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NEW EDWARDS 
TWO-STAGE LABORATORY PUMP 

SPEEDIVAC 2820 

SPECIFICATION 

Ultimate vacuum (McLeod gauge) - 0 -0001 
mm . Hg . 

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

Displacement at normal speed - 0 '8 cu . ft 
min . or 22 litres/ m in. 

O il charee - I p int or 600 ml. approx , 

Horse-power of motor-I ,8-1 / 4 

• Light allo ys and mode r n design minimize weight and dimensions . 

• High pumping speeds at low pressures . 

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

• New valve design gives quiet operation. 

• Specially designed moisture trap accommodating various fittings, and pum;> 
plate with bell jar , etc., for demountable connection to pump spout . 

• Oil trap available directly connected to pump. 

• Demountable vacuum connections fo r rubber or metal piping, glass or metal 
cone joints . 

• Finished in attract ive, easily cleaned, durable stove enamel. 

SOLE AGENTS 

THE SCIENTIFIC INSTRUMENT CO. LTD. 
240 HORNBY ROAD 6 'tEJ BAH,AdUR SAPRU ROAD 30 MOUNT ROAD 

BOMBAY I : •••• ALt.AIrtA6AD I MADRAS 2 
29 REG~;s;"'i~DIf1i;$o :.: :'.: II ESPLANADE EAST 

NEW.:DEL~ .. " .. , • • CALCUTTA 
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Bengal Chemical & Pharmaceutical Works Ld. 
~-.... -The largest Chemical Works in India--_ 

Manufacturers of Pharmaceutical Drugs, Indigenous Medicines, Perfumery, Toilet 
and Medicinal Soaps, Surgical Dressings, Sera and Vaccines, 
Disinfectants, Tar Products, Road Dressing Meterials, etc. 
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Ether, Chloroform, Mineral Acids, Ammonia, Alum, Ferro-Alum, 
Aluminium Sulphate, Sulphate of Magnesium, Ferri Sulph., 
Potassium Permanganate, Caffeine and various other Pharma­
ceutical and Research Chemicals. 

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

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

Fire Extinguishers, Printing Inks, etc. 

Office 94 CHITTARANJAN AVENUE, CALCUTTA 

Factories CALC UTT A 

Manufacturers of 
SCIENTIFIC APPARATUS, 

VIALS, TEST-TUBES, 
NEUTRAL GLASS, AMPOULES, 

ETC., ETC. 

• 
For further particulars, write to : 

BOMBAY SCIENTIFIC 
GLASS WORKS 

ARAB HOUSE, KHETWADI IlTH LANE 

BO HBAY 4 

BOMBAY KANPUR 

~~-""~T 

! for HOSPITAL '" 

~ LABORATORY 

~ EQU IPMENT 

\ . 
!~ FLi£~it£t~lYs. !~ 

COLLEGES & 
RESEARCH 

! INS TIT UTI 0 N S ~. 

please consult ~ I U~~~! :~~!~~M~~N~~~TE l; 
\ BOMBAY 2 

~ Phone: 18465 
~ Gram.: .. PETROLIUM .. ~ 

,~-.--~ 



THE PERfECT ANSWER TO A SCIENTIST'S PRAYER 

METTLER* BALANCES 
ANALYTICAL. SEMI-MICRO. MICRO 

ANAL YTICAL BALANCE E 5 
READING TO 0·0001 g. 

Manufaccured by : 

E. METTLER, ZURICH 
SWITZERLAND 

THREE MODELS : 

E5 : Capacity 200 g. 
reading to 0'00001 g . 

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

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

With the following sensational features: 

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

• Large optical scale, range 0- 115 mg. 

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

• Single dial registfilring the weight 

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

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

• Personal error reduced to a minimum 

o f1 81.6 • 

E 5 READING: 123-7306 g. 

• Sapphire bearings: harder than agate 

• Perfect damping 

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

• Prices fairly competitive with normal type balances 

• Ask for demonstration - No obligations 

SOLE AGENTS 

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

FOR T, B 0 MBA Y 

Telephone: 27304 (2 lines) Telegrams: TECH LAB 

• These very balances are sold in U.S.A. by Fisher & Co. under the name Gram-matic . 
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Safe & Dependable 

INdECTABLES 
A wide range of parenteral preparations for meeting the growing requirements 

of the medical profession are processed in our laboratories. They are made from 
standard chemicals employing double distilled and PYROGEN FREE water. Their 
containers (ampoules) undergo rigid neutrality tests before they are selected for use. 
These injectables are. therefore. guaranteed to be absolutely safe and dependable. 

The follOWing are but a few of our well-known injectables : 

• RETICULIN - A potent Extract or liver 
• HEXOPURIN - An Urinary Antiseptic 
• CALCITOL -Injectable Calcium Gluconate 
• BEVITAMIN - Injectable Vitamin BI 
• CEVITAMIN -Injectable Vitamin C 
• GLUCOSE SOLN. - Injectable Pure Dextrose 

THE MYSORE INDUSTRIAL & TESTING LABORATORY, LTD. 
HALLESWARAH P.O •• BANGALORE J 

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

~ ~ i ACADEMIC POSITIONS OPEN ! , , , , 
! I. RESEARCH CORPORATION FELLOWSHIP, equivalent ! 
~ of $125 per mensem for one year, available to Organic ~ , , 
~ Chemist of doctorate level. ~ , , , , ! 2. FIESER FELLOWSHIP IN ORGANIC CHEMISTRY, equi- ; 
, valent of Rs. 150 per mensem for one year, available to , 
~ , 
• Chemist of Master's research level. , , , , , 
~ The fellowships are tenable at the Chemical Laboratories ~ , , 
~ of the Presidency College, Madras, for work with Dr. S. ~ 

~ I d ' • Rajagopalan on natural Steroids ea ing to the Synthesis of , 
~ , 
, Cortisone. Please write to Dr. Rajagopalan giving a resume of ~ 

: background, previous experience in Natural Products and ~ 
~ , 
, Synthetic Organic Chemistry, publications, and probable date ~ 

: of joining. ~ , , , , •.•....... ~~ ..•........ ~~ .... ~ .. ~~ ..... ~ ... ~~~ ...• 

I 
I VIBRATING BAR 

L ____ .. _. ___ . ____ _ ELECTRICALLY MAINTAINED 

NEW DESIGN ON CAST IRON BASE WITH SELF-ALIGNING VICE AND 
STAINLESS STEEL BAR 

FREQUENCY ADJUSTABLE BY VARYING LENGTH 

RANGE: 50-100 PER SECOND. WORKING VOLTAGE:" VOLTS 

Manufactured by 

THE STANDARD SCIENTIFIC INSTRUMENTS Co. 
MYLAPORE. MADRAS 4 
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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: 
P rices 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 En,lneer­
ing, Klrkee 
H.Q. Engineering Laboratory 
( Soils), Klrkee 
Medical College, Ahmedabad 
Pharmacy College, Ahmeda­
bad 
Sarabhal 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 Institute, 
Jealgora, Dhanbad 

GANSONS Ltd. OHice - DADAII. P.O. B 5576. 

BOMBAY 

Work. - LALBAUG, BOMBAY 

FARMING 
THE JOURNAL OF 

AGRICULTURAL PROGRESS 

* 
. Britain's leading technical monthly 

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

SINGLE COPIES, MONTHLY 1/6d 
ANNUAL SUBSCRIPTION 19/- post free 

A 8 

." 

From any bookseller, or direct from: 

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 from : 

