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HEWLETT PACKARD

And tests run faster.

Electronic Counters
These two counters make

systems run smoother.

On the left you see the HP S323A Automatic Counter at work in a system. On the right Is our HP S323B Universal
Counter. making a hard test easy.

The Counters could easily be reversed. Because both are programmable and with either of them you can count up to
20 MHz in a system or on your bench. The one you choose depends on what you need.

The Automatic Counter has automatic range selection from 0.125 Hz to 20 MHz. And it needs no sWitching Irom
frequency measuring mode for high frequency measurements to period measuring mode lor accurate low frequency
measurements. That's because all meaSUl"ements are made in the period mode and internal computing circuits invert
the period measurements to frequency. Thus you get the speed and accuracy benefits of period measurements at low
frequencies coupled with the convenience of direct readout in Irequency at all frequencies. There's no accuracy penalty
at any frequency. The 5323A has a score of other advantages built in. For instance. it can automatically measure the carrier
frequency of pulsed signals. Some people buy the 5323A for bench and production line use because its simple, automatic
operation and direct readout in frequency reduce errors, even with untrained users. It even keeps tabs. on the user by
refusing to display more digits than it should for a given measurement speed. For easy use in systems, it's programmable.
of course.

The Universal Counter is even' more versatile but is less automatic. It will measure frequency to 20 MHz, time intervals
from 100 ns to 10' s, and periods, multiple period, ratio and multiple ratio. It will totalize input events or scale an input
Ireq uency. Time interval stop and start signals can be Irom common or separate Inputs, with separate trigger-level, slope
and polarity controls lor each. And its very narrow trigger.level threshold band, less than 1.0 mY. prevents lalse counts when
the trigger level setting is marginal. In addition, the Universal Counter generates two types of oscilloscope markers.
The se not only mark the start and stop points of a measured interval. but can also intensily the entire measured segment.
For easy use in systems, it's programmable. of course. .

For details. please write to:
SOLE DISTRIBUTORS

THE SCIENTlnC INSTRUMENT. COMP:ANY LIMITED
ALLAHABAD BOMBAY CALC\"-rT.o;. MI\:>RAS. NEW DELHI

Head Office: 6 Tej Bahadu~ S3pru Road, Allahabad
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Measure Calorific value of Coal &
other Fuels before you purchase

and SAVE MONEY
~11

by

BOMB CALORIMETER
a

"TOiiiiiiWa/
PRODUCT

Manufactured by

Toshniwal Instruments' & Eng. Co., New Delhi

For details, contact:

TOSHNIWAL BROTHERS PVT. LTD.
198 JAMSHEDJI TATA ROAD, BOMBAY 20

Branches:
Mahatma Gandhi Road aSA Sar-at Bose Road lE11 Jhandewalan Extension Round Tana. Mount Road 6·1·940 Raj 8havan Road

AlMER CALCUTTA 16 NEW DELHI 55 MADRAS 1 HYDERABAD 4
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Journal of the

INDIAN BOTANICAL SOCIETY

The J. Indian bot. Soc. is a QUARTERLY now running Volume 48 (1969).

The annual subscription from 1967 (Volume 46 onwards) is Rs. 35.00
or £ 3.0.0 or $ 8.00 for a complete volume of four numbers.

BACK NUMBERS of the Journal and following SPECIAL PUBLICATIONS of
the Society are available:

Professor M. O. P. Iyengar Commemoration
Volume

Professor P. Maheshwari Commemoration
Volume - Vol. XLII A

History of Botanical Researches in India,
Burma and Ceylon:

Part I. Mycology & Plant Pathology
by Prof. S. N. Das Gupta

Part II. Systematic Botany of Angio
sperms by Rev. Fr. H. Santapau, S.].

Part III. Palaeobotany by Dr. A. R. Rao

Part IV. Floral Morphology by Dr. V. Puri

Memoirs of the Indian Botanical Society:

Part II (1959)

Part III (1960)

Part IV (1963)

Rs. 30 plus Rs. 2 postage
or 50 sh. or $ 7.50

Rs. 32 or 50 sh. or $ 7.00

Rs. 5.50 or 8 sh. or $ 1.20

Rs. 4.70 or 7 sh. 10 d. or
$ 1.20

Rs. 4.50 or 7 sh. 6 d. or $ 1.00

Rs. 3.50 or 6 sh. or $ 1.00

Rs. 7.50 or 14 sh. or $ 2.15

Rs. 14.50 or 28 sh. or $4.30

Rs. 16.50 or 25 sh. or $ 3.50

For further particulars please apply to:

Business Manager, Indian Botanical Society
University Botany Laboratory

Madras 5
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Colour-Chern CO
When you see tbe thrilling world of man'
made colou,", around you- spectacularprinrs
on your fabrics, colourful inks in your
magazines, plcasing paints in the interior
of your home, fascinating tapestry and lbe
ouraclive furnishings of your drawing room,
plastic balls in the hands of your children
remember lhat COLOUR·CHEM, India's
leading mak.... of Pigment Colours, is very
much a pan of your daily liIe.

everywhere!

COLOUR·CHEM LIMITED
221, Dad"bhoy t',oroji Road.
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Leverkusen, W. Germany
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When you simply say "Specpure", you are specifying:
*Ultra-high purity materials on which you can rely

absolutely to give accurate and reliable results as
reference standards in qualitative and quantitative
spectrography

*Chemicals and metals that you know are fully accepted
in analytical, research and process control laboratories
throughout the world, however critical their work may be

*Substances that are produced under very advanced
analytical control to ensure that you get precise
knowledge of the purity characteristics of every single
batch

*Metals and compounds from a range that represents
more than 70 elements, enabling you to meet all your
needs for spectrographic materials from a single source

*Materials that are produced and marketed by Johnson
Matthey Chemicals under our registered trade mark
Specpurellll, representing your constant guarantee of
satisfaction

Write for full information on Specpure substances and
other JMC materials for spectrography. Ask for our
price lists today

-and you get all that, just by saying the name "Specpure"!

~ Spectrographically Standardised Substances
Available through:
The Andhra Scientific Co. Ltd.. Lawrence & Mayo (India) Private Limited,
4. Blackers Road. Mount Road, 76 Janpath.
MADRAS-2. NEW DELHI

The Scientific Instrument Company Ld..
6. Tej Bahadur Sapru Road
ALLAHABAD -,

Raj-Der-Kar & Co.
Sadhana Rayon House,
Dr. D. Na6roii Road.
BOMBAY·'

JOHNSON MATTHEY CHEMICALS LIMITED, HATTON GARDEN. LONDON, ENGLAND



Just published

INDEX TO A SET OF SIXTY TOPOGRAPHIC MAPS
by

R. VAIDYANADHAN
Department of Geology, Andhra University, Waltair

The outcome of a CSIR scheme at the Department of Geology, Andhra
University, the booklet contains indexed information on main geomorphic
landforms marked on a set of 60 topographic sheets covering area chosen from
the Physiographic Provinces map published by the National Atlas Organization,
Calcutta.

The 60 mapsheets are available from the Map Record and Issue Office, Survey
of India, Hathibarkala, Dehra Dun, on applying on prescribed forms. The total
cost of the set of 60 maps is Rs 77.

Copies of the Index (pages 24; crown 4to; price Rs 2) are available from the
Sales & Distribution Section, Publications & I~ormation Directorate,
Hillside Road, New Delhi 12.
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Just issued ...

United Nations Educational, Sclentiftc and
Cultural Or,anlutlon

Place de Fontenoy, Paris 7e

IMPACT- Vol. XIX (1969), No.2
Human~nlineerinl the planet

Space research and a better Earth, Thomas O. 'alne

Controllinc the planet's climate, J. O. Fletcher

The ecosystem view of human loci.ty, Frank Fraser Darlln, It
Raymond F. Dumann

The world's water resources, present and (uture, G. P. Kallnln
& V. D••,kov

The land (I): Its (uture..ndancerinc pollutants, David E. Elrick;
The land (II): Ecololi.:d h,r,nin&. Hlchl a. I Evenarl

The cit., (I): From the cave to the melalopolis, Jo.. Candido
de Melo Carvalho; The city fII): Ecumenopolis, world.city
of tomorrow, Constantino. A. Do.ladl.

12.50 fro
3.SO fro

Send subscriptions to:

Nicol lIoad, Ball.rd E...... BOMBAY I

17 Chltta....j.n A_ue, CALCUTTA I)
16A Mount Itoad, MADRAS 2

lIS At&' All lIo.d. NEW OELHI I

Free specimen copy on request

ORIGINAL ARTICLES ON

• SCIENCE AS A SOCIAL FORCE

• THE ROLE OF SCIENCE IN DEVELOPING
NATIONS

• SOCIAL EFFECTS OF NEW SCIENTIFIC
DEVELOPMENTS

ORIENT LONGMANS LTD.

How science Is changing the social, political,
economic and cultural structures of today's
societies.

Issued quarterly
I\nnual Subscription: $ 3.50 21/. stg
Per copy: $ 1.00 6/· stg

IMPACT OF SCIENCE
ON SOCIETY

•
••
•
•
•
•
•
•
•
•
••• ••••••••••••••••••••••••••••••••••••••••

• •••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••
•
•
•
•
•
•
•
•
••
••
•
••
•
•
•

A8 JSIR-QCTOBER 1969



and now . .. Chloromethanes
METHYL CHLOR.IDE
METHYL CHLORIDE: Finds uses as a catalyst in low temperature polymcrisation. such as synthetic rubber, silicons,
etc.; as a propellant in aerosal spraytype containers; as a refrigerant; and as a solvent for insecticides.

METHYLENE DICHLORIDE
METHYLENE DICHLORIDE: As a solvent wash for cellulose acetate. in the manufacture of photographic film;
as an active agent in various formulations of paint, varnish and carbon removers; as a fumigant; and as a solvent
for insecticides.

CHLOROFORM
CHLOROFORM: As an important anaesthetic; and as a solvent for fats. oils, resius and rubber and numerous other
substances.

