hr., 
maintaining the temperature at 
180°F . Steam is then turned off 
and stirring stopped. The sludge 
is allowed to settle at the bottom 
and when the whole mass has 
cooled, it is drained off from the 
bottom. Sufficient amount of 
fresh water is again added, steam 
let in to raise the temperature to 
180°F . and the process repeated 
as before. UsuaIly two washings 
are sufficient to free the oil from 
alkali. The washed oil should be 
examined and filtered and tested 
for its specific gravity, viscosity 
and other physical properties 
before use. 

The oil refined by this method 
has been found to be similar to 
original oil in its behaviour when 
used for lubricating purposes. 

C. P. CHACKO 

Phosphate Fixation 

RESEARCH WITH RADIO-ISOTOPE 

phosphorus has shown that only 
about 10 per cent of applied 
phosphate is utilized by a crop 
and that iron and aluminium pre­
cipitate the soluble phosphate out 
and interfere with its assimilation. 
Fixation is more rapid in acid 
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soils; at a PH of 6 '0 considerable 
amounts 0 1 availahle phosphates 
arc precipitated out by iron and 
aluminium. 

Recent research has shown that 
phosphate fixation is greatly 
reduced by some of the organic 
acids produced when organic 
matter decomposes in the soil. 
Iron and aluminium form stable 
compounds with the organic acids 
and the phosphate remains free. 
The most effective of the acids are 
citric, oxalic, tartaric, malic and 
malonic - all those which are 
produced in largest amounts when 
bacteria decompose organic matter 
in the soil. The effect of liming 
in reducing phosphate fixation is 
now considered a microbiological 
and not merely a chemical effect. 
By reducing the soil's acidity, 
bacterial action is stimulated and 
the production of the organic 
acids which repress fixation in­
creased. The threefold presence 
of organic matter, fertilizers and 
the lime is, therefore, essential to 
active, lasting soil fertility ( Farm­
ing, June 1950) . 

Aluminium Sterling Silver 

STERLING SILVER ALLOYS CONTAIN­
ing aluminium have been investi­
gated for their fire-stain and 
working properties (Bull. Design &­
Res. Centre, 1950, No.8). 

When sterling silver containing 
about 1 per cent of aluminium is 
heated in air, a thin film of alu­
minium oxide is formed on the 
surface. This prevents oxygen 
penetrating the metal and oxidiz­
ing the copper and the fire-stain 
is restricted to a very thin layer 
on the surface which is readily 
removed in the final buffing and 
polishing. AIIoys with an alu­
minium content ranging from 0 '8 
per cent to 2 per cent have been 
investigated. Below 0'9 per cent 
the aluminium oxide film is not 
sufficient to prevent staining. 
Over 1'5 per cent, the working 
properties and colour of the silver 
are affected. An alloy containing 
92 '5 per cent silver, 6'5 per cent 
copper and 1 per cent aluminium 
required frequent anneaIings to 
achieve softness and ease of work­
ing. When heated to high tem­
peratures (over 690°C.) , this 
alloy did not show grains or the 
.. orange peel" defect as in the 
case of the standard alloy. The 
soldering of the aluminium sterling 
is more difficult especially with 
harder solders. By scraping off 
the aluminium oxide from the 

surface. however, the alloy can 
be soldered with enamelling 
solders and subsequently ena­
melled in a furnace at 850°C. 

The silver aluminium alloy has 
a density 0'2 per cent less than 
that of the sterling silver. 

Mould Cleaning 

A NEW TECHNIQUE OF CLEANING 
moulds in rubber industry is 
described (Rubber Age &- SYllthe­
tics , April 1950 ). 

The moulds are immersed in hot 
fused salts at a specified tempera­
ture for about 30 min., depending 
on the size of the mould. After 
withdrawal of the moulds from 
the salt, they are washed 
thoroughly in water and then 
carefully dried. The application 
of a special brightening solution 
gives a lustrous finish. The pro­
cess is equally effective on light 
alloy type moulds also. In the 
case of composite moulds, wash­
ing and drying has to be more 
thorough to avoid risk of corrosion 
due to sweating at the intricacies 
between the dissimilar metals . 
Washing in hoiling water followed 
by a rinse in a solution of sodium 
bichromate ( 3 to 4 oz. per gal. at 
200°F.) is recommended. The 
equipment required is a gas or 
electricity heated bath of a .cubic 
capacity twice or thrice that of 
the largest mould to be treated . 
The process is time-saving, effi­
cient and easy to operate. The 
salt used is quite inexpensive, of 
low viscosity at the operating 
temperature, highly soluble in 
water, non-poisonous and docs 
not emit objectionable fumes. 
The .. drag-out" loss of salt is 
very low and can be reduced to 
negligible proportions by allowing 
the moulds to drain after lifting 
from the bath. 

Details of the process are 
obtainable from the Electric Resis­
tance Furnace Co . Ltd., Weybridge, 
Surrey. 

New Staple Fibre 

A COPOLYMER OF ACRYLONITRILE 
and vinyl chloride, previously 
known as Vinyon N, has now been 
produced as a staple yarn under 
the new name" Dynel ., by Carbide 
&- Carbon Chemicals Corporation, 
New York. 

The fibre has the following 
characteristics: high resilience, 
warmth, resistance to moth attack, 
dimensional stahility, rapid dry­
ing, resistance to acids, alkalies 



and mildews and suitability for 
dyeing with acids or acetate dye­
stuffs. The fibre is particularly 
adapted to the manufacture of 
blankets, curtains, carpets, sweat­
ers, shoe fabrics, snow and ski 
units, rain wear, tarpaulins, insu­
lation fabrics, dye and laundry 
nets, etc. The moisture regain of 
Dynel is less than 0·5 per cent 
under standard conditions. 

Freeze-dryin~ Apparatus 

A NEW TYPE OF FREEZE-DRYING 

apparatus using infra-red rays as 
a head surface for the liquid in the 
ordinary freeze-drying method has 
been developed in the U.S.A. 
(Chem. Age, 1950,62,780). 

The infra-red wave band absorb­
ed by water lies mainly between 
20,oooA and 80,oooA units. This 
energy, emitted by a series of 
electrically charged fine wires, is 
absorbed directly by the water 
and evaporated. The process 
needs a tenth of the time required 
by the older methods and the 
material need not be kept at so 
Iowa temperature. A much lower 
vacuum suffices for obtaining 
satisfactory results. 

Census or Industries 

THE SECOND STATUTORY CENSUS 

of manufacturing industries pub­
lished by thl' Directorate of 
Industrial Statistics, Ministry of 
Industry and Supply, Government 
of India ( Second Census of Manu­
factures in India, 1947, The 
Manager of Publications, Delhi 
1950. Vols. I and II, pp. 762, 
price Rs. 21/14) covers manu­
facturing establishments register­
ed under Section 2(j) of the 
Indian Factories Act, 1934. 29 
industries out of the 63 groups 
recognized in the census are 
covered in the report ( TABLE I ). 

The first census of manufactur­
ing industries in India conducted 
under the Industrial Statistics Act 
of 1942 related to the year 1946 
and was published in the year 
1949. In the report of the second 
census the position during the 
year 1946 has also been shown in 
the various charts for purposes of 
comparison. 

Like the first report, the report 
of the second census also gives 
statistics relating to capital and 
labour employed, quantity and 
value of fuel and raw materials 
consumed, the quantity and value 
of products and byproducts and 
the value added by manufacture 
in each province for each industry. 
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Information relating to each 
industry is prefaced by a short 
summary and amplified with dia­
grams and charts. The data 
given shows an all-round progress 
in industrial development. The 
number of factories existing in the 
area covered by the census was 
5,643 in 1947 against 5,013 in 
1946, the percentage distribution 
being Madras, 25 per cent, West 
Bengal, 23 per cent and Bombay, 
16 per cent. Rice milling had the 
largest number of factories follow­
ed by general engineering and 
vegetable oils, forming 26 per cent, 
21 per cen t and 16 per cen t res­
pectively of the factories in exis­
tence. The total productive capi­
tal in the 29 industries ( TABLE I ) 
was Rs. 404 crores in 1947 against 
Rs. 367 crores in 1946. Cotton 
textiles (Rs. 132 crores); jute 
( Hs. 52 crores), sugar (Rs. 45 
crores), iron and steel (Rs. 33 
crores ), vegetable oils (Rs. 31 
crores) and general engineering 
(Rs. 27 crores) account for 79 
per cent of the productive capital 
in the 29 industries. The 29 
industries used 68 lakh tons of 
coal ( valued at Rs . 29 crores) in 
1947 as against 60 lakhs ( valued 

at Hs. 23 c rmes) in 1946. The 
iron and steel industry consumed 
31 lakh tons , cotton textiles 14 
lakh tons, jute 6 lakh tons, 
cement 5 lakh tons and paper 3 
lakh tons. The quantity of pur­
chased electric power consumed 
was 13·2 million kWh. against 
12·3 million kWh. in 1946. 

The value added by manufac­
ture (which is a measure of the 
increase in the total value of 
commodities added on by the 
manufacturing process and is 
calculated ·by subtracting the cost 
of materials, supplies, containers, 
fuel, purchased electric energy, 
contract work and the deprecia­
tion of fixed assets from the total 
value of products and work done 
by the industry for customers) 
was "Rs. 242 crores in 1947 against 
Rs. 211 crores in 1946. Bombay 
contributed 36 per cent, West 
Bengal 25 per cent, V.P. 11 per 
cent, Madras 10 per cent, Bihar 
10 per cent and other provinces 
and states 8 per cent. Thecotton 
textile industry contributed 42 per 
cent, jute 15 per cent, sugar 11 
per cent, iron and steel 7 per cent, 
general engineering 6 per cent 
and other industries 19 per cent. 

TABLE 

INDUSTRY REGISTERF.D PRODUCTIVE VALUE ADDED 

FACTORIES IN CAPITAL BY MANUFACTURE 
EXISTENCE EMPLOYED (VALUE OF 

PRODUCTS LESS 
VALUE OF 

RAW MATERIALS 

AND FUELS LESS 
DEPRECIATION) 

Rs. Rs. 

1. Wheat flour 70 1,98,17,824 45,26,687 
2. Rice milling 1,47!l 9,69,54,018 1,58,66,976 
3. Biscuit making 39 1,24 ,04,764 91,00,276 
4. Fruit and vegetable 

processing 
24 23,21,787 7,12,489 

5. Sugar 166 44,68,70,025 25,57,47,117 
6. Distilleries and breweries 53 2,4!l,75,513 96,58,114 
7. Starch 11 f>O,05,114 3,83,240 
H. Vegetable oils 910 31,:17,52,074 6,72,81,055 
o. Paints and varnishes 30 2,71,58,156 1,71 ,43,484 

10. Soap 43 5,21,01,151 2,54,95,128 
11. Tanning 70 1,95,86,938 1,01,28,525 
12. Cement 14 7,49,45,426 1,48,82,383 
13. Glass and glassware 144 2,72,93,294 1,71,30,903 
14. Ceramics 52 1,99,64,494 98,14,533 
15. Plywood and tea-chests 35 1,24,09,192 40,37,587 
16. Paper and paper board 38 6,74,17,155 3,00,17,967 
17. Matches 36 2,11,21,583 2,60,36,625 
18. Cotton tex tiles 554 1,31,91,92,538 1,02,53,12,431 
19. Woollen textiles 44 3,81,95,769 4,35,73,896 
20. Jute textiles 99 51,78,31,935 36,41,30,071 
21. Chemicals 191 15,73,55,706 8,00,43,582 
2') Aluminium, copper and 158 12,44,43,039 4,64,29,773 

brass 
23. Iron and steel 104 33,11,90,755 17,99,94,394 
24. Bicycles 11 70,45,578 31,65,283 
25. Sewing machines 6 46,05,315 16,33,079 
26. Producer gas plants 4 2,18,573 92,866 
27. Electric lamps 7 51,65,996 14,84,569 
28. Electric fans 45 1,82,86,944 87,99,620 
29. General engineering and 

electrical engineering 
1,206 27,23,07,626 15,06,01,201 
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Tables of Biolo~lcal Tests 

THE FIRST TWO NUMBERS OF VOL. I 
of Summary Tables of Biological 
Tests have been published by the 
Chemical Biological Co-ordination 
Centre of the National Research 
Council of the United States. 
Tables are arranged according to 
the type of test employed. The 
first number contains anti-bacte­
rial, arachnidicide, fungicide, in­
secticide, plant growth regulator, 
insect and rat repellency, rhoden­
ticide, mammalian toxicity, 
anti-malarial, brucellosis and 
cancer tests, and the same 
together with snail control and 
rickettsia are detailed in number 
two. The test techniques are des­
cribed and the chemicals tested 
are listed alphabetically ( Chemical 
Abstracts system) with their 
structural formulae (Nature, 1950, 
165,804 ). 

The publication is available free 
from National Research Council, 
Washington D.C. 

Announcements 

Chemical Research Committee, 
C.S.I .R.-The various Committees 
and Sub-committees in Chemistry, 
namely the Heavy Chemicals and 
Chemical Industries Research 
Committee, the Electrochemical 
Research Committee and the Dye­
stuffs Sub-committee, under the 
Council of Scientific & Industrial 
Research, have been amalgamated 
into one comprehensive committee 
known as the Chemical Research 
Committee with effect from April 
1950, for a period of 3 years, with 
the following personnel: Prof. 
1. W. McBain (Chairman) ; Dr. 
1. C. Ghosh, Dr. W. D. West, 
Prof. P. Ray, Dr. B. B. Dey, a 
representative of the Indian 
Chemical Manufacturers' Associa­
tion, Dr. K. Venkataraman, Dr. 
Mata Prasad, Dr. S. S. 10shi and 
the Director, Scientific & Indus­
trial Research (Members). 

Statistical Laboratory, Allahabad­
A statistical laboratory has been 
recently inaugurated in the Uni­
versity of Allahabad and the 
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working of the laboratory is plan­
ned on the lines of the Brookings 
Institute of America. The labora­
tory offers a 3-year course in 
statistics and aims at promoting 
q uali ty control and increased pro­
duction in industry through the 
application of statistical methods. 
The Government of India have 
made an initial grant of Rs. 50,000 
towards its establishment. 

New Middle East Institute - The 
Columbia University of New York 
is establishing a Near and Middle 
East Institute to promote knowl­
edge by research, teaching and 
dissemination of information in 
the following countries: Greece, 
Turkey, Iran, Afghanistan, Pakis­
tan and other countries in this 
region. For 10 years the expenses 
of the Institute will be shared 
equally by the Columbia Univer­
sity and the participating coun­
tries and thereafter the American 
University will assume full res­
ponsibility for future financing. 
The Government of Pakistan has 
agreed to contribute S 25,000 annu­
ally as its share in support of the 
Institute (UNESCO). 

UNESCO Facilities for Scientists 
Abroad - With a view to assisting 
touring scientists to establish 
closer contacts with scientists in 
adjacent countries through which 
they pass on their journey and to 
enable them to discuss and ex­
change information on problems 
of mutual interest, it may be 
possible for UNESCO centres to 
make arrangements for their stay 
and to arrange their programme 
in those places. The expenses for 
these arrangements are to be 
borne by the zonal Science Co­
operation Office. Scientists from 
south Asia region may contact the 
UNESCO Science Co-operation 
Office, University Buildings, Delhi, 
for details. 

Indian Pulp &- Paper - The fifth 
anniversary number of this 
journal ( July 1950, Price Rs. 4 ) 
contains useful articles relating to 
various technical and economic 
aspects of the pulp and paper 

industry in India. The develop­
ments in the industry in European 
countries are also reviewed. 
Among other interesting articles 
published in the journal, mention 
may be made of "Review of the 
Indian Paper Industry", .. Re­
search and Technical Training 
for the Indian Paper and Board 
Industries", "The Nomogram in 
the Paper Mill", etc. 

