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NEW EDWARDS 
TWO~TAGE LABORATORY PUMP 

SPEEDIVAC 2820 

SPECIFICATION 

Ultimate vacuum ( Mc l eod gau ge ) - 0 -000 1 
mm . H g . 

Norma l runnin& speed - 450 r . p . m. 

Displace ment at norma l speed - 0'8 cu. fL ' 
m in . o r 22 lit r es, mi n . 

Oil charle - I p in t or 600 m l. approx . 

Horse-power of motor-I ,' S - 1, 4 

• Light alloys and modern design minimize weight and dimens ions. 

• High pumping speeds at low pressures. 

• Small oil capacity. with easy refilling ; integral o il spray arreste r. 

• New valve design gives qu iet operation . 

• Specially designed moisture trap accommodating vari ous fitt ings. an d pump 
plate with bell jar. etc. . fo r demountable connection to pump spout. 

• Oil trap available di rectly connected to pump. 

• Demountable vacuum connect ions fo r rubber o r metal pip ing. glass o r metal 
cone joints . 

• Finished in attractive. easily cleaned. du rable stove enamel. 

SOLE AGENTS 

THE SCIENTIFIC INSTRUMENT CO. LTD. 
240 HORNBY ROAD 6 TEJ BAHAD~~ SAPRU ROAD 30 MOUNT ROAD 

BOMBAY I ALL~I;tABAD I MADRAS 2 
29 REGAL pUJLIlIN~S. " ':, :. II ESPLANADE EAST 

NEW [h~l,~J : •• : , '". :.: CALCUTTA I 
;~!; :::.::: :.' .. 
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The e1"ctron microscope has provetl to be an invaluable 
aid not onlv for studying the nature of metallic surfaces but 
also for measuring intt'r-atomic distances, inner potentials, 
tlll'rmionic work functions, etc., of metals (see page 441 ). 
Th" d ectron micrographs of gold films taken in the National 
Physical r..aboratory, an(\ reproduced on the cover, show the 
tra nsmission-diffraction pa.ttern ( top left) , refl ection-diffrac
tion pa ttern (top right) a nd the surface o f the metallic 
lilm X 40,000 ( hottom ). 

The JO\ : RN .,1. OF Scn: NTIFIC & IN)) L' STRIAL HESEARCH is issued mOIl/hly. 

The COUllcil of Scicll/i}ic &- lIIl/us/rial Research assumes 110 ,espollsibil-ily fo, Ihe slalemellis alld 
cpitliolls "dvallced by colI/,IIII//o, s. 
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,,,pacily, by a lar:;e 1lll/IIbrr oj di s/iuguish,d scienlisls wo,killg ill various parts of India. 

lodilo,i,,1 ,;otl"'lllllica/ivll s (illd /Joolis "",i pu'iodicals j or rrview shollid be addressed 10 Ihe Edi/o" 
JOURNAl. OF SCIENTIF IC & J:-;J)I)STJ<IAI. HESEARCH , .ValiOlIaI Physical Laboratory, Hillside Road, New 
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Bengal Chemical & Pharmaceutical Works Ld. 

Manufacturers of Pharmaceutical Orugs, Indigenous Ml',licines, Perfumery, Toilet 
amI Medicinal Soaps, Surgical Dressings, Sera and Vaccines, 
Disinfectants, Tar Products, Rnad Oressing Materials, etc. 

A+ 

Ether, Chlorcform, Mineral Acids, Anllllonia, Alunl, Ferro-Alum, 
Aluminium Sulphate, Sulphate of Magnesium, Ferri Sulph., 
Pntassiunl Permanganate, Caffeine and various other Pharma
ceutical and Research Chemicals. 

Surgical Sterilizers, Oxygen Apparatus , Oistilled Water Stills, 
Operation Tables, Instrument Cabinets and other Hospital 
Accessories. 

Chemical Balance, Scientific Apparatus for Laboratories and 
Schools and Colleges, Cas and \Vater Cocks for Lahoratory use, 
Cas Plants, Laboratory Furniture and Fittings. 

Fire Extinguishers, Printing Inks, etc. 

Office 94 CHITTARANJAN AVENUE, CALCUTTA 

Factories CALC UTTA 

Manufacturers .of 

SCIENTIFIC APPARATUS, 
VIALS, TEST-TUBES, 

NEUTRAL GLASS, AMPOULES, 
ETC., ETC. 

• 
For further particulars. write to : 

BOMBAY SCIENTIfiC 
GLASS WORKS 

AR"B HOUSE, KHETWADI UTH LANE 

BOMBAY 4 

BOMBAY KANPUR 

• ...",....,.",J"-.."....."...~~. 
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THf PfRFfCT ANSWfR TO A SCIENTIST'S PRAYfR 

METTLER* BALANCES 
ANALYTICAL 

ANALYTICAL BALANCE E 5 
READING TO 0' 0001 g. 

Manufactu red by : 

E. METTLER, ZURICH 
SWITZERLAND 

THIIEE MODELS : 

ES : Capacity 200 g. 
read ing to 0'0000 I g . 

E6 : Capacity 100 g . 
read ing to 0'00002 g. 

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

• SEMI-MICRO • MICRO 

With the (ollowing 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. result ing in constant 
sensitivity throughout the whole range 

• Single dial registering the weight 

• Built-in. standardized. rust-free. first qual ity we ights 

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

• Personal error reduced to a minimum 

E 5 READING: 123'7)06 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: 27104 ( 2 lines) Telegrams: TECH LAB 

• These very balances are sold in U .S.A. by Fisher & Co. under the name Gram-matic. 
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OPIUM ALKALOIDS & THEIR DERIVATIVES 
The Government Opium Factory. Ghazipur. manufactures 

Morphine 
Morphine Hydrochloride 
Morphine Sulphate 
Morphine Tartrate 
Morphine Acetate 
Codeine 
Codeine Phosphate 

Codeine Sulphate 
Ethyl Morphine Hydrochloride 

( Dionene) 
Narcotine 
Narcotine Hydrochloride 
Cotarnine 
Thebaine 

Other salts or derivatives of these alkaloids can be manufactured and sup
plied as required. 

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 

•• ## ............. --~ ••• -.------~-----.---------------~-------. • • t ~ ti For t • • • • i QUALITY & STANDARD ! 
, . t 
: • Heavy Chemicals (Mineral acids & salts ) ~ 
: • Pharmaceuticals (Tinctures & B.P. products) ~ 
~ • Printing Inks : 
~ • Textile Auxiliaries ~ 
t • Disinfectants : 
: • Insecticides. &c., &c. ~ 

: ... are manufactured by us under careful control and : 
: supervision. : · , : You can buy our products with confidence. Quality is : 
• guaranteed. , 
t : 
i EASTERN CHEMICAL Co. (INDIA) i • • i DOUGALL ROAD. BALLARD ESTATE i 
• BOMBAY • 
• • . -.----..... -.---... -.... ---... ---------~-.. ~ .... ---~--~. 
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DICK 
EASI 

withAGRICO 
SHOVELS 

Farmers, miners, railwaymen road· 
builders-they all prefer lata Agrico 

Shovels. Manufactured from special high carbon steel. 
these shovels last much longer ... that's why they're 
cheaper In the end I Superior design makes them easier to 
handle· •• that's how they save time and labour! 

TATA AGRICO IMPLEMENTS 
Branches It: BOMBAY, MADRAS, KANPUR, JULLUNDHUR, 

NAG PUR, VIZIANAGRAM SECUNDERABAD, 

BUY AGRICO FOR ULTIMATE. E.CONOMY I 
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PETROL GAS PLANTS NAMES OF A FEW OUT OF 
MANY INSTALLATIONS: 

Electrically 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 
hard wares, viz. Gas Taps, 
Clamps, Stands, Ovens, etc., 
etc. 

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

GANSONS Ltd. Office _ DADA". P.O. B 5576. 

BOMBAY 
Workl- LALBAUG. BOMBAY 

FARMING 
THE JOURNAL OF 

AGRICULTURAL PROGRESS 

* 
Britain's leading techn ical month Iy 
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 (rom: 

JARROLD & SONS LTD. 
COWGATE, NORWICH 

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 (rom: 

JARROLD & SONS LTD. 
COWGATE, NORWICH 

ENGLAND 
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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: 

51-53 NEW HANUMAN LANE 

J-...;-.....-~~~..,~ ............... ~,.",....."..~...",....,...~~~ 

f
++++++++++++++++++++++++-++++++·····+++++++·····l 

+ "BOROSIL" I AMBER NEUTRAL VACCINE BULBS I 

I 
+ • • 

ALL CAPACITIES • MACHINE MADE 

Can be had from: 

BOROSIL GLASS WORKS 

• 

i INDUSTRIAL & ENGI~;~;~;~s:APPARATUS Co. Ltd. 
• t CHOTANI ESTATES, PROCTOR ROAD 

L BOMBAY 7 

+++++++++.++.++++.+++-•• +.++ •••• ++.++~~~~ 
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Please include us 
in your suppliers' list 

FOR EVERYTHING IN 

IMPORTED LABORATORY & SCIENTIFIC 
G LAS S WAR EGO 0 D S & ME D I CAL, 
HOSPITAL, RUBBER & SURGICAL GOODS 

• 
Ask for our catalogue 

BOMBAY SURGICO-MEDICAL AGENCY LTD. 
LARGEST IMPORTERS '" STOCKISTS OF SURGICO-MEDICAL '" SCIENTIFIC GOODS 

113 CHITT ARANJAN AVENUE 
CALCUTTA 12 

BHARUCHA BUILDING 
PRINCESS STREET, BOMBAY 2 

r
· · · · · .. · · · · · ... · · · · · · · · · · · · · · · · · · · · · · · .. _. · · · · · ·1 
Scientific Instruments ! 

• 
LABORATORY GLASSWARE t 

• SILICAWARE & PORCELAINWARE • 

+ 

PLATINUMWARE 
HYDROMETERS & THERMOMETERS 
CINTERED GLASS FUNNELS & 

CRUCIBLES 
FILTER PAPER, CHEMICALS, ETC. 

Available from: 

ZILL & co. 
128 PRINCESS STREET 
BOMBAY 2 (India) 

I 
I 
t 

................................................ 4 
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Sole Agents for 

IN DI A 
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 

T HIS new B.D.H. development has 
a lready found practical appli
cation in many laboratories . Con

centrated volumetric solutions can be 
stored without danger of deterioration 
a nd in small space. 

The contents of each 80 011. ampoule, 
when diluted as direc ted, provide 500 
m1. of solution accura tely standard ized 
within the factor limits of 0 .999 and 
1.001. 

B.D.H. CONCENTRATED 
VOLUMETRIC SOLUTIONS 

in cartons e:\ch containing seven ampoules 
Prices and further information on request . Solutions 

Volumetrtc . 
in ampoules jor 

THE BRITISH DRUG HOUSES 
LTD . 

B.D.H. LABORATORY CHEMICALS GROUP 
POOLE ENGLAND 

n ven ience 
co . ., 

Distributors In India 

BRITISH DRUG HOUSES 
(I N D IA) LTD. 

P.O. Box 1341, Bombay P.O. Box 9024, Calcutta 

CVS/lnd/2 
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" THIS IS BRUSH" OUR BUSINESS IS THE FUTURE 

INSTRUMENTS 

ULTRASONIC GENERATORS 
(Laboratory Size) TAPE RECORDERS 

BRUSH make new and useful product~ in Ultrasonics, 
Piezoelectric Crystals, Recordi ng Devices and I nstru
menU. BRUSH are specialists. BRUSH research has 
been continuous, fruitful and helpful to many other 
companies besides BRUSH'S own. 

BRUSH make finished products and component parts 
for many of the world's greatest companies and for 
the Armed Forces. BRUSH also do custom work. 

Inquiries should be addressed to us. 

MAGNETIC RECORDING 
DEVICES 

Tape 
Plated Wire. Disc and Drum 
Multichannel Recorders 
Recordinl and Era •• Head. 
Memory Stora,. Unit. 
Computer Components 

EASTERN 

AGENTS: 

ACOUSTICAL EQUIPMENT 
Microphones - Of all Types 

RESEARCH .. INDUSTRIAL 
INSTRUMENTS 

Universal Strain AnalYlers 
Surface °AnalYien 
Multichannel Direct Writin. OleU

loaraphl 

FACTORY REPRESENTATIVES: 

AC, DC and Carrier-type Ampli-
fier. 

Uniformity Analy.er. 
Transient Recorders 

PIEZOELECTRIC CRYSTALS 
ULTRASONIC EQUIPMENT 
Generators. Analy •• r. 
Laboratory Equipment 

ELECTRIC & ENGINEERING CO. 
ESTABLISHED 1909 

I Gram' .. EASLEKTRIK .. 
117 Mahatma Gandhi Road, POlt Box 459, fort, Bombay 1 Tel.: ;ot17 (I lin •• ) 

THE CHICAGO TELEPHONE & RADIO CO. LTD. 
15 Chowrin,hee 

Post Sox 2589 
CALCUTTA 

Phone: Sank 1953 
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... 8 Hazratcan; 
Post Box ~6 
LUCKNOW 
Phone : 860 

196 Mount Road 
POst Sa, 5238 
MADRAS 2 

Phone: 8~357 

TELEGRAMS : .. CHIPHONE" ALL OFFICES 

68 Que.nlway 
Post Box ... 7 
NEW DELHI 
Phone : 7179 



MIB lABORATORY CHEMICALS 
IN THE SERVICE OF EDUCATION 

Of unsurpassed importance, both as training grounds for the scientists 

of the future and as centres of research in every branch of scientific 

development, the Universities have been quick to realise the value of 

the M&B range of Laboratory Chemicals. 

The specifications to which these chemicals are manufactured have 

been selected to allow wide application to the needs of University 

Laboratory practice. They have consequently been found suitable 

not only for normal undergraduate training, but also for the more 

exacting demands or post-graduate work. 

A complete brochure of specifications will be sent on request. 

monu(octurtd by MAY & B A K E R LTD 
discribulors 

MAY &. BAKER (INDIA) LTD. BOMBAY· CALCUTfA • NEW DELHI· LUCKNOW· MADRAS 

'7+ 
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INDICATOR SNAP GAUGES 
These gaugesareto 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. 

Give far more 'information about hole size than 
.. GO" .. NOT GO" gauges. Their accuracy is 
independent of wear. General purpose plug gauges 
supplied in sets to cover 1" to I" and In to r. Descriptive leaflet 
No. 570 on request. 

PLUG GAUGES 
Write (or detailed In(ormation to: 

Branch Offices : 

p.o. BOX No. 161, NEW DELHI 
16, I!RRABALU CHETTY ST., G.T., MADRAS 

COX STREET, COIMBATORE 

SISTA'S 

JOURNAL Of SCIENTIfiC & 
INDUSTRIAL RESEARCH 

BACK ISSUES WANTED 

Vol. I (Complete) 

Vol. II ( do ) 

Vol. III ( do ) 

• 
Apply to: 

THE EDITOR 
JOURNAL OF SCIENTIFIC" 

INDUSTRIAL RESEARCH 
NATIONAL PHYSICAL LABORATORY 
HILLSIDE ROAD 
NEW DELHI 5 

A14 

G.749 

;, I ~ "LONDEX" 

I TIMERS 
RELAYS, CONTACTORS t 

, PHOTOELECTRIC EQUIPMENT ~ 
t LIQUID LEVEL CONTROL • , , , , , , , 
t 

PRESSURE SWITCHES 
ELECTRO·MAGNETIC VALVES 

for 
LABORATORIES, INDUSTRIES, 

ETC., ETC • 

t : 
!~ MUR~~ ~nts& CO. it, 
" SWADESHI MILLS ESTATE 

NEW QUEENS ROAD 
, BOMBAY 4 , , , 



POLARIMETER 
IDEAL FOR CHEMISTS - RESEARCH & INDUSTRIAL 

LABORATORIES 

Fitted with L1pplch device which makes the 
instrument sufficiently accurate and at the same 
time simple. Can be used with sodium burner 
or an electric lamp with suitable fIlter Inter
posed into position between the source of 
light and the poll meter. 

The circular head attached near to the analysing 
Nicol and a Vernier movable with this enables 
readin!: of the optical rotation accurate to 0·1 deg
ree. A 200 mm. tube forthe container of the solu
tion under study for its optical activity is supplied 
with the instrument. Mounted upon asuitable base. 

FOR FURTHER 
INFORMATION 

PLEASE 
WRITE 

THE ANDHRA SCIENTIFIC Co. Ltd. 

TO US. 

Head Office 
& 

Factory 
MASULIPATAM 

Sales Warehouse 
& 

Show Room 
4, BLACKER'S ROAD, MOUNT RD. 

MADRAS 1 

Branches 
BOMBAY 

CUTTACK 
HYDERABAD 

VIZAGAPATAM 
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Current Science 
Malleswaram P.O., BANGALORE, India 

The premier Science Monthly of India devoted to the publication of the latest 
advances in pure and applied sciences. 

The Journal is conducted by the 
CURRENT SCIENCE ASSOCIATION 

with the editorial co-operation of eminent scientists in India 

(Annual Subscription: Rs. 6 India, Rs. 8 or 12 sh. Foreign) 

Orders may be placed with: 

The Secretary, Current Science Association, Malleswaram P.O., Ban~alore 

ADVERTISEMENT TARIFF 

Ordinary pages 

Full Page 

Half Page 

Quarter Page 

( per insertion) 

Rs. 50 £ 4 

,,28 £2 5s. 

,,16 £1 6s. 

Special positions 

Front Cover 
Back Cover 
Facing Editorial 
Inside Cover 
Facing Science Notes 

PS. - Advertisement charges are payable in advance. 

( per insertion) 

Rs. 75 £6 
75 £6 
75 £6 
60 £ 5 
60 £5 

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. 

A 16 

Vol. 1- ENGINEERS, Part I 
No. of pages 392 Price Rs. II 

Now Ready 

Vol. 11- MEDICAL PERSONNEL, Part I 
Price Rs. 12 

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 
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i SILICA GEL ! 
i : 
t 
~ 
! 

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 
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Central Food Technological 
Research Institute* 

AMONGST the research institutes which 
the Industrial Research Planning Com
mittee, under the Chairmanship of 
Sir Shanmukham Chetty, suggested 

should be brought into being, was the 
Central Food Technological Research Insti
tute. Research in this institution was envi
saged to cover the field of scientific investiga
tions connected with foods and their relation
ship to man. As such it embraced a large 
number of scientific disciplines including 
several branches of applied sciences and 
technology. When the objectives of this 
institute were deliberated upon by the 
Council of Scientific & Industrial Research 
and the Planning Committee, which had 
representatives of Industry, Science, Food 
and Agriculture Ministries in it, the follow
ing facts were prominently before them. A 
number of industries connected with the 
processing of food had already been establish
ed, for example flour milling, rice milling, 
bread and biscuit making, fruit and vege
table processing, country spirits and potable 
liquors, starch and vegetable oils including 
vanaspati, cocogem and margarine. The 
total value of factory production during the 
years 1946 and 1947, for which accurate data 
are available, was Rs. 112·68 crores and 
Rs. 131·07 crores respectively, the figures of 
individual items being: 

1946 1947 
(in lakhs of rupees) 

Flour milling 1.270 770 
Rice milling 3.524 3,464 
Biscuit making 192 244 
Fruit and vegetable 

processing 32 21 

Country spirits and 
potable liquors 

Starch 
Vegetable oils 

including 
Vanaspati 2.056 
Margarine 5 

1946 1947 
(in lakhs of rupees) 

214 
47 

5.989 

11.268 

1.655 
8 

188 
26 

8.394 

13.107 

In addition to the 'processing and produc
tion in India itself, trade in food materials 
forms an important feature of India's export 
and import trade. The volume of this trade 
will be apparent from the following figures 
which relate to the last three years, 1947-48, 
1948-49 and 1949-50 : 

1947-48 1948-49 1949-50 
(in lakhs of rupees) 

Imports 
Fish excluding canned fish 10 15 20 
Fruits and vegetables 390 585 669 
Grains. pulses, flour 2,296 7,323 9,955 
Liquors 210 168 108 
Provisions and oilman's 

stores 653 705 769 
Spices 363 442 354 
Other foods and drinks 290 204 134 

4.212 9,442 12.012 

Exports 
Fish 169 147 186 
Fruits 544 610 753 
Grains and pulses 12 5 4 
Liquors 4 3 1 
Provisions and oilman's 

stores 54 86 62 
Spices 638 546 1.818 
Other foods and drinks 49 4 107 

1.470 1.401 2,931 

• From the address delivered by Dr. Shanti Swarup Bhatnagar, F .R.S .. on the occasion of the opening 
of the Central Food Technological Research Institute, Mysore, October 21. 1950. 
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These figures show that the transactions 
at home and abroad involve an annual turn
over of rupees 225 to 240 crores. 

An industry and trade catering to business 
of this magnitude can never hope to develop 
and progress without the aid of research. 
It must have the assistance of an up-to-date 
technological research institute to enable 
it more adequately to meet the needs of our 
people and boldly to face the competition of 
other countries. To compare the functions 
of such a research institute with those of 
agricultural research institutes, which largely 
concern themselves with soil surveys, in
creasing production of crops and evolution 
of new varieties of resistant plants, would 
only be evading the issue, for there is very 
slender connection, if any, between research 
for technological processing and research for 
increasing agricultural production. New 
food industries such as the manufacture of 
breakfast cereals and food yeast are being 
established in the country and for their 
proper development, a Central Food Techno
logical Research Institute is a real necessity. 

During recent years, after the separation of 
Burma and particularly after the division of 
our country, the food problem has stagger
ed us as no other pro bien has .... The Govern
ment has spent enormous sums of money in 
procuring food from abroad and in increasing 
food crops by utilizing all available lands. 
If the statistics which are available can be 
relied upon, we have an overall shortage of 
a little over 10 per cent of our total require
ments of food. 

Larger shortages, if any, in certain regions 
are due to lack of proper transport and 
procurement facilities. To overcome this 
small shortage, the Government have ini
tiated the" Grow More Food" campaigns. 
the purchases outside, the procurement drive 
inside, and a system of rationing for prin
cipal food materials. I should not say they 
have neglected, but they have certainly laid 
much less emphasis on the more prudent uti
lization of our raw materials of food or redu
cing losses during storage and in industrial 
processing, and on the prevention of ravages 
by insect pests and fungi after crop collection. 
The possibilities of introducing new processed 
materials which can be used as food have 
received the least attention. All measures 
for increasing the growth of food, both 
in the vegetable and the animal kingdom, 
are praiseworthy. The" Grow More Food .. 
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campaign will evidently require more money 
and time than the aids which technology can 
render to food preservation and food utiliza
tion. The losses incurred in the inefficient 
milling of rice and flours on the large scale 
as well as in the making of parboiled rice and 
other parched, semi-parched, baked and 
cooked foods are pretty large and can be 
decreased by the aid of technical supervision 
and research. 

We feel that by introducing substitute 
foods in which technological research has 
already shown the way, and by preventing 
losses of food materials during storage, 
science and technology can help to convert 
our shortage of 10 per cent perhaps into a 
surplus. 

Today's inauguration of this Institute is 
the first big step which the Government of 
India have taken to solve the food problem 
by the technological as distinguished from 
purely biological methods. 

Although work in the laboratories was 
started only recently. the Institute has 
already some useful contributions to its 
credit. Particular attention has been 
directed to the production of emergency 
foods to meet our urgent needs and also to 
utilize food materials which are now going 
to waste in certain seasons. The Bio
chemistry and the Processing Divisions have 
been concentrating on the production of 
suitably fortified grains prepared from differ
ent starch-bearing materials, pulses and 
seed-cakes. Till recently, the greatest diffi
culty was the improvement of the cooking 
quality, but this has recently been overcome. 
Other investigations relate to the possible 
application of lucerne, now used only for 
animal feeding, but which is a high class 
article of food, supplying practically all the 
food essentials which are lacking in the 
ordinary cereal diets. Work on the utiliza
tion of jackfruit and citrus fruits which 
are produced abundantly in the Malnad 
regions, all along the Western Ghats, is 
actively in progress and the industries are 
also taking very keen interest in the new 
developments. Work on the processing and 
preservation of juice and pulp from cashew 
fruit has also been carried out. Other en
quiries bearing on the utilization of different 
seed-cakes, processing of coarse grains to 
render them acceptable to rice eaters, pre
servation of raw, sliced ' mango for chutney 
and pickling, curried vegetables, production 



THE NATIONAL SCIENCE FOUNDATION, U.S.A. 

of good class vinegar from different sources 
as a cheap cottage industry, canning of meat 
products, new and improved methods of pro
cessing of pulses without affecting their 
nutritive value, production of an attractive 

edible milk from groundnut, etc., are in 
progress. The Institute has established 
contacts with the various food industries to 
whom information , advice and assistance 
are being given. 

The National Science Foundation, U.S.A. 

T HE National Science Foundation has 
been created as an independent 
agency in the executive branch 
of the United States Government 

to develop a national policy for the pro
motion of basic research and education in 
the sciences. 

The bill authorizing the establishment of 
the foundation was signed by President 
Truman on May 10, 1950. Described by 
the President as a " major landmark in the 
history of science in the United States", 
the creation of the Foundation climaxes five 
years of effort to develop a sound instrument 
for promoting progress of science. 

" We have come to know that our ability 
to survive and grow as a nation depends to a 
very large degree upon our scientific pro
gress ", the President said in signing the 
bill. "Moreover", he continued, " It is not 
enough simply to keep abreast of the rest of 
the world in scientific matters. We must 
maintain our leadership. The National 
Science Foundation will stimulate basic 
research and education in nearly every 
branch of science. and thereby add to the 
supply of knowledge which is indispensable 
to our continued growth, prosperity and 
security." 

As provided in the bill, the National 
Science Foundation consists of a director 
and a 24-member board, all of whom are 
appointed by the President with the advice 
and consent of the Senate. Persons nomi
nated must be eminent in the fields of basic 
sciences, medical science, engineering, agri
culture, education, or public affairs, with 
their selection based solely on the basis of 
established records of distinguished service. 
The term of office of the voting board mem
bers is six years. 

The general functions of the Foundation, 
as described in the bill, are as follows: 

To develop and encourage the pursuit 
of a national policy for promoting basic 
research and education in the sciences; 

To initiate and support basic scientific 
research in mat~ematical, physical, me
dical, biological, engineering, and other 
sciences, by making contracts or other 
arrangements (including grants, loans, 
and other forms of assistance) for the 
conduct of such basic scientific research 
and to appraise the impact of research 
upon industrial development and upon 
general welfare; 

To initiate and support specific scien
tific research activities, at the request 
of the Secretary of Defence, in connec
tion with matters relating to national 
defence by making contracts or other 
arrangements; 

To award scholarships and graduate 
fellowships in mathematical, physical, 
medical, biological, engineering, and 
other sciences; 

To foster interchange of scientific in
formation among scientists in the United 
States and foreign countries; 

To evaluate scientific research pro
grammes undertaken by agencies of the 
Federal Government, and to correlate the 
Foundation's scientific research pro
grammes with those undertaken by 
individuals and by public and private 
research groups; 

To maintain a register of scientific and 
technical personnel and in other ways to 
provide a central clearing house for in
formation covering all scientific and tech
nical personnel in the United States, 
including its territories and possessions. 
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Four main divisions, with committees set 
up for each, were outlined within the Founda
tion: the Division of Medical Research; 
of Mathematical, Physical and Engineering 
Sciences; of Biological Sciences; and of 
Scientific Personnel and Education. 

The bill authorizes the Foundation to co
operate "in any international scientific re
search activities consistent with the purposes 
of the Act" and to expend for such inter
national research sums within the limit of 
appropriated funds. Such arrangements, 
however, must meet with the approval of the 
Secretary of State and be consistent with 
the foreign policy objectives of the United 
States. 

Recipients of scholarships and graduate 
fellowships for scientific study will be selected 
by the Foundation from among United 
States' citizens on a basis of ability. 

Commenting on the bill, Washington Star 
says the prime responsibility of the Founda
tion is "to mobilize the nation's brains
our richest natural resource - for a co
ordinated and continuing programme of 
basic research calculated to keep us from 
lagging behind any other country in the age 
of the atom and kindred good and evil 
wonders. . .. The Foundation is designed to 
perpetuate and enlarge upon the kind of 
work that was carried out with brilliant 
results by the temporary wartime Office of 
Scientific Research and Development. Once 
it is established and operating, however, 

its activities will cover far more than na
tional defence, though that will be one of its 
major responsibilities. Actually it will have 
something to do with virtually every type 
of experimentation, not merely in military 
science but in medicine, physics, engineering, 
biology and similar fields, bearing upon the 
health and economic well-being and safety 
of America. Among other functions, it will 
serve as a clearing house for technical 
information, grant scholarships and fellow
ships to make the most of available talent 
and offer close co-operation - including 
grants and loans - to universities and other 
institutions engaged in fundamental studies. 

" In terms of both national security and 
beneficent peacetime progress, such an 
enterprise unquestionably is full of great 
potentialities. Despite all that has been 
accomplished already, frontiers of science 
still remain largely unexplored. With the 
projected new Foundation in vigorous ope
ration acting simultaneously as a stimulator 
and co-ordinator of exploratory experiments 
and of efforts to make practical applications 
of new discoveries, there will be good reason 
to expect rich dividends from whatever we 
invest in it. The sooner we have it as a 
going concern, the better equipped the 
nation will be to serve its own best interests." 

Although the Foundation machinery has 
been established, to date the director and the 
board members have not been named. 

U.S.I.S. 

Some Basic Industrial Problems Requiring 
Scientific Investigation on Priority Basis 

A. NAGARAJA RAO 

Industries Division, Planning Commission, New Delhi 

I NDUSTRIAL development in India has 
so far been generally based on the 
utilization of processes developed in 
other countries and sometimes without 

adequate consideration being given to the 
suitability of adopting such processes to 
Indian conditions and/or natural resources. 
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Planned economic development of a country 
necessitates a correct appreciation of the 
limitations of available resources and their 
optimum utilization. 

It will be appreciated that unless the basic 
chemical industry is developed keeping in 
view our resources, particularly in respect 
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of raw materials, the entire superstructure 
would be unsound. Manufacture of mineral 
acids - sulphuric, hydrochloric and nitric-, 
soda ash, caustic soda and fertilizers, and 
proper utilization of our fuel resources are 
some aspects of the chemical industry 
which require careful scrutiny. Unfor
tunately, our sulphuric acid industry is still 
based on imported sulphur. Both because 
of insufficient knowledge and information in 
regard to the alternative sources of sulphur
bearing materials in the country and the 
reluctance on the part of entrepreneurs to the 
adoption of new processes, regarding which 
both they as well as the technicians of the 
country have still insufficient knowledge and 
experience, no attempt has been made to 
study and adopt the more recent techniques 
in other countries It is not only necessary to 
keep ourselves abreast of the times and take 
advantage of all scientific and technological 
developments in other countries for securing 
advantages, but also it is essential to engage 
ourselves on a priority basis in the develop
ment of new processes for utilizing our own 
raw materials as far as possible. 

While the scope of fundamental scientific 
research having a long-term utility has to be 
mainly determined by the ability of the 
individual worker to think and plan his work, 
industrial investigations have to be taken 
up on a priority basis consistent with the 
immediate requirements of the country. In 
the long run, it is necessary for us to spend 
the maximum available funds for industrial 
research and to solve immediate industrial 
problems by concerted action on the part of 
a number of investigators interested in 
specific fields and allocation of the entire 
financial resources to specific problems on a 
priority basis. 

Having some of these aspects in view, an 
attempt has been made to indicate below 
some of the basic industrial problems which 
may have to be assigned the highest priority 
and on the solution of which the develop
ment of some of our basic chemical industries 
will depend. 

Sulphur Resources 

(1) Recovery of sulphur from gypsum 
either by reduction to sulphur dioxide and 
further reduction to sulphur, or by reduction 
to calcium sulphide, generation of hydrogen 
sulphide and its oxidation to sulphur. 
(2) Use of gypsum for the manufacture of sul-

phuric acid. (3) Utilization of sodium sul
phate for: (a) manufacture of sulphuric 
acid; (b) manufacture of ammonium sul
phate and sodium carbonate and (c) manu
facture of caustic soda by causticizing. 
Large sodium sulphate deposits are known 
to occur in Jodhpur at Didwana, and it may 
form a suitable raw material for this purpose. 

(4) Electrolysis of sodium sulphate to 
recover sulphuric acid and caustic soda. 
(5) Use of magnesium sulphate (from sea 
water) for the manufacture of sulphuric 
acid. (6) Use of magnesium sulphate (from 
sea water) for producing sodium sulphate 
by interaction with sodium chloride. 

This investigation is considered necessary 
to enable us to have ready information on 
the possibilities ·of producing sodium sul
phate from alternative sources in the event 
of results under 3 and 4 proving fruitful, 
and the deposits at Jodhpur are considered 
inadequate. (7) Beneficiation of calcium 
sulphate occurring in the form of selenite 
in some parts of the Union. (8) Beneficiation 
of gypsum recovered from sea water; and 
(9) beneficiation of pyrites occurring in dif
ferent parts of the country (deposits at 
Chitaldrug in Mysore State and others in 
Bihar, etc.). 

Alkali Resources 

(10) Recovery of sodium carbonate and 
sodium sulphate from Sambhar Lake utilizing 
bitterns left over after the manufacture 
of salt. It may be worth while also to 
take up investigations on the recovery 
of sodium carbonate from Chilka Lake; 
and (11) manufacture of ammonium chloride 
and sodium bicarbonate utilizing ammonia, 
carbon dioxide and salt. 

Utlllzation of Chlorine 

(12) Manufacture of phosphatic fertilizers, 
particularly dicalcium phosphate, utilizing 
hydrochloric acid obtained as a byproduct 
during organic chlorinations or by manu
facturing it specially from chlorine and 
hydrogen in caustic soda-chlorine plants; 
and (13) chlorination of alcohol to obtain 
diverse organic chlorine compounds (sol
vents, plasticizers, etc.). 

Phosphate Resources 

(14) Beneficiation of apatite ore for use 
in the manufacture of phosphatic fertilizers; 
and (15) investigation into the conversion 
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of Indian phosphatic raw materials to phos
phatic fertilizers without using sulphuric 
acid - by adoption of thermal treatment 
or by T.V.A. process. 

Miscellaneous 

(16) Generation of water gas from reactive 
cokes (other than hard coke) produced 
from low grade coals and design of suitable 
gas generators. (17) Improvements in plant 
and methods for generating producer-gas 
from wood or charcoal for use in transport 
vehicles. (18) Modification of petrol engines 
for trouble-free operation with pure alcohol 
or alcohol-petrol mixtures. (19) Comparative 
studies on the use of different nitrogenous 
and phosphatic fertilizers - ammonium sul
phate, ammonium chloride, ammonium ni
trate, ammonium phosphate, urea, calcium 
nitrate, single and triple superphosphate, 
dicalcium phosphate - for different crops 
under different soil conditions; and (20) dev
elopment of processes for the manufacture 
of pulp for use in rayon and staple fibre 

Census of Medical Men 

THE SECOND IN THE SERIES OF PUBLICATIONS 

issued by the Council of Scientific & Indus
trial Research under the title National 
Register of Scientific 0- Technical Personnel 
in India to provide a continuous census of 
scientific manpower in the country cata
logues the names of medical graduates, 
medical licentiates and dentists. The volume 
(Volume II - Medical Pel,'sonnel, Part I, 
March 1950, Price Rs. 12) includes in brief 
outline, academic qualifications, postgraduate 
training, hospital work, specialized practice, 
teaching, research and administrative expe
rience, etc., of qualified medical personnel 
in India. A classified statement of the 
number of specialists under different cate-
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manufacture, starting from different raw mate
rials - straws, reeds, bamboo and woods
available in India. 

Investigations of these problems should be 
continued until the completion of the pilot
plant stage and, if possible, a full-scale plant 
trial should be carried out after the economic 
possibilities of the processes are assessed by 
pilot-plant work. 