CARBON TETRACHLORIDE
CARBON TETRACHLORIDE: As a degreasing agent; as a good dry-cleaning solvent; as a base for manufacture of
fiuorocblorocarbon refrigerants and, mixed with carbon disulphide, ethylene dichloride and others, as a grain fumigant
and pesticide.

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LTD.
METTUR DAM R.S., SALEM DIST.

Managing Agents: SESHASAYEE BRO.S. PRIVATE LTD.

AGATE MORTARS & PESTLES
(Grade AI)

Absolutely and totally flawless quality, both internally and
externally. These Agate Mortars and Pestles are being
exported to very well-known users and trade houses in
U.K., U.S.A., Japan and all other countries of the world.

Sizes available from 20 mm. to 200 mm. diameter

Also available

All types of IP THERMOMETERS for the Petroleum Testing Laboratories

PLEASE CONTACT

LABORATORY FURNISHERS
DHUN MANSION, I86C VINCENT ROAD, DADAR, BOMBAY 14

Phone: ....2761
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If you have to purchase any Laboratory Instrument, please consult us first.
Here are some items we stock, sell and service.

FLAME PHOTOMETERS ABBE REFRACTOMETERS

I
MICROSCOPES

SPECTROPHOTOMETERS HIGH VACUUM PUMPS & COMPRESSORS COLORIMETERS

ANALYTICAL BALANCES Write to: BOMB CALORIMETERS &
ACCESSORIES

RATIONAL SALES ASSOCIATES
HEATING MANTLES 65-67 Sutar ChawI. Zaveri Bazar TEST SIEVES

BOMBAY 2 BR

pH METERS Phone: n7647 Grams: CREAMWOVE, Bombay 1 CENTRIFUGES

.............................

SOIL TESTING EQUIPMENT
Note: Personal contacts o.,ol/oble for WATER ANALYSIS

clients In Bombay CIty region EQUIPMENT

BACTERIA TESTING PETROLEUM TESTING EQUIPMENT
TEMPERATURE CONTROL

EQUIPMENT EQUIPMENT

POLYTHENEWARE SILICA & PORCELAINWARE MISCELLANEOUS
LABORATORY FITIINGS

RUBBER TUBING & SINTERED GLASSWARE ALL VARIETIES OF TESTING
CORKS GLASSWARE OF ALL VARIETIES INSTRUMENTS & SPARES

COUNCIL OF SCIENTIFIC &

INDUSTRIAL RESEARCH

(Indian Languages Unit)

Advertise In and subscribe for the only
popular science journal In Hindi • VIGYAN
PRAGATI' approved by the Hindi speak
ing States for subscription by all Schools.

Libraries. etc.

Sinele copy 0.50 paise
Annual subscription Rs 5.00

For full particulars. please write to the Manager,
Indian Languages Unit, CSIR. P.I.D. BuildIng.

Hillside Road. New DeIhl 12

Note _ M.O.s/Cheques should be sent drawn In favour

of the Secrenry. Council of Scientific & Industri.1

Research, Rafi Marg, New Delhi I

AlO

• OPTICAL
INSTRUMENTS

microscopes
students' • laboratory

research .metallur9ical

dissecting. travelling

microscope
attachments

spectrometer

telescope

GHARPURE & CO.
'·31 1.1Iia £Ie.... Place £II..... CIIoIna-l

'- : IEEWlI • '11I": Z2.2M1
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JOURNAL OF THE

INDIAN INSTITUTE OF SCIENCE

A quarterly, containing papers on original research

carried out in the laboratories of

the Indian Institute of Science, Bangalore 12

SUBSCRIPTION

(Post Free)

Country

India

U,K.

U.S.A.

Other countries

Annual

Rs.24

£ 2/5
$ 6.50

Equivalent of
Rs. 30

Indian currency

6t per cent discount to Agents

Single Issue

Rs. 7

Sh. 14

$ 2.00

Equivalent of
Rs. 8

Indian currency

Cheques should be made payable to the Registrar, Indian Institute of Science,

Bangalore 12

All communications should be addressed to;

THE ASSOCIATE EDITOR

JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE

BANGALORE 12, INDIA
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HONEYWELL adds
a 1me Direct-Writing Oscillograph

to its extensive line of
Visieorders

The 1806 Fibre-Optics
CRT Visicorder-a state
of-the-art breakthrough
in direct-recording
techniques -provides 100
times greater response
than any previous direct
writing oscillograph-DC
to 1 me! And writing
speeds over 1,000,000'/sec.

For applications requiring lesser response and simultaneous multichannel
recording, Honeywell has a wide choice of ultra-violet, direct-writing,
conventional oscillographs, featuring DC to 13,000 cis response and over
50,000"/sec. writing speed. Among them the 36-channe11912 is the most
sophisticated. The 1108 is a highly capable 24-channel model. The 1508 is
a compact 24-channel instrument that takes only 7" of vertical space in a
relay rack and is also suitable for bench use. The 906 and the 2106 handle
14 channels with the lat1er providing channels at the lowest cost. The
popular 1706 records upto 4 or 6 variables.

MODEL 1806

Al2

Honeywell
AUTOMATION

Sold and serviced exclusively by

BLUE STAR

Write to BLUE STAR's Department J51
BOMBA V: Band Box House, Prabhadevl
CALCUTTA: 7 Hare Street
NEW DELHI: 34, Ring Road, Lajpat Nagar
MADRAS: 23/24 Second Line Beach
KANPUR: 14/40 Civil Lines
SECUNDERABAD: 96, Park Lane
.IAMSHEDPUR: 1 B Kaiser Bungalow, Dindli Road
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rLIXOTBIRM
ELECTRIC HEATING CORD
SPECIAL FEATURES:

• Versatile material (or making heating elements (or
laboratory glassware and tubing as and when required.

• Chart supplied (or calculating length (or required wattace.

• No experienced electrician required (or assembly.

• Cord can be cut to any required length.

• Special connectors enable connections to be made in a
jiffy.

• Maximum surface temperature o( 400'C.

• Temperature controls and indicators available.

Larger capacity Cords (or pilot plants and readyma':e
heating tapes also available on order.

Please write for detailed Literature and Prices
HCE Department
TEMPO INDUSTRIAL CORPORATION
Engineering Division o( Primco (P) Ltd.
394, Lamington Road. Bombay 4 BR. Phone: 358033.

TYPICAL APPLICATIONS:

Heating of fractionating columns.
gas chromatography columns,
condensers, flasks
and vacuum dessicators.
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SUPPLEMENT

to

Glossary, of Indian Medicinal Plants
by

R. N. Chopra, I. C. Chopra & B. S. Varma

In the year I9~6, the Council of Scientific & Industrial Research, New Delhi published

a Glossary of Indian Medicinal Plants with a view to presenting concise information

regarding their properties, uses and important constituents. Over 2600 species, belonging to

about 13 ~ 0 plant genera, have been dealt with. The information is given under the botanical

names of the plants, which are arranged in their alphabetical sequence; trade and vernacular

names are also mentioned. The Glossary gives distribution of the plants, diseases for which

the particular plant is used, and the active principles. Adequate literature references to the

sources of information are also provided. The book ends with two comprehensive indexes:

one pertaining to the vernacular and trade names, and the other to the chemical

constituents.

In order to bring the Glossaty up to date, this Supplement has been brought out.

It follows the style of the Glossary and covers all relevant information published during the

period I9~ ~-64. The Supplement provides additional information on over 700 species already

mentioned in the Glossary, and includes about 380 new species. Indexes covering additional

vernacular and trade names and chemical constituents have been provided. The Supplement,

like the original Glossary, will be useful not only to the practitioners of indigenous system

of medicine, but also to all others who are interested in drugs of vegetable origin and common

bazaar medicines.

Pa~es xii+1l9, Royal 8vo Price Rs 14.00; Sh. 28; $ 4.50

Copies available from

A14

SALES & DISTRIBUTION SECTION

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12
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Current

Chemistry: Need for Innovation

THE Indo-US conference on chemical education
held at Srinagar and Bangalore during J une

July 1969, under the joint sponsorship of the
National Council for Science Education, the Uni
versity Grants Commission and the US National
Science Foundation, was all, event of far-reaching
significance to the future of science education and
scientific research in India. The recommendations
of the conference, if properly followed, have the
potentialities of extricating chemistry teaching and
research in India out of the morass of a tradition
bound outmoded style, and ushering in the much
needed radical change demanded by the fast rate
at which new knowledge is being acquired. The
conference, convened with the main purpose of
assessing the status of chemistry and chemical
education in India, and for developing guidelines
for the next ten years, did all, admirable job in
identifying the lacunae in the chemical education
system at various levels and delineating a wide range
of areas for concrete action,. With the participation
of eminent chemists from USA, known not only for
their research contributions, but also for their deep
involvement in problems of chemical education, and
their Indian counterparts with similar cont.ributions
and experience, the deliberations were marked by a
business-like approach to the problems under con
sideration. The precision and thoroughness with
which members from the participating teams from
the two countries had prepared their preconference
papers contributed in no small measure to the
smooth functioning of the conference and its ability
to provide clear-cut guidelines.

After the inaugural session at Srinagar, the
participants broke up into three working groups
to discuss: (1) Undergraduate teaching; (2) Post
graduate teaching and research; and (3) Laboratory
instruction and educational resources. Later, the
participants were regrouped to discuss three other
topics, viz. (4) Placement of graduates and plans for
future; (5) Relation of chemistry to other branches
of science; and (6) Evaluation of chemical training.
On reassembling at Bangalore, small working groups
were formed to prepare plans for action on the
following clear-cut and well-defined subjects:
(I) College development project, a cooperative pro
gramme for the university and its affiliating colleges;
(2) Centralization of instrumental facilities/reqUire
ments of colleges; (3) Library and literature re
sources; (4) Evaluation and examination procedures;
(5) Organizational aspects; (6) Integrated laboratory
programmes; (7) General chemistry course pro
gramme; (8) Production of teaching aids; (9) Col
laborative programmes at the national and

Topics

binational level ; and (10) Workshops for development
of chemistry faculty in other specific areas.