The First General A ssembly of the 
I nternational Council for Building 
Documentation will be held in Paris 
from 23rd to 31st October 1950. 
The object of the Assembly is to 
promote international co-opera­
tion through the exchange of 
documentation facilities between 
the various national and inter­
national organizations concerned. 

Indian Pharmaceutical Congress, 
1950 - The third session of the 
Indian Pharmaceutical Congress 
will be held at Calcutta on the 
30th and 31st December 1950 
under the Presidentshipof Dr. J. C. 
Ghosh, Director. Eastern Higher 
Technical Institute, Calcutta. 

The First International Universities 
Conference will be held at Nice 
from 4th to 10th December 1950. 
The object of the Conference is to 
create an International Associa­
tion of Univers;ties. 126 univer­
sities from 38 countries have 
agreed to participa teo 

Errata 

This Journal, 1950, 9B, No.9, 
September 1950, article entitled 
" The Elastic Properties of Single 
Jute Filaments: Ill- Natun~ of 
the Torsional Rigidity Modulus ", 
page 220, L. H. col., line 11. fOY 
.. from the middle" read" from the 
crop, the middle" ; page 221. R.H. 
col., line 43, for "investigation'" 
read" investigation7 " ; page 222. 
Table III, column headings 5, 8 

"W" "w" 
and 11. for 'w I read \,,' ; 

• 1 
page 224, caption Fig. 3, add 
.. ( arbitrary scale) " after" Dynes 
sq. cm.", and insert" Rawe-e-e, 
Batched 0 - - 0 - - 0 ". 



SUGARCANE RESEARCH IN INDIA 

CHEMICAL AND RIOLOGICAL MEASURES FOR CHECK­

ing the damage callse,1 to slIrgarcane by pests and 
diseases. the usc of fertilizers to raise the yield of 
sugarcane and the suitability of different varieties 
of cane for different conditions of soil and climate 
are some of the main lines of research undertaken 
by the Indian Central Sugarcane Committee at 
its various research stations during the year ending 
31st March 1949. 

To augment the production of sugarcane, specially 
the yield of cane per acre by intensive methods of 
cultivation, the Committee have launched 5-year 
development schemes in various states with the 
help of a special grant of Rs. 75 lakhs from the 
Government of I ndia. Targets of production 
have been fixed for cane. The important lines of 
work undertaken include better irrigation facilities, 
distribution of manure and fertilizers on a subsidized 
basis, supply of improved and disease-resisting 
varieties of cane, arrangement of varietal and 
manurial demonstration plots on cultivators' fields, 
determination of appropriate cultural, agronomic 
and rotational practices. The Committee have 
acquired a large farm at Lucknow to establish 
the new Institute of Sugar Technology and Sugar­
cane Research which is expected to be the largest 
institute of its kind in Asia. A small sugar factory 
will also be erected at the site for providing research 
and teaching facilities. 

The Coimbatore Sugarcane Station of the Com­
mittee continued to supply suitable varieties of 
sugarcane for trial under the various soils and clima­
tic conditions obtaining in different states. Some 
Coimbatore canes have already been adopted for 
cultivation overseas, e.g. in South Africa, Lousiana, 
Argentina, Brazil, Egypt, Portuguese East Africa, 
and Australia. 

Studies on (1) the photo-periodic factor in rela­
tion to flowering; (2) the effects of manurial and 
irrigation treatments on flowering; and (3) chemical 
composition of flowering and non-flowering varieties 
were continued during the year. The different 
treatments of photo-period, irrigation and manure 
bridged up the disparity in flowering between 
early and late varieties. The exploration of 
Saccharum spontaneum and allied species from 
South India (Madras, Travancore, Mysore and 
Coorg) has been completed and 152 types have 
been collected; among these 130 belong to S. 
spuntaneum, 10 to E. arundinaceus, 10 to Surghum 
halepense, 4 to lIambuseae and 15 to grasses. The 
spontaneums show good adaptability under diver­
gent ecological conditions. Certain types exhibit 
drought, frost and salt resistance, erect habit and 
profuse tillcring and are expected to widen the 
scope of sugarcane breeding by enabling the intro­
duction of these qualities in future commercial 
canes. 

Under the scheme for research on diseases of 
sugarcane in operation at the Indian Agricultural 
Research Institute , New Delhi, a large number of 
parent cane varieties were inoculated for testing 
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their resistance to red rot. The highly resistant 
varieties were S. spontaneum (Glagah, Java), 
S. spontaneum (Coimbatore), Co. 301. 393, 408, 
411. 413, 440, 627 and 631. 

29 isolates of Collectoriclium falcatum collected 
from different cane varieties and localities were 
tested for their virulence on 10 selected cane 
varieties of varying genetic composition and sus­
ceptibility to red rot. Field experiments have 
shown that (1) Trichogramma was able to effect a 
check on the stem borer Argyria sticticraspis by 
parasitizing a good percentage of the eggs; (2) the 
Trichogramma released plots always showed a 
higher parasitization than the non-treated ones; 
(3) the high parasitization of egg masses in the 
treated plots had brought about lower egg, larval 
and pupal populations as well as lesser borer infes­
tation; and (4) plots with higher parasitization 
also gave increased yields of cane at the time of 
harvest. Following these conclusions breeding 
laboratories for tbe mass production of Trichogramma 
have been set up at Wa1chandnagar and at Nelli­
kuppam for releases of the parasite in larger areas 
of sugarcane. A good laboratory host was found 
for the first time in the larvae of the grain moth 
Corcyra caphalonica for the mass multiplication of 
the larval parasite Stenobracon. Experiments 
carried out at Shahjahanpur to test the effects of 
lead arsenate (5 per cent), corrosive sublimate 
(0'25 per cent). DDT ( 5 per cent), gammexane 
( 80 lb. per acre) and phenyl (1 : 50 in water) on 
the germination of setts and on the activity of 
terimites showed that (1) setts treated with phenyl 
gave the highest germination, the chemical exer­
cising a stimulating effect on the buds; (2) DDT 
was most effective in preventing termite damage. 
while gammexane was ineffective when the soil 
alone was treated; and (3) 20 to 30 lb. of gammexane 
dust per acre applied in furrows prevented termite 
damage without impairing germination of buds. 
Trials at Pusa yielded an increase of 72 mds. 
per acre in the treated plots. 

Experiments on the availability of nutrients from 
different organic and inorganic manures, in the 
Shahjahanpur tract, have revealed that ammonium 
sulphate became available to the crop within a 
fortnight , oil-cakes after about a month and bulky 
organics after about 2! months of application. 
With respect to sucrose content of the cane, the 
manurial treatments were in the following descend­
ing orders: farm-yard manure, groundnut cake, 
town compost, press-mud, ammonium sulphate and 
castor cake. Sugarcane per acre, however, was 
highest in the ammonium sulphate treatment 
followed by press-mud, groundnut cake, castor 
cake, town compost, earth and farm-yard manure. 

Work on gur chemistry was started in the V.P. 
and a preliminary study of gUY yields of cane 
varieties showed that best quality of gur was 
obtained from Co. 313, 453 and 527. Amongst 
a number of clarificants tried, ground nut proved 
most efficient and gur so obtained absorbed less 
moisture and showed better keeping quality. High 
phosphate, low chlorine, low organic non-sugar 
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residues and nitrogen were characterist.ic o f fillies 
y ielding good quality jagger ics. Wilt disease 
investigations on sugarcane in Bihar showed that 
the organisms responsible for the disease was 
associated with red rot in Co. 331 in the Bhagalpur 
district. The disease, however , ex isted indepen­
dently in Co. 313, 331 , 385, 393, 453, 508 ; 13.0. 
3 and 9. The isolates from wilted tissue 
consisted of Cephalosperium saccl/ari But!. and 
Fusariummonilifoyma either singly or in association, 
but usually the former was obta ined. 

Bionomical studies at Jullundur station showed 
a direct relationship between the number of cane 
a t harvest and the height of cane as well as the 
yield. Different varieties were classified on the 
basis of their relati ve resistance to different pests. 
Co. L 17 and Co. L 22 were found resistant to 
pyrilla and Co. L 21 and Co. L 22 t o top-borers and 
Co. L 17 and Co. L 9 t o the new pyralid borers. 

Technological research was mainly concerned 
with improvements in technique and equipment for 
the manufacture of gur a nd I<handsari sugar. 
Improved processes evolved a t Bihar ( Moradabad ) 
Research Station have made it possible to obtain 
a recovery of about 7'22 per cent o f cane sugar 
as against 5'5 per cent usually secured by the 
indigenous processes and the quality of sugar 
compares favourably with that of the ordinary 
vacuum pan factory sugar. 

The ' effect of storage on the keeping quality of 
I<handsari sugar showed that the fa ll in purity was 
the largest in the case of sugars having a low 
safety factor, a rela tionship between the percentage 
of water and non-sugars. The Indian Institute of 
Sugar Technology is demonstrating an improved 
process and equipment for the ma nufacture of 
sugar by the open pan system at the important 
I<handsari producing centres. 

Experiments conducted at the Indian Institute 
of Sugar Technology, Kanpur, and the Indian 
Veterinary Institute, Izatnagar, have shown that 
molasses mixed with cane-bagasse can be utilized 
as a good feed for milch and draught cattle. 

INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE 

THE ANNUAL REPORT OF THE INDIAN ASSOCIATION 
for the Cultivation of Science for the year 1949-50 
records considerable progress in its developmental 
and other activities. The construction of the new 
research laboratories a t J adavpur is nearing 
completion. The new department of organic 
chemistry was ina ugurated during the year a nd 
efforts a re being made to have a department of 
theoretical physics also. 

The Association received a grant o f Rs. 4,00,000 
from the Government of West Dengal and a loan 
o f Rs. 80,000 from the Government of India towards 
the construction of the new research labora tory 
buildings. The Council of Scientific & Industrial 
R esearch also financed two research schemes: 
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(I) X-ray In vesti gat ion on Coal and (2) Construc­
tion of OSnlOJllelcr for High ]>oly ml' r Hcscarch . 

In the X-rays a nd Mal-(netism Department, the 
structure of phenanthrene crysta l has been deter­
mined by the Fourier synthesis method . The 
X-ray diffrac tion t echnique has also been employed 
for examining the process o f glass formation and 
dispersion of salts in glass systems, for identifi cation 
of minerals in coal samples, for studying the effi­
ciency of coal-washin~ , investi~ation o f carboniza­
tion process, determination o f the changes in 
ori entation of ce llulose in infect ed tracheids and 
estimating the silica contents in dusts from 
mines. 

Investigations on the influence of high tempera­
ture on the paramagnetic susceptibilities of a 
number of Tutton salts showed in a number of cases 
a considerable cha nge o f orientation of the principal 
magnetic directions with t emperature. Thermo­
e. m .f. of metal semi-conduct or junctions have 
been found to be much higher tha n those corres­
ponding to met a l-metal junctions working between 
the same temperatures a nd so the former type of 
junctions a re found t o be very useful for low 
temperature measurements. 

In the Department o f Optics, investigations on 
(1) the origin of low frequency l~aman lines due to 
organic compounds in the solid state; (2) molecular 
structure of organic compounds in different states 
as revealed by their Raman spectra; (3) fluores­
cense and absorption spectra o f diamond crystals 
of different qua lities at different t emperatures ; and 
(4) absorption of U.H.F. radio waves by organic 
liquids were carried out during the year. The 
results of investigations on the Raman spectra have 
shown that intermolecular field has great influence 
on the Raman spectra in the liquid state owing to 
random orientation of the molecules and in the 
solid state this influence changes as the orientation 
becomes a regula r one. lnvestigations on the 
fluorescence of diamond have led to the conclusion 
that the fluorescence is due t o impurity. The 
frequcncy of the radio waves in the region of 
absorption peaks exhibited by some organic liquids 
shows tha t the frequency of hindered rotation of 
the polar molecules in these liquids is much smaller 
than that of the new lines observed in the Raman 
spectra of these compounds in the solid state and, 
therefore, these lines are produced due to some 
other causes. 

Works on hi/-:h polymers has been limited to 
fundamental studies on the process of formation of 
various plastics, e.g. polytyrene, polymeth yl metha­
crylate, nylon, etc. Some new catalysts for poly­
merization, c.g. iron olea te, aluminium stearate, 
etc., have been discovered and the mechanism of 
their activity has been investigated. A s imple 
method for determining the molecular weight of 
nylon has been developed. 

Investigations in physical chemistry have chiefly 
centred round detergents, surface-active agents 
and soaps with reference to their formation and 
electrical properties. 



INDIAN PATENTS 
The following is a list of a few of the Patent Applications 
notified as accepted in the Gazette of India, Part II, Section 1, 
for July and August 1950. 

OrAanlc Chemical. 

41208. Manufacture of salts of leuco compound 
and leuco sulphuric ester derivativcs of vat 
tI yestu fls : Treating the vat dyestuff with a metal 
in a neutral liquid in presence of organic ql4ater­
nary ammonium halide - I.C. !. LTD. 

42275 . Process for thc improvement of fastness 
properties of dyeings anti printinf.(S produced 
from water-soluhlc dyestuffs: The dyeings or 
printings are after-treated with all aqueous 
compound containing the grouping-N=C=N­
CIBA LTD. 

Food & Kindred Product. 

42512. Extraction and separation of SUf.(ars and/or 
ed ihle syrups from the molasses from a cane or 
beet-suf.(ar factory: Dissolving molasses ill an 
alcohol-water solvent. filtering after Ihe solrt/ion 
and treating it with lime - DR. C. A. KLOPPEN­
BURG 

Metal & Metal Products 

42082 . Mcthod of castinf.( metal ingots : Formi"g a 
shell of silicate >ltalerial having a melling point 
below the metal-pourinr: temperature and then 
pourill!: mOltell metal at a temperature at least 
1.200°C. ill/a the shell- THI:: LINDE AIR 
PRODUCTS CO. 

Rubber & Rubber Products 

42918. Improvemcnts in drivinf.( means for crepe 
ruhber rolling tnills: lltlotoy ltavin.K aft outl-{oing 
shaft ru,,"ing at a slow speed is directly geared 
to a roller to he rota/cd - AKTlE130LAGET 
SVENSKA KULLAGERFAllRIKEN 

41572. Novel rubher products: Copolymerizing 
styrene and lille compounds with lesser amount 
of butadiene and the like in an aqueous rubber 
dispersion and subsequent treatments - DUNLOP 
RUllBER CO . LTD. 

43354. Methods of compounding rubber : Forming 
a dispersioll of the hardenable resin in the 
vulcanizable rubber - DUNLOP RUllBER CO. LTD. 

Stone, Clay & Glas. Products 

43029. Manufacture of glass objects: The glass 
ribbon is deposited on the mould and as a result 
of the difference of pressure on either side of the 
mould engar:es the surface of the mould - N. V. 
PHILIPS ' GLOEILAMPENFABRIEKEN 

Plastics & Plasticizers 

41338. A plastic material from shellac and resinols 
like bhilawan shell liquid or cashew shell 
liquid : Interacting shellac and resinols like 
bhilawan shell liquid or cashew shell liquid 
under steam pressure until a homogeneous pro­
duct is obtained - S. SIDDIQUI. SARIN & VARMA 

41339. Mouldin!: powders from shellac and resinols 
like bhilawan shell liquid or cashew shell liquid : 
Interacting shellac and resillols like bhilawan 
shell liquid or cashew shell liquid !tnder steam 
pressure curing the reaction product and 
theH illcorporatillg fillers - SIDDIQUI, SARIN & 
VARMA 

41340. Production of moulding powders from 
shellac and bhilawan resins: Filter particles 
with shellac deposited on them, blended on hot 
rollers with bhil"wall reSill-SIDDlQUI, SARIN & 
VARMA . 

PATENTED INVENTIONS OF THE C.S.I.R. -Continued from page 388 

in patent No. 32237. the cflicil'ncy of expUlsion i5 
reduced by the necd for convcyinf.( superheated 
steam to a separate vessel wherein the nuts arc 
kept. Further. a scparate heating arrangemcnt 
has to bc provided for the vessel containing the 
nuts ; and in this arranf.(cment the nuts or shells 
nearer to the walls of the vessel arc liable to get 
over-heated. 