The above list is by no means exhaustive. 
The writer is convinced that some of the 
problems indicated are of great national 
importance and their investigation should 
be given a very high priority. Valuable 
investigations on some of the above prob
lems have been carried out both in India 
and abroad; the object, however, of raising 
the issue now is only to invite attention to 
the urgent necessity of collecting further 
technological data with a view to determin
ing the economics of some of the possibilities 
and for facilitating the design of industrial 
plant and equipment for adoption in the 
country. 

gories of the profession is included at the 
end of the volume, which also gives informa
tion on Indian doctors residing in foreign 
countries, teaching and research institu
tions in India, hospitals for the treatment 
of special diseases, and a brief account 
of the progress of medical research in the 
country. 

Medical men who have not registered 
themselves so far are invited to send in their 
particulars and help in making the compila
tion exhaustive. 

Copies of the volume are obtainable from 
the Chief Editor, Dictionary of Economic 
Products & Industrial Resources of India, 
20 Pusa Road, New Delhi. 



Characteristics of the Ionosphere 
over Calcutta (September 1950) 

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

Ionosphere Laboratory, I nstitute of Radio Physics 6-
Electronics, Calcutta 

T HE monthly average characteristics of 
the ionosphere over Calcutta for Sep
tember 1950 have been presented in 
this note. Fig. 1 shows in graphical 

form the average diurnal variation of rE, 
rF2• hmaxF2 and hminFa. Fig. 2 gives 
the prediction of the maximum usable 
frequencies which can be used for different 
distances of transmission by reflection at the 
F region over Calcutta for the month of 
December 1950. Table I gives the various 
occasions during routine observations when 
sporadic E ionization was observed and the 
corresponding values of penetration frequen
cies and heights. 
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MONTII '" 
YEAR 

September 1950 

TABL~E I 

DATE Houal 

1 17.00 
18.00 
19.00 
20.00 
91.00 
28.00 

r E , 
M<I. 

8·85 
6'811 

, 7·25 
' ·20 
2 ' 50 
0·00 

. , 

AE , 
Km. 

105 
105 

90 
90 
go 
90 
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TABLE 1- contd. TABLE 1- contd. 

MONTH & DATE HOURS 
fOE hE MONTH & DATE HOURS f'E hE 

YEAR s S YEAR S s 

Me. Km. Me. Km. 

September 1950 2 03.00 4 ' 00 90 Sept em her 1 9fiO 15 19.00 3'70 105 
04.00 3·25 90 20.00 4·00 90 , 16.00 5·30 105 21.00 3 ' 00 90 
17.00 5·25 105 22.00 2'25 90 
18.00 4 ·80 90 23.00 2 ' 50 90 
22.00 4·30 90 16 00.00 3 '40 90 
23.00 2 · 70 90 01.00 2 .00 90 

6 00.00 4·20 90 02.00 2'00 90 
01.00 4·00 90 04.00 3·25 90 
02.00 4·00 90 18 23.00 3 '10 90 
03.00 3 ·90 90 19 00.00 3·00 90 
04.00 3·20 90 01.00 3·30 90 
16.00 4'10 105 02.00 4'00 90 
17.00 4·00 105 03.00 3· 15 90 
19.00 4 ·00 90 18.00 3 50 90 
23.00 4·70 90 20.00 390 90 

6 . 02.00 7'30 90 20 19.00 410 105 
03.00 8·00 90 20.00 4'10 90 
04.00 2'95 90 21 09.00 4'50 105 
09.00 6·00 105 19.00 2'30 90 
10.00 9 ·00 120 20.00 2-75 90 
22.00 8 '50 105 21.00 2·50 90 
23.00 8'50 105 22.00 2'00 90 

7 00.00 6 ' 30 105 23 04.00 g·oo 90 
08.00 4·60 120 10.00 4·70 105 
09.00 4 '85 120 27 08.00 4 ' 05 105 
10.00 4· 80 120 28 18.00 3'50 105 
11.00 5'00 185 22.00 5' 10 90 
19.00 4 ' 00 105 23.00 4'80 90 

8 18.00 4 ·10 105 29 01.00 4·30 90 
9 10.00 4 '75 105 03.00 4'40 90 

12 19.00 4 ' 00 105 04.00 3·10 90 
20.00 3 ' 50 105 17.00 3'60 105 

13 01.00 3·50 90 18.00 3 ' 60 90 
02.00 3'75 90 19.00 2 ' 70 90 
03.00 3 ' 65 00 20.00 3'75 90 
04.00 4·80 00 22.00 4 '50 90 
19.00 3 ' 50 105 30 04.00 4'25 90 

15 00.00 5 ·50 105 0[,.00 4 '50 105 
03.00 5 ' 00 90 0 6.00 3'05 105 
17.00 8'00 120 07.00 4'00 105 
18.00 6 ' 25 105 10.00 4'95 105 

Post-Doctorate Fellowships -
National Research Council, Canada 

THE NATIONAL R~EARCH COUNCIL OF 
Canada invites applications for the award 
of 34 post-doctorate research fellowships 
in the following branches of chemistry and 
physics in their laboratories at Ottawa: 
Chemistry - Chemical kinetics and photo
chemistry, surface and colloid chemistry, 
molecular spectra, low temperature calori
metry, alkaloids, mechanism of organic 
reactions, absorption spectra of organic 
compounds, physical properties of gases, 
critical temperature phenomena and liquid 
structure. Physics - Molecular spectra, 
molecular beams, cosmic rays, X-ray diffrac
tion , ultrasonics and properties of matter, 
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microwaves, optics, radiology and theoretical 
physics. 

The fellowships, of $ 2820 each per annum, 
are tenable for a period of one year but may 
be renewed for a second year. Travelling 
expenses will be paid to persons coming 
from abroad. Applications on the pres
cribed form obtainable from the Secretary, 
Laboratories A wards Committee, National 
Research Council, Ottawa, or from the 
Chief Scientific Liaison Officer, National 
Research Council of Canada, Africa 
House, Kingsway, W.C. 2, London, should 
reach Ottawa not later than February 15, 
1951. 



The Central Food Technological 
Res ear chI n s tit ute, My s 0 r e -
Opening Ceremony, October 2I, I950 

THE Central Food Technological Re
search Institute, Mysore, was declared 
open by the Hon'ble Sri C. Rajagopala
chari, on October 21, 1950. The 

Rajpramukh, the Maharaja of Mysore, pre
sided. The function, which took place in a 
special pandal at the Cheluvamba Mansions, 
was attended by eminent men of science, 
officials of the Central and State govern
ments and prominent citizens. 

The Institute, the fifth in the chain of 
national laboratories declared open this 
year, is housed in the magnificent Chelu
vamba Mansions, which was taken over by 
the Government of India in April 1949. 

The establishment of the Institute was 
recommended by the Industrial Research 
Planning Committee of the Council of 
Scientific & Industrial Research in 1945. 
The Governing Body of the Council sanc
tioned the necessary expenditure for formu
lating detailed plans for the Institute in 
February 1948. The formal agreement 
regarding the location of the Institute at the 
Cheluvamba Mansions, Mysore, was reached 
in December 1948, and the work connected 
with the planning and organization of the 
laboratories was entrusted to Dr. V. Subrah
manyan, since appointed Director of the 
Institute. The arrangements for converting 
the palace into a laboratory commenced in 
April 1949, and before the end of the year, 
the Biochemistry and Nutrition Divisions 
and a section of the Processing Division were 
actively functioning. Early in 1950 the 
Indian Institute of Fruit Technology was 
merged with the Institute and by July 
of the same year the Division of Fruit 
Technology was fully organized, not only 
for carrying out researches on the pre
servation and processing of fruits and vege
tables, but also for conducting the All
India Postgraduate Diploma Course in Fruit 
Technology. 

Declaring the Institute open, Sri C. Raja
gopalachari pair! a tribute to the work of 
Dr. Shanti Swarup Bhatnagar ;n speedily 

establishing the national laboratories in the 
country. He drew attention to the vast 
scope for research in solving the food problems 
facing the country, and suggested that scien
tific research and technological processes 
should be employed to minimize all forms of 
food wastage and to preserve all surplus food 
material. "Another field for investigation", 
he said, "is the elimination of the harmful 
constituents of non-edible materials, and the 
conversion of the latter into healthy and 
attractive food. This also is a vast and very 
important field of investigation in the plan 
of supplementing our food resources ... . 
Closely linked up with this is the maintenance 
of nutritional standards by the use of 
staple subsidiary foods. There is again the 
problem of the manufacture of concen
trated foods and accessories like vitamins 
on a large scale which would assist the 
maintenance of proper nutritional standards 
in India." 

In his speech the Rajpramukh, the Maha
raja of Mysore, observed that the importance 
of food cannot be over-emphasized in a poor 
under-nourished country like India. "This 
Institute", he observed, "is one amongst 
the many enterprises that are evidence of 
the innate constructive genius of our Nation. 
Our Government, since the advent of Swaraj, 
has been trying to liquidate the arrears of 
centuries in the matter of scientific, indus
trial and material progress. Think of the 
many research laboratories it has organized; 
of the many dams and reservoirs it has 
planned for the conservation of waters needed 
in our dry and droughty land; of the many 
power stations that are in the stage of 
planning or actually under construction for 
the improvement of the economic condition 
of our people; of the encouragement it has 
given to shipbuilding; and of the many 
research laboratories - pure and applied ~ 
it is establishing all over the country and the 
stimulus and support it has given to research 
and creative activities." Speaking of the 
conservative food habits of the people of 
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India and how the people at large are apt 
to be reluctant to utilize new food products, 
he stressed the role of educated and upper 
strata of society in setting an example by 
betaking to such food products. 

Dr. S. S. Bhatnagar, in an illuminating 
address on the occasion, briefly traced the 
circumstances leading to the establish
ment of the Institute, and observed, "To
day's inauguration of this Institute is the 
first big step which the Government of 
India have taken to solve the food problem 
by the technological, as distinguished from 
the purely biological, methods. New food 
industries such as the manufacture of break
fast cereals and food yeast are being estab
lished in the country, and for their proper 
development, a Central Food Technological 
Research Institute is a real necessity." He 
assured the gathering that within a year of its 
inauguration, the Institute will make distinct 
contributions towards the solution of food 
shortage in India. He paid a tribute to 
the work of Dr. V. Subrahmanyan, who 
has worked zealously and hard to establish, 
as quickly as possible, this new aid to food 
industry. 

In his message Pandit Jawaharlal Nehru, 
the Prime Minister of India, referred to the 
scientific developments in the country during 
the past few years and said: "One of the 
remarkable developments in India, during 
the last three years, has been the opening of 
national laboratories and research institutes. 
We have put up some magnificent labora
tories, not only impressive to look at, but I 
hope, the homes of productive effort and 
work. It is ultimately on the basis of work 
done in our research institutes and labora
tories that we can progress in most directions. 
Thus fa,r we have depended on other countries 
and have merely copied them or taken 
advantage of something that they have done. 
We cannot go far with this dependence. We 
have at least laid good and true founda
tions for scientific progress. It is for the 
young scientists of India to take advantage 
of the great opportunities offered to 
them and thus help in building up the New 
India. 

" We have given top priority to the pro
duction of foodgrains or subsidiary foods. 
It is obvious that food is of the first impor
tance and its value cannot be judged merely 
in money terms. We cannot depend on 
imports for our food and, therefore, we have 
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laid down a target for food sufficiency. This 
is the 1951-1952 season. In spite of all 
difficulties and disasters, we still adhere to 
that target and are trying to work up to it. 
We hope to succeed. It must always be 
remembered that food production has the 
highest priority. 

"How can science help in this? The 
primary responsibility is of our Department 
of Agriculture. Science can help in agricul
ture greatly. It can also help in various 
other processes. It is particularly with 
these other processes that this Institute will 
be concerned. I hope the work done in this 
Institute will bear fruit not in developments 
on paper and in scientific journals but in 
terms of human values and in increase of 
suitable food for our people." 

The functions of the Central Food Techno
logical Institute include: (1) development of 
improved methods of storage; refrigeration, 
freezing, gas storage, dehydration, canning, 
etc. ; study of biochemical and microbiologi
cal changes accompanying spoilage; reclama
tion and utilization of infested or otherwise 
affected food materials; (2) processing of 
foodstuffs with a view to (a) facilitating their 
ready usage, and (b) improving their keeping 
quality; treatment of coarse materials to 
improve palatability, digestibility and food 
value; elimination of harmful and unpalat
able ingredients from food materials; (3) 
study of new and unfamiliar sources of food 
materials and processing of new materials to 
render them suitable for human consumption; 
emergency foods, survey of potential food 
resources in different regions ; (4) production 
of concentrated foods, vitamins and other 
food accessories, composite multi-purpose 
foods, supplementary foods, substitutes, etc. ; 
(5) dietetics, design and demonstration of 
improved types of food preparations to suit 
the economic conditions and sentiments of 
people in different regions ; studies on cook
ing utensils; improved cooking methods with 
a view to saving in labour and minimizing 
the consumption of fuel; (6) study of problems 
relating to food industries; provision of 
technological information required by in
dustry; survey of existing industries and 
their technical problems and collection of 
factual data for development of new indus
tries; pilot plant trials; (7) food sanitation, 
survey and advice on hygienic conditions for 
food industries ; (8) food adulteration; 
development of new methods of detection 
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and quality control; and (9) food informa
tion; dissemination of general information 
on food and dietary problems through 
bulletins and technological reports. 

The work of the Institute will be carried 
out through the following Divisions: Bio
chemistry and Nutrition , Processing, Storage 
and Preservation, Quality Control, Micro
biology and Sanitation, Engineering, and 
Information and Statistics. A Division of 
Dietetics and a Section for Food Containers 
are also being organized. 

The Institute will soon have a staff of over 
200, including 70 scientific workers. As 
the activities develop, additional staff will be 
recruited. The Institute may also have to 
establish centres and regional laboratories 
which will work in close association with 
the Central Laboratory. The Institute is 
now in receipt of a recurring and capital 
grant aggregating to about Rs. 9 lakhs, 
but this is expected to increase steadily with 
the opening up of new Divisions and other 
activities. 

Microstructure of Gold - Electron Microscope Studies 

THE R.C.A. ELECTRON MICROSCOPE RECENTLY 
installed at the National Physical Laboratory 
is being employed lor metallographic studies. 
This instrument, which has a special accessory 
arrangement, can be employed to obtain 
transmission, and reflection diffraction pic
tures of crystalline materials. 

Gold is one of the few metals employed in 
electron microscopy for shadowing to obtain 
a good contrast in an electron-micrograph. 
The picture on the cover page relates to a 
few studies on gold films. The metal is 
evaporated under high vacuum (10-5 mm.) 
and deposited on a colloid ion film. The 
first picture (left top) is the transmission 
diffraction pattern of the gold film; the 
second (right top) is the reflection diffrac-

tion pattern of the same at an angle of 40 
; 

and the third (bottom) is an electron
micrograph of the film surface at a magni
fication of X 40,000. The gold particles are 
seen as discrete particles in the electron
micrograph, and the aggregation of particles 
at some points is due to the contraction of 
the colloidion film as a result of electron 
bombardment. 

These studies are important for determin
ing the crystalline nature of a metal surface 
as well as for determining the inter-atomic 
distances in metals. The reflection diffrac
tion studies are important from the point of 
view of determining the inner potential of 
metals and the thermionic work functions of 
monovalent metals. 
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Fourth World Power 
Conference, London, July 1950 

J. W. WHITAKER 

National Fuel Research Institute, India 

T
HE First World Power Conference 
was held in London (Wembley) in 
1924; the second in Berlin in 1930; 
the third in Washington D.C. in 1936. 

Meanwhile, a number of sectional meetings 
of the Conference have been held to consider 
particular subjects: e.g. Fuels, London, 
1928 ; Power Resources, Tokyo, 1929 ; Power 
in Industry & Transport, Scandinavia, 1933 ; 
Chemical Engineering, London, 1936 ; Power 
in Small Scale Industries, Vienna, 1938; 
and Fuel Economy, the Hague, 1947. 

The object of these conferences and sec
tional meetings is to afford leading engineers. 
scientists, administrators, and economists 
from the various countries of the world a 
meeting ground where they can discuss, for 
mutual benefit, problems and advances 
connected with the generation and supply of 
energy for public utility. Potential resources 
in hydro-electric power, coal, oil, and other 
fuels are reviewed as well as problems con
nected with agriculture, irrigation, and 
general industry. Developments in the utili
zation of atomic energy are also comprised 
in the review in so far as they are related 
to the above programme. 

Fifty-two countries were represented at 
the Fourth World Power Conference. At the 
opening session on July 11, the delegates 
were welcomed by Sir Harold Hartley who 
gave a brief review of the objects of the 
gathering and of the benefits which could 
accrue from the deliberations. 

The subjects of discussion fell into 10 
main sections and 146 papers were presented 
at the session. Notes on some of the leading 
papers are given below. 

Energy Resources & Power Developments 

About 30 papers were submitted dealing 
with the energy resources of the different 
countries of the world. Statistics were 
given showing the fuel and water power 
used and the estimated assets and probable 
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developments for each country. Broadly 
speaking, it becomes more and more evident 
that those countries which have truly large 
supplies of natural energy in the form either 
of fuel ( coal and oil) or of water power are 
not many. In other words, the natural 
resources of energy are unevenly distributed 
throughout the world. The U.S.A. seems 
to be particularly favoured, but the re
sources of Canada, U.S.S.R., U.K., and 
certain European countries are also great. 
Particulars regarding Africa are meagre, 
and the continent of Asia cannot be said 
to have been sufficiently explored as yet to 
permit of a true assessment. Australia is 
now known to have fairly large deposits of 
coal (brown and black), and the same is 
true of Canada where the bituminous shales 
form comparatively unusual types of deposit 
whose potential value is so far not decided. 
Pakistan would seem to have very limited 
supplies of fuel, and none of coking coal. 
The paper submitted by the Indian National 
Committee on the" Assessment of the Energy 
Resources and Their Development in India" 
shows India's position to be far better than 
that of her neighbours. 

Preparation of Solid Fuels 

Coal- In a paper from Great Britain, 
submitted by the Chief Coal Preparation 
Engineer, National Coal Board, on " The 
Problem of Coal Preparation", the author 
( Grounds) first draws attention to the 
effects of mechanization on the quality of 
the coal now produced and to the fact that, 
while " mechanization made steady progress 
during the 2nd World War, improvements 
in coal preparation virtually came to a stand
still". In Great Britain, therefore, the 
National Coal Board was faced with the task 
of closing a gap. The work is urgent be
cause (1) a higher proportion of dirt is now 
being sent to the surface with the coal. (2) the 
raw coal contains a greater proportion of 
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small coal (and particularly of fines), and 
(3) inferior seams are now being worked 
which contain large quantities of middlings 
and inter-stratified coal and shale. Coal 
washing has thus become imperative. Baum 
boxes ( jig washers ) are still the commonest 
type of washer in the country, and they are 
useful when coals of easy washing character
istics are to be treated, and/or when a 
separation at a specific gravity of about 
1·5 or higher is required. Where appreciable 
quantities of middlings of specific gravities 
between 1·4 and 1·7 are present, however, 
the efficiency of separation decreases, and 
good separation of clean coal, middlings, and 
shale cannot be effected, although a crude 
middling fraction can be produced for 
crushing and re-washing. Usually in Britain 
the larger sizes of coal require to be separated 
at low specific gravities, and jig washing be
comes notably less efficient when attempts 
are made to use it for separations below a 
specific gravity of 1·5. 

Turning to dense-medium processes, 
Grounds gives a useful and brief review of 
the development of the washers of Chance, 
Barvoys, Tromp, Ridley and Scholes, and 
the American Cynamid Co. No mention is 
made of cyclone washers. 

Summarizing, Grounds claims that the 
trend in Great Britain for future large coal
cleaning plant is to have (a) dense-medium 
washing for the large coal, say 8-1 in., 
(b) Baum washers for the small coal, say 1 in.
t mm., and (c) froth flotation for the fines 
of t mm.-O in size. 

A standard plant of dense-medium cum 
Baum is being developed by the National 
Coal BOard, with standard units also for the 
new froth-flotation plant. Incidentally, the 
fines are now of greater importance than 
formerly: with mechanization there has been 
an increase in the proportion of fines, and the 
quantity now produced (at certain mines) 
is far too large to be discarded as in the 
past . 

.. In their passage through the washing 
plant, the natural fines become suspended 
in the wash water, and their quantity is 
increased by breakage of the raw coal during 
its passage through the washer and over the 
de-watering screens. In addition, the cons
tant circulation of wash water leads to a 
still further breakdown, both of fine coal 
and, particularly, of soft shales. The efflu
ent from the washing plant was formerly 

run into settling bays, where the solid 
settled out and the clarified water ran into 
any convenient stream. The settled solids 
were eventually dug out, at the expenditure 
of much labour, and were sometimes used for 
boiler firing. The slurry might contain up to 
20 or even 30 per cent ash and about 15 per 
cent moisture, and was anything but an ideal 
boiler fuel. The hand firing of slurry was 
arduous work, particularly when it was pro
duced from coking coal, for the slice-bar 
and poker were ' in continual use, thus 
necessitating continual opening of the fire 
doors and the in-leakage of excess air, with 
corresponding drop in boiler efficiency. 
The amount of ash to be handled, too, was 
excessive . 

.. The froth-flotation method of cleaning 
fines has, however, been adopted for larger 
quantities and, where coking coals are con
cerned, the clean fines containing, perhaps, 
only 9 per cent of ash, can be blended with 
the washed small coal, since breakage is not 
of any serious importance. 

" With industrial coals, however, there is a 
limit to the percentage of fines which can be 
blended with the washed smalls or slack, 
especially if the coal is a non-caking or only 
slightly caking one. There is another pos
sibility, however, namely the drying of the 
filter cake produced from the froth-floated 
fines, and the use of the dry, clean fines for 
pulverized-fuel fired boilers. From a dirty, 
almost unusable fuel a coal can thus be pro
duced containing, say, about 8-12 per cent 
ash and 2-3 per cent moisture for a cost of, 
say, 3s. 6d. to 5s. per ton for froth flotation 
and another 2s. 6d. to 3s. per ton for drying. 
This problem of thermal drying will have to 
receive serious consideration in the near 
future, as we cannot afford to throw on the 
dirt heap thousands of tons of very fine coal 
now produced in the washeries of this 
country." 

The above costs should be noted: larger 
sizes ( e.g. t") can be washed at about one
fourth of the above rates. 

The sizes of modern coal washeries are 
increasing - from a few hundred tons per 
hour in older plants to over 1,000 tons per 
hour in recent ones. 

The general discussion of the papers in 
this section turned largely on .:oal-cleaning 
plants. Sir Eric Young of the National 
Coal Board made a plea for the reduction of 
capital cost of such plant, which, he said, 
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was now 4 or 5 times higher than the pre
war figure. 

Lignite, Brown Coal, etc. - The paper sub
mitted by F. H. Roberts on the preparation 
and utilization of the brown coal of Victoria, 
Australia, was of outstanding interest. The 
estimated recoverable brown coal reserves 
in Australia are about 37,000 million tons, 
whereas there is less than half this quantity, 
namely 15,000 million tons, of ordinary black 
coal. The brown coal deposits of Victoria 
are several hundred feet thick - sometimes 
800', covered by about 60' of overburden. 
They are exploited by the State Electricity 
Commission and the Victorian Government 
Mines Department. As worked, the brown 
coal contains about i of water, i.e. 66 
per cent, but the ash is very low ( less than 
1 per cent) while sulphur is about 0·1 per 
cent (on a dry coal basis these figures 
become respectively 3 per cent and 0·3 
per cent). The total carbon in the coal is 
22 per cent in the wet coal and 73 per cent 
in the dry. The gross heating value of the 
coal, on the wet basis, is 3,710 B.t.u.Jlb.; 
on the dry basis, 12,400 B.t.u.Jlb. The ash 
is variable in composition but usually con
tains little silica, much iron oxide, magnesia 
and lime and a fair quantity of sulphates. 

In spite of its low heating value, this fuel 
can be burnt in water tube boilers to give a 
net boiler efficiency of about 70 per cent. 
The coal has been burnt in different ways 
at different periods of development, e.g. 
in step grates using pre-drying shafts, 
and (more recently) as powdered coal, the 
grinding being relatively coarse. Even the 
wettest brown coals can be simultaneously 
pulverized and dried in suitable mills: two 
or three different types of such mill have 
been employed. Generally, however, there 
has been a certain amount of pre-drying of 
the fuel. The paper is valuable for refer
ence. Brown coal briquettes are also pro
duced for outside use. German practice 
has been the guide, both in the combustion 
and in the briquetting plant. Over 6 mil
lion tons of the coal are raised per annum, 
and it is expected that in a few years the 
amount will increase to about 10 million tons. 

Coke - In this section, papers were sub
mitted (a) on the preparation, properties, 
and utilization of metallurgical coke in 
Great Britain; (b) on the carbonization of 
coal in France; (c) on the control of 
the coking process in Czechoslovakia; and 
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(d) on the improvement of quality of coke 
in Poland. In general there was little of 
striking importance. The Polish paper sub
mitted by B. Roga gave a good review, but 
was largely theoretical. 

Liquid Fuels 

Petroleum Fractions - Among the papers 
in this section was a valuable contri
bution from W. M. Holaday on advances 
in petroleum refining in United States, and 
another by Fleming and Tait of Great 
Britain on the same subject. 

Holaday points out that the consumption 
of fuel energy in the form of coal, petroleum 
and natural gas in the U.S.A. has practically 
doubled in the past 30 years, and that at 
the beginning of this period petroleum and 
gas supplied only 20 per cent of the energy 
requirements whereas now they provide 
over 50 per cent. In other words, U.S. con
sumption of petroleum has grown enormously 
in the past 3 decades. He next considers the 
refining techniques employed in order to ob
tain a proper balance among the products to 
be derived from the crude. In the U.S.A. the 
chief demand is for gasoline: this is not neces
sarily so in the other countries of the world. 

The paper provides valuable information 
on thermal cracking, reforming, catalytic 
cracking, polymerization, alkylation, and 
isomerization, poly forming and hydroform
ing. Notes are also given on the general 
treatment of gasoline and on the effects of 
modern petroleum-refining practice in modi
fying the quality of the fuel oils produced. 
Regarding future processing techniques in 
America and Europe, the emphasis for some 
years is likely to be on improvements in 
gasoline quality. The United States petro
leum industry is spending more than 100 
million dollars (c. Rs. 50 crores) per annum 
on research and development work directed 
largely to this end. The following statistics 
for consumption of petroleum products per 
head of population are given: 

Europe (excluding U.S.S.R.) - 22 Im
perial gal. per head per year. 

U.S.A. - 420 Imperial gal. per head 
per year. 

For gasoline these figures are about 6·7 
Imperial gal. and 175 Imperial gal. res
pectively. Doubtless Europe would probably 
use far more oil if it were available. The 
contrast with Asia is of course still more 
marked. 
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Trends in fuel utilization will require the 
development and application of new refining 
procedures to raise the anti-knock quality 
of motor gasolines. Possible means to ac
complish this are discussed, together with 
alternative steps which might be taken by 
motor-car manufacturers to utilize more effi
ciently the anti-knock quality of the gaso
lines that can be made with currently 
available facilities. 

In the paper " Recent Developments in 
Petroleum Processing", by Fleming and 
Tait, the oil-refining position is reviewed 
beginning from 1936, when practically there 
were only 3 basic processes, distillation, 
thermal cracking, and thermal reforming. 
Since that time, however, developments 
have led to a number of other processes. 
But there is an economic limit to the im
provement in quality which can be obtain
ed by these processes, a limit arising from 
the loss in yield and the formation of large 
quantities of gas (hitherto wasted). This 
stage is reached when the products from the 
thermal re-forming units have an octane 
number of about 73. The new processes 
comprise the following: (1) polymerization, 
(2) alkylation, (3) isomerization, (4) super
fractionation, (5) catalytic cracking, (6) hydro
forming - referred to earlier. 

Diesel & Other Liquid Fuels - In this 
section W. Schroeder and A. Fieldner of the 
Bureau of Mines, U.S.A., discussed the recent 
advances in the Unites States in the manu
facture of synthetic liquid fuels with parti
cular reference to the work done in their 
laboratories. It is clear that as yet no 
one process has gained outstanding pre
ference and that investigators in U.S.A. are 
continuing to explore the possibilities both 
of hydrogenation of coal ( and coal-tar) and 
of the Fischer Tropsch (hydrocarbon) synthe
sis with equal interest. 

A paper submitted on the highly bitu
minous coal of Portuguese West Africa by the 
Portuguese representative was heard with 
interest. 

Preparation of Gaseous Fuels 

Natural Gas - In this section there was a 
paper from France on natural gas. The 
following is quoted from the resume: 

"Natural gas is produced mainly in the 
south-west of France, where the Saint
Marcet gas field was discovered in 1939, and 
developed after 1942. The gas is produced 

from Jurassic dolomites, and the wells have 
an important open flow capacity. After 
being treated in the Boussens natural gasoline 
plant, the gas is distributed to the consumers 
through the most important French pipe line 
system, 500 miles long. The main uses are 
the following: Town gas (new supply or 
replacement) ; furnace and boiler heating; 
manufacture of fertilizers, motor fuel gas. 
The use of natural gas already represents a 
yearly saving of 420,000 tons of coal and 
82,000 tons of gasoline, propane and butane." 
The use of bottled gas ( butane) is probably 
capable of much development in India. 

A paper from the Belgium contributors 
dealt with the harnessing of fire-damp from 
the coal mines for use as gaseous fuel. 

Gas from Solid Fuels - Such gas is ob
tained largely by coal carbonization or 
producer practice: some of the papers 
submitted dealt with underground gasi
fication of coal (France). There was a 
valuable review of modern carbonization 
problems in Great Britain by G. E. Foxwell, 
C. Johnson, J. Burns, and others. In these 
papers, attention is drawn to the importance 
of clean coal for carbonization, and to the 
difficulties which have been caused by using 
coal containing greater and greater amounts 
of impurities. Burns discusses the adverse 
effects of poor quality coal upon the results 
of gas manufacture and deplores the in
creased ash of modern coal and coke. 

The French contributors submitted a 
paper on the use of coke-oven plant for pro
viding industrial gas. They conclude that, 
if the market for the coke is assured, coke
oven plant is best installed near a populous 
area where there is a market for the gas, 
both industrial and domestic. Calcutta 
would seem to meet these requirements, pro
vided that the market for the coke is as
sured. Other interesting papers in this 
section dealt with wood and charcoal pro
ducer gas for traction purposes in Sweden 
( 1934-35) and developments in the manu
facture of producer gas from British solid 
fuels. 

Steam Power 

A number of papers submitted to the 
Conference dealt with developments in steam 
turbine practice and the present trends in 
design. The units considered were generally 
of the order of 100 MW operating with steam 
at 1,500 lb. per sq. in. and at 1,050°F. For 
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the blading of these turbines. austenitic 
steels of 18 per cent chromium and 8 per cent 
nickel, stabilized with titanium or colum
bium, are favoured. 

F . Dollin of C. A. Parsons 0- Co. Ltd., 
Great Britain, in dealing with design trends, 
emphasized that, although improved ther
mal efficiency and increased output are 
important, a fundamental requirement is 
reliability. Increased pressures and tempera
tures are natural developments, but the 
saving in fuel consumption to be expected 
from these measures is not easy to calculate 
and has been the subject of several recent 
technical papers, recorded in the Proceedings 
of Institution of Mechanical Engineers. "As 
a rough indication, however, it may be 
stated that an increase of 100°F. (55°C.) 
in the initial temperature results in a fuel 
saving of about 3! per cent, whatever the 
level of pressure and temperature." It is 
considered that the steam turbine will main
tain its position for many years as a domi
nant prime-mover in the field of power 
generation. 

Internal Combustion Engines 

This section was devoted largely to trends 
in oil engine design and to developments in 
diesel engines. It is remarkable that design 
in this field is not yet standardized by any 
means, and that fresh modifications are 
continuously coming forward. In this section 
there was an unusually interesting paper by 
Prof. Max Serruys on "Comparative Effi
ciencies of the Main Types of Internal 
Combustion Engine", in which he estimated 
the performance of each type of engine, not 
only on the score of overall thermal efficiency 
but also analytically, dealing separately 
with (1) theoretical thermodynamic efficiency, 
(2) indicator diagrams, (3) 'Combustion effi
ciency, (4) mechanical efficiency and (5) a 
factor of performance dependent upon the 
fuel used. 

Gas Turbines & Jet Engines 

Active interest is being maintained in this 
field, not only in industrial and thermal 
power plant, but also in locomotion whether 
by rail or on sea or in the air. Dr. D. M. 
Smith in "Land Type Gas Turbines" 
claims that advances in cycle conditions will 
lead in the course of time to plant of high 
thermal efficiency; with regard to coal
burning gas turbines, however, he considers 
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that much development is still necessary 
for commercial success, but that such tur
bines will be practicable in the moderate 
power range. W. Karrer of Switzerland 
claims that overall thermal efficiencies of 
about 40 per cent will in due course be 
achieved at power stations by means of 
(supplementary) gas turbines. In American 
gas turbine practice attention is drawn to 
railway locomotive applications as well as to 
prime-powers. "The most crucial phase of 
gas turbine development. it is stated, has 
already begun in the United States. This 
is the operation in commercial service of a 
locomotive unit and several stationary units." 

In " Power Plant Requirements for Future 
Aircraft ", F. M. Owner and G. S. Hooker of 
the Bristol Aeroplane Co. proceed to separate 
the thermal and propulsive efficiences of the 
various types of new engines. 

Water Power 

Under this head the resources and location 
of water power plant, and the design of such 
stations are dealt with. Papers were sub
mitted from Canada, Norway, United States, 
France, Czechoslovakia. Switzerland and 
Italy. In Norway such power plants are 
often built into the rock. The advantages 
claimed are: (1) More efficient utilization 
of heads and, under difficult ground condi
tions, greater possibilities and freedom 
in the selection of design and site of the 
plant. Losses in head may be considerably 
reduced. (2) Shorter pipe lines, particularly 
important for plant with high heads or large 
pipe dimensions. Weight of pipes may be 
further reduced if lined pressure shafts in 
rock are used. (3) Protection against falling 
rocks and avalanches. (4) In sound and dry 
rock, construction details, such as columns, 
girders. walls. foundations. (5) Cost of main
tenance and repairs, which items are fre
quently heavy at plants in the open, may be 
materially reduced. (6) The plants may be 
rendered invulnerable against destruction in 
case of war. 

In France there is tendency to consider 
that the sizes of hydro-electric schemes have 
reached the limits of economic development, 
but in the United States the trend is towards 
larger units, with simplification and improve
ment in construction methods. "Multi
purpose river development programmes have 
resulted in projects of tremendous magnitude 
with large generating units. Load condi-
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tions have given an impetus to the creation 
of head by dams, instead of conduits." 

From Italy, Switzerland, Czechoslovakia, 
and Norway there were technical papers on 
the Kaplan, Francis and Pelton turbines 
dealing with their respective fields of applica
tion. There was also from France an un
usually interesting paper on the possibilities 
of the utilization of differences of tem
perature between the deep and the surface 
water of the sea at Abidjan, Ivory Coast, 
West Africa. The surface temperature is 
28°C. while the cold water at depth is at 8°C., 
thus giving the necessary thermal potential. 
The French Government is investigating the 
possibilities of harnessing this source of 
energy. It is stated that the problem has 
been solved theoretically and now remains 
only to be tested. Work is going ahead. 
The principle consists in evaporating the 
warm water at 28°C. under vacuum. The 
steam thus generated is inhaled by the 
condenser which is cooled by the deep cold 
water. On the way the energy of the steam 
is utilized to drive a turbine and an alternator. 

Atomic Ener!aY 

Papers on the development of power 
from nuclear energy were submitted by Sir 
John Cockroft of Great Britain and by L. 
Kowarsky of France. 

According to Cockroft, the following are the 
principal technical problems which will be 
faced in the course of the nuclear power 
development programme: (a) high tem
perature operation, (b) high heat transfer 
rates, (c) neutron economy and breeding, 
(d) long operating life, (e) development of 
economic chemical processing, and (f) disposal 
of radioactive waste. 