JARROLD & SONS LTD. 
COWGATE, NORWICH 

ENGLAND 



~~~~~,~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ ~ 
Our Reliable & Prompt Service \ 

A BOON TO THE INDUSTRIES 

DIRECT IMPORTERS & STOCKISTS 

OF LABORATORY REQUISITES OF 

EVERY DESCRIPTION FROM "A" TO "z" 
INC L U 0 I N G C HEM I CAL S. ETC. 

Full particulars from: 

1 
51-53 NEW HANUMAN LANE 

-----------~~---~~~~~:-~-------~--~ 
~++++++++++++++++.+++++++-++++++++++++++++++++++ 

: 
+ + 
t 
+ + 

i • 
t 
+ t • : 
+ 

"BOROSIL" 
AMBER NEUTRAL VACCINE BULBS 

ALL CAPACITIES • MACHINE MADE 

Can be had from: 

BOROSIL GLASS WORKS 

• 
t PROPRIETORS: 

+ 

: CHOTANI ESTATES, PROCTOR ROAD 

t INDUSTRIAL & ENGINEERING APPARATUS Co. Ltd. ! 
! BOMBAY 7 

i...+++++++++++++.+++++++-++++++++.++++++++++++++i 
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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 CHITTARANJAN AVENUE 
CALCUTTA 12 

BHARUCHA BUILDING 
PRINCESS STREET, BOMBAY 2 

F
···························+++·-.++++~ 

Scientific Instruments t 
• 

LABORATORY GLASSWARE : 
• • SILICAWARE & PORCELAINWARE 

PLATINUMWARE 
HYDROMETERS & THERMOMETERS 
CINTERED GLASS FUNNELS & 

CRUCIBLES 
FILTER PAPER, CHEMICALS, ETC. 

• t 
Available from: ! 

ZILL & co. 
128 PRINCESS STREET 
B 0 MBA Y 2 ( India) 

I 
t • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • -.+...\. 
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Sole Agents for 

INDIA 
BURMA & 
CEYLON 

for laboratory and 
small-scale .production 

a mechanically operated pestle and mortar serves a useful 
purpose . The Pascali End Runner Mill is ideal for grinding 
and mixing dry or wet material . Fitted with 10' dia. 
porcelain mortar and hinged pestle that can be swung 
clear of the mortar. Available either motorized or with 
pulleys for drive from an existing line shaft. 

PASCALL 
END RUNNER MILL 

GIDVANI & CO. 
PEOPLE'S BUILDING 

SIR PHEROZESHAH MEHTA ROAD, FORT, BOMBAY 

B.D.H. More than one hundred specially prepared 
reagents and materials for microscopical work 
are supplied by B.D.H. as well as B.D.H. 
stains and B.D.H. staining solutions. 

MATERIALS 
for 

MICROSCOPY 

All are prepared and tested by experts. 
The experienced microscopist knows that 
no other materials will give him better 
results. 
The free booklet 'B.D.H. Standard Stains' 
includes notes on recommended methods of 
staining and lists of B.D.H. Microscopical 
Stains, Staining Solutions, and Materials for 
Microscopical Work. 

THE B R I TIS H D RUG H 0 USE S LTD. 
B.D.H. LABORATORY CHEMICALS GROUP 

POOLE ENGLAND 

BRITISH DRUG HOUSES (INDIA) LTD. 
P.O. BOX 1341 BOMBAY P.O. BOX 9014 CALCUTTA 

All 



THE 'AVO' E LEe T RON leT EST MET E R 

Sl ~ 

An instrument of laboratory sens itiv ity for usc in conjunct io n w ith 
electronic and other apparatus where it is imperative that the inurument 
sho uld present a negligible loading factor upon the circuit under tCtt. 
Consists basically of a balanced bridge va lve volt meter ;and incorporuc, 
many unique features and a w ide set of ranges . As simple to use as a 
normal multi range test meter . The thermionic circu it ,ives del icate 
calvanometer sensitivity to a robust moving·coil movement wh ic h it i . 
almost impossib le to damage by ove rload . 

~ ____ ~~~G~o ~~~£~~ ____ ~ 

The instrument is Quickly set up for any of the various t e sts to be under. 
taken , a si ng le range selector switch automat ica ll y removi nc from the 
circu it any voltages and controls wh ich are not required for the tett in 
quest ion. 

r?~ 
ELECTRICAL 

TESTING 
INSTRUMENTS 

D .C . Volu: 2'5 mY. to 250 V. (I npu t Ru isunce 11 '0 
mecohms.) 25 mY. to 10,000 V. (Input Resistance 110'0 
mecohms) 
D .C . Current : 0'25 pA. to I amp. ( 250 mY. drop on all 
ranges) 
A .C . Volts : a·' V. to 2.500 V.R .M.S. up to I Me 's . With 
d iode probe external 0 ' 1 V. to 250 V.R.M.S. Useful mea· 
suremenu can be made up to 200 Me /s. , the applied voltage 
be ing limited to 100 V. above 50 He /s. 
A .C . Output Power : 5 mW. to 5 watts in six d iffere nt 
load resistances (rom 5 to 5,000 ohms 
Decibels : 10 Db. to + 20 Db . 
Capacitance : '0001 p F. to 50 pF. 
Resistance : 0 '2 ohm to 10 megohms 
Insulation: 0 ' 1 megohms to 1.000 megohms 

The instrument operates on A.C. mains supply , 190-250 Volts , 5c!s . 
• ----------OTHER • AVO' INSTRUMENTS----------. , , 
, Model 7 Universal AvoMeter • Avo ' Electronic Test Unit , 
, Model 4(; Un iversal Avo Meter • Avo' Valve Characteristic Met er , 

~ Hi.h Sensiti vity AvoMeter • Avo ' Si.nal Generator ~ 
, Heavy Duty AvoMeter • Ava' Un iversal Brid.. , 
~ D .C · Ir Universal A voMino rs • Avo' Li.ht Meter. etc .. etc . ~ 

................... ~ ............................... - ... #### ... ###### ......... ## ... # ...... ### ... . 

FACTORY REPRESENTATIVES : 

EASTERN ELECTRIC & ENGINEERING co. 
Telephone : 

109)7 (J lines) 

ESTABLISHED 1909 Tele,ram : 

117, Mahatm;a Gandh i ROild, Post Box 459 , fort, Bombay I .. EASLEKTRIIK .. 

AGENTS : 

THE CHICAGO TELEPHONE & RADIO CO . LTD. 
25 Chowringhee 

Post Box 2589 
CALCUTTA 

Phone : Bank 1953 
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<48 Hazratganj 
Post Box -46 
LUCKNOW 
Phone : 860 

196 Mount Road 
POst Bag 5238 
MAORAS 1 

Phone : 8-4 ]57 

TELEGRAMS : .. CHIPHONE " ALL OFFICES 

68 Queensway 
POSt Box <47 
NEW DELHI 
Phone : 717' 



M&B laboratory 
cheHlicals 

Manufactured to specifications 

selected to gi"e the widest possible 

fields of application in analytical 

and synthetic work, the range 

of M&B Laboratory Chemicals is 

particularly suited to the everyday 

requirements of laboratory practice. 

A list of stockists will be sent on request 

Made in England by 

MAY & BAKER LTD DAGEN HAM 
Distributed by MAY &: BAKER (INDIA) LTD. 

BOMBAY • CALCUTTA a MADRAS • LUCKNOW 

1813 
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THE ~ SCHLESINCER 
~ MACHINABILITY TESTER 

THE MOST IMPORTANT PRODUCTION 

A PRACTICAL 

WORKSHOP 

INSTRUMENT 

MEASURES MACHINABILITY 

ESTABLISHES A MACHINABIUTY 

STANDARD OF IMMEDIATE AND 

SIMPLE APPLICATION 

ENGINEERING DEVELOPMENT IN A GENERATION~"~~~"'iIi.J~"._iIIIiIi 
Branches: 

Cox Street, COIMBATORE ;26 Er r.balu Chetty Street, G.T., MAD RAS; 
P.O. Box 168, NEW D ELHI 

SISTA'S-G . 75. 

JOURNAL OF SCIENTIFIC & 

INDUSTRIAL RESEARCH 

BACK ISSUES WANTED 

Vol. (Complete) 

Vol . II ( Do ) 

Vol . III ( Do ) 

• 
Apply to : 

THE EDITOR 
JOURNAL OF SCIENTIFIC & 

INDUSTRIAL RESEARCH 
NATIONAL PHYSICAL LABORATORY 
HILLSIDE ROAD 
NEW DELHI 5 
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: LONDEX" f · , , . 
, TIMERS • 

t RELAY CONTACTORS ~ 
t PHOTOELECTRIC EQUIPMENT t 
t LIQUID LEVEL CONTROL t 
~ ~ 
" for " , , t LABORATORIES, INDUSTRIES, ~ 

, ETC., ETC. • 

t t , \ , . 
, Sole Agents : , · , :MURRAY & CO. t 
t SWADESHI MILLS ESTATE : 
, NEW QUEENS ROAD • 

• BOMBAY 4 • , , 
• • • ~~~~~#~~~~~#~~~~~~.~. 



POLARIMETER 
IDEAL FOR CHEMISTS - RESEARCH & INDUSTRIAL 

LABORATORIES 

Fitted with lippich 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 polimeter. 

The circular head attached near to the analysing 
Nicol and a Vernier movable with this enables 
reading of the optical rotation accurate to 0·1 deg­
ree . A 200 mm. tube forthecontainerofthesolu ­
tion under study for its optical activity is supplied 
with the inst rument. Mounted upon asuitable base. 

FOR FURTHER 
INFORMATION 

PLEASE 
WRITE 

THE ANDHRA SCIENTIFIC Co. Ltd. 
Head Office 

TO US. 
& 

Factory 

MASULIPATAM 

Safes Warehouse 
& 

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

MADRAS 2 

Branches 
BOMBAY 

CUTTACK 
HYDERABAD 

VIZAGAPATAM 
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COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH 

Applications are invited for the post of Director, Central Leather Research 
Institute, Madras (India) . 

SCALE OF PAY: Rs . 2,000·100.2,500 

QUALIFICATIONS: 

(a) Doctorate in Leather Technology with wide experience of research in 
Leather Technology. 

( b) . The candidate must have wide experience in organization and administra· 
tion and should also possess capacity to initiate, conduct and direct 
research in leather and abili ty to integrate the research of different 
groups of scientists engaged on various aspects of leather. 

Applications with copies of testimonials and published papers should reach 
the undersigned by the 30th Dacember 1950. 

THE SECRETARY 
COUNCIL OF SCIENTIFIC" INDUSTRIAL RESEARCH 
'P' BLOCK, RAISI NA ROAD 
NEW DELHI 

NATIONAL REGISTER OF 
SCIENTIFIC & TECHNICAL PERSONNEL IN INDIA 

The Council of Scientific & Industrial Research has pleasure 
in announcing the publication of Vol. I, Part I of the NATIONAL 
REGISTER OF SCIENTIFIC & TECHNICAL PERSONNEL IN INDIA. 
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No. of pages 392 Price Rs. II 

Now Ready 

Vol. 11- MEDICAL PERSONNEL, Part I 

For copies and particulars, please write to : 

THE CHIEF EDITOR 
DICTIONARY OF ECONOMIC PRODUCTS " 

INDUSTRIAL RESOURCES OF INDIA 
20 PUSA ROAD, KAROL BAGH 
NEW DELHI 
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Power Resources of 
India & Their Development 

THE energy resources of India, accord­
ing to the assessment of the Indian 
National Committee, are limited to 
coal and water power; natural gaseous 

fuels are non-existent and liquid fuel 
resources are negligible . The extent of the 
energy resources of India and the problems 
of their development have been discussed in 
two important papers* submitted to the 
Fourth World Power Conference recently 
held in London. It may be pointed out in 
this context that a survey of the power 
resources of different countries in the world 
reveals that there are but few countries which 
have truly large supplies of natural energy 
in the form of either fuel (coal and oil) or 
of water power; the natural resources of 
energy are unevenly distributed throughout 
the world . From the available data relating 
to India's resources, and the attention that 
is being paid to their conservation and 
planned developmen t , India's posi tion appears 
to be fairly satisfactory and there is justi­
fication for the hope that adequate power 
would be available to meet all the needs of 
future industrial expansion . 

Hydro-electric Power 

"It has been estimated that India's 
ultimate water-power potential may amount 
to about 25 X 106 kW. A systematic and 
comprehensive survey of the water-power 
potential of India has not yet been under­
taken, since the cost of such a survey would 

* A n A ssessment of Eney{{y Resources and a 
Record of Their Development in India, by the Indian 
National Committee, Paper No. 12. Section A, 
Fourth World Power Conference, London, 1950. 

The Fuel Silltation in I ndia, by Dr. J. W. 
Whitaker, Paper No .5, Section HI. Fourth World 
Power Conference, London, 1950. 

be out of proportion to its practical value. 
Nevertheless, many preliminary hydro-elec­
tric surveys have been undertaken, and the 
probable continuous capacity of water-power 
sites has been ascertained. The total poten­
tial continuous capacity of such sites investi­
gated amounts to 8·5 X 106 kW., of which 
only about 0·5 X 106 kW. has so far been 
developed. Since World War II , both 
Central and State governments have evinced 
considerable interest in the large-scale 
development of hydro-electric resources and 
it is evident that they intend to exploit them 
to the fullest extent of their financial capacity. 
It is anticipated that projects likely to be 
implemented within the next ten years will 
probably total over 2·5 X 106 kW. With 
the notable exception of the Tata Company, 
which still operates the biggest hydro-electric 
system in India, the State has already taken 
up the development of several major hydro­
electric schemes. This is in marked con­
trast to steam-power generation; which is 
mostly in the hands of private enterprise 
but is limited in its scope to urban areas. 
The present policy of the Government aims 
at a large-scale electrification of rural areas 
from major hydro-electric power services 
interlinked by provincial grid schemes, with 
the result that responsibility for the genera­
tion and transmission of power may even­
tually pass largely into the hands of the 
State. 

The Development of Coal R esources 

" The reserves of good coking coal in the 
country may not exceed 700 X 106 to 750 X 106 

tons, and at the present rate of output these 
resources would be exhausted in about 65 
years. Workable coal resources in the 
Indian Union may be estimated at approxi-
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mately 15,000 x 106 tOilS, but this estimate 
must be considered conservative, as pros­
pecting in many parts, notably in Central 
India and Central Provinces, is still only in 
its infancy. The resources in the Karanpur 
field, even after allowing for a very large 
portion which is still only partially proved, 
are undoubtedly much larger than had ever 
been anticipated. It is believed, however, 
that there is no reason for anxiety over the re­
sources of good quality non-coking coals, both 
high and low volatile, or of low-grade coals. 

"The present output of coal is about 
30 X 106 tons. There is no doubt that in 
the future, with the industrialization of the 
country, the consumption of coal will increase. 
The largest proportion of the coal raised is 
consumed by the railways. In the near 
future the railway consumption of coal is 
not likely to fall, but it is hoped that the 
type of coal utilized will be largely, if not 
entirely, non-coking, The public utility power 
stations use only a small percentage, but the 
direct consumption in industrial installations 
is quite substantial. Industrial works such 
as mills, factories and engineering works 
will, no doubt, increase, and their consump­
tion of coal will grow correspondingly, while 
the amount required for electricity genera­
tion will similarly 'increase, especially in or 
near the coalfields. Bunker and export coal 
figures will also show an upper trend. 

" The railways have made, and are making, 
efforts to increase their fuel efficiency and 
economy, and are investigating the pos­
sibilities of the powdered-coal gas-turbine 
locomotive. The climatic conditions in India 
are somewhat adverse and the coals them­
selves with their high ash content will be 
difficult to employ for this purpose unless 
suitable filters or separating cyclones capable 
of operating at high temperatures can be 
devised. Nevertheless, the problems are 
being attacked, as success will mean a 
reduction of coal consumption of about 
50 per cent - a saving of Rs. 7 or 8 crores 
per annum. 

" In connection with powdered coal, many 
of the high ash coals of India can well be 
burned in this form at thermal electricity 
generating stations. The efficiency of such 
boiler plant is now very high, even when the 
ash content is as much as 50 per cent. This 
manner of utilization is a possible outlet not 
only for medium and lower-grade coals 
(whether coking or not), but also for the 
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coal-washery refuse which has a high content 
of combustible matter. 

" India's production of oil is only 6 per cent 
of her requirements, and in 1948 India 
imported about 589 X 106 Imperial gallons of 
mineral oils valued at 30 crores of rupees. 
In view of this position, attention has been 
given to the production of motor spirit and 
other fuels from coal by low-temperature 
carbonization and also by Fischer-Tropsch 
synthesis. The estimated coal consumption 
for making synthetic petrol in 1952 is nearly 
2'25 X 106 tons; the consumption would 
eventually rise to about 3'25 X 106 tons." 

Considerable attention has been recently 
devoted to the conservation of the limited 
resources of high-grade metallurgical coal 
and the more extensive utilization of non­
coking coals. The Fuel Research Committee 
of the Council of Scientific & Industrial 
Research has initiated and sponsored many 
schemes of research bearing on beneficiation 
and utilization oflow-grade coals. Indeed, the 
utilization of low-grade coals has now become 
a world problem. During the recent World 
Power Conference this subject came up for 
discussion. There is evidence that in many 
countries high-grade coal seams have been 
largely worked out and the quality of 
mined coal is falling from year to year. 
Mechanization has also contributed to the 
production of rather inferior grades of coal. 
More attention is, therefore, being diverted 
to the development of efficient methods of 
treating and using coal in the major coal­
producing countries of the world. The work 
of the Fuel Research Committee, particularly 
on the washability and blending of coals, has 
yielded results of great practical value. The 
work on washability of coals has shown that 
many of the seams hitherto considered useless 
for coking are amenable to improvement by 
washing and are capable of yielding fractions 
quite suitable for coke manufacture. Thework 
on coal blending has extended still further the 
possibilities of using coals hitherto considered 
unserviceable for coke manufacture. The 
Committee has undertaken other problems of 
research of far-reaching significance, among 
them the desulphurization of Tertiary Assam 
coals, coal blending and coking. 

" In the matter of the development of coal 
resources, the Government of India fully 
appreciate the national importance of this 
problem. They have recently taken on 
hand the work of rationalizing the industry, 
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and they are also taking steps to conserve 
the limited resources of high-grade metallur­
gical coal. Among the possible lines of 
approach now under consideration, mention 
may be made of the following : 

(a) The enforcement of a programme for 
raising different grades of coal in relation to 
national requirements. 

(b) The electrification of major collieries 
with a view to mechanizing the various 
coal-raising operations. 

(c) The installation of large central power 
stations in order to achieve greater fuel 
efficiencies, and the consequent closing down 
of a large number of small industrial power 
plants. 

(d) The large-scale electrification of rail­
ways which will minimize the inefficient 
burning of coal in locomotives. 

(e) A restriction on the direct burning of 
high-grade coal so as to conserve supplies for 
metallurgical purposes." 

Board of Scientific & Industrial Research 
Twenty-fifth Meeting, New Delhi 

T HE twenty-fifth meeting of the Board 
of Scientific & Industrial Research 
was held in New Delhi on September 
25, 1950. The meeting of the Govern­

ing Body of the Council was held on Sep­
tember 26. The Hon'ble Pandit ]awahar­
lal Nehru presided. 

The following eight new schemes of 
research were sanctioned by the Governing 
Body on the recommendation of the Board: 

1. Reaction kinetics of the vapour-phase 
thermal decomposition of mercury and zinc 
dimethyls: DR. LOVRDU M. YEDDANAPALLI, 
i'vl adras. 

2. Anti-bacterial and anti-fungal com­
pounds from naphthalene: SRI M. L. 
KHORAKA, Bombay. 

3. Production and properties of low carbon 
alloy steels containing manganese: DR. 
SCHRADER, Jamshedpur. 

4. Production of aluminium metal by 
the electrolysis of molten anhydrous alumin­
ium chloride: DR. E. G. RAMACHANDRA!\, 
Bal/galore. 

5. Pilot-plant investigation on the produc­
tion of power alcohol from bagasse: DR. 
N. R. KULOOR, Delhi. 

6. Absorption of microwaves in the 3 cm. 
region : DR. KRISH!\A]I, Allahabad. 

7. Investigations on R.C. coupled F.M. 
oscillator: DR. H . RAKSHIT, Calcutta. 

S. Recording and analysis of the reflection 
of electromagnetic waves from the ionos­
phere: DR. K. R. RAMA:\ATHA:\, Ahmedabad. 

The Governing Body of the Council of 
Scientific & Industrial Research recognized 
the untiring efforts of its Director, Dr. 
Shanti Swarup Bhatnagar, in bringing into 
being the National Laboratories in the 
face of such difficulties, and recorded a reso­
lution appreciating his services in the cause 
of scientific advancement in the country. 

The Council of Scientific & Industrial 
Research decided to call a conference of 
the Directors of the National Laboratories 
and the members of the Planning Commis­
sion to prepare a list of essential articles 
which are not produced in India and which 
would not be available in case of emergency, 
and to devise ways and means of producing 
these articles. The Directors of the National 
Laboratories were requested to get into touch 
with industries for drawing up a list of 
problems to be investigated and for assigning 
priorities. 

The manufacture of synthetic petrol from 
raw materials available in the country was 
considered an important project demanding 
immediate attention. The Council recom­
mended to the Planning Commission to give 
immediate consideration to the report of the 
Committee appointed by the Council to go 
into this question and to give the project the 
highest priority in national planning. The 
Committee, consisting of Mr. ]. R. D. Tata, 
Mr. G. D. Birla, Seth Kasturbhai Lalbhai, 
Lala Shri Ram, Dr. S. S. Bhatnagar, Dr. 
J. C. Ghosh and Dr. D. N. Wadia, was 
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requested to examine the question of im­
porting crude oil and refining it in India 
and to submit their report by the end of this 
year. 

The Council of Scientific & Industrial 
Research decided to investigate the 
possibility of exploiting gypsum, copper 
pyrites and other resources for the produc­
tion of sulphur and sulphuric acid. In the 
absence of naturally occurring deposits of 
sulphur in the country, these projects should 
receive urgent consideration and the Council 
recommended to the Government of India 
to put up a pilot plant for the produc­
tion of sulphur and sulphuric acid from 
gypsum. 

The establishment of a Regional Coal 
Survey Station at Kamptee in Madhya 
Pradesh was approved by the Board. This 
station will work under the direction of the 
National Fuel Research Institute and will 
serve the Pench, Wardha and Chanda valleys 
and the Singareni coalfields. The initiation of 
pilot-plant experiments at the National Fuel 
Research Institute on coal-washing, low tem­
perature carbonization, production of coke 
from weakly coking coals, briquetting of coal 
and pressure combustion of powdered coal 
was approved. A list of priorities is being 

drawn up for undertaking these investiga­
tions, and it has been decided to approach 
the Government of India and the industry 
for necessary funds . 

The Governing Body of the Council 
approved the constitution of the Board 
of Engineering Research and accepted 
its recommendation that the Council of 
Scientific & Industrial Research should 
conduct a survey to assess the facilities 
available for engineering research in 
India. Five expert committees have 
been set up for civil, mechanical, electrical 
and radio, hydraulic and aeronautical 
engineering research aspects. In view 
of the large number of hydro-electric 
and irrigation development projects under 
contemplation, the Board recommended 
that research in hydraulic engineering, with 
particular reference to machinery, should 
receive prior and urgent consideration. 

The appointments of Prof. Charles Crus­
sard as Director, National Metallurgical 
Laboratory, ]amshedpur, of Sir Edward 
Mellanby as Director, Central Drug Re­
search Institute, Lucknow, and of Dr. 
Ernst Zipkes as Director, Central Road 
Research Institute, New Delhi , were approved 
by the Governing Body. 

Characteristics of the Ionosphere 
over Calcutta ( August 1950 ) 

S. S. BARAL, R. K. MITRA, D. C. CHOUDHURY, 
A. P. MITRA & R. B. BANERJEE 
IOllosphere Laboratory, Illstitute of Radio Physics 0- Electronics, 
Calcutta 

THE following are the ionospheric data 
observed at Calcutta for the month of 
August 1950. 

The mean hourly values of the 
penetration frequency of region E and the 
penetration frequencies and virtual heights 
of region F2 are represented in Fig. 1 in 
graphical form. The figures are obtained 
from average values of the data taken for 
each hour of the day for 5 days a week. 
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Fig. 2 gives the prediction of the maxi­
mum usable frequencies which can be used 
for different distances of transmission by 
reflection at the F region over Calcutta 
for the month of November 1950. 
Table I records the various occasions dur­
ing routine observations when sporadic E 
ionization was observed and the correspond­
ing values of perietration frequencies and 
heights. 
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Sporadic E ionization was found to occur 
frequently during afternoon and early part 
of the night in most of the occasions. In the 
present month region F2 ionization was 
found to rise slowly in the morning and the 
maximum value was reached in the afternoon. 
No abnormality was observed in the region 
F during night time. 
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The Central Food Technological 
Res ear chI n s tit ute, My so r e -
Opening Ceremony, October 21, 1950 

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

Rajapramukh, the Maharaja of Mysore, 
presided. 

Declaring the Institute open, Shri C. 
Rajagopalachari emphasized the need for 
technological research as a supplement to 
agricultural research for augmenting the 
food resources of the country and for 
maintaining proper nutritional standards. 
The Institute would, he observed, .. make 
research in evolving suitable methods for 
the fortification of foods and the production 
of supplementary foods and dietetic acces­
sories. All problems of food which require 
close and high level scientific research 
would fall within the orbit of the Institute." 
He paid a tribute to the zeal and organizing 
ability of Dr. Shanti Swarup Bhatnagar 
.. who has been the chief instrument in til(' 
establishment of many research institutes 
in our land at a great pace". He al!'o 
announced the appointment of Dr. Y. 
Subrahmanyan as the Director of the Central 
Food Technological Research Institute. 

The Prime Minister, Pandit Jawaharlal 
Nehru, in his message, referred to the 
opening of the national laboratories and 
research institutes as .. one of the remark­
able developments in India during the last 
three years ". .. We have put up some 
magnificent laboratories, not only impres­
sive to look at, but I hope, the homes of pro­
ductive effort and work. I t is ultimately 
on the basis of work done in our research 
institutes and laboratories that we can pro­
gress in most directions. We have laid good 
and true foundation 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. 
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,. We have given top priurity to the pro­
duction of foodgrains or subsidiary foods. 
It is obvious that food is of the first im­
portance and its value cannot be judged 
merely in money it'rms. \\le cannot depend 
on imports for our food and, therefore, we 
have laid down a target for food sufficiency. 
This is the 1951-52 season. In spite of all 
difficulties and disasters, W(' still adhere to 
that target and are trying to work up to it. 
We hope to succeed. It must always be 
remembered that food productit'n has the 
highest priority. 

.. How can science help in this ~ The 
primary fl>sponsibility is of our Depart­
ment of Agriculture. Science can Iwlp in 
agriculture greatly. It can also help in 
various other processes. I t is mort' parti­
cularly 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 pappr and 
in sci('ntific journals hut in terms of human 
values and in increase of suitable food for 
our people. I look forward to good work 
being done tiwre for t 1)(' bt'nefi t of the 
nation." 

The 1 nstitute is located in the magni­
ficent Cheluvamba Mansions, which was 
given over to th(' Central Govt'rnmt'nt as a 
gift. 

The scope and functions of the Institute 
include dt'velopment of improVt'd mdhod~ 
of storage of different food materials, micro­
biological and biochemical changes attend­
ant on various types of spoilagt', reclamation 
and utilization of infested or otherwise 
affected food materials, ancl processing of 
foodstuffs with a view to improving their 
keeping quality and facilitating ready usage, 
refrigeration, freezing, gas storage, dehydra­
tion, canning, etc. The Institute will also 
study problems concerning food industries. 
and food sanitation. 



American Quest for Iron Ore 

M. S. K I{ [ S H NAN 

Director, Indian Bureau of Mines 

T IlE Unitt·d States of America is one 
of til!' few cOlin tri('s in the world 
which is endowed with large deposits 
of workable iron ore. I t is to the 

local availabilitv of abundant ore and to 
improwments iIi h'chnology in the fields of 
mining. treatlTlt'nt and transport that that 
country owes its supremacy as the largest 
producer of iron and sted in the world . The 
production of pig iron in that country in 
1943 amountpc\ to over 62 million tons and 
of steel about SI) million tons. 

There ar!' thret' chief iron-ort' rl'1-{ions in 
the F .S .. \ . , viz. the Lake Superior district, 
the ~orth-eastl'rn region including the Adi­
rondacks and the South-eastern region of 
Alabama. Georgia, dc. [n addition, there 
are also some scattered deposits in the 
Western States. It has been estimated that 
the Lake Superior, the North-eastern and the 
South-eastern districts ha\'e each actual 
reserves of 1 billion tons of 1-{ood ore. The 
Lake Superior district , however, supplies 
about HS (ler ccnt of the iron ore produced 
in the U.S .. \., while the other two produce 
about 8 per cent and 4 per cent respectively , 
with still smaller quantities derived from the 
\\'estern States. But, owing to the rapid 
depletion of easily mineable high grade ores, 
that country is directing its attention far and 
wide to secure important iron-ore deposits 
which may be available in the countries 
bordering upon the Atlantic. 

World Reserves of Iron Ore 

The latest comprehensive review of the 
iron-ore resources of the world is con tained 
in a paper by Harry Mikami (Economic 
Geology, January-February 1944). Below 
is given a statement (TAHLE I) which is a 
summary of this author's findings with 
regard to most of the countries on which 
data are available. 

The figures for proved and potential ores 
are of different orders of accuracy for 
different countries. Those for U.S.A., Great 
Britain and Western Europe are reliable 

because a great deal of detailed work has 
been done by Governmental agencies and 
commercial interests. In the case of South 
America, Africa and Asia the figures are 
only approximate and are likely to be greatly 

TABLE I .. WORLD RESERVES OF IRON ORE 

.4 ftcr !of ika",i 

ACTUAL POTENTIAL 
,-__ .A._~ r---. ..A. -~ 

Ore Iron Ore Iron 
luiJIion CO~lent, ( million co~.~ent. 

tons ) tons) I . 

e .w ;ui:. 100 (.() 10,0011 3 .• 
I .... brador 1,000 110 
S t'wfoundlantl 1,2:;t1 4U ~,OO() 40 
U.S.A. a,MOtI 4:; 67,000 3 .• 
:\I ~ "ico tou 60 lOtI 
Cuha 3,000 4U 12,000 

,V,)" II Amt>,ica, tolal 8,250 92,100 

Frilllce 4,500 ar; 6,000 3:, 
(;ccmuny 80tl 32 :!,OOO 30 
Austria !!OO 35 200 
Great Britain a,lOtI 30 7,000 30 
Norway :lOO 36 1,000 SO 
Spain !IOO 45 1,000 3a 
Sweden 1,2[,0 62 1,250 60 
U.S.S.R . 3,IOtI 4. 15,000 3;; 
Others 620 550 

HIlt'ope, lOlal U,670 34,000 

Chill;t r,oo 40 700 3'; 
India 3,600 60 10,000 40 
Ea. ... t Indies 100 1,500 
Philippines •• 00 47 r)oo 
U.S.S. R. I,WO 4;; 2,400 
Others 280 335 

As,'a, lola/ 6,100 15,435 

Aus tr,dia 4t.l\I m 

flra:r.il 4,000 tltl 11,000 40 
Venl'zuel.l 100 tltl 1,000+ 4~ 
Peru lOtI 641 ? 
Chile 1!lO UtI ? 

South Amtfictl. total .,320 12,000+ 

Algeria 180 aO 
L~~ge· Rhodesia 3() 

Sierra Leone 20 5:; Large· S5 
Fr. Guinea 2,500 4;, 
South Africa 1,000 r,r, 7,OOtl 4;. 
(Uh('cs tltl 10(1 

A/rica, lotal 1.~4U 12,000 

Y'-ORLO TOT A. L 35,280 165,:,7U 

• Included in the total. 
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exceeded when the data attain the same 
degree of accuracy and detail as in the case 
of the U.S.A. Taking India as an example. 
the estimate of high grade hematite ores in 
Bihar and Orissa given recently by Dr. F. G. 
Percival of the Tata Iron <5- Steel Co . is 
8,000 million tons as against the previous 
estimates of 3,600 million tons. This ignores 
the hematite and magnetite ores of Central 
Provinces, Mysore, Madras and Bombay 
whose total may amount to 3,000 million 
tons though the magnetite ores will require 
beneficiation. In addition, large quantities 
of high and low grades may come to light if 
detailed drilling is undertaken. Finally, we 
have enormous quantities of laterite in 
several areas, and especially over the Deccan 
traps, which contain 25 to 35 per cent iron 
and which at some future date will become 
economically workable. 

The iron content of the world total of the 
actual or proved iron ores is, according to 
Mikami, about 16·2 billion tons. Of this 
2·4 billion tons are in Brazil, 2·2 in India. 
2 in U.S.S.R., 1·7 in the U.S.A. , 1·6 in France. 
1·2 in Cuba, 0·9 in Great Britain , 0·8 in 
Sweden and 0·6 in South Africa. 

Of the above-mentioned countries, tilt' 
U.S.A. is consuming its reserves at a much 
faster rate than other countries. The con­
sumption increased to the abnormally high 
figure of over 100 million tons per year during 
the Second World War. Table If gives the 
despatches of ore from the mines in the 
U.S.A. and the part of Canada in the Lake 
Superior region, while Table III gives the 
steel production of important countries for 
1939, 1943 and 1946. 

It will be seen from Table I that the most 
important resources are to be found in the 
U.S.A. , Canada (including Newfoundland) 
and Cuba in North Amerita; U.S.S.R. . 
Great Britain, France, Germany and Sweden 
in Europe; India and East Indies in Asia; 
Brazil and Venezuela in South America amI 
South Africa and Sierra Leone in Africa. 

The Lake Superior region contains pro­
bably the richest group of deposits in the 
world. There are s ~veral hill ranges in the 
States of Michigan, Minnesota and Wiscon­
sin and also in the adjoining parts of Canada. 
Of these areas the Marquette Range of 
Michigan wao:; opened up in 1854 and later 
the Menominee, Gogebic, Vermillion, Mesabi 
and Cuyuna Ranges were discovered and 
opened up more or less in the order named. 
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TABLE 11- SHIPMENTS OF IRON ORE FROM 
MINES IN U.S.A. '" THE LAKE SUPERIOR REGION 

OF CANADA 

f I tao tI.o U !~u. )lds oj lanK / tHlS ) 

Hl4t 1114:1 I IlU 194[. 1~46 

.Minnt!so ta (Mesab i, 
Vermillion and 

7{.,aOCl dU,H71 titl,5Xtj t.t l ,l":! 1 :)II,IHO 

Cuyuna ) 
Mich igan and Wis ~ 17.7011 15,H91 1 ~ .27U 13.1:10 !J , :,)71) 
consin (Menoillinct·, 
Gogebic and M ar-~ 
quette) 

Canada (Michipico-
ten and Steep Rock) 

41'1 7 ! fa! -IU9 I.OI ~ I,HI) 

Total Lak~ Supe" 'JT 1I:!,4IlU 1<6,41 :1 H:!, afJa 76.!\!!() tH ,020 

North·eastern :I,flli/) 3, 190 :I,MJO :i.H20 2,240 
(N.Y., N.J ., 
Penn.) 

South-eastern H.:t W ·"',:,:iO 7,400 ~,tS~ 1 t' ,.t.5U 
(Ga., Ala., T(' x .• 
Mo. ) 

Western (Wyo., 
Utah, N.M., CaL, 
Ariz., Nev., Wash.) 

1,-' IiO :!,4flU ~,UtlfJ ~,7 ijO 2.170 

'- - ._-
TOTAL J07,2df1 IOO.~~:I UtS,21 !J 110.020 71,8IlU 

TABLE 111 - OUTPUT OF STEEL IN THE MORE 
IMPORTANT COUNTRIES 

(It, 'HiJlitms of im'K forss ) 

\ \139 194 :1 I U·H i 

U.S. A. 47 , ) 7\1·3 :,0' 5 
Canada 1 '3 2 ' 6 ~'l 
Unitt..~ KinJ!!:c ll ,flJ 13'2 13 · (1 I ~'P 
Sweden 1 · 1 I ' ~ 1'2 
France 7' ~ ["0 4 · :\ 
B~ium :\ ' 1 1 ·6 2'~ 
Luxembourg 1 ·8 2, ) 1 '3 
Germa ny 22 ·0 :10·0 :! . j 
Cl.ec h(lslov a k i" 2· a 2 · {j 1 ·7 
Po land t ' lI 1'5 1 ' 2 
Italy 2· 4 O · ~ 
U.S.S.I<. H~·r) I H' O 
J apa n ij'l! 7 · 7 O· t) 
India 1 ·0 1 · 4 1 ' 2 
Australia t · :! 1 · 7 1' 3 

Amongst these. the Mesabi Range is the 
most important and contains the famous 
huge open pit - The HlIll-Rust-Mahoning­
which is 3 miles long. q miles wide and 
nearly 400' deep and produces 30,000 tons 
or more per day. On the Canadian side the 
well-known areas are Michipicoten. Steep 
Rock, Atikokan . Gunflint and Animikie which 
contain some important deposits. In the 
Goulais river area the Algoma ."·tt'eI Cor­
poration has recently proved the existence 
of 50 million tons of magnetic ore which can 
be worked by open pit methods. The 
Steep Rock deposits were opened lip in 
1942 by interests connected with Cleveland­
Cliffs Iron Co . and are producing increasing 
tonnages every year. 

The present estimates of reserves of 
workable ore in the chief areas of the United 
States are as follows : 
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Lake Sltpai()r .-l rea - I>in~ct shipping ores, 
1,300 million tons, of which SOD million tons 
would he availahle for open pit mining. 
The rest of t1w ore will have to he won by 
underground mining hut its cost would be 
much higher th<ln in tilt' caSt' of open pit 
mining. At present tilt' opl'n pit mines are 
responsible for about XO per Cl'l1t of the 
production and the unclergrouncl mines 
about 20 per cent . The magnl'titt' type ores 
of the North-eastern district in New York 
State and the hematite ores of the South­
eastern district in Alabama State are esti­
mated to amount to about 1,000 million tons 
each. 

Regarding the reserves of taconite, which 
is the low grade primary material of thc iron 
formation, the proved ores containing 25 per 
cent or more iron have heen calculated to 
amount to 467 billion tons ( 1 billion ,,= 1,000 
millions) to a depth of 1,250' in highly inclined 
strata and 400' in gently clipping strata. 
The potential reserves of taconite havt~ been 
estimated at 67 billion tons (35 per cent 
iron) , of which 12 billion tons are in the 
adjoining area of Canacla. As mining is now 