There was unanimity of opinion that the existing
system of chemical education produces graduates
ill prepared to perform any useful role in the
chemical professions, with little flexibility of attitude
and lack of a coherent conceptual view of chemistry
necessary to equip them to analyse and solve
new problems met in real physical world. The
present system has got stylized almost to the point
of being ritualistic. One of the most important
factors inhibiting the processes of change in the

. present university system was the predominantly
paternalistic nature of the internal organization of
universities, the academic staff making little input
towards the university administration, Students are
normally expected to listen and absorb knowledge
than develop their own creative faculties by reacting
to things that they hear, read, observe and measure.
It was the consensus of opinion at the conference
that university organization in India should undergo
drastic change. An important aspect of the change
in the instructional system would be the continuous
involvement of teachers and students in dialogue
to clarify the goals of such change.

The importance of the deliberations of the con
ference was adequately brought out by Prof. D. S.
Kothari, Chairman, University Grants Commission,
in his address. According to him, "We are not
engaged in small changes here and there; we are not
engaged in marginal changes, but in radical revolu
tion in teaching and methods of teaching. Such a
radical revolution can become possible through the
cooperation of top researchers, university professors,
and college and school teachers. If our science
education is to be put in a proper place, it is
necessary that the various interdisciplinary studies
and the various programmes of science education are
put under way. All the divisions within science and
also within each discipline were arbitrary and made
before the quantum revolution. Curriculum reform
and examination reform go together. It is not
a question of eliminating external examinations
altogether and having only internal examinations.
It is a question of having as it were a stream of
internal assessment and external assessment. There
must be a whole reorganization of experimental work
in order not to make it a minor SUbsidiary to some
lecture work."

Giving his impressions of the conference, Dr D.
Hornig of the Eastman Kodak Co. and the
University of Rochester said: While chemists have
become specialized chemists, chemistry has become
more unified and indeed all sciences have become
more unified and the ideal structure extends across
chemistry, physics and biology. While the structure
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of science has advanced at a great rate, our
education system all over the world has become
outmoded. Certain general ideas seem to run
through all the discussions at the conference and
we all recognize the need on both sides for drastic
changes in our way of doing things. For example,
in the se~ons ranging from undergraduate education
to graduate education, and from contacts with
industries, it became clear that we are dealing
with a great variety of students in the first place
and even with a great variety of schools, faculties
and styles. From the discussions emerged the
absolute impossibility of prescribing in any country
a uniform curriculum and a uniform syllabus.
Therefore, one could not hope to prescribe a new
system with a single set of changes. It is important
to free the individual institutions from the notion
of large-scale prescriptions so that the individual
institutions, those which have quality, are free to
undertake experiments - new curricular structures
with flexible programmes - which can be discussed
by the rest of the educational community.

In his final address to the delegates, Dr V. K. R. V.
Rao, Union Minister for Education and Youth
Services, dwelt upon the "inability to be dis
contended" in the academic circles and stressed the.
importance of a journal to keep the teachers and
others concerned with education alive to new things
that are happening.

The conference enunciated three basic principles
in its design for innovation in chemical education,
viz. (i) a system flexibility which affords freedom for
educational experiments; (ii) a series of educational
experiments which provide a continuous but probably
changing pattern in chemical education (a) at
individual institutions, (b) with groups of affiliated
colleges, and (c) collaborative projects and inter
disciplinary programmes; and (iii) a number of
educational landmarks of a semi-permanent nature
in the changing educational pattern, such as
(a) regional instrumentation centres, (b) an Indian
journal of chemical education, (c) workshops and
institutes designed to overcome specific deficiencies
in various areas, such as electronics and instru
mentation, theoretical chemistry and various inter
disciplinary subjects.

As priority recommendations, the conference
called upon the University Grants Commission
and the National Council for Science Education to
initiate and support the following experiments in
chemical education: (A) Teaching programmes
(1) Curriculum development; (2) Integrated labora
tory courses; (3) College development programmes;
(4) Teaching assistantships; (5) Post-doctoral fellow
ships; (6) Visiting faculty; (7) Interdisciplinary
teaching positions; (8) Interdepartmental extra
curricular courses; (9) National lectures in • Frontiers'
of Science'; (B) Research support - (1) For junior
staff in colleges and universities; (2) Research
participation programmes for college teachers;
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(3) Research participation programmes for students;
(4) Library development grants; (C) Educational
facilities - (I) National instrumentation centres;
(2) National library and resourc~ centres; (3) An
Indian journal of chemical education; (D) Institutes
and short training courses - (I) General chemistry
curriculum design; (2) Test construction and evalua
tion techniques; (3) Integrated laboratory pro
grammes; (4) Design and construction of low-cost
indigenous instruments for chemistrycourses ; (5) Elec
tronics for chemists; (6) Specialized techniques
(theoretical and practical aspects) - infrared spectro
scopy, nuclear magnetic resonance, X-ray diffraction,
electrochemical methods, gas chromatography, mass
spectrometry, activation analysis, radiochemical tech
niques; (7) Advanced instrumental systems for
research, particularly in areas that integrate se\'eral
scientific disciplines, such as biology and chemistry,
or geology and chemistry; and. (E) Development of
educational material- (I) Teaching aids; (2) Films
and television programmes; (3) Reprinting of selected
monographs.

A welcome feature of the deliberations was the
recognition by the participants of the fact that
many changes can be put into effect without waiting
for the wheels of bureaucracy to turn or financial
support to be committed.

The conference met at a time of great discontent
and turmoil in the academic community of both
students and the faculties, all the world over.
There is almost complete dissatisfaction with the
present-day chemical educational systems. The dis
cussions at the conference exhibited a keen sense
of urgency to build the future, and the conference
ended with positive recommendations for self-renewal
and practical plans for progres.s. '"hat will be the
scene in chemical education in India a decade or
two decades from now? Will the conference have
made an impact and served its purpose? The
answer lies in how sustained the follow-up efforts
of the participants will be in their individual set
tings, and how imaginative the coordination and
leadership of the chemistry panels.

The conference has covered a wide field and the
vastness of the programmes should not be allowed to
defeat the main objectives. What is basic and what
is urgent has to be clearly recognized and within the
compass of the existing facilities, strict priorities
.have to be laid down to achieve the goals sought
in a gradual way. To attempt to put all the
recommendations into practice immediately would be
too ambitious and the initial attempts must be
modest and in consonance with the situations' as are
obtaining in the country in the field of chemistry
teaching and research. It is not merely the panels
but the large mass of teachers at various levels
that must join whole-heartedly in the difficult tasks
in hand, and steps must be taken to insure
their active participation in the programmes laid
down.
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Fig. 1 - Average diurnal variations of NS and EW com
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. Horizontal Ionospheric Drifts

I T has already been two decades since Mitral
made the first measurement of the ionospheric
drift and a review of the preliminary results

wa, given by Briggs and Spencer?. Later extensive
measurements were made throughout the world
during the IGY and afterwards, and the results
were reviewed by Briggs8• In spite of these nume
rous studies the basic question about the origin
of drifts remained still an unsolved problem. To
understand this basic question, .the dependence
of ionospheric drifts on height, magnetic activity,
time of day and season must be known at all lati
tudes and at different epochs of solar activity.
Drift studies at Waltair (17°43'N, 7·4°N geomag.
lat.) were started in 1954 and since then continued
up to the IQSY covering a whole solar cycle. In
what follows, the results reported from this station
and the contribution to the understanding of the
drift phenomenon will be briefly reviewed.

The following are some of the conclusions arrived
at, regarding the drift and the harmonic vectors
of the zonal (EW) and the meridional (NS) compo
nents at this station.

(1) The drift speed values in both the E- and
F-regions are found to be higher during the winter
season compared to summerH .

(2) In general, the EW component points towards
east during the night time and towards west during
the day in both the regions at this station. The
NS component points towards north during night
and towards south during day. Fig. 1 shows the
diurnal variation of EW and NS components for
the E-region.

(3) The predominant periodic component is the
24 hr vector,,7•

(4) The rotation of the 24 hourly drift vector is
generally clockwise for the E- and F2-regions in
all seasonsS,7,8.

(5) The rotation of the 12 hourly vector is in
general clockwise for the E- and F-regions in all
seasons.

The Effect of Malrutic Activity

The drift speed in the E-region is found to in
crease with increase in K-index, whereas a decrease
at this station is obtained for the F-region with
increase of K-index"'lt. From the slopes of the
lines drawn for the velocity versus K-index, it is
inferred that the effect of magnetic activity is more
in both the E- and F-regionse,18.

It is the EW component that is most affected
in the case of the F-region compared to the NS
componentl3 by the magnetic activity. This agrees
with the results of Briggs and Spencer?. The ten
dency for the EW to change from west to east in

'A dissertation by Prof. B. Ramachandra Rao, Department
of Physics. Andhra University, Waltair. on the occasion of
the presentation of the Shanti Swarup Bhatnagar Memorial
Award in Physical Sciences for the year 1965 at the National
Physical Laboratory. New Delhi, 28 July 1969.
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the F-region is similar to the one noticed by Hewishli
from the study of radio-star scintillation.

Rao and Raou have obtained the values of V.IV
= 0·71 and 0·6 for the E-region and 0·76 and 0·76
for the F-region during the quiet ·and disturbed
conditions respectively.

The size of the irregularities a and the axial ratio
r are found to increase from quiet to disturbed
conditionslo,n. .

Height Gradients

The height gradient of the drift speed is positive'
in the case of E-regionll,17 and the gradient is found
to decrease from an average value of 0·74 mlsecl
km to 0.59-1 with decrease of- sunspot activity.
Further, the gradients are small compared to 2·5 m
sec-l km-l in the 12 hr component reported by
Greenhow18 and 3·6 m sec-l km-l in the drift speed
reported by Elford and RobertsonU , both by meteor
methods in the 80-100 km range.

As for the F-region, an average value of about
0·73 m sec-l km-l for the height gradient of drift
speed has been obtainediG-l? in the height range
200-320 km.