Each of them must be solved if the pro
gramme is to succeed. 

"The building of the first experimental 
reactors will probably occupy the next 
three to five years. During the following 
five years we may expect to gain operating 
experience and be designing the first full 
scale nuclear power producers. At least the 
same period will probably be needed for the 
necessary chemical engineering and metal
lurgical developments required to produce 
economical processes. We are unlikely 
therefore to embark on any large-scale 
development of nuclear power before at least 
the following decade." 

Miscellaneous 

Wind Power - In an unusual paper on 
"Recent Developments in Large Scale 
Wind Power Generation in Great Britain", 
T. G. N. Haldane and E. W. Golding analysed 
the economics of utilizing wind-generated 
energy in any electricity supply net-work, 
and gave estimates of generating costs. In 
Great Britain it is only in certain (western 
coastal) areas where the wind is of sufficient 
regularity and force to justify the installation 
of such plant. 

Another noteworthy contribution to the 
Conference dealt with a unique hydro
electric project: water from the Mediter
ranean would be admitted to the Qattara 
depression in the Northern Libyan Desert 
(which is about 70 kilometers from the 
coast), the flow of incoming water being 
balanced by evaporation from the salt lake 
which would be formed. The scheme as 
now proposed provides for a drop of 50 m. 
below sea level; the area of the lake which 
would eventually be formed being some 
13,500 square kilometers. The cost is 
estimated at £110 million. Power output 
would be 3,00,000 kilowatts, and "it is 
conceivable that with the creation of a vast 
salt lake, with fishery prospects, and the 
possibility of cultivation of thousands of 
acres around this lake, by means of electric 
power for lift irrigation from Nile waters, a 
new and vast area could be added to the 
cultivable area of Egypt ". 

A recurring theme throughout the Con
ference was the growth in the amount of 
low grade coal now being produced through
out the world. There is evidence that in 
many countries the coal seams of higher 
grade have been largely worked out and that 
from year to year the natural quality of the 
fuel being produced tends to fall due to the 
excessive amounts of impurities now being 
worked and wound with the coal. More
over, mechanization itself (owing to the 
inability of machinery to discriminate) con
tributes to the production of rather inferior 
coal. Consequently, in many of the papers 
submitted there was abundant reference to 
methods of utilization of such fuel and/or 
to its purification prior to use. In a word, 
increased attention is being given to more 
efficient methods of treating and using 
low grade coal in the major coal-producing 
countries of the world. 
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The Mechanism of Boiling 

R. S. DUB E Y 

Shri Ram Institute for Industrial Research,. Delhi 

I T is relatively within recent years that 
the mechanism of the formation of a 
bubble has received attention. This is 
partly because the formation of a bubble 

is a non-equilibrium process not amenable 
to thermodynamic treatment. In addition, 
the general prevalence of extraneous bubble 
nuclei in aerated liquids and on ordinary 
surfaces, which promote boiling and effer
vescence, has made the investigation of the 
problem difficult. 

Nucleate & Film Boilini 

When water is heated on a hot surface 
whose temperature is gradually raised, a 
stage is reached when "nucleate" or "bubble" 
boiling sets in. This is followed by "film .. 
boiling. The "boiling curve" (FIG. 1) 
qualitatively illustrates the changes that 
occur. The temperature drop, 6 t (OF.). 
corresponding to the point of inflexion in the 
curve for flux, which marks the transition 
between nucleate and film boiling, is called 
the critical temperature difference. 

The first boiling curve was given by 
Nukiyama1• Farber and Scorah2, using 
electrically heated Ni, Wand chromel A and 
C wires, found that different metals give 
different boiling curves for the same liquid. 
McAdams et at.3 obtained data on heat flux 
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FIG 1 - BOILING CURVE . 
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in the film boiling range well above the 
maximum possible in the nucleate range. 
All the variables influencing the shape and 
t.he position of the boiling curve a.re not 
known but the character of the heating 
surface seems to be the most significant 
factor. The critical temperature difference 
has been found to be different for each 
surface-liquid system'-8. Between the maxi
mum and the minimum points in the curve 
for flux, there exists "mixed boiling", i.e. 
nucleate boiling on some parts of the surface 
and film boiling on the rest. 

The insulating action of the vapour layer 
was first described by Leidenfrost9 • The 
critical temperature drop for a given surface 
liquid pair is substantially independent of 
the boiling temperature and the correspond
ing flux increases with increase in boiling 
temperature. However, Mosciki and Broder10, 

using an electrically heated wire, found the 
limiting temperature of the surface to be 
independent of the main body temperature 
of the liquid. 

Surface Boilinl1 

This term is applied to very high rates of 
heat transfer observed when sub-cooled 
liquids are heated by surfaces above the 
boiling point. This phenomenon was inves
tigated by Knowlesll a few years ago. 
McAdams et at.12 made further investigations 
using degassed distilled water. Photographic 
observation showed cyclical formation of 
bubbles on the surface and subsequent con
densation at regular intervals. Aeration of 
water gave higher heat fluxes at a given 
temperature difference. Kreith and Summer
field13 determined heat transfer for flow of 
aniline, n-butyl alcohol and water. Fluxes 
as high as 16,00,000 B.Th.U./hr./sq. ft. were 
obtained. These investigators concluded 
that the addition of a small amount of a 
volatile component should be helpful in 
achieving the very high rates characteristic 
of surface boiling. In these tests, the differ
ence of temperature from the surface to the 
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bulk of the liquid appeared to be one of the 
correlating variables. Gunther and Kreithl4 
heated stagnant, sub-cooled water using a 
small, flat, horizontal, electrically heated 
strip above the boiling point and obtained 
pictures at the high heat fluxes. The authors 
concluded that the high heat transfer rates re
sulted from the disturbance of the surface film 
by periodic formation and collapse of bubbles. 

Mechanism of Nucleate Boilin~ 

Evaporation is a non-equilibrium process 
since heat and mass are continuously being 
transferred from the liquid to the vapour 
phase. Because of surface tension, energy 
IS required for the formation of a liquid
vapour interface as well as for extending the 
surface so formed. 

Larson 15 derived the following expression 
connecting " Contact Angle" ( FIG. 2) with 
" Work of Adhesion" and" Work of Cohe
sion" : 

(
2W

ls ) cos 0= WI - 1 ••.•... (1) 

where 
Wls = OIV+(Osv - (15) = Work of Adhe

sion, and 
WI = 20 lv = Work of Cohesion, 

showing that the contact angle 0 depends 
upon the relative attraction between solid 
and liquid and between the molecules of the 
liquid itself. Fig. 3 shows the various shapes 
of bubbles depending upon the value of O. 

The surface energy requirement accounts 
for the fact that the vapour pressure inside 
the bubble is lower than would normally 
occur for the same temperature and pressure 
conditions of the environment. Thus 

20 p' 
pc = ps - r . p' _pH . • • . • . . (2) 

where 
pc= saturation pressure at concave surface; 
p. = saturation pressure at plane surface; 
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FIG. 2 - CONTACT ANGLE (0) AND ITS RELATION 
TO .. WORK OF ADHESION" AND .. WORK OF 

COHIi:SION ". 
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FIG. 3 - EFFECT OF INTERFACIAL TENSION ON THE 
SHAPE OF BUBBLES OF VAPOUR. 

o = surface tension ; 
r = radius .of bubble; 
P' = density of saturated liquid ' and 
P" = density of saturated vapour.' 

Also, for a bubble, on account of surface 
tension, 

20 
pin =Pex + - . . ....... (3) 

r 

where 
Pin and Pex are pressures in the interior 

and exterior of the bubble. 

Both the above relationships require the 
liquid to be superheated in order that bubble 
formation may start and develop. The 
importance of this superheating was first 
recognized by Bosnjakovicl6• Since the 
nucleus bubble is infinitely small, the forma
tion of bubbles according to equations (2) and 
(3) would require excessive superheating. 
In fact such superheating has been observed 
with pure liquidsJ7,18. Actually, however, 
there are often nuclei present, which facilitate 
the formation of the initial bubble. After 
.. an explosion on a microscopic scale "19 the 
bubble comes into existence and superheating 
provides the motive force to its development. 

Jakob19 and his associates have made a 
detailed study of the formation, rate of rise, 
and growth of bubbles, and of the distribu
tion of the temperature above the heating 
surface up to the steam region. The tem
perature changes suddenly at the water 
surface, the mean superheat in water being 
0'3° to 0·5°C. In the close proximity of the 
heating surface, the superheating of water 
increases greatly up to the temperature of 
the heating surface, indicating that a thin 
layer apparently exists not mixed up by 
convection, similar to the well-known Prandtl 
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boundary layer. Surface roughness is found 
to facilitate heat transfer. 

Superheating, Supersaturation & 
the Role of Ebullators in Bubble Formation 

The problem of the effervescence of a 
liquid supersaturated with gas is strictly 
analogous to that of bubble formation in 
superheated liquids or liquids under negative 
pressure. At a given temperature the pres
sure over a liquid can be reduced so that a 
tension develops in the liquid20-24• To avoid 
these extreme conditions, various solids 
called ebullators are generally used for 
obtaining smooth boiling. 

Larsonl5 attempted to explain the role of 
ebullators by correlating the adhesion-free 
energy ( =asv -aI5) of various surface liquid 
combinations with the ease of bubble forma
tion. Attempts at quantitative measure
ment were unsuccessful. Tomlinson2s also 
showed that sharp edges and points do not 
promote bubble formation as commonly held. 
Dorsey26 pointed out that sharp edges and 
points that were wetted by water could not 
act as bubble nuclei. Dean27 and his co
workers confirmed this conclusion whereas 
Cassel28 considered surface roughness im
portant. 

Larsonl5 developed a thermodynamic 
theory of bubble formation which led to the 
conclusion that the nucleus of a bubble is of 
molecular dimension and that surface tension 
may be a property of the molecule. This is 
contrary to the accepted theory of capillarity. 
An attempt was also made to explain the role 
of ebullators with the help of this theory. 

According to Doring29 bubbles survive 
only above a critical size. Their number 
varies sharply with temperature. Thus, 
ether may give 1 bubble/sec. at 142°C., 
showing that at this temperature the liquid 
is very unstable. This agrees with the 
experiments of Wismer et al.18 who found 
that water saturated with carbon dioxide or 
oxygen at 14 to 30 atm., when suddenly 
decompressed to 1 atm., showed no 
immediate bubble formation, and bubble 
formation occurred after a few seconds only 
when the temperature was raised to about 
70°C. With nitrogen under more than 100 
atm., on decompression, bubbles formed 
only on the surface. These experiments 
strongly support the view that only at very 
high pressures is the spontaneous formation 
of bubbles possible. 
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Various attempts have been made to 
ascertain the maximum temperature to which 
a pure liquid may be heated without causing 
it to boips.18,30. Eggleton and Kermackl7 

have obtained data on the highest tempera
ture and the corresponding vapour pressure 
maintained for 5 sec. with a number of liquids 
before boiling commenced. MeyerSI found 
that the breaking tension of ethyl ether was 
at least 72 atm. Dixon32 cooled water in a 
sealed tube but the liquid did not break 
away from the walls until the pressure inside 
the tube was -150 atm. 

FurthS3 has investigated the empty spaces 
or "holes" in a liquid and developed a statis
tical theory according to which a liquid 
attains a state of complete instability when 
its temperature is raised. The temperature 
at which this just happens is taken as the 
maximum temperature of superheating. Also, 
the maximum negative pressure required to 
cause this instability is regarded as a measure 
of the tensile strength of the liquid. While 
applying this theory to the phenomenon of 
the escape of gases from a supersaturated 
solution, in the form of bubbles, only such 
cases were considered in which the vapour 
pressure of the liquid is so low that it can 
be neglected in comparison with the gas 
pressure. 

Hatcher and Sage34 showed that turbu
lence reduced supersaturation in hydrocarbon 
mixtures and suggested that localized regions 
of low pressure associated with vortices, which 
are widespread in turbulent motion, are 
conducive to the formation of small bubbles. 
Dean27 extended the idea further. To explain 
bubble formation by mechanical shock, 
turbulent motion and ultrasonic waves, 
when active nuclei had become inactive, he 
suggested that free vortex motion is probably 
always responsible for the bubble formed. 
This interpretation was supported qualita
tively by experiments. 

Cassel28 developed a mathematical theory 
of bubble formation and considered elements 
of surface roughness, called " conical dips" 
and" conical tips", as conducive to bubble 
formation. 

The author has made some interesting 
observations3s on the boiling of liquids at 
atmospheric and lower pressures, under three 
different experimental conditions, viz. (1) 
boiling in a flask, (2) boiling on electrically 
heated platinum wire and (3) boiling of 
liquids in parallel flow over heated wires. 
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Experimental 

The apparatus (FIG. 4) employed in (1) 
and (2) consisted of a test tube, A, about 
4! in. long by i in. o.d., in which the experi
mental liquid was heated electrically while 
surrounded by its own saturated vapours. 
Two leads fused into the tube carried a coil 
of 0·004 in. dia. platinum wire. The 
leads dipped into pools of mercury kept in 
the curved side-tubes of the neck of a 250 c.c. 
round-bottom flask to which a cap with a 
ground-glass joint and a side-tube were fitted. 
A thick wrought iron lead, passing through 
a rubber bung fitted to each of the side-tubes, 
and dipping into the pool of mercury, allowed 
external electrical connections to be made. 
The cap was connected to a condenser and 
receiver. The pressure in the system was 
maintained by means of a vacuum pump 
connected to it through pressure regulating 
devices. The pressure was primarily con
trolled by manipulating a hand-operated 
valve and noting the level of mercury in 
the manometer. For a more accurate con
trol, an automatic electrical device described 
by Cryder and Finalborg036 was used (FIG. 5). 
The apparatus, made of glass with mercury 
in the U-bend, had two platinum leads 

fused into it. Its performance depends 
upon the response of the air enclosed in one 
of the limbs which was segregated from the 
rest of the system by means of a stop-cock, 
after the desired pressure had been estab
lished in the system by controlling the hand 
valve. Fall or rise of pressure in the system 
made or broke the electrical circuit, thus 
admitting air through the nozzle or closing 
the latter to the atmosphere. A large 
aspirator included in the assembly served as 
a balancing unit. The experimental liquid 
was also taken in the flask. 

To obtain the desired pressure in the 
system, the vacuum pump is started and the 
stop-cock of the automatic control is opened 
to let the air in the two limbs communicate 
with each other. The hand-operated valve 
is then carefully manipulated so that the 
desired pressure is established. The stop
cock is then closed, after which the pressure 
is automatically maintained and there is no 
perceptible fluctuation in the level of mercury 
in the manometer, suggesting that the 
variation in pressure is less than ±0'1 mm. 
of mercury. 

A suitable amount of liquid was taken 
both in the test-tube and the:flask, together 
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FIG. 4 - ApPARATUS FOR THE STUDY OF BOILING: (1) IN A FLASK AND (2) OVER ELECTRICALLY 
HEATED PLATINUM WIRE . 
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FIG. 5 - AUTOMATIC PRESSURE CONTROL DEVICE. 

with the ebullator under test, the apparatus 
assembled and the desired pressure establish
ed. The flask was carefully heated to make 
the liquid boil. When the liquid in the tube 
A had been heated in the vapour for 15 to 20 
min., the current was switched on to obtain 
boiling in the tube. 

Boiling in the Flask 

It was found that at atmospheric pressures 
any of the ebullators like porous porcelain, 
glass-wool and glass-beads was satisfactory 
for carrying on continued boiling over con
siderable periods but at lower pressures 
difficulty was encountered. The ebullator 
was found to lose its effectiveness quite 
quickly. When a fresh charge of ebullator 
was used, it initiated bubble formation without 
much difficulty, even at low pressures. If 
the liquid was now allowed to cool without 
disturbing the pressure and then reheated, 
serious bumping occurred. After a long 
series of trials it was found that a thick bed 
of glass-beads, amounting in depth to about 
half the radius of the flask, could be used 
with success for steady boiling with the 
following precautions : 

(a) The liquid is heated slowly and cau
tiously and when it is about to boil a little 
stronger heat is applied to a spot near the 
edge of the glass-bead bed when bubble 
formation usually commences and easily 
spreads to the rest of the liquid. 

(b) A low flame, with several thicknesses 
of asbestos paper between the flask and the 
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wire-gauze, is used to heat the entire bottom 
of the flask. This was more satisfactory 
than a liquid bath. 

Boiling over Electrically Heated 
Platinum Wire 

When the test-tube was well heated and 
the vapours from the boiling flask began to 
distil over, current was switched on through 
the coil. For the experiment to be success
ful, boiling should commence immediately 
after switching on the current, continue 
boiling so long as the current is passing and 
should stop as soon as it is switched off. 

The fresh wire gave smooth boiling for a 
few minutes only. When the wire had 
itself become inactive, various aids like small 
glass-beads, fine particles of porous porce
lain and glass-wool proved ineffective. This 
suggested that it was the condition of the 
wire surface itself that mattered. Its surface 
was, therefore, coated with finely divided 
platinum by soaking it in a concentrated 
solution of platinic chloride and passing 
enough current to make it glow. This was 
repeated several times to get a good deposit. 
This proved quite satisfactory over consider
able periods after which it had to be renewed. 

Thus, boiling seems to depend upon the 
presence of agents which aid bubble forma
tion either by supplying nuclei in the form 
of adsorbed gases or vapours in their surfaces, 
or by modifying conditions adjacent to the 
surface. In these experiments, the bubble 
nucleus in the ebullators quickly became 
inactive in vacuum due most probably to 
dislodgment of adsorbed gases and vapours. 
However, although a thick bed of glass-beads 
gave smooth boiling in the flask once bubble 
formation had been induced, it could not 
prevent excessive superheating in the test
tube. With glass-beads in the flask, it was 
seen that bubbles originating from the 
bottom left a trail behind them ; this trail 
served as nucleus for further bubble forma
tion. The small cavities formed by the 
beads seemed to create a suitable condition 
by modifying convection as well as the 
manner of escape of bubbles. The fine 
coating on the platinum wire gave good 
results probably by supplying minute cavi
ties which also acted in a manner similar 
to the above. It seems reasonable to sup
pose, therefore, that to be effective the 
cavities must have a curvature comparable 
with that of the heating surface itself. 
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From the above it is evident that a foreign 
gas in the liquid, whether in solution or 
adsorbed on the solid surfaces present in it, 
gives bubbles much more easily than the 
liquid vapour itself. The origin of a bubble 
of vapour in a saturated or superheated 
liquid and that of a bubble of a foreign gas 
inside the liquid are subject to the same 
laws of pressure relationships. Because of 
its natural attraction for its own vapour, 
the liquid would be reluctant to release a 
bubble of vapour, whereas, if it is assumed 
that the pressure of the foreign gas increases 
enormously as the temperature of the liquid 
is raised, the relatively easy formation of the 
bubble of the foreign gas inside the liquid 
could be explained. 

The rough surface of the platinum wire 
might also be acting by providing conical 
" dips" and conical "tips" as postulated by 
Cassel28• On the basis of his thermodyna
mic theory of bubble formation, Larson15 

concluded that surface roughness or curva
ture of molecular or unit crystal magnitude 
helps in the formation of the nucleus bubble. 
From Cassel's theory also it could be deduced 
that the critical size of the nucleus bubble of 
small diameter could be obtained without 
excessive superheating only if the contact 
angle were large and the conical" dip" or 
the conical "tip" were minute in size, 
comparable with that of the nucleus bubble. 
Both these theories lead to the conclusion 
that, for bubble formation without excessive 
superheating, the elements of surface rough
ness must be small in magnitude. The 
finely divided platinum easily fulfils this 
condition. This also lends support to the 
observations of Sauer et al. 8 who found that 
a thin film on copper gave a better heat flux 
than a clean surface. 

The bubbles formed in the flask were much 
larger than those formed in the test-tube 
over the coated platinum wire. In the case 
of simple boiling of water in a beaker, it is 
usually seen that large steam bubbles leave 
the surface. This would suggest that the 
size of the initial bubble largely depends 
upon the curvature of the surface on which 
the bubble originates. A smooth surface 
with a small curvature gives large bubbles. 
That a rough surface gives smaller bubbles 
was also noted by Jakob19• From the point 
of view of heat transfer, therefore, a rough 
surface is preferable. The formation of 
smaller bubbles leaves a larger portion of the 

heat transfer surface to be wetted by the 
liquid which quickly regains its superheated 
state. 

Boiling of Liquids in Parallel Flow 
over Heated Horizontal Wires 

Available literature on the subject shows 
that boiling on a wire surface is confined to 
stagnant pools of liquids. It was, therefore, 
decided to study boiling of liquids on hori
zontal wires with the liquid under forced 
circulation parallel to the wire. Platinum 
wires of 0·02 in., 0·01 in. and 0·005 in. dia. 
were used with water and 95·6 per cent (by 
weight) ethyl alcohol. The liquids were 
circula.ted at three different velocities, viz. 
I, 2 and 3 ft./sec. Test sections ranged 
from 6·75 in. to 6·84 in. in length. 

Apparatus-The platinum wires were used 
both as the heat transfer surfaces and as 
platinum resistance thermometers. The 
apparatus consisted of two main parts: 
(1) the electrical system and (2) the 
circulating system. 

The electrical system consisted of arrange
ments for obtaining regulated current through 
the experimental wire from a bank of accu
mulators and for measuring the current 
strength and potential drop across the test 
section of the wire. The circuit diagram is 
shown in Fig. 6. Current drawn from the 
accumulators was regulated by a variable 
resistance. I ts magnitude was determined 
by measuring the voltage drop across a 
semi-standard resistance made from 10 
S.W.G., low-temperature-coefficient-of-resis
tance " Ferry" wire and calibrated against 
a precision resistor using a Vernier potentio
meter, type 4363, supplied by Messrs 
Tinsley 0- Co., London, S.E. 25. Potential 
drops across the semi-standard and across the 

FIG. 6 - ELECTRICAL CONNECTIONS EMPLOYED IN 
THE STUDY OF BOILING OF LIQUIDS OVER HEATED 

HORIZONTAL WIRES. 
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test section in the actual experiments were 
measured with a potentiometer capable of 
measuring 0·01 mv. at 1 mv. The potentio
meter was used in conjunction with a mir
ror galvanometer. Voltages were measured 
either directly or through a voltage divider 
depending upon their magnitude, the poten
tiometer being capable of measuring 1·91 
volts directly. 

The circulating system (FIG. 7) was assem
bled from a copper vessel of about 2·3 gal. 
capacity with a reflux condenser, a centrifugal 
pump, tin. i.d. copper tubes, an orifice 
flowmeter and four valves for controlling 
the flow. The copper vessel was seated on 
an electric heater inside a steel cylinder and 
the whole system was insulated against heat 
loss. 

A glass V-tube, tin. i.d., with side-tubes, 
held the experimental wire ( FIG. 8 ) and was 
included in the circulating system by means 
of short rubber tube connections. The plati
num wires were C grade supplied by Messrs 
Johnson Matthey, London. Their tempera
ture coefficient of resistance was quoted as 
0·0035. The method of fixing the wire to 
its copper leads and mounting it in the glass 
tube is shown in Fig. 8. The potential leads 
were hammer-welded to the element at about 

1! in. from the inner end of the brass screw 
holding the element. The element was 
annealed at red-heat in air by passing suffi
cient current. For 0·02 in. and 0·01 in. dia. 
wires, 0·004 in. dia. wire was used as potential 
lead. For the 0·005 in. dia. wire the potential 
lead was only 0·002 in. in dia. The wire was 
mounted inside the glass tube by sealing its 
copper leads to the side-tubes with cold
setting" Marco" Resin No. 65C (supplied 
by Messrs Scott Bader 0- Co. Ltd.). The 
potential leads were taken out through side
tubes which were then sealed. 

Experimental- The flowmeter was first 
calibrated for water and ethyl alcohol. The 
wire was next calibrated for its resistance at 
O°c. and at 100°C. bypassing a nominal 
current through it and measuring the voltage 
drop across the semi-standard and across the 
potential leads of the wire. The 0·005 in. 
dia. wire was calibrated at the temperature 
of boi:ing ethyl alcohol instead of at 100°C. 
This wire was not used with water. 

The glass tube was mounted on the cir
culating system, the circulating pump started 
and the liquid made to boil at a steady, 
moderate rate. The valves were adjusted 
to give the desired rate of flow. For measure
ments in the nucleate boiling region, a small 

!91& :-1I8 
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FIG. 8 - FIXING AND MOUNTING OF PLATINUM WIRE. 

D.C. was now passed through the wire and 
potential drops were measured across the 
semi-standard and across the potential leads. 
The current was then increased by small steps 
to a predetermined maximum and then 
decreased and a series of current and voltage 
readings was recorded. With each liquid
wire system determinations were made at 
three different liquid velocities of 1, 2 and 3 
£t. /sec. respectively. 

Some data were also obtained in the film
boiling region. To induce film boiling on the 
whole wire without causing it to burn out, 
the following procedure was adopted. To 
begin with, nucleate boiling was induced. 
The current was increased to a high value, 
the boiling still being of the nucleate type. 
Without making any further alterations, the 
current was momentarily switched off. On 
switching the current on again, film boiling 
set in over most of the wire and quickly 
spread over the rest of it. Measurements of 
potential drops were done in the usual way. 
The current was lowered in steps and readings 
taken at each step. When the current strength 
became small, boiling suddenly reverted to the 
nucleate type without requiring any special 
manipulation. The measurements were con
fined to the 0·01 in. dia. wire with ethyl 
alcohol at 2 £t./sec. and 3 £t./sec. liquid 
velocities respectively. 

Calculations-These were made as follows: 
(1) Heat load per hour, q = 3·415 El, and 
(2) area of wire, A = 'It DL 

where 
E = voltage drop, volts; 
I = current, amperes; 
D = diameter, feet; and 
L = length, feet. 

(3) Resistance of the wire at temperature, t, 

E 
R t =[ 

(4) Wire temperatures were computed from 
the following relation: 

Rt-R 
tp= R -R xlOO 

100 0 

For the 0·005 in. dia. wire calibrated at 
78·6°C., for instance, the following relation 
was used: 

tp = Rt - Ro X 78.6 
R78'6 - Ro 

For the 0·02 in. dia. wire a radial correc
tion was applied; the surface temperature 
of the wire was obtained from the following 
relation: 

ts = tp _ (q/A) D 
8k 

which may be obtained by assuming uniform 
generation of electric heat in the platinum 
and constant thermal conductivity. This 
radial correction amounted to only a few 
tenths of a per cent in the case of water with 
the two thinner wires and in the case of all 
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FIG. 9 - BOILING OF ETHYL ALCOHOL OVER 
0·01 IN. DlA. WIRE AT A LIQUID VELOCITY OF 
1 FT./SEC. UNDER A FLUX OF 15,000 B .TH . V . /HR . / 

SQ. FT. 

the wires with ethyl alcohol; as temperature 
measurements were not very precise, this 
correction was not applied in these cases. 

Accuracy of Measurement- Since the flow
meter was calibrated with cold liquids, this 
calibration would not hold closely for the 
boiling liquids. A further complication was 
introduced by the fact that the pump tended 
to suck a mixture of liquid and vapour from 
the copper vessel and compress it into the 
tubes. Since the composition of this mixture 
varied from moment to moment, a pulsating 
flow was obtained as indicated by the mer
cury manometer. This caused a consequent 
unsteady temperature of the platinum wire. 
This was reflected in the spot of light of the 
galvanometer, which was seldom steady. 
I t was, therefore, very difficult to get precise 
balance of the potentiometer. An error of 
the order of ±20 per cent at low values of 
flux is possible. At the highest values of 
flux, this error may still be of the order of 
±10 per cent. 

Observations - When the current was in
creased from a very small .value upwards, 
boiling did not set in until a certain minimum 
flux was reached. This minimum increased 
with a decrease in the diameter of the wire. 
H also increased with increasing liquid velo
city, although the difference between the two 
values for the two higher velocities was not 
considerable. Water, for the same wire 
and liquid velocity, began boiling under a 
much higher flux than ethyl alcohol. These 
minimum values of the flux at which boiling 
just commenced were found to be of the same 
order of magnitude for water as obtained by 
McAdams et az's. At the start of boiling only 
two or three nuclei used to be active ; but 
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FIG. 10 - BOILING OF ETHYL ALCOHOL OVER 
O·Ol"!IN . DlA . WIRE AT A LIQUID VELOCITY OF 
1 FT./SEC. UNDE R A FLUX OF 38,000 B .TH.V ./HR., 

SQ. FT. 

their number quickly increased with rising 
flux and covered the whole wire. 

With ethyl alcohol another interesting 
observation was made. When the flux was 
gradually increased, boiling did not set in 
until the value of the former became fairly 
high. Vigorous boiling would then suddenly 
set in over the whole wire. When the flux 
was increased further (for measurements 
in the nucleate region) and then gradually 
decreased, the boiling did not cease at that 

r 

FIG . 11 - FL UX VS . TEMPER ATURE DROP; EFFECT 
OF CONTAM IN ATIO N AN D N ATU RE OF LIQ UID ; WIR E 

VI A. , 0·02 IN . ; VELOCITY. 1 FT./SEC . 



DUBEY: THE MECHANISM OF BOILING 

value of flux where it had commenced. 
I t continued down to a flux value much lower 
than the previous one. This would suggest 
a marked tendency of ethyl alcohol for 
superheating. With water it was found 
that boiling commenced and ceased at practi
cally the same value of flux. The tendency 
of alcohol for superheating was greater with 
wires of smaller diameter. 

The boiling of ethyl alcohol over 0·01 in. 
dia. wire at a liquid velocity of 1 ft./sec. 
under fluxes of 15,000 B.Th.U./hr./sq. ft. 
and 38,000 B.Th.U./hr./sq. ft. is shown in 
Figs. 9 and 10 respectively. 

Results - The following notation is em
ployed for the series of tests conducted 
and the results are graphically presented in 
Figs. 11 to 14. 

Nos. I, 2 and 3 refer to the liquid velocities 
of I, 2 and 3 ft./sec. respectively. 

A = 0·02 in. dia. wire; 
B = 0·01 in. dia. wire; 
C = 0·005 in. dia. wire; and 
E = ethyl alcohol; 

where A, Band C, unaccompanied with E, 
refer to tests with water. Numerical suffixes, 
I, 2, etc., refer to repeat tests with the same 
liquid-wire pair at the same liquid velocity. 
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FIG. 13-FLUX VS. TEMPERATURE DROP FOR WATER; 
(1) AND (1.1) . 0 ·02IN. DlA . WIRE EMPLOYED; (2). (2. 1) 

AND (2 .2). 0·01 IN. DlA. WIRE EMPLOYED. 

Thus, series "1-AEt means that the tests 
on ethyl alcohol with 0·02 in. wire at a 
liquid velocity of 1 ft./sec. have been repeat
ed once . 

Discussion 

The effect of the various variables on the 
relationship between heat-flux and tempera
ture drop for 0·02 in. wire for 1 ft./sec. 
velocity for the two liquids is shown in Fig. 11. 

For water, results obtained in two different 
series were used and the points were found 
to lie on two different curves. It is very 
probable that the wire which had been lying 
aside for some time before the repeat test 
was made became contaminated somehow 
and, consequently, gave less flux for the same 
temperature drop. This result agrees quali
tatively with the observations of McAdams 
et at.3 who found that contamination of the 
wire surface shifted the curve to the right. 

The curve for ethyl alcohol with clean wire 
is still more to the right than the curve for 
the contaminated wire with water, showing 
that under similar conditions water gives a 
much higher flux than ethyl alcohol. 
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With any given liquid-wire system, velocity 
of the liquid parallel to the wire does not 
seem to have had any considerable effect on 
the relative positions of the curves for the 
same liquid (FIG. 12 for 0·01 in. dia. wire). 
For water with the 0·01 in. wire, the curves 
for the higher velocities have a tendency to 
be shifted :to the left, whereas for ethyl 
alcohol the effect of velocity, for this same 
wire, is not . appreciable. At low and high 
values oL temperature drop, the curves for 
each liquid :have a tendency to merge into 
one another regardless of velocity. Thus 
for water, '. the curves appear to merge 
into one for temperature drop below 
5°F. and 'above 25°F. For ethyl alcohol 
these limits appear to be 15°F. and 25°F. 
respectively. 

The results for water and ethyl alcohol, 
given in Figs. 13 and 14 respectively, show 
that up to a temperature drop of about 25°F. 
the curve corresponding to a smaller diameter 
of wire.is situated more to the left. Above 
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this value of temperature drop, however, all 
the curves for a particular liquid approach 
one another, regardless of liquid velocity and 
wire diameter. In nucleate boiling range, 
this merging of the curves for the different 
wires is very distinct in the case of ethyl 
alcohol. Thus, so far as the effect of wire 
diameter is concerned, the author's findings 
agree with those of McAdams et al.3 • 

In the range of film boiling, the points for 
two different velocities for the same liquid
wire pair lie closely on the same curve. Three 
points for ethyl alcohol lie between the curves 
for true film boiling and nucleate boiling. 
Their irregular disposition may be due to 
errors in measurement which were unavoid
able considering the irregular boiling that 
characterizes this region. 

The nature of the curve in the range of film 
boiling and for high values of temperature 
drop in the range of nucleate boiling is the 
same as generally accepted. However, at 
low values of temperature drop, well within 
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the nucleate range, the curves are somewhat 
more to the left than those obtained by 
McAdams et at.3• These authors found that 
the flux in this region was of the same order 
as that for simple heating of fluids by natural 
convection. Obviously, the forced circula
tion of the liquid in the present investigations 
markedly raised the flux in this region. In 
agreement with the observations of these 
authors, the wire diameter seems to have 
considerable effect on flux for values of 
temperature drop below about 25°F., the 
flux rising with decreasing wire diameter. 
For the same wire, the curves for water 
are situated higher than those for ethyl 
alcohol. 

The superheating observed here corres
ponds to the superheating of liquids in a 
vertical tube evaporator. With the liquid 
moving at a fast rate, the friction head seems 
to prevent it from boiling below a certain 
minimum flux (corresponding to which, 
therefore, there is a minimum temperature 
drop). McAdams et al.3 observed that at low 
values of temperature drop, bubbles formed 
only on the surface of the pool of water and 
not on the wire. In the present case this 
action might have been augmented by the 
effect of friction head with the result that 
the minimum vaiues of temperature drop for 
the formation of visible bubbles on the sur
face of the wire ranged from 10°F. to 25°F. , 
depending upon the nature of the liquid, its 
velocity and the diameter of the wire. 

Summary 

1. Boiling seems to depend upon the 
presence of ebullators which aid smooth 
bubble formation either by virtue of gases 
and vapours adsorbed by them or by creating 
cavities on the hot surface and thus modifying 
convection to give local superheating in the 
immediate neighbourhood of the latter. 

2. In the case of liquids boiling over 
heated horizontal wires and moving parallel 
to them, end effects can be avoided by having 
potential leads about 1·5 in. from each end 
of the exposed porti~n of the experimental 
wire. 

The form of the boiling curve obtained is 
the same as generally accepted for stagnant 
pools of boiling liquids. The curve is, how
ever, placed higher in the natural convection 
and lower nucleate boiling regions. 

3. Boiling curves for water are placed 
higher than those for ethyl alcohol, and 

those for thinner wires are placed higher than 
the curves for the thicker ones, for tempera
ture drops up to about 25°F. 

4. Wire contamination shifts the boiling 
curve to the right. 

5. Above a temperature drop of about 
25°F., velocity of liquid and wire diameter 
do not have much effect on the position of the 
curve. 

6. Minimum values of temperature drop 
for visible bubble formation range between 
10°F. and 25 °F. 

Acknowledgements 

The investigations reported by the author 
were carried out in the Technical Chemistry 
Department of the Royal Technical College, 
Glasgow, under the guidance of Dr. F. 
Rumford. 

REFERENC ES 

1. NUKIYAMA: d. refs . 3, 6 & 9. 
2 . FARBER & SCORAH: Trans . Am. Soc. Mech . 

Engrs. , 1948, 70, 369. 
3. McADAMS, ADD OMS, RINALDO & DAY: Chem. 