conducted in some places at a depth of 
3,500', the above estimates may need revision, 
but there may also be reductions to be made 
since some of the ort's may not he amenable 
to beneficiation. Taconite is a mixture of 
an iron silicate mineral with other minerals. 
The iron silicate has been convertecl by 
natural processes into different proportions 
of hematite, magnetite and siderite. The 
rich ore beels represent the completely 
al!ered ancl enrichecl taconite. Taconite 
in general contains about 25 to 35 per cent 
of iron in the form of iron ore and in practice 
it would need 4 tons of taconite for recover­
ing I ton of iron, aftl'r heneficiation allcl 
smelting. 

Taconite has, therefore, to ht' heneliciated 
in order to recover from it utilizahll' iron ore. 
The process of concentration to hl' applied 
will depencl on the mineral C<JIltt'nt and 
grain size. When the ore mineral is magne­
tite, it can be crushed to a size of 100 to 200 
mesh and the magnetite concentrated by 
electromagnetic separators. I f it consists 
of hematite, it may have to be crushed to 
300 mesh , roasted under reducing conditions 
to convert the hematite into magnd ite and 
the magnetite then separated. Flotation 
has also been used to separate the hematite. 
Since the concentrate is in a line powdery 

form, it is agglomerated or pelletized so that 
the material becomes sufficiently hard and 
compact to he charged into furnaces. Other 
processes like sintering and briquetting are 
also receiving attention. 

Beneficiatioll of taconite has been receiving 
attention ~ince the early twenties, although 
it assumed urgency only cluring the last few 
years. A plant for beneficiation was erected 
by the Mesabi Iron Co. at Babbitt in Min­
n~'~ota some 25 years ago but it was not 
stlccessful. Much work was also done in the 
Mines Experiment Station in the University 
of :\1innesota tinder the direction of Dr. 
E. W. Davis. Encouragement has recently 
been given for the pursuit of this question by 
reduction of tax by the States concerned. 
According to the new law, the beneficiated 
product will pay a tax of only 6 cents per ton 
at the time of shipping it away from the 
plant. 

Several of the steel producers and ore 
companies have heen studying beneficia­
tion during the last rlccadc or so. The 
Battelle fnstitute, the Mines Experiment 
Station at Minneapolis, Picklands Mather, 
Hanna, Oliver, jones & Laughlin, Cleveland­
Cliffs, U.S. Steel and others have been 
actively engaged in this research. The 
State of Minnesota has also a research station 
at Hibbing. 

The Erie Minin/!, Co. (Picklallds Mather, 
Hethlehem and Youngstown Companies) has 
a pilot plant for beneficiating magnetite­
bearing taconite at Aurora. This plant, 
which has a capacity of 200,000 tons per 
year, cost 2 million dollars. The full-scale 
plant which will shortly be put up is expect­
ed to produce 2·5 million tons of agglomerated 
concentrates per year. 

The Reserve Mining Co. (Ogle-bay .Vortml, 
Armco and Wheeling), which has large 
reserves of taconite, has plans to build a 
plant of 10 million tons finished product 
capacity per year, which will be composed 
of four units. I t is stated that the capital 
cost of mining equipment and beneficiation 
plant will be around $ 10 per ton of finished 
product for large-scale production. 

An important requirement in beneficiation 
is the reduction of the silica content in the 
concentrate to 12 per cent or less. This 
necessitates fine grinding to -300 mesh 
for most taconites. If a concentrate contain­
ing up to 15 per cent silica would be accept­
able to the steel industry, the solution of the 
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problems will be easier. Magnetic roasting 
is another important problem which is 
being attacked vigorously in order to reduce 
cost. Magnetic separation of fine materials 
is also beset with difficulties and studies are 
under way for better control of the magnetic 
fields and better separation as well as for 
quicker demagnetization. Flotation is an 
effective process in ores containing crystal­
line hematite and research is leading to the 
reduction of costs. 

There is no doubt that in the course of 
another 2 or 3 years appreciable tonnages of 
taconite concentrates will be used by the 
smelters. It is expected that, as the natural 
ores of Lake Superior get depleted, the 
production of taconite concentrates will rise 
to 20 or 30 million tons per annum. 

Recent Improvements in Technique 

In the large pits like Hull-Rust, the ore is 
loaded direct into railway wagons by power 
shovels, the pits being large enough for 
taking down a regular train into them. In 
the smaller open cast operations, large trucks 
are generally used for the transport of ore. 
The power shovels have buckets with capa­
cities ranging usually from 4 cu. yd. to 7 cu. yd. 
In 1941, only about 100 heavy duty trucks 
for haulage of ore were in operation but in 
1949 the number has increased to about 700, 
The capacity of the trucks, which was 
originally 15 tons, has been enlarged to 
between 20 and 30 tons, while 40 ton units 
are now undergoing trials. A number of 
belt conveyers are in operation for hoisting 
the ore from the pits, the usual width of the 
belt being 30" and the length varying a great 
deal, from about 200 yards to as much as a 
mile. The lift of the ore ranges up to a 
maximum of 380' while the speed of the 
conveyer varies usually from 500' to 550' 
per minute. Much work has been done to 
improve the quality of belts and a belt life 
of 6 to 10 million tons ore haulage has been 
achieved. 

At present, about 30 per cent of the ore 
won in the Lake Superior region undergoes 
some process of beneficiation, not so much 
for any considerable improvement in grade, 
but for supplying the smelters with a uniform 
grade over a long period. The average ore 
shipped has an iron content of 51 to 54 per 
cent. 

The most common mode of concentration 
of ore is by means of heavy-media separation. 
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The newest equipment ill this line is tlw 
Hardinge counter-current separator which 
has proved quite satisfactory. A great deal 
of fine ore of l" to ~ .. size is now being success­
fully separated and utilized. Classifier over­
flows are treated by Uorrco sizers in order 
to recover the litH'S. The Uutch State 
cyclone separators have also been recently 
installed and their usefuhH'ss is being studied. 
Other processes in use are new type of jigs. 
washing in Humphrey spirals and flotation. 

Present Sources of Iron Ores 

There are some 10 major iron and steel 
companies in the U.S.A. with st('el ingot 
capacity varying from \·5 million ton,; to 
31·3 million tons pCI' y('ar. Of these til<' 
largest is the U ni[ed .';[a[es ."j[ecl Corpora[ioll, 
the others being Bethlclu:m , Hepublic, .I aliI'S l~ 
Laugltlin, Sational, Yo U IIgstOlC II Sled C';' 
Tube, Armco, Inland, Sharo/t alld Wheelillg 
Steel Compallies. Most of tllPse haw their 
own mines but practically all buy 'lis" 
heavily from iron-ore mining companies, 
the chief of which are Picklantis, Mather t.;. 
Co ., Cleveland-Cliffs Iron CII., M . .-1. . Hanlla (';' 
Co., Oliver !r(m Alillill!: CII. and Ogle/JaY 
Norton 0- Co. (s('t' TABLE 1\' ). The C.S. 
Steel CO'rporatioll has the largest reserves in 
the Lake Superior area, M. A. Hanna 0- Co. 
coming second in importance in their hold­
ings. The Oliver Iron Mining Co. is a sub­
sidiary of the U.S. Steel Corporatillll. Pick­
lands , Mather 0- Co. manage iron-ore mines 
for Hethlehem and YOullgstOll 'n interests and 
are also part proprietors and managers of 
the En:e Mining CII. which will process in­
creasing tonnages of low grade Off'S. :\ lirm 
called the Hesen'c lvIillillg CII . i,; operated 
jointly by Oglebay Nllr/OII c'';' CII ., Armm and 
IVheelingCorporations. J/ . A . Hall//II 0- Co. 
is affiliated with .'1,' atio//al S[et'/ and is now an 
important factor in the development of new 
ore fields in Labrador. Table \ \. gives a t i t 

glance the present as well as future sources 
of ore which will feed the sted industrv of 
the United States. . 

Even in the early part of this century, 
before the First World War, it was considered 
that the Lake Superior deposits were almost 
inexhaustible. I t is said that in 1913 the 
U.S. Sleel Corporatioll , which was the holder 
of the largest reserv('s , gave up some of its 
holdings containing well over 300 million 
tons. Even in later years, perhaps because 
of the heavy tax burdens on ore reserves, 



I~HISH:-J.-\:'\ : UIEHICAN QUEST FOH IHO~ OIn: 

T ABLE I V 

S 'I I II. I f)MI'AN I I·. ~ .... " ., 

("AI'Ad ' l'! Y 

I'IH ~ I ST ~Ol ' HI ,. 

11..- ONE 

:\I I N I ~n U):\tf'ANIl ~ Sl' I' I'I. V I NG ORE '10 ~ ·II : l:. L FI: Tl'HE ~OI'RCt: S 
U).· OH'~ "OMI'ANIES 

t lII illilllllon ... ) · /~-i(-kl-"-"J~-C-I<-IJ"-I.-nd~-;'~.-.4-.--(-I/-i'-,'f:-r--()-g-lc-bU-'Y' 
.\-lather 47 e l i}!!> lIanna I!',. Iro" .\"Q'lu~, 

CQ. Irun Co. Co. .U i" inj! Co. 

Ht'lhltJlI'm "":' r.'d (""'{lIITtlli,m 
14 . ~) 

Ht'/>"h/jj' ."It'd ("" ,porftli .. " 
I ~ ' X) 

.I"" t'.~ .~ I. '''''chi;" .'i/ff" 
Cnr puruli"" (" ,xl 

.\ 'ulinna/ ";11'1'1 Co,poruliml 
, ,, . ~) 

)"IIIOl.!: ... tll .I ·II .... 'al,O':" '1''''1., ( '/1, 
I ~,J I 

.-4'mm .... lal (""'/>11 1111 ;01' (a- I;) 

I nland Stal ('0. i:i· ,.t) 
S ha'lIIl Siul ('1I, PU,t,l;uu I I . j'") 
WII(l'li,l.C .... it't'l Co,po,uliflll 

I I ·:,) 

Lak,' SlI lwrior. 
AI<lhallla , 1 ' t ah 
Lakl ~ SlIp,'rior, 
P"III1., Chi l", (, ' 11),;\ 

Lak, ' SupI'rior, 
Alahallla, 
A,linmda(;k 

Llk,' SlIrwrior. 
A, li rcmt I01, ' k 

Lakt · SUJwrior 

Lakt, Supt' rior 

LI~w Supt'rior 

x 

x 

x 

x 

x 

Co. 

x 

x 

x 

x 

x 

x 
x 
x 

x 

x 

Tacunit(,s ,"HI 
Venezuela 

'Il'x ico, Cuba, 
Venezuela, Chile and 
t aconites 

Labrauor, UlH'ria 

L..&hrado r a lld 
t:u.:onitt ,s 

Lahra,lor and 
taconites 

( )ntario 

Lahrador :tl-lll 
t aconites 

~(n I ( :. 1 illtlit"a tl':-' thl' tIn' ~llp plil'r ( or slIho.; illiary ) 1 •• tht' !'It.'d-makinj::: tlrm a).:"ains t wh ich it occurs. 

sonw of the ot her companies are rep(lItl'd to 
have wished that they did not haw as much 
reserves as th t'y possessed at that time I 

But . afh'r the St'cond World War, by the 
end of which the reserves of ttll' easily 
mineable on' had been seriously deplded, 
came the realizatioll of the possible shortage 
in the near future. At the ('nd of 11)41), the 
reservt's of direct sh ipping orcs of the Lake 
Superior region wen' estimat!'d to he only 
1,290 million tons, about 53·5 pef cent of 
this (690 million tons) heing Ileld by the 
U .S. Steel Corporatio l/ . Some of till' other 
companies are badly off as they 'hold less 
than 40 million tons each. The present 
reserws of the high grade orcs will last only 
some 20 years by which time the shortage 
will have to he mt't by foreign ore or by 
helwficiated taconik. The annual consump­
tioll of steel in the immediate future is 
expectNl to 1)(' of tht' ordl'r of 90 million tons, 
for which over 100 million tons of good ore 
will haw to be supplied. It is. thl'rdore, 
that , sincl' the Second World War, thl' search 
for new deposits and research on lWllencia­
tion of taconite had been great ly intt~nsified 
and accelerated. Most of thl' countries 
bordering the At lan tic Ocean have been 
searched and good deposits located, 
especially III Canada, \Vest I ndil's and 
Venezuela . 

The following figures of local output of 
iron ore in the U.S .A. and imports from other 
coun tries will give an idl~a of the present 

sources which supply ore to the U.S. steel 
industry. The figures refer to the year 1949 : 

I)O\tJSrt(" I'NOIHICT ION 

TUll s 

Lake SUPl~rior region 
South-t'ast area 
North-east area 
Western area 

68,927,000 
7,444,000 
3,778,000 
4,238,000 

OtlJ('r a reas 594,000 

TOTAL 84,981,000 

1.1 PORTS 

Country Tn" s c.i.J. per 
lon, 
S 

Algeria 415 ,501 5-53 
Brazil 354,509 6·59 
British W. Africa 49,648 6·03 
Canada 1,595,518 6·63 
Ch ile 2,627,007 2·62 
Cuba 11,589 2·14 
Mexico 169,823 1·68 
Netherlands 7,114 9·00 
Philippint's 4,250 9·96 
Spain 9,200 8·55 
Sweden 2,047,343 6·42 
Tunisia 82,815 5·12 
South Africa 9,900 9·68 

TOTAL 7,384,217 

In addition to this, about 10,000 tons 
were imported, mainly for paints or for 
research purposes, from various sources. 
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Discovery & Development of New Deposits 
Chile - The EI Romeral deposits in Chile 

are estimated to contain reserves of over 
20 million tons. The Bethlehem Steel Cor­
poration has already taken up the develop­
ment of these deposits and 2·6 and 2·7 
million tons respectively were shipped during 
1948 and 1949. 

Cuba - This island contains large depo­
sits of lateritic ore, most of which will need 
beneficiation. Some small ones in the Pinar 
del Rio province may contain a few million 
tons of direct shipping ore. The value of 
the lateritic deposits lies, however, in their 
containing nickel and chromium. The U.S. 
Steel Corporation and certain other companies 
hold concessions in Cuba and will take steps 
to utilize them in future. 

Liberia - Search in the African J<epublic 
of Liberia by private interests and by the 
U.S. Geological Survey brought to light the 
presence of some good deposits of iron ore 
in the north. The deposits have been 
leased to the Liberia M ining Co., the control 
of which is in American hands. The ore is 
generally a mixture of hematite and magne­
tite containing 68 per cent iron and low 
phosphorus, sulphur and silica. The ore is 
hard so that it can be fed into furnaces as 
lumps. At least 20 million tons of high 
grade and an additional tonnage of low grade 
ore have been proved. The Republic Steel 
Corporation has acquired an interest in the 
Liberia Mining Co. A railway, 45 miles long, 
is being constructed from the deposits to 
Monrovia, the capital and chief port in the 
State, where harbour facilities are being 
provided to handle about 1 million tons of 
ore per year. Shipments of ore are expected 
to start in 1951. 

Mexico - Mexico has several deposits of 
iron ore, some of them of fair size, but it is 
doubtful whether any of them are held by 
American companies. It is stated that the 
Bethlehem Steel Corporation has control over 
the La Truchas deposits near the western coast. 

Braza - A good deal of attention has been 
paid to Brazil by American companies for 
over two decades. Brazil itself has a small 
iron and steel industry but its rapid develop­
ment is hampered by the absence of good 
coking coal in the country. Some Brazilian 
ore is imported by the U.S.A. Incidentally, 
research has brought to light some excellent 
manganese ore deposits. One of these, in 
the Urucum Mountains, 15 miles south of 
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Corumha in the State of Matto Grosso, is 
said to contain at least 27 million tons of ore 
of 46 per cent grade. The U.S. Steel Cor­
poration is developing this deposit for an 
annual production of at least 100,000 tons. 

Quebec-Labrador - Iron ore was discovered 
in 1929 in Labrador. which is a cold ice­
coVt'red region for half the year, but the 
first company to explore the area, called the 
Labrador Minin~ 0- Exploration Co., wa-; 
formed only in 1936. An area of 20,000 S4. 
miles was taken up in Labrador and some 
3,900 S4. miles in the adjacent area of Quebec 
where it was expected that the ore deposits 
would continue. In 1942. Hollinger Con­
solidated Gold Milll's Ltd. acquired control of 
the above-mentioned company and a new 
company wa:-; formed callen the Hollinger 
North Shore Exploration Co . Ltd. to under­
take exploration in the area lying in Quebec 
( 3,900 sq. miles ). M. A. Ha1/na & Co. also 
came into partnership with Hollinger in tht: 
same year, the combine being called Hollin­
ger-Hanna Uri. Exploration began in earnest 
only in 1947. A little later, in 1949, the 
lro1/ Ore Co. of Callada was formed for 
taking in hand further developments, the 
partners in this being the Republic. :\'ational, 
Armco, Eric and }'o!tn~st(J7<'n steel interests. 
Agreement has been reached regarding the 
areas which would be exploited on behalf of 
the steel interests, reserving certain other 
areas for the Canadian steel industry and for 
any export of ore which Canada may wish 
to make. 

In addition to the Hollilllf,/'r-HIIIII/a inter­
ests already mentioned, there are also others 
who have taken concessions in the adjacent 
areas of Quebec and Labrador. To the 
north-west are .\' oranCIIII fo:xploration 
( Quebec ) Ltrl. controlled by i\oranda, 
Anglo-Huronian and Conwest. tht· Fort 
Chimo Mines Uti. (Frobisher interests) 
and the Q1~cbec-l.abrudor [)('l ,t'/opment Co. 
Ltd., while in the Labrador ar('a are N oran­
can Exploration Ltd. . Dome Exploration 
( Cana'ffa) T.td. and Komc() Exploration 
Ltd. (K/'nl/ecott Copper Co. and Xeli.' Jt'Ysey 
Zinc Co.). Tht· last of these hold deposits 
of ilmenite and titaniferous magnetite in 
which they have proved 50 million tons of 
ore containing 35 per cent titanium. Theywill 
be spending 25 million dollars to develop the 
deposits and 15 million dollars to construct an 
electric smelting plant of 1,500 tons capacity 
( initial) per day. The smelting plant is 
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scheduled to start in 1951 at Sorel in Quebec. 
Pig iron, which will be got as a byproduct, 
may amount to 200,000 tons per year, 
containing 97 per cent iron, 2 per cent 
carbon, 0·1 per cent silicon, 0·2 per cent 
titanium, 0·03 per cent phosphorus, 0·1 per 
cent or less sulphur, 0·04 per cent manganese, 
0·05 per cent chromium and 0·05 per cent 
vanadium. The Fort Chimo Mines Ltd. 
have secured an area of 1,000 sq. miles in 
which the ore zone is 35 miles long. They 
will apparently move the ore to Fort Chimo 
which is 100 miles from the deposits and 
thence by ship. 

The geological structure in which the ore 
occurs is called the Ungava trough, 350 
miles in N.W.-S.E. direction, but the forma­
tions are expected to continue beyond the 
structure in both directions. The area is 
covered with a thickness of 5' to 20' of 
glacial deposits which accounts for the 
scarcity of outcrops and for the ores being 
unrecognized until recently. There are 
numerous individual deposits in the iron 
formation, each containing a few million 
tons, and some quite large. 

The deposits in Labrador and Quebec, so 
far as they have been explored by Hollinger­
Hanna, appear to hold enormous reserves at 
and near the surface. A rich zone, 90 miles 
long, has already been disclosed and there are 
prospects of this being extended further. 
By the beginning of 1950, exploration has 
revealed the presence of at least 400 million 
tons of high grade iron ore which can be 
mined open-cast. So far, only 5 per cent 
of the area is said to have been properly 
investigated, so that the possibilities of 
blocking huge reserves are excellent. In the 
explored area, the deposits are 100 to 300yds. 
wide and in most places 200' thick, while 
one drill hole is said to have gone through a 
thickness of 367' of high grade ore without 
reaching the bottom of the ore. Apparently, 
different types of ore are available, some 
containing over 60 per cent iron while 
others are lower in iron and contain appre­
ciable manganese. 

Typical analyses of ores from Quebec are: 

Iron 
Manganese 
Phosphorus 
Silica 
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Bessemer, 

% 
61·9 

0·44 
0·030 
6·35 

Non-
bessemer, 

% 
57·9 

0·59 
0·106 
7·80 

Manoani­
fer~us, 

% 
52·1 
6·85 
0·121 
6·23 

Arrangements are afoot to construct a 
railway, 360 miles long, from the deposits to 
Seven Islands where the ore will be put on 
ocean-going freighters for being transported 
either to the works in the Great Lakes area 
or to the eastern sea-board of the U.S.A. 
The capital expenditure on railway, power 
development (there are excellent chances 
of developing 3 million h.p. water-power in 
the area), mining equipment, transportation 
facilities, etc., will be of the order of 200 mil­
lion dollars, while improvements to the water­
way for navigation purposes will cost about 
400 million dollars. The latter will be mainly 
devoted to the widening and deepening of 
the river route between Montreal and Pres­
cott where, at present, the river can take 
only vessels with 14' draft. It is expected 
that this will be deepened so as to provide 
for vessels with 30' draft. When these 
improvements have taken place, Hollinger­
Hanna will probably ship 10 million tons of 
ore per year from this area, and other interests 
may also ship further substantial quantities. 

Venezuela - One of the regions which 
received a great deal of attention during the 
last decade was the lower part of the Orinoco 
drainage basin south of the Orinoco and 
east of its tributary Rio Caroni. There are 
several deposits of good iron ore here over a 
length of some 100 miles. The aggregate 
tonnage in all the deposits may be of the 
order of 200 to 300 million tons, but indivi­
dual deposits are only of moderate size, 
containing from a few million to 50 million 
tons. The Bethlehem Steel Corporation's El 
Pao deposits are said to contain some 50 or 
60 million tons, a part of which can be won 
by open pit methods. Hanna & Co. as well 
as the U.S. Steel Corporation have some 
concessions in this region near El Pao, La 
Grulla and Piaoca. The Bethlehem Steel 
Corporation has constructed loading facilities 
at Palua on the Orinoco. The ore will be 
sent to Palua by rail and thence by large 
barges to Puerto Hierro near Guiria on the 
northern shore of Gulf of Paria where the 
ore will be transferred to ocean-going 
freighters. Bethlehem hopes to move 2 to 
3 million tons of ore per annum from the 
Venezuela deposits and its plans will cost 
more than 50 million dollars in the provision 
of various facilities necessary for mining and 
transport. 

The EI Pao-La Grulla area has been 
declared a "Federal Reserve" by the 
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Government of Venezuela and in this 
" reserve" leases can be given only for a 
period of 40 years. The region has been 
fairly thoroughly searched and its poten­
tialities gauged. U.S Steel Corporation held 
only small reserves here which were not 
sufficient to meet its long-term requirements. 
It was the general opinion that other areas 
in Venezuela did not contain iron ores. 
However, the Corporation thought it worth 
while to explore the area south of Orinoco 
and west of Rio Caroni which had so far not 
received any attention. The region was 
soon gone over by plane and aerial photo­
graphs taken. The photographs revealed 
two small ranges of hills locally known as 
Arimagua and La Parida within 30 miles of 
each other and SO miles south of Ciudad 
Bolivar. Since these hills were thought to 
be worth examination, in the summer of 
1947, a field party was organized to go over 
the ground, examine the two hills and to 
conduct a magnetic survey. The work 
revealed extremely high magnetometer read­
ings which were interpreted as showing the 
existence of rich deposits of iron ore. 
Soon after, two diamond drills were sent 
over to the La Parida and drilling confirmed 
the magnetometer observations. Three 
groups of areas, Altamira, Arimagua and 
Rondon, were demarcated and the U.s. 
Steel Corporation applied for leases over 
them, totalling about 18,000 acres. As 
these areas lay to the west of Rio Caroni, 
they were outside the Government reserve 
and it was possible to obtain longer leases, 
for 100 years. 

La Parida proved to be a really rich and 
spectacular find and systematic drilling was 
conducted through 1947 and early 1948. 
The hill is somewhat smaller in area than the 
famous Hull-Rust-Mahoning property in the 
Lake Superior region. The ore bed is about 
18,000' long with an average width of 1,200'. 
The ore analysed over 63 per cent iron, 
0·11 per cent phosphorus, 0·005 per cent 
sulphur, 2'29 per cent silica, 1·53 per cent 
alumina, 0·10 per cent manganese and 
0·135 per cent titanium. The average depth 
of the ore was determined as around 150'. 
The ore reserves are probably in excess of 
1,000 million tons and U.S. Steel Corporation 
has been granted lease of 100 years' duration 
so that it can plan development on a long­
term basis. La Parida has now been 
renamed Cerro Bolivar. 

The Corporation has been carrying out 
surveys for a railway which will lead nearly 
straight north to the coast near Barcelona, 
a distance of 274 miles. If this proves 
satisfactory it will be used for hauling some 
15 million tons of ore per year, each train 
carrying about 10,000 tons of ore. This 
railway will need a large bridge, about 
41 miles long, across the Orinoco near the 
city of Ciudad Bolivar. There is a port at 
Barcelona, but it will have to be improved 
in order to enable this large tonnage to be 
handled properly. The construction of the 
railway and improvements to the harbour 
are expected to cost over 110 million dollars. 
An alternative plan is also under considera­
tion. This will involve the construction of 
a railway, 90 miles long, from the Cerro 
Bolivar deposits to the river bank near the 
confluence of the Orinoco and the Caroni. 
From there the ore will have to be carried 
down the Orinoco and its branch, the Macareo. 
The Corporation is planning to transport 
the ore to America in giant ships which will 
have a capacity of 45,000 tons. Such a 
project would necessitate the deepening of 
the river to a depth of 34' to 38' so that large 
ocean-going freighters can go to the point of 
loading on the river. The railway is 
expected to cost SO million dollars while the 
dredging of the river will cost 18 million 
dollars with an annual maintenance charge 
of over 1 million dollars. The distance to 
be dredged along the river is 170 miles. 
Even with all this expenditure, it is expected 
that the ore obtained from Cerro Bolivar can 
be landed at Baltimore on the Atlantic shore 
of America at a price approximating to that 
of the Labrador ore. Only the high grade 
direct-shipping Lake Superior ore will be 
cheaper, but beneficiated taconites will 
definitely cost more. It is expected that in 
about another decade the U.S. Steel Corpora­
tion will be drawing between 10 to 15 million 
tons from Cerro Bolivar and probably 10 
million tons of beneficiated taconite from 
the Lake Superior region. The latter pro­
ject, i.e. the beneficiation of taconites, is 
expected to cost more than 600 million 
dollars to this Corporation. 

The U.S. Steel Corporation has also secured 
some concessions in the Piacoa and La Grulla 
areas in the Government reserves, east of 
Rio Caroni. These deposits contain ores of 
variable composition and are much smaller 
in size than those of Cerro Bolivar. 
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The comparative costs of ore from the 
different arcas, as estimated by Lippert (see 
reference at the end of the paper ), are given 
below. This is based on the standard value 
of $ 7.20 per ton of Mesabi (Lake Superior) 
non-bessemer ore at ports on the Lake Erie. 
Out of this, the shipper gets $ 4.71 after 
paying rail and water freight. 

Ore Iron 
content, 

Natural Lahe Erie Price pry 
iron, price, unit of 

% % S iron, 
cents 

Labrador 59·3 53 ·4 7·72 14·5 
Venezuela 63·8 59·0 8·54 14·5 
Taconite 
nodules 
.( Lake Supe-
rior) 65·4 65·0 9·40 14·5 

Natural ore 
(Lake Supe-
rior) 58·2 51·1 7·14 14·0 

It will also be useful to compare the 
distances from some of the sources to the 
industrial areas in the United States. This 
is given below: 

Labrador M iles 

Deposits to Seven Islands ( rail) 360 
Seven Islands to Erie ports (water-
way) 882 

or Seven Islands to Baltimore 
( ocean) 1700 

Mesabi Range (Lake Superior) 
From deposits to Duluth ( rail) 92 
Duluth to Erie ports ( water-way) 837 
Duluth to Baltimore (water-way 
and ocean) 3417 

Venezuela 
Cerro Bolivar to Orinoco ri'ver port 

(rail) 91 
Orinoco river port to mouth of river 

( water-way) 170 
Mouth of nver to Baltimore 

( ocean) 2280 
or Cerro Bolivar to Barcelona ( rail) 274 
Barcelona to Baltimore ( ocean) 2190 
Barcelona to Mobile ( ocean) 2190 
Mobile to Birmingham, Alabama 

(rail and water) 280 

Liberia 
Deposits to Monrovia port (ra il) 45 
Monrovia to Baltimore (ocean) 3900 
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Conclusion 

This story has some moral lessons for us 
in India. Our resources of high grade iron 
ore (containing over 60 per cent iron) in 
Bihar and Orissa are estimated to be of the 
order of 8,000 million tons, but this should 
not lead us to believe that the deposits arc 
inexhaustible, as the Americans thought of 
theirs barely 30 or 40 years ago. It is 
necessary for us to take a long view and adopt 
all measures of conservation so as to prevent 
waste in mining and to plan lorig-term 
utilization. I remember that some years 
ago a mining engineer of an iron and steel­
making firm in India told me that his 
company would not bother to work and 
charge into the furnace iron ore containing 
less than 63 or 64 per cent iron. It is, of 
course, easy to do this when there is plenty 
of such ore, but even if his company held 
100 years' supply at the present rate of 
consumption, the reserves will contract 
considerably if it expands its production. 
At present , some very high grade powdery 
ore ( containing as much as 65 to 68 per cent 
iron) is occasionally mined but it is, so far 
as I know, not utilized just because it will 
cost the companies something to convert 
it into an agglomerate or sinter before use. 
Again , it would be well worth working a 
certain amount of low grade ore and mix it 
with high grade ore so as to be able to 
maintain an average of a moderately high 
grade, say 58 to 60 per cent, over a long 
period of time rather than exhaust the high 
grade ores and progressively go down to the 
lower grades. This is exactly what has 
happened in America. In the latter part 
of the last century and the early years of the 
present century there was still plenty of 
60 per cent ore available in the U.S.A., but 
that time is. now past and the average ore 
now shippee! analyses to only 52 to 53 per cent 
iron . To maintain even this average, it is 
apparently necessary to beneficiate about 
a third of the total production of the Lake 
Superior ores. 

H would, therefore, seem worth while to 
learn from the experience of other countries 
and adopt all possible measures of conser­
vation in India, even though, at present, the 
resources might appear to be very large and 
even inexhaustible. The availability of these 
large resources gives hope of our being able 
to expand the production of steel to, say, 
10 million tons per year in about 15 years' 
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time and perhaps 20 million tons in about 
25 years' time. In oreIer to do this, we shall 
have to utilize our resources in the most 
careful manner. All countries have passed 
through a stage of prodigality in utilizing 
nature's bounties, but sooner or later the 
realization comes that such wastefulness is 
harmful to the long-term interests of the 
country. It behoves us, therefore, to use 
our resources wisely and well. 
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Metallurgical Laboratory, J amshedpur, has 
been a:mounccd. 

Born in 1916 of an old family of scientists , 
Prof. Crussard en tered Ecole Poly technique, 
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Paris, in 1934 and graduated at the head of 
his class. After that he had two years of 
further studies in the School of Mines in Paris 
and also obtained his degree from the Univer­
sity. From then on he has been mostly 
engaged in research. He spent one year in 
the Metallurgical Laboratories of the steel­
works of the French Navy and then worked 
under eminent scientists like Prof. Chevenard 
and Dr. Jolivet. 

In 1942 Prof. Crussard was appointed the 
first Director of the " Centre de Recherches 
Metallurgiques de rEcole des Mines", a 
research laboratory sponsored by the School 
of Mines and the French steel and aluminium 
industry. In 1945 Prof. Crussard was sent 
on a 5-month mission to U.S.A. to see the 
wartime developments of the metallurgical 
processes and techniques. He has been a 
member of committee for the establishment 
of the IRSID laboratory, a research organiza­
tion under the French Steel Industry Com­
mittee. He was specially charged with the 
planning of the Physical metallurgy labora­
tory, the construction of which has just 
started. He was appointed Professor of 
Physical Metallurgy of the School of Mines 
in 1948 and is mainly interested in the 
physics of metals. He has published numer­
ous papers of his researches on plastic pro­
perties. creep, recrystallization, electrical 
properties, heat treatment, etc., of metals 
and alloys. 
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Magnetic Resonance Absorption 
in Microwave Spectroscopy 

A. PANDE* 
All India Radio, Lucknow 

W HEN a paramagnetic salt is placed in 
a magnetic field, absorption lines are 
observed in the microwave region 
corresponding to the Larmor preces­

sion frequency of the resultant electron spin 
of the paramagnetic ion. This was first 
observed by Zaboisky1 and by Cummerow 
and Halliday2. The orbital momentum vec­
tor is quenched by the internal electric field 
and the spin vector alone is left to act about 
the applied magnetic field. This mechanism 
by which the orbital angular momentum is 
quenched and the spin left free is generally 
accepted to be the Stark splitting of the 
orbital states of the ions by the electric field. 

Such Stark splittings have been observed 
in the case of chrome alum by Weiss3• Also 
the Stark splitting and g factors of the ground 
state has been evaluated by Whitmer, 
Weidner, Hsiang and Weiss4 from the position 
of the absorption peaks. They also have 
extended the theory for the computation of 
the Stark splitting to extend to include (110) 
orientation. Similar computations have been 
made independently by Kittel and Luttinger5 

for chrome alum for the (100) orientation. 
Due to the energy levels the free ions are 
broken down making it possible to observe 
the magnetic dipole transitions even without 
an external magnetic field. 

Gorter and his co-workers have investigated 
the absorption in paramagnetic substances 
at low frequencies and without any applied 
static magnetic field. Equipment limita­
tions prevented their reaching frequencies of 
the order of the reciprocal of the time of 
relaxation. Kip and Arnold at M.I.T. have 
improved on this method with a view to stu­
dying the nature of paramagnetic relaxation. 
Absorpti9n has been measured by observing 
the change in Q of a resonant cavity in which 
a sample was placed. They made a single 
re-entrant cylindrical cavity, the frequency 
of which could be changed in steps from 300 
Mc./s. to 480 Mc./s. Measurement of Q is 

accomplished by comparison of the power 
transmitted through a calibrated attenuator. 

Bleaney and Penrose8 have studied the 
crystalline Stark splitting of paramagnetic 
resonance absorption in ammonium chrome 
alum as a function of temperature. They 
found the Stark splitting to decrease linearly 
with decrease in temperature until a tem­
perature of about 85°K was attained when a 
sharp discontinuity occurred representing a 
large increase in the splitting at lower tem­
peratures. They think that the disconti­
nuity is due to a realignment of the crystalline 
field at such a low temperature. A common 
property of the salts of the hydrated iron 
group is that the spin of the paramagnetic 
ion is free to orient itself in a magnetic field, 
but that is not the case in an electric field. 
The lack of freedom of the spin in orienting 
itself also has the consequence that the Curie­
temperature, computed from the susceptibility 
of the salt on the supposition that the spin 
is perfectly free , is not the true temperature. 
Some estimates of these have been computed 
by Van Vleck on the basis of the assumed 
distributions of charges in the neighbourhood 
of the paramagnetic ion. 

Weiss has computed the splitting due to 
electric field in the case of ammonium chrome 
alum from measurements made at room 
temperatures on the resonance absorption 
at 3·20 cm. His analysis shows that the 
g value of the chromic ammonium sulphate 
is 1·97 and the splitting can be explained by 
the assumption of cylindrical electrical field, 
the magnitude of the splitting being S = 
0·15 ± 0.01-1 cm. The constants of the 
electric field are found to be Q = 1500-1 cm. 
and a = 180-1 cm. The corresponding quan­
tities computed by Van Vleck are 1000-1 cm. 
and 60-1 cm. respectively. 

Resonance absorption in potassium copper 
sulphate has been used by Kip and Arnold 
as a method of investigating qualitatively the 
exchange coupling between the two paramag-

... Present address : National Physical Laboratory. Delhi. 
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netic ions in the unit cell of this salt. There 
is found to be appreciably less exchange 
coupling in the K2Cu(S04 )2.6Hp than in 
CuS04.5Hp previously investigated by them. 
They built an optical apparatus by means of 
which a crystal can be accurately oriented 
with respect to a static magnetic field in a 
microwave resonant cavity. The crystal is 
first oriented by optical methods and is then 
transferred in a way which preserves the 
orientation to the rotatable polystyrene shaft 
which holds the crystal at the centre of the 
microwave cavity. Their measured values of 
g were found to be slightly different from 
those from magnetic susceptibilities. They 
found two separate absorption peaks corres­
ponding to two tetragonal axes of different 
orientations which give two different g fac­