It has been observed that the axial ratio r and
the random' velocity V, are maximum in the range
250-300 kmu-13• Since spread F also occurs at
this height range at Waltair, it is felt that the irregu
larities responsible for the radio-star scintillation
are located at this height range, lending support
to Booker's2. prediction that the scintillation pheno
menon to be properly explained, the irregn1arities
must be situated in the range 2OG-300 km.
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Fig. 2 -- Pillar histllgram (or orientation o( major axis 'I'
for the E·rcgion
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(Skinner 'I (Skinner ..I
al.") al. lO )

Waltair 17'N 2·1 Banaras 25'3'N H
(Rao and (Singh")
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Yamagawa 31·1·'N 1·6 Moscow 55'0"N 2·3
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]ones32) Machlum")
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reported the night time NS component to change
in the F-region from north during the minimum
sunspot epoch to south during the maximum epoch
which, if it were confirmed as pointed out by
Briggs, renders the agreement of drift with dynamo
theory fortuitous. With a hope of getting quite a
good information not only about the drift but also
about the anisotropy parameters of the E· and
F-region irregularities, a study of the long-term
variation involving a complete correlation analysis
of drift data at this station from the IGY to IQSY
has been made and a few of the conclusions arrived
at are listed below~

(1) There is a decrease in the true drift speed with
decrease of sunspot activity in the E-region, but
in the case of F-region, an overall increase is
noticed with decrease of sunspot activity (Figs. 3
and 4) and this opposite behaviour is quite marked
in the case of V. and V. (ref. 36). An explanation in
this case for the F2-region drift speed is given on the
basis of winds considered by King and KohlST.

As far as the E-region is concerned, the decrease
in drift is agreeing with the decrease in the ap
parent speed noticed by previous investigators at

.this station. In the case of F-region there is only
an initial decrease in V. up to the period 1960-62
that is agreeing with the previous results.

A positive gradient in the orientation 'Yo (N of E)
of the major axis of the characteristic ellipse, viz.
d'Yldh = 1°28' km-l , has been obtained by Rao and
Ramana21 and-later confirmed by Rao and Ra022,
who obtained an anticlockwise rotation of the axis
with height.

Latitude Variation

The latitude variation of the apparent drifts in
-the E- and F-regions has been studied by Rao and
Rao25, 26. The following are the main. conclusions.

(1) In the E-region, the night time average drift
speeds are greater than the day time drifts at all
latitudes in both the hemisphere~, the differences
being higher at higher latitudes, but in the F-region
the day time drift is higher at all latitudes, except
near the equator where they are of the same order.

(2) In the E-region, the steady component is
generally smaller than the diurnal and is of compar
able magnitude with the semi-diurnal at equa
torial regions, but at higher latitudes it is of the
same order as the 24 hr and 12 hr vectors. The
NS steady vector in the case of E is greater than
the EW at lower latitudes and vice versa at high
latitudes, but in the case of F at all latitudes the
NS steady vector is less than the EW.

(3) The EW steady (or prevailing) component
is towards east at low latitudes and towards west
at high latitudes, the change taking place at 300 N
geomagnetic latitude in the F-region.

(4) The diurnal drift vector has larger amplitude
compared to the semi-diurnal at lower latitudes
in the case of both E- and F-regions and they are
of the same order at higher latitudes. The diurnal
drift vector attains a maximum value at the equator,
decreases up to 30° latitude and then begins to
increase with further increase of latitude. These
changes of sense and magnitude noticed above at
30° latitude lend partial confirmation to Martyn's2T
prediction.

(5) A general increase in the 12 hr drift vector
is noticed in the case of F-region with latitude,
but not in the case of E-region.

(6) The rotations of the 24 hourly and 12 hourly
vectors are clockwise in the northern hemisphere
and anticlockwise in the southern hemisphere.
The latitude variation of the anisotropy properties
in the E-region was studied by Rao and Rao28 and
for the F-region by Ra029, using the data of autumn
1958 from many stations.

(7) The axial ratio r and the size of the irregu
larity a show a decrease with increase of latitude
except for the polar regions, where there seems to
be an abrupt change. The decrease is evident
when a comparison is made of the results from
various locations during the IGY (Table 1).

(8) There is a decrease in the true velocity V and
in the westward orientation 'Yo (N of E) (Fig. 2)
in both the regions with increase of latitude with
the exception of polar regions, but with V.IV, the
matter is different and it shows a systematic in
crease with increase of latitude.
Long.term Variation

The importance of this aspect can best be illus
trated by the observation made by Briggs3 who
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(2) The axial ratio decreases in both the regions
but the size a shows a decrease in E and an overall
increase in F (Figs. 5 and 6).

(3) The angle I4>-4>.1, which is a measure of the
anisotropy, shows a systematic decrease with de
crease of sunspot activity in E but less so in F, as
can be seen from Figs. 7 and 8.

(4) The westward orientation 'l'0 (N of E) of the
major axis increases (Figs. 7 and 8) with decrease
of sunspot activity and P,¥, the percentage occur
rence of the axis close to NS within ±20° is maxi
mum during the maximum sunspot epoch.

(5) There seems to be a mutual relationship be
tween the various parameters in both the E- and
F-regions. A significant direct relationship between
V and. V. and an inverse 'relationship between
(r-l) and V. in the case of E-region confirm well
the findings of Keneshea et al,sa. Similar functional
relationships are also found in the case of F-region.

Lunar Variations

The volume of data available at Waltair for the
period 1956-62 has been analysed for the lunar
components separately89,tO for the periods 1956-59
and 1959-62.

Significant values for the lunar semi-diurnal
component have been obtained and the values for
different seasons show maximum values in winter.

Effect oj Meteor Actlllity

From the investigations of Love1lu -u , Nicolet".
Kotadiat5 and WrighttS a sort of influence of the
meteor activity on the E-region ionization is taken
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Fig. 5 - Sunspot variation of V.IV, r and a for the
E-region
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for granted. It has been of interest to study the
fading characteristics of the radio waves reflected
from E during the days of meteor activity and
results obtained" in this regard at Waltair are given
below.

(1) The annual variation of the fading frequency
of the E-region reflections shown in Fig. 9 is similar
to the annual variation of the sporadic meteors
that enter the earth's atmosphere.

(2) During Geminid shower 1963 and Leonid
shower 1964 (Fig. 10) it was found that both the
visual meteor rate and the E-region fading frequency
attained maximum values at about the same
time.

(3) There is a general increase in the drift para·
meters V"' V and V. with the meteor shower acti

. vity. Plausible explanations are given for thislS•

(4) There is a general decrease in the axial ratio
r and the size of the irregularity a. The decrease
in r and a is supposed to have been caused by the
smoothening effect of the rather random influx· of
ionization due to shower meteors on the existing
anisotropy of the E-region irregularities under
normal conditions.

(5) The orientation of the major axis of the
characteristic ellipse has behaved in a systematic
manner, in that it has rotated towards north from
its 'usual NW disposition and except in the case
of the quadrantids, it has crossed the NS line to
wards east during the interval of peak activity.
A simple explanation can be given in terms of the
relative abundance of the ion trails (or their pro
jections on the level of interest) produced along
the NE-SW direction, while the earth traverses
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the meteor orbit during the shower period, and
this seems to be quite a good possibility also.

Structure and Drift of E. Layer
The extent of phase path variations of E. echoes

on 5·6 MHz was a few wavelengths of the operating
frequency over long intervals of time of about an
hour. Under these conditions, it can be inferred
that the bottom surface of the E. from which the
signal can be supposed to have been returned is
very smooth and sharply bounded.

In some of our records the extent of phase path
changes during the entire life period of E. echo
was only a few wavelengths, which indicates that
the formation of E. was a highly localized pheno
menon, and that it occurs at a particular preferred
height. We cannot, however, take this to indicate
that the E. occurrence height is the same for all
occurrences. .

Sometimes it was found that the E. echo was
diffused with .different echoes fading differently•
The phase path variations across the width of the
echo under such conditions were not the same and
were not correlated. The different components
constituting the echo could be produced by reflection
of the signal at discrete points separated either
horiwntally or vertically or both.

As such it may be inferred that the structure
of sporadic-E layer is not the same always.

A- general decrease of phase path of the 0 and
X components in the Fa-region echo on 5·6 MHz
was observed during the formation of- E.. The
total decrease of phase path of the X component
was more than that of the 0 component. The
difference between the phase path decreases of the
o and X components can be expressed in terms of
the Faraday rotation angle, which in turn can be
related to the change in the total electron content
per unit column of the propagation path due to the
formation of E.. It was inferred that the formation
of E. at Waltair does involve an accumulation of
ionization by a horiwntal transportation.

From a study of horizontal drifts of E and E.
echoes using spaced phase path records it was found
that the magnitudes of E and E. drift speed were
of the same order. However, the EW component
of E. drift was eastward, whereas for the E-region
it was .westward during daylight hours.

W.hiteheadU proposed a theory for the formation
of E. from vertical gradients' in horizontal wind.
This was considered in terms of gravity waves by
Hines60• The neutral wind motion directed towards
east at a level will set the positive ions into motion
towards east by collisional interaction. But be
cause of the earth's magnetic field the positive ions
tend to move upward. As overlying oppositely
directed wind results in an opposite motion of the
positive ions, and thus, ionization is accumulated
in between the two levels. The resulting electric
field tends to get the electrons follow the positive
ions. In the present ground based experiment
the bottom part of E. layer reflects the signal and
hence it can be taken that the drift velocity and
direction obtained correspond to the bottom of
the E, layer. The eastward direction of the EW
component of E. drifts observed in the present
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Fig. 9 - Annual variation of fading frequency and
sporadic meteor rates

Fig. 10 - Nocturnal variation of fading frequency and
hourly meteor rates during the Geminid shower 1963
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Fig. 11 - Typical phase path variations of ordinary and
extraordinary components in the F,-region echo

Fig. 12 - Histograms of the period of the travelling
wave perturbations on the ordinary and extraordinary

components
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investigation agrees with the theoretical require
ment for the formation of Eo.