Eng . Progress, 1948, 44, 639. 
4. AKIN & McADAMS: Trans. Am. Inst . Chem. 

Engrs., 1939, 35, 137. 
5. INSINGER & BLISS : ibid., 1940, 36, 491. 
6 . McADAMS: Heat Transmission, 2nd Edn. , 1942, 

(McGraw Book CO. Inc.) . 
7. RHODES & BRIDGES: Trans. Am. Inst. Chem. 

Engrs., 1939, 35, 73. 
8. SAUER, COOPER, AKIN & McADAMS : M ech. Eng., 

1938, 60, 669. 
9. LEIDENFROST : ct. ref. 6; DREW & MUELLER: 

Trans . Am. Inst. Chem. Engrs. , 1937, 33,449. 
10. MOSCIKI & BRODER : d. ref. 9. 
11. KNOWLES : Can . J. Res. , 1948, 26A, 268 ; 

Nail. R esearch Council of Canada, Atomic 
Energy Project, N.R.C. 1592, 1945. 

12. McADAMS, KENNEL, MINDEN, CARL, PICORNELL 
& DEW: Ind. Eng. Chem., 1949, 41, 1945. 

13. KREITH & SUMMERFIELD : "Heat Transfer & 
Fluid Mechanics Institute ", p . 127, Am. Soc. 
Meeh . Engrs. , 1949. 

14. GU NTHER & KREITH : " H eat Transfer & Fluid 
Mechanics Institute ", p . 113 , Am. Soc. Meeh. 
Engrs., 1949 . 

15. LARSON : Ind. Eng. Chern ., 1945, 37, 1004. 
16. BOSNJAKOVIC: Tech. Meeh. und Thermodynamik, 

1930, I, 359 (d. ref. 16) . 
17. EGGLETON & KERMACK: Chem. Products, 1945, 

8, 75 . 
18 . WISMER: J. Phys . Chem ., 1922, 26, 30t. 
19. JAKOB : Trans . Am. Inst. Meeh. Engrs. , 1936, 

58,643. 
20. MAXWELL: Theory of Heat, p . 291 (Longmans 

Green & Co.), 1894. 
21. PHILLIPP & TIFFANY: R efrig. Eng., 1933, 25, 

140. 
22 . REVNOLDS: d . ref. 20. 
23 . WORTHINGTON: Trans. Roy. Soc. ( London) , 

1892, A183, 355 . 

459 



J. SCI. INDUSTR. RES .• V. 9A. 1950 

24. YOUNG: Natural Philosophy. 1807. I, 472; 
d. ref. 15. 

25. TOMLINSON : d. ref. 27 . 
26. DORSEY: Phys . Rev., 1939, 55, 594. 
27. DEAN : J. Applied Phys ., 1944, 15, 446. 
28 . CASSEL: ibid., 1944, 15, 792. 
29. DORING: d. ref. 17. 27. 
30. KENRICK, WISMER & GILBERT : J. Phys . Chern ., 

1924, 28, 1297. 
31. MEYER : d . ref. 15, 17 & 27. 

32. DIXON : Proc. Roy. Soc., Dublin, 1914, NS14, 
299. 

33 . FURTH: Proc . Cam . Phil. Soc. , 1941, 37, 
252. 

34. HATCHER & SAGE : Ind. Eng. Chern., 1941. 33, 
443. 

35. DUBEY : Ph.D . Thesis in Chemical Engineering, 
University of Glasgow, 1949. 

36. CRYDER & FINALBORGO : Trans . Am. Ins' . Chern. 
Engrs ., 1937, 33, 346. 

Technical Assistance to Industry 

THE COUNCIL OF SCIENTIFIC & INDUSTRIAL 
Research has for sometime past had under 
consideration the question of technical 
assistance to industry. The following are 
the broad outlines of policy decided upon: 

(1) The National Laboratories would not. 
as a matter of policy. undertake routine 
testing for which facilities exist in the Govern
ment Test House. Alipore. and other similar 
institutions. except when such routine testing 
forms a part of any surveyor investigation 
being conducted in the laboratories and for 
testing in connection with issue of certificates 
of standardization. Special tests for which 
facilities at the existing institutions are not 
available may be undertaken by national 
laboratories provided they do not interfere 
with their normal work. The certificate for 
tests will clearly state that it relates only to 
the sample submitted and examined. 

(2) For off-hand technical advice to in
dustry. where no investigations need be 
undertaken and no written report is necessary. 
no fees would ordinarily be charged. In
dustry would. however. be required to pay 
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the travelling expenses of the officers con
cerned. 

(3) Fees would be charged for technical 
advice to industry involving minor investiga
tions and submission of a written report, the 
quantum of such fees being determined by 
the Directors of laboratories concerned and, if 
necessary. after consul ting the Director. Scien
tific & Industrial Research. In addition to 
these fees. travelling expenses incurred by 
officers would be charged to the industrial 
organization concerned. 

(4) In the case of major problems involving 
regular investigations, a scheme of research 
would be drawn up by the Director of the 
laboratory concerned in consultation with the 
Director, Scientific & Industrial Research. 
and suitable provision made therein for 
sharing of any royalties arising out of patents, 
etc., which may be taken out as a result of 
these investigations. Any staff appointed 
under such schemes will be purely temporary 
and the salary for the same. as well as inci
dental charges for chemicals, apparatus, gas, 
water. etc .• will have to be borne by industry. 



Seventy-five Years of Pro~ress in Miner
al Industry, Edited by A. B. Parsons 
(American Institute of Mining & Metal
I urgical Engineers ), 1947, pp. 811. 

THE SPECTACULAR PROGRESS IN AMERICAN 
mineral industry during the last 75 years is 
reviewed in a recent publication by the 
American Institute of Mining & Metal
lurgical Engineers. The compendium is 
divided into three parts, the first part dealing 
with the progress in mineral industry, the 
second section giving a brief history and 
evolution of the above Institute, and the 
third division presenting the proceedings of 
the Seventy-fifth Anniversary Celebration 
and World Conference on the Conservation of 
the Potential Mineral Resources. A galaxy 
of authorities in their respective fields of 
study like L. C. Graton, L. Eton, F. Taggart, 
F. Laist, C. D. King, Oliver Bowels, Sir 
Williams Fraser, Augustus Carlow, L. C. 
Cates and a host of others have treated a 
variety of subjects such as mining geology, 
metal mining, leaching and smelting of ores, 
ore dressing, non-ferrous metallurgy, ferrous 
metallurgy, fuels and conservation of mineral 
resources in an admirably interesting and 
instructive manner. 

In mining geology, L. C. Graton, ex
plaining the origin of metalliferous ores, 
expounds the intimate relationship existing 
between geology and mining and traces how 
the various reputed mining companies in 
U.S.A. effected a perfect co-operation and 
co-ordination between the two branches by 
appointing consulting geologists or instituting 
a separate department of mining geology to 
investigate the structural, stratigraphical 
and theoretical aspects of ore deposition, 
thereby eliminating guessing in mining 
enterprise involving substantial private or 
state funds. Realizing the importance of 
economic geology to mining, educational 
institutions have turned their researches 
towards the investigation of the governing 
principles of mineral deposition and condi
tions of ore formation in the various mining 
districts which furnished them with ample 
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knowledge in the physico-chemical principles 
of mineral formation in economically profit
able quantities. This co-operation between 
academies and industrial concerns paved the 
path to boom up to the peak figure the 
production of all strategic minerals to the 
tune of 9,000 million tons during the period 
of Second World War. 

Metal mining has also shown a great pro
gress over the earlier defective methods. 
Writing back from the early times, Lucien 
Eton has presented the development of 
accurate surveying and mapping of mine 
workings, the timely and rational use of 
explosives to prevent fatal injuries, the 
various mining methods in vogue, haulage, 
drainage, stoping, tunnelling, drilling, tim
bering, ventilation, transportation, etc., and 
is hopeful of further improvements in the 
methods and techniques of metal mining 
with the progress in the dissemination and 
application of the knowledge of principles of 
engineering. F. Taggart, on the other hand, 
entertains the reader with a wealth of in
formation on the antique and recent processes 
of ore dressing under separate sub-titles, each 
section treating all the information in an 
interesting manner. Notable advances over 
the earlier processes of ore dressing such as 
milling, comminution, crushing, micronizing, 
and other related topics are given in a simple 
and intelligible way so as to enable the 
reader to understand every step of the pro
cess utilized for the beneficiation of the ores. 
A marked advance in this technique is the 
development of flotation process during the 
years between 1916-1926 (in which Prof. 
Taggart himself played an important ,part) 
from which time flotation machines have 
been built to serve in practically any set of 
operating conditions with diverse varieties of 
flotation reagents. Almost all the ores 
at the present time are subjected to con
ventional flotation procedure so as to 
reduce waste to a practicable minimum. 
Similarly, in the field of gravity concentration, 
the most revolutionary development since 
the invention of the shaking table and the 
application , of sink float is the Humphrey's 
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spiral which is also finding a place in coal 
washing and which may ultimately replace 
tables in gravity concentration. 

In the field of non-ferrous metallurgy, the 
leaching, smelting and purification of cop
per, zinc, gold, aluminium and magnesium 
merit special study. Starting with the reco
very of copper, notably those which are low 
in impurities from the Lake Superior depo
sits and containing 3 per cent copper, 
the magnitude of the operations for the 
recovery of copper increased enormously 
since the beginning of the twentieth century 
as a result of the advances made in the 
operational techniques to cope with the 
discovery of new profitable geological horizons 
bearing copper in other regions. With the 
rate of increase of consumption of non
ferrous metals and their alloys, new tech
niques and designs have been evolved to 
increase the load capacity of the furnaces, 
converters and electrolytic baths to refine 
them to the desired purity. Besides, metals 
which were unknown or difficult to extract 
from their ores or are considered as museum 
curiosities have become of daily use, pur
chasable at cheaper prices than were pre
vailing seventy-five years ago. Ferrous 
metallurgy does not lag behind the non
ferrous metallurgy. This is amply illus
trated by the fact that the production of 
steel ingots grew rapidly from less than half 
a million tons in 1870 to 90 million tons 
in 1946 of which 80 million tons are pro
duced annually in open-hearth furnaces. 
Text figures depicting the improvements in 
the designs of blast furnaces, reverberatory 
furnaces and open-hearth furnaces portray 
clearly the achievements of the iron and steel 
industry. 

Keeping pace with the ferrous and non
ferrous metallurgy are the researches in fuel 
technology - coal and petroleum. The re
placement of wood charcoal and anthracitic 
coal in ferrous metallurgy by coke and bitu
minous coals increased the meagre mining 
of less than 50 million tons in 1870 to 
more than 600 million tons annually. 
The need for high-energy fuel for auto
mobile and aircraft navigation during wars 
necessitated the investigation, develop
ment and application of the technique of 
thermal conversion to purify the crude oil 
so as to minimize waste and derive maximum 
energy and a host of ancillary petroleum 
products. The production of crude oil rose 

462 

steadily from 50 million barrels to more than 
1,700 million barrels annually after the 
Second World War and still the market for 
petroleum and its products is expanding. 

In the field of production of non-metallic 
minerals such as building materials, ceramic 
materials, glass-making minerals, abrasives, 
raw materials for chemical industries, the 
value of minerals mined rose from 56 
million dollars to more than 1,000 million 
dollars. With the rapid advances in 
construction and structural engineering, the 
demand for cement and its subsidiary pro
ducts finds an important place in the world 
markets. Similarly, the shifting of ferti
lizers from organic to inorganic, the source 
of potash from sylvite instead of wood ashes, 
and the recovery of phosphate from phos
phate rocks have enlarged the industrial 
potential of U.S.A. to such an extent as to 
have a virtual monopoly and domination 
in the non-metallic mineral products. 

The grave situation developing as a conse
quence of the rapid depletion of the ir
replaceable mineral resources of the world 
in general, and U.S.A. in particular, neces
sitated the holding of a conference to discuss 
the problem of conservation of the natural 
resources and to reduce and/or completely 
avoid waste in the mining operations. The 
chapters on the international atomic control 
and the role of engineer and technologist in 
atomic energy are interesting as they furnish 
a fine example of co-ordination in scientific 
work in the development of atomic energy. 

The volume abounds in factual data and 
the material presented by the authors is 
exceptionally good as it brings to light the 
present-day position and progress in the 
diverse fields of mineral industry, and the 
importance of co-ordination in research and 
technology for the economic development of 
the country is emphasized throughout. The ac
count is stimulating to the industrialists, to 
the teacher and to the research worker alike. 

E. VENKAYYA 

Electronic Valves, Book II & III - Data 
& Circuits of Receiver & Amplifier 
Valves (N. V. Philips Gloeilampenfabric
ken, Eindhoven, Netherlands), pp. 427 
(with 532 illustrations) and 220 (with 267 
illustrations) respectively, 1949. 

THESE TWO BOOKS ARE DEVOTED ENTIRELY 
to giving comprehensive descriptions of a 



REVIEWS 

large number of recelvmg and amplifying 
valves as well as full technical data and 
characteristics of nearly all such valves 
manufactured by Philips. Details are 
also furnished on current and voltage regu
lators, stabilizers, cathode-ray tubes, photo
cells, etc. Representative circuits of A.C., 
A.C./D.C. and battery receivers are given as 
also of gramophone amplifiers. Descriptions 
of various test gear of Philips design add to 
the usefulness of these volumes. 

Book II includes all the valves and circuits 
developed by Philips during 1933-39 while 
Book III covers the period 1940-41. 

Those using equipment manufactured by 
Philips will find these books useful. 

N. B. BHATT 

Practical Applications of Spectrum 
Analysis, by Herbert Dingle ( Chapman & 
Hall Ltd., London), 1950, pp. ix + 245. 
Price 40s. net. 

THIS BOOK HAS BEEN WRITTEN BY AN AUTHOR 
who has been a close associate of the late 
Professor A. Fowler at the Imperial College, 
London, during the years when the founda
tions of science of line spectra were being 
laid. In this period, various avenues of 
applying this branch of spectroscopy to 
problems of analysis were being explored and 
the present book forms a record of the 
author's experiences. It is primarily ad
dressed to readers who would like to possess 
working knowledge of spectroscopy from the 
point of view of its applications to analysis. 

In order to make the book understandable 
even to persons not familiar with spectros
copy, an introductory chapter, "General 
Principles", discussing Bohr's theory, etc., is 
included. This is followed by a description of 
" Sources of Luminosity" which deals with 
the usual methods of exciting spectra. In 
the succeeding two chapters the principles 
of taking spectra with prism and grating 
spectrographs are discussed somewhat in 
detail. 

The above four chapters cover 65 pages, 
which is nearly half the book. The most 
instructive chapter is on " Qualitative Spec
trum Analysis", pages 74-122, which des
cribes fairly fully the peculiar problems 
which arise in identifying individual metallic 
elements, including the rare earths. There 
is then, only a brief reference to "Quanti
tative Spectrum Analysis". 

The utility of the book is considerably 
enhanced by eight tables in the appendix 
which include wavelengths of iron arc 
lines, raies ultimes and identification lines on 
plates I-XIX. 

W.M.V. 

Vegetable Crops, by Homer C. Thompson 
(McGraw-Hill Book Co. Inc., New York ), 
Fourth Edition, 1949, pp. 611. Price 
$6.00. 

THIS WELL-KNOWN BOOK WAS FIRST PUB
lished nearly 3 decades ago to serve as a 
guide to the principles and practice of 
vegetable culture and marketing, parti
cularly to stud~nts of horticulture in the 
U.S.A. That the book has served its purpose 
successfully and has enjoyed sufficient 
popularity with its users is illustrated by 
the fact that it had already undergone three 
editions and is now appearing as a fourth 
edition, in a new and revised form. The 
last edition was published nearly 10 years 
back and the opportunity has been well 
taken to bring the matter fully up to date. 
As in previous editions the earlier chapters 
of the book deal with the general outline of 
the principles and methods of vegetable 
culture; classification and preparation of 
soils; use of manures, fertilizers and irriga
tion; control of weeds, pests and diseases; 
and problems of storage and marketing, all 
in a remarkably comprehensive manner. 
The later chapters of the book, which form 
the bulk, is devoted to a systematic treatment 
of the history and taxonomy, culture and 
harvest, storage and marketing of each one 
of the leading vegetable crops in the U.S.A. 
The crops are classified under 12 groups based 
mainly on their methods of culture, viz. 
as perennial crops, pot herbs or greens, 
salad crops, cole crops, root crops, bulbs, 
potato, sweet potato, beans and peas, 
solanaceous fruits, cucurbits and miscel
laneous crops. 

In this edition, the general arrangement of 
the subject-matter remains practically un
altered, although considerable portions of 
the book have been revised and in many 
places rewritten to include all the results 
of recent researches in the U.S.A. Chief 
among the new inclusions are: statistics 
regarding per capita consumption of vege
tables in the U.S.A.; recent advances in 
the knowledge of nutritional value of vege-
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tables ; importance of minor and major 
elements in plant nutrition; weed control 
by the use of chemicals; control of pests 
and diseases by new types of insecticides and 
fungicides and their application by aero
planes ; and advances made in handling and 
packing of vegetables, particularly the use 
of transparent films in consumer packaging. 
Mention is also made of the marked develop
ment of roadside marketing of produce, 
coinciding with the great expansion of travel 
by automobile. In the chapters dealing 
with individual crops, many of the topics 
have been completely revised and in some 
places new ones added in order to include 
all the recent advances in the knowledge of 
the respective crops. The list of literature 
cited has also been enlarged and includes 
references right up to 1948. 

The book is primarily intended for students 
of horticulture in American universities and 
its outlook, scope and application are, there
fore, purely American. Further, it deals 
mostly with temperate vegetable crops and 
does not include even such tropical crops 
like taros and dasheens ( C olocasia esculenta ), 
yams (Dioscorea spp.), cassava (Manihot 
utilissima), etc., even though they have been 
long introduced in America and grown to a 
certain extent in the southern States of the 
U.S.A. Unfortunately even the literature 
cited, though extensive, is confined mostly 
to American publications and hardly any 
work outside U.S.A. finds mention, with the 
result that the usefulness of the book outside 
U.S.A. is somewhat restricted. But, in 
spite of these limitations, the book is valuable, 
as it contains a mine of information regarding 
the underlying principles of vegetable cul
ture, marketing and storage which do not 
materially differ from what is current in 
most countries, including India. To Indian 
students it is particularly useful, since it gives 
a lucid and comprehensive account of what 
results can be expected by an application of 
scientific methods to vegetable culture and 
marketing. It is needless to state that 
vegetable culture in our country is still 
primitive and far from scientific and even so 
our methods of marketing and transport. 
In recent years our acreage under vegetable 
crops is reported to have progressively de
clined and with the increase of population 
our present output is hardly sufficient to 
meet the growing demands, especially in the 
face of serious shortage of foodgrains. If 
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a substantial increase in output and use of 
vegetables in our country is contemplated, 
a good deal has to be learnt and applied of 
such scientific advances as have been made 
in the U.S.A. and other countries, parti
cularly for increasing the yield per acre and 
successfully marketing and transporting them 
to consuming centres without undue 
deterioration and damage. The book under 
review will serve as a useful introduction to 
such principles and methods. 

The present edition, like its predecessors, 
appears under the well-known format of its 
publishers. It contains a number of new 
illustrations besides the old ones, most of 
which have been slightly enlarged or im
proved to show the details more clearly. 

K. R. RAMANATHAN 

The Science of Chemistry, by Watt & 
Hatch ( McGraw-Hill Book Co. Inc., New 
York), 1949, pp. viii + 567. Price $ 4.50. 

THE BOOK HAS BEEN PRIMARILY WRITTEN 
as a text-book to meet the requirements of 
students taking the terminal courses in 
chemistry, and to serve as a guide to teachers 
who have to give these courses. The authors 
consider that the aim of these terminal 
courses is not to prepare students for any 
further study for becoming potential che
mists but to impart to them sufficient 
knowledge of the fundamental principles of 
chemistry so that they may have a thorough 
and proper grasp of the scientific method 
and also be prepared to conduct laboratory 
work. The book is really a comprehensive 
text. The various chapters cover most of the 
important properties of matter in solid, 
liquid, gaseous and colloidal states, deal with 
radioactivity and atomic energy and give an 
account of the chemistry of important metals 
and non-metals. The authors have succeeded 
in giving also a good account of theoretical 
organic chemistry to biology, medicine, agri
culture and industry. A novel feature of 
the book is the inclusion of the chapter on 
industrial chemical products and processes 
which describes the various stages in indus
trial research , such as research stage, pilot
plant stage, plant-scale operations and others. 

The book has been very well written and 
is well illustrated. Its main feature is the 
distinctive style of the presentation of the 
various important chemical topics, which is 
clearly different from the method adopted 
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by the authors of the usual text-books in 
chemistry. The book deserves a place in all 
college libraries and is commended for general 
reading to students of chemistry. 

M.P. 

En~ineerin~ Economic Analysis. by Cla
rence E. Bullinger (McGraw-Hill Book 
Co. Inc., New York), 1950, pp. xii + 397. 
Price $ 4.00. 

THIS BOOK (REVISED EDITION OF THE 
one issued in 1942) is a very valuable 
addition to the literature available on 
engineering economics. For engineers and 
engineering students in India, books of this 
type have a special significance, because 
with the advent of freedom, nationals of 
India assume full responsibility for organizing 
all production enterprises and services. 
This book, coming as it does from a reputed 
author, heading the department of industrial 
engineering of a well-known American uni
versity and which has been tried out as a 
text-book in the same institution, must 
prove a very valuable addition to engineering 
libraries in India as well as in technical 
insti tu tions. 

The book examines in detail, organized 
engineering effort to produce goods and ser
vices to satisfy human want. Engineering 
effort is divided and analysed as a number of 
steps arranged in proper sequence from 
research , invention , planning organization, 
promotion, design, operational supervision, 
etc., to the sale of finished product. Engi
neers at every stage of their work are called 
upon to make decisions requiring the study 
and analysis of the technical and economic 
aspects of each of the foregoing steps. The 
ordinary training in a technical college and 
engineering works provide the engineer the 
necessary technical knowledge; but for pro
perly assessing and evaluating the economic 
aspects special training is necessary. In 
India we have very little facility to provide 
for this particular line of training. It is in 
this aspect that the present book is of in
estimable value, in as much as it deals 
thoroughly with the technique of engineering 
economic analysis. 

The subject is discussed in its three 
essential phases, viz. the economic analysis, 
the financial analysis and the intangible 
analysis. In addition, the book also deals 

with the inter-relationship of the several 
analyses as well as long-term and short-term 
aspects. 

In any enterprise, either for organizing 
production of goods or for supplying services, 
the final and ultimate decision is taken not 
by the engineers themselves, but by the 
executive authorities like the members of 
the board of directors, etc. These author
ities weigh their decisions and judgements 
on the materials prepared and presented 
to them by engineers, influenced, of course, by 
their own knowledge and experience of cur
rent problems as well as by the sum total of 
current market trends. It is of paramount 
importance that engineers, to whom is as
signed the role to study facts, methods, 
operations, costs and standards of efficiency 
attainable that will warrant the investment 
and execution of projects and services, 
equip themselves with the latest knowledge 
and current practices of engineering eco
nomics obtaining in the most advanced 
countries of the world. This book goes 
a very long way to serve this specific 
purpose. 

A. VISWANATH 

Publications Received 

STRUCTURAL CHEMISTRY OF INORGANIC COM
POUNDS, I , by Walter Huckel, Cleaver
Hume Press Ltd., $ 9.00 

NEW ATOMS, by Otto Hahn, Cleaver-Hume 
Press Ltd., 12s. 6d. 

HANDBOOK ON DESIGNING FOR QUANTITY 
PRODUCTION (Second Edition), by Her
bert Chase, McGraw-Hill Book Co. Inc., 
$ 7.50 

RADIO ENGINEERING HANDBOOK, by Keith 
Henney, Mc-Graw-Hill Book Co. Inc., 
$ 10.00 

MAN IS A MICROCOSM, by J. A. V. Butler, 
Macmillan & Co. Ltd. , lOs. 6d. 

PLASTICIZERS, by D. N. Buttrey, Cleaver
Hume Press Ltd., ISs. 

HIGH-SPEED COMPUTING DEVICES, by W. W. 
Stifler, Jr., McGraw-Hill Book Co. Inc., 
$ 6.50 

DIRICHLETS PRINCIPLE CONFORMAL MAPPING 
AND MINIMAL SURFACES, by R. Courant, 
Interscience Publishers Inc. 

LEHRBUCH DER THEORETISCHEN PHYSIK, 
by Walter Weizel, Springer-Verlag O.H.G., 
Gottingen (Germany) 
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Field-emission 

Electron Microscope 

AN INSTRUMENT FAR SIMPLER IN 
design and operation, the field
emission microscope, has been 
designed at the Kaiser-Wilhelm 
Institute, Berlin, and has been suc
cessfully employed for the study 
of structure of molecules. The 
phthalocyanine molecule which 
has been studied is 50 times 
smaller than the smallest molecule 
so far seen with the standard 
electron microscope. The above 
fact points t o a new means of 
investigating physical and chemi
cal phenomena visually and in 
greater detail than has hitherto 
been possible. The microscope 
consists of a tungsten wire with a 
fine tip mounted inside a tho
roughly clean and evacuated glass 
bulb. The tip of the wire has a 
very small radius of curvature. 
The application of a positive 
voltage to the surface of the bulb 
produces a field on the surface of 
the tip of the wire, large enough to 
attract electrons out of the wire 
tip even when its temperature is 
lower than that used in the ther
mionic emitting filaments. The 
elec trons proceed in straight lines 
until they reach the inner surface 
of the bulb, which is covered with 
a phosphor which glows when 
electrons impinge on it. Certain 
regions of the surface related to 
the crystallographic axes emit 
electrons more easily than others 
and the electrons moving out in 
nearly straight lines from these 
parts of the surface give rise · to 
brighter regions on the bulb. 
Magnifications of the order of one 
million times can be obtained and 
the image brightnesses are quite 
adequate for visual and photo
graphic work. Resolving power 
is a lso high. 

Muller has found that if a few 
phthalocyanine molecules are 
evaporated on the tungsten point, 
then they locally increase the 
electron emission. A pattern of 
brighter spots is now superimposed 
upon the original broader pattern 
due t o tungst en above. On closer 
examination these are seen to 
consist of four segments each 
corresponding t o a benzene ring 
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and tallying with the structure of 
the molecule deduced by chemical 
and X-ray diffraction. 

The method has its limita tions . 
While Muller's microscope is a 
simple inexpensive structure, it 
cannot be opened to change the 
specimen as is done in the stan
dard electron microscope. The 
vacuum conditions are very exact
ing and the microscope does not 
work in a demountable vacuum 
system. The molecules t o be 
studied must be sufficiently stable 
not to decompose when they are 
evaporat ed over to the tungsten 
point. While the resolution and 
contrast detailed by Muller are 
far higher than that which can be 
attained with the standard elec
tron microscope in the study of 
chemicals of this kind, the resolu
tion is not sufficient to show the 
det a iled internal structure of the 
molecules (Discovery, 1950, 11, 
274 ). 

New Atomic Particles 

THE DISCOVERY OF TWO NEW 
large meson particles - V-parti
cles - was announced by Prof. 
Blackett at the annual conference 
of the British Association for 
Advancement of Science, held 
recently at Birmingham. Though 
the lifetime of the particles has 
not been estimated, photographs 
have confirmed that the particles 
decay spontaneously into charged 
particles, i.e. the pi-mesons which 
are familiar in cosmic radiation. 
One is neutral and decays into 
two charged particles : the other 
is positive and decays into a posi
tive a nd a neutral particle. The 
masses of the new particles have 
been estimated to be between 250 
and 400 electron masses la rger 
than the sum of the masses of 
particles into which they decayed 
(Chem. Age, 1950, 63, 355 ). 

Silver & Platinum Catalysts 

SOME OF THE RECENT APPLICA

tions of silver and platinum 
catalysts in German industry arc 
described (Chem. Age, 1950, 63, 
291 ). 

The relatively high cost of 
industrial catalysts from noble 

metals is more than offset by their 
greater efficiency and long service 
life. The high percentage purity 
of platinum and silver for catalysts 
and process equipment has mini
mized the chances of poisoning of 
the catalysts by traces of certain 
materials used in industrial pro
cesses. Most high pressure plants 
now use gauze woven from 10 
per cent rhodium-platinum wire 
arranged in multi-layer catalyst 
pads of 20 to 30 individual nets. 
Pure platinum is an effective cata
lyst over a wider range of condi
tions than the rhodium-platinum 
alloys. Most of the modern sul
phuric acid plants are supplied 
with nitrogen oxides by a small 
oxidation unit with a built-in heat 
exchanger and fitted with a pad 
of 4 rectangular platinum gauzes 
mounted vertically. Platinum is 
also used extensively as a hydro
genation catalyst in organic syn
thesis dispersed on pumice or 
charcoal or used directly in the 
form of platinum black without a 
support. In Germany palladium 
was used for direct hydrogenation 
of acetylene to ethylene. The 
process consisted of passing acety
lene and an excess of hydrogen 
and steam over palladium in silica 
gel at 270°C. and ordinary pressure. 
The consumption of the catalyst 
amounted to 1 kg. of palladium 
per 1.600 to 1.800 tons of ethylene 
produced. Palladium also finds 
limited use as a catalyst for the 
purification of oxygen and hydro
gen and for the removal of residual 
oxygen from atmospheres required 
for bright annealing and other 
operations where complete free
dom from oxygen is necessary . 

Silver has almost universally 
replaced copper in the catalytic 
vapour-phase dehydrogenation of 
methyl a nd ethyl alcohols. In 
most existing installations the 
catalyst is either a thick pad of 
many layers of silver gauze or a 
shallow bed of crystalline silver 
which is prepared by electro
deposition under conditions regu
lated to prod uce hard crystals. In 
the manufacture of formaldehyde 
by the I.G. Farbeninduslrie plants 
at Ludwigschafen and Leverkusan, 
methanol is oxidized and dehy
drogenated with a granular silver 
cat"ly~t. The silver catalyst is 
produced by the electrolysis of a 
silver nitrate solution containing 
3 per cent AgNO. and 0·1 per cent 
HN03 · " 

Silver)s a useful catalyst in the 
aerial oxidation of ethylene to 
ethylene glycol avoiding the chlor-



hydrin stage. The silver-on
pumice catalyst is made by 
impregnating pumice with silver 
oxide and subsequently reducing 
this product in a silver-lined 
reactor, using a nitrogen-hydrogen 
mixture at 200°C. The life of thc 
catalyst is estimated to be one 
year. 

Amalgam MetaUurgy 
AMALGAM METALLURGY HAS RE
cently been applied to solve some 
importan·t and complex problems 
of the metal industry. A few 
selected techniques are reviewed 
(Research, 1950, 3, 407 I. 

Extraction of Aluminium from 
.. AIFeSi "- The process makes 
use of the principle of filtration as 
applied to metallurgy. The method 
first developed in Germany during 
the war is based on the solubility 
of aluminium in mercury at high 
temperatures and on the insolu
bility of iron and silicon. On 
cooling, aluminium crystallizes 
out. Energy consumption is very 
low as compared with the usual 
electrolytic method. 

Extraction of Metallic Sodium
One of the processes is based on 
the removal of mercury by distilla
tion and the other by electrolysis 
in an auxiliary electrolyte of 
molten salt (which is not used up), 
the sodium being transferred from 
the amalgam on to a solid cathode 
on which it is deposited in molten 
metallic form . In the distillation 
process, sodium is displaced from 
the amalgam by metallic calcium 
which has an even greater affinity 
for mercury than sodium and, 
therefore, displaces the sodium 
without mixing with it even at 
high temperatures. Calcium can be 
easily recovered by distillation of 
the mercury. The anodic transfer 
electrolysis makes use of a molten 
electrolyte with the lowest possible 
melting point, e.g. sodium bro
mide, sodium hydroxide. Metallic 
sodium is deposited on an iron 
wire net cathode and rises to the 
surface. 

Amalgam elcctrolytic process 
using molten electrolytes may also 
be applied for the extraction of 
aluminium. 

Processing Zinc Alloy Scrap
Regenerated metal obtained from 
scrap, though cheaper, is of poorer 
quality than !pctal obtained from 
orcs. Amalgam metallurgy tech
niques make it possible to obtain 
zinc in a pure and in a readily 
usable form, starting from scrap 
alloy. Degreased scrap is dissolv-

NOTES & NEWS 

ed in mercury in the presence of 
dilute sulphuric acid. The alumi
nium reacts with the water and is 
finally recovered in the form of 
pure aluminium sulphate crystals; 
other alloy metals do not react 
with the water. The iron and 
copper contained in the alloy are 
not dissolved in mercury and can 
be separated from the liquid zinc 
amalgam by filtration; they are 
ohtained in the form of iron-zinc 
amalgam and copper-zinc amal
gam. The former being magnetic, 
the two can be separated. The 
alloys are obtained in powder 
form by the distillation of mercury. 
The less reactive accompanying 
metals such as tin, lead and 
cadmium are gradually accumula
ted in the zinc amalgam. The 
zinc is obtained by electrolysis in 
ari acid zinc sulphate solution 
(which is not used up), the 
amalgam being the anode. The 
cathodes are of aluminium and 
the deposited zinc is of 99·99 per 
cent purity. The main features 
of the cell are the slowly revolving 
iron discs of 2 m. dia. half 
plunged into the amalgam pool 
and half into the electrolyte. 
Passing through the amalgam, 
the discs are amalgamated and 
this gives to the anodic amalgam 
the vertical position necessitated 
by the vertical cathodes. The 
energy consumption is about 0·35 
kWh. per kg. zinc, i.e. about one
ninth of the consumption usually 
needed for electrolytic zinc. 

Extractio·n of Zinc from Purple 
Zinc Ore - The Iyes from the 
calcination process can be elec
trolysed after preliminary treat
ment as a ncutral zinc chloride 
solution, the zinc being trans
ferred as zinc amalgam on to 
mercury cathodes. The cells used 
are of the chlorine alkali electro
lysis process. 

Extraction of Electrolytic Lead 
from Low Grade Zinc Ores - The 
lead chloride solution obtained by 
treating low grade lead-zinc ore is 
not electrolysed directly as is done 
in other methods. Instead, it is 
brought into intimate contact 
with zinc amalgam when lead 
replaces zinc in the amalgam 
which passes into solution. The 
solution from which lead has thus 
been extracted, passes on to two 
consecutive electrolytic cells with 
mercury cathodes; the first serves 
to replenish the zinc content of 
the amalgam used for the lead 
extraction, the second to extract 
zinc amalgam from which the zinc 
is then extracted in metallic form 

in a third cell. The lead is also 
extracted in metallic form from 
its . amalgam by a blocking elec
trolysis in a fourth cell using a 
lead salt electrolyte of high purity 
and high conductivity which is not 
consumed. The phase exchange 
reaction between lead and zinc is 
instantaneous if the contact area 
is made sufficiently large and if 
the contact zinc is strongly agi
tated. The lead obtained is of 
electrolytic purity. 

Extraction of Rare Zinc Satellite 
Metals: Concentration Transform
ing Process - An aqueous solution 
of the satellite elements is brought 
into intimate contact with zinc 
amalgam prior to the electrolysis 
proper; due to the phase exchange 
reaction the rare earths displace 
the zinc from the amalgam and 
accumulate in it. If no atmos
pheric oxygen or other oxidizing 
substance which can corrode the 
amalgam are present in the 
aqueous solution, the phase ex
change occurs stoichiometrically 
and zinc satellites are obtained in 
a pure form. The disadvantage, 
however, is that gallium is lost. 
The method can be employed not 
only for the extraction of zinc 
satellites such as cadmium, indium 
and thallium, or of lead satellites 
such as silver and bismuth, but 
also for processing of various other 
exhausted or dilute solutions 
ohtained in mining and metallurgi
cal processes. 