tors. In a similar experiment on CuS04.5H20 
there was but one absorption peak loca­
ted at the mean of the two expected 
resolved peak positions. This is explained 
as a result of exchange coupling between the 
two cu + + ions. Exchange coupling is much 
less in K2Cu(S04)2.6Hp in which Cu++ 
ions are more dilute. 

Magnetic resonance has been observed in 
the case of ferromagnetic substances as well, 
but the work in this is comparably less. 
This was first observed by Griffiths and 
confirmed by Yager and Bozorth10• They 
found that the observed frequencies in ferro­
magnetic materials were several times greater 
than those predicted theoretically for Larmor 
frequencies of electron spins. This ferro­
magnetic resonance phenomenon is the analog 
of the Purcell Torrey-Pound nuclear reso­
nance experiment. Griffiths tried to explain 
this anomaly in the frequency by the assump­
tion of Lorentz cavity force. 

Kittell! showed that this assumption is not 
justified and has given an excellent theoretical 
interpretation of this anomalous Larmor 
frequencies. He showed that it is important 
to consider the dynamic coupling caused by 
the demagnetization field normal to the 
surface of the specimen, with the result that 
the appropriate Larmor frequency in such a 
case should be calculated using field strength 
= (BH)r instead of H as in the paramagnetic 
case. According to Kittel, Larmor frequency 
Wo is given as 

Wo = y (BH)l 

where y = gyromagnetic ratio and 
(BH). = fictitious field. 

Kittel calculated the Larmor frequencies of 
Fe, Co, Ni and found very good agreement 
with the experimental values as given below : 

A ngular Frequencies for Resonance X 10-10 

D.C. field Calculated t'alues Experi-

Fe 
Co 

2800 (oe) 
510 

,-----'--------.. mental 
For H For (BH)t frequencies 

Mc./s. Mc./s. Mc./s. 
5·0 14·5 15·4 
0·9 5·3 5·9 
8·8 13·5 15·4 

Ni 3800 
{

5000 
6·7 10·9 13-2 

1030 1·8 4·9 5·9 

Later Kittel showed that the correct form 
of the Larmor theorem depends on the shape 
of the ferromagnetic material used. For a 
small sphere the usual form W 0 = y H gives 
satisfactory values. He took the gyromag­
netic ratio as equal to the electron spin value. 

Yager and Bozorth have designed experi­
ments to test Kittel's theory and to evaluate 
the gyromagnetic ratio. They chose experi­
mental conditions to suit the simplifying 
assumptions made in Kittel's theory. They 
used supermalloy which has very low crystal 
anisotropy and is probably the most easily 
saturable material. The static field was 
applied in the plane of the foils and at right 
angles to the d. magnetic field. The 
rosonant frequency of the cavity for the 
dominant mode of the wave guide was 
24,050 Mc.I:>. They observed a sharp reso­
nance at an applied field of 4,950 oersteds 
corresponding to H = 4,920. This gives a 
value of 2·17 for Lange's splitting factor g. 
This value is considerably higher than the 
value 1·91 reported by Barnett12 for an alloy 
of similar composition. A value of g greater 
than 2 is not expected and hence Yager 
and Bozorth conclude that a refinement of 
Kittel's theory is required. 

Kip and Arnold found that value of g 
without using the value of the saturation 
magnetization M in the equation 

hv=g (BH)i M 
where B is the Bhor magnetron. They 
attempted to eliminate the use of M by 
measuring the resonance absorption at two 
frequencies. Runs were made at 9,274 
Mc./s. and 23,914 Mc./s. both at room tem­
perature and at liquid nitrogen temperature. 
The value of g obtained by them are as under: 

Room temp. 

g 2·14± 0·075 
Liquid nitrogen temp. 

2·07 ±0·08 
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TABLE OF PARTIALLY KNOWN & UNKNOWN 
COMPOUNDS WHOSE MAGNETIC MOMENT 

DETERMINATIONS CAN BE UNDERTAKEN 

NAME OF ISOTOPE SPIN' MA.GNETIC SOLUBLE 

I SOTOPE % MOM ENT CO MPOU NDS 

trAg10t 

t.Inus 

•• 10". 

.. 1"1 

11 · 5 

11·1 
9'43 

100 

100 

100 

7 ' 00 

51 ' 9 

48 ' 1 

4· 5 

95·5 

100 

6·59 
1 ·32 

100 
22'64 

Zero 

5/2 

7/2 

3/2 

9/2 

1/2 

1/2 
1/2 

9/2 
5/2 

3/2 
3/2 
3/2 

1/2 

Not MgCI,. 6H,O. 
known M~ ( Cr (SO,).),. 

12H,O. 
Mg Dr,. 6H,O. 

Not Cr Br. 6H,O, CrOll 
known Cr. (SO.)., 18H,O 

3 ·0 Mo Br" Mn C11, 

Mn (No,), 

2 · 7 Chlorate, chloride, 
nitrate 

1· 5 Pentaoxide, arsenic 
acid 

-1'1 Iodide ( hydrate ). 
chlorate, perman­
ganate chloride, 
nitrate 

-0 . 10 Perchlora te, fl uoridcl 
nitrate 

-0·19 
5·52 In F,. 3H,O. X X 
5·52 
2 ·812(3) Some 0 tbe iodides 

given above 

0·837 
0'935 

0'195 

Acetate, perchlorate 
iodide 

AuCl, only 
O' 6 Acetate, perchlo­

fa te, ni tra te 

The theoretical value of g is 2·00 if the 
magnetic field is entirely due to electron spin. 

It is clear from this brief review that there 
is a very good scope for studying the closely 
spaced energy levels in the case of paramag­
netic substances by microwave spectroscopy. 
Also for the ferromagnetic crystals very useful 
data can be obtained for studying their 
structure and microwave spectroscopy in this 
field offers great possibilities. 
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Desilverization 
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of Lead Bullion­
Rep 0 r t N o. I 3 

P. 1. A. NARAYANAN & M. C. SEN 

National Metallurgical Laboratory, ] amshed pur 

L EAD smelting in India from indi­
genous lead ore was started on a small 
scale in 1944 by the Metal Corporation 
of India Ltd. with its smelter located 

at Tundoo, about 11 miles from Dhanbad. 
Their mines are situated at Zawar, 25 miles 
from Udaipur. The lead sulphide concen­
trates, as delivered to the smelter, contains 
about 10 oz. of silver to the ton and lead 
bullion produced assays between 20 and 26 oz. 
silver per ton ( 0·06122 per cent and 0·07960 
per cent). After refining to remove impuri­
ties like iron, copper, etc., the lead ingots, 
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containing most of the silver in the ore, are 
marketed. Silver is not separated at present 
from the lead and it is finding its way to the 
market with the commercial lead. This is 
not only a national loss, but a silver content 
over 0'002 per cent is considered as an 
objectionable impurity in the lead which, 
obviously, restricts the use of this lead to a 
very great extent. Production of lead in 
1948 amounted to only 562 tons, but with the 
starting of their ore-dressing plant, the output 
is expected to increase considerably and the 
silver problem will assume greater importance. 
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The problem of desilverization of lead 
bullion was submitted for investigation to 
the National Metallurgical Laboratory by 
the Metal Corporation of India Ltd. This 
report attempts to give all information on the 
subject available from current literature, i.e. 
the various processes adopted in other coun­
tries, their limitations, etc. 

Smeltin~ Process 

Lead occurs in nature in various forms, but 
the most common is the sulphide, galena. 
This mineral is very often associated with 
zinc sulphide ( sphalerite). Varying amounts 
of silver and gold are also present which make 
a valuable byproduct and these precious 
metals consequently allow a poorer grade of 
lead ore to be mined than the same grade of 
straight lead ore. 

The various smelting methods for lead ore 
are outlined below : 

Roast Reduction or Blast Furnace Method­
The sulphide ore is first crushed to suitable 
size and mixed with iron ore and limestone 
and charged into cast-iron sinter ports. After 
lighting, a stream of air is drawn through the 
charge. The sulphur of the ore is burnt to 
sulphur dioxide and the whole mass is oxi­
dized and gets agglomerated. The resulting 
porous mass, called" sinter", is charged into 
the blast furnace with requisite amount of 
coke which reduces the oxides of lead into 
metal. The gangue material in the ore 
combines with the flux to form a fusible slag, 
a calcium iron silicate. The slag is tapped 
through the slag notch while the metal is 
syphoned out and cast into bars. 

Roast Reaction Method - This is carried 
out in a reverberatory furnace. Rich sul­
phide ore is first heated in an oxidizing 
atmosphere when a part of sulphur is burnt 
away. It is then heated strongly in a redu-

CORRODING CHEMI CAL 
LEAO LEAD 

% 
Silver Max. 0 ' (X)15 0,020 

A-lin. n ' (K'~ 
Copper Max. f)'OOl!) u ' n~n 

Min. lI ' OtO 
Silver and en together Max. o · ()()~ r) 

Arsenic Max. (I . (Mil:' 
Antimony clnd tin together Max. 0 ' OOU5 
Arsenic. antimony and tin Max. 0 ·n02 

together 
Zinc Max. n ' (H)15 (HXH 
Iron Max. 0 ·(H,2 0 ' (H,2 
Hismuth Max. C) ·or, "'Un5 
Lead ( by difference) Min. 99 ' Ut UU ' \JO 

cing atmosphere when the oxidized portion 
of the ore reacts with the sulphide with the 
production of metallic lead. 

Precipitation Method - Galena and scrap 
iron are charged into a blast furnace along 
with the requisite amount of coke as fuel. 
The sulphur of the galena combines with the 
iron to form a matte and metallic lead is set 
free. Some of the sulphide is also converted 
into oxide and sulphate which react with the 
sulphide to form sulphur dioxide and metallic 
lead. Oxidized ore also is charged sometimes 
in the blast furnace. 

Impurities Generally Present in 
.. Base Bullion"l 

The impure lead (base bullion) produced 
from blast furnace or other smelting opera­
tions contains a large number of impurities, 
which have to be removed before marketing. 
The impurities are derived from the gangue 
present in the ore and from various raw 
materials used during the smelting process, 
i.e. iron ore, limestone, scrap iron, coke. 
Some iron also finds its way into the lead 
from the cast iron kettles during refining 
and desilverization. The common impurities 
present are copper, iron, zinc, silver, gold, 
antimony, bismuth, tin , cadmium, nickel, 
cobalt, tellurium and selenium. 

Maximum Permissible Impurities in 
Refined Lead" 

The maximum impurities permitted in 
refined lead are given below as specified by 
the American Society for Testing ' Materials 
(A.S.T.M. Designation B29-40). 

Effects of Alloyin~ Elements' 

The effects of various alloying elements on 
the properties of lead are: (1) addition of 
alkali and alkaline earth metals in very small 

A CID Cu COMMON SOFT UN-

LEAD LEAD DE SILVERIZEO DESILVERIZED 
LEAD LEAD 

,..-.----'--~ 
A B 

,002 ·002 '002 ' 002 ·002 

·O~ · O~ ·0025 · 0025 ' OtO 
'010 '0 10 

-002 ·015 · 015 · 015 '015 

·001 ' n02 '(102 · 002 ·002 
' ("J:~ ,not · uu~ ·oo~ '(K'2 
'1125 ' 10 ' 1;, .t.:) '005 

00·90 9U ' ~5 99 ,85 99·73 99·93 
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quantities results in superior qualities to 
lead-base bearing metals, but resistance to 
corrosion is decreased; (2) aluminium, when 
added even in small quantity (0·5 per cent), 
the lead has got less tendency to attack the 
iron of the kettle and to oxidize; (3) anti­
mony, when added even up to 0·5 per cent, 
hardens the lead appreciably. It is added 
up to 16 per cent in bearing metals; (4) 
bismuth along with tin forms a series of 
very fusible alloys; (5) cadmium up to 0·25 
per cent increases the strength; (6) calcium 
in amounts from 0·0025 percent to 0·1 per cent 
makes lead suitable for cold working and 
improves some properties such as creep 
resistance; (7) magnesium effects some age 
hardening but is detrimental to corrosion 
resisting property. Precipitation of magne­
sium phase also causes lead alloys to dis­
integrate; and. (8) nickel and sulphur reduce 
the tendency of segregation in some alloys of 
lead. 

Refined Lead Produced by the 
Metal Corporation of India Ltd. 

The refined lead produced by the M elal 
Corporation of India Ltd. analyses as follows: 

Bismuth 
Antimony 
Iron 
Nickel 
Copper 
snver 

·0018 to ' 0024% 
·0160 to '0235% 
·0029 to . 0030% 
·0032 to . 0045 % 
'0098 to '0107% 
20 to 26 oz. per ton 

('06122 to '07960%) 

Lead is marketed at present by the M etal 
Corporation of India Ltd. without being 
desilverized. A ton of the lead contains on an 
average 23 oz. of silver which, at the present 
market rate, will fetch over Rs. 100. As a 
silver content over 0·002 per cent (0·72 oz,f 
ton) is not allowed by many of the lead 
consumers, this impurity has to be separated 
from the lead. The loss now being incurred 
in this respect will assume serious proportions 
when production is stepped up in the near 
future. 

Desilverization Methodsl ,. 

The following are the standard methods of 
desilverization of lead : 

1. Cupellation Process - If an alloy of 
lead and silver is melted and exposed to a 
blast of air, the lead oxidizes and is removed 
as litharge. The silver and gold which have 
no affinity for oxygen are left behind. 
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2. Pattinson Process - The principle of 
the Pattinson process lies in the fractional 
crystallization of pure lead, when molten lead 
containing silver is allowed to cool. The lead 
containing 0·009 per cent of silver or more 
is cooled until a certain proportion, for ins­
tance seven-eighths of the total lead, has 
crystallized; the crystals are removed by 
means of a perforated ladle. The portion 
remaining liquid is then nearer to the eutectic 
composition than the original alloy and is 
hence richer in silver. The crystals which 
separate consist of pure lead. Since a por­
tion of the separated lead always retains 
mechanically a small portion of the silver­
rich alloy, it is necessary to remelt the 
crystals and repeat the above process. 

The liquid portion is transferred to another 
pot and the process of crystallization is 
repeated until the final products are almost 
pure lead, containing not more than 0·0001 per 
cent of silver and an alloy of the eutectic 
composition. Since this alloy solidifies at 
constant temperature, it is evident that the 
process of fractional crystallization cannot 
be carried out any further. 

3. Parkes Process - This method of sepa­
rating silver from lead, by the use of zinc, 
depends on (1) a greater affinity of gold and 
silver for zinc than for lead, and (2) the in­
solubility of zinc-silver alloys in lead which is 
saturated with zinc. The process consists, 
in brief, of stirring 1 to 2 per cent of zinc 
into a bath of molten lead heated to above 
the melting point of zinc (419°C.) and allow­
ing the mixture to cool, whereupon a crust 
rises to the surface of molten lead containing 
nearly all the silver and gold. This crust 
containing most of the silver and gold is 
removed by means of perforated ladles. A 
repetition of zinc addition , in smaller quan­
tity after reheating, gives again a crust but 
of lower silver content and leaves a molten 
lead that is practically free from silver, 
containing usually not more than 0·20 oz. of 
silver and gold per ton. 

The zinc crust (2,000 to 15 ,000 oz. of sil­
ver/ton), which contains considerable lead 
besides the zinc and precious metals, is dis­
tilled in retorts for the recovery of zinc and 
to obtain an enriched retort bullion, which 
is cupelled to produce an alloy of silver and 
gold, with litharge as a byproduct. 

4. Betts Electrolytic Process - Base bullion 
is cast into anodes and refined lead gets 
deposited in the cathode. The cathode 
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consists of cast refined lead sheets of 1 -h in. 
thic kness. The electrolyte is a solution of 
lead fluosilicate, the composition of which 
varies considerably, representative values 
being 80 gm.flitre each of lead and free 
H 2SiF 6' corresponding to a total SiF 6 content 
of 135 gm./litre. Voltage used is approxi­
mately 0·45 with a current density of 15 to 18 
amp./sq. ft. The temperature should be 
between 30° and 40°C. The precious metals 
along with other metallic impurities are 
thrown down as anode slime from which the 
precious and other metals are recovered. 

Comparative Merits & Demerits 
of the Processes 

1. Cupellation Process - This process is 
applicable to lead very rich in silver. It has 
become obsolete as an independent process 
for desilverization due to heavy metal losses ; 
labour and operating costs are also very high. 
I t follows Parkes or Pattinson processes for 
refining the gold and silver. 

2. Pattinson Process - The lead cannot 
be enriched more than 500 to 600 oz. of silver 
per ton as a result of which a considerable 
quantity of lead has to be handled for cupel­
lation resulting in much metal loss and higher 
labour and operating cost. The process is 
elaborate as it requires repeated recrystal­
lization, large number of operating kettles, 
sometimes up to IS, and as many as 11 
recrystallizations. The silver content of 
the resulting desilverized lead (0'3 to 0·5 
oz.fton) is higher than that obtained by 
Parkes process (0·2 oz./ton or less ). 

3. Parkes Process - The alloy obtained 
is very rich in silver, 2,000 to 15,000 oz.jton. 
The operating cost is low. The zinc can be 
used again and again with very little loss. 
It requires less operations, perhaps two 
additions of zinc, sometimes even one is 
sufficient to complete the process and only 
one or two kettles will be required. It 
produces commercial lead very low in silver, 
0·1 to O' 2 oz. per ton. Smaller amounts of gold 
and silver can be recovered by this process 
and loss of both silver and lead is much lower. 
This process requires purer bullion as the 
impurities present consume zinc. Furnace 
lead containing 4·5 per cent of metallic 
impurities will consume 2·87 per cent of zinc 

whereas softened lead will require 1·75 per 
cent of zinc. The residual zinc in the de­
silverized lead has to be removed by a refining 
operation. 

(4) Betts Electrolytic Process - It produces 
lead of exceptional purity and at the same 
time recovers all the metallic impurities 
contained in the bullion. It is most suited 
where bismuth content is high or where the 
total impurity is very high. It is also suit­
able where the fuel cost is high in comparison 
with the rates for electric power. 

Conclusion 

Of all the desilverization methods, Parkes 
process appears to be the simplest. But, 
before the additiol) of zinc, the furnace lead 
has to be thoroughly softened by removal 
of impurities like iron, copper, antimony, 
etc. As regards the quantity of zinc to be 
added in the first and second stages, there 
are differences of opinionS. The most suitable ' 
additions have to be determined by actual 
experiments. A modification of the Parkes 
process uses an alloy of zinc and aluminium 
(0'5 per cent )5.7 which recovers all the 
silver in one operation. The separation from 
lead of the zinc-silver crust is better when 
the zinc-aluminium alloy is used. 
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Earth Current Results at Tucson Magne­
tic Observatory ( 1932-1942), by W. J. 
Rooney, Researches of the Department 
of Terrestrial Magnetism, Carnegie Insti­
tution of Washington, Publication 175, 
1949. 

THE EXISTENCE OF EARTH CURRENTS 

( i.e. induced currents quite distinct from any 
artificial currents) was first postulated by 
Davy in 1821 , but the proof of their existence 
was obtained only after the discovery of 
electromagnetic induction. In 1847 Barlow 
adduced evidence of earth current flow from 
measurements on telegraph lines in England, 
and when the existence of earth currents 
was shown to be universal rather than a 
local phenomenon, extensive investigations 
were undertaken on this subject. 

Systematic and continuous observations 
of earth currents have been carried out at a 
number of European stations, viz. Green­
wich, Berlin and Paris and several valuable 
observations have been made. The study 
of earth currents was revived at Ebro 
( Spain) in 1910, and the Ebro records 
covering the period 1910-1938 are the most 
valuable and extensive records yet made. 
More recently, installations for conti­
nuous recording on duplicate lines has 
been made at Watheroo ( Western Australia) 
and at Huancayo (Peru). The use of 
duplicate lines provides independent records 
and serves as a check on the operation of 
measuring systems. Both these stations 
were operated by the Carnegie Institution of 
Washington. In March 1931 , continuous 
registration of earth current potentials was 
undertaken at the Tucson Magnetic Obser­
vatory as a co-operative project of the U.S. 
Coast and Geodetic Survey, the Bell Tele­
phone Co. and the Department of Terrestrial 
Magnetism of the Carnegie Institution of 
Washington. The period of operation (1932-
1942 ), a little over eleven years, covered a 
full and typical sunspot cycle, a fact which 
has enhanced the value of the records for 
purposes of correlation with allied pheno­
mena. The observations and findings of the 
Observatory are given in this report. 
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REVIEWS 

Measurements G Apparatus - Direct mea­
surement of earth currents is not possible. 
Information on their magnitudes, direction 
and other characteristics must be inferred 
from measurements of potential combined 
with records or estimates of resistances to 
their paths of flow. Potential measurements 
are generally made by the use of gal vanome ters 
which have two pairs of pointers lying on 
lines of different azimuths and which deter­
mine the magnitude and direction of th~ 
potential gradient. Registration of earth 
current potentials at Tucson was made on 
two lines, one from Tucson to Mammoth , 
a little under 60 km. distant and a little 
to the east of north of Tucson, and the 
other from Tucson to Wileo which is a little 
over 90 km. away in a nearly easterly 
direction. 

The measuring instrument employed at 
the Tucson Magnetic Observatory consists 
of two Leeds and Northrup portable lamp 
and scale galvanometers with a single filament 
lamp and drum recorder. The galvanometer 
elements carried spherical mirrors with a 
focal length of one meter. The only optical 
instrument , in addition to the spherical 
mirrors, was a single cylindrical lens behind 
the recorder slit to bring the light beam to a 
spot focus on the recording paper. The 
current sensitivity of the galvanometer was 
about 2·5 X 10-9 amp. per mm. deflection 
on the drum, which was higher than re­
quired in view of the long lines used. 
This permitted the use of higher resis­
tance (1 '5 megohms) in series with the 
galvanometer, so that the total resistance 
of the measuring circuit was not appre­
ciably affected by minor variations in 
line resistances or in contact resistances 
at the electrodes. 

Connection between the recording appa­
ratus and the electrodes was made over 
telephone lines. The lines were all of over­
head open-wire type. The electrodes used 
were web-shaped grids of lead wire. The 
common electrode located on the ground of 
the Tucson Observatory was built up of five 
concentric circular loops of wire, with eight 
radial arms connecting the loops and meet-
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ing at the centre of the grid to form 
a core to which the connection to the line 
was made. 

Discussion - The absolute values of poten­
tials recorded on any earthed line include 
the potential differences due to earth current 
flow and the potential difference which 
depends on the electrochemical activity at 
the electrodes, but these do not indicate any 
current flow. On short lines, the electro­
chemical potentials are usually predominant 
and may be hundred times as great as those 
due to earth current flow. Since these 
electrode potentials are independent of the 
distance between the electrodes, their 
significance decreases as the length of the 
line is increased. The daily mean values 
at Tucson, which represent chiefly electrode 
potential and changes in them from day to 
day, indicate mostly slow variations, usually 
only a few per cent of the maximum and 
minimum values recorded during any day. 
Too much significance should not be attached 
to the mean daily values but the differences 
between individual values and the means 
for periods over a month or longer are im­
portant. For this reason studies were res­
tricted largely to the analysis of variations 
in recorded potentials. While the basic data 
are usually compiled in a large number of 
tables in the form of mean values for each 
hour and each day, the discussion is confined 
mainly to variations of monthly and yearly 
mean values. 

Solar Diurnal Variation - The variation 
easily amenable to analysis and statistical 
treatment is the solar diurnal variation. 
From the voluminous data presented in this 
volume, it is found that a definite and consis­
tent difference exists between the diurnal 
variations recorded on calm days and those 
on disturbed days, but in general the differ­
ences are small. 

The station at Tucson is a middle lati­
tude station. The chief features of such a 
station are a large flow of current to­
wards the equator, one in the forenoon and 
the other in the afternoon, and a definite 
double rotation of the current, which is 
large during daylight hours and small at 
night. 

Relation to Solar Activity - Variations both 
in frequency and intensity of disturbances, 
corresponding to variations in solar activity, 
have been observed in all the records of earth 
current flow. There is also a relationship 

between normal earth current activity and 
solar activity which is quite distinct from the 
disturbance effects. 

There is close correlation between sunspot 
numbers and the range of diurnal variation 
in earth currents. 

Seasonal Changes - The seasonal changes 
are chiefly changes in intensity, accompanied 
by minor shifts in phase relationship between 
the two components of current. Such 
changes are described quantitatively. The 
Tucson Observatory, however, is located in 
the so-called "transition belt" where the 
diurnal variations of the magnetic elements 
pass from higher latitudes to the equatorial 
level and the circulatory current systems in 
the ionized layers. of the upper atmosphere 
are alternately north (summer) and south 
( winter) of the station. For this reason, 
the seasonal changes in earth current flow 
are much more complex and cannot be 
readily evaluated. 

Lunar Diurnal Variation - Lunar diurnal 
variation is important because of its bearing 
on the critical appraisal of several theories 
advanced to account for the magnetic varia­
tions and earth current flow. Preliminary 
evaluation of the data relating to lunar 
diurnal variation at Tucson has been carried 
out by the method of Chapman and Egedal. 
The records used were those for a single year 
( 1932) and a definite lunar diurnal varia­
tion with a markedly double period was 
found. Its magnitude is about one-fifth of 
the solar diurnal variation. Because of the 
large and complex seasonal changes at 
Tucson, it was found that a single year's 
record was not sufficient to demonstrate 
accurately the changes in lunar variations 
with the phase of the moon. 

AJIT GCIN 

The Properties of Metallic Materials at 
Low Temperatures, Vol. I, by P. Lither­
land Teed (Chapman & Hall Ltd., 
London ), 1950, pp. viii + 222. Price 21s. 
net. 

THIS IS THE FIRST OF A SERIES OF MONO­

graphs on "Metallic Materials" published 
under the authority of the Royal Aero­
nautical Society. The author has made 
a special study of the literature relating 
to the influence of low temperatures on 
the mechanical properties of metals and 
attempted in this book to write a critical 
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appreciation of the present state of 
knowledge of this increasingly important 
subject. 

The influence of low temperatures on 
metallic materials had been recognized in 
early times but in modern times mechanical 
refrigeration and the ever-increasing number 
of its industrial applications has necessitated 
knowledge of the physical consequences of 
low temperatures in relation to engineering 
materials. Flying in stratosphere is now 
making a similar and more exacting de­
mand. The author points out the inade­
quacy of the present-day knowledge on 
the subject but feels that "it is still pos­
sible to draw certain conclusions, some 
reassuring and some creating a certain 
feeling of apprehension" from the existing 
knowledge. 

The author has compiled and reviewed the 
experimental results of various research 
workers on the influence of low temperatures 
on the main mechanical properties -limit 
of proportionality, yield stress and ultimate 
stress in tension and compression; yield 
stress and ultimate stress in shear ; yield 
stress in bearing; elongation and reduction of 
area; notched-bar impact strength and notch 
sensitivity under static loading; Young's 
modulus - shear modulus, bulk modulus 
and Poisson's ratio. The experimental results 
available are not very complete. Admitted­
ly, it is not yet possible to predict either 
on the basis of extrapolation or of calcu­
lation, the mechanical properties of a metal­
lic material at one temperature from an 
experimentally derived knowledge of these 
at another. Accordingly, only brief refer­
ences to such theories have been made in 
the text. 

In this review similar alloys have been 
grouped in each chapter. . Mainly a few 
ferrous alloys ( austenitic stainless and other 
ferritic alloys), aircraft aluminium alloys, 
a few magnesium and copper alloys and 
nickel, tin and lead have been included in 
the survey. 

The book is an excellent critical survey of 
the existing published literature on the 
subject and would be of great assistance 
to research workers in the field as well as 
to engineers and designers as a reference 
book. Considering the very specialized nature 
of the book the price of 21s. is not exces­
sive. 

M. S. MITRA 

414 

Principle of Aerodynamics, by James H. 
Dwinnell (McGraw-Hill Book Co. Inc., New 
York), 1949, pp. xi + 533. Price $4.00. 

IN RECENT YEARS, MANY NEW BOOKS ON 
aerodynamics are coming out, both for class­
room study and professional use. Every 
book has some distinctive feature about it, de­
pending upon the author, where he is attach­
ed to - a teaching institution, or research 
and development laboratory or industry. 

The book under review is distinctively a 
new text, giving an up-to-date introduction 
to the theoretical and practical aspects of 
aerodynamics. The scope of the principles 
outlined in the book is no doubt absolutely 
essential for a basic text-book on aero­
dynamics. This can be attributed to the fact 
that the modern high-speed heavy bombers, 
rockets and jet planes have radically changed 
the pre-war conception of the aerodynamic 
design of aircraft. Today, an aeronautical 
engineer is called upon to deal with the 
design of supersonic aircraft, fitted with jet 
engines. In this respect this book presents 
entirely new materials for a student who is 
on the threshold of his career as an aero­
dynamic engineer. 

The author has also endeavoured to bring 
home the many problems that are being 
confronted with by engineers engaged in the 
development of modern aircraft. There are 
fifteen chapters and some of them are com­
plete in themselves. So much so, the student 
can easily omit a few advanced topics on his 
first reading and then go back to them for 
completion. Detailed discussions on some 
advanced topics like fluid dynamics, airfoils, 
viscosity, compressibility, power plants and 
performances, etc., are given in some chapters. 
The outstanding features of the volume are 
the large number of photographs of excep­
tional quality, a bibliography and two 
appendices giving a vast amount of 
experimental data useful for the purpose 
of comparison with the theory outlined in it. 

The author has, however, skipped one im­
portant topic, namely the discussion on span­
wise airload distribution. In many cases he has 
set for students as problems the so-called 
simple proofs of fundamental principles, which 
only go to show to a remarkable degree the 
originality exhibited by the author. 

The reviewer feels that this book will 
serve as a text-book for many years to come. 

V. CADAMBE 
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The Chemistry and Metallurgy of 
Miscellaneous Materials: Thermo­
dynamics, National Nuclear Energy 
Series, IV, 19B, Edited by Laurence L. 
Quill (McGraw-Hill Book Co. Inc., New 
York), 1950, pp. 329. Price $ 3.00. 

THE WORK ENTITLED" THE CHEMISTRY AND 
Metallurgy of Miscellaneous Materials : Ther­
modynamics" will be of special interest to 
chemists and metallurgists. The book is a 
collection of papers dealing with the reports 
and summary articles of the plutonium 
project on chemistry and metallurgy of 
miscellaneous materials including thermo­
dynamical aspects of the plutonium project. 

The volume consists of ten papers dealing 
with the reports and summary articles con­
tributed by \'arious authors. The first paper 
mainly concerns itself with temperature­
composition diagrams of the liquid-solid 
phase equilibria between the 6 salt pairs 
obtained from the bromides and iodides of 
strontium and barium. These diagrams are 
presented in the light of data obtained in the 
investigation of low-melting high-molecular 
weight salt baths. The second paper which 
deals with "Temperature-composition Dia­
grams of Metal-metal Halide Systems" 
explains all the phase diagrams of different 
systems by thermal analysis. 

The third paper which describes " The 
Thermodynamic and Physical Properties of 
the Elements" gives tables of heat contents, 
vapour pressures, heats of vaporization and 
entropies of vaporization for more than 
60 elements. The fourth paper which 
deals with " Thermodynamic and Physical 
Properties of Nitrides, Carbides, Sulphides, 
Silicides and Phosphides" describes and 
discusses the tables of free energies, heats 
and entropies of formation at 298°K for 
many nitrides, carbides and sulphides. A table 
of stable gaseous compounds is presented for 
the 3 temperatures, 1,500°,2,000° and 2,5000 K, 
for the pressure range 10-3 to 10-5 mm. Hg. 
to help in interpreting high-temperature 
reactions in vacuum systems. This paper 
also includes a second table of all possible 
refractory nitrides, carbides and sulphides for 
the same temperature and pressure ranges as 
those given for stable gaseous species. This 
paper further discusses briefly the application 
of the refractories in the construction of high­
temperature high-vacuum systems. The fifth 
paper, which deals with "The Thermo-

dynamic Properties of Common Gases ", gives 
tables of free energy, entropy and other 
thermodynamical data for common gases of 
importance in high-temperature reactions. 
It also gives references to tables of thermo­
dynamic functions of many of the less 
common gases. The sixth paper which deals 
with" The Thermodynamic Properties of the 
Halides" includes 5 valuable tables of the 
thermodynamical properties of the liquid and 
solid halides of all the elements. It includes 
also 5 appendices of which the first shows 
the relations between the various thermo­
dynamic properties of elements, compounds 
and solutions, the second shows the use of 
lattice energies in estimating and checking 
heats of formation of compounds, the third 
explains the use of heats of solution in esti­
mating and checking heats of formation of 
compounds, the fourth illustrates the use of 
the tables for various thermodynamical 
calculations and the last indicates the order 
of arrangement of the chemical elements in 
the tables. The seventh paper of the work, 
which deals with" The Fusion and Vaporiza­
tion Data of the Halides", gives tables of 
melting points, heats of fusion, heats of 
vaporization, boiling points and vapour 
pressures of the halides with discussion of the 
factors affecting volatility. The eighth paper, 
which deals with "The Thermodynamic 
Properties of Molybdenum and Tungsten 
Halides and the Use of These Metals as Re­
fractories ", presents a brief summary of the 
high-temperature chemistry of the metals 
molybdenum and tungsten halides, laying 
stress on the suitability of the metals as 
refractories. This paper indicates condi­
tions fornon-attack of the metals by halogens, 
hydrogen halides and other halogen com­
pounds. It also presents the methods of 
preparation of the halides and their high­
temperature properties. The ninth paper 
which deals with " The Heats of Formation 
of CeS, Cc3S, and Ce2S3 at 25°C." concerns 
itself with the measurement of heats of 
solution of these materials at 25°C. Using 
rhombic sulphur as the standard state, heats of 
formation are calculated and the results are 
interpreted and correlated with other experi­
mental data. The final paper of this work 
which deals with" The Heat of Reaction of 
the Cerous-ceric Couple in 0·5 Molal Per­
chloric Acid at 25°C." describes calorimetric 
determination of the heat of reaction of the 
cerous-ceric couple in 0·5 molal perchloric 
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acid by estimation of heat of the reaction of 
ceric ion with hydrogen peroxide. Oxalic 
acid and hydrogen peroxide were used as 
thermochemical standards. Results of using 
the former were unsatisfactory while those 
which were obtained by using hydrogen per­
oxide indirectly were found to be satisfactory. 

This work presents a very wide range of 
data which is found scattered in various 
records and summaries of the plutonium 
project. The subject-matter is authentic 
and reliable and is useful to the students and 
research workers in the fields of metallurgy, 
crystal chemistry, refractories, rare earths, 
etc. This volume should prove a very 
valuable reference literature on these subjects. 

A. K. CHATTER]I 

Electrical En~ineerin~ Economics, Vol. I , 
by D. J. Bolton (Chapman & Hall Ltd., 
London), 1950, Third Edition, pp. xi + 292. 
Price 25s. net. 

THE AIM OF THE AUTHOR IS TO GIVE TO 
practising engineers and students a good 