It may be noted that the essential process con
sidered in the wind shear theory for the accumula
tion of E, ionization is a vertical transport caused
by a horizontal movement of the ionization along
the earth's magnetic field lines. Thus the E, for
mation implies a horizontal movement 'of ionization
besides the vertical transport. This explains the
observed increase in the total ionization in the
propagation paths of 0 and X components in the
Fa-region echo during the formation of E,.

Travelling Wave Perturbations in
F2-Region

Larg-e-scale irregularities which are known as
travelling ionospheric disturbances (TID) were
studied by Heisler51 using anomalies in ionosonde
records, by Twenten52 lIsing HF backscatter
soundings, by Bramle.y53 using direction of arrival
measurements, by Davies54 using doppler shift in
HF transmissions, and by Thome5~ lIsing Thomson
scatter technique. Satellite transmissions were also
used extensively for such studies. All these investi
gations were confined to higher latitudes in northern
and southern hemispheres and none of these workers
studied all the various characteristics of travelling
waves and interdependence between their various
characteristics, which is very important, according
to Hines58, for understanding their origin.

At Waltair we have built a phase path ionospheric
sounder which enabled us to record continuously
phase path variations of radio waves reflected from
the ionosphere. The experimental technique is
a modified version of Findlay57 technique and
enabled us to study phase path variations on any
frequency. Further, records could be taken on
both 0 and X components of F2-region echo at
one or more aerials on the ground. Fig. 11 shows
some typical phase path variations. The quasi
periodic variations in 0 and X components can be
attributed to the travelling wave disturbances being
propagated in the F2-region. Using such records it has
been possible to scale the period and vertical ampli
tude of hundreds of travelling wave perturbations.

Fig. 12 shows the histograms of the percentage
of occurrence of travelling wave disturbances of
different periods observed on 0 and X components.
The period of the disturbances was in the range
3-39 min. Smaller periods were of more frequent
occurrence than larger periods. Out of 210 disturb-
ances detected over a period of 4 months only
161 permitted scaling of periods on both 0 and X
components, whereas for the remaining it was poss-
ible to measure the period on one of the components
only.

In order to see if there is any height dependence
of. the period of the disturbance, the periods of
perturbations observed on the X component were
plotted against the corresponding values of the
same disturbance on the 0 component and the re
sulting plot is shown in Fig. 13. It can be seen

. from this figure that the periods of the disturbance
observed on 0 and X components are nearly equal.
Similar plot shown in Fig. 14 of amplitudes observed
on the X component against the amplitudes on
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Fig. 13 - Plot between the periods 01 travelling wave
perturbations observed on the ordinary and extraordinary

components

Fig. 14 - Plot between the vertical amplitudes of the
travelling wave perturbations observed on the ordinary

and extraordinary components

0·043
0·041
0·042

Standard
error

0·682
0·694
0·517

Correlation
coefficient

o component
X component
All'the observations

A - 46·49K sin 21tt- K
where A is the vertical amplitude of the disturbance
in metres; K, the period of the disturbance in the
range 3-39 min; and t, the time variable in min.

The Direction oj Movement oj F,-Reglon
Perturbations

During the passage of a travelling wave disturb
ance over an observation station, there will be
gradual changes in the elevation and azimuth angle
of arrival of a radio wave from the transmitter on
the ground received at the same point after reflec
tion from the disturbance. Also, the phase path
undergoes gradual increases and decreases. By
ray theory considerations68 it can be shown that
the azimuth angle of arrival of the received signal
at the time of a reversal in phase path due to the
travelling wave disturbance is normal to the direction
of movement. The ambiguity of 1800 in the direc
tion of movement of the disturbance can be very
easily resolved from a knowledge of the sense of
the NS component of the disturbance movem~nt,

The correlation between the period and vertical am
plitude of the waves observed on the 0 and X com
ponents, and on both the components together, were
significant at less than 0·01 level. The continuous·
lines shown in Figs.. 15 and 16 are the regression
lines. For obtaining the average constant of pro
portionality between the period and vertical ampli
tude, an average straight line passing through the
origin has been fitted through the points, and they
are shown as broken lines in both Figs. 15 and 16.
The slope of the average straight line for the 0 compo
nent was 0·83 and that for the X component was
0·87. For all the points, the slope of the average
straight line was 0·85. The difference between
o and X average straight line slopes is of the same
order as the standard error.

Thus, the average wave in the F,-region can be
represented by

relatively small period and vertical amplitude are
of frequent occurrence.

To see if there is any proportionality between
the period and vertical amplitude, mass plots of
the period of the disturbances versus its vertical
amplitude were plotted separately from the waves
observed on the 0 and X components. Figs. 15
and 16 show the plots obtained for the 0 and X
components. These figures show that although
there is some scatter in the pOints, there is a clear
tendency for the waves of larger periods to have
larger vertical amplitudes. To show this more
definitely, the coefficients of the correlation between
the period and vertical amplitude of the waves
have been calculated using standard formulae and
these are presented below:
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the 0 component gave no clear evidence of any
consistently larger or smaller value on anyone of
the two components, although there is a slight ten
dency for the vertical amplitude being slightly larger
on the 0 component. The vertical amplitude is
seen to vary from 3 to 40 free space wavelengths.
From Figs. 12-14 it can be seen that waves with
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indicates that the NS component of the velocity is
towards south.

From our experimental spaced phase path records,
it was found that the values of directions of move
ment of the disturbances were mostly within 230·
to 250· east of north"and were found to be indepen
dent of the time of the day (Fig. 17).

o 0 0

The Speed oj the Travelllng Wave
DIsturbances

V = [DR±Dy tan 0] cos '"
'I'

where '" is the direction of movement of the dis
turbance.

From a general survey of all the experimental
records, it was found that 'I' is not directly related
to the group path separation between the 0 and
X components. Histograms showing the frequency
of occurrence of different ranges of time delay 'I' are
shown in Fig. 18. The histograms show that the
values of the time dela,y were in the range -2 min
to 5 min 20 sec. The value of or was measured
as + ve and the phase path reversal occurs earlier
on the 0 component and later on the X component.
Nearly 90% of the values of or were positive and
75% of these observations gave values in the range
20 sec to 2 min.

The values of the time delay were distributed
over a very wide range. A plot of time delay versus
local time showed no direct dependence of the magni
tude of the time delay on the local time.

Assuming that the value of Dy tan 0 is negligible
compared to DR and taking the values of DR =
8·22 km and of '" = 2350 east of north, the speed
of the disturbances was calculated and found to be
in the range 14-2·5 kmJmin. From the frequently
occurring values of the time delay of 50 sec, the
frequently occurring speed of the disturbance comes
out to be 6 km/min.

The reversals in phase path due to the travelling
wave disturbances occur at different times on the
o and X components. The magnitude of the time
delay depends on the horizontal and vertical sepa
ration between reflection points of the 0 and X
components, the speed and direction of movement
of the disturbance and on the forward tilt of the
disturbance front in the vertical plane. For a para
bolic F.-layer of critical frequency of 10·5 MHz,
and semi-thickness 140 km, the horizontal and verti
cal separations between the 0 and X reflection points
at Waltair can be calculated and shown to be 8·22
and 4·5 km respectively. It can be shown that
the actual horizontal distance to be traversed by
the disturbance in the meridional plane is DR
±Dy tan 0, where Dy and DR are the vertical and
horizontal separations between the 0 and X reflec
tion points and 0 is the forward tilt of the dis
turbance front.' The +ve and -ve signs are to
be taken when the sense of the NS component of
velocity is towar¢; south and north respectively
for the northern hemispheric stations. If 'I' is the
time delay between the reversals in phase path
on the 0 and X components, then the expres
sion for the speed of the disturbances V can be
written as

I
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which can be had from the sense of the time delay
between the reversals in phase path on the 0 and
X components. For the northern hemispheric sta
tions, a phase path reversal occurring earlier on the
o component compared to that on the X component

'0 I.
PEIUOD IN WINUT[$

Fig. 16 - Plot between the vertical amplitude and period
of the travelling wave perturbations observed on the

extraordinary component

Fig. 15 - Plot between tbe vertical amplitude and period
of tbe travelling wave disturbal\ces observed on tbe

ordinary component
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Fig. 18 - Histogram of T. the time delay between the phase path reversals on the ordinary and extraordinary components

It must be noted that the values of the speed of
the disturbances obtained above should correspond
to the phase speed of the disturbances. If the
ionosphere acts as a dispersive medium for the pro
pagation of the travelling wave disturbances, then
the phase velocity of the disturbances will be very
much different from the group velocity of .pro
pagation.

It was found that the wide variability of time
delay "I' leads to speeds of disturbances in the range
2-14 kIn/min, which correspond to disturbances of
different periods. A plot of the period T of the
travelling ionospheric disturbance versus "1', the

time delay, presented in Fig. 19 shows almost a linear
relation between them. This points to a phase
speed which decreases with increase of period and
a group speed which is very much different from
phase speed of the disturbance. Assuming the well
known relation between the phase path P and group
path P'

p'-p+f.t- df

and the relation that "I' varies linearly as T, it can
be shown that the group speed is twice the phase
speed.
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Fig. 19 - Plot between T, the time delay between the
phase path reversals on the ordinary and extraordinary
components, and the period of the travelling ionospheric

disturbance (TID)

By a si~ple calculation it can be shown that the
minimum radius of curvature of a disturbance
assumed sinusoidal is given by

AZ

Tmin = 41tzA

where A is the wavelength of disturbance and A
is the amplitude.