Continuous Separation of Multi
metallic Mixtures - Alkaline solu
tions of rotary kiln oxides contain
ing equal parts of lead oxide, tin 
oxide and zinc oxide are made to 
circulate inside a revolving drum 
divided by transverse partitions 
into many narrow chambers; the 
partitions are so arranged that the 
solution is forced to change 
direction at every partition, flow
ing inwards in one chamber and 
outwards in the next. The other 
phase is zinc amalgam which is 
contained in small chambers on the 
periphery of the drum. These 
amalgam chambers are separated 
from the inner part of the drum 
by porous partitions. The amal
gam contained in a chamber which 
is brought to the top by the 
rotation of the drum percolates 
through the porous partition, falls 
through the aqueous solution in 
the form of minute droplets and 
collects at the bottom where it 
percolates again through the 
porous partition and back into an 
amalgam chamber. The amalgam 
is introduced at one end of the 
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drum as pure zinc amalgam. Part 
of it is continuously removed near 
the middle of the drum as pure tin 
amalgam and the rest is conti
nuously removed at the far end as 
pure lead amalgam; these two 
amalgams are then processed 
separately for the extraction of 
tin and lead. The original plum
bite-stannite-zincate solution in
troduced into the drum leaves it 
at the far end as a pure zincate 
solution which can be electrolysed 
to obtain zinc amalgam. 

Manufacture of Pure Manganese 
Alloys - The amalgam metallur
gical process producing pure man
ganese alloys in powder form is by 
indirect electrolysis in which a 
sodium amalgam is used for a 
phase exchange with an aqueous 
multi-metal saline solution con
taining all the components of the 
desired manganese alloy. The 
alloy is precipitated from the 
amalgam circuit. The mercury is 
removed by distillation in an oven. 
This method of mixing alloy com
ponents in aqueous metal saline 
solutions is useful for low grade 
ores and eliminates all inter
mediary stages of the usual 
manufacturing processes. 

The exceptional efficiency of the 
amalgam metallurgical processes 
and quality premium it brings in, 
make it possible to counter-balance 
the higher capital costs of low 
grade ore exploitation. The equip
ment and functioning of an 
amalgam metallurgical factory do 
not depend on the particular alloy 
produced. Different low grade 
ores can be worked in the same 
plant. 

Rapid Determination 
of Uranium 

A RAPID METHOD OF DETERMINING 
uranium is described. The method 
depends on measuring the inten
sity of yellowish-red colour pro
duced when a uranyl salt is treated 
with hydrogen peroxide in the 
presence of excess sodium carbo
nate (Industr. Chemist, 1950, 26, 
375) . Molybdenum and tungsten 
in small amounts do not interfere, 
but large amounts must be sepa
rated as they give a faint yellow 
colour. 

Aluminium and uranium are 
separated together by double pre
cipitation with ammonia; the 
solution of these elements is then 
treated with dry hydrochloric 
acid gas and aluminium is precipi
tated as AICl •. 6H.0. Uranium is 
determined in the filtrate ; small 
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amounts of aluminium do not 
interfere. Iron is separated by 
hydrogen peroxide-sodium car
bonate precipitation; copper is 
also carried down in this treatment 
but traces left in solution do not' 
interfere. Cobalt, nickel and 
cerium are also removed with iron. 
Fluorides do not interfere up to 
10 mg. per 100 C.c. but with high 
concentrations slight bleaching of 
the colour results; phosphates do 
not interfere up to 140 mg. per 
100 c.c. or silicates up to 60 mg. 
per 100 C.c. but chromium and 
vanadium do interfere. Chromium 
is separated by precipitating 
uranium with ammonia, the 
chromium being in the form 
of chromate, while vanadium 
is determined by suitable 
means and allowance made for 
it in the final measurement of 
uranium. 

The colour reaction conforms 
with the Beer-Lambert law and 
the method can be applied to 
amounts of uranium varying from 
0'2 to 85 per cent of U,O" the 
average error not exceeding 2 or 3 
parts in 1 00. 

Nitrate Determination 

A MODIFIED BRUCINE METHOD FOR 
the determination of small 
amounts of nitrate in biological 
material is described (Can. } . 
Res., 1950, 28, 280). 

The reagents used are : (1) bru
cine reagent consisting of 10 gm. 
of brucine dissolved in 80 C.c. of 
95 per cent ethanol, 3 C.c. of 
distilled water made to 100 C.c. 
with 95 per cent ethanol; (2) con
centrated sulphuric acid, reagent 
grade, free from nitrates; (3) sul
phuric acid ( IN) and (4) urea, 10 
per cent solution. 

10 c.c. aliquot of the solution to 
be analysed containing 50 to 250 
"gm. of sodium nitrate are placed 
in a 50 c.c. volumetric flask, 
2 or 3 drops of IN sulphuric acid 
and 1 C.c. of urea solution are 
added, the mixture boiled for 5 
min. On cooling 1 C.c. of brucine 
reagent followed by 20 C.c. of 
concentrated sulphuric acid is 
added and thoroughly mixed. On 
further cooling in a cold water 
bath for 20 min. another 20 C.c. of 
concentrated sulphuric acid are 
added and contents mixed tho
roughly. Blanks are run with a 
second aliquot of the sample and 
with distilled water. The light 
transmittance of the sample is 
measured in a photoelectric colori
meter and the nitrate content 

determined by reference to a pre
viously prepared standard curve. 

Sugar Analysis 

THE AMMONIACAL SILVER NITRATE 
spray used for the detection of 
sugar on paper chromatograms 
involves careful control of the heat
ing step, requiring special appa
ratus . A modified procedure based 
on a test given by Feigl for redu
cing sugars, which eliminates the 
heating step, is described (Nature, 
1950, 166,444). The method has 
proved reliable and easy to handle. 

The dried, developed paper 
chromatogram strip is first passed 
rapidly through a reagent solution, 
prepared by diluting 0·1 C.c. of 
saturated aqueous silver nitrate 
solution to 20 C.c. with acetone, 
and adding water dropwise, with 
shaking, until the silver nitrate 
which separates on addition of 
acetone has dissolved. Spreading 
of the spots is limited on account 
of the sparing solubility of sugars 
in acetone (0·014 per cent at 23°C. 
for crystalline glucose). The dry 
paper is sprayed with a 0'5N 
solution of sodium hydroxide in 
aqueous ethanol, made by diluting 
saturated aqueous sodium hydro
xide solution with ethanol. Brown 
silver oxide is immediately pro
duced, the colour facilitating even 
spraying. Reducing sugars form 
dense black spots of silver more or 
less rapidly at room temperature. 
When red uction is complete, excess 
silver oxide isdissolved by immers
in!( the strip for a few minutes in 
6N ammonium hydroxide, after 
which the paper is washed for at 
least 1 hr. in running water, 
and dried in an oven. Black or 
dark-brown spots on a white back
ground are obtained, except when 
phenol has been used as the 
developing agent, when the back
ground is greyish. The spots can 
be rendered jet black by momen
tary exposure to hydrogen sul
phide. A feature of the method 
is that substances other than 
reducing sugars are detected. 
Thus glycerol reacts at room 
temperature after a much longer 
period of contact with the reagent 
than is required for reducing 
sugars. Under the same condi
tions, trehalose reacts faintly; but 
the spot can be intensified by 
heating. 

A similar technique for the 
detection of sugars has been 
employed, using triphenyltetra
zolium chloride which, in alkaline 
solution, is reduced to the insolu-



ble intensely red. formazan com
pound. This property has been 
used in the analysis of reducing 
sugars. A 0·5 per cent solution of 
triphenyltetrazolium chloride in 
chloroform is applied as above 
and, after evaporating the solvent 
at room temperature, the strip is 
sprayed with an alcoholic solution 
of sodium hydroxide. After stand
ing overnight. reducing sugars 
develop intense red spots against 
a pink background, fructose and 
xylose reacting readily. The excess 
reagent is easily removed by 
washing with water. If rapid 
reaction is required. the strip may 
be heated for 5 min. at 100°C. in 
an oven in a moist atmosphere. 
Non-reducing disaccharides do not 
react. 

Determination of 
Free Carbon in Rubber 

A SIMPLE AND RAPID METHOD FOR 
the determination of free carbon 
in vulcanized rubber stocks is 
described (Anal. Chern., 1950.22, 
1002). The method is sufficiently 
accurate for control purposes and 
has been successfully applied to 
the analysis of natural rubber, 
GR-S, Butyl rubber and neoprene. 

The method makes use of the 
fact that rubber containing ethy
lenic double bonds is oxidatively 
cleaved by lerl-butylhydroperoxide 
in the presence of osmium tetro
xide. The sample is softened in 
gently boiling p-dichlorobenzene 
and then treated with lert-butyl
hydroperoxide in the presence of 
osmium tetroxide catalyst. The 
mixture is filtered through a 
Gooch crucible. The carbon on 
the filter is washed with benzene 
and then with dilute nitric acid 
and water to dissolve inorganic 
fillers. The filter is dried at 350°C., 
cooled and weighed. The carbon 
is burnt off at low red heat and 
the crucible is cooled and re
weighed. The loss in weight 
represents the amount of carbon 
originally present. No empirical 
correction is required and no 
difficulties are encountered in the 
filtration of carbon black. 

Micro-analysis of Gas Mixtures 

AN APPARATUS FOR THE MICRO
analysis of gas mixtures contain
ing (i) carbon monoxide and an 
inert gas or nitrogen and (ii) oxy
gen and an inert gas or nitrogen 
is described (J. Sci. Ins/rum., 
1950, 27, 224). The apparatus 

. has been used for analysing 
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samples of the order of 10 mm. at 
N .T .P . with an accuracy of 1 per 
cent. 

A MacLeod gauge with two 
capillary inlets of 1·50 mm. bore 
tubing for the introduction of the 
sample and oxygen and a plati
num filament just above the bulb 
comprise the apparatus. The 
volume of the bulb is about 200 
c.c. and that of the combustion 
tube about 3 c.c. An important 
feature of the apparatus is that 
the mercury in the analyser need 
never come into contact with tap 
grease, nor with the less pure 
mercury from the burette and 
sampler. 

The mixture for analysis is 
expanded from the sampler into 
the bulk, the mercury raised into 
the closed capillary and the 
pressure and relative volume of the 
sample measured using a catheto
meter. The mercury is lowered 
to its former level, a small excess 
of oxygen expanded from the 
burette into the bulb, the mercury 
raised and the pressure and volume 
again recorded. To effect com
bustion of carbon monoxide, the 
level of mercury is again lowered 
to the desired level and the mer
cury adhering to the filament 
volatilized off. The gas is then 
compressed by raising the mer
cury level and the filament flashed 
for 10 sec. at red heat. Finally 
the mercury is raised into the 
closed capillary and the resultant 
pressure and volume measured. 

Mixtures containing oxygen and 
an inert gas or nitrogen may be 
analysed by reversing the proce
dure, i.e. by adding a small excess 
of CO to the sample to be analysed. 
The oxidation of mercury is elimi
nated because CO is in excess. 

Magnetic Stirrers 

EFFICIENT MINIATURE MAGNETIC 
stirrers have been designed for 
carrying out potentiometric titra
tions and conductometric experi
ments. Three models were exhibit
ed at the recent annual general 
meeting of the Microchemistry 
Group of the Society of Public 
Analysts & Analytical Chemists 
held in London ( Chern. Age, 1950, 
63.296 ). 

The general purpose bench 
model is S' long, 31' wide and 31' 
high. The top or titration plat
form is of white Perspex,,'~N thick, 
and a iN thick panel of the same 
material carries the switch and 
speed controller. The connecting 
leads are detachable, an accumu-

lator or other external battery 
being used only when long runs 
are required. For ordinary work, 
energy is drawn from an internal 
flash-lamp battery. Small but 
powerful type M. 4776A magnets 
in the form of short slotted 
cylinders with central holes are 
mounted directly upon the motor 
spindle. The light weight and 
small height greatly contribute to 
freedom from vibration and long 
life of the motor. The assembly 
spins freely and the poles of the 
magnet describe a circle in a plane 
parallel to the Perspex top. A 
variable resistor ( maximum resis
tance 10 ohms), mounted adj acent 
to an on-off switch, controls the 
speed. Operation at low speeds 
gives excellent stirring, minimizes 
current consumption and enables 
long runs to be undertaken with
out overheating the motor. The 
stirring action is vigorous at the 
bottom of the liquid and splashing 
is avoided even at high speeds. 
Using small beakers or conical 
flasks it is possible to perform 
conductometric titration of sam
ples less than 1 C.c. If required. 
as in Karl Fischer method of mois
ture determination, the titration 
vessel can be hermetically sealed 
and stirring continued. 

Another model is designed for 
use on a retort stand. The cylin
drical body slides freely into a 
retort ring of suitable size and the 
whole unit is firmly secured by 
four small Terry spring clips. A 
third low-built stirrer consists of 
a pair of 21# dia. bakelite caps 
placed mouth-to-mouth. Control
ling resistor and motor assembly 
are retained in position by partial
ly imbedding in sealing wax. 

Liquid Level Gauge 

A DEPTH GAUGE OPERATED BY A 
continuous air purge for measuring 
the liquid head in a vessel is 
described (J. Sci. Instrum .• 1950. 
27, 223). The instrument is 
operated by passing a steady flow 
of air through a variable orifice, 
the variation being effected by a 
change of level of a liquid-air 
interface, so that a small change 
in level produces a large percen
tage variation in effective orifice 
area. These phanges produce 
changes in the differential pressure 
across the orifice. The static 
pressure in the system is then a 
measure of the head of the liquid 
in a vessel. 

A supply of compressed air 
passes down a dip pipe of the open-
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ended type, with an invertecl V
notch cut in the bottom. This is 
surrounded by a second open
ended pipe, cut square, and 
extending a short distance below 
it, but clear of the bottom vessel. 
In operation, the interface be
tween the air in the pipe assembly 
and the liquid contents of the 
vessel partially seals the V -notch. 
The air passes through the trian
gular orifice bounded by the notch 
and the interface and up through 
the outer tube. It then enters a 
chamber of a relay assembly and 
passes through a needle valve to 
atmosphere or into the vapour 
space above the vessel contents. 
The needle may be sized to have 
an orifice equivalent to 1", when 
in the fully open position. This is 
equivalent to a minimum measur
able depth of vessel content of 
I' when the purge rate is 15 cu. 
ft. per hr. of free air. If the 
available ratio of areas of the valve 
is 12: I, the instrument will 
measure up to a total vessel 
content of 12' head of water with 
an accuracy of ± 1 per cent. 

Uranium Oxide Films 

A MODIFICATION OF THE PYRIDINE 
method for depositing uniformly 
thin films of uranium oxide used 
for investigations into the nuclear 
properties of uranium is described 
(J. Sci. Instrum ., 1950,27.230). 

The method was originally used 
to prepare layers of 1 to 10 sq. cm. 
area but by slight variations uni
form films covering an area of 100 
sq. cm. can be made. Normally 
platinum foil is used and is washed 
with nitric acid and distilled water, 
followed by ignition. 

The area to be covered is defined 
by painting the perimeter with a 
solution of nitrocellulose in ether
alcohol or in acetone. For films 
of small area ( 1 to 10 sq. cm.). a 
concentration of 10 mg. of uranyl 
nitrate per 1 c.c. of pyridine is 
used; for films of larger area 
( 100 sq. cm.), a solution consisting 
of 500 mg. uranyl nitrate and 1 c.c. 
of concentrated nitric acid ( sp. gr. 
1'42) made up to 250 C.c. with 
reagent grade pyridine bas been 
found satisfactory. To prepare 
a film up to 10 sq. cm. in area, the 
platinum foil is cleaned and ignited 
to constant weight. The pyridine 
solution is applied at the rate of 
0·02 to 0·05 c.c. per sq. cm. by 
means of a capillary pipette and 
allowed to evaporate. The foil is 
gently heated to drive off residual 
pyridine and to destroy the nitro-
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cellulose boundary and then heat
ed strongly to bright red heat to 
convert uranium salts to oxides. 
On cooling, the whole procedure 
is repeated until a film of required 
thickness is obtained. For a film 
covering an area between 10 and 
100 sq. cm., the solution is applied 
at 0·02 c.c. per sq. cm. and the 
area is wetted by rocking the foil 
gently on a glass plate, the motion 
being continued during evapora
tion of the solvent so as to keep 
the boundary edges wet. The 
crystalline film is allowed to stand 
for 10 min., then gentle heat 
from a Bunsen flame is applied 
rapidly and evenly and continued 
more strongly and finally to a 
bright red heat for a few minutes. 
Films of a thickness of 0·3 mg. per 
sq. cm. have been prepared by 
repeating the procedure. 

The technique would not be 
suitable for thorium and highly 
ex-active uranium preparations be
cause of radioactive dust hazards. 

Sulphate-reducing Bacteria 

INVESTIGATIONS ON THE COMMER

cial production of sulphur from 
sulphates employing micro-organ
isms are in progress at the 
Chemical Research Laboratory of 
the D.S.I.R., London. 

About 100 tons of sulphur is 
formed by bacterial activity each 
year in certain lakes in North 
African deserts for every half a 
million gallons of lake water. The 
bacteria swarming in the waters 
convert sulphates to sulphides 
which is reduced to finely divided 
sulphur by otber micro-organisms. 
Experiments are in progress to see 
whether natural waters rich in 
sulphates such as waste from 
sewage works might be utilized 
and whether bacteria could be 
made to multiply on relatively 
large surfaces provided by lumps 
of coke or asbestos. Attempts 
are being made to obtain highly 
active strains of bacteria. Cultures 
of sulphur bacteria procured from 
the North African lakes and from 
other parts of the world are being 
investigated and their growth rate 
on various kinds of nutrients is 
being studied. 

The most promising types of 
organisms are the purple and 
green sulphur bacteria, photo
synthetic bacteria, which abound 
in nature and sometimes proli
ferate in enormous numbers. For 
maximum development they re
quire hydrogen sulphide, aerobic 
or anaerobic conditions and sun-

light. All these requirements are 
satisfied in polluted pools and it 
might be possible to create such 
conditions that hydrogen sulphide 
produced by the sulphate reducers 
is consumed as it is produced. 

Another aspect of the problem 
investigated at the laboratory 
relates to the method of controlling 
the growth of sulphate-reducing 
bacteria. The addition of acid 
to the water decreases their 
numbers enormously. 

Black Rootrot in Tobacco 

STUDIES ON THE BLACK ROOTROT 

fungus Thiela viospsis basicola 
(Berk. and Br.) Ferraris under
taken to elucidate the complex 
relationships between host, para
site and the soil environment are 
reported (Canad. J. Res.. 1950. 
28.445 ). 

The fungus exists in two distinct 
forms, grey and brown wild types. 
The wild types do not remain 
stable on media which support 
abundant saprophytic growth but 
give rise to and are crowded out 
or replaced by mutants. The wild 
type can be maintained with a 
minimum of variation in soil, soil 
agar or roots. 

The brown wild type of fungus 
is usually the predominant form. 
The grey wild type is less patho
genic and is more poorly adapted 
than the brown to withstand long 
dormant periods. The latter 
mutates to the grey in the soil, 
host and in artificial culture 
whereas the grey wild type 
mutates to the brown only in 
association with host and not in 
culture, thereby suggesting a direc
tive influence being exerted by the 
host parasite relationship. Root 
invasion by Thielavia basicola was 
common only in association with 
another fungus Thielaviopsis basi
cola, which suggests a commensal 
relationship between the two fungi. 

New Insecticide 

PRELIMINARY INVESTIGATIONS ON 
the insecticidal and miticidal 
potentialities of antimycin A 
( the crystalline antibiotic isolat
ed from cultures of an unidenti
fied species of Streptomyces) are 
described (Science, 1950, 112, 
172 ). 

The antibiotic caused mortality 
to insects which ingested the 
material rather than by contact 
action of the substance on the 
exo-skeleton. The common house
fly Musca domestlca L., sprayed 



with 10 p.p.m . of antimycin A. 
showed no adverse effects whereas 
38 per cent of the flies allowed to 
feed on a ball on absorbent cotton 
saturated with 10 p.p.m. of anti
mycin A dispersed in water were 
killed in 24 hr. Similar results 
were ohtained with the large milk
weed bug Oncopeltus fascia/us 
(Dall.). To determine the speci
ficity of action. the standard test 
wool fabric was immersed in a 
water dispersion containing 10 
p.p m. antimycin A and offered to 
larvae of the we':>bing clothes 
moth. Tineola biselliella ( Hum.). 
and the black carpet beetle. 
Attagenus pice us (Oliv.) . The 
larvae of the webbing clothes 
moth ate the test swathes with 
impunity while duplicate test 
pieces inhibited the feeding of the 
black carpet beetle. Further tests 
were conducted with this beetle 
comparing antimycin A with 
sodium aluminium silicofluoride 
which is a widely used fabric pro
tection against insects. The stan
dard wool fabric was immersed 
and saturated with test subjects. 
aired . dried and tested in accord
ance with the method set forth by 
ASTM. Data showed that anti
mycin A will afford the same 
degree of fabric protection at 
l /l00th the concentration of sodi
um aluminium silicofluoride. com
pared with methoxychlor (1. 1. 
l-trichloro-2. 2-bis (p-methoxy
phenyl) ethane}. which is at 
present used for the control of 
second instar Mexican bean beetle 
larvae ; antimycin A used at the 
rate of 25 p .p.m. was as toxic as 
500 p .p.m . of methoxychlor. 

Antimycin A is also efficacious 
for the control of red spidermite. 
Tetranychus sp. On the basis of 
LD.o readings. it is three or four 
times more effective than DMC 
(di p-chlorophenyl) methyl car
binol. 

Paper from Hemp Waste 

PRELIMINARY INVESTIGATIONS ON 
the suitability of Manila hemp 
fibre obtained from the leaf-stalks 
of M usa textilis Nee are reported 
(Philippine J. Sc .• 1950. 78, 355 ). 
The fibre is available in large 
quantities as a rope factory waste 
in the Philippines. 

2 lb. fibre ( moisture free) was 
digested with cooking liquor; the 
ratio of the volume of the cooking 
solution to the moisture-free 
weight of the fibrous material was 
7 to I. The digesters were rotated 
throughout the cooking period at 
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1 r.p.m. Pulping abaca waste for 
2 hr. at a maximum temperature 
of 150°C. with 12 to 16 per cent 
caustic soda on the weight of the 
raw material gave satisfactory 
pulps of good bursting. tearing. 
folding and tensile strengths. The 
colour of the unbl~ached pulps 
obtained under these conditions 
has a brightness of 22 to 29 per 
cent. 

The rate of hydration of soda 
pulp from abaca waste is relatively 
fast . The pulp is sufficiently 
hydrated in 20 min. to give a 
Schopper-Riegler freeness within 
the range of 550 to 700 c.c. and an 
average bursting strength of 1·33 
points per lb. per ream. The 
lightest coloured pulp had a 
brightness of 36·4 per cent. The 
colour of most of the pulps was 
similar to that of kraft pulps made 
from wood. 

New Road Surfacing 

THE ADDITION OF 5 PER CENT OF 
Mealorub - flocculated natural 
rubber latex - to the aggregate 
mix has been found to consider
ably improve road surfaces and 
to make them skid-proof. Several 
strips of Mealorub surfacing laid 
before the 'war and subjected to 
heavy military traffic emerged 
after seven years with the quality 
of an average B-road whereas the 
non-rubber road surfaces were 
worn off completely. The June 
1950 issue of Rubber Developments 
is devoted entirely to the subject 
of rubber in road surfacing. 

Efficient Production & 
Utilization of Steam 

FACTORS AFFECTING THE EFFI
cient production and utilization of 
steam and the importance of 
boiler testing. fuel analysis. treat
ment of boiler feed water and 
cooling water for condensers are 
discussed in an informative pam
phlet published by the Shri Ram 
Institute for Industrial Research 
(Efficient Production of Steam by 
R. S. Dubey). The publication 
contains valuable practical aids 
and hints on boiler maintenance. 

Modern trend in the efficient 
utilization of steam is to employ 
compact high pressure boilers 
generating superheated steam. 
Most of the new British boilers are 
designed for two standard condi
tions: 600 lb. per sq. in .• 850°F . 
and 900 lb. per sq. in.. 900°F . 
In America. boilers are run on 
steam pressures as high as 1.800 

and 2.000 lb. per sq. in . and many 
are designed for steam production 
at 1.0S0°F. These new develop
ments make possible the use of 
power cycles of higher thermo
dynamic efficiencies. 

India's coal resources being 
meagre. the need for efficient 
utilization of coal is of great 
importance. Mining. transport. 
storage and utilization of coal are 
also important considerations 
while selecting a boiler plant; 
attention has to be given to the 
pressure required. the fuel avail
able. the space requirement of the 
hoiler. the disposition of the plant. 
the maintenance resources of the 
factory and the purpose for which 
steam is to be used. Modern 
methods of cleaning the boiler 
plant like soot-blowing. water
lancing. steam-soaking. or spray
soaking minimize draught loss 
and give increased heat transfer. 

The pamphlet is available from 
the Director. Shri Ram Institute 
for Industrial Research. Univer
sity Road. Delhi. 

Marketing of Mustard & 
Rapeseed in India 

VARIOUS ASPECTS OF PRODUCTION 
and marketing sarso·n (colza). 
toria (rapeseed) . rai (mustard) 
and taramira (Eruca satilla) are 
dealt with in a report issued 
by the Agricultural Marketing 
Adviser to the Government of 
India (Report on the Marketing of 
Rapeseed & Mustard in India. 
1950. Manager of Publications. 
Delhi. price Rs. 2 or 3s.). The 
main botanical species of these 
seeds commonly grown in India 
are: Brassica campestris var. 
sarson. Brassica campestris var. 
toria and Brassica juncea corres
ponding to colza. rapeseed and 
mustard respectively. The com
mercial seeds are. however. a 
mixture of varying proportions of 
sarson. rapeseed and mustard. 
Besides. two other species. viz. 
Brassica juncea var. rugosa and 
Brassica nigra. are also found to a 
limited extent and are generally 
known as pahadi rai and benarsi 
or asli rai respectively. 

Next to China. India is the 
world's largest producer of rape
seed. Exports to U.K. and conti
nental countries amounted to 23 
per cent of the entire produce be
fore World War I . but have been 
steadily declining (the present 
figure being 3 per cent of the 
production) due to fall in demand 
from the importing countries and 
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simultaneous increase in require
ments in India where the oil is 
primarily used for edible purposes. 

The total area under rapeseed 
and mustard in undivided India 
(1943-44) was about 58 lakh acres 
yielding about 11 lakh tons of the 
seed, of which U.P. accounted for 
44 per cent, Bengal 16 per cent, 
Bihar 12 per cent, Punjab 12 per 
cent, Assam 6 per cent and Sind, 
N.W.F.P. and Central Provinces 
5 per cent. The post-partition 
figures are not included. The 
average yield per acre is about 
377 lb. as against 55" lb. in China, 
1.000 lb. in Japan, 1.600 lb. in 
Germany, 939 lb. in France, 830 
lb. in Poland and 803 lb. in Russia. 
Steps to investigate the cause of 
low yields in India and to develop 
high-yielding strains are recom
mended. The report has outlined a 
scheme for regulating the produc
tion of different types of oil seeds 
in the Byassica group in compact 
areas on the lines of cotton culti
vation and standardized classi
fication and grading. This would 
also avoid confusion in the use of 
botamcal and local names to the 
various types of rapeseed and 
mustard grown in the country, 
result in uniformity of production 
types and reduce heterogeneous 
number of varieties and trade des
criptions. Commercial grading of 
these varieties could be possible on 
the basis of (1) number of seeds 
per gm. (bold, medium and small); 
(2) oil content; (3) correlation 
between size of seed and oil 
content; (4) moisture content; 
(5) percentage of mixtures of other 
whole seeds and (6) percentage of 
impurities and non-Brassica seeds. 
This would also lead to a more 
uniform price structure and avoid 
appreciable variations in prices 
due to differences in their qualities. 
In Okara (Punjab), during the 
six seasons (1934 to 1939), a 
variation 4·7 to 27'8 per cent 
between the prices of different 
lots varying in quality sold on the 
same day was recorded. 

The prices of rapeseed and 
mustard in India have been on the 
increase since 1933-34, rising from 
Rs. 3-10-0 in 1933-34 to about 
Rs. 16-0 per md. in 1944-45. The 
world prices ( at London) for the 
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corresponding period were £ 9 per 
ton and £ 39 8s. per ton respec
tively. 

Institute of Animal 
Genetics & Nutrition 

THE FOUNDATION STONE OF THE 
Mangalal Goenka Institute of 
Animal Genetics & Nutrition was 
laid in October by the Hon'ble 
Dr. Rajendra Prasad, President of 
the Indian Union, At Anand. 

Speaking on the occasion, Shri 
K. M. Munshi, Food and Agri
culture Minister, Government of 
India, stressed the need for the 
application of scientific and tech
nical resources for the improve
ment of animal nutrition and 
genetics. 

The Institute, which was started 
with the generous donations of 
Seth Mangalal, and other Govern
ment and private support, now 
has a farm, a dairy, a school and a 
college of agriculture with hostels, 
a postgraduate department of 
animal husbandry and genetics. 
The Central Government has 
leased its dairy building and 
equipment to the Institute and the 
Indian Council of Agricultural 
Research proposes to utilize the 
Institute for a tobacco research 
centre. 

The Institute has three sub
stations: (a) animal genetics, 
animal nutrition and dairy science 
section at Anand; (b) animal 
breeding farm at Chharodi; and 
(c) animal breeding farm at Surat. 
The research work that is being 
carried out at the Institute has 
been mainly confined to metabolic 
studies on cows and buffaloes fed 
on different rations. 

A 5-year scheme for the estab
lishment of a Regional Sub-station 
for Animal Nutrition submitted 
by the Institute has been accepted 
by the Indian Council of Agricul
tural Research. Work is already 
in progress at the Institute on 
artificial insemination of cattle to 
improve their milk yields under a 
scheme sanctioned by the Bombay 
Government. 

The Institute has been recogniz
ed by the Bombay University for 
training in postgraduate studies in 
animal husbandry and dairying, 

animal nutrition and dairy science, 
and plant breeding and agronomy. 

Indian Standards 

Radio Components - A DETAILED 
Indian Standard Specification for 
Fixed Paper - Dielectric Capaci
tors has been drawn up by the 
Sectional Committee of the Indian 
Standards Institution prescribing 
requirements for material, work
manship and marking, besides 
other mechanical tests. Comments 
on the draft (copies can be had 
on application) should reach the 
Director, Indian Standards Insti
tution, University Road, Delhi, by 
January 10, 1951. 

Announcements 

Board of Agricultural Research
The Government of India have 
set up a board to plan and co
ordinate agricultural research in 
the institutes under the Ministry 
of Agriculture, the Indian Council 
of Agricultural Research. Commo
dity Committees and the State 
Governments. The board will 
work for maximum utilization of 
the existing researe h facili ties and 
supervise the scientific publica· 
tions issued by the Ministry of 
Agriculture and the I.C.A.R. The 
board will consist of Hon'ble 
Shri K. M. Munshi, Chairman, Shri 
M. D. Chaturvedi, Dr. S. Datta, 
Shri W .R. Nater, Dr. B. P. Pal, 
Shri K. L. Punjabi, Dr. S. Rama
nujam, Dr. K. Ramaiah, Dr. S. C. 
Ray, Dr. K. C. Sen, Sardar Datar 
Singh and Dr. B. Viswanath. 

Statistical Education Centre - An 
International Statistical Educa
tion Centre will be established at 
Calcutta under the auspices of the 
UNESCO and in collaboration 
with the Central Statistical Insti
tute, Calcutta. The centre will 
provide instruction in the theory 
and practice of statistics to a 
restricted number of students 
belonging to Middle, South and 
Far East countries. Further infor
mation may be had from Prof. 
K. B. Madhava, Honorary Ad
ministrator of the International 
Statistical Education Centre, C/o 
Indian Statistical Institute, Presi
dency College, Calcutta. 



PATENTS IN INDIA 

THE REPORT ON THE WORKING OF THE PATENT 
Office in India covering the period 1942-1948 
gives a comprehensive survey of the trend of 
inventions during the war and the post-war periods. 
The number of applications for patents increased 
from 681 in 1942 to 2,610 in 1946 and thereafter 
dropped to 1.921 in 1948, presumably due to post
war unsettled conditions. The number of applica
tions originating in India recorded a st eady increase 
from 252 in 1942 to 361 in 1948, Bengal and Bombay 
making a substantial contribution. 

During the war, a large proportion of applications 
filed related to armament industries, aircraft and 
other appliances concerning the prosecution of 
the war. The activities in the armament industries 
related to better detonating arrangements for 
ammunition and in the improvement of cartridges 
and their cases, explosive mixtures and blasting 
compositions, automatic weapons and recoilless 
guns, safety devices and optical devices for range 
finding. Attention was also directed t o improved 
designs of shock absorbers and air filters for air
craft engines. Attempts were made to utilize gas 
turbine engines for the jet propulsion of aircrafts; 
some of these applications related to construction 
of air compressors for such turbine units. With 
increased activity in the field of aeronautics, 
there was also an increase in the number of inven
tions in wireless engineering, e.g. radio beacons 
for aircrafts, direction finding receivers, measuring 
distance by electromagnetic waves, radio glide 
path systems, multi-channel signalling by time
modulated electric pulses and directive a ntenna 
systems for microwaves, radar and television aids 
to navigation. A number of inventions were also 
made in line communication engineering relating 
to line equipment for multi-channel carrier wave 
signal transmission systems, automatic t elephone 
exchange circuits, particularly in the inter-exchange 
equipment and in the use of discharge devices like 
thermionic valves and cathode ray tubes in tele
phone exchange circuits for various types of indi
cations and identification purposes in line circuits. 
Other fields · covered related to photo-electric 
methods of telegraph transmission and reception. 

In addition to armament and aeronautical 
industries, there was considerable activity with 
regard to metal working, building construction, 
road and aerodrome runway construction, erection 
of bridges and special steels and alloys. Most of 
the inventions in the field of metal working related 
to devices for mass production of metal tubes, 
pipes and rods of different shapes in a single opera
tion and turning, forging and welding of metals. 
In the metallurgical field, inventions mostly related 
to copper base and magnesium base alloys besides 
special alloy steels. 

Warfare in the east, in swampy woods and 
forests, has been responsible for a number of inven
tions relating to insecticidal compositions, anti
malarial drugs and other preparations for tropical 
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diseases. A large number of such compositions 
related to the use of DDT (dichloro-diphenyl
trichlor-ethane) in the form of emulsions. 

Indian inventors devoted their attention to 
problems arising out of the scarcity of raw materials 
such as fuels for internal combustion engines, 
mineral oils and others for lighting purposes. A 
large number of inventions related to charcoal 
producer-gas plants. Use of substitutes or waste 
materials such as paper substitutes from plant 
leaves, paper pulp from bagasse, sizing materials 
from tamarind seeds, moulding products from 
jute and jute waste, and use of coir for recondi
tioning or making new tyres engaged a number of 
inventors. Extraction of vitamins from fish oils, 
dehydration of foods and manufacture of tea and 
coffee also figured prominently. 

Just before the cessation of the war, there was a 
considerable increase in inventions in various 
branches of electrical industry, viz. vacuum dis
charge apparatus and cathode ray tubes, electric 
discharge devices, condensers of metallized paper 
rolls, electric switches, coupling devices, junction 
boxes, eddy current machines, fluorescent lamps 
and materials, layer type of dry batteries and 
controlling devices used in traction and lifts. At 
the close of the war a number of applications 
relating to earth-working machines, bull-dozers 
and agricultural tractors were filed and almost all 
of them originated from the U.S.A. 

The number of applications for registration of 
designs filed during the years 1942 to 1948 remained 
practically constant with 414 in the year 1942 and 
494 in 1948, except for a rise to 731 in 1943. A 
major portion of the applications filed related to 
textile designs and more than 90 per cent originated 
in India. 

During the period under review an exhibition of 
Indian Patents and Designs was organized for the 
first time in India at the Lord Reay Maharashtra 
Industrial Museum, Poona. The exhibits have 
become a permanent feature of the Museum known 
as the Patents Section. 