The present apparatus ensures speedicr expu l­
sion. avoids the necd for a separatc superheatinf.( 
arrangl'lncnt and alsoelilllinat('s local over-heating of 
the walls o f the vesscl in which the nuts are treated. 

The apparatus consists o f a steam jackct (2 in 
FIG. I ). where in steam is superheated and which 
is also provided with means for conveying thc nuts 
or shell into the prescnce of superheated st eam 
inside til!' jacket. The apparatus is also providcd 
with means for removing the expelled li'luid. 

The oil-bearing shells are received in a perfo rated 
vessel or retort (1) placed inside the steam jacket 
(2). An even distribution of steam within the inner 
re tort (1) is secured by varying the diameter o f 
the perforations (4) o f the inner retort with reference 
to their proximity to the steam inlet ( 11 and 12). 

The steam jacket (2) and the inner retort (I) may 
bc made of metal . preferably copper. and it is 
preferred to make them of semi-circular (vide 
FIG. 2) or semi-elliptical cross-section. Only the 
flat top (3) o f the inncr rctort is perforated. One 
end of the inner retort is permanently closed. The 
opposite end which receives the perforated tray 
(IS) carrying the nuts is provided with a lid (6) 
which can be hermetically closed. The outlet (8) of 
the inner retort (I) projects outside the outer steam 
jacke t (2). The stcam jacket as well as the inner 
retort have arrangements for taking a thermometer. 
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Patented Inventions of the 
Sci e n t i fi c & In d us t ria I 

Council of 
Research 

EXPULSION OF LIQUID FROM THE 
NUTS OR SHELLS OF BHILAWAN 

OR CASHEW 

Patent No. 32237 

S. SIDDIQUI & A. A. KHAN 

THE PROCESSES HITHERTO EMPLOYED FOR EXPUL­
sion o f the shell liquids have been found to have an 
adverse effect on some of the valuable chemical 
constituents of the liquids such as bhilawanol in 
the case of bhilawan shell liquid or anacardic acid 
and cardol in the case of cashew shell liquid. This 
fact constitutes a serious limitation for a variety 
of uses where it is essential to have the constituents 
intact. 

In this process the expelled shcliliquid is obtained 
in more or less the same condition in which it ex ists 
in the nuts. It consists in exposing bhilawan or 
cashew nuts in a closed vessel (A in FIG. 1 ) to 
superheated steam at temperatures ranging from 
150° to 300°C. The vessel A is kept at a tempera­
ture of 150° to 200°C. by a steam jacket J or elec­
trical heating. The expelled liquid is collected in 
a receiver R, through an outlet D, at the bottom 
of the vessel A and may be fractionated into (i) 
steam non-volatile, higher boling fractions and 
(ii) steam volatile, lower boiling fractions. The 
vessel A, in which the nuts are packed, is heated 
to 11 0° to 150°C. prior to the letting in of the 
super-heated steam. 

The expelled shell liquid is comparablc to 
that obtained by solvent extraction. The process 
is, moreover, cheaper and quicker than hither­
to known processes for obtaining the shell 
liquid. 

FIG. n 
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FIG. 1. 

Patent No. 34873 

S. SIDDIQUI & A. A. KHAN 

This patent is for an improved apparatus for the 
expulsion of liquid from the nuts or shells of 
bhilawan or cashew. In the apparatus described 

(continued on page 387) 



BOOKS 
FUNDAMENTALS OF RADIO·VALVE TECHNIQUE: Book No. 1 in tho aerio. 01 

boob on ElocIronic Valvo. by th. Philip. Tochnical Llbruy - doal. with the 
phy.ical principle •• tho I&Io.t con.trucliono ....t properlio. 01 radio recei"in9 
.nd .... plilyin9 ".1,,0 •. 

Prico Ro. 24/. oach. poollroo. 

DATA AND CIRCUITS OF RECEIVER AND AMPlJnER VALVES: Book No. U 
in tho _i .. contain. tho data 01 th. "al".. placod on tho IIlIllkat durin9 1933 
to 1939. D.ta uo al.o 9ivon 01 r_ivln9 •• tabiUoin9 and rO<JUl.tin9 "al". .... 
• 0U .. doocription. 01 .......... n9 inotr .. lIlOftta lor Labor.torl ••• nd Work.hop •. 

Price Ro. 1S/. each, po.t froo. 

DATA AND CIRCUITS OF MODERN RECEIVING AND AMPlJFYlNG VALVES: 
(lir.t ... pplomonl) Book No. III in tho .bovo·mentioned •• ri .. - contoinl tho 
dot • ....t circuilo 01 tho "al" .. brOU<Jht o .. t in tho YOUI 1940 ....t 1941. 

PrIco a .. 12/. oach, POlt froo. 

APPlJCATlON OF THE ELECTRONIC VALVE IN RADIO RECEIVERS AND 
AMPlJFIERS : Book No. IV in tho HriO •• ir .... t bain, • ,1Ildo to tho Ht· 
...... whan .pplyIn<J the oJ.ctronic "al". in receiver. and .... pUlio ... 

PrIco Ro. 24/- .ach, po.t fr ... 

PKlLlPS MANUAL QF RADIO PRACTICE: Compilod by Mr. Eo G. Bo.rd, M~ 
R.E .• 01 PlUlipl. A,,"\raUL Dealo with .• U lundamontal ....t .. p-to-dat. infor· 
mation r09udin, oper.tion and HrVico 01 radio oquipmont. Socond odition 
(now in proco •• ) containin, lullor tr.atmont 01 Ir.quaney modulation. t.I.· 
YioIon ....t •• nOiCIn9 wlU ba an uco1Iont book 01 roloronco lor both ... to .... 
and prof ••• ion .... 

PriOl·RI. 1St· .ach, poot I .... 
PHlUPS RESISTANCE WELDING HANDBOOK. by PHIlJPS - LONDON: Com. 

pilod to _I tho MOd which undoubtadly uIzIa lor • prldlcal manual on 
lOototanoo w.ldin,. 

Price a •. 1/8 oach, pool Ir_ 
PHYSICAL ASPECTS OF COLOUR: by Dr. P. J. Bo ....... Philip. upert in illumi· 

nation .n,i_rin, : an introduction to tho aclontilic aiudy 01 colour atimuU 
....t colour ...... tiono. 

Price R •• 1S/. each. pool Ir_ 

PERIODICALS 
I PHltJPS TECHNICAL REVIEW: A Monihly publication 011 LI,htln,. t:t.oIronlc •• 

X".y and oth.r tochnlcal .ubjocla. 
Ann .. al SuJ>.miption (12 ial ... I)-R •. 14,. 

P.HlUPS RESEARCH REPORTS: A two·monihly ociontilic journal 01 iheorotIcal 
and up.,imontal r ... uch in phy.ic .. ch.ml.try and alUod lialcl •. 

Annual Subocription (8 ia ..... )-Ro. 1'1/-

. COMMUNICATION NEWS: A quarlarly joumol OOIIta1nin9 ~ ooI&tin, -
only to tran.mittin, b .. lolao to th. ontioo li.1eI 01 P.T.T. 

Ann ... 1 Sub_lptlon (4 1a ... 1)-RI. 10/-

• INTERNATIONAL LIGHTING REVIEW- Atwo-aomhIyJooomal 
""-lin, with tho .ppUcaliOll and d.mop_1 of ortiIicIol li,ht. 

Annual sw.-iptloB ( 8 ian •• ) R •. 18/- . 

PHILIPS ELECTRICAL CD.(INDIA) LTD. 
TECHNICAL & SCIENTIFIC LITERATURE DEPT. 

"PHILIPS HOUSE" • HEYSHAM ROAD • CALCUTTA- 20 

A 17 



A 18 

BEReo "REGAVOLT" 

VOLTAGE REGULATING TRANSFORMERS 

Designed to give smooth on-load variation of Output Voltage up to 30% higher 

than the Supply Voltage. Generous electrical design of core and winding gives 

good regulation, high efficiency and negligible wave form distortion. 

THE MANY USES OF 

BE Reo " REGAVOL T" TRANSFORMER 

It is a most valuable piece of apparatus in the laboratory and test room. 

Besides. it has the following other uses: 

: Heat control of Electric Furnaces. Heaters and Ovens 

Voltage control of High Voltage Testing Transformers 

Speed control of Commutator Motors 

Voltage control of X-ray Equipment 

Control of Stage lighting 

Control of Photographic Studio and Printing Illumination 

Control of Rectifier Equipment for battery charging and 
electroplating 

Over voltage testing for Lamps 

Hand operated Voltage Stabilizers 

STANDARD MODELS AVAILABLE EX-STOCK 

TOSHNIWAL BROTHERS LTD. 
• • • • • • • • • • • 

LADY JAMSHEDJI ROAD, MAHIM 

B 0 M BA Y 16 

Grams: ANUSANDHAN 



Journal of 

Scientific & Industrial Research 
v. 9B, No. 10, OCTOBER 1950 

EDITORIAL BOARD 

S. 8. BHATNAGAR, O.n.E., F.R.S., 
D.Sc., P.Inst.P., F.R.l.e., Director, Scientific 
cl Industrial Research (ex officio Chairman) 

H. J. BHABA, Ph.D., D.Sc., F.R .S., Tata 
Institute of fundamental Research, Bombay 

J. C. GHOSH, D.Sc., F.N. I., Director, 
Eastern Higher Technical Institute, Calcutta 

JIVARAJ N. MEHTA, M.D., M.R.C.P., 
F.C. P.S., Minister for Public Workl Depart· 
ment, Government of Bombay, Bombay 

S. KRISHNA, C.I.E., Ph.D., D.Sc., 
F.R. I.C., F.N.I., Forest Research Institute, 
Debra Dun 

I[. S. KRISHNAN, D.Sc .. F.R.S., Na· 
tional Physical Laboratory, Delhi 

MATA PRASAD, D.Sc., F.R.I.C., F.N.I., 
Royal Institute of Science, Bombay 

C. V. RAMAN, F.R.S., N.L, Raman 
Researcb Institute, Bangalore 

M. N. SAHA, D.Sc., F.R.S., Upiversity 
Colle,e of Science, Calcutta 

D, N. WADIA, F.G.S., F.R.G.S.,F.R.A.S.n., 
Geological Adviser to the Department of 
Scientific Research, New Delhi 

B. N. SASTRI, M.Se., F.R.I.C., A.I.I.Sc., 
Editor & ex officio Secretary. 

A. KRISHNAMURTHI, M.Sc., As.i.tant 
Editor 

S. B. DESHAPRABHU, Liaison Ollicer 
(Producti",,) 

CONTENTS 

Simple & Efficient Pentode Scalers 
P. N. Sundaram, S. K. Suri, A. Sagar & 

U. C. Gupta 
Studies in Possible Antl-malarials : Part XIII­

Biguanido-aryl-arsenicals 
A. C. Roy & P. C. Guha 

Application of Dilatometry 'to Powder Metalluq~y 
J. H . Andrew & G. S. Tendolkar 

Chemical Examination of Castor Oil Gel­
Part I 

Maharaja M. Bhasin, J. S. Aggarwal & 
M. R. Verma 

Extraction of Germanium from· Sphalerite 
Collected from Nepal - Part I 

R. K. Dutta & S. N. Bose 
Factors Affecting the Properties of Typical 

Zircon Porcelain - Part I 
S. B. Roy 

Letters to the Editor 
SEARCH FOR MICROFOSSILS IN THE NEOBOLUS 

SHALES OF THE SALT RANGE, PUNJAB 
R . N. Lakhanpal 

INVESTIGATIONS ON THE PREPARATION, PROPER­
TIES & NUTRITIVE VALUE OF RICE SUBSTITUTES 
FROM TUBERS & MILLETS 

V. Subrahmanyan, G. Rama Rao, & 
M. Swami nathan 

SPREADING OF HIGH POLYMERS: COPOLYMER OF 
STYRENE & METHYLMETHACRYLATE 

A. Kalyanasundaram & H. C. Saraswat 
GUANIDINES, THIOUREAS & BIGUANIDES OF 2-

AMINOPYRIDINE 
A. C. Roy & P. C. Guha 

The JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH is issued monthly. 

139 

144 

148 

151 

153 

258 

259 

161 

161 

The Council of Scientific 6- Industrial Research assumes no responsibility for the statements and 
opinions advanced by contributors. 

The Editorial Board in its u:ork of examining papers received for publication is assisted, in an honorary 
capacity, by a large number of distinguished scientists u:orking in various parts of India. 

Editorial communications and books and periodicals for review should be addressed to. the Editor, 
JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH, National Physical Laboratory, Hillside Road, New 
Delhi. 

Co ... munications regarding subscriptions and advertisements should be addressed to the Secretary, 
Council of Scientific 6- Industrial Research, 'P' Block, Raisina Road, New Delhi. 

ANNUAL SUBSCRIPTION: Ra. , ( lalead 18 ah. ( forellla). SINGLE COPY: Re. I (Ialaad) 1 sh. (forel",) 



HILGER 

HRX 
HILGER 

RESEARCH 

X-RAY 

UNIT 

FOR X-RAY CRYSTAL ANALYSIS 

• DEMOUNTABLE METAL X-RAY TUBE • INTERLOCKED PUSH BUTTON CONTROLS 

• INSTANT CHOICE OF RADIATION • AMPLE CAMERA SPACE 

INDEPENDENTLY AT FOUR WINDOWS • POWDER & OTHER CAMERAS AVAILABLE 

Sole Agents in India for 

HILGER & WATTS L YD. 

Associated Instrument Mnfrs. (India) Ltd. 

BOMBAY 
P.O. BOX 119 

A 20 

BS Clive Buildings 
Calcutta NEW DELHI 

76 QUEENSWAY 



Simple & Efficient Pentode Scalers 

P. N. SUNDARAM, S. K. SURI, A. SAGAR & U. C. GUPTA 

N ational Physical Laboratory of India, New Delhi 

The desi~n, construction and operation of 
a number of simple and efficient pentode 
scalers operatin~ on the power-of-two principle 
have been described. These scalers have a 
fairly hi~h resolution and ~ive reliable per­
formance. The circuits employed are sensi­
tive only to pulses of ne~ative polarity. The 
units operate with only one potential supply 
( + 250V., D.C.) in addition to the heatin~ units 
and the need for batteries or auxiliary power 
supply for ~rid bias and couplin~ valves or 
other complicated units is done away with. 

T HE scalers described here operate on 
the power-of-two principle. They 
employ pentode vacuum tubes of the 
type of 6C6 or 6S]7-GT or 6S]7 or 

57. These scalers like those of Stevenson 
and Gettingl, Reich2 and others3 as well as 
those which employ triode vacuum tubes 
are modifications of the well-known multi­
vibrator circuit4. These scalers are, in 
general, based upon the principle of retro­
action between a pair of vacuum tubes. 
The symmetry of the circuit of the pair 
renders the retro-action to have two states 
of stable equilibrium. In one state, one 
tube of the pair has low impedance and, 
therefore, is conducting while its mate has 
high impedance and, consequently, is blocked. 
In the other state the situation is reversed 
so that the former tube is non-conducting 
while the latter is conducting. 

The symmetrical coupling of the pentode 
vacuum tube pair with which the retro­
active circuit is formed may be effected by 
anyone of the various methods described by 
Regeners. Most of the existing circuits 
employ one or the other of these methods of 
coupling. The present scaler circuits differ 
from most of the existing circuits in so far 

as they employ a method in which the 
resistance couplings have been applied be­
tween the plates and the screen grids of the 
opposite of the pair of the circuit of each 
scale-ot-two as shown in Figs. 1 and 2. 