account of elementary economics that con­
cerns the electrical engineers and its applica­
tion to practical problems. Volume I, now 
under review, is divided into two parts. 

Part 1 deals with general principles, 
standard definitions and explanations of 
economic problems and engineering formulae. 
The principles of productivity and other 
engineering aspects are made intelligible and 
useful to engineers. 

Part II deals with the general problem of 
economic choice of electrical plant. The 
various problems and variable factors have 
been stated and methods suggested to work 
out a complete theory and practice of eco­
nomic choice. 

This volume is intended to enable engineers 
and others interested in power development 
schemes to assess the cost of the electrical 
service and compare alternatives. This will 
help in setting up criteria for the design and 
choice of engineering plant. 

Chapters I to III deal with the principles 
of the capital investment, sinking fund total 
and annual depreciation. Chapters IV and 
V deal with the transfer of the undertakings 
and productivity. The economics of this is 
explained by formulae and suitable examples. 

Chapters VI to XII deal with the methods 
of arriving at the proper size and capacity 
of the plant, principles involved in assessing 
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the utility and life of the various types of 
equipment such as transformers, motors, 
power cables and lamps by taking into consi­
deration their efficiency and special design 
characteristics and their cost. 

The economics of overloading for pres­
cribed periods admissible by the engineering 
standards are also discussed. A very useful 
set of appendices supplement the details 
given in the book. 

This book will be a valuable asset for 
power engineers connected with the design 
of large undertakings involving big capital. 
The economic principles explained in the 
book can be conveniently applied to items 
in different countries. 

B. K. R. PRASAD 

Industrial Microbiolo~y, by Samuel Pres­
cott & Cecil Gordon Dunn (McGraw-Hill 
Book Co. Inc., New York), Second Edi­
tion, 1949, xii + 923. Price $ 8.50. 

THE FIRST EDITION (1940) OF THIS PUBLI­

cation has been so popular amongst scho­
lars, research workers and technologists 
engaged in the field of microbiology that a 
revised edition, bringing up to date the 
information on the subject, has really been 
quite welcome. The rapid developments 
in the field of fermentation technology and 
the ex tension of its scope in industrial pro­
duction , both in technique and variety 
during the past decade, have necessitated the 
rewriting of some chapters of the first 
edition and the addition of five new chapters 
on saccharification, yeast production and 
yeast products, 2, 3-butanediol, itaconic 
and related fermentations, and antibiotics. 
The chapters on yeast have been combined 
into a single chapter in this edition and ex­
panded by incorporating much new material 
on food and fodder yeasts, riboflavin pro­
duction and discussion of methods of in­
dustrial operation. These aspects have a 
special reference to industrial applications 
and possible future developments. 

The authors have done justice to the sub­
ject and, in its revised form, the book is 
useful both to the research worker and the 
technologist. The former will find a mine of 
information for further research and the 
exhaustive bibliography, provided at the 
end of each chapter, is a valuable research 
aid. The technologist will find in the book 
a valuable guide which he can consult for 
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information on the practical problems of 
processes and techniques. It may be ob­
served, however, that in the attempt to 
cover a vast and rapidly developing field 
within the compass of a single volume, the 
treatment of the different aspects of indus­
trial microbiology has become somewhat 
uneven. For instance, the discussion on 
textile microbiology - particularly on the 
important aspect of retting - is not as ex­
haustive as one would have wished. The 
book is well got-up and it is refreshingly 
free from printing errors. 

S.A.c. 

Electronic Valve: Book I -Fundamen­
tals of Radio-Valve Technique, by 
J. Deketh ( Philips Electrical Co. ( India) 
Ltd. , Calcutta). 1949, pp. 022 + 535. Price 
Rs.24. 

THE WELL-KNOWN RADIO MANUFACTURING 
firm of Holland, Philips, have undertaken 
the pUblication of a series of books on elec­
tronic valves of which the present volume 
forms book I, thus making obvious the 
choice of its title and scope. It is intended 
primarily " to give engineers and technicians 
not specialized in radio and allied techniques 
an impression of the construction and func­
tioning of radio valves and their applications 
in receiving sets and other electronic appa­
ratus ". Notwithstanding its chief appeal 
to the practical men, university graduates 
and research workers specialized in radio 
and communication engineering and ac­
customed to study theoretical treatises will 
do well to read this book for useful practical 
hints that may prove beneficial in the design 
and construction of special apparatus. The 
book gives explanations of various pheno­
mena associated with an electronic valve 
and the physical principles underlying them 
without giving elaborate mathematical details 
and yet not creating the impression of having 
avoided mathematical treatment wherever 
felt necessary. 

First five of its thirty-three chapters deal 
with physical concepts and basic principles 
of electronic emission, electron ballistics 
and secondary emission. Chapters VI, 
VII and VIII are devoted to construction 
and manufacture of valves of various types. 
Illustrations are given of the machinery used 
at various stages of construction and of the 
test gear. Information of this kind is not 

available in other books. Chapters IX to 
XXVII deal with the linear and non-linear 
characteristics of a valve and the usual 
circuits based upon them such as amplifiers, 
oscillators, rectifiers, etc. Frequency con­
version, negative feedback and A VC find a 
chapter each as also tuning indicators and 
AGC. Effects of hum due to mains voltage 
and microphones are discussed in chapters 
XXVIII and XXIX respectively. The last 
three chapters are devoted to ageing effects 
and power supply considerations. 

There are nine appendices covering such 
topics as units, D.C. and A.C., and oscillating 
circuits, as also useful tables and graphs. 
The book ends with a list of relevant Philips 
publications on the ,subject and a reference 
list of books for further studies. 

The style is simple and direct with some 
continental influence on the language at 
places. It deserves a place on the book-shelf 
of everyone interested in the practical side of 
electronics. 

N. B. BHATT 

Publications Received 

INTRODUCTION TO THE TRANSFER OF HEAT & 
MASS, by E. R. G. Eckert, McGraw-Hill 
Book Co. Inc., $ 4.00 

TESTING RADIO SETS (Fifth & Revised 
Edition) , by J. H. Reyner, Chapman & 
Hall Ltd., 225. 6d. 

AN INTRODUCTION TO ELECTRONICS, by J. 
Yarwood, Chapman & Hall Ltd., 285. 

INDIAN SUGAR STATISTICS, Ministry of Agri­
culture, Rs. 1/4 or 25. 

HYDROLOGY (The Fundamental Basis of Hy­
draulic Engineering) (Second Edition), by 
Daniel W. Mead, McGraw-Hill Book Co. Inc. 

GENERAL CHEMISTRY (Second Edition) , by 
Timm, McGraw-Hill Book Co. Inc., $ 4.50 

PHYSICO-CHEMICAL CONSTANTS OF PURE 
ORGANIC COMPOUNDS, by J. Timmermans, 
Cleaver-Hume Press Ltd., 955. 

PIEZOELECTRIC CRYSTALS & THEIR ApPLICA­
TIONS TO ULTRASONICS, by Warren P. 
Mason, Macmillan & Co. Ltd., 56s. 

SOILS - THEIR PHYSICS & CHEMISTRY, by 
A. N. Puri, Asia Publishing House, 
Bombay, $ 7.00 

THE PROPERTIES OF ASPHALTIC BITUMEN, 
by J. P. J. Pfeiffer, Cleaver-Hume Press 
Ltd., $ 6.00 

ATOMIC PHYSICS, by Wolfgang Finkelnburg, 
McGraw-Hill Book Co. Inc. , $ 6.50 
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Medicinal & Industrial Aspects of Fungi 

U
NDER the joint auspices of the Society of 

Fermentation Technologists and the Society 
of Pharmacology & Experimental Medi­
cine, India, a symposium on the Medicinal 
and Industrial Aspects of Fungi was held 

during August 1950 at the Indian Institute of 
Science, Bangalore. Seven papers reviewing recent 
developments in the following fields were presented: 
(1) pathogenic fungi, (2) fungi and immunological 
changes, (3) culture and maintenance, (4) nutrition 
and metabolism of fungi and (5) industrial aspects 
dealing with production of acids, antibiotics and 
enzymes by fungi . 

The pathogenic fungi form a heterogeneous group 
consisting of actinomycetes, certain molds and 
mold-like fungi and a number of yeasts and yeast­
like organisms for which, it was pointed out, no 
satisfactory system of classification exists. Two 
major groups, those causing (1) superficial mycosis 
and (2) deep-seated mycosis, were considered with 
particular reference to the more common fungus 
infections, namely Aspergillosis, Dermatophytoses 
Maduromycoses and Sporotrichosis. 

The use of fungal infections as a means of investi­
gating immunological phenomena was the subject­
matter of another paper. Considering the fact 
that the tubercle and diphtheria bacilli are more 
closely related to the fungi than are the .. true 
bacteria", these forms, it was held , could be re­
garded as connecting links between the bacteria 
and fungi proper, some of which are pathogenic for 
man and lower animals. Fungal infections should 
be considered in the differential diagnosis of 
many obscure infections. It was pointed out 
that many immunological phenomena have been 
demonstrated with experimental fungal infec­
tions and the close analogy of fungal infections to 
diseases like tuberculosis and leprosy was cited 
as examples. 

Culturing and maintenance of fungi with refer­
ence to their biochemical performance (production 
of acids, antibiotics and enzymes) was stressed as 
a major problem and should claim the attention 
of microbiologists dealing with fungi of industrial 
importance. The advantages and simplicity of the 
method of studying the biochemical activity of 
fungi on solid media by incorporating test subs­
tances like starch, neutralizing agents or bacteria 
during growth were discussed. 
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The general tendency of fungi towards" sponta­
neous change" under different cultural conditions 
was pointed out as an important problem for 
investigation and the necessity for efficient 
methods of maintaining organisms to give repro­
ducible performances was stressed. 

The nutritional and metabolic performance of 
fungi were dealt with in another interesting paper. 
The peculiarities of mold fermentation and the 
influence of environmental conditions on these were 
discussed. The adoption of more modern and 
efficient t echniques of submerged fermentation was 
stressed . Improvements in metabolic performance 
in industry of organisms employed by judicious 
selection of strains and induced mutation was 
emphasized. 

The industrial production of organic acids by 
fungi using cheap carbohydrate substrates was 
discussed in another paper. The production of 
citric acid using A spergillus niger by the surface 
and submerged fermentation was described, stress­
ing the role of the trace elements in the process. 
The production of gluconic acid using shallow rotary 
drums and semi-continuous fermentation methods 
and the conditions under which other acids like 
kogic and gallic were produced were indicated. 

Recent research in antibiotics has emphasized 
the need for drugs complementary or supplementary 
to penicillin. Isolation of potent strains is of 
utmost importance. Irradiation with X-rays and 
ultra-violet rays to evolve suitable strains and the 
influence of substrate composition, minerals and 
trace elements, nitrogen source and added nutrients 
on the production of penicillin were presented in 
a paper entitled .. Production of Antibiotics". 
The production and purification of amylases were 
discussed in a paper" Production of Enzymes from 
Molds". Methods of continuous fermentation em­
ploying submerged fermentation, their advantages 
over conventional methods were described. Factors 
affecting the production of diastase by Aspergillus 
oryzae, with particular reference to trace e lement 
nutrition and the influence of the sources of car­
bon and nitrogen in the substrate were described. 
The use of antiseptics for the control of bacterial 
contamination in industrial practice and the action 
of specific antiseptics on the sporulation and amylase 
production were described. 

T. N. R. RAO 



NOTES & NEWS 
Atomic Standards 

THE U.S. NATIONAL BUREAU OF 
Standards is considering the possi­
bility of replacing the present 
standards of time, length and mass 
by a complete set of primary 
standards which would remove the 
need for making corrections neces­
sitated by irregularities in the 
motion of the earth and for 
maintaining arbitrary standards 
(Nature , 1950, 166.167) . 

The establishment of primary 
standards based on atomic pro­
perties could be carried out along 
the lines adopted for establishing 
the standard of length in terms of 
the wavelength of a selected 
spectral line. Preliminary mea­
surements reported by the U.S. 
National Bureau of Standards, the 
National Physical Laboratory and 
the International Bureau of 
Weights and Measures permit 
present definition of the metre as 
1.831 ,249·2 wavelengths of the 
green radiation characteristic of 
mercury 198 in standard air. To 
make this independent of possible 
varia tions in air density, the 
atomic metre could eventually be 
defined as a number of waves in 
vacuo. Similarly the unit oftime­
the standard second - could be 
defined as the duration of a certain 
number of oscillations of an elec­
tromagnetic field the frequency of 
which lies at the centre of some 
well-defined microwave absorp­
tion line. The ammonia molecule 
has alread y been used for this 
purpose in the atomic clock. Its 
spectral absorption band has the 
constancy of the mid-frequency 
like the spectral lines in optical 
spectroscopy. This is further im­
proved due to the high Q of the 
ammonia gas which is about 
1,00,000 at N.T.P. The mass unit 
could be based upon the absolute 
measurement of gyromagnetic 
ratio o f the proton, making use of 
these definitions of length and 
time. For example, unit field 
strength of magnetic induction 
can be defined as that field in 
which protons would precess at 
the rate of 4257·84 cycles per 
second. Similarly the unit of 
current and force can be defined . 
A set of working definitions is 

given as under : Atomic Metre­
The length equal to 18,31,249·2 
wavelengths from the "5,460·7532 
A"line of mercury 198 in standard 
air. Atomic Second - The time 
required for 2,38,701 x 10' oscilla­
tions of the 23,870 Mc. or 3,3 line 
of NH.. Atomic Ampere - The 
current flowing in an infinite 
solenoid of 1,000 turns per atomic 
metre which gives proton nuclear 
resonance at a frequency of 
53,505 ·6 cycles per atomic second 
in a sample located at the centre 
of the solenoid. Atomic Newton-
5 million times the force exerted 
on each atomic metre length of 
either of the two infinite parallel 
wires separated by one atomic 
metre and carrying one atomic 
ampere. Atomic Coulomb -charge 
transported by one atomic ampere 
in one atomic second; and Atomic 
kilogram - The mass which ex­
periences an acceleration of one 
atomic metre per atomic second 
squared, when acted upon by a 
force of one atomic Newton. 

Permanent Magnet 
Electron Microscope 

A NEW TYPE OF CONSOLE ELEC­
tron microscope in which the 
cumbersome electromagnetic de­
vices used in earlier models have 
been replaced by permanent mag­
nets has been designed at the 
Radio Corporation of America. 

The new model has magnets in 
bucking arrangement or in con­
figurations, disposed either radi­
ally or parallel to the optical axis 
of the lens. The intricate coil 
systems of the electromagnet and 
the specially stabilized electronic 
circuits with batteries for provid­
ing constant voltage to the lenses 
employed in the earlier models 
have been eliminated in the new 
design by using about 4 lb. of 
magnetic steel. This arrangement 
has made the microscope very 
much simpler in alignment and 
more stable in operation. A cons­
tant resolution on all accelerating 
voltages can be obtained, a factor 
useful in the calibration and 
standardization of electromicro­
graphs. Focussing in earlier models 
is done by slowly varying the 
current feeding the objective lens 

whereas in the new model the 
accelerating voltage can be varied 
( through a known range) to get 
sharp electromicrographs since the 
lenses are of permanent type. 
The model has, however, limited 
applications as its magnification 
range is between 1500 X and 6000 
X and the resolution is not better 
than 100 AfL. The instrument 
would be useful in industry for the 
solution of a variety of problems 
such as rapid and easy determina­
tion of particle size, thickness of 
films, et c. 

Synthesis of 
Ethylenlc Compounds 

A NEW METHOD FOR THE SYNTHESIS 
of unsaturated compounds, parti­
cularly those containing one or 
more ethylenic groups adjacent to 
a carbon atom, has been recently 
developed (Chem . Age, 1950, 63. 
91). Alkyl lithium derivatives 
are first prepared and these are 
made to react with the secondary 
components. 

Isobutenyl bromide reacts readi­
ly with lithium metal in dry ether. 
Carbonization with excess solid 
CO. and isolation of the products 
yield a mixture of 2 : 5 dimethyl­
hexa-2 : 4-diene, ~ : ~-dimethyl­
acrylic acid and phorone. 

The method is a complement to 
the procedure employing acety­
lenic precursors and provides a 
new route for the synthesis of 
many types of ethylenic com­
pounds which are not easily 
available. 

Recent Applications of Lithium 

HIGH PRICE OF LITHIUM HAS so 
far limited its large-scale use in 
industry. Recent improvements 
in supplies and production tech­
niques have made available 
lithium and its compounds for use 
in lubricants, low t emperature 
porcelain enamels and others. 

Water-soluble lithium deriva­
tives of alizarine and anthra­
quinone type wool dyes have been 
produced with lithium carbonate. 
A patent describes the use of 
lithium carbonate within the 
range of 0·3 to 3 parts per 100 
parts by weight of ground and 
dried coffee for preserving its 
flavour and freshness. A low 
temperature dry cell for opera­
tion at temperatures down to 
-60°F. has been developed. The 
cell contains LiCI for maintaining 
the electrolyte in a liquid condition. 
Flash-light dry cells containing 
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such a formulation were operative 
for 100 min. on a closed circuit 
test at -40°F. whereas ordinary 
dry cells delivered no energy. 
Application of lithium chlorid.e 
and nitrate to wheat seedlings 
reduces their susceptibility to 
powdery mildew and brown rust, 
smaller doses stimulate growth. 
Finely powdered lithium fluoride 
prevents explosion of mixtures of 
methane and air. The ad­
sorbent property of lithium 
hydroxide can be made use of in 
the preparation of gas absorbents 
by mixing one part of lithium 
monohydrate with 4 parts of 20 per 
cent sodium silicate solution and 
dehydrating. The mass is porous 
and does not become gummy 
with use. 

Lithium hypochlorite is a solu­
ble, stable, solid chlorine bleach 
and loses only about 2 per cent of 
available chlorine in 53 days as 
against 30 per cent lost in 40 
days in the case of sodium 
hypochlorite (C.T.]., 1950, 126, 
1421 ). 

Silver-lined Chemical Plant 

THE WIDER USE OF SILVER IN THE 
construction of chemical plant has 
hitherto been hampered by cost 
considerations. Recent experience 
has shown that on account of its 
valuable properties, silver can be 
more economically employed even 
at current price levels in chemical, 
electrical and food industries with 
advantage. The high initial cost 
of the plant is largely offset by the 
recovery value when a plant or 
vessel is taken out of commission 
(Chem. Age, 1950,63,196). 

The heat transfer characteristics 
of silver and silver-lined chemical 
plant compare favourably with 
those of nickel or stainless steel. 
The high thermal conductivity of 
silver, coupled with its freedom 
from corrosion, enables very high 
overall transmission coefficients to 
be obtained. To overcome its 
mechanical weakness and liability 
to sulphur tarnish, silver is alloyed 
with copper and other metals. For 
use under corrosive conditions, 
however, 99·99 per cent silver is 
preferred. In the construction of 
tubes and coils subject to low 
working pressures, massive silver 
can be used to make up for the 
tensile strength. For service at 
higher pressures, silver tubes and 
pipes are backed with a stronger 
metal by drawing down together 
a pair of heavy walled tubes, one 
of silver and the other of base 
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metal. In heat exchangers, the 
silver tubes are expanded to fit 
tightly in the tube plates, which 
are usually of base metal sheathed 
with silver on the contact face and 
through the holes. Mild steel 
vessels can also be given a bended 
lining if the steel shell is not too 
heavy. Bending is, however, not 
possible in thick-walled vessels 
such as high pressure autoclaves; 
the method adopted is to make 
the lining slightly over-sized and 
press it into place. 

Uniform coatings of silver as 
thin as 0·001 " or thinner can be 
applied by electro-deposition or 
metal spraying but are too porous 
for chemical process work. A pro­
mising method is the cladding of 
a silver sheet on a base metal 
plate before fabrication . This 
would considerably reduce the 
initial cost of silver-lining and 
extend its range of application. 

Evaluation of Metal Finishes 

THE INSTRUMENTS AND TECH­
niques which have been develop­
ed for the evaluation of surface 
roughness of metal finishes are 
described and their possible use­
fulness to the metal finisher 
assessed in a paper presented at 
the recent 37th Annual Conven­
tion of the American Electro­
platers' Society. 

The microscopic methods, such 
as the Schmaltz light-cutting 
t echnique and those involviJ;lg per­
pendicular or taper sectioning are 
of limited utility since these are 
limited by optical factors to give 
a resolution of about 8 micro­
inches only. It is possible to 
extend the microscopic methods 
to give a resolution of one micro­
inch when they are used in con­
junction with interference pheno­
mena. The Zeiss interference mi­
croscope is useful in the study of 
surfaces having a roughness range 
of 2 to 80 microinches. The 
surface can be inspected without 
special preparation at a magni­
fication of 664 X and can be 
scanned by moving the specimen 
with a mechanical stage. Proper 
interpretation of the interference 
patterns permits the making of 
measurements in three directions 
from a single observation. Photo­
graphic records can be made of 
areas 0·007" dia. The microscope 
can be used on soft materials, 
exact peak-to-valley measure­
ments can be made and a better 
idea of the general texture as well 
as the exac t details of the surface 

imperfections such as scratches, 
nodules and pits obtained. For 
matte surfaces, and internal 
measurements, electromechanical 
roughness gauges, actuated by a 
tracer arm equipped with a 
diamond stylus, have been success­
fully employed over ranges of 
0·5 to 3,000 microinches. Plastic 
replicas, which are easily and 
economically prepared, can be 
used with si m pie optical proj ectors 
for the comparison of surfaces 
against accepted standards down 
to about 2 microinches. Experi­
mental methods for obtaining 
numerical values of roughness 
from plastic replicas have been 
described but commercial instru­
ments for this purpose are not yet 
available. The electron micros­
cope is a potent tool for the study 
of surfaces, but high equipment 
costs and involved operational 
techniques limit its general 
utility. 

Photo-transitor 

A NEW TYPE OF "ELECTRIC EYE", 

much simpler, smaller and sturdier 
than the present photo-electric 
cell and capable of performing 
most of the functions of an ordi­
nary vacuum tube is being per­
fected at the Bell Telephone Labora­
tories (J. Franklin Inst., 1950, 
249, 516) . Because of their 
smaller size and long life, the 
photo-transitors should find 
many applications where it is not 
practical to use the present 
photo-electric devices. 

The apparatus consists of a small 
cylinder of the size of 0·22 calibre 
rifle cartridge containing a piece 
of germanium. In a small dimple 
ground into one side of the ger­
manium disc rests the tip of a wire 
(the collector). At this point 
the disc is only TO'u" H thick. Light 
focussed on the opposite, undim­
pled side of the disc can control 
the flow of current in the wire, 
thus making a control device 
similar in function to a photo­
electric cell. 

The photo-transitor has a high 
power output for a photo-electric 
device, in some cases enough to 
operate a switch directly without 
preliminary amplification and 
gives good response to a rapidly 
fluctuating light source. It is 
sensitive to light given off by 
ordinary incandescent light bulbs 
and is well suited to operate with 
these with good fidelity . Another 
important property of the device 
is its low impedance. 



Fractional Weights from. 
Zirconium. 

IN RECENT YEARS PLATINUM AND 

aluminium fractional weights are 
substituted with tantalum and 
gold ones. More recently zirco­
nium has been found to offer some 
advantages over these metals 
(J . Frallklill Ins/., 1950,250,39) . 

Zirconium satisfies the rigid 
specifications for such purposes 
and is available in sufficient 
quantities in a high state of purity. 
As the melting point (1,857°-
1.860°C. ) is not high , the metal 
can be fused easily. Its buoyancy 
correction is +0·041 mg. in com­
parison with -0·070 mg. for 
tantalum and +0·302 mg. for 
aluminium. 

Four small weights, 50 mg., 
20 mg., 20 mg. (one dot) and 
10 mg., were produced from one 
sq. cm. sheet of the metal weigh­
ing approximately 0·077 gm. 
They were cleaned with redistilled 
alcohol, allowed to dry at room 
temperature ( n oc. ) for two days. 
!: ( 100 mg.) zirconium was com­
pared with the fiducial weight 
by the method of substitution 
taking six observations, the lapse 
of time between the first and the 
last being 18·5 months. The 
difference noted was -0·002 mg. 
Composite values represented by 
l: ( 100 mg. ) Zr. were also deter­
mined before and after inter­
comparisons. The calibration 
data for the individual pieces were 
in agreement to the nearest micro­
gram. Control determinations on 
the standard centigram (S 10 mg.) 
and their intercomparison with 
zirconium weights gave identical 
values ( 10 mg. ) Zr. - ( S 10 mg. ) 
= 0·000 mg. 

It would be advantageous to use 
zirconium specially for the deci­
gram a nd centigram groups of 
weights. Aluminium may still 
be employed for the milligram 
group to maintain a suitable rela­
tion between area and thickness . 

Strain Tester for 
Rubber Products 

As AUTOMATIC PRECISION STRAIN 

testing machine for evaluation of 
rubber and rubber-like compounds 
has been developed (J. Franklin 
Inst., 1950, 250, 62 ). 

This t ester measures the per­
centage elongation of a virtually 
motionless specimen at a definite 
time a fter the application of a 
pre-chosen stress. This stress is 
determmed by loading the speci-
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men friction-free in proportion to 
its thickness in millimeters. It 
predicts the cure time required to 
give a desired percentage elonga­
tion. Precise measurement of ex­
tension set for a specified stress 
may be obtained since specimens 
can be stressed for a uniform time 
interval. Effect of storage on 
elasticity can now be obtained 
from one batch only per cure. 

The machine is automatic and 
any unskilled operator can easily 
obtain all data needed for evalua­
tions. The automatic property 
of this tester reduces human errors 
to a minimum and a timer 
accurately controls all compo­
nents of an operation cycle. The 
maximum operation period is only 
80 sec. The protective con­
trols give warning when an opera­
tion is abnormal, indicating that 
the data for that particular cycle 
a re not to be used . Also, no 
change in weight loading for a 
particular cycle is possible since 
a solenoid locks the weight com­
bination . 

A Sim.ple Microculture Slide 

AN INEXPENSIVE AND EASILY 
manipulated slide for microscopic 
examination and microphoto­
graphy is described ( Science, 1950. 
112, 53 ). 

The slide which is used in con­
junction with 18 mm. cover slips 
is a standard 1 N X 3" glass slide, 
3 mm. thick with an unpolished 
channel i" wide and slightly less 
than 1 mm. deep, located iN from 
one end of the slide. Cover slips 
and slides are sterilized separately, 
and immediately prior to use a 
cover slip is placed over the 
channel without cement or wax 
of any kind, thus forming a small 
open chamber. Melted seeded 
agar is allowed to flow under the 
cover slip by capillarity until 
part of the space is filled. The 
inoculated culture slide may then 
be inoculated in a moist chamber 
such as a Petri dish containing a 
piece of moist cotton. 

The slide makes possible the 
rapid production of temporary 
mounts and gives satisfactory 
permanent mounts. 

New Flow Valve 

A COMPACT, GLANDLESS, FLOW 
valve which can be remotely 
controlled hy pneumatic, hydrau­
lic or electrical means has been 
designed at the Tillman Langley 
Laboratories (Chern. Age, 1950, 
63,187 ). 

The valve consists of a central 
body, spherical at the input end 
with a supply hole drilled through 
it. The hole connects with a 
piston chamber at the outlet end 
of the component, in which moves 
a spherically ended and mush­
room shaped piston. A bypass 
connects the upstream end of the 
piston to the ou tlet of the valve. 
When the bypass is closed, the 
pressure built up against the 
piston is greater than the flow 
pressure acting on the down­
stream end and this moves the 
piston to close the main flow. 
Opening the bypass relieves the 
load on the piston which moves 
back, opening the flow passage 
to the main fluid flow. 

The small cross-sectional size of 
the valve enables it to be installed 
in a pipe run without requiring 
special clearances between adja­
cent pipe and the straight through 
flow avoids pipe bends or cons­
trictions. The valve being gland­
less, there is no risk of fire when 
inflammable liquids are handled. 
Danger of corrosive liquids affect­
ing the valve components is 
obviated since it can be fabricated 
from any material-even glass or 
carbon . Without power services 
a remote control can be obtained 
by utilizing the fluid flow pressure. 
Electrically operated, the valve 
will control flows of 30 g.p.m . at 
pressures up to 500 p.s.i. using 
only 0·33 amp. from a 24 V. 
supply. 

The possible applications of the 
valve include handling of corrosive 
material, remote control of water 
or gas supplies and fire sprinkler 
systems using the valve operated 
from fusible plugs to supply water 
immediately at high pressures. 

Newsprint from. Indian Woods 

INVESTIGATIONS ON RAW MATE­

rials suitable for the manufacture 
of newsprint in India carried out 
at the Forest Research Institute, 
Dehra Dun, have revealed that 
satisfactory mechanical pulps can 
be produced from paper mulbery 
( Broussonetia papyrifera ), a fast­
growing broad-leaved species 
which can be easily cultivated on 
a large scale in the country 
(Indian Forest Bulletin No. 143 ). 

A series of grinding experiments 
on the wood were carried out to 
arrive at a suitable combination of 
various process variables which 
would yield news grade mechanical 
pulp possessing maximum strength 
properties. Hotgrinding (between 
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65° and BO°C.) and a pocket pres­
sure of 16·B lb . per sq. in. gave 
larger production of pulp per unit 
time and the pulp had better 
strength properties than those 
obtained by cold grinding. Beyond 
BO°C. and at higher pressure, the 
pulp is darker in shade, has 
poor strength properties and high 
power consumption although the 
rate of production increased. 

Mill-scale tests made with a 
mixture of 70 per cent mechanical 
pulp and 30 per cent bleached 
bamboo pulp showed that the 
strength characteristics of the 
newsprint were practically the 
same as those of imported news­
print. The colour and formation 
( look-through) of the experi­
m ent a l newsprint were superior 
and its quality was softer than the 
foreign sample. The paper gave 
a successful printing trial except 
for the ink absorption which was 
rather high . This could be brought 
down by proper calendering . 

The Indian Pieea morinda 
( spruce) and A lues pindrow ( fir ) 
were also fouod suitable, but due 
to heavy fellings of these species 
from the more accessible areas and 
the difficulties and cost of trans­
port from m ore remote areas, 
their utilization is considered un­
economical. A detailed field 
survey to collect information 
regarding available supplies and 
costs of these species, delivered to 
a mill site, is recommended to 
ascertain their potentialities . 

Battery Separators from 
Indian Woods 

EXPERIMENTS CONDUCTED AT THE 

Forest R esearch Institute, Dehra 
Dun, on the possibility of manu­
facturing ba ttery separators from 
Indian woods a re described in 
Indian Forest Bulletin No. 147, 
published recently. The following 
timbers were investigated : deodar 
( Cedrus deodara), kail (Pinus 
exeelsa). spruce (Pieea morinda ) 
and fir ( Abies pindraw ) . The pre­
treatment consisted of boiling the 
separators from these woods in 2 
per cent caustic soda for 2 hr. 
followed by repeat ed boiling in 
water and thorough washing in 
cold water after each boiling and 
finally bleaching in 10 per cent 
sulphuric acid for 24 hr. and 
washing. Deodar needed as many 
as 10 washings to remove alkali. 
Some of the separators of fir and 
deodar were further heated with 
glycerine containing 10 gm . of 
thymol in 20 gm . of lemongrass 
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oil for 15-20 min. at 115°-20°C. 
The treatment appreciably chang­
ed the electrical resistance of the 
separators which compared favour­
ably with that of Port Orford 
cedar (0'045 ohms) after 7 weeks' 
immersion. Battery p erformance 
t ests showed that internal resis­
tance of the cells at the 47th cycle 
was of the same order and magni­
tude as in the case of Port Orford. 
The discrepancies in the voltage of 
the cells as direct! y measured and 
as derived from the cadmium 
pot entials of the plates were 
negligible . The cells recorded a 
normal cadmium potential pro­
gress during the discharge. The 
voltage variation a t high current 
discharge was not erratic a nd the 
diffusion o f the electroly te was 
normal without any internal 
short circuiting. T ests conducted 
over a period o f a year and a ha lf 
showed that the condition of the 
plates was good in the case of 
spruce separators and fair with 
those of fir . The plates of cells 
fitted with Port Orford cedar , 
deodar and kail , separa tors became 
brittle. The bursting st rengths 
of fir separators were the best , 
followed by those of spruce and 
deodar. They were better than 
Port Orford cedar separators in 
this respect . Glycerine treated 
separators gave higher strengths. 
Sediment deposits in P ort Orford 
cedar were maximum, followed by 
deodar and ka il. 

Resinous Wood Adhesives 

T ANNINS EXTRACTED FROM BARKS 
of A cacia mollissima (black 
wattle), Eucalyptus crebra (narrow 
leaved red iron bark ), Callitris 
glauca (white cypress pine) and 
Callitris calearata (black cypress 
pine) and from the woods o f 
Eucalyptus redunca ( wandoo ) and 
Eucalyptus consideniana have been 
investigated for their use in the 
production of wood adhesives 
(Aus tralian J. App. S c. , 1950, I. 
54 ). 

The rates of condensation of 
these tannins with B per cent 
formaldehyde were assessed by 
measuring the gelation times. 
Calcarata tannin was the most 
reactive ; a 40 per cent solution 
gave a gelation time of 65 min. 
at 4·5 pH . C. glauca, A. mollissima 
and E. redunca tannins came next 
in the order of their reactivity. 
There is a rapid change in gelation 
time with formaldehyde concen­
tration up t o about 10 per cen t . 
Good adhesive strengths are ob-

tained within this range. R eactiv­
ity is similar at PH values of 2 
a nd 8. 

Adhesives were prepared by 
two methods. In the first method 
a resin was prepared by heating 
a solution of the tannin extract or 
its alcohol-soluble fraction with 
formaldehyde in aqueous alcohol. 
The adhesive was prepared from 
this resin by adding paraformal­
dehyde, alkali and filler . The 
resin has a shelf life of 15 days at 
25°C. and of several weeks at lOoC. 
In the second method the adhesive 
was obta ined by adding para for­
maldehyde and fill er to an alkaline 
solution of the tannin . This 
solution does not gel on standing 
but some t annins give a preci­
pitate which can be delayed by 
adding glycerol. 

Different formulations were 
tried for cold-press and hot -press 
adhesives. Best cold-set adhe­
sives were obtained from A . mollis­
sima and C. calcarata tannins . 
Compared with commercia l resor­
cinol-formaldehyde and urea-for­
maldehyde adhesives. these tan­
nins require a short assembly time 
and have a short pot life . Their 
bond strengths are lower except 
that in resista nce to boiling wat er 
the tannin adhesives a re far 
superior. Satisfactory hot-press 
adhesives were obtained from A. 
mollissima, C. ealcarata, C. g/auea 
and E. crebra tannins having 
shear strengths and water resis­