INDIAN INSTITUTE OF SCIENCE 
BAN GALORE 

THE UTILIZATION OF OIL SEED CAKE AS A BASIC 
raw material for the production of subsidiary foods 
which would contain all the essential nutrients 
is one of the interesting problems investigated in 
the Department of Biochemistry. Various oil cakes. 
groundnut, sesame, etc., are being investigated. 
The best method of removing the residual oil from 
the cake and the optimum amount of oil that can be 
left in it without affecting its keeping quality are 
being worked out. To improve the palatability 
and the nutritive value of the protein foods, dehy
drated onions, spices, salt, yeast and calcium in 
suitable proportions is recommended. 

A number of useful investigations are in progress· 
in the Communication Engineering Department of 
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the Institute. A manually operated pulse appa
ratus operating directly off the a.c. supply mains 
is being developed to measure the penetration 
frequencies and virtual heights of the different 
layers of the ionosphere. For the first time in India, 
studies in frequency modulation have been started 
at the Institute with the aid of a 250-watt frequency 
modulated transmitter working on 100 megacycles 
p er sec. and a frequency modulated receiver recently 
purchased from America. Field strength and signal 
to noise ratio in and around the Institute are being 
studied. Investigations into the response of electrical 
circuits to steady state pulses have been taken up 
and the necessary equipment consisting of a pulse 
generator, a time base generator, etc" is being 
developed. 

An electronic type of ringing current generator 
for use in telephone exchanges to substitute the 
existing motor generator and magneto-generator 
sets has been developed. The new generator can 
work directly from the a.c. supply mains and 
involves no moving or rotating parts. Another 
line of research in progress in this connection is 
the development of a new type of key sender based 
on electronic principles to replace the present 
mechanical and electrical devices used in trunk 
exchange. 

A new method to connect a large number of 
circuits to a single source has been devised. The 
method is based on the switching technique used 
in automatic telephony and enables the circuits 
to be connected to the source one at a time and in 
any desired order by depressing a set of plunger 
keys corresponding to the desired circuits. 

CENTRAL ELECTRO-CHEMICAL 
RESEARCH INSTITUTE, KARAIKUDI 

THE CONSTRUCTION OF THE CENTRAL ELECTRO
Chemical Research Institute, Karaikudi, whose 
foundation stone was laid on the 25th July 1948 
by the Hon'ble Shri Jawaharlal Nehru, is expect
ed to be complete by the end of 1951. 

The problem of adequate water supply has now 
been successfully got over. Three bore-wells have 
been sunk yielding 70,000 gal. in a 12-hr. working 
day. 

The main building of the Institute will have a 
floor area of about 60,000 sq. ft . The Library, 
the Director's office and the Laboratories will be 
situated on the first floor and certain sections 
will be air-conditioned. Besides the usual laboratory 
services such as gas, water and electric supply, 
certain sections of the workshop, the pilot plant 
and heavy investigation laboratories will be furnish
ed with steam, compressed air, vacuum and D.C. 
supply lines. 

The total estimated cost of the Institute is 
Rs. 10 lakhs for building and Rs. 25 lakhs for equip
ment, . stores and library. The annual recurring 
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expenditure for the first three years is estimated at 
Rs. 2·5 lakhs per year. 

FOUNDRY SAND TESTING AT THE 
NATIONAL METALLURGICAL 

LABORATORY 

A FOUNDRY SAND TESTING SECTION EQUIPPED 
with up-to-date equipment has been established 
at the National Metallurgical Laboratory, Jam
shed pur. to provide facilities for the study of mould
ing sands available in India. The Laboratory will 
serve as a central research and control station and will 
offerfull facilities to the Indian foundry industry for 
foundry sand t esting. Besides. the Laboratory has 
the following functions assigned to it : (t) to prepare 
a suitable bibliography on the subject of moulding 
materials; (2) to review the sources of Indian 
moulding materials and report on their suitability 
for general foundry practice for steel, cast-iron and 
non-ferrous metals and alloys; (3) to study the 
fundamental characteristics which are of impor
tance in the bonding power of clays; (4) to specify 
the properties of naturally bonded and synthetic 
sand mixtures for moulding; and (6) to explore 
new sources of moulding sands and silica sands 
in collaboration with the Geological Survey of 
India. 

The problem of finding a suitable bond for syn
thetic sand mixtures is being investigated at the 
Laboratory. The Indian bentonites, being of a 
calcium base, possess less swelling power and bonding 
capacity and cannot readily replace the sodium
base imported bentonites. However, the calcium 
base Indian bentonite can be converted into sodium
base product through base exchange to serve as a 
substitute for the imported bentonite. The follow
ing are a few of the problems planned for investi
gation at the Laboratory : (l) the relation of the 
bond in naturally and synthetically bonded sand 
to stripping, burning on, etc.; (2) investigations 
on the behaviour of synthetic bonds with clean 
high silica sand and weak clay-bonded sand; 
(3) effects of milling as affecting the properties of 
moulding sands; (4) investigations on the specific 
surface of sands as affecting the strength proper
ties of sand-clay mixtures ; (5) relation between the 
specific surface of sands as regards angularity 
and grain shape; (6) sintering phenomenon of 
moulding sands including the study of incipient 
fusion; (7) effect of pressure on the sintering point 
of moulding sands and .. Compos"; (8) volume 
changes in moulding sands and .. Compos" up to 
1 ,400°C. ; (9) effect of thermal conductivity of the 
moulds on the castings for the preparation of insu
lating sand mixtures for feeder heads; (10) study 
of the various types of clay and organic bonds for 
moulds and cores including artificial resins and other 
suitable hydrophilic compounds; and (11) effect 
of washes and paints on stripping and casting. 



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 September and October 1950. 

Inortlanlc Chemicals 
43081. Manufacture of anhydrous caustic soda: 

Passing a gas stream up through caustic soda 
particles at 200o-300°C.- I.C.I. LTD. 

42232. Method for preparation of very fine alumi
nium trihydrate and uses thereof: Hydrolys
ing sodium aluminate solution by the Bayer's 
process at less than 50°C. in presence of alumina 
gel- COMPAGNIE DE PRODUITS CHIMIQUES 
ET ELECTROMETALLURGIQUES ALAIS, FROGES 
ET CAMARGUE 

Ortlanlc Chemicals 
43408. Purification of aureomycin: Add to an acid 

solution of aureomycin of pH less than 4, a salt 
and an organic solvent for aureomycin
AMERICAN CYANAMID CO. 

40753. Preparation of new biguanide compounds : 
Reacting p-chlorophenyl-guanido-carbothiolethyl
imide with isopropylamine - GUHA & GUHA 

42542. Dyestuff intermediates and their manufac
ture and use: Reacting phthalic acid with 
cobalt sa.Its under usual conditions for producing 
phthalocyanines but al a lower temperature
WILLIAMS 

42848 & 42854. New vat dyestuffs: Condensing 1 
molecular proportion of 4 : 10-dihalogeno-anth
anthrone with 2 molecular proportions of a mono
aminoacedianthrone; condensing aminoacedian
thrones or halogeno-acedianthrones with aromatic 
amines - I.C. I. LTD . 

43520. Production of meta-benzene disulphonic acid: 
Preparin.g mono sulphonate by benzene vapour 
phase sulphonation and reacting with oleum
DE DIRECTIE VAN DE STAATSMI]NEN IN LIM
BURG, HANDELEND VOOR EN NAMENS DEN 
STAAT DER NEDERLANDEN 

42847. Vat dyestuffs: Nitrating acedianthrone in 
presence of sulphuric acid, reducing the nitro 
compound and acylating the amino compound 
with I-amino or I-nitro-anthraquinone-2-carboxy
lic acid - I.C.1. LTD. 

42912. Tapping liquid slag from pressure gas 
producers: Tapping the slag notch connected 
to the gas producer - METALLGESELLSCHAFT 
AKTIENGESELLSCHAFT & DANULAT 

Miscellaneous Chemicals 
42922. Anti-bacterial compositions : Mixing strepto

mycin, polymyxin and bacitracin - CHAS. 
PFIZER & Co. INC. 

Lumber'" Wood Products 
42273. Tanning skin with zirconium compounds: 

Tanning in a liquor prepared by heating a 

zirconium mineral with sodium carbona.te 
and a mineral acid and containing silica 
gel from 0·1 to 2 mols per mol of ZrO.
SOCIETE DE PRODUITS CHIMIQUES DEs TERRES 
RARES 

Machinery (Except Electrical.) , Miscellaneous 

41437. Sectional electrolytic cells of the diaphragm 
type: Frames by which cell units are laterally 
enclosed and division plates separating vertically 
adjacent units and clamped between said frames -
THE INTERNATIONAL ELECTROLYTIC PLANT 
Co. LTD .• WOOD & BOWEN 

Metals '" Metal Products 
41249. Cold pressure welding of metals : Pressure for 

welding obtained by the release of stored energy, 
welding being effected by impact pressure - THE 
GENERAL ELECTRIC Co. LTD. 

43115. Tubular articles of light alloys adapted to 
withstand high mechanical stresses, such as 
handle bar shanks and sockets for cycles : A 
steering column of cycle made up of two semi
tubular parts coupled together and united
COMPAGNIE GENERALE DE VILVORDE .. COGE
VIL" SOCIETE ANONYME 

Textile '" Textile Products 
42162. Manufacture of textile materials: Treating 

textile materials with a solution of sodium 
benzoate and drying the material - THE BRITISH 
JUTE TRADE RESEARCH ASSOCIATION 

Miscellaneous 
43052. Catalytic hydrogenation of carbon mono

xide : I ron catalysts impregnated with alkali salls 
of a non-volatile acid and synthesis gases 
containing acetylene are used - RUHRCHEMIE 
AKTIENGESELLSCHAFT & LURGI GESELLSCHAFT 
FUR WARMETECHNIK M.B.H. 

43128 . Oxidation with chlorite solutions: Immersing 
the material in a solution of chlorine in an 
organic solution prior to immersion in the chlorite 
bath - SOLVAY a: CIE 

42996. Containers for electric batteries: Provided 
with a vent having a plurality of outlet apertures 
afforded between elements of absorbing and 
dissipating assembly - I.C.I. LTD . 

43654. Refining lubricating oil of power
operated engines: Comprising means for 
heating the oil, for removing volatile impurities 
from the oil and means for returning the 
purified oil to the engine - COMERFORD

BAILEY 
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IMPROVEMENTS IN INTERNAL 
COMBUSTION ENGINES 

Patent No. 35646 

K. A. NAIR & L. C. VERMAN 

THIS INVENTION RELATES TO AN AIR CLEANING AND 
crank.case ventilation system for internal combus
tion engines. The object of the present invention 
is to produce a simple and efficient device which 
will perform the functions of an air cleaner and 
crank-case ventilator. Such a device would also 
serve as a crank-case breather by relieving the 
pulsating pressure set up inside the crank-case. 

The composite air cleaning and crank-case 
ventilation system (FIGS. 1 and 2) consists in 
connecting the atmospheric air intake attached to 
the carburetter (11) and the crank-case breather 
opening (15) to a common l?assage or reserv~ir (3) 
containing clean, dust-free aIr at a pressure sbghtly 
below the atmospheric pressure. The clean air 
may be supplied to the passage by an oil bath (16) 
or other type of cleaner, but it is preferable to use 
a porous fabric bag (3). the interior of which is at 
a pressure slightly below the atmospheric pressure 
and the air passing through is freed from atmos
pheric dust before entering the carburetter (11). 
The flow of crank-case vapour (arrow 6), which 
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FIG. 1 
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FIG. 2 

is controlled by the low pressure in the passage, is 
steady and no metering arrangement is necessary 
to control it. The filter bag (3) is made of fabric 
having a pore size which would arrest dust particles 
and is of such an area as to cause only the small 
pressure drop inside the bag necessary to induce 
the crank-case vapour to flow into it. The pressure 
inside the cloth bag (3) is controlled by the resis
tance to flow of air through the fabric and fluctuates 
but little for a given fabric bag. 

The crank-case opens directly into the reservoir 
or low pressure passage and has no other opening 
to the atmosphere. The low pressure in the reser
voir or passage causes the crank-case vapour to 
flow into it and thence to the engine by the engine 
suction. Inevitable minute leakage past the 
pistons keeps up the pressure inside the crank-case 
and assists the flow of vapours from the crank-case 
to the reservoir and ensures automatic and effective 
ventilation of the crank-case. 

The device combines in a simple way all the 
functions of a carburetter intake air cleaner, crank
case breather, crank-case ventilator and air cleaner. 
The cost of construction of the device is only a small 
fraction of the cost of the four devices put together. 
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A5·KANIA INSTRUMENTS 
HELP INDUSTRY & RESEARCH TO INCREASE THEIR PRODUCTIVITY 

BRIEF RANGE OF THE INSTRUMENTS IS DESCRIBED BELOW 

A. APPLIED SCIENCE 

.ASTRONOMY: Refractors, reflectors, horizon
tal cameras, tower cameras, astrographs, tran
sit instruments, meridian circles, vertical cir
cles, zenith telescopes, universal instruments ; 
microphotometers, stellar photometers, as
trospectrographs, plate measuring apparatus, 
astronomical lenses. 

(iEODESY: Universal instruments, microscope 
theodolites, levelling instruments, levelling 
rods, heliotropes. sag meters for overhead 
lines, comparators, standard gauges, catheto
meters, reading telescopes. 

(iEOPHYSICS: Pendulum apparatus, torsion 
balances. magnetometers, seismographs, 
magnetic standard and portable theodolites. 

VIBRATIONS: Vibrographs recording can taCt 
vibrographs, accelerometers. 

iPHOTOGRAMMETRY: Photographic recording 
theodolites, cinematographic recording theo
dolites, zenith cameras. 

,OCEANOGRAPHY: Current meters, deep sea 
sounding apparatus, remote transmission 
sounding apparatus, tide predicting machines, 
deep sea thermometers. 

MATHEMATICS: Prism derivators, differential 
integraphs, geophysical integrometers, circu
lar slide rules. 

B. HEAT & PLANT ENGINEERING 
MEASURING INSTRUMENTS: Pressure gau

ges and meters for gases, air, steam and liqUids, 
liquid level gauges with remote transmission, 
measuring balances, water-gauge micromano
meters, calibrating balances, compressed air 
meters, long distance gas supply meteri ng sta
tions, tele·thermometer installations. mine 
statoscopes. 

REGULATORS: Automatic regulators for indus
trial plant, furnace regulators, water-level 
regulators, temperature regulators, mixture 
regulators, blast-furnace regulators, paper 
moisture regulators, gas-works regulators. 

c. AERONAUTICS, 
METEOROLOGY, NAVIGATION 

AERONAUTICS: Complete instrument boards. 
steering, navigating and bearing compasses. 
curve compasses, distant-reading compasses, 
compensation bearing discs, altimeters, alti
tude recorders, statoscopes, variometers, air
speed indicators, air-speed recorders. measur
ing nozzles, venturi nozzles. pitot tubes, 
turn and bank indicators, horizons, direction
al gyros, air supply apparatus, instrument 
board clocks, fore-and-aft levels, optical com
munication apparatus, calculating instruments. 
map instruments, instruments for the super
vision of engines, tachometers, charging pres
sure gauges, apparatus for measuring stocks 
of fuel and other working media, pressure 
gauges, flexible hoses, testing and calibrat
ing installations, automatic control devices, 
optical multiple recorders. training and ins
tructing apparatus, compensation instruc
tional models. 

METEOROLOGY: Balloon theodolites for visual 
and recorded observations. instruments for 
measuring wind direction and velOCity, station 
barographs, radio-meteorographs, cloud alti
tude meters. 

NAVIGATION: Compasses, compass housings, 
sextants. logs, compass and sextant testing 
apparatus, map instruments. 

D. PHYSICS, OPTICS, 
CINEMATOGRAPHY 

PHYSICS, OPTICS: Spectrometers, spectrum 
apparatus, spectroscopes, polarization appara
tus, glass strain testers, refractometers, sen
sitometers, interferometers, instruments for 
testing optical equipment, optical benches, 
interference apparatus . 

CINEMATOGRAPHY: Silent and sound film 
cameras for normal, intermittent and ultra
rapid cinematography, technical and medical 
cameras, microcinematographic apparatus, 
stands, coloured film and trick film cameras, 
mirror-lens cameras for tele-cinematography, 
film drying drums. 
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Co-occurrence of the Positive & 
Negative Joshi Effect 
D. P. J A TAR 
Chemical Laboratories, Banaras Hindu University, Banaras 

Joshi effect in iodine vapour under sleeve 
excitation has been investigated. Current 
oscillograms obtained in the dark and in light 
reveal the co-occurrence of the positive and 
negative Joshi effect. 

DURING work on the potential varia
tion of Joshi effect, an almost ins
tantaneous and reversible photo
variation (±~i) of the discharge 

current (i), some suggestive results were ob
tained when current measurements were 
made with systems charged with various 
vapours and gases in dark and in light, 
using simultaneously more than one detector. 
They were particularly significant in the case 
of iodine vapour excited by external sleeve 
electrodes connected to the secondaries of an 
H.T. transformer. The current (i) was ob
served with a mirror galvanometer actuated 
by a diode; and also with a cathode ray 
oscillograph connected serially with the 
former in the tube circuit. Table I records 
one typical series of results. The relative 
Joshi effect, %~i = 100~i/io where io is 
the current in dark and ~i its change 

TABLE I-JOSHI EFFECT IN IODINE VAPOUR 

kV. '0 'L t:.. %t:.i 
0 ' 4. S 21 + 18 +162'5 
0'4, 9S 38 - 85 - 60 ·3 
0 '5, 148 3S -105 - 73 ' 4 
o · e, 173 4e -127 - 78·4 
0 ' 7, 100 53 -137 - 72 ' 1 
o·s, 20S 5S -150 - 72·1 
0'0, 218 es -155 - 71 ' 1 
1 ' 0, 220 ee -154 - 70 ·0 
1 ' 1, 2IS 70 -us - 67'9 
I ' S, Z28 7e -152 - eo'7 
l oft. 231 S9 -142 - e1 ·4 
I'S, 2S1 100 -181 - &e · 7 
2 ' 1, !SO 110 -120 - 52 · 2 Z·'. 230 118 -117 - 50 · 8 
Z' 6, !OS lIS -00 - 44 · 3 

( usually though not invariably decrease) on 
irradiation. JoshP, using h.f. discharges 
in chlorine, Tewari2 and Deshmukh3 using 
commercial frequency discharges in iodine 
vapour observed a fairly pronounced positive 
effect at low potentials and its inversion by 
increasing the potential; the familiar Sie
mens' ozonizer constituted the discharge 
tube in their experiments. The present 
results using sleeve excitation show the 
production of a large positive Joshi effect 
just near the threshold potential, viz. about 
0'4 kV. On increasing the applied potential 
by 0'07 kV., i.e. by about 17 per cent, it is 
remarkable to see the effect changing sign 
and yielding about 66 per cent negative 
Joshi effect. This last increases ( numerical
ly) to a maximum, about 73 per cent, for 
the same rise in applied potential and then 
diminishes progressively. 

A study of the wave-form of the discharge 
current i o , and that under light, iL' was 
next undertaken. Fig. 1 is a representative 
group of oscillograms obtained in dark and 
in light for the potential range 0'4 to 1'0 kV. 
when the relative Joshi effect, %M, varies 
appreciably. Oscillograms corresponding to 
large applied potentials (not shown) dif
fered from those in Fig. 1 chiefly in one 
respect: The number of high frequency 
(h.f.) pulses increased markedly rapidly 
and tended to be crowded with increased 
applied potential. As the value of the dis
charge current was low and the regime 
markedly unstable, the corresponding cur
rent structure on the C.R.O., at potentials 
less than 0'4 kV., was too flickering for 
delineation. It was seen, however, that at 
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FIG. 1 - OSCILLOGRAM S IN THE DARK AND IN 
LIGHT FOR THE POTENTIAL RANGE 0·4 TO 1·0 KV. 

these low potentials, causing the positive 
Joshi effect, the influence of irradiation was 
chiefly to stabilize the h.f. pulses. It is now 
seen that as the potential is increased, the 
number of high frequency pulses (say, in 
dark) increases; their amplitudes, however, 
remain sensibly unaltered. A diode mea
sures the overall current whose magnitude 
depends almost entirely on the number and 
the amplitude of these h.f. pulses. It is 
instructive to observe that the effect of light 
investigated in various visible spectral re
gions is to cause two simultaneous changes, 
both instantaneous and light-reversible: 
(a) a decrease in the amplitude of some of 
these h.f. pulses but (b) increase in their 
total number. An examination of a number 
of oscillograms, of which Fig. 1 is typical, 
undertaken to obtain more information 
about (a) has revealed that the amplitude 
reduction on irradiation is apparently linked 
with alternate h.f. pulses, which is suggestive. 
The amplitude reduction (a) has been ob
served in these laboratories and elsewhere 
in numerous system showing -tli. Now, 
- tli would be reduced (numerically) due 
to the co-occurrence of (b). which per se 
should cause the positive Joshi effect. The 
net influence of light under any given cir-
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cumstances would, therefore , depend on the 
resultant of (a) and (b). Essentially similar 
results have been observed in a number of 
other media and markedly in hydrogen under 
sleeve excitation over a fairly wide range of 
operative conditions. With an ozonizer 
discharge in chlorine and using as a current 
detector a special nine-valve amplifier con
nected to a loudspeaker, a small positive 
effect was observed by Joshi and Lad4 just 
above the threshold potential V m, which 
inverted precipitously to the apparently 
more familiar negative effect due to a very 
slight increase of the applied potential. In 
a chlorine-filled semi-ozonizer, Joshi5 ob
served within a limited range of conditions, 
in the anti-phase half-wave positions of the 
oscillograms, a simultaneous production of 
the positive and negative Joshi effect. The 
ready inversion +fli ~ -fl, and their 
co-occurrence now observed as a methodic 
feature of a fairly wide range of conditions 
under sleeve excitation, have an obvious 
interest from the standpoint of a general 
theory of this phenomenon, e.g. Joshi's 
theory5 of its surface photoelectric origin. 
Subsequent studies have shown that com
pared with other type discharges such as 
that using an ozonizer, which has almost 
invariably been used during earlier work 
in this field, this simultaneous production of 
±fli is more widespread, easier of detection 
and entails a simpler technique under sleeve 
excitation. Presumably this is because at 
low field strengths, which are favourable for 
the co-occurrence of this phenomenon, sleeve 
excitation produces chiefly a surface as dis
tinct from volume conductivity. This is 
illustrated by the general finding that both 
the magnitude and the above-mentioned 
characteristics (a) and (b) of the Joshi effect 
become more pronounced by increasing the 
number of sleeves. 

My grateful thanks are due to the Council 
of Scientific & Industrial Research for a 
grant and to Professor S. S. Joshi for his 
valuable advice and guidance throughout 
the progress of this work. 
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Preparation & Properties of 
~-dextrin from Arrowroot Starch 

R. VISWANATHAN 

University Biochemical Laboratory , Madras 

The preparation of ~-dextrin from soluble 
starch ( arrowroot) has been described. Four 
samples have been analysed for their phos
phorus content, iodine number and copper 
reducing power. The rate of hydrolysis of 
dextrins by paddy malt amylase is influenced 
by the phosphorus content and iodine and 
copper numbers of the dextrin and is appre
ciably slow when these values are high. 

The dextrins can be fractionated into two 
components by cold water extraction. 

A modifled iodometric method has been 
described for determining the copper reducing 
power of starches and dextrlns. 

AMONG the controversial aspects of the 
chemistry of ~-dextrin1 may be men
tioned the functional significance of 
the dextrin-phosphorus1.3 and the 

homogeneity of the dextrin itself 1,2,5,6. A 
reinvestigation of these and allied problems 
requires as an essential preliminary the 
characterization of ~-dextrin obtained under 
varied conditions of starch hydrolysis. These 
aspects are dealt with in the present com
munication. 

Experimental 

Hydrolysis of Starch - Lintner soluble 
starch from arrowroot was used as the sub
strate. Three different preparations of amy
lase were employed : (i) " Aqueous" amylase 
was obtained by stirring up ungerminated 
wheat flour with five times its weight of 
water and a few c.c. toluene for lO hr. at 
31 °C. The suspension was then centrifuged, 
filtered and the filtrate preserved under 
toluene at 5°C.; (ii) for the preparation of 
" alcoholic" amylase, the wheat flour was 
extracted with twice its weight of 20 per 
cent (v/v) alcohol for 30 min. at 31 °C.; 
(iii) a third extract was prepared by dialysing 
the stock "aqueous" amylase for 4-8 hr. 
against distilled water under toluene at 
5°C. The concentration of the amylase 
( expressed in terms of its gm. equivalent of 
wheat flour) was 0-42 per cent of the total 

volume of the reaction mixture in experi
ments I-IV. 

Expt. No. Starch cone., Amylase 
per cent extract 

I 2'1 aqueous 
II ·8'4- aqueous 

III 2'1 aqueous 
(dialysed) 

IV 8'4- alcoholic 

The hydrolyses were carried out at 38°C. 
in acetate buffer (PH 4-'6, final concentra
tion 0'01 molar) with the addition of a few 
drops of toluene. For following the course 
of starch hydrolysis, aliquots of the reaction 
mixture were withdrawn at definite intervals 
of time. After heat inactivation of the 
enzyme by keeping in a boiling water bath 
for 5 min., the maltose in the aliquots was 
estimated by copper iodomet ry7. 

The results of experiments I-IV (FIG. 1) 
correspond to typical hydrolysates and 
refer to ash and moisture-free substrate. 
The percentage hydrolysis of starch was cal
culated as lOOx (apparent maltose/theore
tical maltose), the equation for the theore
tical value being 1 gm. starch = 1'055 gm. 
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FIG. 1 - HYDROLYSIS OF STARCH BY ~-AMYLASE . 
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maltose. It will be observed that the limit 
values reported here are considerably higher 
than those considered typical for ~-amylase 
action by Blom, Bak and Braae8, namely 
53 per cent. Among the factors influencing 
the extent of starch hydrolysis by ~-amylase 
are the nature and method of preparation of 
enzyme and substrate9,ll-13. It is relevant, 
therefore, to refer to the high limit values 
associated with the use of crude wheat amy
lase10,14 as also to the peculiarities of arrow
root amylopectin15• 

Precipitation of fJ-dextrin - In each of the 
experiments I-IV, two digests were used for 
following the course of starch hydrolysis and 
two others for the preparation of ~-dextrin. 
At the end of 48-hr. reaction time (by 
which period the hydrolysates were found to 
have approached the limit stage), three 
volumes of 96 per cent alcohol were added 
to the latter two digests. The dextrin which 
precipitated was removed by centrifuging, 
stirred into suspension in 10 c.c. water (in 
experiments I and III) or in 20 c.c. water (in 
experiments II and IV) and reprecipitated 
by the addition of five volumes of 96 per 
cent alcohol. The dextrin was once again 
separated by centrifuging, washed twice 
with 96 per cent alcohol and dried at 60°C. 
overnight. The yield of the dextrin was 
0'3 gm. (in experiments I and III), 1'3 gm. 
(experiment II) and 1'5 gm. (experiment 
IV ) from a reaction mixture of total volume 
72 c.c. These yields of ~-dextrin were found 
to suffice for the determination of total 
phosphorus, iodine number and dextrin 
content. 

Analysis of Dextrins 

One per cent solutions of the dextrins in 
hot water were prepared. For the estimation 
of dextrin content, 10 C.t. of the dextrin 
solution were hydrolysed in N /2 hydro
chloric acid for 3 hr. in a boiling water bath. 
The acid hydrolysate was neutralized with 
strong alkali, the solution made up to known 
volume and the glucose in aliquots estimated 
by copper iodometry. The glucose value 
was multiplied by 0'90 to get the dextrin 
equivalent. 

Iodine number and total phosphorus of 
dextrin were estimated by the methods of 
Samec18 and King17 respectively. 

An iodometric adaptation of the technique 
of Richardson, Higginbotham and Farrow18 

was used for estimating the copper reducing 
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power of the dextrins. 5 c.c. of Somogyi's 
copper reagenP' and 1 c.c. of 0'1 per cent 
glucose solution were added to 4 c.c. of the 
dextrin solution contained in a lightly 
stoppered 8" X 1" Pyrex boiling tube and 
kept immersed in a boiling water bath for 
3 hr. The boiling tube was then plunged 
into water at room temperature ( 31°C.) and 
maintained therein for 20 min. 2. c.c. of 2'5 
per cent potassium iodide were run down 
the walls of the Pyrex tube without stirring 
or agitation. 2 c.c. of 20 per cent sulphuric 
acid were dropped direct into the solution 
from a wide-mouthed pipette with simul
taneous agitation so as to mix the contents 
thoroughly. Complete dissolution of the 
cuprous oxide was ensured by stirring up the 
sedimented reaction products with a glass 
rod and washing out the tip of the rod into 
the solution. Titrations were carried out 
against standard N /200 sodium thiosulphate 
solution. Blanks were run to allow for the 
thiosulphate equivalent of the added glucose 
and the reagents. 

The values reported are the averages of 
those obtained with two separate prepara
tions of each dextrin. 

Hydrolysis of Dextrins 

For hydrolysis studies a malt preparation 
from paddy was used. Paddy was allowed 
to germinate for 3 days and the sun-dried 
malt was extracted with five times its weight 
of water and a few c.c. toluene for 10 hr. at 
31°C. The procedure for following the 
course of dextrin hydrolysis was the same as 
that employed in the case of starch. The 
reaction mixture was made up of 20 c.C. 
1 per cent dextrin solution, 2 c.c. acetate 
buffer (PH 4'6, 0'1 molar) and 2 c.c. malt 
extract (= 0'1 gm. malt). Fig. 2 gives the 

· 
~/" 
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Cl · .. 
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~ V 
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.!-- JI 

f...--- J!L 

- .--~ 
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REACTION TIME, MIN. 

FIG. 2 - HYDROLYSIS OF ~'Dl!XTRIN BY MALT 
AMYLASE. 



VISWANATHAN: PREPARATION OF ~-DEXTRIN FROM ARROWROOT STARCH 

results of the hydrolysis experiments on 
dextrins I-IV. It is seen that the initial 
rates of hydrolysis as well as the final equili
brium values are of the same order as those 
obtained by Hopkins, Bailey and Dolby2 and 
much higher than those of Tychowski and 
Masior1o who used unbuffered reaction mix
tures at PH 6'0 and could get a final split of 
only 28 per cent on a typical dextrin. The 
limit values of maltose obtained in the 
present case often exceed 100 per cent and 
point to considerable liberation of glucose2. 

Table I gives the properties of the dextrins 
and their rates of hydrolysis by malt amylase. 

TABLE I - ANALYSIS OF DEXTRINS 

DEXTRIN PHOS- IODINE COPPER % DEXTRIN' 
No. PHORUS·, NUMBER NUMBE Rt HYDROLY SE D 

% IN 30 MIN. 

I 0·18 7 ·40 46·5 38'4 
II 0 · 22 7'41 49·8 24 · 6 

III 0'18 6·81 45 ·1 37 ·1 
IV 0 · 26 7'41 48'9 28· 8 

• Phosphorus content of arrowroot soluble starch, 0 -06 per 
cent. 

t Copper number refers to mg. of copper reduced by 1 ·0 gm. 
starch or dextrin, 1· 055 gm. maltose or 1 · 111 gm. glucose. 
The values for glucose, maltose and arrowroot soluble starch 
were 2702, 1279 and 30 · 43 respectively. 

The phosphorus content, iodine number 
and copper value of dextrins II and IV are 
slightly higher than those of dextrins I and 
III. Correspondingly, the rates of hydrolysis 
by malt amylase are somewhat lower in the 
case of dextrins II and IV. The differences 
between the two groups of dextrins are pro
bably related to the differences in activity of 
1,6-cx-glucosidases of the type mentioned by 
Myrbaeck and Ahlborg20o Decreased activity 
of 1,6-cx-glucosidases at 8 per cent starch 
concentration might lead to the formation 
of ~-dextrin with a comparatively higher 
content of anomalous linkages. The pos
sibility has been suggested that phosphorus 
might be involved in such linkages1 and it is 
hence interesting to note that dextrins II and 
IV prepared from higher substrate levels of 
starch are relatively richer in phosphorus 
than dextrins I and III which were prepared 
from a lower level of starch concentration. 

Solubility Determination & 
Fractionation of f3-dextrins 

The solubility data reported here refer to 
dextrins II and IV which were prepared from 
50 gm. lots of soluble starch. In the final 
drying of the dextrins, it was found conve-

nient to use acetone. The yield was 15 gm. 
of dextrin II and 20 gm. of dextrin IV 
from 50 gm. of air-dry soluble starch. 

Varying amounts of dextrin were mecha
nically agitated at 31°C. with 10 c.c. water in 
test-tubes fitted with rubber stoppers. After 
30-min. agitation the suspensions were fil
tered. It was observed that even with the 
lowest amounts of dextrin used, a significant 
portion of residue could be recovered on the 
filter paper. 2 C.Co of the filtrate were used 
for the determination of dextrin by acid 
hydrolysis. "Total dextrin" was estimated 
in hot water solutions of the dextrin. In 
Fig. 3, the dextrin in 2 C.c. of cold water 
extract is plotted against total dextrin. 

Fig. 4 shows the percentage of dextrin in 
solution when 100 mg. of dextrin were ex
tracted for 30 min. at 31°C. with 10 C.c. of 
sodium sulphate solution of varying strength. 

For the fractionation of dextrins II and 
IV, 500 mg. of dextrin were extracted with 
50 c.c. water for 30 min. at 31 °C. The sus
pension was then filtered. 5 C.c. of the 
filtrate were used for the determination of 
iodine number, 4 C.Co for the determination 
of copper reducing power and 2 c.c. for acid 
hydrolysis followed by the determination of 
iodine number. Another 500 mg. lot of dex
trin was similarly fractionated and 37'5 C.c. 

12 
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FIG. 3 - SOLUBILITY OF ~-DEXTRIN IN WATER 

AT 31°C. 

287 



J. SCI. INDUSTR. RES., V. 9 B, 1950 

60 • • 

- -- -----r---.- DUTm IV 

---- ~ 
- "( 
~ r-- --... 

10 1S 20 ., )0 

SODIUM SULPHAT£,1. 

FIG_ 4 - SOLUBILITY OF (3-DEXTRIN IN SODIUM 
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of the filtrate were mixed with 12-5 c.c. 
of 20 per cent sodium hydroxide for the 
determination of optical rotation. Values 
read off from Fig. 3 were used for calculating 
the properties of the cold water soluble 
fractions of dextrins II and IV, reported in 
Table II. 

TABLE II - PROPERTIES OF DEXTRINS II & IV & 
THEIR COLD WATER SOLUBLE FRACTIONS (CWSF) 

PROPERTIES DEXTRIN CWSF DEXTRIN CWSF 
II FROM IV FROM 

DEXTRIN DEXTRIN 
II IV 

Iodine number 7-41 19-48 7-41 10-97 
Increase in redll- 1731 701-. 1522 1140 

clog power on 
acid hydrolysis 
of dextrin, % 

Copper nl1mber 49-77 164 -2 48-88 119 -0 
Spedfic rotation +161-1· +181-'- +166 -1· +226- 6" 
in 5% aq. NaOH, 
D line, 3loe. 
on ... 16 6 16 11 

t DSamec 18 8 16 12 

• DSM = chain length calculated (rom iodine number according 

to formula of Bergmann and Machemer l1 , i.e. DOM 

2000/(17 -11 x iodine number of dextrin )_ 
t DSamec = chain length calculated according to Sameeu 

from data on iodine consumed by dextrin before and after 
acid hydrolysis. 

The data presented here on the solubilities 
of dextrins are not sufficiently extensive to 
warrant any conclusions on the number of 
components in the dextrins; still they are 
enough to show that the dextrins are not 
chemically homogeneous. The results of the 
fractionation experiments strikingly confirm 
the heterogeneity of the dextrin preparations 
used. The cold water soluble fraction pos-
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sesses a much higher copper reducing power 
and iodine number than the original dextrin 
in both the cases ( TABLE II). The specific 
rotations of the original dextrin and the 
cold water soluble fraction are also widely 
different. This is a clear evidence that each 
of the limit dextrins investigated is a mixture 
of at least two distinct polysaccharide com
ponents. The more soluble component is of 
lower molecular complexity as judged from 
its reducing power. A similar relationship 
between solubility and molecular weight 
has been reported of starches by Richardson 
et al. ls. 