In a symmetrical system such as that 
illustrated in Figs. 1 and 2, when one of the 
tubes of the pair, say Tz, is blocked, the 
currents in Rz and R3 are the plate current 
and the screen current respectively of the 
tube Tl. In this state if the suppressor grid 
is made negative by a pulse of the order of 
8 or 10 volts, the plate current of tube T} 
is cut off and all the current goes to the 
screen grid developing a state of stable 
equilibrium. As soon as the suppressor 
returns to zero potential, the system falls 
into a mode of ignition in which the tube Tl 
is blocked and the currents in R3 and Rz are 
the plate and screen currents respectively 
of tube Tz. 

It is obvious that only a negative pulse 
applied to the supressor grid of this pair 
trips the circuit from one state of stable 
equilibrium to the other while the situation 
of the circuit is reversed by means of" retenti­
vity .. furnished by R4, Rs and C2• After the 
pulse is over, if one of the tubes, say T1, is 
conducting and its mate is blocked, the 
current through R4 produces an additional 
negative bias on the control grid of Tl in 
excess of the bias furnished by the current 
through Rs which is common to both tubes. 
This extra negative bias on the control grid 
which lasts for a period of t = (R4 + Rs) . C2 

survives the triggering pulse in order to 
reverse the position of the state of stable 
equilibrium which has been brought forth 
by the pulse. The transmission of the 
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+230V 

e'l INPUT ~)---;. 
T, 

...::>!---r-_ OUT PUT 

'------I. INTERPOLATION 

FIG. 1 - CIRCUIT CONNECTI ONS OF SCALE-OF-TWO. H, = lmQ ; H2 = R, = O' \Q ; H. = H. = SOOQ 
Re = IS00Q ; C1 = 0'OOOI",F ; C. = O·I",I' ; T , = T. = 6SJ7. 

successive pulses of negative potential repeat 
the process, producing in each plate alternate 
positive and negative potential changes. 
If these potential changes of either of the 
tubes of the pair is transmitted to a thyratron­
operated mechanical recorder , which is 
sensitive only to positive pulses, the scaling 
action of the counting rate to half the value 
is accomplished. 

The circuit is sensitive only to pulses of 
negative polarity and is unaffected by the 

FIG. 2 - SCALE-OF-TWO ; PLUG-IN TYPE . 
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pulses of positive potential since they are 
absorbed by the electron current. Because 
of this property which is unique, two or more 
units of scale-of-two may be joined together 
without the necessity of any coupling 
elements in order to have scalers of multiple­
power-of-two. The single units such as the 
one shown in Fig. 1 may be arranged side by 
side, connecting positive to positive, negative 
to negative and output to input to secure 
scaling action of higher powers of two. In 
this way scale-of-one thousand twenty-four, 
scale-of-two hundred fifty-six, scale-of-sixty­

. four , and scale-of-sixteen have been designed 
and constructed for counting with high 
counting rate nuclear particles such as alpha 
particles, beta particles and gamma or 
X-photons. One of the units ( sca1e-of-256 ) 
is shown in Fig. 3. 

The construction of these scalers of higher­
powers-of-two is simple and straightforward. 
The relative simplicity of the design and 
construct ion has been tested by joining 
as many as fourteen units of scale-of-two 
to obtain a scaling ratio 1: 16384. The 
construction of this scale-of-sixteen thousand 
three hund red and eighty-four did not 
present any serious difficulty. As the scaling 
is increased, plate anel grid voltages and the 
circuit components, however, have become 
more critical in value. 
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FIG. 3 - SCALE-OF-256 ; BACK VIEW. 

The interpolation of these scalers are 
effected by the neon lamp interpolation 
method which employs miniature neon lamp 
in each unit of scale-of-two of the multiple­
power-of-scale-of-two. These lamps are 
connected through a suitable resistance 
across the plate of the second tube of each 
pair to the ground. They are lit every 
time their coupled tubes are driven to non­
conducting state and they correspond to the 
number of counts 1, 2, 4, 8, 16, 32, and so 
on. The sum of numbers assigned to the 
neon lamps lit gives the number of pulses 
scored over and above the number recorded 
by the mechanical counter. The actual 
counts for a given run is the sum of pulses 
scored by the neon lamps lit and the counts 
recorded by the mechanical counter. 

These scalers have a fairly high resolution. 
A scale-of-two unit such as the ' one shown 
in Figs. 1 and 2, with a few minor adjust-

ments in the circuit components, is found 
to have a resolution of the order of ten 
microseconds. The scaling units are efficient 
and sensitive and they, unlike most of 
the scalers described in literature, are 
practically insensitive to external radio 
frequencies and other external disturbances, 
since the control grids of the pentode vacuum 
tubes are kept at ground potential. Hence 
they do not require additional screening 
arrangement even if glass pentode tubes are 
employed in the circuits. 

The present designs are of the simplest 
type and have proved stable and reliable. 
Each of the scaler units requires only one 
potential supply ( + 250 V., D.C. ) in addition 
to that of heating. The units do not require 
hatteries or auxiliary power supply for grid 
bias. They need no coupling valves or other 
complicated units. Each scale-of-two unit 
is very compact. The instrument is light 
and hence easy to transport for outdoor or 
high altitude work. 

The authors are greatly indebted to Dr. 
Swami J nanananda for his personal guidance 
and interest in the work. 
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Studies in Possible Anti-malarials: 
Part XIII - Biguanido-aryl-arsenicals* 

A. C. ROY & P. C. GUHA 

Department of Organic Chemistry, Indian Institute of 
Science, Bangalore 

A series of biguanido-arsenicals have been 
prepared and their physical and chemical 
properties described. Some of the biguanido­
arsonic acids have been reduced to the corres­
ponding arseno-derivatives in order to study 
the efficacy of these trivalent arsenic com­
pounds as chemotherapeutic agents. 

I N spite of intensive anti-malarial therapy, 
a percentage of cases of acute malaria, 
particularly of benign tertian and quar­
tan forms, suffers from repeated relapses, 

even for years. The modern view about 
the mechanism of relapses1,2 is based upon 
the existence of the parasites in the liver. 
According to this theory, parasites in the 
blood may be destroyed by the action of 
quinine, atebrin, etc.; the endothelial para­
sites which are resistant to the action of 
known drugs survive and can again cause an 
infection of erythrocytes. 

The only hopeful approach is to search 
for a new drug which can free the system 
from these resistant forms. For this, various 
synergy treatments have been advocated 
with organo-metallic compounds. Antimony 
tartrate, quinine with stovarsol, Na-cacody­
late, etc., have been used without much 
success. Recently organo-arsenicals have 
again come into the field. A good percentage 
of cases of chronic malaria has, according to 
Goldman3 , been cured by a single injection 
of Mapharside (3-amino-4-hydroxy-phenyl­
arsine oxide) . 

Further studies of Sinton4 showed that the 
intravenous injection of sodium stovarsal 
(3 - acetylamino- 4- hydroxy- phenyl arsonic 
acid) in benign tertian malaria has produced 
a" true cure" in a number of cases. Stewards5 

has suggested that a combination of quinine 
with Mapharside makes a more efficacious 
remedy than quinine alone. Recently Bose6 

has shown that monkeys infected with a 
highly virulent strain of malaria and having 

repeated relapses even after treatment with 
atebrin7 , could be permanently cured of the 
infection by additional injection of an 
arsenical drug, and with this sequence of 
treatment on relapsing cases of human 
malariaS, the results were very satisfactory. 
Again Paludrine9,1O, which is a substituted 
biguanide, is said to be the least toxic and the 
most potent of all existing anti-malarials. 

The above results suggest that it would 
be interesting and worth while to prepare 
new compounds in which there will be a 
continuation of the biguanide residue as also 
of arsenic acid and to study their anti-malarial 
properties. With this object in view, a 
number of new biguanido-arsenicals of type 
A have been synthesized (the pharmaco­
logical results will bp. published later on ). 

RNH-C-NH-C-NH~A ~OOH 
II II ~S 
NH NH 'OH 

TYPE A 
R = H , C.H,; p-Cl.C.H.-; p-MeO.C.H.-; P-CH3-

C.H. : ; p-AcNH-C.H.-; etc. 

H is now widely accepted by pharmaco­
logistsll that pentavalent arsonic acid be­
comes therapeutically active only on reduc­
tion to the trivalent state in the body. In 
view of these observations, some compounds 
of the type A have been reduced with 
hypophosphorus acid and potassium iod­
ide to the corresponding arseno-derivatives 
(type B). 

The yellow arseno-compounds are fairly 
stable, are practically insoluble in water and 
possess no definite melting points; their 
hydrochlorides melt with decomposition. 

Diazotized p-arsanilic acid coupled readily 
with alkaline cyanoguanidine to give the 
triazene compound which, however, could 
not be denitrogenated to the corresponding 

* A note on this work has been published in Curro Sci., 1948, 17, 126. 
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RNH-C-NH-C-NH ~ AS = AS-o" NH-C-NH-C-NHR 
II II "==./-- - II II 
NH NH NH NH 

T Y P E B 

R=aryl radical. 

p-cyanoguanidophenyl arsonic acid by any 
of the existing methodsl3. It seems, the 
presence of negative groups like -AS03H2 
hinders denitrogenation (loc. cit., BamiI3 ). 

Experimental 

p-Arylbiguanidophenyl arsonic acids (type 
A) have been synthesized by reacting 
cyanoguanidine and arylcyanoguanidines 
with excess of p-arsanalic acid hydrochloride 
in dilute alcoholic medium. The arsonic acids 
were separated out from the reaction mix­
ture with dilute alkali and purified. Com­
pounds No. 1 and 10 ( TABLE I) were 
crystallized from a large volume of hot 
water; the others being insoluble in hot 
water and common organic solvents, were 
purified by precipitating with acid from 
alkaline solution. They were soluble both 
in acids and in alkali and were colourless. 

Sodium salts were prepared by dissolving 
the acids in minimum quantity of dilute 
alkali and precipitating by absolute alcohol. 
The separated sodium salts were crystallized 
from alcohol. All the acids excepting No. 
10 and their sodium salts contained water 
of crystallization and did not melt even at 

300°C. Anhydrous compound No. 3 was 
prepared by heating the sodium salt of 
N6-p-chloro-phenyl- (N') -p-biguanidophenyl 
arsonic acid containing 5 molecules of water 
of crystallization at 120°-30°C. under vacuo 
for 5 hr. 

Hypophosphorus acid was prepared by 
the method of Maril2. 

p: p1-Di ( N5-p-arylbiguanido ) arseno­
benzene ( type B ) was prepared by reducing 
the corresponding pentavalent arsonic acid 
compound with 3 per cent hypophosphorus 
acid and 3 per cent potassium iodide in an 
atmosphere of nitrogen at 40°-50°C. After 
filtration and heating again at 50°-55°C. for 
2 hr., the arseno-compound separated out 
as a cake which was separated by filtration. 
The precipitate was washed with 10 per cent 
caustic soda solution followed by 5 per cent 
warm caustic soda solution, water and 
alcohol. All these operations were carried 
out in an atmosphere of carbon dioxide. 
The hydrochlorides of these compounds 
were prepared by heating with dilute hydro­
chloric acid; on cooling the hydrochlorides 
separated out and were recrystallized from 
dilute alcohol. 

TABLE I-TYPE A 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
O. 

10. 
11. 
12. 

COMPOUND 

R 
p·CIC,H,· 
P-CIC.H. -h yclroch loride 

C.H,-

P-OCH.-C,H,-

P-CH.-C,H,-

H 
H 
p-ACNH ·C,H,-

COMI'OUND 
R 

1. p·CIC,H.-
2. p·ClC.H,·hydrochloride 
3. P-CH.·C.H,-
.t. p·CH.·C.H.-hydrochloride 
5. P-OCH.-C,H. 
6. p-OCH.-C.H.- hydrochloride 

X 
H 

Na 
H 
Na 
H 
Na 
H 
Na 
H 
Na 
Na 

FORMULA FOUND, 

% 
~----, 

C,.H 16O.N,AsCl,2H2O 
CuHnO,N,AsCI , 2HCl 
CU H14 N,OIAsNaCI 
C"Hu,O.N.As, H 2O 
C14 H u N,O,AsNa, 4-H 2O 
C16 H 18 N,AsOh H 2O 
C16 H.,AsNaN,O,. 5H.0 
Cu H I8O.N,As, HtO 
CII H I70.N,NaAs, 4H,O 
C,HIIAsN,O, 
C"HIIAsN.().Na, 6H 2O 
C I ,H u AsO.N.Na.5H,O 

TABLE II-TYPE B 
FORMULA 

N 
14·90 
14'06 
16'06 
17'!1O 
14 ·30 
16'17 
13·65 
16'91 
14'41 
22·05 
16'00 
15·08 

N 
17·88 
16·75 
IS'OI 
17 ·42 
18'12 
17 ·29 

As 
16·60 

18·76 
15 ·75 
17 ·34 
14·00 
18·10 
14 ' 00 
24 · 75 
17·10 
13·51 

As 
19'11 
17 ·87 
19·10 
18 ' 41 
19·50 
17·85 

REQUIRED, 
01 
'? ----. 

N As 
14·90 16·74 
14·46 
16'10 
17'76 17'14 
14·85 15·02 
16 ' 47 17·64 
13·48 14·45 
17·11 18·33 
14·43 15'46 
23·25 24·87 
16·22 17·40 
15·38 13·73 

REQUIRED, 

% 
r--~ 

N As 
18'25 19·55 
16·86 18 · 07 
18'56 19·89 
17·69 18·06 
18·66 20·00 
17·03 18 · 24 
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The compounds and the analyses are 
recorded in Tables I and II. 
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Application 
to Powder 

of Dilatometry 
M~tal1urgy 

J. H. ANDREW & G. S. TENDOLKAR 

University of Sheffield 

A modlfled horizontal dllatometer has been 
designed and used to study volume changes of 
pressed copper powder specimens during 
heating. The characteristic of the curves 
showing the relationship between linear ex­
pansion and temperature vary with particle 
size and compacting pressure. Porosity and 
gas absorption are the two factors which 
Influence expansion In the early stages of 
heating, Surface tension is the dominating 
factor at high temperature. 

L INEAR changes accompanying trans­
formations in the solid state can be 
quantitatively measured with the help 
of a dilatometer. In its simplest 

form the dilatometer consists of a vertical 
silica tube, one end of which is closed, 
containing a small silica rod which serves 
as a support for the test specimen. The 
latter is a cylindrical rod about an inch in 
length. In contact with the upper surface 
of the specimen is a silica rod extending 
through the top of a furnace in which the 
dilatometer is heated. The movement of 
the specimen relative to the container is 
indicated on a dial gauge, which magnifies the 
displacement. A thermocouple in contact 
with the body of the specimen registers the 
temperature at the instant at which the 
reading on the gauge is noted. 
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Other types of instruments, e.g. Chevenard 
dilatometer1, and devices which take advan­
tage of the measurable change in capacity 
of electrostatic condensers!, when the dis­
tance between the plates is altered, have been 
employed for measuring dimensional changes 
in solids subjected to heating. The cathode­
ray oscillograph has also been employed in 
dilatometry3. 

The technique of powder metallurgy 
involves first the compression of metal 
powder to the required shape, followed by 
heat treatment during which sintering 
takes place. It is during the latter process 
that changes in the properties of the pressed 
compact are brought about. The compact 
undergoes expansion or contraction depend­
ing upon the compacting pressure, sintering 
temperature, particle size and furnace at­
mosphere. A study of dimensional changes 
in compacts during sintering provides in­
formation on the process of sintering and 
the dilatometer has been employed by a few 
workers in such studies4,~. 

Experimental 

Metal powder compacts invariably undergo 
oxidation when heated in air even at 
low temperatures. It is necessary, therefore, 
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that t1w dilatom\'tl'l" SllOliid bl ~ so dl'siglled 
as to permit the heating of the test specimen 
in a neutral or reducing atmosphere. It is 
more advantageous to use a horizontal 
dilatometer than a vertical one. The powder 
compacts are of low strength and are liable 
to bend when heated in a vertical position 
under their own weight. The dilatometer 
described in our studies (FIG. 1) consists 
of a refractory tube A-A, fitted at both ends 
with brass flanges B-R, piecene wax being 
used at the joints to render them airtight. 
The joints are provided with water-cooling 
coils M. The flanges are provided with 
connections C and D for circulating hydrogen 
or other gas. A small copper tube soldered 
to one of the flanges facilitates thermocouple 
connections. 