It can be shown that if the value of Tmin is less
than H, the height of the wave above ground, then
there would be more than one point on the disturb
ance surface from which signals can be received
simultaneously on the ground. This simultaneous
reception of more than one reflected signal would
be observed as the complexities in p'·t records.
Since no complexities were observed for all the dis
turbances studied, it can be inferred that the height
of the disturbance H above the ground is less than
'min, or

AS
H <4nzA

If V is the phase speed of the disturbance and T
the period, then A = VT. Substituting A= VT
and rearranging, we get

JAH
V>21t T

We have found in our investigations that the
value of AIT = 46·49 m/min. Substituting this
value for AIT and a reasonable value for H = 200
kIn in the above equation, we get

2 J9'3
V > 1t T kIn/min

For the range of values of 3-39 min for T observed
in the present study, the corresponding range of
values of V will be 9·8-2,5 kIn/min. It may be
noted that the speed of the most frequently observed
time delay is slightly greater than the value of
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5·7 kIn/min, obtained experimentally for the most
frequently observed period of disturbance and as
such no complex reflections were observed in the
records.

The above results lead to the important conclu
sion that the phase speed of a travellin~ disturbance
through the ionosphere varies significantly with
the period and as such the ionosphere acts as a
highly dispersive medium for these disturbances.

Discussion

Earlier investigators obtained different values
for the speed' of travelling disturbances, and this
depended on the techniques which were suitable
for waves o[ different periods. For example, speeds
of waves having periods of about 15 min, ohserved
by Munr06', Munro and Hci~lel'o and MunrG'l gave
speeds in the range 7-10 km/min. Waves of rela
tively sm?-lIer period observed by Rao and Yet."
using satellite sign~ls were found to travel with
speeds of 42 km/min. Hei~ler and WhiteheaC;B3,lIf,
measured the phase speed and group speed of some
individual disturbances and showed that the phase
speed of the disturbances was 4-6 km/min, whereas
the group speed was about 10 km!min. This indi
cated that the ionosphere is a highly dispersive
medium in so far as the propagation of travelling
wave disturbances is concerned, which emphasizes
that the speed of the disturbances varies with period.

There seems to be a latitude dependence on the
direction of movement of the disturbances. Fur
ther, there was a predominant diurnal and seasonal
dependence of the direction of movement of the
disturbance at some of the stationsM-l1. The one
important result that can be obtained from a survey
of all the earlier results on the direction of move
ment of the travelling wave disturbance is that the
NS component velocity is towards the equator in
both the hemispheres. The southern sense of the
NS component of the ve10city of the disturbance
observed in our investigations agrees with this
general finding.

The identification of the travelling wave disturb
ances in terms of the theoretically ·possible waves
at the ionospheric levels has not been possible so
far. Many investigators tried to check their results
of some isolated characteristics against the theoreti
cally expected values for different types of waves.
For example, Titheridge'S interpreted the range of
values of 15-60 min, for the period of the perturba
tions with a cutoff period of 15 min to be in fair
agreement with the expected behaviour of gravity
waves at the Fs-region, and Rao and Yeh's inter
preted that the value of the speed observed by
them was the velocity of sound in the neutral atmo
sphere at the ionospheric levels.

All the theoretical work done so far concerning
the characteristics of travelling waves deals with
the propagation of different types of waves in the
neutral atmosphere at the ionospheric levels. As
suming that the waves in the neutral air produce
identical distortions in the electron densities through
collisional coupling, many investigators attempted
to interpret the characteristics of the distortions
in the electron densities obtained from radio methods.
For example, Heisler and WhiteheadU ,,, observed

SLOP( .0.016

• - 0100 -1100 HR'
,- 1400 - 1600 HAS

°of---.!---+.--f:,,--,:':.--,*o,-----:J,.
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that the ionosphere acts as a highly dispersive
medium for the propagation of travelling wave dis
turbances, and they contended that the travelling
wave disturbances may not be gravity waves. It
is not known whether we are justified in assuming
that the disturbances we observe in the electron
distributions have identical characteristics of· the
waves in the neutral atmcsphere and much Ie,s that
their propagation characteristics for the electron
motion are constrained by the earth's magnetic field.

At this juncture, the results of GeorgesG9 obtained
from HF doppler shift experiments merit special
mention. He explained that the large·scale disturb
ances with period in the range 15 min to 2 hr could
be due to imperfectly ducted gravity waves, whereas
the medium-scale disturbances with period of about
3 min could be produced by the atmospheric filtering
of acoustic waves travelling into the ionosphere
from below. From these results it is evident that
different characteristic waves could be propagated
in the ionosphere and these different waves could
have different propagation characteristics.
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Some Aspects of Reinforcement Corrosion & Its Prevention:
Work Carried out at the Central Electrochemical

Research Institute, Karaikudi

K. S. RAJAGOPALAN, N. S. RENGASWAMY & T. M. BALASUBRAMANIA-N

Central Electrochemical Research Institute, Karaikudi 3

As a result of an extensive survey conducted
by the Bihar Government during 1950 on
250 houses which were 20-40 years old, it

was found that reinforced brick (RB) constructions
had either considerably deteriorated or failed. In
1960-61, therefore, the National Buildings Organi
zation (NBO) , New Delhi, entrusted the Central
Electrochemical Research Institute, Karaikudi, with
the task of investigation into the causes of corrosion
of RB work and reinforced cement concrete (RCe)
constructions.

Survey of Deteriorated RB and
RCC Structures

A project team of the Institute went round the
country and inspected a number of deteriorated RB
and RCC structures. The RB structures located
at Agra, Delhi, Lucknow, Patna and Bombay were
inspected. The observations made by the team are
summarized below1 :

(i) Though a distance of 2 in. is specified between
adjacent bricks or hollow tiles, the actual
distance left between was generally less and
often as small as f in. In quite a few cases,
it was noticed that rods were almost touch
ing the bricks and there was no cover of
cement mortar over them.

(ii) Cracks had appeared in most buildings after
20-25 years. There are some instances where
the plaster had been replaced just 12 years
after construction and one or two instances
of failure in 7-8 years.

(iii) The incidence of damage due to corrosion
was found less where the top of the roof
was adequately protected from direct ex
posure and where there was adequate slope
given in the terrace to ensure that the rain
water did not stagnate.

(iv) In the houses inspected, the areas worst
affected were in the kitchen and servants'
quarters.

(v) The corrosion of reinforcement was gene
rally detected by cracks in the ceiling just
below the reinforcement. In cases where
reinforcement was severely attacked, a con
siderable volume of oxidized material or
dark colour in the form of thick flakes was
usually visible. While removing the flakes
it was noticed that ! or i in. diam. bar
was reduced to about ! in. over a major
portion of its length and to i in. at other
portions.

The team also inspected RCC structures located
at Bombay, Devakottai (Madras State), Mandapam
(Madras State), Trivandrum, Nagpur, Nasik, Akola
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and Samayanallur (Madras State). The observations
made by the team are summarized below:

(i) The corrosion of reinforcement was gene
rally detected by swelling and spalling of
the ceiling plaster.

(ii) The corrosion of reinforcement was noticed
to be more severe in roofs of latrines, bath
rooms and urinals.

(iii) The residential buildings located in highly
industrialized areas showed heavy rusting of
reinforcement in all parts of structures.

(iv) Terminal ends of roof slabs directly exposed
suffered earlier attack.

(v) In the case of multi-storeyed RCC structures,
columns, beams and staircases were the worst
affected portions. The columns facing the sea
were more readily affected than those which
were protected from the direct sea breeze.

(vi) Corrosion of reinforcement in buildings within
a period of 10-15 years after construction
appeared to be due to inadequate cover thick
ness.

(vii) Where the roofing was given a good slope,
the deterioration was slow even in lime
concrete constructions of 40 years age (in
spected at Nasik).

Analysis of concrete samples - Samples of con
crete and bricks from the deteriorated structures
were collected at the time of inspection and ana
lysed in the laboratory to determine the chlorides
and sulphates contained in them. Several samples
had high salt contents.

EXPERIMENTAL DETAILS

Materials
Building materials - The specifications of the

different materials used are as follows:
Cement: Portland cement conforming to IS

Specification No. 269-1951.
Lime: Locally available lime.
Bricks: Locally available bricks for all the work

and also for making brick jelly.
Granite jelly: Locally available aggregates.
Sand: Local sand conforming to class 'B' of IS

Specification No. 383-1952.
Mild steel: Abraded on 120 emery wheel and

degreased with trichloroethylene.
Chemicals - AR grade chemicals were used for

estimation and LR grade for other studies.

Analytical Procedures

Analysis of cement - Portland cement was ana
lysed according to IS Specification No. 269-1951.



Fig. 1 - Details of the specimen for hollow space experi
ments [a. lower portion containing bolkw sFace; b, closure;
c, beeswax-resin joint; d, solutilJn collected in the hollow

space; and e, concrete cover]

concrete stopper and the rate at which solution
penneated through the concrete wall into the hollow
space from outside was studied. In another set
of experiments, the hollow space was filled with
distilled water and the specimen placed in the test
solution so as to study the rates of diffusion of
chbride and sulphate. Change~ in the pH of the
distilled water were also studied.

Ekctrochemlcal MeOlurementl
Potential-time studies - Potentials of bare steel

specimens and specimens laid in cement mortar and
concrete in various solutions were measured against
saturated calomel electrode (SCE) by Poggendorff
null method and the changes with time followed.

Polarization measurements - Two types of polari
zation measurements were made: (a) A constant
current of 290 (J.A/cm l was applied to the mild steel
specimen which was made as the anode using an
auxiliary steel cathode and the potential was
measured against SCE with time. (b) The steady
potentials of the test specimm at various current
densities (both anodic and cathodic) were measured.

Cement Slurry Coating to Steel
Brushing method - Portland cement sieved to

pass 240 mesh was mixed with half of its weight
of distilled water containing inhibitive mixture.
The first coat was applied to mild steel panels using
a fibre brush. After 24 hr, the surface was wetted
with distilled water and a second coat was applied,
allowed to dry for 24 hr and the surface was perio
dically (3 times a day) brushed with the sealing
solution. This was carried out for 7 days.

Spraying method - The same procedure was fol
lowed as in the brushing method except that (i) the
weight of water added was 65 % of the weight of
cement and (ii) the coats were applied by means
of a spray gnn held at a distance of 12 in. from the
surface.