tance similar to the phenolic 
resins used in industry. They set 
in a short time at lower tempera­
tures than the phenolic adhesives 
unless these contain a polyhydric 
phenol or are catalysed with 
strong acid . T he resinous adhe­
sives require relatively little for­
maldelyde, the quantity varying 
from 4 to B per cent on the weight 
of tannin extract . The drawback 
of short pot life is offset by the 
ease and simplicity o f preparation . 

Mortars in 
Buildin~ Construction 

A VARIETY OF MORTARS ARE USED 

in building work and the one 
chosen for any particular class o f 
work has to be a compromise, since 
no one mortar possesses all the 
desired properties. Recommen­
dations, based on experimenta l 
trials, a re given in a bulletin 
recently issued b y the Building 
Research Station of the Depart­
ment o f Scientific Research , Lon­
don (National Building Studies, 
Bull. No. B, price 1s. ) 



Good working qualities, wa ter 
retention and freedom from major 
cracking a re useful charact eristics 
of mortar mixes conta ining lime 
a nd those with a high proportion 
o f cement give earl y s trength a nd 
d urability. A mortar conta ining 
both lime a nd cement has the 
best combina tion o f properties, 
the proportions o f each being 
\"a ri ed to sui t the particular set of 
conditions. The following types 
o f mixes t o suit a variet y o f con­
ditions a nd p urposes a re recom­
mended: B rick work and block 
construction .' Cement morta r is 
recommended where dense strong 
mortar is essen t ia l, for example, 
b ricks used for carrying heavy 
loads or in specia l constructions 
below ground dam-proof course. 
Cement-hme mortar.' (a) 1 : 1 : 5-6 
cement-lime-aggregate should be 
used with a ll norma l types o f 
constructions likely t o be exposed 
t o severe conditions. It is not 
recommended for use with sand­
lime or concrete b ricks having a 
d ry shrinkage great er than 0 ·025 
per cent ; (b) com position 1 : 2: 8-9, 
cement : lime: aggregat e is suit­
ab le for building normal brick­
work in spring or summer except 
where the exposure conditions a re 
severe and can a lso be used with 
sand-lime and concrete bricks or 
concrete blocks having a drying 
shrinkage greater than 0·025 per 
cent; (c) 1 : 3 : 10-12, cement-Iime­
aggregate is recommended fo r 
internal work onl y, under spring 
or summer cond itions. This mor­
tar has a low frost resistance and is, 
t herefore, unsuitable for external 
brick-work. H ydraulic Iime­
aggregate ( 1 : 2-3 ) is suitable for 
normal brick-work construction. 
A richer mixture should be used 
under conditions o f severe expo­
sure. Lime morta rs (other tha n 
h yd raulic) a re liable to break up 
if they become frozen when wet, 
and generall y should not be used 
for externa l work except for thin 
joints ( a s in masonry) or where 
the joints a re pointed with a 
morta r of suffi ciently high frost 
resist ance. Morta rs for masonry 
(porous limestone and porous 
sandstones )- For bedding porous 
t ype of limestone or sandstone, a 
1 : 3 lime putty: crushed s tone 
aggregat e mix is suitable. If a 
more rapid ha rdening isre quired, 
t he mortar should be gauged with 
cement in t he proportion of 1 :3: 12, 
cement : lime put t y : aggregate. 
For bedding dense sandstones or 
gra nite, strong morta r may be 
used. Suit able mixes are 1 : 2-3 , 
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cement : aggregate. Rubble ma­
sonry, having a 1:2:9, cement: 
lime: aggregate mix, is su itable in 
spring and summer ; 1:1:6, cement : 
lime: aggregate for autumn a nd 
winter. 

Coffee Husk as Cattle Feed 

PRELI MIN ARY I N VE STIGATION S 

conducted a t the Indian Veteri­
na ry R esearch Institute, I zzat­
nagar , point to the possibility of 
utili zing the pulpy residue from 
the coffee bean, now a waste 
ma t erial , as cat t le feed . Met abolic 
studies conducted on buffaloes 
after preliminary feeding of about 
t hree weeks on a ration consisting 
of 1·5 lb . linseed cake and 3·5 lb. 
coffee husk in the morning follow­
ed b y 8 lb . of wheat bran ( t o meet 
the dry requirements ) gave the 
following digestibility coefficients 
for the va rious components: 
crude protein , 33 · 53 ; ether extract 
76·08; crude fibre, 18 ·7 and nitro­
gen-free extract , 72·42. The nu­
trients in lb. per 100 lb. of coffee 
husk on dry basis were: digestible 
crude protein, 3'38 ; total digest­
ible nutrients, 42·24. 

During the experimental period , 
the animals maintained good 
health and no adverse sympt oms 
were observed . There was, how­
ever, difficulty in feeding the husk 
t o the animals as they were disin­
clined to t ake it in large quantities 
on account of its unpleasant taste 
and a roma . Means of increasing 
th e pa la tability o f the materia l 
need to be devised before it finds 
extensive use as a cattle feed . 

Sann Hemp 

P R ODU CTI O N AN D M ARKETING O F 

sann hemp in India a re dealt with 
in a recent bulletin issued by the 
Agricultura l Adviser t o the 
Government of India (Bttlletin on 
the M arketing of S ann Hemp in 
India , price Rs. 1/8). Valuable 
improvements have been suggest­
ed to obt a in better yields a nd 
quality of fibre. 

The a rea under the crop is esti­
mat ed to be 5,85,000 acres with an 
average a nnual production o f 
1.16,000 tons fibre. The average 
y ields per acre of the fibre vary 
from about 3·5 md . in Bombay to 
4·5 md. in t he Madhya Pradesh 
and Orissa, 5 md . in the Uttar 
Pradesh a nd H yderabad , 6 md . 
in Bihar and East Punjab, 6· 5 
md . in Madras and 10 md. in 
Bengal. The three t ypes of fi bres 
are known : white, Ganjan or green 

a nd Dewghttddy , which differ 
considerably in quality depending 
on the stage a t which it is ha rvest ­
ed , methods of retting and wash­
ing, and soil and climatic condi tions 
of the area where the cropis grown . 

R esearch work on sann hemp 
has been confined mainly t o 
selection of better t ypes from the 
existing stra ins . Kanpttr 12 conti­
nues to b e the best y ielder. Two 
more promising strains, M 18 and 
M 35, have been evolved under a 
scheme sponsored by the Indian 
Council of Agricultural R esearch. 
These are early maturing varieties 
particularly useful in a reas of 
scanty ra infall. E xperiments 
carried ou t in the Madhya Pradesh 
have shown that harvesting done 
a t the pod formation stage gives 
the ' best results. The fibre so ob­
tained is superior from the point 
of colour, lustre a nd strength . 

Stems which are washed and 
dried after retting yield a finer 
fibre which can be extract ed as 
and when desired . This is not the 
case with fibre stripped from wet 
stems. 

Mathematical Typewriter 

A TYP EWRI T E R FOR P REPA RING 

mathematical reports has been 
developed a t t he A eronatttical 
R esearch Laboratories, Austra lia. 
Two standard t ypewriters a re 
interconnected t o form a single 
unit thereby doubling the number 
of symbols ava ilable for use in 
mathematical work ; foreign lan­
guage glossaries and dictionaries 
and for biological papers where 
italics are constantly used 
( R esearch, 1950, 3, 378) . 

Two Imperial t ypewriters h av­
ing interchangeable keyboards are 
bolted in an a ngle iron frame and 
adjust ed at exactly the same 
height. The left-hand keyboard 
has roman characters and the 
r ight-hand keyboard is fitted with 
mathema tical symbols, Greek 
letters and small figures for sub­
scripts. The tabular keys and back 
spacers of the two machines are 
mechanically linked, the former 
by a torsion rod and the latter by 
levers. T he plunger on the left­
hand machine is opera ted by an 
electromagnet which presses on 
the back of the escapement 
mechanism operating on 10 V., 
D .C., supplied by a rectifier . The 
traversing motion of the carriage 
is controlled by the escapement 
mechanism of the left-hand 
machine. A small knife switch 
replaces t he microswitch and 
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enables the plunger of the right­
hand machine to enter into the 
knife switch and make sufficient 
contact to operate the magnet . 
To move the carriage from one 
keyboard to the other, the typist 
merely pulls down the control bar 
and holding the bar in the" down" 
position, moves the carriage in the 
desired direction until it comes to 
rest against a stop. The carriage 
is then in the correct position to 
continue typing and the bar is 
restored to the" up .. position. 

Tabulation can be done on either 
keyboard by moving the control 
bar full down to throw a stop and 
back half way. 

Aluminium Alloy 
Castings & Sections 

Two USEFUL BULLETINS HAVE 
recently been issued by the 
Aluminium Development Associa­
tion, London, dealing with Alu­
minium Alloy Sections jor Road 
Vehicle Bodies &- A luminium Alloy 
Castings. 

To meet the requirements of 
road vehicle body structures, a 
series of aluminium alloy extrud­
ed sections have recently been 
developed. These sections, along 
with others selected from the 
general series of aluminium alloy 
sections specified in B.S. 1161-1944, 
satisfy most of the requirements 
of body builders. Simple struc­
tural forms have been adopted 
from these sections and the series 
consists of angle bars, channels, 
top-hats and Z-sections. Altoge­
ther 32 such sections are des­
cribed in the present bulletin 
which is supplemented by brief 
notes on aluminium and its alloys 
in their design and building. 

Aluminium Alloy Castings is a 
general survey of the various 
casting methods and characteris­
tics of the different types of cast­
ings. Principles of casting design 
are illustrated to show how small 
modifications would go to improve 
the design of a casting and the 
quality of the product without 
affecting its cost and functional 
value. Specified composition and 
mechanical properties of alumi­
nium casting alloys and a general 
guide to their selections given as 
appendices to the bulletin enable 
the user to choose them to suit 
his requirements. 

Lignite Deposits in Madras 

LIGNITE WAS DISCOVERED ABOUT 
fifteen years ago in the Vriddha-
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calam taluk and in the Cuddalore 
taluk of the South Arcot district, 
Madras State. The total area 
proved is 16 sq. miles . 

The area is occupied by Cudda­
lore sandstones of Miocene age 
composed of soft, often water­
logged sandstone grits and clays. 
Lignite occurs as a regular bed or 
seam having a gentle dip (roughly 
1 in 100) in an E.S.E. direction 
at a depth of not less than 140 ft . 
from the surface. The average 
thickness found in the various 
boreholes of the seam is 22 ft. 
Assuming one sq. mile-foot of 
lignites equivalent to one million 
tons, the estimate of the reserve 
is placed at 352 million tons. 

Samples from the lignite cores 
gave on analysis the following 
values: moisture, 9'75-35'0 per 
cent; volatile matter, 23'9-38'5 per 
cent; fixed carbon, 21 '6-37'7 per 
cent; ash 7'4-32 '9 per cent. 

The lignite is black and compact 
when freshly obtained but cracks 
on drying and becomes dark 
brown. Calorific value and general 
assay indicate that the mineral is 
of good quality. 

Lignite seams 35 ft . thick have 
also been encountered in the 
Cuddalore-Pondicherry area at a 
depth of 257 ft . and are considered 
to be the extension of Neyveli 
fi eld. Strata of the same age, 
called Varkala sandstones, occur 
in Travancore and continue north­
wards into Malabar and South 
Kanara lignite beds. Lignite 
occurrences are also reported near 
Beypore in Malabar at the foot of 
a cliff, at the sea shore as well as 
a few other places near Cannanore 
and Kasargod in South Kanara. 

Rice Cultivation in Australia 

A SURVEY RECENTLY INSTITUTED 
by the Australian Department of 
Agriculture into the possibilities of 
large-scale rice production in the 
western and northern districts of 
Australia has shown that factors 
such as seasonal flooding of areas 
and normal rainfall were sufficient 
for extensive rice cultivation mak­
ing artificial methods of irrigation 
unnecessary, provided supplies of 
suitable tropical varieties of rice 
seed were available. 

Water requirements for irri­
gating rice fields in the Murrium­
bidgee area are estimated to be 6 
acre-feet to the acre. The actual 
amount rCfjuired is influenced by 
the underlying geological and 
ground-water hydrological condi­
tions, the season, the density of 

the crop and the layout of the 
field . The average yield per acre 
for the last 11 years in this area 
is of the order of 1 '80 tons. 
Throughout the area the crop is 
grown on a poor soil, shallow­
medium to heavy clay, overlying 
a stiff clay subsoil which previous­
ly proved unproductive when 
sown to other crops. The same 
soil has produced successful yields 
of wheat and oats as rotational 
crops. Even grain ripening and 
uniform crops have been ensured 
by growing two improved heavy­
yielding strains of Caloro, ori­
ginally introduced from Japan. 
Recently two new varieties sur­
passing standard commercial 
Caloro in both quality and yield 
have been developed. Calusa 177 
out-yields Caloro by half a ton t o 
the acre and produces an even, 
dense crop with medium-height 
strong willong straw about 3 ft . 
high . Lady Wright :>: Caloro 
cross-bred also produces h eavier 
crops than Caloro and has the 
advantage of medium to long 
grain of good quality . 

Manurial trials have shown 
that nitrogen applied as ammo­
nium sulphate is the most satis­
factory fertilizer. Fertilizers are 
applied either through the manure 
box of the seed drill or combined 
when the rice seed is sown or big 
broadcastings in the rice bays 
after the rice has germinated. 

Weed growth, a serious problem, 
has been controlled and is eradi­
cated by early flooding. Seed is 
sown at a shallow depth of about 
1 inch and germinated by irriga­
tion in the usual way. When the 
maximum germination has been 
obtained, the rice seedlings and 
weed growth are submerged to a 
depth of a few inches above the 
plant. 

Cutting, threshing, winnowing 
and cleaning operations are me­
chanized with the aid of headers. 
During recent seasons, several 
fore-cut automatic headers on 
crawler tractors have been used. 

Electronic Sterilization 
of Foods 

THE ELECTRONIC STERILIZATION OF 
foodstuffs is becoming an attrac­
tive proposition as the amount of 
energy used up in the process is 
small and the rise in t emperature 
of the material is only 2 or 3 
degrees. In many cases, however, 
serious changes take place in the 
food and the prevention of these 
changes is one of the major prob-
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X-rays, electrons or cathode 
rays and gamma-rays can be 
employed . It has been found 
that larger organisms such as 
bacteria are more easily killed 
than smaller ones such as viruses. 
To kill R . coli, a dose of about 
5,OOOy. is required ; in the case 
of vaccinia virus, about 1.00,OOOy. 
is necessary. R ecent work has 
shown that to sterilize food 
contaminated with the usual 
forms of bacteria requires a dosage 
between one and two million y 
units. 

The chief problem in producing 
a beam of electrons suitable for 
sterilization purposes is the high 
voltages to be employed. This 
limits the field to two machines 
with a third as a future possibility. 
First is the Van de draaf generator 
producing a continuous beam of 
electrons at 2 Mev. and 250 micro­
amp., which can sterilize a few 
grams of food in the form of a 
disc, 2 or 3 cm. in dia. , and about 
0·5 cm. thick, in about ~ I" of a 
second. The second type of 
generator is the Capacitron which 
delivers the beam at 3 Mev. in the 
form of a pulse of exceedingly 
high intensity (about 25,000 amp.) 
but of very short dura tion (about 
one millionth of a second). Two or 
three of these pulses will sterilize 
several pounds of food . The 
microwave linear accelerator is 
the third type emitting electrons 
with an energy of 4 Mev. By 
focussing the beam , a pound 
of food, one cm. thick, can be 
sterilized in about 12 sec. 

The large doses of irradiation 
which are required give rise to 
serious difficulti es with regard to 
the food itself and there is risk of 
changes in palatability and nutri­
tive value. The more striking 
effects found are: bu tter loses its 
colour and looks like la rd ; it 
becomes so rancid that it is 
inedible. Fresh red meat develops 
a purple colour and an unpleasant, 
oily, burnt taste. Fresh white 
fish loses all flavour and so does 
orange juice. 

Perennial Cottons 

CONVERSION OF THE EXISTING 

perennia l cottons into quality 
perennials and extending the 
cultiva tion of suitable perennials 
in backyards, as hedge crops, as 
subsidiary crops in gardens and in 
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waste lands unsuited to food crops 
are some of the measures recom­
mended to meet the demand for 
long staple cotton in the country 
(Indian Colton Growing R ev., 1950. 
4,63) . Environments favourable 
t o the crop but not to the insect 
pests have to be created. This is 
possible by shifts in planting and 
harvest dates and by developing 
areas where the meteorological 
conditions will be adverse for the 
pests. R esistant South American 
types like Moco, Quebradinho and 
Verdao which kill the attacking 
gru b of stem weevil in a ll stages 
and t o a limited extent the wild G. 
thurberi which resists boll worms, 
should be tried. In Madras, hy­
brids have been evolved from 
crosses between Moco and improv­
ed strains of Cambodia to with- . 
stand stem weevil. Five varieties 
from South America which were 
very vigorous, resistant to cotton 
stern weevil, long stapled and 
capable of standing up t o periodi­
cal pruning were tested. The first 
generation hybrids between local 
races of hirsLi tum and other 
barabadense types exhibited pro­
nounced hybrid vigour, out-yield­
ed the nadam t ype, could be re­
tained on the ground for three 
years with or without pruning and 
showed considerable resistance to 
stem a ttack. Bourbon cotton, 
acclimatized t o the South Canara 
district, has grown into tree-like 
shrubs and is reported to y ield in 
two seasonal harvests 5 lb . of seed 
cotton per bush. 

Chromite Deposits in Orissa 

CHROMITE DEPOSITS ESTIMATED AT 

2,00,000 to 5,00,000 tons have been 
fonnd at Nausahi in Keonjhar 
district in Orissa by the Geological 
Survey of India as a result of a 
r ecent investigation conducted 
in the area. The deposits occur 
in a one and a half mile long 
stretch of rocks in the region. 
Proximity to the centres of iron 
and steel industry and t o Calcutta 
P ort makes these deposit s im­
portant. 

Paint Factories for Madras 

THE GOVERNMENT OF INDIA HAVE 

accepted a proposal for the estab­
lishment of a paint and a litho­
pone factory with a production 
capacity of 10 tons p er day and 
2,500 tons per a nnum respectively 
in Rayalasecma, Madras. Inves­
tigations to assess the suitability 
of various loca lities in this area 

for location of these factories and 
the preparation of detailed plans 
and estimates are in progress 
Rayalaseema has abundant raw 
materials used in the manu­
facture of paints and varnishes 
and lithopone. The production 
of these raw mat erials in 1948 was: 
barytes 17,076 t ons, steatite 244 
tons, yellow ochre 765 t ons and 
red oxide of iron 1,075 tons. 

Radioactive Materials & 
Stable Isotopes 

RADIOACTIVE MATERIALS AND STA­

ble isotopes from natural sources 
or produced by irradiation are 
finding extensive application in 
funda mental and applied research, 
but information on these materials 
is not readily available for want of 
a consolidated catalogue. A list 
of the available isotop es and 
radioactive materials recently 
issued by the U.I<. Atomic Energy 
R esearch Establishment at Har­
well deals with the prepara tion 
and use of radioactive materials, 
advisory and field experimental 
services, health hazards and data 
on the radiations emitted by the 
ma terials . f3 and y ray sources 
for radiography a nd therapy are 
a lso included and details regarding 
packing and transport of these 
materials arc given. The users 
of these materia ls for experimental 
purposes are strongly recommend­
ed t o discuss the experiment with 
a representa tive of Radiochemical 
Centre, Amersham, or A.E .R.E., 
Harwell, England, to avoid waste 
of time and prevent wastage of 
active material. 

The International Council of 
Scientific Unions 

A DESC RIPTIVE PAMPHLET (" A 
Description of the International 
Council of Scientific Unions" 
Gonville and Cains College, Cam­
bridge, England). recently pub­
lished by the International 
Council of Scientific Unions, gives 
an account of the history, present 
status and activities of the Council 
and affiliated bodies and unions . 
The information is primarily in­
t ended to stimulate the interest 
of nonadhering countries and 
organizations and the younger 
generation entering the fields of 
the natural sciences and includes 
the history and functions, com­
missions, publications, assemblies, 
statutes, annual contribution, 
member countries, existing agree­
ments with other organizations 
and present office bearers. 
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Board of En~ineerin~ Research 

AT ITS INAUGURAL MEETING HELD 

in September 1950 under the 
chairmanship of Shri A. N. Khosla, 
the Board of Engineering Research 
discussed ways a nd means of 
initiating and promoting research 
in various branches of engineering. 
It was decided to undertake a 
detailed su rvey of the existing 
facilities for tackling problems 
facing state organizations and 
industries. Five expert commit­
tees on (i) civil and structural 
engineering, (ii) mechanical engi­
neering including machine tools, 
(iii) electrical and radio engineer­
ing, (iv) hydraulic engineering and 
(v) aeronautical engineering were 
constituted to draw up detailed 
proposals regarding the lines on 
which research work in various 
branches should be initiated. 

The Board discussed an offer 
from two industrialists to donate 
substantial sums of money towards 
the establishment of two post­
graduate engineering research ins­
titutions. A sub-committee was 
formed to examine the proposal 
in detail. 

British Scientific Publications 

THE ROYAL SOCIETY INFORMA­
tion Services Committee have 
brought out a valuable handbook 
listing scientific journals of the 
United Kingdom publishing ori­
ginal scientific papers or critical 
reviews. It includes a short 
description of the contents of the 
journal, its frequency of issue, the 
current volume number, subscrip-
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tion, size and other useful parti­
culars of over 200 journals. The 
index gives abbreviations for 
titlesofthejournals taken from the 
current World List of Periodicals. 

Coupled with the Bibliography 
of Scientific Publications for South 
Asia, brought out by UNESCO, 
this handbook would serve as a 
useful compendium for scientific 
workers and libraries in India. 
The handbook is published by the 
Cambridge University Press and 
is priced 2s. 6d. 

Announcements 

Building R esearch Congress - Bri­
tish professional institutions and 
learned societi es are sponsoring a 
congress on building research to 
be held in London from Sept. 11 to 
20, 1951. The purpose of the 
congress is to review the progress 
made in research in relation to 
architecture, building and the 
associated branches of civil engi­
neering. Papers are invited from 
research workers from overseas. 
F urther details are available from 
the Organizing Secretary, Building 
Research Congress 1951. Building 
Research Station, Bucknalls Lane, 
Watford, Herts, England. 

The Registry of Rare Chemicals, 35 
West 33rd Street, Chicago, lists 
the following wanted chemicals: 
phosphoryl fluoride; ferric bro­
mide (anhydrous) ; ferrous bro­
mide (anhydrous) ; zinc carbonyl; 
ammonium cyanide; p-amino­
ethyl benzene ; y-aminobutyric 
acid; 2-phenylcyclohexanone; 3-
methylpentanol-3; acetylcyanide; 

S-methylisoquinoline ; acetyl phos­
phate ; perfluoroadipic acid; n­
decyl mercapta n ; n-hexadecyl 
mercaptan; methyl vinylsul­
fonate; methyl isopropenylsul­
fonate; perillic acid; scymnol; 
and coniferyl a lcohol. 

The International Union of Geodesy 
&- Geophysics will hold its 9th 
General Assembly in Brussels from 
21st August to 1st September1951. 

Indian Science Congress 1951 -
The thirty-eighth session of the 
Indian Science Congress will be 
held in Bangalore during J anu­
ary 1951 and not in Calcutta as 
announced earli er. 

Dr. K. 1\. Majumdar, Indian 
School of Mines and Applied 
Geology, Dhanbad, has been 
awarded the William Camphell 
Fellowship by the Columbia Uni­
versity, and the Fulbright Travel 
(;rant by the Government of 
U.S.A. Dr. Majumdar will carry 
out research on flotation of 
minerals under Prof. A. F. Taggart 
at the Department of Mineral 
Engineering. Columbia University. 

JJr . ./. N. Mukherjee has been 
appointed as the Director and 
the Head of the Division of 
Chemistry, Building Res('arch Ins­
titute (C.S. I.R. ), R oorkee. 

N uffield Foundation Travelling 
Fellowships, 1951 -52 - The last 
date for receipt of applications 
for the Fellowships has been 
changed from 31st March 1951 
to 28th February 1951. 



RICE RESEARCH 

EXAMINATION OF IMPROVED TYPES OF PADDY FOR 

their y ield performance has been a n important 
feature of the work carried out at the Central Rice 
Research Institute, Cuttack, during the year 1948-49. 
As a result of this work two early maturing and 
high yield ing varieties of paddy of Chinese origin , 
suitable for cultivation under conditions obtaining 
in Orissa, have heen discovered. These varieties 
mature in 100 days and have been found suitable 
for the second crop when planted after mid­
December (and transplanted within 30 days). 
The y ields vary from 1,000 to 1,800 lb. per acre, thus 
ensuring the average total yield of about 3,000 lb. 
per acre without manure and 4,000 lb. per acre with 
manure. 

82 improved types were tested for yield perfor­
mance during the year against suitable controls and 
12 varietal tria ls were conducted. Of the Orissa 
beali varieties /1cllihoK gave significantly higher 
yield than B. 76 and N. 136. P lr. 7 and DCA 14 
recorded 25 and 23 per cent increase in manured 
plots over the unmanured ones. China 45 and 47 
and two Madras types PTB. 10 and Co. 13 gave 
significantly higher yields than the local Benillog. 
The yield data were analysed and the genetic 
variability component of the progeny varieties 
estimated . This was found to be significant at 
5 per cent level in 5 established strains indicating 
scope for further selection in these strains. 

Manurial trials conducted over a period o f three 
years for broadcast and transplanted paddy 
indicated a significant response t o manuring by 
groundnut cake and ammonium sulphate. Trans­
planting gave higher yield than broadcasting, the 
advantage being more apparent with the late 
varieties. Ammonium sulphate applied in a single 
dose a t the transplanting stage for early maturing 
varieties and in two doses for the late varieties 
gave the maximum response. The average increase 
in y ield per lb. of nitrogen was 15·0 lb . when applied 
at 20 lb . per acre and 10·2 lb. when applied at 40 lb. 
per acre . Application of lime also gave an average 
increase of 16 lb. per acre for every cwt. of lime 
applied. Application of phosphatic fertilizer in 
general resulted in increased yields. In the presence 
o f nitrogen-fertilizers, however, phosphatic appli­
cation did not give any added response. 

Response o f the crop to spacing was investigated 
with two varieties, T. 812 and T. 1242. The yield 
decreased with increased spacing, 6" to 9" was 
found to be the optimum. Trials on single and 
double transplanting showed that the yield from 
single transplanting of 30-day old seedlings was 
significantly higher than double tra nsplanting of 
60-day old seedlings. 

The Institute undertook a series of statistical 
studies to determine the optimum size and shape 
of plots, their arrangements in blocks a nd thei r 
comparati ve efficiency. A 4 ' x 4' plot had the 
maximum efficiency which decreased with the 

Progress Reports 

increase in plo t size. In view of the practical 
difficulties of using very small plots for yield experi­
ments and the relative higher increase in C.V. with 
small plots in fi elds, it is suggested that plot sizes 
ranging from 1/750 to 1/500 acre for varietal trials 
and sizes of 1/150 to 1/160 acre for manurial trials 
may be used . 

Mycological studies during the year were confined 
to Helminthosporium disease of rice and control of 
spotting in the grain. The spare suspension 
method of artificial inoculation was not found 
efficacious as H. oryzae wouldn ot sporulate under 
experimental conditions. A new technique was 
evolved in which the dry mycelium along with 
the spores from a 21-day old culture of the fungus 
on grain in the husk medium was dusted on to the 
moistened leaves of the seedlings. 

Various seed treatments were investigated for 
their effect on the viability and germination of 
seeds. Mercurials like Agrano, Agrosan Gn, 
Granosan were highly toxic in concentrations of 
.10' "'15 and ,15 by weight of seed and no ger­
mination was obtained. Treatment with T.M.T.D. 
increased the percentage of germination in Co. 2 
by 22 per cent. 

Three t ypes of stem borers have been found to 
attack the rice crop in Orissa: 3 Sehoenobius 
illcertell14s, Sesamia inferens and Agyria sticti­
craspis. The major damage is caused by Sehoe­
nobius incertellus. Manuring decreased the inci­
dence of pests . Guesarol 550 ( 50 per cent DDT) 
killed all pests 4 hr. after spraying, while Gamme­
xane D.O. 25 (5 per cent benzene hexachloride) 
took 8 to 10 hr. Vivifex (50 per cent DDT 
and 30 per cent CuSO.) gave the same result 
but the plants revived better than in other 
cases. 

The efficacy o f various herbicides was examined 
for the control o f water hyacinth and weeds in the 
rice fields. Two sprayings of the following were 
found effective against water hyacinth: 2.4-D acid 
( 28 oz. in 150 gal. of water per acre). 2.4-D ( 36 oz. 
in 150 gal. of water per acre), 2.4-D sodium salt 
(30 oz. in 150 gal. of water per acre) and 2 
methyl 1-4 chlorophenoxy acetic acid (15 lb. in 
150 gal. of water per acre) . 30 species of weeds 
in the fi eld bunds were sprayed with methoxone ( 10 
per cent solution), Chloroxone (80 per cent powder) 
and Tufor (70 per cent acid powder) . Three 
concentrations of the chemicals were employed. 
Spraying was done twice with an interval of 10 days 
between each spraying. None of the grasses and 
Cyperaceae weeds was affected. Weeds belonging 
to 1'1-1 alvaceae and Sterculaceae showed a high 
degree of response while two weeds of Tiliaceae 
were not affected. All Vitaceae were easily affected. 
Of the 4 weeds of Leguminosae, only one, i. e. Sesbania 
aC141eata, showed some response, Cassia tora re­
mained unaffect ed and Mimosa pudica was partly 
affected . The most commonl y occurring weeds, 
Croton sparsiflorus and Euphorbia sp ., remained 
entirely unaffected. 
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TIN RESEARCH 

DURING THE YEAR 1949, EXPERIMENTAL WORK AT 

the Tin Research Institute, England, has been 
concentrated on improving the quality of tin plate, 
bronze and bearing alloys and on the electrodeposi­
tion of tin and tin alloys. 

The application of the Francis thickness tester 
to the measurement of electrolytic and hot-dipped 
tin-plate coatings has been studied. An instru­
ment built for this work has proved useful and 
reliable. The possibility of obtaining new bearing 
components by powder metallurgy are being 
examined as this method offers a combination of 
properties not obtainable by ordinary casting 
methods. Factors affecting the life of tin-base 
bearing metals are being investigated and two new 
machines are being set up to assess the performance 
of alloys. Electrodeposition of tin-alloys (tin­
zinc, tin-lead, tin-copper, etc.), developed at the 
Institute, ha s proved useful on steel chassis of 
radio sets, on bolts and nuts and parts used in the 
cycle and automobile industries. The coatings 
have a lso been adopted as a finish for steel curtain 
rails, steel skates, electric signalling apparatus and 
heat exchange equipment. Tin-cadmium alloy is 
found to be rust resisting; other similar alloys are 
also being developed. Apparatus has been designed 
for assessing the importance of variables under 
manufacturing conditions and on the corrosion 
resistance of tin plate . 

During the year under review, new offices of 
the Institute were opened in the United States, 
Belgium and Holland to extend the service of 
technical information and assistance to tin-consum­
ing industries. The new buildings under cons­
truction at Greenford, England, to have additional 
space for the headquarters and laboratories are 
nearing completion. 

Several useful publications covering all the 
major applications of tin have been p ublished hy 
the Institute during the year. Of these Tin 6-
Its Uses, Hot-tinning and Notes on Soldering have 
evoked wide interest . 

ACTIVITIES OF THE BUILDING RESEARCH 
UNIT (C.S.I.R.), ROORKEE 

ONE OFTHE IMPORTANT RESEARCH PROJECTS UNDER­

taken by the Unit during the year 1949-50 was 
on the use of indigenous materials in building 
better houses at a reasonably low cost . A bulletin 
on this subject (Low Cost Houses) has been issued 
by the Unit. Further attempts are being made to 
reduce the weight of the roof tile to effect an 
economy in the framework. Light-weight aggre­
gates such as overburnt hricks weighing half as 
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much as the clay are being introduced to replace 
a part of the clay. Work is in progress on the 
utilization of lime-sludge (a factory waste) as an 
earth stabilizer; 2 to 5 per cent lime-sludge with 
3 to 5 per cent sodium silicate has good stabilizing 
properties . The effects of different salts on the 
physical properties of soils have been studied. 

Another important project initiated by the 
Chemistry Section of the Unit is the study of prob­
lems connected with the manufacture of bricks. 
A number of bricks and brick-earths from all over 
the country have been analysed and samples of 
bricks prepared under uniform conditions have 
been examined for their physical characteristics. 

Soil survey studies were carried out in the air­
field at Hindan (Ghaziabad) for the Engineer-in­
Chief, Army H eadquarters, New Delhi, to improve 
the bearing capacity of the soil. 

Problems connected with prefabricated houses 
were investigated jointly by the Unit and the 
National Chemical Laboratory, Poona. A mould 
grease consisting of grease and graphite, castor oil 
and aluminium stearate has been prepared for the 
new concrete mou lds used in manufacturing pre­
fabricated blocks from foamed concrete. Cement­
fibre boards have been made from organic fibres 
such as coir, sisil and jute and mastic compounds 
for jointing the prefabricated wall panels. 

TATA INSTITUTE OF FUNDAMENTAL 
RESEARCH, BOMBAY 

A PROGRAMME IN COSMIC-RAY RADIATION STUDIES 

a t high altitudes with specially designed photo­
graphic plates is being undertaken by the Tata 
Institute of Fundamental Research, Bombay, in 
co-operation with Dr. Peters of the Rochester 
University, U.S.A. The observations will be con­
ducted at Bangalore to start with, where arrange­
ments for the supply of large quantities of hydrogen 
at high pressu re, required for the experiments, are 
available . The data so far obtained during high 
altitude flights with balloons at Bangalore have 
been analysed and the results are being published. 
A further programme of flights at Bangalore is to 
be undertaken and in addition to the flights which 
will be made for the study of cosmic ray intensity at 
high altitudes, separate flights will also be made for 
the study of temperatures in the upper atmosphere. 

In addition to the non-recurring grant of 
Rs. 30,000 which the Department of Scientific 
Research has sanctioned to the Institute on the 
recommendation of the Scientific Manpower Com­
mittee for increasing the laboratory facilities, a 
recurring grant of Rs. 12,250 has also been sanc­
tioned to the Institute for the year 1950-51 for the 
institution of 10 additional studentships. 



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

Plastics & Plasticizers 

41223 . Improved plastic mould ing compositions: 
I ncorporaling borales of alkaline earlh melal 10 
Ihe exlenl of 1 10 20 per cenl by Ihe weighl of 
resin - I.C .I. LTD . 

Orltanlc Chemicals 

42767. Manufacture of sulphuric esters of the leuco 
derivatives of vat dyestuffs and anthraquinone 
dyestuff intermediates : Reacling leuco derivalives 
of val dyestuffs. and anthraquinone dyestuff inter­
mediates : Reacting the leuco derivatives of vat 
dyestuff with 503 in presence of N-alkylphtha­
limidine - I.C. I. LTD. 

42853. New vat dyestuff: Condensing IX : IX-di­
chloroacedianthrone wilh two molecular propor­
tions of6-amino-3': 4'-phthaloyalacridone-I.C.I. 
LTD. 

43288 . Preparation of acetals: Condensation of 
alcohol and aldehyde is effected in the presence 
of a liquid which f orms an azeolropically boiling 
mixture with water and one or more of the re­
aclants - RUHRCH EMIE AKTIENGESELLSCHAFT 

41922. Oxidation of paraffinic hydrocarbons: The 
paraffin is treated with nitro-gases and nitro­
sulphuric acid containing 70 per cent to 90 per 
cent H,SO. - RUHRCHEMIE A KTIENGESELLS­
CHAFT 

Miscellaneous Chemicals 

40968 . The manufacture of a therapeutically active 
antibiotic preparation con taining Pristimcrin 
and Dulcitol from P ,istimera indica (Willd.), 
A. C. Smith, syn. H ippocratea indica Willd . 
( Celastraceae ): Roots of Pristimera indica 
are extracted with an organic solvent olher than 