One side of the '!uartz tube is closed by a 
round brass wall W, exactly fitting the face 
of the flange and supported on a small ring R 
fitted on the inside of the flange. The 
contact faces of the flange and the brass wall 
are ground and greased and when placed in 
position they make a tight fit. The second 
flange ( fitted on the other end of the tube) 
is closed with a bell jar H which rests on the 
face of the flange, plasticine being used for 
the joint. The test specimen S is kept 
inside the tube in the uniform temperature 
zone and rests between two silica tubes, 
a platinum-platinum-rhodium thermocouple 
passing through one of them. A small 
hole, 1'4)" in diameter and about half an inch 
in depth, is carefully drilled along the length 
at one end of the specimen and the thermo­
couple is inserted into it so that the correct 
temperature of the specimen is indicated. 
The thermocouple leads L are taken out 

fmm t11l~ illside of the tube through the 
out.\et as shown in Fig. 1. 

Two compression springs (not shown in 
FIG. 1) press the brass wall on to the 
flange tightly. The silica rod is provided 
with a collar. A light spring between the 
collar and another collar fitted to the brass 
rod of the flange assures that the specimen is 
all the while in contact with its accessories. 
A Mercer dial gauge G on the end of the 
silica rod records the linear changes. 

The pressed compact (3" long X 0·375" 
broad X 0·25" to 0·35" thick, depending 
upon the compacting pressure used) when 
heated attains a temperature of 500°e. in 
20 min., 800°e. in 32 min., and 1,000°e. in 
45 min. This heating rate is maintained 
in all experiments. 

Platinum-platinum-rhodium thermocouple 
is rendered brittle when heated in hydrogen 
and has to be annealed after each experiment. 
The method employed for annealing is to 
pass an electric current through it until the 
wires become white hot. 

Single metal powders were used in these 
studies to avoid complications due to alloy­
ing when powder mixtures are heat treated. 
Two grades of copper powder, viz. -200 
to - 300 mesh and -325 mesh copper fine, 
both prepared electrolytically and supplied by 
Powder Metallurgy Ltd., were employed in 
these studies. The specific surface of the 
former was 280 sq. cm./gm. while that of 
copper fines was 4,000 sq. cm./gm. 

Observations 

The characteristic dilatation curves of 
copper -200 to - 300 mesh (Copper C) and 
copper fines (Copper F), each pressed at 

," .. .. ~ .. . . " .. .. .. ,f 
.'N, .' ,"., s B 
.. \. :',' .. ' .. '.' ~'" , 

c , ~ . : : - ............. 
, -. ',; . , 

A-A, refractory tube; B-B. brass flanges; M. cooling coils ; C and D. hydrogen inlet and outlet· 
T. soldered copper tubing; W. brass wall; H. supporting ring; S. test specimen; L. thermocoupl~ 

leads; G. dial gauge; N. furnace; and H. bell Jar. 
FIG. 1 - BELL-JAR HORIZONTAL DILATOMETER. 
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25 and 45 tons per sq. in., are shown in Fig. 2. 
There are three change points in the curves 
for both C25T and C45T ( Copper C pressed 
at 25 tons and 45 tons respectively). The 
first straight-line relationship extends up to 
150°C. for C25T and 125°C. for C45T. The 
coefficients of linea r expansion in these 
ranges are 16·5 X to -6 per 0e. and 16·76 X 
10-6 per °C. respectively. Pure copper has 
approximately the sam~ coe~cient of expan­
sIOn. The second stralght-Ime relationship 
extends up to about 300°C. for C25T and 
up to 400°e. for C45T. The coefficient of 
expans~on is higher, the actual values being 
approxImately 18 X 10-6 per °C. in both 
cases. The third straight-line relationship 
extends up to 600°C. for C25T and up to 
725°e. for C45T. In this range the co­
efficient decreases for C25T (17·9 X to-6 

per °C.) but increases considerably for 
C45T (20·15 X 10-6 per 0e.). 

Changes in the dilatation curves of Copper 
F25T and Copper F45T (copper -325 mesh 
pressed at 25 tons and 45 tons respectively) 
can also be similarly divided · into three 
ranges. These ranges and the corresponding 
coefficients of linear expansion are given 
in Table I. 

TABLE 1- COEFFICIENT OF LINEAR EXPANSION 
OF COPPER POWDER COMPACTS AT DIFFERENT 

TEMPERATURE RANGES 

COPPER F25T 
~ __ -A----, 
TEMP. RANGE, COEFFICIENT 

°C. OF LINEAR 
EXPAN S ION 

20- 190 
190- 300 
300- 480 

14·7 x lO"' 
17 ·99 x l0·' 
16· 33 x 10-' 

COPPER F45T 
, ~ , 
TEMP. RANGE, COEFFICIENT 

°C. OF LlNfo: AR 
E XPA NS ION 

20- 160 
160- 2[>0 
250-500 

1!)'23 x lO-
20 ·83 x lO· · 
l[)'l x 10-' 

Fig. 2 shows that the temperature at which 
the shrinkage and expansion just balance each 
other is higher for Copper C than for Copper 
F. This temperature is about the same for 
Copper F25T and Copper F45T, and it 
is higher for C45T than for C25T. When 
the temperature at which the overall contrac­
tion sets in is reached, the specimen contracts 
very rapidly and the dial gauge" runs out". 
The dilatation curves are, therefore, not 
continued above this temperature. 

Discussion 

A powder compact cannot be expected to 
expand like a metal rod, and if at any 
temperature the rate of contraction becomes 
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relatively more than the rate of expansion, 
then, in the absence of any other factor, 
there should be an overall contraction instead 
of an expansion. Other factors which 
should be taken into consideration are: 
(1) Adsorbed gases: The amount of gas 
adsorbed is greater on fines than on coarse 
powders. Trzebiatowski showed that the 
apparent surface of a copper powder made 
up of cubic particles, 1 mm. side, is 0·67 
sq. m./gm. The true surface may be 100 
times this figure as shown by Bowden and 
Rideal8• Assuming an adsorbed film of 
a gas one molecule thick, the possible gas 
content would be 0·36 c.c./gm. as calculated 
by Trzebiatowski. (2) Entrapped gases: 
Gases may be entrapped during sintering or 
they may get entrapped as they are evolved 
when the temperature is raised. The en­
trapped gases affect the volume of the speci­
men, the expansion depending on the 
readiness with which the gas escapes. 
Recrystallization and grain growth, involv­
ing reduction in total surface, also influence 
the evolution of gases. 





Chemical Examination of Castor Oil Gel- Part I 

MAHARAJA M. BHASIN, J. S. AGGARWAL & 
M. R. VERMA (in part) 

National Chemical Laboratory, Poona 

Castor oil gel is the ultimate product of the 
prolonged heat treatment of castor oil. About 
40 per cent of it is soluble in common organic 
solvents. The soluble and the insoluble por-

'lns were converted into their methyl esters 
and subjected to vacuum distillation. From 
the analysis of the methyl esters it has been 
ascertained that about 75 per cent of the in­
soluble portion is composed of a mixture of 
di- and tri-carboxylic acids. 

CASTOR oil gel resulting from prolonged 
heat treatment of castor oil is in­
soluble in common organic solvents 
and, at present, it has few industrial 

uses. With a view to finding some appli­
cations for this product a detailed examina­
tion of the gel has been undertaken. 

The principal change occurring during the 
heating of castor oil is the dehydration of 
ricinoleic acid chains leading to the forma­
tion of glycerides of 9: 11 and 9 : 12 linoleic 
acids. Further heating results in poly­
merization and in the formation of the 
glycerides of dimerized linoleic acid and its 
isomers. The investigations of Petitt and 
Champtier and Petit2 have established the 
cyclohexenic or hydro-aromatic nature of 
the dimeric fatty acids. Bradley and Johns­
ton3 have indicated the possibility of the 
formation also of a small amount of trimer. 
As long as cyclization reactions occur within , 
rather than between, the fatty acid mole­
cules, only the functional groups are affected 
without any increase in molecular weight. 

The next stage, according to Rossman4, is 
probably the cyclization of large polymer 
molecules by intramolecular reaction leading 
to gelations. Flory's theory6 of gel formation 
assumes the formation of an intricate net­
work of a large number of molecules formed 
exclusively by intermolecular reactions. 
Bradley's theory7, on the other hand, 
suggests that the gel state is due to a mecha­
nically interlinked mesh of cycliz~d polymer 
molecules of limited size. According to this 
view some intramolecular reactions as well 
as polymerization is essential for gelation and 
formation of insoluble and infusible forms. 
Similar views are held by FarmerS. 

The possibility of the existence of mono­
meric fractions in the gel is not excluded in 
the above theories. Bradley and Pfann9 

have isolated monomeric fractions to the 
extent of 24·3 per cent from the hydrolysates 
of the insoluble gel obtained during the heat 
treatment of a mixture of oiticica and 
sardine oils. Bradley and Johnston10 also 
postulated the existence of cyclic monomers 
due to thermal decomposition of linoleic 
acid and oleic acid chains during gelation. 

The castor oil gel used in the present 
investigation was prepared from fresh medi­
cinal castor oil of low acid value. The oil 
was heated at 280°-300°C. in an air bath. 
50 c.c . samples of the heated oil were taken 
out after every 3 hr. and their physical and 
chemical characteristics were determined. 
The results obtained are given in Table I. 

TABLE I 

Sp. gr., 40· C. 
Viscosit y. 40:>C. (ccntistokcs 
Ref. index, 25"C. 
Acid val. 
Sap. val. 
lod. val. (Wijs) 
l od. val. (Woburn B) 
Dienc val. (Ellis and J ones 
Acetyl val. 
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III-L\SIN l'l a/ . : CHEMICAL EXAMINAilON ot' CASTO R OlL GEL 

The molecular weight of the oil after 
heating for 11 hr. (just before gelation) 
was 1,144 as determined by Rast's camphor 
method. 

1. Solvent Extraction of the Gel - The 
soluble phase from the brownish-yellow gel 
was removed by grinding and reftuxing with 
two solvent mixtures A and B, filtering the 
solution and repeating the treatment till 
no more soluble portion could be extracted. 
The collected extracts were combined, freed 
from solvent and dried to constant weights 
in vacuo. The yields and characteristics 
of the soluble fractions are given in Table II. 

TABLE II 

Yield of soluble frac tion, (:~ 
Sp. gr., ~II"C. 
Viscosity, "'We. (ccnlistokcs) 
Ref. index, ~;) <'C. 
Acid val. 
Sap. val. . 
100. val. (Wii» 
10<.1. val. (\Volmrn Ii) 
Acetvl val. 
Dicne val. (Ellis and Jones) 
Mol. wt. (Rast's method) 

PETROl. ETHER 
(11.1'. ~1I" · 1iO > C.) 

J PANT + AC E ­
TON E i I' ARTS 

(A) 

3H'~ 
" ' \lM:!:; 

26~ I . ~ 
I'H~ 

(j.J.ji 

:.!:JI) · ;, 
ti4 .r, 
tilt·n 
:J~'7 
l:t'l 

" (;U· ! 

I\ES lENE 

1 PART + Jo: T IIYL 
ALC OHOL 
1 PA tn 

(B) 

·B·2 
(. ·B~;j:; 

~6!)l·ti 
[ ·HU 

(I:J'4 
i:~U' I) 

ti-j.·-l 
titi·a 
:J-l.;; 
u ·~ 

054'M 

The solvents were removed from the 
extracted gel by heating in vacuo at 100°C. 
The saponification value of the 2 samples of 
the gel were 260·0 and 257·5 respectively. 

2. Methyl Esters of Soluble & Insoluble 
Fractions - 200 gm. of extracted (solvent 
mixture B ) gel were reftuxed for 4 hr. with 
alcoholic potash and, after separating the 
unsaponifiable fraction from the hydrolysate 
by ether extraction, the free acids were 
freed by acidification with sulphuric acid, 
extracted with ether and dried at 120°C. 
They were converted to their methyl esters 
and the polymerized esters were separated 
from the unpolymerized fractions by distilla­
tion under reduced pressures. A known 
quantity of esters was subjected to vacuum 
distillation and the esters volatilizing at 
1 mm. pressure were collected. The methyl 
esters of the soluble fraction of the gel and 
of the oil heated up to the point of gelation 
were also separated as above. For the sake 
of comparison the methyl esters of the 
original castor oil w('[(~ also similarly treated. 
TIll' yields and charact('ri~tics of the different 
esters are given ill Table Ill. 

Fractionation of Polymers 

For the fractionation of the residual methyl 
esters of the soluble and insoluble parts of 
the gel and those of castor oil heated to the 
point of gelation, the solvent segregation 
methodll, recommended by Bradley and 
Bernstein, was adoptedl2• 

103 gm. of the esters dissolved in 50 c.c. 
benzene were shaken up into 200 C.c. of 
1 : 1 mixture of acetone and 99,S per cent 
methyl alcohol in a separating funnel. Water 
was added till opalescence appeared and the 
mixture set aside till the separation of the 
two layers was complete. The lower layer 
was drawn off. The residual fraction was 
freed from solvent by distillation in vacuo. 
This was fraction 1. Three further fractions 
were obtained by successive additions of 
water to the solution. From the final liquid 
the last fraction was obtained after complete 
removal of the solvent. The physical and 
chemical characteristics of the fractions 
from the different methyl esters are given 
in Table IV. 

Discussion 

When castor oil is heated at 280°-300°C., 
its specific gravity, viscosity and refrac­
tive index decrease in the initial stages fol­
lowed by an increase, while the acid, saponi­
fication, iodine and diene values follow 
a reverse order. Determination of these 
values has been followed up to the gelation 
stage. 

The molecular weight of the oil heated 
to the gelation point is 1,144. Bradley and 
Pfann9, however, on the presumption that 
8 molecules of linoleic acid glyceride ' are 
interlinked, estimated that the molecular 
weight of the gel obtained from a mixture 
of oiticica and sardine oil i, 7,317. But 
some intramolecular reaction along with 
polymerization is essential for gelation to the 
insoluble and infusible form. 

A study of the characteristics of the 
methyl esters of the original castor oil, of 
oil heated to the gelation point and of the 
two fractions of the gel lead to the following 
observations: 

1. The percentage of methyl esters which 
can be recovered by distillation at 1 mm. 
pressure at 260°C. decrease in the following 
order: original castor oil, castor oil just 
before gelation, soluble portion of the gel 
and insoluble portion of the gel. The 
distillates are of low molecular weight. 
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2. The molecular weights of the residual 
methyl esters in all cases vary between 
551 ·6 and 580'3. When the residual fractions 
of the methyl esters are fractionated by the 
solvent segregation method, a regular grada­
tion in the characteristics is observed. The 
molecular weights correspond nearly to that 
of the dimer of linoleic acid in all cases. 

3. The number of double bonds per 
molecule, calculated from Wijs iodine values 
for residual esters just before gelation, is 2, 
while for that of the soluble and insoluble 
fractions of the gel is nearly 1·5. The latter 
value may be due to the presence of esters 
of dienic and mono-olefinic acids . 

4. The basicity values of the acids of 
various fractions show that whereas the 
acids of the residual methyl esters, segre­
gated from the castor oil just before gelation 
and those of the soluble portion of the gel, 
showed a basicity of 2, similar fractions 
from the insoluble portion of the gel give 
values varying from 2·25 to 2·43 indicating 
them to be the mixtures of dicarboxylic and 
tricarboxylic acids. Since the molecular 
weight of the fraction is below 586'4, the 
formation of any trimer of linoleic acid is 
ruled out. The presence of some tricarboxy­
lic acid can presumably be, therefore, ex­
plained on the scission and reunion of alkyl 
chains in different molecules of the dimer in 
glycerides. 