Collection and Analysis of Samples of
Different Building Materials

Portland cement - Samples were obtained from
20 different sources in various parts of the country
and analysed. The total soluble chloride content
varies from nil to a maximum of 0·05% and the

PreptJ1'atlon oj Aqueoul E:stractl and Their Analy'"

Cement extracts - Mixtures of cement and dis
tilled water in various ratios were shaken in a
microid flask shaker for different periods and then
filtered. The alkalinity of the extracts was estimated
by t.itration with standard hydrochloric acid.
Chlonde and sulphate of calcium and magnesium in
aqueous extracts were analysed according to the
standard methods for water analysisl. The quantity
of water was kept constant in one series of experi
ments and the quantity of cement was varied. In
another series, the quantity of water was varied and
the quantity of cement was kept constant. Ex
tracts of cement were also prepared for various
cement samples received from various factories in
India and the percentages of chloride and sulphate
estimated as above.

Extracts of cement concrete and cement mortar
Concrete (1:.2: 4). and mortar (1: 2) specimens were
prepared usmg nver sand, sea sand and standard
sand. Specimens were dried and powdered so as
to pass through a 200 mesh sieve. Aqueous extracts
,,:,ere prepared by adding a known quantity of dis
tilled water to a known quantity of powder and
shaking in a microid flask shaker. The extract
,,:,as then fil~ered and the alkalinity, calcium, magne
SIUm, chlonde and sulphate were estimated as per
the procedure given for cement extracts.
. Fre~h bUi,tding. materials - Fresh building mate

nals hke bnck, nver sand and granite jelly received
from various places in India were powdered so as
to pass through a 200 mesh sieve. Aqueous ex
tracts of these were prepared and chloride and sul
p~ate in the extract estimated as per the procedure
given for cement extracts.

HoUow Space Eltperlmentl

Cylindrical specimens were prepared such that
a hollow space of 2 in. diam. was produced in the
cen~re of the specimen (Fig. 1). In one set of ex
penments, the hollow space was closed by a

RAJAGOPALAN eI aI.: SOME ASPECTS OF REINFORCEMENT CORROSION & ITS PREvENTION

Analysis of natural waters - All the constituents
were estimated according to the standard methodl.
Chloride was estimated by silver nitrate titration
usi~g potassium chromate as. indicator and sulphate
e~tlmated as S0l by the banum sulphate precipita
tion method. Total hardness and calcium hard
n~s were estimated by the EDTA method using
Em~ch~ome black-T and Murexide respectively
~ m.dlcato:s. The alkalinity was estimated by
tItration WIth standard hydrochloric acid using
methyl orange as indicator. The total solids were
estimated by evaporating a known volume of distilled
water kept in a weighed dish on a steam bath and
drying the same at 110°C in an oven and finding
the increase in weight of the dish. The pH was
~easured using a pH meter. The pH, (the satura
tion pH value) of water was found from the chart
of Powel et al.3 by taking the sum of the va!u~s of
p" (negative logarithm of calcium concentration
e?,pressed .as g moles of CaCOa per litre), P.,_ (nega- .
tlve loganthm of alkalinity to methyl orange ex
pressed as g equiv. of CaCOa per litre) and C(pk~

pk,) at 90°F. The saturation index was found
from the difference between pH and pH,.
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soluble sulphate content varies from a minimum
of 0·042% to a maximum of 0'18%. The average
value works out to 0·0072% for chloride and 0·084-%
for sulphate. Further experiments have shown
that most of the chlorides and sulphates are ab
sorbed as insoluble complexes in cement concrete
during its setting. On the average the chloride
contents decrease to one-fifth and the sulphate con
tents decrease to one-sixtieth of the original value.
Visual observations of corrosion of steel embedded
in 1: 2: 4- concrete prepare! from different cements
showed that corrosion is not observed in 7 cement
samples out of a total of 20 cement samples ex·
amined. It is, therefore. considered worth while to
prescribe a corrosion test in the specifications for

. cement.
Sand - Seven samples from diff~rent places were

obtained and analyesd. Except two samples which
were obtained from the coastal areas, all the other
samples contained no soluble chloride. The soluble
sulpnate content varies from a minimum of 0·003 %
to a maximum of 0·013%. The average value
works out to 0'009%. which is a fraction of that ex
tracted from cement.

Stone aggregate - Seven samples of stone aggre
gate from various sources were collected and ana
lys~d.. The soluble chloride was nil for all the
samples, whereas soluble sulphate content varied
from a minimum value of 0'005% to a maximum
value of 0'014-%. The average value works out to
0'009%. which again is a fraction of that extracted
from cement.

Bricks - Four samples of bricks from different
places were obtained and analysed. The soluble
chloride content was nil in all the samples, whereas
the soluble sulphate content varied from a minimum
value of 0'005% to a maximum value of 0'01°/0
The average value comes to 0'006%.

Lime - Only one lime sample was obtained
locally and analysed. It contained 0'12% soluble
chloride, which is quite high. It is, therefore,
necessary to make sure that the lime used for making
lime concrete to be used in RB or RCC constructions
is free from chloride.

Water - Thirty-two samples of water from various
places were collected and analysed·. The chloride
content varied from a minimum of 7 ppm to a maxi
mum of 94-94- ppm. The sulphate content varied
from 3'.4- to 114-2 ppm. The average value works
out to 517 ppm (0·0517%) for chloride and 111 ppm

~ (0'0111 %) for sulphate.

alkalinity obtained for CoW ratio of 1: 0'7 was 0'15N,
for CoW ratio 1: 1 it was O'l1N and it gradually
reduced to 0'04N for CoW ratio of 1: 100. It was
also observed that for high C-W ratios of 1: 1, 1: 1·5
and 1: 2, the alkalinity is mainly contributed by
the free alkali (NazO+KsO), which is of considerable
practical interest, since the presence of free alkali
is more helpful than that of lime in keeping iron
passive in the presence of corrosive constituents
than free lim~. (The alblinity in extract consisting
mainly of free lime is likely to be lost by carbona
tion and precipitation of calcium carbonate.)

Alkalinity of Extracts of Mortar and
Concrete

The alkalinities of extracts from cement-sand
mortar (1: 2) and cement concrete (1: 2: 4) were
observed and the results are given in Table 1. The
alkalinity ranges between 0'U5N and 0·06N. The
composition of extracts suggests that nearly one·
third of the normality would have come from the
free lime produced during hydration and the rest
from the alkali brought ·into solution. In the course
of time. with alternate wetting and drying, it is
likely that free lime may get carbonated and the
alkalinity in the concrete which is brought about
by free alkali m:lY only remain. Therefore, an alka
linity of O'04-N has been assumed in 1: 2: 4 cement
concrete, which is normally used in RC construction.

D:ftusion of Water and Other Corrodents
Through Concrete (bY Hollow Space Technique)

The rate of permeation of water through 1: 2: 4
cement concrete was observed for three cover thick
nesses, viz. 0'5, 1 and 1·5 in., which are normally
adopted in RCC work. It was seen that the rate
of permeatioa increased during the first few days.
then diminished to give a fairly steady value after
45 days. The fbal steady rate was 34 cc/sq dml
year, which is more than adequate for complete
destruction of the usual type of reinforcement rod
in the course of a few years if the alkaline conditions
were not maintained around the reinforcement rods.

The rate of permeation of water through 1: 4: 8
cement concrete (CC), Ii: Ii: 5 and 1: 1: 3 lime
surkhi-brick jelly concretes (LC) and 1: 2: 2 lime
surkhi-sand mortar (LM) were also studied and

TABLE 1 - ALKALINITIES OF AQUEOUS EXTRACTS FROM
CEMENT MORTAR (1 :2) AND CONCRETE (1 :2:4)

ALKALINITY AND COMPOSITION OF
AQUEOUS EXTRACT OF CEMENT

MORTAR AND CONCRETE

CaO Alkalis
as Na,O

CEMENT-SAND MORTAR (1: 2)

Alkalinity

CONCRETE (1 :2:4) MIX

The relevant results of studies on this aspect,
discussed at length elsewhere', are briefly men
tioned here.

Alkalinity of Cement Extracts
The alkalinity of cement extracts after shaking

cement with water for various time intervals and
cement-water (C-W) ratios were determined. It
was found that maximum alkalinity is reached for
all C-W ratios in less than U hr. The maximum
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Using river sand
.Using Sea sand
Using standard sand

(Ennore)

Using river sand
Using sea sand
Using standard sand

(Ennore)

37-7
14·9
31-1

49-6
32·7
37-8

60·5
69-4
66'5

51'0
3304
58'6

0'05N
O'06N
0'05N

O'06N
O·06N
O·06N
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Fig. 2 - Curves showing the results of potential.time studies for bare steel (in NaOH and Ca(OH), [(a) bare steel in
NaOH: (1) 3% NaCI; (2) O'IN NaOH; (3) O·OIN NaOH; (4) O·OIN N10H+O'3% NaCI; (5) O·OIN NaOH+O'03% NaCI;
(6) O·OIN NaOH+O'003% NaC!; ani (7) O·OIN NaOH+O'OO03% NaC!; and (b) bare steel in Ca(OH),: (1) saturated Ca(OH),;

(2) Ca(OH),+O'3% NaCI; (3) Ca(OH),+O'03% NaCI; (4) Ca(OH),+O'003% NaCI; and (5) Ca(UH),+O'OOOI % NaCI]

polarization would also be more. Increased anodic
polarization or decreased cathodic polarization
would shift the corrosion potential to more noble
values and increased cathodic polarization or de
creased anodic polarization would shift it to less
, noble' values. In the present case, the shift in
the positive direction can be understood in terms
of a decrease in anodic area brought about by pro
gressive coverage of the surface with an oxide film
and consequential increase in anodic polarization.
Similarly, the shift in a negative direction may be
understood in terms of progressive enlargement of
the anodic area by the action of chloride ions on
the oxide film originally present on the surface.
Visual observations showed that specimens dipped
in O'IN NaOH remained bright for a period of 12
days, for which observations were made, while in
the case of specimens dipped in O'OIN NaOH and
O·OIN NaOH+0'03% NaCl, rusting was observed
after 2 days and this coincided with a fall in the
potential. Rusting was observed within hours in
3% NaCI and O'OIN NaOH+0'3% NaCI. It is
likely that the initial potential shift in the positive
direction in the borderline concentration may be
due to the coverage of the surface by the oxide film
before chloride ions are able to lodge themselves
on the oxide-covered surface and bring about de
struction of the oxide film.