petroleum elher-S. S. BHATNAGAR, DIVEKAR & 
DUTTA 

40969. Manufacture of Dulcitol: R oots of Prislimera 
indica are extracted with an organic solvent 
and Ihereafler Dulcitol is crystallized from Ihe sol­
vent - S . S. BHATNAGAR, D IVEKAR & DUTTA 

Fuels & Luhrlcants 
41722-23 . Arrangement for cleaning producer gas: 

A chamber having gas inlet and provided wilh 
holes which break the gas into jets and then 
bubbling Ihe gas Ihrough water. Consists of a 
cyclone with an inlet f or the gas 10 be cleaned, 
a pipe connecting Ihe bottom of the cyclone with 
a reservoir conlaining water - DAS GUPTA & 
KHANNA 

Metals & Metal Products 
43279. Continuous casting process and apparatus: 

Pouring mollenmelal into one end of an open-ended 
fluid-cooled stationary motdd, wilhdrawing the 
casting from the opposite end and co-ordinaling 

the pour-rate of the metal with the withdrawal 
rate of casting 10 cause continuously a cyclic 
change in Ihe molten metal level within the 
mould - THE BABCOCK & WILCOX TUBE Co. 

42075 . Improved tin and tin alloy plating bath: 
Comprising 60 10 85 per cent by weight of 4-4 
dihydroxy diphenyl sulphone, balance 2-4' 
dihydroxy diphenyl sulphone - CARNEGIE­
ILLINOIS STEEL Co. 

44301. Production of zinc: Using a circulalin:; 
readily fu sible metal alloy as a cooling medium 
f or a pool of the molten metal - THE NATIONAL 

SMELTING Co. L TD. 

Rubber & Rubber Products 
41611. Production of metal reinforced resilient 

rubber rings and appliances embodying the 
same : Supporling a metal spring coiled in a closed 
circle within an annular moulding space and 
filling the moulding space with unvulcanized 
rubber and vulcanizing - LATEX IN DUSTRIES 
LTD . 

Stone, Clay & Glass Products 
41016 . Manufacture of refract ory mat erial : Employ­

ing a composition containing calcined fireclay, 
plaslic fireclay and alkali - THE TAT A I RON & 
STEEL Co. LT D . 

Textile & Textile Products 
41843. Single yarn hand sizing machine: Yarn 

passed through sizing material is spread evenly 
on a winding fram e by means of rotatable screw 
rod engaging a traverser, Ihe screw rod and the 
handle adaPling the winding frame being con­
nected by means of chain or gear wheels or belt 
and pulley f or drive - PEREZ 

43309. Wift-winding machine: T o each bobbin 
winding point corresponds a single control 
member for operating all control phenomena, 
said control member being driven by one driving 
member common to all- BAUMGARTNER 

43538. Fibre drafting elements used in textile 
spinning: Fibre drafting element being composed 
of finely cellular oil-resislanl synthetic rubber 
having unruptured gas-filled cells - GEORGE 

ANGUS & Co. LTD. 

Miscellaneous 
43000. Machine for harvesting potatoes and other 

root crops: Consisting of a lifting share, an 
elevator and an angularly disposed conveyer 
in which the harvesting machine is detachably 
connected to the tractor - CRAWFORD 

42802 . Compositions for sealing electric storage 
batteries: A sphalt 99 to 80 per cent by weight, 
rubber 1 to 20 per cent by weight, rubber in the 
form of latex conlaining 30 to 60 per cent rubber 
solid - THE E LECTRIC STORAGE BATTERY Co. 
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Patented Inventions of the Council of 
Scientific & Industrial Research 

COPPER-SILICON BRONZES 

Patent No. 36182 

D. R. MALHOTRA, B. PRAKASH & B. D. AGRAWAL 

COPPER-SILICON BRONZES ARE TIN-FREE ALLOYS 

possessing physical and chemical properties similar 
to tin-bearing a lloys. They are stronger, more 
ductile and corrosion resistant than tin-bearing 
a lloys and practically all articles at present being 
made of tin-bearing alloys can well be made of 
copper-silicon bronzes, which are, moreover, cheaper 
to produce. It is essential to develop such tin­
free alloys in India as the country is deficient in 
tin. 

The process for the man ufacture of copper­
silicon bronzes consists in preparing an a lloy con­
taining copper, silicon, manganese and iron, adding 
the " hardner .. thus prepared to molten copper and 
heating the molten metal to allow alloying, with or 
without the addition of zinc in the end. The metal 
is then deoxidized with phosphor copper (15 per 
cent phosphorus) and cast in sand or metal moulds . 
It is very necessary to maintain neutral or reducing 
atmosphere during melting. Fused borax is used 
as a flux along with the deoxidizer. 

MANUFACTURE OF BENZIDINE 

Patent No. 32486 

B. B. DEY, T. R. GOVINDACHARI & 
S. C. RAJAGOPALAN 

BENZIDINE IS AN IMPORTANT I NTERMEDIATE FOR 
dyestuffs and is a lso used in rubber vulcanization, 
detec tion of sulphates in water and identification 
of blood . 

Among known methods of producing benzidine 
is the electroly tic reduction at a current density 
of about 10 amp. sq. dm. of nitrobenzene in alco­
holic solution or in a solution of potassium or 
xylene sui phonates. This method has been found 
t o be uneconomical and unsuitable for large-scale 
prod uction. 

The patented method is an attempt to overcome 
these drawbacks. It consists in the reduction of 
nitrobenzene in caustic alkali solution in presence 
of a catalyst such as lead oxide and is characterized 
in that the current density used is 4 amp. or less 
per sq. dm. The strength of the a lkali solution is 
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4 to 20 per cent by weight and an immiscible solvent 
is employed towards the end of the process to ensure 
the fullest possible reduction. The process is 
carried out in an elec trolytic cell made of the sheet 
of metal ( cathode). inside which are placed porous 
diaphragms containing the anodes. The electrodes 
are made of sheet iron or monel metal. The porous 
diaph ragms are made of china clay, asbestos or 
cement. 

The current efficiency of the process is on ly 
50 to 60 per cent when reduction is carried out at a 
current density of 10 amp. sq . dm. It is 90 per cent 
at 4 amp. sq. dm . and 95 per cent at 2 amp. sq. dm. 

MANUFACTURE OF l'AJ?A -AMINOPHENOL 

Patent No. 33078 

B. B. DEY, T. R. GOVINDACHAR I & 
S. C. RAJ AGOPALAN 

J>a'ra -AMINoPHENOL HAS AN EXTENSIVE RANGE OF 

applications including its usc as a valuable dye 
intermediate and as a photographic developer. 

The present invention provides an improved 
process for the manufacture of para-aminophenol 
by the electrolytic reduction of nitrobenzene and 
is characterized in that the reduction is carried out 
in the presence of mercury and/or ceri urn or their 
salts. The minimum amount of mercury or cerium 
salt to be used is ~ to 1 per cent of the weight of 
nitrobenzene. 

The apparatus consists of a cell of which the 
cathode chamber is a vessel made of copper, monel 
or nickel. A copper salt is a lso added when plati­
num, tin or graphite is used. The vessel is pro­
vided with stirrers. The anodes a re of lead and 
dip into porous diaphragms containing the anol yt e. 

Sulphuric acid, 20 to 50 per cent strength, is used 
as catholyte . A composition consisting of 4·2 
litres of H,SO. (d. t ·2) . 5 gm. mercuric sulphate 
and akilo of nitrobenzene will serve as a satisfactory 
catholyte. The a noly te may be su lphuric acid of 
any strength between 10 and 60 per cent. The 
reduction is carried out a t a current density of 2 to 4 
amp. sq. dm. at 80° to 100°C. Total yields from 1 kg. 
of nitrobenzene are: 530 to 540 gm. of aminophenol 
and 150 gm. aniline. A current yie ld of more 
than 85 gm. of aminophenol per kW. hr. is 
obtainable and the method fulfils the requirements 
of a good electro-chemical process. 
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A Study of Forbidden Lines 
in the L-Spectrum of Platinum 
G. B. DEODHAR & CHINTAMANI MANDE 

Allahabad University . Allahabad 

A detailed study of the forbidden lines in 
the L-spectrum of platinum have been made. 
Two new lines A 1386'6 and A 1110'6 corres­
ponding to transitions LlIIMlI/ and LII Mv have 
been discovered. Three non-quadrupole lines, 
A 1182, A 943'3 and A 897'9, corresponding to 
transitions LIMI. LINI and LI01 have been 
reported for the first time on a plane crystal 
spectrograph. 

SEVERAL investigators have reported 
the existence of faint lines in X-ray 
emission spectra. These lines cannot 
be explained as normal dipole transi­

tions for which the selection rules derived 
from theory allow transitions between those 
energy states only for which ~l = ± 1 ; 
~j = o. ± 1 except j = 0 to j = O. Such faint 
Jines are of two classes: 

(1) " Forbidden " lines which fit into the 
energy level schemes, but involve transitions 
violating the dipole selection rules, and 

(2) those lines which have no place in the 
energy level schemes. known variously as 
" non-diagram" lines, "satellites" or "spark" 
lines. 

This paper gives an experimental report 
on the faint lines of the former type, i.e. " for­
bidden" lines in the L-spectrum of platinum. 

The platinum L-spectrum has been studied 
by Moseley, Siegbahn, Coster, Dauvillier , 
Rogers, Lang, Friman. Weber, Ideil , Kauf­
man2 and Y. Cauchois3 • Amongst the 
earlier workers, a few forbidden lines were 
reported by Dauvillier, Rogers and Idei. 
Later. in a systematic work on the faint 
lines of several elements of high atomic 
number, Kaufman reported as many as 
11 forbidden lines in the L-spectrum of 

platinum. Some of these lines were con­
firmed and some more forbidden lines were 
obtained by Y. Cauchois, working on the 
curved crystal focussing spectrograph. An 
examination of the data of the previous 
workers revealed several inconsistencies 
and it was considered worth while to make a 
detailed study of these forbidden lines in 
this labora tory. 

Experimental 

The spectrograph used was a single crystal 
instrument of fairly good dispersion , made 
by Messrs Adam Hilger of London. A well­
tried crystal of calcite was used for this 
investigation. The X-ray tube was of 
Siegbahn demountable gas type with separate 
water-cooling arrangements for the cathode 
and anti-cathode. The target consisted of 
a sheet of pure platinum. The high-tension 
equipment consisted of a transformer with 
a mechanical rectifier. The voltage applied 
was between 40 and 50 kV., the tube current 
being about 6 m.a. throughout this investiga­
tion. Several pla tes were taken for which 
exposures up to 250 milliamp. hr. were 
given. Measurements were, however, made 
on only three plates which were quite 
satisfactory, exposure times being to, 20 
and 30 hr. All measurements were made 
with reference to the Pt LlX I. L~I ' L'I and 
Cu KlX I lines. For the Pt LlX 1, L~I ' L'I 
lines, the values given by Friman ( Loc I = 
1310'33, L~l = 1117·58, L'I = 955·99 
X.U.) were taken, and for the Cu KlX1, the 
value 1537·396 X .U. recommended by Sieg­
bahn4 was used. One of the spectrograms is 
shown in the figure. 
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FIG. 1 - THE L-SPECTRUM OF PLATINUM: THE POSITIONS OF THE VARIOUS 

FORBIDDEN LINES ARE SHOWN ON THE TOP SIDE AND THE ALLOWED TRANSITIONS 

ON THE BOTTOM SIDE. THE LINES ARE DUE TO THE MERCURY DIFFUSION PUMP 

WHICH WAS USED FOR EVACUATING THE X-RAY TUBE. 

Table I gives the forbidden lines which 
can be classified as quadrupole transitions, 
for which the selection rules are ~l = 0, 
± 1, ±2 except 1=0 to 1=0, and ~j=O, 
± 1, ±2 except j = 0 to j = 0 and j = t to 
j=t· 

Table II gives those forbidden lines which 
cannot be explained as quadrupole transitions. 

TRANSITION NAME OF 
THE LINE 

LI MJV 

LI Mv 
LI N v 

t~ g~V} 
Ln MUJ 
LJI Mv 
Ln NUl 
LIJ NVI 
LUIMlI 
LnyMuI 
LIII NIl 
LIII NUl 

t~~: ~~~I} 
t~~~ 8!:I } 

[310 
[3, 

~l 

-2 
-2 
- 2 

{-2 
-2 

0 
-1 

0 
-2 

0 
0 
0 
0 

1- 2 
-2 

1 () 

0 

~ j 

- 1 
-2 
- 2 

=~\ 
- 1 
-2 
-1 
-2 
+1 

0 
+1 

0 

=~\ 
+M 

Di sc u ss i o n 

1. '\ 1386·6 (LmMml and ,\ 1110·6 
(LnMvl- These investigations have revealed 

TABLE I - QUADRUPOLE LINES 

WAVELENGTHS IN X.U. · 

Dauvillicr Rogers Idci 

1059·3 
1052 '4 
912·0 

1449·0 

1066 ·0 
lOa9·g 10:;2-4 

1076·9 

Kaufman 

1059' 4 
1051·9 

912·2 

891 · 4 

1164·7 

969 ·9 
937·2 

1129 ·1 
1120·1 

1076·3 

1073·!) 

RE!'IlARKS 

Y. Cauchois Authors 

1059· 73 1059·0 Faint Sharp 
1052·36 lO!'"l2 ' 5 Faint Sharp 

9l2·5 Faint Sharp 

I~~i:~\ 891·9 Faint Sharp 

1164 ·3 1164' 3 Faint Broad 
1110· 6 Very faint Sharp 

969· 78 Q69':) Very faint Sharp 
937· 46 937·2 Faint Sharp 

1450'0 Faint Broad 
138(;,6 Faint Sharp 
1128· 4 Faint Sharp 
1120'4 Faint Sharp 

1076 · 14 1077'5 Faint Sharp 

.. All the values are in X·units. No conversion factor has been applied as recommended by Wood6 for the fac ility of comparison 
with the data of other workers. 

264 



DEODHAR & MANDE: FORBIDDEN LINES IN THE L-SPECTRUM OF PLATINUM 

TABLE II - NON-QUADRUPOLE LINES 

TR.-\S S ITION NAME OF 

TilE LINE 
WAVE-LENGTHS IN X.U.· REMARKS . 

61 

o 
() 

o 
u 

6j 

o 
o 
o 
(J 

Dauvillier Rogers ldei Kaufman Y. Cauchois Authors ' 

Lr ~f[ 
Lr NI 
L, 0, 
Lu Nil 

1175 
U~3'7 
807'3 
980 ' 5 

1182 
943·3 
897·9 

Faint 
Very faint 
Very faint 

Broad 
Sharp 
Sharp 

• All the values are in X-units. No conversion factor has been applied as recommended by Wood6 for the facility of compariso. 
with the data of other workers. 

the existence of these two new lines which 
are here reported for the first time. The 
line LmMm is fairly strong and was 
measured on plate 1. It is interesting to 
note that this transition (Lm Mm) was 
found by Dauvillier for 77 Ir and 79 Au, 
and by Wooda1l6 for 79 Au. The line LII 
M,., though very faint, has been found on 
plates I and II, so that there seems to be 
no doubt about its existence. 

2. ,\ 1073·9 (Lm OIl . III) and ,\ 980·5 
( LIIN II )- The line LmOII. III has been 
reported so far by Kaufman alone. In 
spite of many attempts, the authors could 
not find even the slightest trace of this line. 
The existence of this line seems, therefore, to 
be rather doubtful. 

The non-quadrupole line LIINII has so far 
been reported only by Cauchois. In spite 
of several attempts the authors could not find 
the slightest trace of this line. Since 
Cauchois used a curved crystal spectrograph 
it might have been possible to find a trace of 
this line in her work. But since, as Cauchois 
reports, the line is comparatively feeble, it 
is extremely difficult to distinguish it from 
the background blackening on such plates 
as obtained by the authors on a plane crystal 
spectrograph. 

3. ,\ 1450 (Lm MIl) - Among the pre­
vious workers this line has been reported by 
Dauvillier alone. We found a faint trace of 
this line on plate III. 

4. ,\ 1182 (LI MI ) - This transition was 
reported for the first time by Cauchois. The 
authors have found this transition, but the 
line is rather broad and the value is some­
what higher. 

5. ,\ 892·5 ( LI 0IV ) and ,\ 891·6 ( LIOv )­
These transitions which have a separation of 
0·9X.U. were resolved by Cauchois on the 
curved crystal spectrograph. It has not 
been possible for any of the other workers 
to resolve these transitions. 

6. ,\ 943·3 (LINd and ,\ 897·9 (LrOIl­
These non-quadrupole transitions were report­
ed by Cauchois for the first time for platinum. 
Kaufman has found the Lr Nrline for 77 Jr, 
79 Au, 81 Tl, 82 Pb and 83 Bi, but could not 
observe it in the platinum spectrum. Kauf­
man also found the LI 0 1 line for 73 Ta, 77 Ir, 
81 TI, 82 Pb and 83 Bi, but could not find 
it for platinum. These lines have been 
observed by the authors for the first time on 
a plane crystal spectrograph. 

7. Lastly, it is worth noting that so far 
none of the workers have found any forbidden 
line for which either ~l or ~j is three. 
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Purification of Carbon Rod 
Resistance Heating by 

BIBHUTI MUKHERJEE * 
University College oj Science & Technology, Calcutta 

Carbon rod, employed as an electrode in the 
cathode layer arc for spectrum analysis, has 
been purified by passing a current of 570 amp. 
( maximum) for 90 sec. through the rod ( 10 
cm. length, 7 mm. dia.) in an atmosphere 
of nitrogen-chlorine mixture. The purified 
rod contains traces of boron. 

MOST of the impurities in carbon rod 
may be removed by volatilization 
at very high temperature, beyond 
2,500°C. The method of resistance 

heating was employed by Russanow, Preuss, 
Gatterer, Trombe, Foex, Bardet and 
Hoogland for the purification of carbon 
rod~ to be used as electrodes. Hoogland1 

punfied carbon rods (length 20 cm., dia. 
7.mm.) by the method of resistance heating 
( Imax. = 650 amp. for 60 sec. in air) and the 
purified rods were analysed by the cathode 
layer method with an arc current of 5·5 amp. 
at 220 V.D.C. In the purified rods, the 
fo~l~wing impurities were still present: the 
ongmal amount of boron, traces of iron, 
magnesium, calcium, and traces of tin and 
copper. 

In my previous investigation2 the method 
of resistance heating was employed for the 
purification of " Kino-Homogen" ( German) 
carbon rods (imax. = 550 amp. for 50 sec. 
~n air). Th~ ~ollowing impurities were present 
In the ongmal carbon rod: iron, boron, 
silicon, copper, nickel, titanium, aluminium, 
~agnesium , sodium, calcium and manganese 
In large amounts and silver, vanadium, zinc, 
bi~muth, cadmium, tin, gallium, lead, chro­
mIUm, arsenic, potassium and cobalt in small 
traces. The purified rod was analysed by 
the cathode layer method with an arc 
current of 11 amp. at 220 volts and the 
purification was more or less the same for 
most of the elements as that obtained by 
I;Ioogland. For copper Hoogland's purifica­
tIon was better. For boron the purification 
was unsatisfactory as was also found by 

Hoogland. The object of the present in­
ves.tigation was to study the method of 
resIstance heating in an atmosphere of 
N2-Ci2 mixture. 

Experimental 

The holders, for the carbon rod to be 
fas.tened horizontally, consisted of two gra­
p~lte rods (each 13 cm. length, 4·5 cm. 
dla.). Both the graphite rods were drilled 
at the centre at one end (2 cm. depth, 
6·5 mm. dia.) and cut into equal halves 
through it: The carbon rod ( 10 cm. length, 
7 mm. dla.) was clamped tightly at both 
~nds ( 1 cm. being introduced at the ends) 
Into the holes of the graphite holders by 
means of thick metal strips screwed round 
the holders at the remote ends. These 
graphite holders were fitted tightly inside 
a pyrex glass chamber ( 10 cm. dia., 24 cm. 
length) through openings of the side metal 
plates. Thick asbestos sheets were placed 
In between the metal plates and the sides of 
the glass chamber which were also clamped 
by means of screw arrangements with proper 
insulation of mica tubes. The chamber was 
eva~uated by a Cenco pump connected to 
a SIde tube of the metal plate. Nitrogen 
from a cy~inder was bubbled through carbon 
tetrachlorIde and then introduced into the 
chamber through the other side tube. The 
graphite rods were connected to the second­
ary terminals of a special transformer 
(primary voltage 220V., secondary voltage 
~4 ). An ammeter (0-100 A) was inserted 
In the primary circuit. All the contacts 

220V-E 
AELAY 

FIG. 1 - ELECTRICAL CONNECTIONS AND OTHER 

ARRANGEMENTS FOR RESISTANCE HEATING . 

* Present address: Fuel Re3earch Institute , Dhanbad, Bihar. 
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between the carbon rod and the graphite 
holders and the electrical connections to the 
graphite rods were good enough to minimize 
the high transition resistances. Fig. 1 shows 
the arrangement for resistance heating. 

The carbon rod was chemically treated 
according to the previous method2 and then 
dried in an electric furnace at 500°C. This 
rod was fitted in the graphite holders inside 
the glass chamber and was heated by allow­
ing a current of 570 amp. maximum ( limited 
by choke) to pass through it for 90 sec. in 
an atmosphere of N2-C12 mixture. A conti­
nuous current of nitrogen bubbled through 
carbon tetrachloride was passed through 
the chamber. The behaviour of the current 
recorded by the ammeter in the primary 
circuit is represented in Fig. 2. The length 
of the carbon rod being only 8 cm., the sag 
of the rod was almost negligible. 

The resistance heated carbon rod was cut 
into equal halves and then analysed by the 

t 60 
... 
Ii'SO 

<t: 
.5 
~ 40 
1= 

~ 30 
u 
". 
"20 
~ 
flO 

o ~ 20 ~ • so ~ ~ ~ ~ 

Hl!oilnq Ume in sec.-

FIG. 2 - BEHAVIOUR OF CURRENT WITH HEATING 
TIME . 

cathode layer method with an arc current 
of 11 amp. at 220 volts d.c. (time of ex­
posure 1 min.). The results are recorded 
in Table I. 

c 
Fe 

FI (; . 3 - CA TH ODE I. .IY E I< S P EC TI<JJ M O F " K INO- H O MOGE'; .. C A RIl ON ROD (BIP U R E) . 

:l 
u 

FI G . 4 - (' .\ T H O n E L \Y EH. SPE TIH 1:\1 OF (, :\RBO~ Ro n P UR I F I E D BY RES t ST A~CE H EATI NG. 
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TABLE I -RESULTS OF SPECTRUM ANALYSIS 
OF THE PURIFIED CARBON ROO 

Heated for 90 sec. with imax. = 570A in an atmosphHe 

of N 2,C11 mixture ( arc current 11 amp. ) 

ELEMENT SENSITiVE LINE IN TENS ITY HOOGLAND' S 

AIN LA R ESULTS 
(Arc current 
5'[) amp.) 

B 2497' 72 + + 
2496·80 

Si 2516·12 ..... 0 *"" 
2881' 59 

Mg 2795'54 ..... 0 *"" + 
2802·71 
2852'12 

Ti 3088'03 ..... 0 *"" 
3371· 45 
3354' 63 

Al 3082' 16 ..... o*"" 
3092·71 

C. 3158·88 ..... 0 *"" (+) 
3179·34 

eu 3247·54 ..... 0 
3273·96 

Fe 3020·64 ..... o*"" + 
3021 ·07 

Symbols in column 3: + = considerable amount; -")oO+- = 
none to faint traces; -+ 0 = faint traces. 

Symbo!s in column 4: + = present; ? = presence 
uncertain j (+) = barely observable. 

Disc u ssion 

Carbon rod purified by the method of 
chemical treatment combined with heat 
treatment by resistance heating In an 

atmosphere of N2-C1 2 mixture is quite satis­
factory for spectrum analysis by cathode 
layer arc (TABLE I). Traces of iron and 
magnesium, present in Hoogland's purified 
car bOll rod (by resistance heating in air), 
are almost completely removed by this 
method. This is due to the fact that the 
presence of N2 and Cl2 gives more volatile 
compounds than oxides. Considerable traces 
of copper were present in the purified carbon 
rod obtained by resistance heating in air2. 
In the present case, copper has also been 
practically removed. Boron lines ( 2497 ·nA, 
2496'80A) are slightly reduced in inten­
sity. Boron cannot, however, be removed 
completely by the present method, because 
this element usually forms non-volatile 
compounds. 

Thanks are due to Prof. P. B. Sarkar and 
Dr. J. W. Whitaker for their keen interest in 
the work, to Mr. B. M. Banerjee for providing 
all facilities and help to work with the trans­
former and to the Director, C.S.I.R., for 
the grant-in-aid. 
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Preparation of Phosphanilic 
Acid & Related Substances 
K. G. MARATHE, N. S. LIMAYE & B. V. BHIDE 

Methods for the preparation of phosphanilic 
acid and related substances have been inves­
ti~ated. The ammonium salt of w-chloro­
benzyl phosphinic acid shows feeble activity 
a~ainst B. coli and S. aureus. p-p'-Diamino­
dibenzyl phosphinic acid is inactive. 

B
HIDE and Kanitkarl showed that 
phosphanilic acid is a powerful bac­
teriostatic agent for both gram-positive 
and gram-negative bacteria. For a 

pharmacological investigation a large quan­
tity of phosphanilic acid was required 
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and methods for the preparation of this com­
pound and related substances were, therefore, 
investigated. 

Phosphanilic acid is prepared from p­
chlorophenyl phosphinic acid by treatment 
with ammonia in the presence of cuprous 
oxide under pressure2• p-Chlorophenyl phos­
phinic acid is also prepared by the action 
of phosphorus trichloride on chlorobenzene 
in the presence of aluminium chloride. 
KosolapofP has shown that better yields of 
the acid could be obtained by chlorinating 
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the reaction mixture in acetylene tetrachlo­
ride followed by the addition of absolute 
alcohol when diethyl ester of p-chloro­
phenyl phosphinic acid is formed. 

With a view to establishing conditions for 
obtaining the maximum yield of diethyl-p­
chlorophenyl phosphinate, three series of 
experiments, viz. (i) changing the duration 
of heating from 2 to 48 hr. ; (ii) changing 
the quantity of PC Is from 0·5 to 2 mol. 
and (iii) changing the quantity of aluminium 
chloride from 0·25 to 1 mol., have been con­
ducted. 

The optimum conditions for preparing the 
diethyl-p-chlorophenyl phosphinate have 
been found to be as follows: 

Phosphorus trichloride - 1 mol. : p-chloro­
benzene - 1 mol.; aluminium chloride -
0·5 mol.; heating period - 6 hr. 

The percentage yield on chlorobenzene 
is 29'6 per cent of the theoretical. 

The optimum conditions for the hydrolysis 
of the diethyl ester of p-chlorophenyl­
phosphinic acid were by heating the ester 
with 8 times its weight of concentrated 
hydrochloric acid for 5 hr. on a sand bath. 
The yield is nearly quantitative. 

A number of experiments were also carried 
out to determine the best conditions for the 
transformation of p-chlorophenyl phosphinic 
acid into phosphanilic acid, but the original 
procedure used by Bauer (loc. cit.) was 
found to be the best. The results of pharma­
cological investigations will be reported in a 
separate communication. 

I t seemed of in terest to prepare w-amino ben­
zyl phosphinic acid, NH2-CH2-C6H4-P03H2' 
analogous to the corresponding sulphanil­
amide derivative , marfanil. 

Attempts were made to prepare p-cyano­
phenyl phosphinic acid which, on reduction , 
might yield the marfanil analogue. But the 
preparation of p-cyano-phenyl phosphinic 
acid by the diazo reaction from phosphanilic 
acid or treatment of p-chlorophenyl phos­
phinic acid with potassium cyanide under a 
variety of conditions failed to give the pro­
duct. Ultimately the following procedure 
was adopted. 

p-Toluyl phosphinic acid was chlorinated 
in acetic acid to yield p-w-chloro-benzyl­
phosphinic acid; m.p. 162°C. This on treat­
ment with ammonia gave the ammonium 
salt of the desired acid. The acid ammonium 
salt could be isolated by acidification with 
hydrochloric acid. Bacteriological tests with 

B. coli and S . aureus showed only feeble 
activity for this compound. 

p-p' -dinitro-dibenzyl phosphinic acid4, on 
reduction with ferrous sulphate and ammo­
nia, gave p-p' -diamino-dibenzyl phosphinic 
acid; m.p. 303°C. This compound, however, 
did not possess any anti-bacterial activity. 

The sodium salt of p-nitrophenol and 
p-chlorophenyl phosphinic acid gave p­
nitro-phenoxy phosphinic acid; m.p., 288°C. 
All attempts to reduce this acid have so far 
failed. 

Experimental 

Chlorination of p-Toluyl Phosphinic Acid­
p-Toluyl phosphinic acid (4- gm.) was dis­
solved in acetic acid ( 30 c.C. of 100 per cent 
acid) and dry chlorine was passed in sun­
light till there was no further increase in 
weight. The liquid was evaporated to dry­
ness on a steam bath. Distilled water was 
added to it and again evaporated to dryness. 
The product was dissolved in dry acetone 
and precipitated by adding dry chloroform; 
yield, 1 g. ; m.p. 161°C. 

The compound is insoluble in benzene, ether, 
petroleum ether, carbon tetrachloride and 
chloroform. It is soluble in acetone, methyl 
alcohol and ethyl acetate; eq. wt. found 
102·4; C7Hs03PCI requires 103·2; Cl found 
17·42; C7HsOaPCI requires Cl, 17·19 per 
cent. 

Preparation of the Acid Ammonium Salt of 
w-amino Benzyl Phosphinic Acid - 50 c.c. 
ammonia were added to the product ( 1 gm.) 
obtained by chlorinating p-toluyl phosphinic 
acid and heated on a steam bath for 5 hr. 
and then evaporated to dryness. The 
residue was redissolved in water and preci­
pitated by adding hydrochloric acid till acid 
to Congo red and crystallized from water. 
This product was insoluble in dioxon, chloro­
form, ether, petroleum ether, benzene and 
carbon tetrachloride. It is sparingly soluble 
in acetone and methyl alcohol. Yield, 
0·2 gm. It did not melt up to 350°C. 
Found: P, 15·44; C7H 130 5N2P requires P, 
15·2 per cent. 

Reduction of P-P' -dinitro-dibenzyl Phos­
phinic Acid - The acid (5 gm.) was treated 
with a solution of 50 gm. of ferrous sulphate 
and dilute ammonia. The ferric hydroxide 
was filtered off and the filtrate concentrated. 
On acidifying to Congo red p-p' -diamino­
dibenzyl-phosphinic acid was precipitated 
and crystallized from water as clusters of 
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needles; m.p. 303°C. Found N, 9,5; 
C14H170 2N 2P requires N, 10·1 per cent. 

The diacetate was prepared by treating 
a solution of the acid in pyridine with acetic 
anhydride. Found N, 7·9; ClsH2104N2P2 
requires N, 7·8 per cent. 

Preparation of p-nitro-phenoxy Phosphinic 
Acid - 4·33 gm. p-nitrophenol and 3·33 gm. 
sodium hydroxide were heated at 130°C. 
The mass was powdered and mixed with 
5 gm. of p-chlorophenyl phosphinic acid 
and 0·5 gm. copper bronze. Dry xylene was 
added and the whole mass was refiuxed for 
10 hr. Xylene was removed and the product 
added to water and made slightly alkaline 
with sodium hydroxide and filtered. The 
filtrate was made acidic to Congo red and 
washed with ether to remove unreacted 
p-chlorophenyl phosphinic acid. The pure 
compound melted at 288°C. ; yield 3·5 gm. 
Found: N, 4·97; C12H 1006NP requires N, 
4·74 per cent; eq. wt. found 148·9, 
C12H100 6NP, eq. wt., 147·5. 

Preparation of p-cyanophenyl Phosphinic 
Acid - To a mixture of 8·8 gm. of potassium 
cyanide and 4·74 gm. nickel chloride in 50 c.c. 
water was added diazotized phosphanilic 
acid ( 3·5 gm.) and heated on a water bath 
for 5 hr. It was made acidic to Congo red 
with hydrochloric acid and filtered. The 
precipitate was washed with water, washings 
added to the filtrate and made alkaline with 
ammonia. The magnesium salt was preci­
pitated by boiling with magnesia mixture. 
This was dissolved in acetic acid and the lead 
salt was precipitated by lead acetate. This 
was decomposed by adding a calculated 
amount of sulphuric acid and filtered. The 

27C 

filtrate was evaporated to dryness and the 
product crystallized from water ; yield 0·5 
gm.; m.p. c. 143°C. The compound also 
gave a feeble test for chlorine. It could 
not be further purified. Nitrogen, found 
13 ·28; p-cyano-phenyl phosphinic acid re­
quires N, 7·649 per cent. 

Attempts were also made to prepare 
p-cyano-phenyl phosphinic acid by heating 
p-chlorophenyl phosphinic acid , potassium 
cyanide and copper cyanide under pressure. 
Copper cyanide ( 5 gm.). potassium cyanide 
( 5 gm.) and p-chlorophenyl phosphinic acid 
(5 gm.) dissolved in methyl alcohol were 
heated at 150°C. for 6 hr. under pressure. 
Alcohol was removed and the mass dissolved 
in sodium bicarbonate and filtered . The 
filtrate was made acidic to Congo red with 
nitric acid and filtered. The lead salt was 
precipitated by adding lead acetate to the 
filtrate. It was decomposed by the addition 
of theoretical quantity of sulphuric acid and 
filtered. The filtrate was evaporated to 
dryness and the compound crystallized from 
water. This was identified as p-chlorophenyl 
phosphinic acid. 

Use of other solvents in the presence of 
copper cyanide did not also give the product. 

The cost of this investigation was borne 
by the Council of Scientific & Industrial 
Research to whom our thanks are due. 
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Extraction of Germanium from Sphalerite 
Collected from Nepal-Part II 

R. K. DUTTA & S. N. BOSE 

University College of Science, Calcutta 

A method for the extraction of germanium 
from the non-magnetic fraction of the mineral 
sphalerite has been described. 

I N the previous communication! we have 
described the extraction of germanium 
dioxide from the magnetic fraction 
( mainly magnetite) of sphalerite. The 

non-magnetic portion left over was found 
to contain traces (0·006-0·04 per cent) of 
germanium. 

The spectrogram of this portion revealed 
the presence of the following elements: lead, 
zinc, iron, silicon, germanium, tin, copper, 
cadmium, silver and antimony, of which the 
first two predominate. The ore was analysed 
as before and the germanium estimated ac­
cording to the method already described. 

The analytical results are as follows: 

Pb 
Zn 
S 
Si02 
Fe 
Ge 

% 
14·2 
48·4 
27·3 

5·6 
2·3 
0·0021 

From the analytical data, this fraction of 
the mineral appears to be mainly a sulphate 
of zinc and lead. 

Extraction of Germanium 

A procedure different from the one adopted 
for magnetite had to be adopted for the 
extraction of germanium from this fraction. 
When the ore is treated with sulphuric acid 
the insoluble lead sulphate formed retains 
the major portion of the germanium but 
if the sulphuric acid is completely fumed off, 
most of the germanium goes into solution 
and only traces remain over with the preci­
pitates of lead sulphate and sulphur. 

The methods of Winkler, Buchanan2, etc ., 
were found to be unsuitable for the extraction 
of germanium. Tchakirian's method3 was 
finally adopted. The insoluble residue was re­
fluxed with a saturated solution of ammonium 

bioxala te and, curiously enough, not even a 
trace of germanium was found in the solution. 
A new method based on the fact that the 
insoluble residue containing free sulphur is 
totally converted to lead sulphide on treat­
ment with concentrated sodium hydroxide 
solution was adopted. The dismutation of 
free sulphur in strongly alkaline medium 
takes place as follows: 

4S + 60ft = 2S-- + Si)3 + 3Hp 
The lead sulphide so formed carried with it 
the whole of germanium as disulphide and 
the lead sulphide is separated by treatment 
with 2N hydrochloric acid. 

Experimental 

400 gm. of the ore were decomposed by an 
excess of 1 : 1 sulphuric acid, the resulting 
mixture heated to dryness and the excess 
acid fumed off. A large part of the free 
sulphur was removed by this treatment. The 
dried mass was extracted with hot water and 
filtered. Sodium sulphide, just sufficient to 
precipitate one-tenth of the total zinc, was 
added4• The filtrate was rejected as spec­
troscopic examination showed the absence of 
germanium. The residue was treated with 
4N sulphuric acid and digested on a water 
bath for an hour and filtered. Germanium 
disulphide was left in the residue and most 
of the elements including zinc were thus 
removed. The residue was treated with 
sulphuric and nitric acids and dried. It 
was then distilled with 50 c.c. of 1: 1 
hydrochloric acid and the distillate treated 
according to the procedure already described. 
Germanium dioxide thus obtained was 
found from spectroscopic evidence to contain 
traces of antimony and tin. 

When the residue was treated with con­
centrated sodium hydroxide solution, the 
whole of germanium was precipitated along 
with lead sulphide. This precipitate was 
digested with 2N hydrochloric acid, filtered 
and washed. Almost the whole of lead 
goes into solution leaving behind germanium 
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disulphide, silicon dioxide, titanium, silver 
and traces of lead. Silicon dioxide was the 
principal constituent. All the vapours issu­
ing during the treatment were collected and 
found to be spectroscopically free from 
germanium showing that germanium disul­
phide is not decomposed by 2N hydrochloric 
acid. The residue was then treated with 
sulphuric and hydrofluoric acids and eva­
porated on a water bath, when all the silica 
was removed. The mass was then distilled 
with hydrochloric acid, as previously des­
cribed, and the germanium dioxide separated. 
The resulting product contained traces of 
phosphorus derived from hydrogen peroxide. 

The yield was 240 mg. of germanium dioxide 
from 4 kg. of the non-magnetic fraction. 

Our best thanks are due to Prof. P. B. 
Sarkar for his keen interest in the investiga­
tion and to the Council of Scientific & Indus­
trial Research for financial help to one of 
us (R. K. Dutta). 
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Studies in Industrial Micro-organisms: 
Part IV - Vitamin Requirements of 
27 Strains of Lactic Acid Bacteria 

M. R. RAGHA VENDRA RAO & M. SREENIV ASA Y A 

Section of Fermentation Technology, Indian Institute of 
Science, Bangalore 

The vitamin requirements of 27 strains of 
lactic acid bacteria have been determined. 
L.C. 20 NaTa 2171, L. arabinosus NaTa 2161, 
and S. faecalis NaTa 2175 have been shown 
to be suitable for the assay of all B-vitamins 
exceptin~ thiamin and pyridoxin. 

A STUDY of the vitamin requirements 
of 27 strains of lactic acid bacteria 
maintained in the National Collection 
of Type Cultures, India, Indian 

Institute of Science, Bangalore, has been 
carried out with the object of determining 
their suitability as test organisms for the 
microbiological assay of vitamins and other 
growth factors. 

Experimental 

Method of Carrying Cultures - The stab 
cultures were carried in an enrichment 
medium described by Mistry and Sreeni­
vasaya1. 100 C.C. of the enrichment medium 
contained 0·5 gm. of sheep liver extract, 
0·5 gm. of Difco yeast extract, 0·5 gm. of 
Difco peptone, 0·5 gm. each of glucose and 
lactose, 1·0 gm. of sodium acetate, 0·5 C.C. 
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each of salts A and B, and 2·0 gm. of agar. 
The cultures were grown in the enriched 
broth for 24 hr. at 37°C., transferred to the 
stabs, incubated till there was visible growth 
( 24 to 36 hr.) and then preserved at soc. 
The stabs were subcultured every month. 

The full complement medium in double 
strength (similar to the one used by Landy 
and Dicken2 ) was compounded to include 
all the vitamins and amino acids (as casein 
hydrolysate supplemented with trypto­
phane and cystine). The composition of 
the medium is given in Table 1. 

Media deficient in a particular vitamin 
were prepared by omitting the particular 
vitamin. 5·0 C.C. of the medium were 
transferred into tubes and plugged with 