5. The hydrolysed product of the castor 
oil gel may advantageously be used for the 
preparation of elastomers and higher poly­
mers after condensing with glycols and other 
polyhydric alcohols. The hydrolysed mate­
rial, either as such or after modification 
with drying oils, may be used as a coating 
composition. The di- and trivalent salts 
of the hydrolysate have already given 
satisfactory results as substitutes for ester­
gum and oil varnishes and as solvent lacquers. 
Work on the hydrolysis of castor oil gel 
under steam pressure is in progress. 
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Extraction of Germanium from Sphalerite 
Collected from Nepal-Part I 

R. K. DUTTA & S. N. BOSE 

University College of Science, Calcutta 

A method for the extraction of germanium 
from the magnetic fraction of the mineral 
sphalerite has been described. The fraction 
which is shown to be magnetite contains 0'24 
per cent l1ermanium. 

I Na previous communication l , we des­
cribed a magnetic fraction of the mineral 
sphalerite collected from Nepal. On 
chemical analysis, this fraction was 

found to be mainly ferric oxide with a 
coating of ferrous sulphide. It contains 
germanium to the extent of 0·24 per cent. 
That the mineral is magnetite has also been 
confirmed by X-ray analysis. Coal ash, 
euxenite and some specimens of zinc blende 
are known to contain germanium in small 
quantities, but its association with magnetite 
has not been reported. 

Experimental 

Analysis of the Mineral- The spectro­
gram revealed the existence of iron, silicon, 
lead (trace) and germanium. 

Total Iron - A weighed amount of finely 
powdered mineral was dissolved in 1: 1 
hydrochloric acid and the total iron 
estimated by titration with potassium di­
chromate after reduction with stannous 
chloride. 

Silica was estimated by the usual method, 
and the value verified by determining the 
loss in weight by treatment with hydrofluoric 
acid. 

Sulphur - The mineral was decomposed 
with sodium peroxide and the sulphur 
estimated as barium sulphate. 

Ferrous iron was estimated by decom­
posing the mineral with 5 C.c. of concentrated 
hydrochloric acid and 10 C.c. of hydrofluoric 
acid in an atmosphere of carbon dioxide, 
and subsequent titration with potassium 
dichromate using diphenylamine sulphonate 
as indicator. 

Germanium - Of the various methods 
known for the estimation of , germaniums-5, 

Orliac's colorimetric methodS with slight 
modification was found to be the most 
convenient. A weighed amount of the 
mineral was carefully roasted at 500°C. in 
an electric furnace and transferred to an 
all-glass distillation apparatus. 40 C.c. of 
1 : 1 hydrochloric acid were added and the 
flask gently heated in a current of air. The 
distillate was collected in a flask containing 
dilute caustic soda solution and a drop of 
phenolphthalein indicator solution. After 
the distillation was complete, the soLution 
was acidified with dilute hydrochloric acid 
and the volume made up to 100 C.c. To 
10 C.c. of this solution, 1 c.c. ammonium 
molybdate solution ( 9 per cent) and 10 c.c. 
of alkaline potassium stannite solution 
containing 5 gm. of hydrated stannous 
chloride and 300 gm. of potassium hydroxide 
per litre were added and the total volume 
made up to 40 C.c. A series of standard 
solutions of germanium tetrachloride were 
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FIG. 1 - X -RAY POWDER DIAGRAM OF THE NON -M AGNETIC PORTION FROM THE MINERAL Sl'HALElUTE. 

prepared and the same volume of ammonium 
molybdate and alkaline stannite were added 
and the total volume in each case made up 
to 40 c.c. After an interval of 5 min. the 
transmittancies of the solutions were deter­
mined in a Lumetron photo-electric colori­
meter, using 440 mIL filter, and a standard 
graph was constructed. From this graph 
germanium in the mineral was found to be 
0·24 per cent. 

The results of the analysis are tabulated 
below: 

Total iron 
Ferrous iron 
Sulphur 
Silica 
Germanium 

% 
60'" 
23·1 
1·19 
2·16 
0'24 

FC~03 
FeO 
FeS 
Si0 2 
Ge02 

GU ' 28 
27-02 

3·27 
2· 1() 
0 · 34 

99·07 

The mineral is apparently magnetite with 
a coating of ferrous sulphide. This has now 
been confirmed by X-ray powder diagram 
kindly supplied by Mons. Pierre Urbain, 
Director, Hydrological Institute, Sorbonne, 
Paris. The rontgenogram is reproduced in 
Fig. l. 

Extraction of Germanium Dioxide - None 
of the methods employed by Winkler 
for the extraction of germanium from 
Argyrodite was adopted, as the associated 
elements in this mineral are quite different 
from those in Argyrodite. After various 
trials the final procedure adopted was based 
upon the volatility of germanium tetra­
chloride and is an elaboration of the proce­
dure described by Buchanan2• 

160 gm. of the finely powdered mineral 
were roasted in an electric muffle at about 
550°C. for 12 hr. when all the sulphide was 
converted to sulphate and oxide. The 
roast ore was transferred to an all-glass 
Claisen flask. 400 C.c. of 1 : 1 hydrochloric 
acid were added and german ium tetrachlo­
rirIe distiller! off in a currrnt of hydrochloric 
acid gas till the volume is reduced to one-
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fourth. This distillation was repeated with 
further additions of hydrochloric acid. A 
rapid stream of hydrogen sulphide gas was 
then passed through the distillate for about 
15 min. when a milky precipitate of 
germanium disulphide was obtained (for 
complete precipitation, the acid strength 
was maintained at 4N to 6N by the addition 
of concentrated hydrochloric acid) . The 
mixture was set aside in a stoppered bottle 
for 48 hr., the sulphide separated by 
filtration and washed with 6N sulphuric acid 
saturated with hydrogen sulphide till it was 
free from chloride. The precipitate on the 
filter paper was treated with aqueous ammonia 
(about 8N) and the filtrate collected. The 
germanium disulphide was thus obtained 
as the thio-salt. The filtrate was evaporated, 
hydrogen peroxide added and again eva­
porated to dryness. The dried mass was 
carefully heated to remove ammonium sul­
phate completely, transferred to a crucible 
with water, evaporated and finally ignited 
to germanium dioxide at 600°C. The yield 
was 330 mg. 

The spectrum of germanium dioxide thus 
obtained reveals the existence of traces of 
iron, lead, phosphorus (impurities from the 
hydrogen peroxide used). 
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F actors Affecting the Properties of 
Typical Zircon Porcelain - Part I 

S. B. ROY 

Central Glass <5- Ceramic Research I nstitute, Calcutta 

Lime is a useful flux in zircon bodies, whether 
it is added as calcium-ziroconium silica te, 
whiting or wollastonite. These fluxes either 
individually or in combinations do not 
markedly influence the maturing character­
istics and fired properties of typical zircon 
porcelain bodies processed by the dry-press 
method. The forming pressure rather than 
the pressing technique is important In the 
control of fired density. All the three fluxes 
are suitable, when used individually, for the 
production of earthenware and semi-vitreous 
bodies. 

AN appreciable amount of work1-8 has 
already been done on zircon porce­
lain compositions and useful fluxes 
such as whiting and calcium-zirco­

nium silicate in zircon porcelains have also 
been investigated in this laboratory. by 
previous workersa. The present investiga­
tion was undertaken to study the relative 
merits of different methods of incorporating 
the alkaline earth fluxes in typical zircon 
porcelain compositions4• 

Experimental 

The raw bodies were so compounded that 
the fired body composition in each case was 
as fo llows: 

Weight per cent Composition 

% 
AI 2Oa, 2 Si02 19 
Zr02, Si02 72 
CaO 9 

100 

Dividing by the Res /,ective Molecular 
H'eights 

AIPa. 2 Si02 19/222 0·09 mol 
Zr02• SiOz 72/182·9 : 0·39 mol 
CaO () /56 ()·t 0 mol 

0·64 mol 

Hence, mol per cent composition of the 
body was, in each case, as follows : 

% 
AI2Oa, 2 Si02 

0·09 X 100 
14 

0·64 

Zr02 • SiO~ 
0·39 x 100 

61 
---o.6~ 

CaO 
0·16 X 100 

25 
0·64 

Mol per cent composition of fluxes in 
various raw bodies is indicated in Fig. 1, 
and the composition of the raw body is 
calculated as follows. Each mol of calcium­
zirconium silicate supplies a mol of CaO 
and a corresponding mol of Zr02, Si02• 

This was taken into consideration and the 
proper adjustment made when adding zir­
con to the body. Wherever wollastonite 
was used as a source of CaO, it provided a 
corresponding mol of Si02• This amount 

lJ 
A 

CA- ZI-SllICATE 

WHITING 
C , 

' 6 s 
WOUASTONIT£ 

FI G. 1 ··· 11'101. PER C ENT CO~IPOS ITI ON OF FLUXES 
IN RAW HODIES. 
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of silica provided by wollastonite was 
considered as excess silica in that particular 
body and it was not taken into account when 
adjusting the molecular composition of the 
body. In making these calculations the 
theoretical and not the actual molecular 
weights of the raw materials were used. 

The following raw materials were used: 

1. MilledZircon (Titanium & A lloyManufg. 
Co., Niagra Falls, New York) 

zr02 
Si02 
Others 
Ti02 
Fe20 a 

Analysis 

Reported fineness 

Determined fineness 

% 
64·3 
35·0 
0·7 
0·1 
0·05 
0·1 retained on 

325 mesh 
0·27 retained on 

325 mesh 

2. Calcium Zirconium Silicate ( Etalliutlt 0-
Alloy Manujg. Co., Niagra Falls, New York) 

Zr02 
Si02 
CaO 

Analysis 

Reported fineness 
Determined fineness 

% 
52 
26 
22 
0·1 on 325 mesh 
0·19 on 325 mesh 

3. Florida Kaolin (Edgar Plastic [( aolin 
Co., Metuchen, N.].) 

Analysis 
% 

AIPa 36·75 
FeP3 0,80 
CaO 0·15 
Ti02 '0·18 
MgO 0·20 
Si02 46·95 
KNaO 0·24 
Ignition loss 14·95 

4. Whiting (Columbus Denial Manu/g. Co., 
Columbus, Ohio) 

CaC03 
MgO 
Si02 

Al20 3 
Others 

~54 

Analysis 
% 

98·5 
0·5 
0·8 
0·1 
0·1 

5. Wollastonite - CaO, Si02 (Foote Mil/e­
ral Co., Philadelphia, Pa.) 

A lIalysis 

SiOz 
Al20 3 
CaO 
Fe20 3 
Observed fineness 

% 
49·3 

2·7 
46·5 

1·1 
14·0 retained 

on 200 mesh (mainly 
coarse red sand) ; ground 
to pass through 200 mesh 
by wet grinding before 
being used 

The compositions of the raw bodies are 
given in Table I. The body in each case 
was prepared by wet ball-milling and drying 
in a steam-heated drier ( temperature 60°C.) 
and subsequently pulverized in a " Braun" 
disc pulverizer, avoiding excessive fines. 

The test specimens were formed by dry 
pressing in a steel die at 4,000 p.s.i., using a 
manually operated Carver laboratory press. 
7 per cent by weight of a 5 per cent dextrine 
solution was used as the binder in preparing 
the pressing batch. Discs, 2" in dia. 
(3 sq. in. in area) and approximately 
t" thick, were prepared for the vitrification 
studies. The following bar specimens were 
prepared for those bodies (three end mem­
bers of the tri-axial, i.e. Nos. 1, 23 and 28 ) 

TABLE I-EFFECT OF FLUX SELECTION; BODY 
COMPOSITION IN PERCENTAGE BY WEIGHT 

BODY ZIR CON, FI.O HIUA WHITING, en Zr \VOI. LA S-
No. % KA~~. IN , 

0' S~(:~I TOSITE, '0 
'" % 

1 fl~ ' 6 20·n ]4, ;, 0 ' 0 0 ·0 
2 HO·t 2 1' :! 11 · 7 7·0 n·o 
3 nt·2 21' U ]1 -" 3 ·;, 1 ·7 
4 1)4'3 21 · >\ 11,;' 1).1) a·~ 
fi :,;;. " 2 1· ;. ~'H U ' O 1) ·0 
1\ !)U'ri 21'1 ~'S 7 · 1) a·~ 
7 fi4·0 21) ,7 x·7 n·I) 6 · 7 
8 ;,0-6 21· 7 (i'll 21 ' Ii n·o 
9 ;,;)'n 21':! fl-I) u ·n 3· ~ 

HI :'7'4, 21·2 f)'H 10·f, ;"1 
11 {iU';) ~I'U ;"H 7 · " ij'M 
]2 1;:1·7 ~u·u ;)'1; (HI III," 
1:3 [,i ·1 21'" 4'1! lU · t! [,·x 
It [)[, ... ~I·a 4· ~ )4.1) [, · 1 
]!l [,7·2 ~I'I 4·4 ]0 · :' (I ' I! 
In 4:)'~ :l2·! , a·t 20':! \1.1) 
17 [,U·4 21·n a'lI ~1':' :l ' :, 
l/l [)t)." 2 1·:! :l·1I )4 ' " (\.~ 

]U [,H·2 20'U i·n H·t) 111 ' \ 
20 0:4·" :w·;, :!.~ IHI 1:1' 2 
2 1 4:, , 0 21·6 J.;, 2S ' (j I'S 
22 til·2 20·7 I'~ 3· ;, 13· :1 
23 4B · B 2:!'4 0 · 1) :37 ' 1 IJ·(J 
:!4 4[,' !) :H · O " . \1 :W'O a· [, 
2:') ;,{)·2 21 ';1 0 · 11 21'4 j·O 
211 ;, ... ·7 :!I'2 11 · 11 ]4 ' 11 lU·:! 
27 f,H'U to ·K 0 , " i · n 1:I·a 
2~ 63 · 1 20·:J tHI (j-II 16 ' 4 
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included in the final study of fired pro­
perties. 

12 specimens, each of 5"x1"x~", for 
the determination of the following: (a) total 
shrinkage and fired transverse strength; 
(b) warpage during tiring; (c) fired trans­
lucency and broken bars were employed for 
bulk and apparent specific gravity and 
per cent absorption. 2 specimens, each 
5" X !" xli", were prepared for the determina­
tion of the coefficient of thermal expansion. 

The specimens for the determination of 
the fired translucency were wedge shaped 
( O-v) with a "clipper" abrasive wheel. 

The test pieces were dried in a steam­
heated drier (60°C.) and subsequently fired 
in a muffle type electric glober kiln. The 
temperature was increased at the rate of 
350°F. per hour to within 2 cones of the 
ultimate end point. 

A soaking period of 3-4 hL was allowed. 
Water absorption tests were conducted 

in the conventional way and per cent ab­
sorption was considered as the criterion of 
the progress of vitrification. 

The shrinkages were determined as follows: 

Per cent total shrinkage = 
Formed length - fired length 

Formed length 
x 100 

A Dillon testing machine was used for the 
determination of fired transverse strength. 

Translucency was determined by sliding 
a wedge-shaped test piece from the thickest 
to the thinnest end over a narrow slit in the 
cover of a box containing a 60-watt Mazda 
lamp. The thickest cross-section ( measured 
to an accuracy of 0'001") of the specimen 
where the slit was just visible was reported 
as the translucency value. An average of 
4 measurements, using 2 specimens, is 
reported. 

The thermal expansion determinations 
were made in a fused quartz tube dilato­
meter designed by the U.S. Bureau of 
Standards in which the expansion of the 
test bar (5" X i" X i") is measured by an 
Ames dial graduated to 0·001". 

Discussion 

Effect of Flux Selection on Maturing 
Characteristics - The results of the effect 
of flux selection upon the maturing charac­
teristics of the various bodies are presented 
in Table II. It is evident from Table II 
that the vitrification range was in no case 
greater than one Orton cone which is shorter 
than that preferred for commercial firing. 
The use of the fluxes, individually or in 
various combinations, does not show any 
difference in influencing the maturing cha­
racteristics of vitreous bodies; the effect 
was somewhat more pronounced in porous 
bodies. 