H is also pertinent to note that Haworth 
and co-workers5,6 have recorded experimental 
observations regarding dextrins prepared 
by them which definitely point to the hetero
geneity of their specimens; but they do 
not appear to have stressed their significance. 
Thus, depending on the method of acetyla
tion, one or two acetates could be obtained 
from the same and apparently homogeneous 
dextrin5 • Further, the dextrins would not 
give clear aqueous solutions in the cold. The 
possibility of fractionating ~-dextrin with cold 
water has been demonstrated in the present 
work; it would, therefore, seem to be more 
appropriate to investigate the question of 
homogeneity by physico-chemical techniques 
than to place absolute reliance on the 
methylation method of end group assay. 

Summary 

1. Four specimens of 13-dextrin have been 
prepared from arrowroot starch under dif
ferent experimental conditions. Their phos
phorus content, iodine number, copper re
ducing power and rates of hydrolysis by malt 
amylase have been determined. Of the four 
dextrins studied, two with the higher phos
phorus content, iodine number and copper 
number were hydrolysed more slowly by 
malt amylase than the other two. 

An iodometric adaptation of the technique 
of Richardson et at.IS has been described for 
the determination of copper reducing power 
of starches and dextrins. The values ob
tained by this method are consistent with 
that given by determination of iodine 
number. 

2_ Two different preparations of 13-dextrin 
have been studied in regard to their solubility 
behaviour. Each of these preparations has 
been separated into two distinct components 
by fractionation in cold water. In both the 
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cases the more soluble component has been 
shown to be of relatively lower molecular 
complexity. 
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Utilization of Castor Seed Cake 

N. R. KAMATH & R. K. KULKARNI 
University Department of Chemical Technology, Bombay 

Conditions for the extraction of castor seed 
proteins from defatted cake have been stand
ardized. Extraction of cake (1 part) with 
0'20 per cent sodium hydroxide solution 
( 20 parts) at 'O°C. for 30 min. and precipita
tion of proteins by acetic acid or sulphur 
dioxide gives a product suitable for the pre
paration of distempers, oll- bound water paints, 
adheaive compOSitions and moulded products. 

I NDIA produces 64,00.000 tons of oil 
seeds annually (1944), of which 1,14,000 
tons are castor seeds. The oil seed 
cakes are mostly used as fodder or 

fertilizer. Castor seed cake, whose produc
tion is estimated as 66,000 tons per annum, 
cannot be used as fodder due to the poisonous 
constituents present in it, and is, therefore, 
mainly used as a fertilizer for sugarcane and 
other crops. Unlike other oil seed proteins, 
castor cake proteins have not been invest i-

gated to any great extent. An excellent 
review of the castor seed cake and its uses 
has been given by Jones1• The average 
analysis of defatted castor meal shows 12'4 
per cent globulins, 3'85 per cent proteoses, 
l' 5 per cent toxalbumin ricin and l' 8 per 
cent pentose proteins. 

The suitability of castor cake proteins for 
the production of distempers, plastics, adhe
sives and fibres has been investigated and 
the results are presented in this paper. 

Isolation of Proteins 

Analysis of Cake - Castor seed cake was 
first crushed to 4 mesh in a jaw crusher and 
then disintegrated in a laboratory Raymond 
screen mill. The cake powder had a bulk 
density of 0'7 gm./c.c. and gave the following 
proximate analysis: moisture, 11'25 per 
cent; fat, 6'2 per cent; ash, 6'27 per cent; 
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and nitrogen, 4' 582 per cent. As the various 
fractions obtained by the screen analysis of 
the powder gave the same values for the 
amount of nitrogenous material peptized by 
0'2 per cent NaOH (76'98 per cent), the 
whole unfractionated cake powder was used 
in this investigation. 

Defatting of the Cake Powder - The rela
tive efficiency of benzene, benzene-methyl 
alcohol azeotrope, industrial methylated 
spirits and n-hexane for defatting the cake 
was investigated. Benzene was found to be 
the ideal solvent for the purpose, as it causes 
the least denaturation of proteins as indi
cated ,by the extraction values by 10 per 
cent sodium chloride (62'14 per cent N) and 
is readily available in India. Analysis of the 
benzene extract was: acid value, 145'1 mg. 
KOH/gm. ; sap. value, 184'0 mg. KOH/gm. ; 
hydroxyl value, 145'2 mg. KOH/gm. 

Extraction of Proteins - The defatted 
cake powder was air dried for 18-24 hr. 
and all traces of residual benzene were 
removed under vacuum. The extraction of 
proteins by sodium chloride, sodium bicar
bonate, sodium sulphite, borax and sodium 
hydroxide solutions was studied in detail. 
Good yields were obtained by extracting the 
cake powder with 0'2 per cent sodium hydrox
ide (20 c.c. per gm. of powder). The optimum 
temperature and time of agitation are 60°C. 
and O· 5 hr. for the maximum extraction of 
protein ( 88'86 per cent of the total nitrogen ). 
The sodium hydroxide solutions are extremely 
slow to filter and a systematic investigation 
showed that the rate of filtration can be 
considerably enhanced, without in any way 
diminishing the yield of proteins, by diluting 
the solution with three times its volume of 
water; alternately, the decanted solution 
together with washings can be clarified by 
cen trifuging. 

Precipitation of Proteins - The proteins in 
solution were precipitated by adding dilute 
acid and adjusting the pH to the isoelectric 
point. Acetic acid and sulphur dioxide were 
found suitable for the purpose. Proteins 
obtained by precipitation with alcohol do 
not easily go into solution in different peptiz
ing agents. The properties of proteins 
isolated by different methods are given in 
Table I. 

The viscosities of the various protein 
samples in 0 2 per cent carbonate-free sodium 
hydroxide solution at 25°C., using standard 
Ostwald viscometer2, were determined. The 
specific viscosities and reduced viscosities at 
various concentrations were calculated and 
plotted against concentration, as shown in 
Figs. 1 and 2. A sample of commercial acid 
casein, purified by repeated washing with 
water and separation from extraneous mat
ter by decantation and dried by the usual 
method, has been included for comparison. 

It is seen from Fig. 2 that the specific 
viscosity of castor cake proteins varies almost 
linearly with concentration below 1 per cent. 
The intrinsic viscosity is, therefore, given by 
the slope of the specific viscosity-concentra
tion curve. At concentrations higher than 
1'0 per cent, however, the straight-line 
relationship does not hold good, although it 
does in case of casein (FIG. 1). Castor 
cake protein No.7 has an intrinsic viscosity 
of the same order as that of acid casein 
indicating the possibility of obtaining a 
castor cake protein fraction having pro
perties comparable with those of acid casein. 

It is interesting to note that Staudinger'S 
equation, 

7]sp= KMC 

where 7]sp = specific viscosity ; M = molecular 
weight; C = concentration in gm./ l00 C.c. ; 

TABLE I-PROPERTIES OF ISOLATED PROTEINS 

No. PEPTI1.JNG AGE NT PRECIPITATING AGENT Yntl.D, NITROGEN ASH CONTENT, INTRINSIC 

% CONTENT, 

% 
% VISCOSITV, 

100 c.c.fgm. 

1 10% NaCI Alcohol 15 -0 14·27 6 · 79 Partly insoluble 
2 do Acetic acid 10-2 15 -91 0-615 0-128 
3 do Sulphur dioxide 10-0 15·63 0 -600 0-260 
4 do Acetic acid a t pH 6 -5 2 -0 15 -34 0 -145 
5" do Acetic acid at pH 4 4 -0 15 -23 4 -52 0 -142 
6" do Acetic acid at pH 3 4 -0 15 -03 0 -125 
7 0 -2 % NaOH Acetic acid at pH 7 16-0 15 -63 1 -63 0-312 
8 do Acetic acid at pH 3 18-2 14-63 2-63 0-197 
9 do Sulphur dioxide 18-0 15 -07 1 -89 0 -160 

10 0-4 % Na,SO, do 10-5 14-94 0-5 0-140 

• Sample No. 6 is obtained by acidification of the filtrate and washings from sample No.4-while sample No. 6 is similarly 
obtained from No. 5. 
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K = constant, holds good at concentrations os<r---------------""T'1 
below 1 per cent. Hence the determination 
of viscosity at anyone concentration below 
1 per cent is needed to determine the mole
cular weight of the protein fraction, provided 
the constant K has been previously deter
mined. 

Application of Castor Cake Proteins 

Coating Compositions - Work done in this 
laboratory on the raw materials easily avail
able in India, for use in coating compositions, 
has shown that a mixture of pigments con
sisting of 48 per cent Whiting, 32 per cent 
barytes, 16 per cent china clay and 4 per 
cent asbestine (with a small quantity of 
body pigments for the adjustment to stan
dard whiteness) gives on the whole a better 
performance than the usual composition for 
a distemper based on casein. This improved 
formulation of pigments is used throughout 
the work with castor cake proteins in 
coating compositions. 

Castor seed cakes, either in the finely 
powdered form or its fractions passing 
through (200 mesh screen), were found 

t 

.. 

. Q:7f1 I", ,."'" lofi loTS "11 

CONC .,GM/100C.c. 

FIG. 1 - VARIATION OF SPECIFIC VISCOSITY AND 
REDUCED VISCOSITY WITH CONCENTRAT ION OF 
CASEIN AND CASTOR PROTEINS (SAMPLE No.7) ; 
(1) AND (2) , "'lsp vs . CONCENTRATION; (3) AND (4). 
"'lIP IC vs . CONCENTRATION; /). . CASEIN ; 0, CASTOR 

PROTEINS . 

W D-4- .. , / .. 
CONC., GM/100c.c.. 

FIG. 2 - VARIATION OF SPECIFIC VISCOSITY WITH 
CONCENTRATION OF CASTOR PROTEIN SAMPLES 

(2)-(10). 

unsuitable for producing a good grade dis
temper. The alkali extracts of the cake pow
der were likewise unsuitable for direct use. 

The following general procedure was 
adopted for the preparation of distempers. 
The proteins in the wet state ( 10 per cent 
solids) were dissoJved in aqueous sodium 
hydroxide (5 per cent) and ground with 
the above pigment mixture along with small 
quantities of phenol as preservative and 
turpentine as foam inhibitor. 

Two coats of the various distemper sam
ples were applied to a previously prepared 
wall surface at intervals of 1 hr. The brush
ability of the distemper while applying, 
colour, smoothness, uniformity, durability, 
rub resistance, washability and water resis
tance of the coating, and failures such 
as checking, chalking, cracking, etc., were 
recorded in each case. 

The performance of the distempers from 
proteins obtained from undefatted and de
fatted cake powder were of the same order. 
The addition of small quantities of alu
minium sulphate was found to enhance the 
smoothness, durability, water resistance and 
non-chalking characteristics of the coatings. 
But chromium salts, effective in insolubilizing 
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glue films and lime, and particularly useful in 
hardening casein films, were found to have 
no appreciable effect on castor cake proteins; 
on the other hand, lime produced inferior 
coatings with enhanced chalking. The dis
temper coatings, which were ordinarily " off
coloured ", could be adjusted to standard 
whiteness by the addition of appropriate 
quantities of body pigments like titanium 
dioxide, lithopone, zinc oxide, etc. The 
amount of body pigments could be reduced 
to nearly half when sulphur dioxide was used 
as the precipitant for the proteins instead of 
acetic acid. The final formula adopted for 
distempers from castor cake proteins is as 
follows: 

Parts 

1. Whiting 42'2 
2. Barytes 19'4 
3. China clay 14'1 
4. Asbestine 3'5 
5. Titanium dioxide 7'9 
6. Zinc oxide 0'9 
7. Castor cake proteins 10'0 
8. Caustic soda 1'0 
9. Phenol or other preservative 0'2 

10. Turpentine or other foam 
inhibitor 0'3 

11. Aluminium sulphate 0'5 

The wet proteins isolated by the caustic 
soda-sulphur dioxide method, pressed to 
remove excess of water, was dissolved in 
a given quantity of caustic soda ( 5 per cent 
solution) , ground with phenol, turpentine 
and aluminium sulphate, with the minimum 
amount of water. The dry blend of pigments 
were then ground with the above solution 
to a thick paste, which can be marketed as 
such in closed containers, or used by 
thinning it with the requisite quantity of 
water. 

The distempers in the paste form have 
good keeping qualities; they have been 
stored for more than a year without any 
appreciable deterioration. They give dead
white, smooth, non-chalking coatings having 
good resistance to dry rubbing, moderate 
washability, durability, but only limited 
resistance to wet rubbing. 

" Tempera" or oil-bound distempers pre
pared from castor cake proteins give excel
lent performance. Stand oil with 0'02 per 
cent cobalt was found to give better results 
than raw or boiled linseed oil. 50 per cent 
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of oil on the dry weight of proteins gave 
good results, but twice the above quantity 
was necessary to give sufficient resistance 
to water for outdoor use. The fully devel
oped formula was as follows: 

1. Proteins 
2. Sodium hydroxide 
3. Phenol or salicylic acid 
4. Pine oil or turpentine 
5. Linseed oil } 

Stand oil of viscosity 
4-7 p. with 0'02 per cent 
cobalt 

6. Aluminium sulphate 
7. Gum tragacanth 
8. Whiting 
9. Barytes 

10. China clay 
11. Titanium dioxide 
12. Zinc oxide 
13. Asbestine 

% 
10'0 
1'0 
0'25 
0'60 

10'0 

0'5 
0'25 

37'10 
17'30 
12'40 
6'70 
0'80 
3'10 

The wet proteins are dissolved in a mini
mum quantity of water and phenol. tur
pentine. and aluminium sulphate and gum 
tragacanth are added and thoroughly mixed. 
The oil is then added and the mixing conti
nued until a homogeneous emulsion is ob
tained. The emulsion is then gradually 
added to the dry blend of pigments in a 
pug mill or other suitable mixer; for better 
dispersion and homogeneity it may be neces
sary to grind the paste by passing it once 
through a triple roller or stone mill. The 
" tempera" so prepared have the same 
properties as the distempers in use with the 
added advantage of improved resistance to 
water and wet rubbing. 

The dead-white distempers or .. tempera", 
prepared as above. may be adjusted to any 
shade of colour by incorporating alkali
resistant inorganic or organic pigments. but 
when the organic pigments are to be used. 
lithopone or zinc oxide should be preferred 
to titanium dioxide because of the blanching 
effect of the latter. 

Plastic Compositions - The production of 
resinoid plastics using castor cake powder, 
either defatted or otherwise. with phenol
formaldehyde resins was not encouraging. 
as the mouldings produced were very brittle 
and do not take high polish. The proteins. 
however. could be used along with resins and 
wood-flour to produce mouldings having good 
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TABLE II-PROPERTIES OF PLASTIC MOULDINGS 
FROM CASTOR CAKE PROTEINS 

No. METHOD OF WATER WATER AB SORPTION', 
PREPARATION' SOLUBLE, ~ OF PROTEINS % , 

24 hr. 48 hr. 20 day~ 

0'2% NaOH and 4'128 13·7 20·06 23·4 
acetic acid 

2 0·2 % NoOH and 3·058 11·38 16· 67 22'03 
Al.(SO.). 

0'2% NaOH and 5'035 13 · 17 18·03 10·86 
SO, 

4 0 '2% NaOH and 5·109 12'18 17·81 18'30 
SO, for 24 hr. 

5 0'2% NaOH and 5·230 38 ' 95 45·63 46·27 
SOJ-

Non:: The mouldings showed a uniform shrinkage of 9'6 
per cent . 

• Moulrled along with 5 per cent hexamethylene tetra mine 
instead of formalin treatment. 

resilience and toughness; but the surface 
crazing and high water absorption of the 
moulded products make them unsuitable 
for the manufacture of plastic products and 
electrical accessories. Plastic products from 
castor seed cake proteins were similar to 
those prepared from casein. The protein curd, 
dried to a moisture content of 30 per cent, 
was moulded under 500 p.s.i. at 95°C. The 
moulded pieces were steeped in a 5 per cent 
formalin bath at pH 5 for 7 days and dried 
at 95°C. The shrinkage and water absorp
tion3 of some samples are given in 
Table II. 

Attempts to harden the mOUldings in situ 
with hexamethylene tetramine were unsuc
cessful and there was a considerable decrease 
in cohesion when proteins were pretreated 
with formaldehyde. Proteins obtained from 
defatted or undefatted cake produced mould
ings with like properties. A slight reduction 
in water absorption was observed when 
aluminium sulphate was used as a preci
pitant for proteins instead of sulphur dioxide 
or acetic acid. The mouldings produced 
were almost dark in colour and only slightly 
transluscent; but thorough blending of the 
proteins while wet with 10 per cent titanium 
dioxide and 10 per cent glycerine improved 
the colour to a great extent, showing the 
possibility of tinting the plastics to any 
required shade. 

The plastic compositions possess low 
cohesion and cannot be extruded into rods 
and tubes like casein. The material can, 
however, be made in to sheets by pressing 
in frames between hot plates at 500 p.s.i. 
and 95°C. Buttons and dress ornaments 
can be punched from the sheet while still wet 

either before or after treatment with formal
dehyde. These treated and dried mouldings 
have nearly the same resilience, toughness, 
shrinkage and water absorption as those of 
casein and, with a judicious modification of 
the processing technique, can be employed, 
at least partly, to replace casein plastics. 

Attempts to improve cohesion of the 
plastic compositions by treatment with 
either alkalies or acids were unsuccessful; the 
proteins after such treatment showed a 
marked tendency towards warping during 
drying. 

Wood Adhesives - Work carried out at the 
Indian Forest Research Institute, Dehra 
Dun', has shown that the "lime-silicate
casein" formula. ( cold pressing) evolved at 
the Madison Laboratories, and Smith and 
Max formula for soyabean proteins (hot 
pressing) give suitable adhesive composi
tions with castor seed cake proteins. This 
work relates to the use of proteins from the 
undefatted castor seed cake. The present 
investigation, however, shows the amount 
of improvement in the adhesive strength 
obtainable by defatting the cake. 

The dried castor cake proteins not being 
readily dispersible, the wet protein curds 
were used in the usual formulations as 
indicated below. 

I. Lime-silicate Formula 

1. Proteins { 100 parts ( dry basis) 
400 parts ( wet basis) 

2. Lime (CaO) 32 
Water 100 

3. Sodium silicate 70 parts 
(NazO : Si02= 1: 3'25) 

4. Copper sulphate 3 parts 
Water 30 parts 

The wet proteins were ground with milk 
of lime, and . sodium silicate and copper 
sulphate were further incorporated. The 
composition was diluted and applied to box
wood (pine) pieces, which were pressed at 
200 p.s.i. at room temperature for 18-20 hr. 

II. Smith 0- Max Formula 

1. Proteins {100 parts ( dry basis) 
400 parts ( wet basis) 

2. Trisodium 
phosphate 

3. Ammonia (0'88) 
4. Formaldehyde 

( 37%; neutral) 

10 parts 
32 parts 

100 parts 

293 



J. SCI. INDUSTR. RES., V. 9B, 1950 

The wet proteins were dispersed in 10 
per cent solution of trisodium phosphate and 
ammonia was added. Formaldehyde was 
incorporated carefully with agitation. The 
boxwood (pine) pieces joined with the 
adhesive were pressed at 135°C. under 300 
p.s.i. for 15 min. 

The shear strengths of the glue joints were 
determined using the standard Dillon tester. 
The shear strengths obtained for various 
adhesives based on castor cake proteins, 
along with that for standard acid casein, are 
given in Table III. 

The above results indicate that a good 
deal of improvement in adhesive strength can 
be obtained when the cake proteins leached 
with 0'25 per cent NaHCOa solution are 
used. The leaching process removes the 
residual fats which are already hydrolysed. 
As this avoids the costly and involved 
process of defatting the cake with a solvent, 
the loss of 5 per cent of the proteins during 
leaching will not materially affect the cost to 
any great extent. The Smith and Max 
formula (hot pressing) gives consistently 
high values of adhesive strengths. Thus 
castor cake proteins isolated from the un
defatted cake powder after a preliminary 
leaching with sodium bicarbonate solution 
can be recommended in the formulation of 
wood adhesives by the Smith ' and Max 
method. 

Fibres - The proteins isolated in the wet 
state from the defatted castor seed cake 
by the sodium hydroxide-sulphur dioxide 
method were directly used in the preparation 
of fibres. A good grade of commercial acid 
casein was used for comparison. 10 per cent 
solution of the proteins in 0'25 per cent 
aqueous sodium hydroxide, with 1 per cent 

oleic acid and 1 per cent sodium aluminate, 
was prepared and, after ageing and removal 
of air bubbles, it was extruded through a fine 
orifice into a coagulating bath containing 2 
per cent sulphuric acid and 15 per cent 
sodium sulphate. The extruded fibres were 
thoroughly washed and then treated with 5 
per cent formaldehyde solution. The fibres 
so obtained were comparable with those made 
from acid casein under similar conditions, 
apart from their brownish shade. Although 
the castor cake proteins show promise as a 
potential raw material for the manufacture 
of textile fibre, investigations on a pilot-plant 
scale have to be carried out before any final 
recommendation can be made. 

Summary 

1. Benzene is suitable for defatting the 
commercial castor seed cake. Proteins from 
the defatted as well as undefatted cake are 
best extracted with 0'2 per cent sodium 
hydroxide, at 60°C. for 0'5 hr. Either 
acetic acid or sulphur dioxide can be used for 
the precipitation of proteins. Under suit
able conditions it is possible to isolate pro
teins having the same intrinsic viscosity as 
that of acid casein. 

2. Excellent distempers and oil-bound 
water paints can be formulated from castor 
seed cake proteins. 

3. The proteins in the wet state with 10 
per cent titanium dioxide and 10 per cent 
glycerine can be employed to produce 
plastic products, having properties similar to 
casein plastics. 

4. Superior wood-adhesives can be pre
pared from proteins of castor seed cake. 

5. Castor seed cake proteins show pro
mise as a source of textile fibres. 

TABLE 111- SHEAR STRENGTH OF GLUE JOINTS 

No. PROTEIN USED LIKE-SILICA'!''' PORMULA SM1TH & MAX FORMULA 

(COLD P~ESSED) (HOT r~ESSED) 

Dry Wet Wet Dry Wet Wet 
strength, strength, strength, strength, strength, strenlll:tb, 

p.s.i. p.s.i. % of dry p.5.i. p.s.i. % of 'dry 

1 Acid casein 434 (5! 150 (S! 34·M 
92"(3) 2 Proteins fr{'lm undefatted cake 242 (5 90 (8 87'18 329 (4) 27·97 

powder 
33 ·65 3 Proteins of the cake powder 255 (4) 110 (2) 43'14 462 (4) 155 (8) 

leached with 0 · 25% NaRCO, 
32·18 4- do 290 (4) 120 (4) 41·38 650 (3) 177 (2) 

6 Proteins of tbp. cake defatted 462 (3) 137 (2) 29·66 
with benzene t 

NOTE - (1) The figures in brackets show the number of 8pecimen samples testtd. 
(2) For finding out the wet strengths, the test pieces were boiled vigorousJy for .. hr. in water, cooled Bad tested. 
• The proteins were precipitated with hydrochloric acid in this case. In all other cases acetic acid was used. 
t The samples prepared opened out due to defects in the wood not detected beforehand. 
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The castor seed cake powder has got a 
characteristic action on the human res
piratory system and due precautions have 
to be taken in the handling of castor 
cake powder, particularly during disintegra
tion. 
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Studies on Calcium Gluconate : 
Part I -Production from Dextrose 

S. BALASUNDARAM, R. K. HIRANI & V. SUBRAHMANYAN 

Department of Biochemistry, Indian Institute of Science, Bangalore 

An electrolytic process for the production 
of calcium gluconate from dextrose has been 
described. The following operating condi
tions have proved satisfactory: size of electro
lytic cell, 20" x 20" X 12"; 6 pairs of graphite 
electrodes, 12" X 7" X l", separated by t" wooden 
separators; dextrose, 28 lb. in 60 litres of 
water; sodium bromide, 3 lb.; calcium car
bonate, 8 lb. ; current, 25 amp./5V. ; tempera
ture, 30° to 35°C.; time, 58 to 60 hr. A yield 
of 80 per cent on the weight of sugar is reported. 

A NUMBER of chemical methods are 
available for the preparation of glu
conic acid and calcium gluconate by 
mild oxidation of dextrose or mate

rials which yield dextrose on hydrolysis. 
Gluconic acid was first prepared by Hlassi
wetz and Habermanl using chlorine as the 
oxidizing agent. Of the earlier workers 
Kiliani2 and Herzfeld3 used bromine, Haber
man and Hoenig' used cupric hydroxide and 
sodium hydroxide, Tarugi and Nicchiotti5, 

alkaline ferricyanide. More recently Herz
feld and Lenart6 developed an improved 
method using bromine. Kiliani7 and Pi
chon8 have suggested further improvements. 
Goebel9 studied the oxidation of glucose in 
alkaline solutions of iodine and also the 
preparation of hexonic acidslo by the oxida
tion of aldoses with barium hypoiodite. 
Hoenig and Ruzickall used barium hypo
bromite for oxidizing d-glucose to gluconic 
acid. Sandozl2 obtained several patents for 
the manufacture of calcium gluconate by the 
oxidation of glucose with chlorine in the 

presence of potassium bromide and alkaline 
earth carbonates. BerP3 prepared gluconic 
acid by the oxidation of glucose with yellow 
oxide of mercury. Van der Lande14 ob
tained a patent for oxidation of glucose with 
mixtures of bromides and chlorates in an 
acid medium and Max Buschl5 for oxidation 
of dextrose with oxygen in the presence of 
palladium as catalyst. Hoffman-Ia-Rochels 

patented a process for the preparation of 
l-gluconic acid by the catalytic hydrogena
tion of d-glucuronic acid in the presence of 
nickel as a catalyst. Pasternack and Brown17 

obtained a mixture of calcium-l-gluconate 
and d-gluconate by hydrogenation of calcium-
5-keto-glucona teo 

Loebl8 first attempted the electrolytic 
oxidation of glucose in sulphuric acid me
dium but obtained mostly oxalic acid as 
the final product. Isbell and Frush19-21 

developed an electrolytic process for the 
oxidation of glucose and other aldoses in 
which the bromine used for oxidation was 
continuously regenerated during electrolysis. 
Fink and Sumners22 studied the same me
thod in somewhat greater detail. Rohm 0-
Haas CO.23 patented the use of insoluble 
anodes for electrolysis. Kiliani24 considered 
that potassium bromide gives better results 
than potassium chloride. Szware25 gives the 
optimum conditions for maximum yield of 
calcium gluconate as low temperature 
( lOo_15°q and a current density of 3 amp.' 
sq. dm. 
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The production of calcium gluconate from 
raw materials hitherto unexplored has been 
systematically examined and the various 
practical and theoretical aspects of manu
facture are discussed in this paper. 

Electrolytic Oxidation oj Dextrose - Elec
trolytic oxidation of dextrose has a great 
advantage over chemical methods in that a 
small amount of oxidizing agent present in 
the electrolyte is continuously regenerated by 
electrolysis. Usually, a solution containing 
dextrose (to be oxidized) and potassium 
bromide is electrolysed at a voltage of 4 to 6 
volts using graphite electrodes. The bro
mine evolved oxidizes the dextrose to glu
conic acid and gets itself converted to potas
sium bromide, which in turn generates bro
mine on electrolysis. Thus a small amount of 
potassium bromide in solution is repeatedly 
utilized for the oxidation of the glucose. 

Experimental 

All laboratory experiments were carried 
out in a 3-litre glass container fitted with two 
pairs of Acheson graphite electrodes, 8" X 
4t" X tn. A glass stirrer with wooden upthrust 
vanes was employed. Pure anhydrous dex
trose, potassium bromide and calcium car
bonate were used. 

In all the runs 450 gm. of pure dextrose 
were dissolved in water and the solution 
made up to a volume of 2·5 litres and 125 gm. 
of calcium carbonate added. A total cur
rent of 150 amp./hr. was passed in each case. 
The temperature of the cell was kept cons
tant by external cooling. The source of 
current was a 6-volt storage battery which 
was continuously charged from the D.C. 
mains. The results are summarized in 
Tables I to IX. 

TABLE I - EFFECT OF ELECTROLYTE (KBr) 
CONCENTRATION ON THE YIELD OF CALCIUM 

GLUCONATE 

Current density, c. 1· 3 amp./sq. dm.: temp. ()f the cell, 26°C. i 
distance between electrodes, .'" 

KBR, VOLTS CAL. CAL. 

% GLUCONATE GLUCONATE 
FORMED, CRYSTALLIZING 

% OUT, 

% 
0·5 20 73 ·3 51·6 
1 ' 0 9'5 77'0 52·5 
1·5 7·2 82·5 54'1 
2 · 0 6·0 88·3 65·0 
3'0 5·0 88·3 54·1 
5·0 4·2 88·3 50·8 

10·0 2·4 87 · 6 40 ·9 
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TABLE II - EFFECT OF ELECTROLYTE (KBr) 
COSCENTRATION ON BROMIDE LOSS 

Current density, c. 1· 3 amp./sq. dm. ; distance between electrodes, 
." ; temp., 26°C. 

INITIAL FINAL BROMIDE 
CONe. OF KBR, CONe. OF KBR, LOST, 

% % % 
10 9·6 4·0 
5·0 4 · 61 7 ·8 
3·0 2 ' 60 13·5 
2·0 1 · 63 18 ·5 
1·5 1·15 23·3 
1·0 0·69 31 ·0 
0'5 0·20 60'0 

TABLE III - EFFECT OF VARIATION OF DISTANCE 
BETWEEN ELECTRODES ON THE YIELD OF 

CALCIUM GLUCONATE 

KBr concentration, 2 per cent; cu"em density , c. 1 · 3 amp./sq. dm. 
temp., 26°C. ; Acheson I:raphite electrodes employed 

DISTANCE VOLTAGE CAL. YIELD, 
BETWEEN GLUCONATE % 

ELECTRODES, FORMED, 
in. ~m. 

I 4·7 470 78·3 • 5·5 505 84·2 
f 7·0 530 88 · 3 

1 8·4 525 87·5 
Ii 10·0 530 88·3 
2 12 ' 0 522 87·0 

TABLE IV-EFFECT OF TEMPERATURE ON THE 
YIELD OF GLUCONATE & LOSS OF BROMIDE 

Distance between electrodes, t"'; KBr concentration, 2 per cent; 
current density, c. 1'3 amp./sq. dm. Water wa~ circulated 'tl 
the outer ja#et at tlse de.~ired tempet'atut'e and the t.emperature j1l 
tire cell did not fJary by more tlsa" 1°C. /t'om the desired temperatut'e 

TEMP., YIELD OF FINAL CONe. BROMIDE 

°c. CAL. OF KBR, LOST, 
GLUC,ONATE, % 0 ' 

10 

% 

20 87·8 1·70 15 · 0 
30 80·4 1 ' 60 20 ·0 
40 86·9 1·52 24·0 
60 83·5 1·43 28·5 
60 80 ·2 1·30 35 ' 0 
70 78·6 1·10 45·0 

TABLE V-CURRENT DENSITY & YIELD OF 
CALCIUM GLUCONATE 

K Br concentration, 2· 0 pet' cent; average cell temp., 28°C. ; total 
cur,.ent, 150 amp.lh,., CI4,.rem density was varied by altering tlte 

voltage cuross the cell 

CURRENT VOLTAGE CAL. GLUCOSE. YIELD 

DENSITY, GLUCONATE CONSUMED, OF CAL. 

amp./sq. dm. FORMED, gm. GLUCONATE, 
gm. % 

0·8 3·7 535 450 89·2 
1 ·3 6 ' 0 530 450 88·3 
2 ·0 g·O 525 443 87'5 
3·0 13·5 510 450 85·0 
6·0 22·3 470 460 76·6 
6 ·5 20 ·0 410 460 68·3 
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TABLE VI - EFFECT OF REVERSAL OF CURRENT 
AT INTERVALS 

TINY. CAL. Yn~LD OF BROMfDE 
BETWEEN GLUCOMATE CAL. LOST, 

REVERSALS, FORMED, GLU COMATE, % 
min. gm. % 

5 530 88·3 18·0 
30 525 87·5 20 ·0 
60 522 87 ' 0 20'0 

180 525 87'5 21 ·2 
360 530 88'3 21·6 

TABLE VII - RATE OF STIItRING &: YIELD OF 
CALCIUM GLUCONATE FORMED &: CRYSTALLIZED 

T otal current. 150 .",p./h,. 

R.P.M. CAL. CAL. YIELD OF 
GLUCONATE GLUCOMATE CAL. 

FORMED, CRYSTALLIZING GLUCOMATE, 
gm. OUT, % 

gm. 

60 3,0 120 58'3 
120 410 215 68·5 
300 520 335 86·6 
700 530 340 88 ' 3 

TABLE VIII- EFFECT OF ItEPEATED USE OF 
MOTHER LIQUOR ON CALCIUM GLUCONATE YIELD 

GLUCOSE, CAL. 
gm. CARBO~ 

HATE, 
gm. 

450 125 
300 90 
250 70 
250 70 

SODIUM YIELD OF 
BROMIDE, R EC RYSTAL-

gm. LIZED CAL. 
GLU CON ATE, 

gm. 

45 260 
20 250 
18 236 
18 232 

M.L. - Mother liquor. 

REMARKS 

M.L. i" 
M.L. I & II 

do 

TABLE IX - EFFECT OF INITIAL SUGAR 
CONCENTRATION ON THE YIELD OF CALCIUM 

GLUCONATE 

C""enl density , l ' 3 amp./sq. dm. ; temp., 26°C. ; KBr, 2 per cent ; 
volume of solution, 2·5 I. 

INITIAL TOTAL TOTAL CAL. YIELD OP' 
GLUCOSY. AMOU NT CURRENT GLUCONATE CAL. 

CONe. , OF GLUCOSE, PASSED, PORMED, GLUCOMATE, 
% gm. amp./br. gm. % 
5 125 40 148 88· 1 

10 250 80 290 86'4 
15 375 120 442 87·0 
20 500 160 600 89·2 
30 750 240 760 74'0 

The yield of calcium gluconate is unaffected 
by the initial concentration of the sugar. 
However, with higher concentrations of 
glucose (above 20 per cent), there is a 
marked lowering in the yield of calcium 
gluconate (TABLE IX). With a 30 per 
cent solution of glucose, calcium gluconate 
started crystallizing out from the electro
lytic medium long before all the sugar was 

oxidized. The bulky nature of the salt 
rendered efficient stirring difficult and the 
lowering of yield was perhaps mainly due to 
local over-oxidation near the electrodes. 
Thus, a concentration of 18 to 20 per cent 
glucose appears to be best suited to large
scale practice. 

The following operating conditions for 
semi-Iarge-scale production of calcium glu
con ate have been employed by us with 
satisfactory results over a period of five 
years. 

(i) Dextrose concentration at the start 
of electrolysis, c. 18 per cent. 

(ii) Initial KBr concentration, c. 1'8 per 
cent. 

(iii) Temperature of the cell during electro
lysis. 30° to 35°C. 

(iv) Current density, 1 to 1'3 amp./sq. dm. 
(v) Distance between the electrodes, 15 

to 20 mm. 
(vi) Voltage across the cell. 4 to 6 volts. 
Semi-large-scale Production - A wooden 

cell, 20" square and 14" tall, fitted with a 
wooden stirrer with upthrust blades and 6 
pairs of Acheson graphite electrodes, 12" X 
7" X t', was used. The electrodes were sepa
rated by wooden separators, 1" thick. The 
cell was charged with 60 litres of tap water, 
28 lb. of anhydrous dextrose, 3 lb. of sodium 
bromide and 8 lb. of calcium carbonate. 
Sodium bromide was substituted for potas
sium bromide on a large scale in view of its 
lower cost, and considering the fact that 
only the bromide ion is concerned in the 
oxidation of glucose. A current of 75 amp. 
at about 5 volts pressure was passed. The 
glucose was oxidized; electrolysis was al
lowed to proceed for 58 to 60 hr., after which 
the contents of the cell were allowed to 
crystallize, the crystals spun and washed 
in a centrifuge and the crude calcium glu
con ate recrystallized from hot water. The 
calcium gluconate thus obtained conformed 
to the B.P. specification. That the salt 
obtained by electrolytic oxidation was cal
cium gluconate and no other was verified by 
preparing the phenylhydrazide of the acid. 
The calcium gluconate prepared using the 
same mother liquor over and over again gave 
consistent values for the melting point of the 
phenylhydrazide, indicating that the glucose 
was directly oxidized to gluconic acid. 