cotton. In the case of folic acid assays, 
glass caps instead of cotton plugs were used , 
since cotton was reported to contain appre­
ciable amounts of pteroyl-glutamic acid. 
Duplicates were run in each case. The tubes 
were sterilized a t 15 lb. pressure for 15 min . 
incubated for 24 hr. at 37°C. and steamed 
for 30 min. 
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Inoculum was prepared by transferring 
a small amount of growth from the stab 

culture to 5 C.c. of the enriched medium 
broth, incubated for 24 hr. at 37°C., asep­
tically washed three times on the centrifuge 
with sterile saline (0·89 per cent) and the 
sedimented bacteria taken up with 25 c.c. 
of sterile saline. 

TABLE 1- COMPOSITION OF THE MEDIUM 

Glucose ( a nh yd. ) 
Na. acctate I anhyel. ) 
Casein hydrolysate (acid) 
' -cystine 
l-trytophanc 

t~:~ll~~~gnUth~~~e } 
Salts A and B 
Thiamine 
Ribofla vin 
Pyridoxine 
Ca-pantothenate 
Nicotinic acid 
Paba 
Biotin 
)folic acid 
pH 
Volume 

4·0 gm. 
2'4 gm. 
() · 5 gill . 

lU ' O mg. 
10 ·0 mg. 

1·0 mg. each 
0 -5 c.c. each 

20 ' 0 p.g. 
20 ' 0 rig. 

100'0 ILS, 
20 ' 0 ",g. 
50 ·0 ILg. 
20·0 ILg. 

100·0 '"p.g. 
500 ' 0 m",s. 
6 ' 8 to 7 ' 0 

100 c.c. 

One drop of the above suspension was 
added to each of the tubes and incubated at 
37°C. for 72 hr. The acid produced during 
this period was titrated against 0·1N NaOH 
using bromo thymol-blue as indicator. 

The results are given in Table II. 
A study of the results ( TABLE II) shows: 

(i) most of the organisms, 24 out of 27, 
need pantothen ; 

(ii) riboflavin is required by 10 strains; 
(iii) 15_ strains need an external supply 

of niacin; 

TABLE 11- VITAMIN REQUIREMENTS OF LACTIC ACID BACTERIA 
( Results expressed as c.e. of O' lN acid produced peT 10 C.c. oj the medium) 

M EDIUX 1 2 3 4 ii 6 7 8 9 
L. arabi- L. arabi- L. arabi- L. arabi- L. del- L . del- L. case; L . casei L. casei 

tlosu.~ nos us nosus nos us bruck ii bruckii 2 156 2157 2159 
2160· 2161 2162 2163 2168 2180 

Full med. 16'4 17·3 16'7 14·35 11 ·5 14'8 11 · 95 13 · 9 11'0 
( all vits.) (1) 

(I)-D, 15·8 15 ' 45 lii · 8 13 ' 9 10·5 14 · 8 11'95 14 ' 35 10·5 
(I) · H, 16'4 17·3 15·M 13 ' \1 [U ' 5 11 ' U5 3 ·1l5 2·4 4· 8 
(I) · H, 16·4 17 · 2 16 · 7 13 ' 9 11·45 lI'() 10 ' 0 8 · 9 10 · 0 
( 1) · Pantothen 2'4 3· 7 3 ·2 2 · 4 11 · 0 2 ·85 3 ·8 3 '1 4· 8 
(I )-Niacin 8 ·6 3 ·05 8 -95 7 ·2 11·n 10 · 1 11 '1l5 12· 5 10 · 2 
(l) · Biotin 13'\1 6'7 14·3 13· 5 11'1 14 ·35 12 · 5 12·30 Il ' 45 
(I). Folic 14 ' 4 17'() 15 ·55 H 'I! 11 ' 45 14 ·35 13 · 4 13 ' \1 U ' OS 
Enriched medium 8 · 8 10·5 9'0 7 · 7 9·6 5·6 10· 5 

• Refer to NeTC numbers. 

TABLE 11- continued 

)'IEOlUM 10 11 12 13 14 15 16 17 18 
L . case, L. cast' L. case' L. hel1lelieu! L.C.15 L.C.2() L.C. 134 L. pentoaceticus S. 30 

NCTC NCTC NCTC NCTC NCTC NCTC NCTC NCTC NCTC 
2179 215.& tl 55 2167 2172 2171 2182 2181 2183 

F ilII med. 14 -35 14 ' 35 14 · 35 11 ·6 1U·5 19 ' 9 9 'U5 5·8 11·9 
I all vits.) (1) 

(I)-B, 13·35 1",30 13 ·9 12·2 10·8 22·{) 5·3 4'4 12·0 
(I) · B. 2 ·40 14·85 2 ' 4 3 ' 25 4·75 I·g 0'\1 4 ·8 4·35 
11)·H, M· \) 14·35 11·45 12 ·1j [(l · 3 16'0 !HI 2·4 12·0 
II)·Pantothcn 3·1 2 ' 4 3 · 1 5 · 1 3'9 2 · 7 2'85 3 · 3 4 ·9 
(I)-Niacin 12 · 5 11·115 12 ' :; a·o. 4 ' 9 2 -65 2·65 2·9 4·6 
(I)·Bio tin 13 '35 13 ' 4 12·65 11 ' 35 8 · 6 S·() 6·7 4 ·8 8 · 75 
(1) · Folic 14 ·3r. 14 ' S5 13 -9 11 ' 4U 7 ' 7 18 ·6 8' 15 4· 8 11 ·3 
Enriched medium $)'0 lII · U 11 ' 0 9· 5 4 · 0 

TABLE II - continued 
)'fEOIUM III 20 21 22 23 24 25 26 27 

S. 200 S.2:!3 S.253 S.~atcaliS S. faecal;,s S. fa ecalis S. Jaecalis Leuc. LetlC 
NCTC NCTC NCTC CTC NCTC NCTC NCTC mese»te· mesenle· 
2170 21M4 2 1i8 2166 2174 2175 2176 roides '''ides 

NCTC NCTC 
2169 2177 

Full mt><!. U·8 12 ·85 5 · 8 0-55 12'4 14 · 10 11 ·5 13 ·05 22 · 6 
(all vits.) (1) 

( l) · B, 11 ·3 8 · 8 6 · 0 0 ·5 ]0 ' ;; 13· 6 11 · 5 13 '0 24 ' 0 
(I)-H. !i'l!i S ' 2!i :),15 11'6 12'1l 14 ' 0 7 ·65 13· 45 23 ·8 
11) · B, 12·:35 11'6!') 4'1 6 ' 0 3 ' 7;; ;;·5 2·85 13·0 22 · 7 
II)-Pantothen 4·1 4 · HI 4·75 3 ·8 2·5 2 · 4 7·0 2·75 6·2 
(I) -Niacin 4':!5 . , 75 3·1 7 ·8 3 · 75 2'0 4·0 1·~5 3 ·2 
(1) · Biotin M· tI 9 ' 25 6·2 8·1 5'4 2 · 4 4·4 4 · 04 8·3 
I I)-Folic 11 · f.;, In , !) 5 · 3 9 ' 1 :)'U 2 ' 11 4 · 6 12 · 4 23 ·8 
Enriched mediultl !l ·U 7'0 
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(iv) biotin has been found to be essential 
for 8 strains; and 

(v) 3 strains respond to folic acid and 
pyridoxine. 

Most of the strains of L. casei and related 
species respond to riboflavin. Folic acid is 
required by all the three strains of S. 
jaecalis2,3, except that 4 per cent glucose 
and 2·4 per cent sodium acetate have been 
used instead of the usual 2·0 and 1·2 per cent 
respectively. It was thought that the 
concentration of the vitamins and amino 
acids used in the 4 per cent sugar medium 
may be sub-optimal for growth and acid 
production. A decrease in the sugar per­
centage or an increase in the concentration 
of vitamins and amino acids should enhance 
the percentage of acid produced. For this 
purpose an experiment was conducted with 
the three cultures, L. arabinosus NCTC 2161, 
L.e. 20 NCTC 2171 and S. jaecalis NCTC 
2175, which are very useful for the assay of 
many of the B-vitamins. The composition 
of four media used in this experiment is 
given in Table III. 

The all-vitamin medium D corresponds to 
that of Roberts and Sne1l4• Media lacking a 

TABLE 111- COMPOSITION OF THE MEDIUM 
(PH 6·8 107 ·0) 

CONSTITUENTS ABC D 
PER 100 C.C. 

OF THE MED IA 

1. Glucose, gin. 4·0 2'0 2 ' 0 2·0 
2. Na acetate, gm. 2·! 1 · 2 1 · 2 1·2 
3. Casein h ydro1 ysa te, 

I-cystine, I-trypto-
phane, salts A and B, 
adenine· guanine, 
uracil xanthine, 
same as before 

4. Thiamin, tLgm. 20·0 20'0 60·0 50·0 
5. Riboftavin, "gm. 20·0 20 ·0 60·0 50·0 
6. B"l"Im. 100'0 100·0 300·0 100·0 
7. Pan tothena te, I'gm. 20 ' 0 20 ' 0 60 ' 0 50·0 
8. Niacin, ~m. 50 ' 0 50'0 150·0 100 ' 0 
9. Biotin, (,Lgm. 100·0 100'0 300'0 200'0 

10. Folic acid, f.'gm. 0·5 0·5 1·5 1'0 

given vitamin at a time were simultaneously 
run along with this series. The rest of the 
experimental procedure was the same as that 
described earlier. The results are given in 
Table IV. 

The results reveal that with higher dosages 
of the vitamins, the sugar content of the 
media remaining the same, there is a higher 
percentage of the conversion of sugar into 
acid. The acid production is increased with 
a threefold enhancement in the concentra­
tion of vitamins. When the concentration 
of the sugar is doubled in the media, the 
level of vitamin concentration remaining 
the same, there is not a corresponding in­
crease in the percentage of acid production 
( TABLE IV). In the case of L.C. 20 and S. 
jaecalis, the increase is nearly 50'0 per cent, 
whereas in the case of L. arabinosus, whose 
optimal requirements for vitamins are not so 

TABLE V - LACTIC BACTERIA USEFUL FOR THE 
ASSAY OF B-VITAMINS & THEIR ASSAY RANGES 

VITAMIN' ASSAY RANGES, 
C ULTURES IIR PER 10 C.C • . . , 

Foreign 
----. 

Foreign NCTC NCTC 
(India) (India) 

r L. case;'l L.C. 200 0-200' 
7t611 

Riboftavin ~ Leuc. Mesent.' ... 
0-150' 

I L_,""" L. casei 2179 0-10 
L. usei L. 4I'abinosus 0-150 

ATCC 7469 2161 
C panto. L.e.20 •. 2171' 0-120 0-500 
a.. L . cas .. 2157 
thenate ~ L. 4,abi""sus' 

ATCC SOl! .... 0-200 
L. arabino- 0-400 

sus 2161 
Niacin -< L. arabino-t ... "~ L.C. 20; 2171 

0-500 0-400 

L. casei- L. arabinio- 0·10 
7469 sus 2161 

Biotin L.e. 20, 2171 0 -0 -75 
L. a,abi"o- L. case;' 2157- 0-4'0 0-0'70 J sus S. f4eelllis 0·1'0 

Folic acid 
RIO 

• A.C.T.C .. S. faeclllis 
l IlO43 2175 

TABLE IV - EFFECT OF THE CONCENTRATION OF VITAMIN & CARBOHYDRATES ON ACID PRODUCTION 

VIl"AMIN 
MIXTURE 

All vits. 
Lacking BI 
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B, 
B. 
Pantothen 
Niacin 
Biotin 
Folic acid 

(e.c. Of 0·1 N Mid produced per 10 e.c. of Ihe medium) 

L.C. 20 NCTC 2171 L. a,abi""sus NCTC 2161 
r-----A----~ ,-------'-------, 

A B C D A B C D 

19·9 11·9 18 ·0 17·0 17·3 16 ·0 19·0 19 ·0 
22'0 12·0 18·5 17 ' 5 15 ' !5 15 ·0 18·0 19 ·5 

l ·g 0'8 0'8 1'0 17'3 15' 8 16·5 18' 0 
16 ' 0 10 ·0 11·6 12 ·0 17 · 2 15 ·0 17 ·0 17 ·0 
2·7 1'2 1 ·6 1'8 3 · 7 0·8 1·6 2 ·0 
2·65 1'2 1·6 2·2 3 ' ()5 1·8 1 ·1l 1 ·6 
8 ' 2 6·2 7 ·6 8 ' 0 6· 7 8'0 g .() 8·0 

S. faecllli! NCTC 2175 
,--- -...., 

A B C D 

14 ·0 6 · 5 10 ·2 9·6 
13 · 6 6·8 11·8 9·0 
14 ' 0 6 ·8 8·7 8 · 5 
5·5 6 ·0 6·8 5·5 
2 ' 4 1 ·0 1 ' 4 1 · 8 
2'0 1·0 I · ! l ' l:! 
2'4 2'0 2 ' 0 2 ·" 
2'0 1·6 1'6 2·5 
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high as those of the other two, the increase 
is only 16 to 20 per cent. 

The results obtained with media lacking 
one of the vitamins at a time confirm the 
earlier findings and show that increased 
dosages of other vitamins do not potentiate 
any rise in acid production, unless the vita­
min, essential and indispensable to the organ­
ism, is present; in other words, the stability 
of the organism with respect to its vitamin 
requirements is not altered in spite of a 300 
per cent increase in vitamin concentration. 

The following cultures have been found to 
be useful in the assay of the B-complex vita­
mins. The assay ranges of our cultures have 
been compared with those cited in literature. 

The two cultures, L.C. 20 and L. ara­
binosus, have been extensively used in our 
laboratory for the assay of B-vitamins in 
some of the natural extracts. 

Summary 

1. The vitamin requirements of 27 strains 
of lactic acid bacteria have been determined 
following the method of Snell and the proce­
dure has been described. 

2. Pantothen and niacin are required by 
24 and 15 strains respectively. Ten strains 
require riboflavin and biotin is needed by 8. 

3. The suitability of some of these strains 
for the assay of vitamins has been indicated. 

4. The effect of the concentrations of 
vitamins and of carbohydrates on acid pro­
duction by the organisms has been elucidated. 

5. L.G. 20 NCTC 2171, L. arabinosus 
NCTC 2161 and S. faecalis NCTC 2175 can 
be used for the assay of all B-vitamins with 
the exception of thiamin and pyridoxine. 

This work forms a part of the scheme on 
the National Collection of Type Cultures, 
India, sponsored by the Council of Scientific 
& Industrial Research, India, whose generous 
financial help is gratefully acknowledged. 
Grateful thanks are due to the Director, 
Indian Institute of Science, for his kind interest. 
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Substitution of Coconut Oil In Soap 

S. C. GUPTA, J. S. PHADNIS & J. S. AGGARWAL 

National Chemical Laboratory, Poona 

Coconut 011 can be substituted with advan­
ta~e in soap manufacture by mixtures of 
lauric acid-rich fats such as Pisa fat (from 
Actinodaphne hookeri), castor oil, ~roundnut 011 
and hydro~enated rosin. 

COCONUT oil is an essential ingredient 
forthe manufacture of high grade soaps 
and it usually forms 25-30 per cent of 
the total fat used. The soap is easily 

soluble in water, giving profuse lather and 

possessing excellent wetting and detergent 
properties. As there is a shortage of edible 
fats in this country at present, there is an 
imperative need for substituting coconut oil 
by other fatty materials in the soap and hair 
oil industries. 

The excellent properties of coconut oil soap 
are mainly due to the presence of lauric and 
myristic acids as major components of the 
total fatty acids of coconut oiP. The effect 
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of alkyl chain length on the properties of 
soap such as Herbig number, time of sinking 
and drop number has been investigated by 
Shirolkar and Venkataraman2• Of the 
various saturated fatty acid soaps, sodium 
and potassium myristates have been found 
to possess the maximum wetting action, 
foaming and detergent properties at ordi­
nary temperatures. As inedible oils with 
myristic acid as a major component are not 
available in sufficient amounts in India, 
attention has been diverted to the investiga­
tion of lauric acid-rich oils. Seeds of Actino­
daphne hookeri, Actinodaphne angustifolia, 
Cinnamomum camphora, Laurus nobilis, Litsea 
chinensis, Litsea sebafera, Litsea citrata and 
Litsea zeylanica are available in Indian 
forests and their fats have been found by 
Puntambekar3 , Puntambekar and Krishna4 

and Collins5 to contain 43 to 96 per cent 
lauric acid. In the present investigation the 
seed fat of Actinodaphne hookeri, locally 
known as Pisa fat, is used in place of coconut 
oil in soap. I ts fatty acids consist of 96 
per cent lauric acid. Castor oil and ground­
nut oil mixtures along with Pisa fat have 
also been tried. 

Hydrogenated rosin is a valuable ingre­
dient of soap preparations6. Its sodium 
derivative has been recommended as a 
substitute for coconut oil in soap7. The 
sodium salt of rosin was used in admixture 
with other sodium soaps to ascertain whether 
it can replace coconut oil in soap manufac­
ture. Lather value, hardness, wetting and 
detergent tests were carried out on each 
sample of soap. Soaps thus prepared were 
found to be comparable to the usual tallow­
coconut oil soaps in many applications. 

Experimental 

In order to obtain alkali-free neutral soaps 
the oils and fats used in this investigation 
were first hydrolysed to fatty acids and 
neutralized by the addition of requisite 
amounts of a strong solution of caustic soda. 
The reaction was completed by heating on 
a water bath for 1 hr. The sodium soap 
so formed was dried in the sun to a moisture 
content of about 10 per cent. Hydrogenated 
rosin was similarly treated. The soap was 
then milled in a three-roll mill and the 
moisture content was finally adjusted to 10-12 
per cent as determined by the Xylol methods. 
40 gm. of this material was moulded to a 
cylindrical cake of 1~" dia. by pressing for 
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5 min. unaer a pressure of about 250 lb. / 
sq. in. at a temperature of 40ce. ± 5°e. 
The cakes were aged for a week in closed 
glass vessels. The following determinations 
were made. 

1. Lather Value - The lather value was 
determined by shaking 50 C.c. of 0·2 per 
cent soap solution in one litre stoppered 
graduated cylinder for 30 sec. and noting 
the volume of the lather produced after 
5 min. The stability of the lather was 
found out by noting the volume again after 
24 hr. The values were determined at 
room temperature (25°-30°C.). 

2. Wetting Test-The concentration of 
soap required for causing the sinking of a 
5 gm. of skein of grey cotton yarn in 25 sec. 
at 40°e. was determined by Drave's method. 

3. Hardness - The comparative hardness 
of different samples of soap was determined 
by determining the weight (in lb.) 
required to pierce through and break the 
cake. A bronze hemisphere, 2 cm. dia., 
was employed for this purpose. A cement 
testing machine was suitably modified for 
carrying out this test. 

4. Detergency Test - A piece of long cloth 
was first boiled in sodium carbonate solution, 
thoroughly washed with water and dried. 
I t was soiled in petrol ether to which carbon 
black (1 per cent), groundnut oil (2 per 
cent) and mineral lubricating oil (2 per cent) 
were added. The cloth was dried in the sun 
by spreading horizontally on a frame. Test 
pieces,S" X 5", having an even shade were 
chosen. The test piece was shaken in 100 c.c. 
of 0·3 per cent soap solution for half an hour 
with distilled water. The test piece was then 
dried in shade and the extent of soil removed 
was examined visually. The above test 
was done in duplicate with each sample of 
the soap. 

The composition of various soap samples 
together with their lather value, wetting test 
value and hardness are given in Table 1. 
The detergent qualities of all the samples 
were found to be almost identical. 

Discussion 

From the data given in Table I it is 
seen that substitution of lauric acid-rich 
Pisa fat for coconut oil has increased the 
lather value in samples 2, 4 and 5. Less 
lather has been obtained in sample 3 due to 
the partial substitution of a longer chain 
stearic acid in place of Pisa faP. Again, 
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TABLE I - COMPOSITION & PROPERTIES OF 
VARIOUS SAMPLES 0.' SOAP 

No. ACH> CO ,"IPO!' I- LATH ER VALUE J)RA\,I~ 'S HARD -
TlOS OF SO A I' ,-------A--...... WI-:TTlNG TEST NE SS, 

e> JIlin., 24 hr., \'AI.U.ES (SOAI' lb. 
c.c. c.t:. CONCENT RATION 

REQUIRED I'OR 
if) SEC. 

WETTING TlM1-: }, 
~1It . flitrc 

1. Tallow 7[, % + coco- 230 lOr; o· rln 52 ·0 
nut oil :!r,'% 

2. Tallow 7[, % +Pisa 2;,0 :!IU 0 ' 7i 611·0 
fat 2;.% 

3. Tallow ia% + P isa tUO lIilJ U ·~~ GO-;, 
fa t 1:1% + stear ic 
acid 10\:~ 

4. Tallow ();,%+ Pisa 3(X) !W;; 1I · ;.a 58 · 0 
fat 25 ':(, + castor 
oil 10% 

a. Tallow nf) %+ Pisa 2~0 2:10 0·;)( 60 -75 
fat 2[,% + groullu -
flul oillO% 

6. T allow H(J% +castor 2~O 240 (I·4U 4l! '3 
oil 2U% + J..:round-
nut o il 20% 

7. T allo\\' 7&% + rosin 210 liU 0 ·56 ~5'O 
2;;lyo 

8. Tallow 7[,% + h yd. 2-10 200 0·1i7 VI · 6 
rosin 25 % 

9. Tallow U5 %+ Pisa 240 200 0-52 64 ·0 
fa t 2;-, %+msill 
lI" .'~ 

10. Tallow 65%+ Pisa ~130 t4() O' 56 76·0 
fat 2[, % + hyd. 
ros in 10% 

11. Tallow 60%+ 27U ~OO 0·56 66·5 
grou ndnllt oi l 1;1% 
+ hyd. rosin 2:,% 

12. li p!. grollndnllt oil 2UO Thinned 0 -57 58 ·U 
(LV. :W-tt) 7:,% 
+ Pisa fat 25 % 

substitution of 10 per cent castor oil and 
groundnut oil in samples 4 and 5 for the 
same amount of tallow (sample 2) has 
resulted in a marked increase in the lather 
value. Drave's wetting test values for these 
two soaps have also been quite low and are 
quite close to that of coconut oil soap. 
They were also found to be less hard than 
others because castor and groundnut oils are 
known to give softer soaps than oils contain­
ing predominantly saturated acids. The 
effect of the soap from these two oils is very 
clearly indicated by the results of the values 
of sample 6 containing tallow, 60 per cent, 
castor oil, 20 per cent and groundnut oil, 
20 per cent. This soap has given lather value 
higher and wetting test value lower than 
coconut oil soap (sample 1) although 
the hardness has been slightly lower than the 
latter. 

Hydrogenated rosin soap has given a 
quite good lather value (samples 8 and 
10) and has proved better in comparison 
with ordinary rosin soap (samples 7 and 
9) . It also retards spotting in soap on 
storage which usually takes place when 

ordinary rosin is used. But a combination 
of lauric acid soap along with that of hydro­
genated rosin has definite advantages. Substi­
tution of Pisa fat ( lauric acid) by groundnut 
oil and hydrogenated rosin (sample 11), 
however, lessens the stability of the lather 
of the soap. 

An attempt was also made to substitute 
tallow by hydrogenated groundnut oil ( LV. 
20-22). Although a good amount of lather 
was obtained, it was very thin and subsided 
within 24 hr. This may be due to the 
conversion of oleic acid mostly to stearic acid 
and partly to iso-oleic acid during hydrogena­
tion. The soaps of these two acids have less 
solubility and wetting action at low tempera­
tures (25°-30°(::.). Other soaps (Nos. 2 to 
10) have given lathers of nearly equal stabi­
lity and are almost identical to coconut oil 
soap. 

The hardness of all the samples of soaps 
with the exception of No.6 have been found 
to be more than that of coconut oil soap 
(No.1) . This may be due to the presence 
of 15-20 per cent capric and other lower 
acids present in coconut oil. The existence 
of these acids in coconut oil is definitely a 
disadvantage because their sodium salts 
have very poor lather values and wetting 
action. However, they are very soluble in 
water and are removed during the salting 
out stage. But these acids have not been' 
removed in the present work and were allowed 
to form a part of the soap. The differences 
in hardness may not be regarded as a great 
drawback because by proper formulation of 
the oils and fats , it may be adjusted to the 
desired limit. Samples 4, 5, 6 and 10 are 
quite satisfactory as substitutes for standard 
coconut oil soap. 

Conclusion 

Coconut oil can be substituted in soaps by 
suitable mixtures of lauric acid-rich fats, 
castor oil, groundnut oil and hydrogenated 
rosin. 

As castor oil has important industrial 
uses and groundnut oil is an edible oil, work 
is being undertaken to employ other non­
edible oils in soap manufacture. 

Acknowledgement 

The authors are thankful to Professor 
J. W. McBain for going through the manus­
cript. They are also thankful to the Sub­
divisional Forest Officer, Poona, for the 

277 



J. SCr. INDUSTR. RES. , V. 9R, 1950 

supply of Actinodaphne hookeri seeds from 
which Pisa fat was obtained. 
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Studies In the Fermentation of 
Carbohydrates by Yeasts-Part III 

T. N. RAMACHANDRA RAO & V. S. KRISHNAMACHAR 

Section of Fermentation Technology, Indian Institute of Science, 
Bangalore 

The fermentability of 22 carbohydrates by 
30 strains of yeasts from the National Collec­
tion of Type Cultures has been investigated. 
Glucose and fructose are easily fermented by 
all the yeasts examined. Sucrose Is not 
fermented by 2 strains. 10 strains do not 
ferment galactose, and 8 among these do not 

• ferment maltose also. Raffinose is fermented 
partially by 18 strains and melizitose by 5. 
Rhamnose is fermented by only 1 strain. 
None of the yeasts ferment lactose or starch. 
Glycogen is partially fermented by 1 strain, 
inulin by 6 strains and dextrin by 4 strains. 
3 yeasts slightly ferment ex-methyl-glucoside, 
and 9 /l-methyl-glocoside. 

THE present paper is an extension of 
the earlier work l - 3 and describes the 
fermentability of 22 carbohydrates by 
30 strains of yeasts from the National 

Collection of Type Cultures. 
In a recent review, Bouthilet4 points out 

that it is customary to use yeast extract in 
the basal media used for fermentation tests. 
A number of yeasts were observed to ferment 
the yeast extract and trehalose. From the 
taxonomic point of view, the use of yeast 
extract in fermentation tests is open to 
objection as any positive fermentation 
observed may be ascribed to the sugars 
present, even though they may not be 
fermentable. Mrak and Phaff5 have observed 
that 16 strains of yeasts studied by them 
ferment both yeast extract and trehalose. 
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Yeast extract contains appreciable quanti­
ties of trehalose. 

The use of dilute yeast autolysates as an 
additive to the basal medium overcomes the 
difficulty. During autolysis of yeast trehalose 
is destroyed. In order to evaluate critically 
the fermentation reaction of yeasts, we have 
carried out the tests using yeast extract 
alone and yeast extract with added carbo­
hydrates. Of the 50 strains studied not 
one has given any positive fermentation with 
yeast extract alone. 

The procedure adopted by us in these 
studies has been described earlier1•3• The 
results obtained are recorded in Tables I 
and II. 

Discussion 

1. Among the yeasts studied N.C.T.C. 
3084 ferments rhamnose. Other pentoses 
are not fermented. 

2. Observations made after 24 hr. intervals 
show that the rate of fermentation is the 
highest in glucose, followed by fructose. A 
time lag is observed in mannose fermentation. 

3. Of the 30 yeasts examined 10 did not 
ferment galactose. Among the rest, com­
plete gas formation was not observed with 
3 strains. 

4. Among the disaccharides, lactose is 
not fermented by any of the yeasts. Sucrose 
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TABLE 
N.C.T.C. MONOSACCHARIDES DIS ACCHARIDES 

No. 
'Abrabinose Mannose\ 

~~-, 

Rhamnose Xylose Glucose Fructose Galactose Lactose Sucrose Maltose 

3003 ++++ +++ + +++ ++ ++++ ++++ 
300~ ++++ ++++ ++++ ++++ +++ + ++++ 
3019 ++++ ++++ +++ ++++ ++++ ++++ 
3039 ++++ +++ + ++++ ++++ ++++ ++++ 
30~O ++++ +++ + ++++ +++ + ++++ ++++ 
3041 +++ +++ + ++++ 
30~2 ++++ ++++ ++++ ++++ ++ + +++ + 
30~3 ++++ ++++ ++++ +++ ++++ ++++ 
30H ++++ ++++ ++++ ++++ 
304f) ++++ ++++ ++++ ++++ 
30~6 ++++ ++++ ++++ ++++ + +++ ++++ 
30~\I ++++ ++++ ++++ ++++ + ++ + ++++ 
3050 ++++ + +++ ++++ ++++ 
3051 ++++ ++++ ++++ ++++ 
3052 ++++ ++++ ++ ++ ++++ ++++ +++ + 
305:1 ++++ ++++ ++ +++ + ++++ ++++ 
305~ ++++ +++ + ++++ +++ + ++++ ++++ 
3072 ++++ +++ ++ +++ 
3073 ++++ ++++ ++++ ++++ ++++ ++++ 
30H ++++ ++++ ++++ ++++ + +++ ++++ 
307;, ++++ ++++ +++ + ++++ ++ 
3076 ++++ ++++ ++++ ++++ ++++ ++ + + 
3077 +++ + ++++ + +++ ++++ ++++ 
3078 ++++ ++++ +++ + ++++ ++++ 
3079 ++++ ++++ ++++ 
3080 ++++ ++++ ++++ ++++ 
3081 ++++ ++++ ++++ ++++ ++++ ++++ 
3(J~2 ++++ ++++ ++++ + + 
3083 ++++ ++++ ++++ ++++ ++++ ++++ 
3084 + ++++ ++++ ++++ ++++ ++++ ++++ 

- , no fermentation; +,0'5 em. of gas formation; ++.1'0 cm. of gas formation j +++, 1'5 em. of gas formation; 
+ + + +. 2-0 COl. of gas formation. 

TABLE II 
N.C.T.C. POLYSACCHARIDES ALCOHOLS GLUCOSIDES 

No. "---------, 
Raffi- Melizi· Starch Inulin Dextrin Glycogen Mannitol Dulcitol Salicin Amyg- a-meth yl- fl -rnethyl-
nose tose dalin glucoside glucoside 

3003 + + 
300~ ++ 
3019 + + + 
3039 ++ 
30~0 + ++ 
3041 
30~2 + 
3043 + +++ +++ ++ 
3044 + 
30~5 + 
30~6 + 
30~9 + ++ 
3050 ++ ++ ++++ +++ 
3051 
3052 + + 
3053 ++ + 
305~ 
3072 ++ 
3073 ++ 
307.& 
30i5 ++ +++ + ++++ ++ + 
3076 +++ +++ 
3077 + + 
3078 + + + 
3079 
3080 + 
3081 ++++ +++ + + + 
3082 ++ 
3083 +++ ++++ + ++ 
308~ +++ ++++ ++ 

-, no fermentation; +,0'5 em. of gas formation; + +, I 'D cm. of gas formation j + + + .1'5 em. of gas forma tion; 
+ + + +, 2'0 em. of gas formation. 

is easily fermented and to the same degree 
as glucose except in the case of N.CT.C. 
3041 and 3079_ Eight yeasts which did not 
ferment galactose also failed to ferment 
maltose. 

5_ Raffinose is partly fermented by 18 
yeasts; the rest do not ferment it. 

6. Melizitose is fermented by the following 
5 strains, some partially and others fully: 
N.CT_C 3043, 3049, 3081, 3083 and 3084. 

279 



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

7. Starch is not fermented by any of the 
yeasts. Glycogen is partially fermented by 
N.C.T.C. 3082. 

8. Inulin is partially fermented by 6 
yeasts: N.C.T.C. 3003, 3019, 3040, 3043, 
3050 and 3052. 

9. Dextrin is fermented by 4 strains: 
N.C.T.C. 3075, 3081, 3083 and 3084, and 
mannitol, amygdalin and dulcitol are fer­
mented each by 1 strain of yeast. 

10. Three yeasts slightly ferment IX -methyl­
glucoside and nine ferment i3-methyl-gluco­
side. 

Our thanks are due to Mr. M. Sreenivasaya 
for guidance and to the Cou1Icil of Scielltific & 

Letters 

A NEW POLARIZATION EFFECT: 
REDOXOKINETIC POTENTIAL 

WHEN TWO PLATINUM ELECTRODES DIPPED 

in an aqueous solution containing a revers­
ible redox system are connected to a source 
of alternating current, it is found that a 
d.c. potential is developed at each of these 
electrodes. This d.c. potential can be 
measured with reference to a third platinum 
electrode of a large area dipped in the same 
solution. An electron tube voltmeter was 
improvised for measuring the same, in order 
to avoid any large current being drawn by 
the measuring instrument. The d.c. poten­
tial developed is found to be dependent on 
the magnitude of the a.c. current passing. 
The general behaviour is reproducible, though 
the actual values of the potential may not be 
precisely so, under the present experimental 
conditions. Two typical results obtained by 
using a saturated solution of quinhydrone 
in an acetate buffer of pH 4·8 are shown in 
Table I. The sign of the potential as given 
in the table indicates the sign of the reference 
electrode. 

The important feature of this new pheno­
menon is that both the electrodes behave 
similarly. This shows at once that the 
phenomenon is not caused by any d.c. 
component in the a.c. current employed. 
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I ndustrial Research for financing a scheme 
of which this work forms a part. We 
thank the Director, Indian Institute of 
Science, Bangalore, for his keen interest in 
this work. 
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to the Edi tor 

The phenomenon may be provisionally 
explained as folllows: Normally when a 
platinum electrode is dipped in an aqueous 
solution containing quinhydrone, its poten­
tial can be considered as being influenced by 
a number of redox systems such as (i) hydro­
quinone-quinone; (ii) hydrogen-hydrogen 
ion; (iii) hydroxylion-oxygen; etc. But the 
potential is entirely controlled by the first­
named redox system. Since there is suffi­
cient time for interaction, the activities of 
the components forming the other redox 

TABLE I 

Electrode X : dia. : . U3fi6 em. ; length: . 6 em. 
Electrode }': dia.: . 0356 em. ; length: ·5 em. 
Area of the refaence electrode: ~.!,) sq. em. 

A.C. CURRENT, 
milliamp. 

Experiment 1 
() 

·5 12 
' 7t1~ 

1· ;.4 
2 '!)O 
3 ' 1174 

Experiment ::I 
II 

· 512 
'i6~ 

1';'4 
2'[,6 
3'U74 

D.C. POTENTIAL Of<' 
Y IN VOLTS 

r----.A---.....". 

after after 
2. miu. 15 min. 

0 () 

- ' U39 - -oau 
-'()H - '()~:I 
- ·U~tl - 'O4[) 
_.():J:! - -BiS 
-'Ul~ - '(HI 

0 0 
- · 0:\7 - 'U36 
-·1141 - ,U4U 
- ·04:3 - ' ''42 
-'1I2tl - ' Uii 

U + 'UU3 

D.C. rOTESTlAL OF 

X IN VOLTS 

r---"-----. 
after after 

:! min. 15 min. 

0 0 
-'UH -'0-12 
- ·0-17 -·un 
- ·Ur.O - 'U~8 
- ' U38 - 'U33 
- · Oi3 - ' O:!U 

0 0 
- '038 - · 037 
- ' U~2 - ·041 
- '()45 -·OH 
- ' 036 - ·1130 
-'14 - ' UIO 



LETTERS TO THE EDITOR 

systems at the electrode will adjust them­
selves accordingly so as to conform to the 
same redox potential. But, when an alter­
nating potential is applied, the relative 
velocities with which the various redox 
systems at the electrodes respond to the 
changing potential will differ. Further, the 
concentration changes are also influenced by 
diffusion. The d.c. potential observed appears 
to be caused by these differential electrode 
kinetics of the redox systems. These pheno­
mena may also be caused by the differential 
effect of the two half-waves of the alternat­
ing current on the electrode reaction rates. 
The new effect has accordingly been referred 
to as .. redoxokinetic effect" and the poten­
tial produced as .. redoxokindic potential". 
It is to be noted that the present experiments 
were none with a well-poised redox systt'm. 
With a lightly poised system, the efket would 
be much greater. The effect which appears 
to be general is bcing examined with other 
redox systems. The ferrous-f(·rri.. system 
has already given similar results. 

This phenomenon gives a new method of 
approach for the study of rlcctrode kinetics 
and is likd~' to throw light on the vclocity 
of f'h-ctro<ie n·actions. Tlw details of tllis 
\\'ork will shortly be published. 

The authors wish to thank the U.l'. 
~cientitic Research Committee for a grant 
which made this work po."sible. 

K. :-i. Gt'Rt'IL\J.\ Doss 
H. P. !\(;AH\\-AI. 

!lIllian ! /lslilllir of 
Sltgill' Tee/lllolo!;,,' 

/{ /lll tillY 

.,,'cPlclII!Jt'I' 2X, I ()50 

CAMPHOR PRODUCTioN FROM 
OCIMUM KILlMANDSCHARICUM 

GUERKE 

OCilllll1ll kililllil lIc/sc//(/l'icIIIII (; t '\-: I(KI-:. _\ l' ATI\T 

of East Africa. grows well in Homhay State. 
('specially in the southern tracb. It grows 
on all tyP('S of soils and in all climates, and 
yields camphor in 6-7 months after sowing. 
It can he grown on waste lands. roadsides 
and along edges of fields, and cattk do not 
browse 011 it. 

The cultivation of tltis plant has been 
undertaken bv the Forest Silviculturist in 
many parts of Bombay. With a dew to 
tinding the optimum conditions for tile 

economic exploitation of this plant as a 
source of camphor, investigations have been 
undertaken jointly by the Forest Silviculturist 
and the Forest Chemist, Government of 
Bombay. 

A simple portable distillation plant has 
been designed and used in these studies. 
The still (40 gal. capacity) is fitted with a 
steam coil at the bottom and an exit at the 
top. The distillate is collected in an open 
vessel containing cold water which is kept 
immersed in a larger vessel containing water 
which is periodically changed. The cam­
phor and oil which collect in the inner 
vessel arc separated by filtration and the 
camphor present in solution in the oil is 
removed by refrigeration and tilt ration. The 
crude camphor- thus obtained is purified by 
sublimation. 

\Vith a view to obtaining data on tlH' 
effect of storage of leaves on the yield of 
camphor. fallen and withered leaves collected 
from the fidd, fresh leaves gathered from the 
plants and leaves collected from the plants 
and dried in the shade for a week, were 
subjected to steam distillation. The wither­
I'd lca\'es had becn exposed to sun and rain 
for over 4 months. The yields of total 
distillate and camphor are given in Table I. 

TABLE I 

~IATER'-"1. A\-. WT . ~(). Of TOTAl. (AMJ'HOR 

nF CHARGE DISTlLL"­
t'OR DlSTIL- TIOSS 

LATION', CARRII:::O 
Ih. OIjT 

\\'it.hcrcd lea \-es • lIH ~ · t\4 .I -.':16 
(Z'U-~'06) 11-12·1-931 

0-1 ()'19 
(U-26·()';,.,») (0-12-0-31) 

Shade-dried lca\"('~ t 1:.'!8 12 0-76 ()·32 
1<I ' ;;3-1'U6) (O-25·0-t~) 

• Yil'lti l"akul<1teti 011 the w('ight of dried l1I<1t('rial. 
1 Calc1Jiall'(t 1111 the " .. -eight of fre:;b lea\' ('~ . The yield of 

dl~tilliltc on dr~' wt. ba~b is ., pef cent. 

From the results given in Table I it will 
be s('en that the yield of total distillate from 
!caves eXjlo~ed for 4 months to adn'rse weather 
conditions is 2·64 per cent. This yield 
compares favourably with the 4 per cent 
yield obtain cd from shade-dried leaves. 
l'rolonged storage of leaves does not appear 
to adversely affect the yield of distillate. 

It has been observed' that the yield of 
distillate and the ratio of camphor to oil in 
leaf material vary according to the locality 
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from which the material is gathered. Further, 
the yields of camphor and oil from leaves 
collected from the same locality vary from 
season to season; the yields are greater in the 
dry months and the ratio of oil to camphor 
in the total distillate is also higher. 

A comparison of yields from fresh and 
shade-dried leaves shows that it is advan­
tageous to employ partially dried leaves for 
distillation. Weight for weight, a better 
yield of distillate is secured and there is 
considerable saving in fuel. 

Investigations are in hand to determine 
the optimum conditions for the cultivation 
and han'esting of Ocimum kilimandscharicum. 

Forest Department 
Bombay State 
f)harn'llr 
..1l1P,l(St 9, 1950 

D. J. RIBEIRO 

OIL FROM THE SEED OF GOKHRU 
(XANTHIUM STRUMARIUM) 

GOKHHt.: (Sallillium stmntllrium) OCCU HS 

abundantly throughout the hotter parts of 
I ndia. No large-scale usc for any product 
from this plant has been found although 
\Vatt", Chopral and Nadkarni4 have des­
cribed a number of medicinal uses. The 
seed is known to contain an oil, briefly 
referred to hy Lewkowitsch3 as a lesser known 
semi-drying oil. A drtailed study of the 
economic possibilities of the oil from this 
source has been undertaken in these labora­
tories. 

The seed is enclosed in a tenacious thorny 
cover which is difficult to remove by mecha­
nical means. It is not rendered brittle for 
easy crush ing by heating, dehydrating and 
even roasting. I t is not softened by soaking 
in water; treatments with stram , alkalies 
and common oxidizing agents arc ineffective. 
By soaking the thorn y fruit in 2·5 per cent 
sulphuric acid for about 12 hr. and then 
drying in the sun for a day or two , the 
fruit coat softens and the seed can be 
obtainrd easily b~' lightly pressing between 
roll rrs and winnowing. A number of batches 
can be trcated from the same tank of acid 
solution until the acid strength is reduced 
to 1·5 per cent. 
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The seed wllich is about a third of thc 
weight of air-dry fruit contains 32 per cent 
oil. The seed yield in the vicinity of Nagpur 
Agricultural College Farm was about 630 lb. 
per acre during thc year 1948-49 and 480 lb. 
per acre during 1949-50, the plants being 
spaced l' to 1· 5'. This reprcsents an yield of 
about 175 lb. of oil per acre. Comparing this 
with yields of oils obtained from the usual culti­
vated oil seeds, the oil yield from gokhru 
must be regarded as substantial enough to 
deserve attention. 

The physical and chemical constants of 
the oil are: 

Ref. index at 40°C. 
~ap. ,·al. 
lod. ,·al. 
R.M. ,·al. 

19~5-49 
sample 
( ethel' 

extracted) 

1·4697 
202·5 
111·9 

2·5 

1949-50 
sample 
( cold. 

pressed ) 

1·4665 
192·0 
124·0 

2·0 

The oxygen ahsorption ",lIues of the oil. 
according to the nwthoci df'srribrd by 
Elscien 2 , was 6·5 in 2 days, 7·2 in 4 days. 
9·3 in 8 days and 11·7 in 12 days. 

A sample of oil stor!'d for ahout a yC'ar 
out of contact with air was found to haY(' 
developed a thick, tenacious, pale-Yf'llow. 
transparent film , slightly sticky but other­
wise rubl)f'riike. The oil rapidly thickens 
on heating, and the viscous product thus 
fonn!'d is miscible with mineral oils. TIll' 
hot oil at tlw point of jellification has good 
spn'ading properties and thin films tin' 
rapidly. Further work on the oil is 111 

progress. 
R. C. SIIH"·.\ST.\\" .\ 

R . S. KRlSII:\ .\MI · HTIIY 

r R. ATII .\W.\I.E 

. !griCl/ /tura/ R esearch II/ stilule 

.Vagpur 

. Iugust 14, \,)50 

1. CHOl'lL\ , H. :\.: /llli igCl10ll s /)r1f~ .'i (If 1l1dia, 19.1 ,\ , 
53S. 

2. FLSTlE" . (;. P .. I,dihlt: Oils (~. /-"als. 1'126. 1J3 . 
3. I.E\\"K O"·ITSCH. I . & \\ ' A K)")!"'" " , L . H . : rlils _'" 

lI'a.\' /.'s. 1921 : II, 2~6. 
4. '\ ,\)'K .\I'NI , 1\ . \1. : Ili t/i'll; .l/llltT ia .1i « Ii( o . 1'127 . 

90S. 
.5. \\" .-\TT . (;.: l) irti(lllllJ'r 0/ /:"( 1111 ' 1111;( I ""flt/u rl,;; 

Jilt/iII , IS9), 6, 31S: 
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