TABLE II-EFFECT OF FLUX SELECTION; PER CENT ABSORPTION VS. FIRING CONES 

BODY No. FIRING CONES , 
S' U' 10' 11' 12' 13' 14' 15' 

1 1;;-40 10·60 6·80 6·30 2'00 0·00 O.F. O.F. 
2 IH · -iH ~'H;, 5'·17 u·2L 2·m! l ' :III 0.0. 0.1'. 
a J7'I~ U'3H !i · a~ fl· IH 2'2~ (I·o~ O.F. O.F. 
4 20·45 13·711 lO·U H'!)6 6·35 (I . JU O.F. O.F. 
5 14' 7!i I)·ur, 4 '22 2·4(; J ·54 0·00 O.F. O.F. 
6 I:;' 411 )1':W 7·11) !j'!)2 :"7~ 1 .4 1 0.0. O.F. 
7 Hi '(j2 l;J'H4 In · ;,Ii IO ·lii 5·5!) ()·oo 0.1'. 0.1'. 
B 13 · 2rl 1")' 3;) tj,ti2 5-U7 1·IIH 0'00 O.F. O.F. 
D 1:I'rl7 \)-4:' 7 '1f) 6 ·07 4·05 0·00 O.F. O.F. 

10 1:1· :'if, II '64 H·ij ll 6'46 5·68 (I·lO 0.1'. 0.1'. 
11 17· 62 il·on R·B!) S'!}4 :"40 () 'Os O.F. O.F. 
12 1:j·tlU 14 . x :! 12' an 7 ·47 O'3~ () ·oo O.F. 0.1'. 
13 I H' I:I 12'!J;, 11 ·1 4 ~'\IU 6·79 O'lH O.F. O.F. 
14 IH'U7 10·7;. H·7B 7'MO 4 ·03 0 · 118 O.F. 0.1'. 
Hi 14' 4:1 1~' :)7 ~). Of) 7' J5 ;,'[)4 11'13 0 .1'. O.F. 
16 14·:3fi ~';d rl'~2 3·31 2,(;6 (I. 97 0.0. O.F. 
17 IH'Hi n·r)~ G'SH 4 ' HS 3·23 0'00 O.F. O.F. 
18 Ja'M!) 1l·74 U':!5 M'II~ H'U2 l' 8!) 0.0. O.F. 
IU 18· :16 10·07 H'S5 ~'06 6 '4H ()'IIII 0.1'. O.F. 
~o 14·IIH l:!'Kt 10-1)5 !)'ll 6'M3 (1,011 0.1'. 0.1'. 
21 15 -01 H-OO 7·81 0-08 4·H!) 0';'0 O.F. 0.1'. 
22 1:3· (;~ 10-131'1 7'li6 6-1l 4' M~ 0·07 O.F. O.F. 
23 J 3· 3U 7·UO 5-()4 4·2() 1· 20 0·011 0.1'. O.F. 
24 1:j·~~ 9'46 5 -05 4'H8 2'~4 0 · 18 O.F. O.F. 

(S.O.F. ) 
25 l!)·fi:J 10·77 7'HH 4·57 3·70 0·10 0.1'. O.F. 
26 14 ' 41i 1l·0.~ 7 '!l!) G '[)H 4 · 13 O·O!) 0.1". O.F. 
27 14'M!) \) '14 7'2!1 !j'4() 2·7U 0·07 0.1'. O.F. 
28 10'00 8·35 6·38 5·30 2·40 0 · 00 0.1'. O.F. 

O.F. - Over-fired. S.O.F. - Slightly over-fired. 
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Table II, when considered with reference 
to Fig. 1, indicates that all the three fluxes, 
when used individually, are suitable for the 
production of earthenware and semi-vitreous 
bodies. The absorption figures of bodies 
1, 23 and 28 at cones 9, 10 and 12 show that 
at these temperatures calcium-zirconium 
silicate is more effective as a flux than the 
other two. It is also clear that for any 
temperature below the point of vitrification, 
a combination of whiting and calcium­
zirconium silicate or of wollastonite and 
calcium-zirconium silicate yields a consider­
ably greater fired density than a combina­
tion of whiting and wollastonite. The in­
creased activity of calcium-zirconium silicate 
is further evidenced by the temperature 
vs. absorption data for the bodies 4, 7, 12, 
20 and 28 on the one hand and 3, 6, 9, 10, 
11, 13, 14, 15, 17, 18, 19,21 and 22 on the 
other. The gradual increase in the pro­
portion of calcium-zirconium silicate in the 
body results in increased fired density. 

Fig. 2 shows the progress of vitrification 
of the three end members of the series and 
curve A shows that at low temperatures 
whiting bodies are somewhat more porous 
than the other two; this is evidently due to 
the evolution of CO2 from whiting in the 
earlier stages of firing. It is further evident 
that whiting is not a suitable flux for vitreous 
(0-0·5 per cent absorption) bodies, or 

1 16 

~ I~ 
o 
f: ,~ 
CI. 
~ 
0,0 
II) 

CD 
It 8 

... 
<: 6 ... 
V 
lX 4-

~ 
2. 

-----_._--_. -. -----

'<~ 
\. '~ . ',-- :---

O~_-~-~---L--~---~~~~ 
6 7 8 9 10 

FIRING CONE ~ 

A, 1: whiting; B, 23 : Ca-Zr silicate; C, 28: 
wollastonite. 

FIG. 2 - - FI~ING CURVES FOR BO/)Y Nos. 1. 23 
AN!) 28. 
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earthenware bodies in the region of 10-12 
per. cent a?sorption , even though it may be 
satIsfactonly used for porous bodies in the 
region of 15-18 per cent absorption, or 
semi-vitreous bodies in the region of 0·5-7 
per. cent absorption. Curve B similarly 
mcilcates that calcIUm-zirconium silicate 
is not suitable in the region of 0-0'5 per cent, 
5-1~ per cen t o~ 1~-12 per cent absorption, 
willie curve C mclicates the suitability of 
wollastonite for earthenware (10-12 per 
cent) and semi-vitreous (5-7 per cent) 
bodies. The typical one cone (Orton) 
vitrification range for vitreous bodies was 
observed in each case. 

Effect of Flux Selection 011 Fired Pro­
perties - Data presented in Table III show 
that all the three representative bodies 
were markedly defici ent in fired transverse 
strength as compared to 20,000-25,000 
p.s.i. for commercial zircon porcelains which 
is possibly due to the dry-press method of 
forming. A later study by the author 
(to be published later) revealed that the 
conventional wet processes of fabrication 
including casting and extrusion highly im­
proved the transverse strength. 

TABLE 111 - EFFECT OF FLUX SELECTION ON 
FIRED PROPERTIES OF PORCELAIN BODIES. 

BODY No. 
r---"-----. 
1 23 2~ 

1. Firing cone 13:1 133 133 
:!. Per cent tired absorp tion 0'071 (J ' Oi8 0 -010 
3. Fired transverse s treng th 14:)vv 1357U 14305 

ill lb. per sq. inch 
4. Bulk s pecific gravi t y 
5. Apparent speci fic gravi t y 
6. Per cent to tal ~ hrill kag(: 
7. Fired warpage represented 

in inch per inch 
8. Translucencv in inches 
U. Coeflicicn t o-f ther lllal expan· 

sion X 10- 1 

a-riB a-G;' 
:l· ,WI :1- H7 

J:!- ;.z 1:1· il 
U' II!J1 U'U63 

U ' I4~ 0 ·169 
4 '<13 4 'Ul 

• Body No .1 - us ing Whiting- as the flux. 

3·62 
3·63 

10 ·05 
0 ·066 

0 ' 125 
4· 89 

Body No_ 23 - using calciulll zirconi ulll silicate as the flux. 
Body No_ 2tS - using: wo llastonit e a s the flux . 

It. is qui~e possible that the other pro­
pertIes stud ied here are also affected by the 
method of forming, but to a lesser degree. 

With the exception of colour, the effect 
upon the fired properties is almost the same 
for all the three fluxes. The fired colour was 
white for body 23 , light cream for 2~ and 
dark cream for 1. Depending upon the 
usage of the fini shrd prodnct, the rliffcrrnces 
in the tired colollr might bl' important in 
the selection uf the Jlux. 
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l:J!<,ct of j)iff<'rt'lli j'r<'ssillJ.', [ edilliqu<'s l~ 
Forming j'rcssurcs - This phase of the study 
was initiated because previous experience of 
the author indicated that friction of the die 
at the edges of the specimens resulted in 
somewhat local porosity . It was, therefore, 
expected that pre-densing at the edges of 
the pressing batch and/or the application of 
two or more pressure cycles might give 
uniformity in the density of the fired bodies. 
Table IV shows that an increase in forming 
pressure up to 6,000 p.s.i. resuIts in gradually 
decreased porosity. This effect is, however, 
relatively slight for the increase from 3,000 to 
4,000 p.s.i. but quite appreciable for in­
creases from 4,000 to 5,000 and 5,000 to 
6,000 p.s.i. There appears to be no advantage 
in increasing the pressure beyond 6,000 
p.s.i. It is also interesting to note that the 
forming pressure rather than the pressing 
technique is important in the control of 
fired density. Pre-densing at the edges of 
the pressing batch, which would normally 
be expected to be beneficial apparently, had 
no significant effect. 

TABLE IV - EFFECT OF DIFFERENT PRESSING 
TECHNIQUES & FORMING PRESSURES ON 

FIRED ABSORPTION 

(Body N o. 23 - dry-pressed, con ,; 12') 

F O RMI!-J G EDG ES 0" No. O F FIR E D 
rRI ': SSU R E SPEC IMEN S l'RES ~ lJ RI': AU SORrTION, 

( p.s. L) rR E -DEN SEU UEFORE CYCL ES % 
I'RE SS ING 

3000 No Single l·G;) 
31HHI No Double 1 · 4:) 
:lO(JO No Triple ) ·f>x 
3IHI" No :1 cycles · l · r.H 
:\IKKI y(,s Single I · m:! 
al KKI y("s Douhle 1 · :lt 
:IIKOI Yes Triple 1 -;)7 
:I(NKI Yes :3 cycles· 1 · !17 

411()() No Single ),31 
4UliO No D01lhle 1-2U 
4000 No Tri pl~ 1 · 2\1 
4000 No ~l cycles· I-On 
41KHI Yes SinJ.:"h-' I -liL 
40ilO Yes DOll b1e o·n:, 
41)lHI Yes Tripif' 1 · 2;' 
4f)OO Yes :1 cycles· 1 · :16 

f,OOO y(,s Single l '~O 
:1000 Y es Douhle f)'HI 
MHIII Yes Triple 0 ·U2 
f,tttitl Yes :J c yc:lcs· 1 ' f)7 
:,OtlO 1'0 Single 0 ·1)2 
;,000 No DO\lble O·tlH 
:)4)(H) !\o Triple o·n:-) 
f,4HH) No 3 cycles· ) , 10 

G()()O No Single O· t;i 
(ifHHI No DOllhle fI · ;'7 
filKIO No. Tri ple 0 ' 40 
IlINKI No :1 cyclcs· n·f,r, 
';000 No Single O·iG 
71HIO No Douhle 0 ' 4:\ 
7f100 No Triple fI·~fI 
7000 No 3 cycles· () . 4( 

• A multi -s tage cyclc employing three pressure appl ica tions 
of increasing intensity was used. 

/ 'f. 

t / '2 

3 000 4 000 5 0 0 0 6000 7000 

FORM ING PRESSUR E I N P. S.I 

FIG. 3 - EFFECT OF FORMING PRESSURE ON FIRED 

ABSORPTION ; BODY No. 23, DRY PRESSED, CONE 12". 

Conc l usions 

Lime (CaO) is a useful flux in zircon 
porcelain bodies whether it is added as 
calcium zirconium silicate, as whiting or as 
wollastonite. As regards the maturing range, 
however, none of the fluxes are of any 
outstanding merit for the development of 
vitreous zircon porcelains processed by the 
dry-press method. The effect of flux selec­
tion is more pronounced in porous rather 
than in vitrified bodies. Calcium-zirconium 
silicate is more effective as a flux than 
whiting or wollastonite. These fluxes are 
more effective individually than in combina­
tions. 

In the dry-press method of forming, an 
increase in forming pressure results in 
decreased porosity (the optimum effect 
being obtained at 6,000 p.s.i.). The forming 
pressure rather than the pressing technique 
is important in the control of fired density. 

But for the fired colour, flux selection has 
no appreciable effect upon the fired proper­
ties of zircon porcelains. 

Compared to commercial zircon porcelains, 
these bodies were markedly deficient in 
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transverse strength. This deficiency has been 
attributed mainly to the method of forming. 
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SEARCH FOR MICROFOSSILS IN 
THE NEOBOLUS SHALES OF THE 

SALT RANGE, PUNJAB 

PROF. B. SAHNI AND HIS COLLABORATORS 
have found remains of vascular plants in 
the rock samples of the Saline Series and on 
this evidence have assigned to it an Eocene 
age. This observation has been confirmed 
by A. K. Ghosh l and his co-workers at 
Calcutta. Ghosh and his associates have 
also examined beds overlying the Saline 
Series for microfossils. Strangely enough 
they have discovered in all these beds 
microfossils of the same general nature as 
from the Saline Series. They have macerated 
one sample of the Neobolus Shales and from 
it reported" numerous pieces. of wood often 
with uni- to multi-seriate bordered pits and 
a round pitted spore with triracliate scar". 
The Neobolus Shales are acknowledged to be 
definitely Cambrian. The finding of remains 
of vascular plants in them is most unexpected, 
for the earliest land plants are universally 
believed to have first appeared only in the 
Middle Silurian. With a view to confirm 
these interesting discoveries I examined two 
samples of Neobolus Shales. 

The samples are registered as S. 83 and 
36/547. Sample S. 83 is a dark grey mica­
ceous shale on the surface of which is visible 
an impression of a Neobolus shell. It was 
collected by Prof. Sahni from Khewra in 
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to the Editor 

1945. 36/547 is a grey micaceous shale 
with a light chocolate hue. It was collected 
from" north of Rawal , Eastern Salt Range, 
Punjab ". This sample was kindly given 
to me for examination by the Geological 
Survey of India. 

About 50 gm. of each sample were broken 
to small pieces, brushed and, after passing 
through a flame, dropped separately in about 
100 C.c. of filt ered commercial nitric acid. 
After a week, the acid was decanted off and 
some filtered distilled water was added to the 
settled rock material. The material was 
then lightly shaken so that while the heavy 
rock particles remained at the bottom, the 
lighter ones along with the organic remains, 
if any, may float upwards. The muddy 
solution containing the lighter portion was 
poured into another vessel and left for 
settling. The clear liquid was decanted off 
and the sediment was washed free of any 
traces of acid by filtered water. The residue 
was left in aqueous ammonia overnight, 
after which the alkali was washed off. It 
was then treated with hydrofluoric acid to 
dissolve the silica. After washing out the 
acid, the residue was treated with caustic 
soda solution. Thus as much of the rock 
matter as possible was eliminated before 
examining the residue for microfossils. After 
washing, the residue was transferred to a 
watch glass and given a light rhythmic 
shake so that the possible organic remains 
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may migrate towards the centre. In this 
way the clearer portion was separated from 
the heavier one containing the greater part 
of the organic matter. To ensure that no 
organic remains escaped notice, both portions 
were examined. 

No microfossils were found in 36/547. 
In S. 83 two tiny objects of a doubtful nature 
were noted, but they do not seem to represent 
any plant structure. The first is a small 
flake-like object with a large number of small 
specks on the surface. The other looks like 
a membrane folded into an irregular shape. 
My examination of the Neobolus Shales has 
failed to reveal any recognizable plant 
remains. There is, therefore, no evidence 
available at present on the strength of which 
the already established Cambrian age of the 
Neobolus Shales can be questioned. 