The mother liquor and washings were 
always returned to the cell and calcium 
gluconate yields of over 80 per cent on 
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the weight of sugar employed have been ob
tained over a period of several months. 
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Effect of Heat on Vegetable Oils 

MAHARAJA M. BHASIN & J. S. AGGARWAL 

National Chemical Laboratory, Poona 

ehanl\es in the physical and chemical pro
perties of coconut, castor, I\roundnut, mustard, 
safHower and linseed oils broul\ht about as a 
result of heatinl\ the oils under varying ex
perimental conditions have been quantita
tively determined. The oils were heated 
for 4 hr. at 125°e., 1000e. and 3000e. under 
(1) ordinary conditions, (1) blowing air and 
(3) blowinl\ carbon dioxide. 

T HE changes which fixed oils undergo 
when heated to different temperatures 
are important in the manufacture of 
varnishes, paints, printing inks, lino

leum and lubricants. Coconut, castor, 
groundnut, mustard, safflower and linseed 
oils have been heated under different ex
perimental conditions and the changes occur
ring in their physical and chemical properties 
are reported in this paper. 

Experimental 

500 gm. samples of alkali-refined oil were 
heated in a flask for 4 hr. at 125°C., 200°C. 
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and 275°-300°C. under the following condi
tions: (1) ordinary conditions, (2) by blow
ing air or carbon dioxide at the rate of 10 
litres an hour through the oils. A distillation 
head was provided for flasks when the oils 
were heated at 275°-300°C. The physical and 
chemical characteristics of the various sam
ples are recorded in Tables I-VI. 

Discussion 

Very little loss in the weight of oils was ob
served when they were heated at 125° and 
200°C. while losses were observed in the oils 
heated at 275°-300°C. Greater losses in weight 
are observed with coconut and castor oils 
which may be due to the presence of lower fat
ty acids in the former and due to dehydration 
of ricinoleic acid chains in the latter. There 
is definite increase in the depth of the colour 
of the oils as the heating temperature and 
the period of heating are increased. 

The increase in specific gravities and vis
cosities of the oil samples are highest when 
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TABLE 1 - EFFECT OF HEAT ON COCONUT OIL 

CKARACTERISTICS ORIG INAL OIL HEATED AT 125°C. OIL HEATED AT 20e,lC'C. On. HEATED AT 275°-300°C. 
OIL 

Ordinary Air CO, Ordinary Air CO, Ordinary Air CO, 
conditions blown blown conditions blown blown conditions blown blown 

W.ight, gm. 308 ·0 309·0 397 ·0 396 ·0 395 ·0 396 ·0 386 ·0 350·0 853 · 0 

Colour (Lovibond) I O :.~" 0'1" 0'15" 0·2" 2 ' 0" 1·0" 3 -0· 30·0" 80·0" 40 ·0" 
0 ·8t 2'0t 25'0t 7 ' 0t 

Z?;~J,';i't ~?·io,c. 0 ' 9170 0 ·9170 0 ' 9183 0 ·9170 0 ' 9228 0 :'9209 0·9182 0 ' 9162 0·9284 0 · 9232 
31· 77 32 ' 69 33·16 32 ' 57 34 · 04 36'1 34 ' 66 41 ·94 48'65 41 ·87 

(centis tokes) 
Ref. ind., 25· C. 1'454 1'4542 1 ' 4543 1'4540 l ' 4545 l ' 4545 1 ' 4547 1 ' 4535 1·456 1 ' 4540 
Peroxide val. 4 · 26 19 ·83 46 ·95 20 ' 48 2 · 43 17 ·93 10 ·23 0'98 2·51 6 · 12 
Acid val. 0 ·35 0 ·37 0·74 0 ·46 0 ·5 1 · 178 1 ' 073 27'68 16·68 7·92 

~~i-n~a!-al. (Wijs) 
259 ·4 267 -4 258 -0 262 -0 268 -0 261'7 265 -0 267-1 267 ' 8 267 ·2 

9 -32 9 · 79 8 ·72 8·34 9 ' 18 8·53 8·53 9'02 7·5 7·93 

• Yellow t Red 

TABLE JI-EFFECT OF HEAT ON CASTOR OIL 

CHAKACTERISTICS ORIGINAl. OIL HEATED AT 125°C. OIL HEATItO AT 200°C. OIL HKATED AT 275°-300°C. 
OIL 

Ordinary Air CO, Ordinary Air CO, Ordinary Air CO, 
conditions blown blown conditions blown blown conditions blown blown 

Wtisht, gm. 395·0 306·0 399 ·0 397'0 393·0 393·0 344 ·0 330'0 338 ·0 

Colour (Lovibond) I O: .~" 0·4" 0 ' 5" 0 ·6" 0·5" 1 · 4" 8 '0" 15 ·0" 2 ' 0" 
0 ' 3t 0 · 4t l'8t 0 ·8t 

Z?;~i't:?~~~C_ 0 ·9603 0 · 9572 0·9547 0·9562 0 ·9585 0 · 9563 0 · 9562 0·9508 '" 
0 -9445 

280 ' 16 295 -6 311 ' 6 312 · 7 322'9 347·4 836 · 8 933 · 6 8!!. S37·7 
(centistokes) 

Ref. ind., 25°C. 1 ' 478 1 · 4782 1 ' 4780 1 · 4781 1 · 4785 1'4782 1 ' 4783 1 · 4840 p;'~ 1 ' 488 
Peroxide val. 1 ' 8 1'45 6 ' 14 2 ·2 2-15 2·72 2 ·50 1 ' 16 ~8 1 -80 
Acid val. 2·63 2 · " 2'73 2'36 2 · U 1 -99 2 · 1 17 ·97 ~~ 20 ' 72 
S~. val. 183'5 186 ' 6 184'1 186·8 186·2 185·1 187 · 9 210 ·0 g~ 199-1 
I ine val. (Wijs) 86 ·9 86 ' 7 85·17 85-66 80 · e6 85 · 9 87 · 1 92 ' 94 113·4 
Acetyl val. 147'6 1",2 147 ' 0 145 · 5 145'8 145·2 144·3 87 · 89 18·1 

• Yellow t Red 

TABLE 111- EFFECT OF HEAT ON GROUNDNUT OIL 

CHARACTERISTICS ORIGINAL OIL HEATED AT 125°C. OIL HEATED AT 200°C. OIL R E ATED AT 275°-8()()OC. 
OIL . 

• r-
. 

Ordinary Air CO, Ordinary Air CO, Ordinary Air CO, 
conditions blown blown conditions blown blown conditions blown blown 

Weight, gm. 898 ' 0 398'0 398·0 396·0 393 ·0 395·0 392·0 365'0 880 ·0 

Colour (Lovibnnd) I O : .~" 0 · 3" 0·25" 0 ·25" 0 ·5" 0 ·5" 0 ·5" 10·0" 16 ' 0" 3 ·0" 
1 · 2t 3'lt 0 -6t 

Z?;~~{t:?·io·c, 0 ·9071 0 ·9073 0 ·9080 0 · 9079 0:9102 0'9130 0','9103 0 ·9105 0 ' 9234 0·9229 
42 -75 45 ·04 48 ·63 46 ·72 52 ' 94 62·21 50·69 66 ·75 171 ·2 88· 68 

(centis tokes) 
Ref. ind., 25°C. 1 -466 1 ' 466 1·4663 1 -466 1 ' 467 1 -467 1 ·4665 1·4665 1 ' 471 1 · 470 
Peroxide val. 12-82 10· 37 28·48 17 ' 64 8 ' 69 10·57 8 -27 3 ·02 2 ' ~2 4 ·06 
Add val. 0 ' 41 0 ·56 0 ·55 0 ' 44 0 ·77 0'6S 0·55 0 · 74 7·34 '3'22 
Sap. val. 198·7 19a· 3 193' 6 193'4 194·9 193·6 194·4 192'0 202 ·0 200 ' 4 
Iodine val. (Wij.) 95 -7 94'7 95'06 94'95 93 ' 0 94'S 91 · 24 92 -19 82 · 56 79 · 16 

• Yellow t Red 

TABLE IV-EFFECT OF HEAT ON MUSTARD OIL 

CHARACTERISTICS ORIGINAL OIL HEATED AT 125°C. OIL HEATED AT 200°C . OIL HEATED AT 275°-300°C. 
OIL . 

Ordinary Air CO, Ordinary Air CO, Ordinary Air CO, 
conditions blown blown conditions blown blown conditions blown blown 

Weight, gm. 398 ' 0 397 ·0 897 ·0 396 ·0 397 ' 0 395 ·0 396 ' 0 398 · 0 382 ·0 

Colour (Lovibond) 10 ' 8" 2·0· 2 ' 4" 10· 6" 9 · 0" 11 ·0" 8 ·0" 60·0" 80 ·0" 50 -0" 
0 ·2t 0'2t 0'6t 2 '0t l 'St 2-0t 2'0t 5 ' 0t 10'0t 3 ' 6t 

Sp. ""., 40· C. 0 ' 9040 0 ·9039 0 ·9089 0 ·9076 0 ·9057 0·9122 0 · 9105 0 ·9123 0 ·9295 0 ·9229 
Viscosity, 40°C. 51 · 62 52'94 58 ' 06 55 ' 18 60 ' 4 72 ·79 59 ' 64 128·8 336'6 180 ·5 

(centis tokes) 
Ref. ind., 20·C. 1 ' 460 1·469 1 -4692 1 ' 4697 1 ' 4692 1 ' 470 1·4705 1'471 1'4745 1 ' 4733 
Peroxide val. 13 ·58 11'58 15 -29 80 · 27 7 ·01 8 ' 67 8 ' 80 1·77 7 · 4 5·0 
Acid val . 0 ' 36 0 ·58 0·65 0 ·48 0·90 0'97 0 ·65 18'75 12·6 6 · 18 
Sap. val. 174'0 178 · 6 174·1 177'2 174 ' 1 175· 7 177 ·0 177 ·0 180 ' 0 179· 8 
Iodine val_ (Wij.) 99·02 102·0 96-0 100'7 101 · 5 102-5 104'1 98 · 63 79 ·47 89 · 69 

" VeUow t Red 
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TABLE V-EFFECT OF HEAT ON SAFFLOWER OIL 

CHARACTERISTI CS ORIGINAL OIL HEATED AT 125°C. OIL HEATED AT 200°C. OIL HEATED AT 275°·3OO°C. , 
OIL 

, , ,-
Ordinary Air CO, Ordinary Air CO, Ordinary Air CO, 

conditions blown blown conditions blown blown conditions blown blown 

Weight, gm. 399·0 397·0 399 ·0 398·0 395·0 398 · 0 396 ·0 370·0 375·0 
Colonr (Lovibond) { 0:.3. O· 4· 0 ·8· 0·8· 1·1· 7·0· 6 ' 0· 2· 3· 23'0· 60'0· 

o·at 0 ' 5t 0'2t 1'7t 1'4t 0'5t 4'6 6'ot 
Sp. gr., 40;C. 0·9162 0·9171 0·9174 0·9166 0 ·9195 0'0203 0 ·0192 0 · 0278 0·0502 0'0423 
Viscosity, 4-00 C. 34'3~ 35 '51 40·50 38'47 41'01 48·09 45 · 43 124 ' 0 1257 '1 380 ·1 

(centistokes) 
R .. f. Ind., 25°t. 1·4740 1 '4140 1'4745 1 ' 4745 1·4745 1'4755 1 · 4752 1 ' 4772 1·4845 1 ' 482 
Pervside val. 20·2 12·2 43 ·55 41 ·0 11·0 12'5 20 ·00 3'1 2·89 4· 56 
Acid val. 0'21 0 ·24 0·55 0·60 0·27 1·01 0'01 8 ' 4 10 ·07 4 ' 58 

i~gjn~a~al. (Wijs) 
193'6 195·9 193 ' 8 191 ·0 196·7 192 ' 5 196 ·1 197 · 3 195'4 201·3 
143 · 3 145·0 141 ·0 141 · 2 145·0 138·0 139 ' 4 130· 7 104 ·3 118·7 

• YelJow t Rod 

TABLE VI - EFFECT OF HEAT ON LINSEED OIL 

CHARACTERISTICS ORIGIN'AL OIL HEATED AT 125°C. OIL HEATED AT 200°C. 
OIL ,-----,----j.'----:-:---> ,-------'------, 

Ordinary Air CO, Ordinary Air CO, Ordinary 
conditions blown blown 

Weight, gm. 399·0 390 ' 0 398·0 
Colour (Lovibond) I a·o· 2'0· 3 ·0· 2·6· 

0'3t 0 · 3t o·at 0'5t 

~~C~~·i't;~~~~C. 0·9244 0'9256 0'9266 0 ·9241 
32·9 34'42 37·94 33'00 

(centistokes) 
Ref. Ind., 25°C. 1· 4777 1'4780 1'4805 1'4805 
Pero:t.ide val. 28 ·8 10·0 16 ·3 13 ·2 
Acid val. 0·35 0·a9 0 ' 47 0·40 
Sap. val. 193·8 196·6 194 · 1 194 ·8 
Iodine val. (Wijs) 178· 2 181·6 180 · 5 180 ' 4 

• Yellow 

heated at 275°-300°C. The change in the 
refractive index has been very little in all 
cases but there is slight increase in the case 
of castor oil and linseed oil heated at 275°-
300°C. The acid and saponification values 
of the samples increase as the temperature 
of heating is raised while the iodine value 
follows the reverse order. These changes are 
greatest at 275°-300°C. and may be due to 
oxidation, cracking and polymerization of the 
oils. 

Peroxides, being unstable bodies, break 
down at higher temperatures and no in
ference can be arrived at from this value. 

The air-blown oil samples show high 
specific gravity and viscosity and this is more 
marked in the case of castor and linseed oils. 
In several cases lower values for specific 
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Air CO, 
conditions blown blown conditions blown blown 

398 ·0 398·0 896 ·0 390·0 370·0 370'0 
4 ' 4· 5'4· a ·7· 10·0· 15·0· 
0·5t 0'6t 0'6t 1 '0t "'~~ 2'0t 
0'0304 0 '9307 0'9265 0·9509 ~~: 0'9603 

46·44 56·1 S9 ·61 611 ' 2 1694· 2 
g~~ 

1'4807 1 '4787 1 ' 4820 1'4850 ;, ~ ~ 1'4898 
7 ·81 11 · 75 12· 31 2·2 1 ·7 
0 · 73 0 · 7. 0'68 6·3 ~ ~8' 3 ·3 

206·1 105' 4 196·0 195 '4 ~ 108 ·2 
178·1 176'2 176· 6 142 ·5 119·8 

t Red 

gravity and viscosity and high acid values 
have been obtained for oils heated under 
ordinary conditions at 275°-300°C. than 
when air or carbon dioxide is blown through. 
This may be due to some of the cracked 
products of low molecular weight remaining 
in the oil. 

From the data presented in Tables I-VI 
it can be concluded that oils with high iodine 
value should not be employed for lubricating 
purposes. The use of coconut oil and castor 
oil for lubrication in steam cylinders or in 
heavy internal combustion engines where 
high temperatures are encountered may 
lead to their decomposition and polymeriza
tion. Groundnut and mustard oils appear 
to be quite satisfactory for lubricating pur
poses. 



Effect of Salts on the 
Physical Properties of Soils 

L. C. J A I N 

Building Research Unit (C.s.I.R.), Roorkee 

The effect of sodium and calcium salts on 
the physical properties of Roorkee soU (30 
per cent clay and 45 per cent sand) has 
been Investillated. Sodium salts reduce and 
calcium salts enhance the liquid and plastic 
limits and linear shrlnkalle values of the soli. 
The density of compaction Is not slanlftcantly 
Influenced by sodium silicate, lime or calcium 
carbonate, unless the salts are present In hlah 
concentrations. 

THE p.hysical properties of soils can be 
modified by the addition of salts. 
The effects of salts on the bearing 

. .cap~city of soils - an important con
sideratIOn In laying the foundations of a 
structure - have been investigated by 
Asghar and SainI. The effects of salts on 
liquid ~nd plastic limits, optimum density 
and mOIsture content and linear shrinkage 
h~ve bee~ investigated in this laboratory 
with a view to correlate the influence of 
these.factors on the ultimate bearing capacity 
of SOlIs. The results obtained are reported 
in this paper. 
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Experimental 

Roorkee soil containing 30 per cent clay 
and 45 per cent sand was employed in 
these studies. Samples containing varying 
amounts of calcium and sodium salts were 
prepared by mixing salt, soil and water, air
drying the mixture and then sieving through 
a 40-mesh sieve. 

The liquid and plastic limits and the 
plasticity index were determined according 
to A.S.T.M. methods D423 and 424 - 392•3• 

The method recommended by the U.S. 
Bureau of Public Roads was adopted for 
the determination of the linear shrinkage. 
Optimum moisture content and the density 
of the soil were measured by compacting the 
soil in a cylinder ( 3N X 2·5 N dia.) ; the soil 
was compacted in one layer, a hammer 
(6'6 lb.) being allowed to drop 25 times 
through a height of lON. The compacting 
effort in this case was the same as 
that obtained in the standard Proctor 
method. 

The results of the tests are presented in 
Tables I and II and Figs. 1 and 2. 
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FIG. 1 - RELATION BETWEEN OPTIMUM MOISTURE FIG. 2 - INFLUENCE OF SALTS ON THE RELATION 
CONTENT AND OPTIMUM DENSITY OF ROORKEE SOIL BETWEEN THE LIQUID LIMIT AND PLASTICITY INDEX 

AS AFFECTED BY THE ADDITION OF SALTS. OF ROORKEE SOIL. 
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Discussion 
Liquid Limit - The progressive addition 

of sodium silicate to the soil first decreases 
the liquid limit up to a salt concentration 
of 2 per cent and then the value rises 
(TABLE I). Similar effects are noticed 
when sodium carbonate is added to the soil. 
Sodium sulphate and sodium chloride reduce 
the value slightly while calcium salts increase 

it. Sodium soils have a lower liquid limit 
than calcium and hydrogen soils (TABLE II). 
These results indicate that it is not the ex
changeable bases alone that control the 
liquid limit of a soil but the presence of salts 
also affects the value. 

The variations in the liquid limit brought 
about by the addition of salts to the soil 
may be due to increased dispersion of the 

TABLE 1- EFFECTS OF SALTS ON ROORKEE SOIL 

SALT 

Sodium silicate 

Sodium carbonate 

Sodium chloride 

Sodium sulphate 

Calcium chloride 

Calcium sulphate 

Calcium carbonate 

Calcium oxide 

SOIL 

Sodiunl soil 
Calcium soil 
Hydrogen soil 
Sodium soil + 2% 

sodium chloride 
Calcium soil + 2% 

calcium chloride 
Untreated soil 

% 0' SALT 
ADDED 

{

None 
0 · 5 
1·0 
2·0 
3·0 
4·0 

{ 

0·0· 
0 ' 5 
1·0 
2·0 
3 ·0 
4·0 
5·0 

{ 

0·5 
1·0 
2·0 
3·0 
4·0 

{ 

0·5 
1·0 
2·0 
3·0 
4·0 

{ 

0·5 
1 ·0 
2·0 
3·0 
4·0 

{ 

0·5 
1·0 
2·0 
3·0 
4·0 

{ 

0·5 
1·0 
2·0 
3 ·0 
4·0 

{ 

0·5 
1·0 
2 ' 0 
3 ·0 
' ·0 

L'QU,D 
LIMIT 

38 · 4 
23'3 
21·5 
21 ·0 
27·5 
88·8 

85 ·0 
26·2 
25·0 
30'4 
33·0 
3S ' 5 

34·6 
84 ' 1 
32·3 
83 ·2 
83 ' 4 

33·8 
31 ' 8 
32 · 6 
33 ·0 
33 ·0 

35 ·R 
36'3 
35·4 
35·0 
34'9 

35·6 
37 · 1 
36 ·9 
36 ·8 
36·7 

35·6 
36 ·8 
36 ·6 
36 ·6 
36 ' 8 

35·0 
34·9 
86 ·0 
34·9 
85'4 

PLASTIC 
LnUT 

18'4 
16 ' 1 
16 · 6 
16 ·8 
21 ·0 
24·2 

18·4 
16'4 
16 ' 7 
17·3 
17 ·9 
17 ·9 

18·4 
18·0 
18·0 
18 · 5 
18 ·5 

17·7 
17 ' 4 
17· 8 
17 · 3 
17'5 

18·9 
18·9 
18'2 
17 · 9 
18 ' 2 

18·5 
19·6 
19·6 
19·2 
18 ·9 

19 ' 0 
19 ·5 
20 ' 1 
20 · 3 
20'4 

18· 8 
19·8 
28 · 5 
24·8 
26 ·0 

PLASTIC 
INDKX 

20 ·0 
7 ·2 
6·0 
4·2 
6·6 
9·1 

16·6 
9·8 
9'3 

13·1 
15·1 
16 ' 6 

16 · 1 
16·1 
14 · 8 
14·7 
14 · 9 

16 ' 1 
14'4 
15·3 
16· 7 
15'6 

16·9 
17 ' 4 
17·2 
17 · 1 
16·7 

17'1 
17 ·5 
17 ' 4 
17 ·6 
17·8 

16·6 
17·8 
16'6 
16·8 
16'4 

16 · 2 
15·1 
11 ' 6 
10 · 1 
9'4 

• Untreated Roorkee soil. 

OPTIMUM 
MOISTURE 

18·8 
18 · 5 
14 · 5 
16'4 
20·0 
24·7 

15·0 
14 ·2 
14'4 
14 ·8 
14 ' 6 
14 ·8 

14 ·8 
14·2 
14 · 7 
16 ' 1 
15·2 

16·1 
14 · 8 
14·9 
14·9 
15 ·0 

14·9 
15 ·0 
14 ·9 
15·0 
15 · 1 

15 '4 
1. ·7 
15 ·4 
15 · 7 
15 ·6 

16·7 
14 ·9 
15 · 1 
15 ·0 
16 · 6 

16'1 
16·2 
17 · 5 
IS ' 8 
20 ·4 

OPTIMUM 
DENSITY 

121 ·0 
121·8 
119·8 
118 · 6 
104'6 
9S'7 

113'S 
118 ' 7 
117·8 
117·0 
117·6 
117·4 

117·0 
118·0 
117·2 
116·9 
116'7 

116 · 2 
116 ' S 
117·2 
117 · 2 
117·0 

117'4 
116·8 
117·2 
117·2 
116·9 

115·0 
114·2 
114'8 
114 ' 3 
114·5 

114·3 
116·1 
114'6 
113 · 7 
112 ' 4 

114 · 6 
114·1 
107 ' 5 
105 ·0 
102·0 

TABLE 11- EFFECT OF EXCHANGEABLE BASES ON ROORKEE SOIL 

LIQUID 
LIMIT 

29 ·0 
34'4 
85·' 
84 · 8 

85 · 8 

35·0 

PLASTIC 
LUfJT 

16·3 
18·0 
19 · 2 
16 ·9 

18·0 

18·4 

PLASTIC 
INDEX 

18 ' 7 
16'4 
16 ·2 
17·9 

16·4 

16'6 

OPTIMUM 
MOISTURE 

14·8 
16·0 
te'l 
14 ·6 

16·0 

15'9 

OPTIMUM 
DENSITY 

117 · 5 
116·8 
112 ·9 
117 ·8 

116· 7 

118'8 

% OF CLAY 
BY DIS

INTEGRATION-

26'5 
3·5 
4·2 

19·5 

2·25 

LINBA.. 
iHRIMICAoa 

12· 8 
4 ' 9 
8·0 
2'S 
'·2 
'·8 

11 · 6 
6·5 
6 ·0 
8·7 
9 ·4 
9'7 

10·8 
10 ' 5 
9·6 
9·7 
9 · 8 

9·2 
8 ' 6 
8 · 7 
8 · 7 
8·7 

12 ·6 
12'6 
12 ·6 
12'6 
12 ·6 

11·6 
12'1 
IHI 
12 ' 3 
12·' 

11·8 
11·2 
11·0 
11 · 0 
11'0 

11 ' 6 g., 
6·7 
;·5 
4·7 

% of CLAY 
( SHAKING 

16 IIIN. IN 
HORLICK'S 
SHAKER. ) 

28·5 
9 ·85 
9 ·0 

22·5 

4 ·75 

• The soil was allowed to remain in contact with water for 24 hr. and the percentage of clay was determined by the pipette method, 
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soil particles. When sodium carbonate and 
sodium silicate are added to a soil in small 
concentrations, they act as de flocculating 
agents and decrease the value of the liquid 
limit. In larger amounts they favour floc
culation and increase the value. Calcium 
salts coagulate the soil particles in suspen
sions and increase the value of the liquid 
limit. 

The plastic limit is controlled both by the 
exchangeable bases and salts present in the 
soil. Sodium salts depress the plastic limit 
to a greater extent than calcium salts. In 
general, sodium soils have a lower plastic 
limit than calcium and hydrogen soils. 
Addition of lime enhances the plastic limit 
to a significant degree. 

The linear shrinkage of soils is influenced 
by added salts in the same manner as the 
plasticity index. Addition of small quan
tities of sodium carbonate and sodium sili
cate causes the soil compacts to warp. 
Bricks made from Roorkee soil containing 
0·5 per cent added sodium carbonate develop 
cracks when dried in the sun. 

The density of compaction is not significant
ly affected by the addition of salts. Sodium 
silicate, lime and calcium carbonate lower 
the density when added in large amounts 
to the soils (TABLE II). The density of 
compaction of a soil is controlled by the 
thickness of the water film surrounding the 
clay particle. In the case of soils contain
ing exchangeable bases, in concentrations 
sufficient to saturate the soil, the thickness 
of the film around the clay particle is low 
and the density of the soil is high. Sodium 
and calcium soils have a higher density of 
compaction than untreated and hydrogen 
soils. 

The Atterbergs's limits and optimum 
moisture content of a soil are reported to 
increase when the density of soil falls'. Our 
results are not in accordance with this ob
servation. Addition of 2 per cent of sodium 

silicate decreases both the density and the 
liquid limit of the soil. Similarly, addition 
of lime decreases the density of the soil but 
has practically no effect on the liquid limit. 
The increase in the density of the soil is ac
companied by a decrease in the optimum 
moisture content. The relationship between 
the optimum moisture content and the opti
mum density is shown in Fig. 1. The 
influence of salts on the relation between 
liquid limit and plasticity index of Roorkee 
soil is represented in Fig. 2. 

The method of classifying soils on the 
basis of grain size distribution does not give a 
correct picture of the physical properties of 
different types of soils. Fine-grained soils 
having the sam~ particle size distribution 
can differ widely in physical properties. The 
limitations of textural classification of soils 
have been indicated by the work of Casa
granade&. The results reported (TABLES I 
and II ) indicate that the physical properties 
of a soil are influenced by the addition of 
salts. 
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Letters 

LOCATION OF UNDULATIONS IN 
THE Fs REGION OF THE 

IONOSPHERE 

IT HAS BEEN REPORTED IN A PREVIOUS COM
municationl that the abnormal or anomalous 
~ultiple reflections from the F2 region of the 
IOnosphere, observed by pulse transmissions 
~t . vertical incidence, appear to be very 
mtImately connected with the undulations 
in the ionosphere. As these undulations 
may. at times substantially affect the re
ceptIOn of radio signals, it would be useful 
to ~ollect the. detailed information regarding 
their formatIOn and other characteristics. 
Thes~ undulations generally occur in the 
evemng. hours and are associated with rapid 
fluctuatIOns and general increase in the 
~ntensity of the reflected pulses from the 
IOnosphere. It should be mentioned that 
these undulations may be fairly extended in 
space as their effects have often been ob
served in our fading records for transmissions 
from Delhi and at the same time they were 
found to be present in the pulse observations 
at vertical inc~dence at Banaras. They may, 
however, at times be localized in the ionos
phere and their duration of existence may 
vary from several minutes to a few hours. 
The present communication is intended to 
show the effects of these undulations on the 
~ariations of intensity of short-wave radio 
signals received at oblique incidence and to 
find their possible positions in the ionosphere. 

For the above purpose, the observations of 
fading of received signals from three different 
transmitting stations, viz. Delhi Calcutta and 
Karachi, on 31-metre band ~ere recorded 
at the same time. For the sake of conve
nience the various stations with lines of 
sho~test distances between the transmitting 
statIons and the receiving centre at Banaras 
are shown in Fig. 1. The dots on these lines 
~ndi~ate the approx~mate positions of the pro
JectIOns of the pomts of reflections in the 
ionosphere for singly and doubly reflected 
rays.. Th~y are represented by D l , D2, Da, 
etc., m which the letters indicate the names of 
transmitting stations and suffixes 1, 2 and 3 
represent the points of single reflection, the 
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FIG. 1 - THE LINES OF SHORTEST DISTANCES 
BETWEEN THE TRANSMITTING STATIONS AND THE 

RECEIVING STATION AT BANARAS. 

first and second points of double reflection 
respectively. The two circles around the 
receiving station at Banaras are drawn to 
show the equidistant points of reflection 
from the receiving centre. 

Figs. 2 and 3 represent the fading patterns 
obtained for the receptions from Calcutta 
and Karachi respectively. It will be ob
served that these patterns indicate slow 
ra.ndo~ variations of intensity superimposed 
With npples caused by double reflection as
sociated with the vertical movement of the 
layer, as observed by Banerjee and his col
laborators2,a. The possibility of double re
flection is corroborated by the reception of 
signals from Delhi on 25 and 19-metre bands 

> 
= fI) 
Z 
1M ... 
Z 

o 
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FIG. 2 - FADING PATTERN FOR THE RECEPTIONS 
FROM CALCUTTA. 
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FIG. 3 - F .\I)[:-.lG !,ATTERN FOR TilE RECEPTIONS 
FIlUM KARACHI. 

as the average electron densities required for 
double reflection from Delhi on 31-mctre 
band and for single reflection on 19-metrc 
band arc 0'82 X 106 electrons/c.c. and 
I' 50 X 10ft electrons/c.c. rcspectively. The 
typcs of fading, as shown in Figs. 2 and 3, are 
thc normal patterns obtained on such occa
s~ons ~hcn the int('J1sity of singly reflccted 
sIgnal IS much greater than the doubly reflect
ed one. Fig. 4 shows the effect of anomalous 
variations of such reflectecl waves on 
the fading patterns obtained for trans
missions from Delhi. It would be seen that 
the an?plitudes of thc ripplcs havc very 
much IIIcreased due to the increase of in
tensity.of do.ubly reflectcd wavc comparcd 
to the lI1tcnslty of singly reflectcd onc. it 
should be mcntioned, however, that prior to 
the appearance of thc undulations, the fading 
pattern for the above transmission from 
Delhi on 31-lIlctre band was of the normal 
type as represented in Figs. 2 and 3. The 
absel!ce of undulations in the fading patterns 
for Calcutta and Karachi shown in Figs. 2 
allli 3 and their prcsence in the reception of 
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FIG. 4 - EI'FECT 01' ANOMALOUS VARIATIONS OF 
HEFLECTEV WAVES ON FANIi. 

signa!s from Del!l~ suggest the possibility of 
locatmg the posItIOns of the undulations in 
t~lC iOI~osphere. From preliminary considera
tions It can be shown that thcy are not 
present in the west and south-east direc
tions from Banaras. From the amplitudes 
of the ripplcs and avcrage intcnsity of tlte 
:eceived s~gnal from Delhi shown in Fig. 4, 
It can be lI1ferred that the anomalous varia
tions in th? fading pattern are due to doubly 
reflected sIgnals from Delhi. Thus thc un
dulations may bc at the points in the ion os
phe~e ov~r ,D2 or D3 shown in Fig. 1. The 
vertIcal lI1cIdence pulse transmissions over 
Banaras at thc time of thc abovc observations 
and on the same frequency band showed the 
abscnce of undulations. This indicates that 
the undulations n1ay be situated ovcr D2 and 
not ~)Ver Da (FIG. 1), and thus it may bc 
possIble to locate the position of thc undula
tions in the ionosphere. Furthcr work in 
this dircction is in progress and the results of 
dctailed investigations will bc published 
shortly in this journal. 

The authors are thankful to the Council 
of Scicntitic & Industrial Research for the 
sanction of a grant for carrying out the above 
invcstigations. Their thanks arc also due 
to thc Rcsearch Departmcnt of All India 
Radio for their continued co-operation 
during the progress of the work. 
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STUDIES IN THE SYNTHESIS OF 
QUINOLYL-TRICHLORO-ETHANES 

]1\ VIEW OF THE ANTI-TUDEI{ClILAI\ ACTIVITY 

of I, 1, 1 ,-trichloro-2, 2,-bis-( p-aminophcnvl)
ethane l and also in consideration of "the 
bactericidal propertics of 8-oxyquinoline, it 
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was thought of interest to synthesize and 
study the physiological activity of quinolyl
trichloro-ethanes in which the lipid solu
bilizing trichloro-ethyl group is attached to 
8-oxyquinoline. 

As a result of the present investigations, 
I, 1, 1,-trichloro-2, 2,-bis-( 8-oxy-x-quinolyl )
ethane, C20H1302N2CI3' colourless prismatic 
rods, m.p. 240°C. (decomp.) has been syn
thesized by condensing chloral hydrate with 
8-oxyquinoline in the presence of concen
trated sulphuric acid. The intermediate 
mono-condensation product, 1, 1, 1,-trichloro-
2- hydroxy - 2 - (8-oxy- x- quinolyl) - ethane, 
Cll Hs0 2NCl3, colourless plates, m.p. 130°C., as 
well as 8-oxyquinoline-5-sulphonic acid, light
yellow needles, m.p. 320°C., have also been 
obtained from the reaction mixture. Further 
work in this line is in progress. 

K. K. CHAl\RAVAHTI 

National Chemical Laboratory of Illdia 
Poolla 
September 14, 1950 

REFElIENCE 
1. KIiIKWOOJ) & PHILLIPS: ].A.C.S., 1947,69,934. 

holic extract of the bark of B. aristata, 
Chakravarti, Dhar and Siddiqui! reported 
the isolation of three alkaloidal chlorides 
melting at 220°C. ( decomp.), 204°C. ( decomp.) 
and 165°C. (decomp.) respectively. Thechlo
ride, m.p. 220°C. (decomp.), was shown to be 
identical with berberine chloride; from the 
mother liquors of the initial crystallizate, 
berberine and palma tine were isolated through 
their respective chloride and iodide. 

A further study of the naturally occurring 
salt, m.p. 204°C. (decomp.), mentioned above, 
through the preparation, analyses and com
parison of melting points and mixed melting 
points of its various salts, has established 
its identity with palmatine chloride. On 
catalytic reduction the chloride yields tetra
hydro-anhydro-palmatine ( m.p. 147°C.), 
identical with that obtained from an authen
tic sample. 

The chloride melting at 165°C. (decomp.) 
on reduction gave a mixture of tetrahydro
an hydro-berberine and tetrahydro-anhydro
palmatine and is a mixture of palmatine and 
berberine chlorides. 

K. K. CHAKHAVARTI 

;Vatiollal Chemical Laboratory of India 
ALKALOIDAL CONSTITUENTS OF Poolla 

THE BARK OF BERBERIS ARIST AT A September 14, 1950 
(RASSAUT) 

NEFER£NCE 
As A RESULT OF FHACTIONATION OF THE 1. CHAKRAVARTI, OllAR & SWlJIQ U I : }. sci. illdust". 
initial crystallizate obtained from the a1co- Res., 1950, 9B, 161 ; 9A, 302. 
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