I am grateful to Prof. T. M. Harris, F.R.S., 
for the improved maceration tecnnique 
employed in this work. 

R. N. LAKHANPAL 
Birbal Sahni Institute of Palaeobotany 
Lucknow 
July 26, 1950 
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INVESTIGATIONS ON THE 
PREPARATION. PROPERTIES & 

NUTRITIVE VALUE OF RICE 
SUBSTITUTES . FROM TUBERS & 

MILLETS 

CONSEQUENT ON THE PRESENT SHORTAGE OF 

rice and other staple foods, it has become 
increasingly necessary to make up the 
deficit through other sources. Among these, 
the most promising are tubers, e.g. tapioca 
and sweet potato, which can be produced 
more abundantly than cereals. Tapioca 
and sweet potato are deficient in proteins 
and are, therefore, by themselves, poor 
substitutes for cereals. In an earlier paperl 
from this laboratory it has been shown that 
incorporation of groundnut cake flour to the 
extent of 20 per cent with tuber flours makes 
up for the deficiencies of the latter and the 
nutritive value of a mixture of tapioca flour 
(80 parts) and groundnut cake flour (20 
parts) is superior to that of rice. More 
recent investigations (unpublished) have 
shown that the replacement of 25 per cent 

of rice or wheat by tapioca or sweet potato 
flour does not lead to any deterioration in 
the overall nutritive value of poor rice or 
wheat diets, as judged by the rate of growth 
of young rats, 

In suggesting alternate food substitutes 
for rice, we have to take into considera­
tion not only their nutritive value but also 
their acceptability from the psychological 
point of view. Food in the form of flour, 
though readily acceptable to wheat and millet 
eaters, is not psychologically acceptable to 
rice eaters accustomed to eating food in the 
shape of grains. Investigations were, there­
fore, undertaken to explore the possibility 
of preparing rice substitutes from tapioca 
( with and without the addition of groundnut 
cake flour) and also from millets. 

The possibility of preparing rice-like grains 
from various sources has been investigated by 
a number of previous workers. Particular 
reference may be made to the pioneering 
work of Bhatnagar and his associates who 
produced rice-like grains from broken rice 
(private communication). More recently, 
rice-like grains have been produced in other 
countries from wheat flour which were used 
as substitutes for rice during the last war. 
Tuber flours have not, however, so far been 
used for such a purpose because of certain 
practical difficulties. Millets offer more scope 
in this direction. 

For the processing of maize, the grain is 
first steeped in water containing a trace of 
sulphur dioxide (0·02 per cent) for two 
days till the skin is softened. It is then 
washed and crushed with addition of fresh 
water. The resulting paste is passed through 
fine sieves to separate the skin from starch 
and protein. The mixture of the latter 
could be used as such or sent over tables 
so as to separate as much of the gluten as 
possible if a white product is desired. Ground­
nut cake flour ( 10 per cent) and dicalcium 
phosphate (0·5 per cent) are then added 
to provide extra protein, B vitamins and 
minerals. Sufficient water (one and a half 
times the weight of . the mixture) is added 
and the mixture cooked to a thick pasty 
mass. This is then pressed through a per­
forated disc into strands of about the same 
thickness as rice. These strands are par­
tially dried in the sun or in a drier at about 
45 °-50°C. and cut mechanically into small 
pieces of the same size as natural rice grain 
and finally dried completely. 
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For the processing of a mixture of tapioca 
flour and groundnut cake flour, the following 
method which is similar to that employed 
commercially for the manufacture of sago 
from tapioca starch is adopted. The method 
of pre-cooking does not work satisfactorily 
in the case of tapioca. 

Tapioca flour or a mixture of tapioca flour 
with groundnut cake flour or jowar (Sor­
ghum vulgare) flour is moistened with water 
( about 50 c.c. water being added to 100 gm. 
of the mixture). The moist flour is granu­
lated by passing it through a wire-mesh 
(6-8 to an inch) and then shaken in trays 
with a cloth bottom for 20-30 min ., when the 
flour is converted into round grains. The wet 
grains are roasted in a metallic vessel with 
a trace of deodorized hydrogenated oil over 
an electric heater until the grains gelatinize 
and harden. The roasted grains are finally 
dried in the sun or in a drier at 50°_55 °C. 

The appearance and cooking quality of 
different samples of rice substitutes are 
given in Table I. 

TABLE I 

SAMPLE 
No. 

COMPOSITION ApPEARANCE ApPEARANCE & 
TAST E OF TIlE 

COOKED I' RODUCT 

Maize starch, 89 parts + 
groundout cake flour, 10 
parts + salt mixture 
( Steenbock ), 1 part 

2 Maize lIour (dehusked ), 8!) 
parts + groundout cake 
flour, 10 parts + salt mix­
ture ( Steenbock ), 1 part 

3 Tapioca flour, 99 · 5 parts + 
dicalcium phospha te, 0·5 
part 

4 Tapioca flour, 89- [) parts + 
groundnut cake flour, 10 
parts + dicalciulII phos­
phate, O' 5 part 

5 Tapioca flour, 69·5 parts + 
jowar flour, 25 parts + 
groundnut cake flour. 5 
parts + dicalciulIl phos­
pha te, O· [) part 

6 Tapioca flour, 70 parts + 
groundnut cake flour, 2n 
parts + broken rice, 10 
parts 

7 Tapioca flour, 70 parts + 
groundnut cake flOHr, 20 
parts + wheat, 10 parts 

Dull Thc cooked product 
white has a dull white 

appearancej acc<"pt­
able taste 

Light The cooked product 
yellow has a Iight·yellow 

colour; acceptable 
taste 

Dull Cooks to a pasty 
white mass similar to 

sago; t as te, ~ood 
Light Cooked product ra­
brown ther pasty; taste, 

good 

Li~ht Cooks like unpolish­
brown ed rice, the cooked 

grains remaining 
separate from one 
another 

do Cooked product ra-
ther pasty; taste, 
good 

do do 

From the data given in Table I, it will be 
evident that the cooking quality of the rice 
substitutes prepared from maize and also 
from a mixture of tapioca, jowar and 
groundnut cake flour ( No.5) is better than 
that of rice substitutes prepared from tapioca 
flour and groundnut cake flour. This is 
due to the fact that the cereal starch, on 
cooking, sets to an opaque jelly, whereas the 
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tuber starch sds to a glassy and pasty mass. 
Further experiments were, therefore, carried 
out to improve the cooking <Iuality of tapioca 
flour and starch. 

Schoch2 ascribed the difference in the 
cooking quality between cereal and tuber 
starches to the presence of polar fatty acids 
in the latter. He reported that after the 
removal of fatty acids from maize starch 
and rice starch by solvent extraction, the 
fat-free starches on cooking gave more 
transparent and glutinous gels than un­
treated starches. In view of the above 
findings, the effect of incorporation of 
certain higher fatty acids, viz. stearic, 
palmitic and oleic acids, on the cooking 
quality of rice substitutes prepared from 
tapioca flour and sago from tapioca starch 
was studied. The results showed that the 
incorporation of higher fatty acids at 1 
per cent level definitely improved the cook­
ing quality, the cooked product appearing 
opaque and less pasty. The cooked products 
had an agreeable flavour and taste. 

The nutritive value of two of the rice 
substitutes ( Nos. 6 and 7 in TABLE I), as 
compared to rice, was determined by the 
rat-growth method. Groups of young rats, 
about 4 weeks old and weighing 45-50 gm. 
( 8 in each group), were fed for a period of 
8 weeks on three different diets, one based 
on rice and the other two diets based on 
rice substitutes (Nos. 6 and 7 ). The other 
constituents were the same in all the three 
diets. The results are given in Table II. 

TABLE 11- AVERAGE WEEKLY INCREASE IN BODY 
WEIGHT OF YOUNG RATS FED ON DIFFERENT 

DIETS FOR A PERIOD OF 8 WEEKS 

DI E T Q U ANTITY OF RI C I-: 
No. OR RI CE sunSTITUTI~ S 

IN THE LH E T· 

1 Raw milled rice 
(7H-[)% ) 

2 I~ice suhs titute No. G 
(7K-u% ) 

3 Rice substitute No_ 7 
(7t; -5% ) 

AVERAGE AVERAGI~ AV E RAGE 
INJTIAL FINAL Wt: EKLY 

DODY WT., DQ DV WT., IS C REASE IN 
gill. glJ1 . DODY WT. 

gill. 

50 ·2 81·5 3·9 ± 0·2 

49 Ill) 7·6±0·5 

4U 105 7'0"'0'37 

·AIl the diets contained the same qllantit y or o ther foods, 
viz. red ,::r:llll, 5 ' 0 per cent; non-leafy vegc tahles (brinjal, 
po tato and raw plantain), 8 · ~ per ccnt; leafy vegetablcs 
( amaranth, cabhagc, etc.), :!-l per ccnt ; crucic groundnut oil, 
[)'O per cent; milk po wder, O-U per cent; and COllllllon salt, 
O' 3 per cent. 

It will be seen from Table II that rice 
substitutes prepared from a mixture of 
tapioca flour (70 parts), groundnut cake 
flour ( 20 parts) and rice or wheat ( 10 parts) 
possess a higher nutritive value than rice. 
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A study of the nutritive value of other rice 
substitutes and also the effect of incorpora­
tion of fatty acids on the nutritive value 
and availability of calcium and phosphorus 
present in them is in progress. 

The present investigation has shown that 
it is possible to prepare substitute grains 
from maize and tapioca flour which can be 
used as partial substitutes for rice. Even 
though the products obtained from a mix­
ture of tapioca flour and groundnut cake 
flour have a light-brown colour, still the 
cooked products are quite palatable. They 
could be cooked either as such or admixed 
with rice. Consumer trials carried out with 
different food preparations made out of 
the rice substitutes showed that they were 
generally acceptable. 

V. SVBRAHMANYAl\ 

G. RAM A RAO 

M. SWAMI NATHAN 

Central Food Technological 
Research Institute 

Mysore 
July 20, 1950 
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SPREADING OF HIGH POLYMERS: 
COPOLYMER OF STYRENE & 

METHYLMETHACRYLATE 

A STUDY OF THE SPREADING PROPERTIES OF 
high polymers is of interest and is likely to 
provide information on the relationship 
between spreading property and molecular 
structure. The results of our work on the 
spreading properties of a copolymer of 
styrene and mcthylmethacrylate are record­
ed here. 

The surface films were studied by means 
of a surface pressure balance improvised 
from a du Nuoy tensiometerl. The copoly­
mer studied consists of 70 per cent styrene 
and 30 per cent methylmethacrylate and 
was kindly supplied by Prof. S. R. Palit. 
Indian A.ssociation f or the Cultivation of 
Science, Calcutta . The solutions for spread­
ing were prepared in freshly distilled benzene. 
the purity of which was tested by spreading. 
The results of spreading two solutions of the 
copolymer. viz. 0·2 per cent and 0·018 per 
cent, are represented in Fig. 1. 
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FIG. 1 - SPREADING 01' COPOLYMER OF STYRENE 

AND METHYLMETHACRYLATE; (l) 0'2 PER CENT 

SOLUTION ; (2) 0'018 PER CENT SOLUTION. 

The limiting area per group should, 
normally. be independent of the concentra­
tion of the solution used for spreading. In 
the present instance. however, it is found 
that the extent of spreading depends upon 
the concentration of the solution. The 
limiting area per group changes from 28·5 sq. 
A with 0·2 per cent solution. to 23·5sq. Awith 
0·018 per cent solution. This phenomenon 
cannot be explained on the basis of too rapid 
evaporation giving the polymer molecules 
insufficient time to orientate into the mono­
layer. for. tolerably consistent results have 
been repeatedly obtained for specific areas in 
independent experiments in which this time 
factor was by no means constant. The 
results appear to indicate that polymers 
in high concentration solutions have a felt­
like structure. 

Further work on the spreading behaviour 
of high polymers in solutions of different 
concentrations is in progress. 

A. KALYANASUNDARAM 
H. C. SARASWAT 

II/dian Institute of Sitgar Technology 
Kanpur 
July 25. 1950 
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GUANIDINES, THIOUREAS & 
BIGUANIDES OF 2-AMINOPYRIDINE 

COMPOUNDS OF THE PYRIDINE NUCLEUS 
which may be regarded as the heterocyclic 
fragment of the molecules of plasmochin and 
mepacrin have recently been investigated 
by several authorsl,2. Sch6nhofer3 suggested 
that the anti-malarial action of mepacrin is 

o.HM -CS-NMA 
N 

ripate mustard oil. Pyridylbiguanides (type 
C) were synthesized by fusing 2-aminopyri­
dine hydrochloride with the appropriate 
cyano-guanidines. 

The properties and analyses of compounds 
are recorded in Table 1. 

The compounds are being examined for 
anti-malarial activity. Full details will be 
published later. 

ONH-C-NH-C-NHR "Hel 
N II II ' 

NH NH 

TYPE A T Y P E B T Y PEe 

TABLE I 

No. SUBSTlTUEN1' TYPE OF , ' Ut; M.I'., °C. FORMULA FOUND N RI::QU~rED :-; 
COMPOUNI) 0 ' , 0 

1. t~:>CH. A 120·30 C,HnN.S :!1'3;"; :!l';,:J 
., CH, = CH·CH,· A lIJO·1 C,HuN.S :!}·6;1 :!1' 7;, 
3. C,Ho' A 167 C"HuN,S ]8·2[, 1~'26 
,I . m~CH.-C.Ht· A 1 6~·7U CuHuN,S 17 '01 li 'iS 
5, ~:~I~C;~',H, . A JR~ CuHuN,S l ij'9M 17 ' ~~ 
6. A I ~M CuHIQCIN,S I[) ' O!", 1;"', , 91.1 

,. CH'>CH. \I ~:! C,HuN. 31·01 :1\'46 CH, 

8. CH,.CH' > CH. B SO·SI CloHuN, 29·06 :!U' 16 CH,-
9. CH,·CH·CH,· II U:J·65 (,HuN. 31 · 50 31 · 81 

10. C,HG, Il 108·0 CuHuN, 26'40 26 ' 41 
11. m·CH,-CIIH.- B 134-3;, CUHl,N . 24-':;0 24· 77 
12. p-CH,-C,H,- Jl 14>1 t::~~:~IN, 24·61 24' 7'i 
13. p·CI·C,H,· B 17;j·76 22·;,7 :!2'7(i 
14. H· C ~i:! \\ith prcvious C,Hu N., 2HCl 33'50 33'00 

shrinking 
15. p·Ct·C,H,· e :! ] 2·1r, (d) Cu Hu CIN,,2HCl ~3'~:J ~3 '3:J 
Ifl . p-13r·C,H,· e ~1() - 2 ( ,1) CI~HlIllrN" 2HCl 20 .01 to' 74 

connected with the possibility of tautomer­
ism. Curd, Rose and Davey4 have sup­
ported this theory in connection with 
paludrine. 2 or 4-aminopyridine exhibits 
tautomerism similar to mepacrin. It was, 
therefore, considered desirable to syn thesize 
a series of substituted 2-aminopyridines 
( types A, Band C) ane! to investigate their 
anti-malarial properties. 

The authors' are grateful to the Council 
of Scientific & Industrial Research, .under 
whose auspices the work was carried out, 
for permission to publish the results. 

The method used for the synthesis of 
guanido-derivatives of 2-aminopyridine (type 
B) consisted in the e!esulphurization of 
pyridylthioureas with alcoholic ammonia and 
mercuric ox ide"·7 at room temperature for 
12 hr. , followed by refluxing on a water bath 
for half an hour. Pyridylthioureas (type 
A) were prepared by refluxing 2-amino­
pyridine in alcoholic solution with the appro-
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A.C. Roy 
Organic Chemistry Laboratories P. C. GUHA 
1 ndian I nstitttle of Science 
Bangalore, May 1950 
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