In the potential-time curves obtained in saturated
Ca{OH). solution, it is seen that the potential
does not move to such positive values as those
obtained in O·IN NaOH. The potential moves
in the positive direction during the first 2 days
and then there is a shift in the negative direction.
The fall'is apparently brought about by the carbo
nation of the lime solution. Similar behaviour is
observed up to a concentration of 0'003% NaCl.
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At higher concentrations of NaCl, the potential
steadily moves in the negative direction, thereby
showing that the corrosion of steel commenced
almost immediately at such salt concentrations.
Th~ behaviour in saturated Ca{OH). solution is
similar to that in O·OIN NaOH. .It was shown
elsewhere' that a passive film of ferric oxide is formed
in O·IN NaOH solution around -0'55 V versus
SCE. This potential will become more positive
by 60 mY in the case of O'OIN NaOH, i.e. -0'49 V.
It may, therefore, be expected that the passive
film formed in O'OIN NaOH at potentials more
positive than -0'49 V versus SCE would cease to
be stable at potentials more negative than this value.
The potential-time curves in saturated Ca(OH).
solutions containing NaCI indicate that at 0'03%
NaCl concentration, the potential becomes suffi
ciently negative for the passive film to become
unstable.

Steel embedded in cement-sand mortar - Potential
time curves for steel embedded in various cement
sand mixtures prepared in distilled water and tested
in 3% NaCI solution are given in Fig. 3. It is seen
from Fig. 3 that the potential falls with time in all
cases. The fall is very gradual for a cement: sand:
water ratio of I : 5 : 0·6. At a ratio of 1: 10: 1'2,
there is an abrupt fall in the beginning from about
-0,2 V to -0'45 V, after which it decreases
gradually. At 1: 20: 1·2 and 1: 40: 2'4, the initial
potential itself is -0·430 V and this comes down
to -0,6 V, which is the potential for a bare steel
specimen corroding freely inNaCl solution. It may
be noted that the initial potential in the case of
richest mortar is even more positive than the initial
potential observed for bare steel in O'IN NaOH
and saturated Ca{OH). solution. With the embed
ded steel specimen, the growth of a protective oxide
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film is facilitated at the time of the preparation of Polarization Studies
the specimen itself, but in the case of bare steel It was mentioned -earlier that the reduction in
specimen immersed in O'IN NaOH or Ca(OH)., the anodic or cathodic area on a corroding metal
this can take place only during the test. This surface is made known by the change in the slope
would explain the more noble initial potential with of the polarization curve. It was. also pointed ?ut
embedded steel specimen. The absence of a rise that the direction of shift of potential does not gIve
in potential of the embedded st~el specimen ind!- unambiguous information, since ~oth increase. in
cates that the action of chloride IOns IS more slgm- anodic area and decrease in cathodIc area can bnng
fi:ant than the further growth of the oxide film. about shift in the negative direction and vice versa
That the action of chloride ions is very rapid in the in regard to shift in the positive direction. A steep
more porous mortars is brought out by the fact increase in the _cathodic polarization would suggest
that the potentials first observed ~re much _more a decrease in -the area available for the cathodic
negative than -0'2 V observed In the rIchest reaction and vice versa. Hence, more dEfinite in-
mortar. formation about the behaviour of a corrooing metal

Steel embedded in I: 2: +concrete - The movement in aqueous solution is given by considering both
of potential in the negative direction is also observed potential-time behaviour and polarization behaviour
in I: 2: +concrete both in 0'1% and 1% NaCI solu- as indicated by the E-! curves.
tions (Fig. +), again suggesting that the action of E-! curves for bare steel in NaOH and Ca(OH).
chloride ion is more significant in the case of em- _ solutions containing NaCI and cement .extract con-
bedded steel specimen as compared with the further taining NaCI are given in Fig. 5. It IS seen from
growth of oxide film. Fig. 5 that in 3% NaCI solution, cement extr~ct

containing 3% NaCI and s~t~:ated Ca(C?H)~ solution
containing 3% NaCl, the InItial poten.tialls aroun.d
-0'6 V and there is hardly any anodIC or cathodIc
polarization. The cathodic polarization is little
affected in O'IN NaOH, Ca(OH). and cement ex
tract solutions containing 0'1% NaCI. In these
solutions, anodic polarization has become mu~h

steeper and the increase in the slope of the anodIC
polarization curve is in the order O'JN NaOH> satu
rated Ca(OH). > cement ext;act. This gives stro~g

support for the. interpretatIOn pu~ forward earlier
that if other factors can be consIdered to be con
stant, a more positive initial potential is indicative
of the true anodic area being smaller.

E-! curves for steel embedded in cement-mortar
of varying ratios of cement and sand and immersed
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Fig. 3 - Curves showing the results of potential-time
studies for steel in cement mortar [Electrolyte, 3% NaCI;
cement: sand: water in the cement mortars - (1) 1: 5: 0'6;

(2) 1: 10: 1·2; (3) 1:20: 1'8: and (4) 1:40:2-4]
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Fig. 4 - Curves showing the results of potential-time
studies for steel embedded in 1: 2: 4 concrete with 1 in.
cover [Concrete cured for 7 days in distilled water before
immersion in NaCI solution; (1) 0·1% NaCI and (2) 1'0%

NaCI]
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Fig. 5 -E-1 curves for bare steel [(1) 3% NaCl; (2) O'IN
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+0'1 % NaCI; (5) cement extract+3% NaCI; and (6) cement

extract+O'1 % NaCl]
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Fig. 6 - E-! curves for steel embedded in cement-mortar
of varying ratios of cement and sand and immersed in 3%
NaCI for 15 days [Cement: sand: water ratio - (ll 1: 1: 0'6;
. (2) 1: 2: 0'6; (3) 1: 3: 0'6; and (4) 1: 4: 0·6J

in 3% NaCl for 15 days are given in Fig. 6. It is
seen that only in the case of the richest mortar,
i.e. 1: 1 ratio, a steep curve is obtained both in the
anodic and cathodic polarization. In the case of
leaner mixes like I : 2, 1 : 3 and I : 4. it is observed
that cathodic polarization gradually decreases with
increase in porosity, confirming the earlier view on
ratp. of diffusion of oxv/.(en.

The anodic polarization curves for leaner mixes
are close to each other. thereby suggesting that
except the richest mortar. namely I: 1. in all the
other cases chloride diffuses at sufficiently fast rate,
so as to modify thlf anodic polarization behaviour.

E-! curves for steel embedded in 1: 2: 4 concrete
and immersed in solutions containing various con
centrations of chloride and sulphate are respectively
given in Figs. 7 and 8. It is seen that in both cases,
the cathodic polarization curves in the different
salt concentrations are close to each other. Con
siderable difference is observed in the case of the
anodic polarization curves in the different solutions.
It is seen that the anodic polarization curve is very
steep up to 0·01 % sodium chloride and up to 0'5%
sodium sulphate. The cathodic polarization curve
obtained with the embedded specimen is very much
steeper than what was observed with b;ue steel in
3% NaCl solution. This would suggest that the
increase in the cathodic polarization curve for em
bedded steel is perhaps brought about by concen
tration polarization, the supply of oxygen to the
surface for the cathodic reaction being limited by
the rate at which it can diffuse through concrete.
Since the composition of the concrete is constant,
the concentration-polarization curve can be expected
to be the same for all solutions and this is what is
observed. So the cathodic polarization curve for
concrete can give useful information on the rate
of diffusion of oxygen to the metal surface. In
the anodic polarization curve, the steep rise in the
case of 0·01% NaCI and distilled water indicates
that in both cases, the electrolyte at the metal

surface is the same. A similar behaviour is observed
in sodium sulphate solution up to 0'5%. which is
in conformity with the very much slower rate of
diffusion of sulphate through COncrete mentioned
earlier. At a concentration of 0·1 % NaCl and 0'75%
NasSOt • sufficient chloride or sulphate diffuses
to the surface to modify the anodic polarization
behaviour.

It was shown elsewhere8 that useful information
on the passivation of steel in NaOH-NaCI system
can be obtained by a study of the anodic polariza
tion at a constant current of 290 [l.A/cm2. If the
potential rises to the potential of oxygen evolution
and stays at this value. it may be concluded that
the system is likely to remain passive. If. however,
the potential falls or it does not rise to the potential
of oxygen evolution. this is indicative of breakdown
of the protective oxide film by chloride present in
the meclium. The results obtnined bv this method
(procedure given in the section entitled 'Experi·
mental Details') for 0'04N NaOH-NaCl. 0'04N
CaIOH).·NaCl and 0'04N cement extract-NaCl
systems' are compared in Fig. 9. It is seen from
Fig. 9 that in the case of NaOH solution. the poten
tial fnlls at 0'05% NaCl, in Ca(OH)2 solution it
falls at 0·025% NaCI and in cement extract it falls
at 0'03% NaCI. This confirms the earlier obser
vation from polarization measurements that NaOH
solution is more effective than cement extract in
causing passivation. The behaviour of cement
extract is very similar to that of a saturated Ca(OH)1
solution. This method can, therefore, be usefully
employed to find out the corrosive or inhibitive
nature of cement extracts and to determine the toler
able limits of corrosive salts in alkaline solutions

CURRaNT DEN5ITY, IJQ/C1Il2

Fig. 7 - E-! curves for steel embedded in 1: 2: 4 concrete
and immersed in solutions containing different concen
trations of chloride [Chloride concentration: (1) distilled
water; (2) 100 ppm NaCI; (3) 1000 ppm NaCI; and

(4) 10000 ppm NaClJ
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Fig. 8 - E·[ curves for steel embedded in 1: 2: 4 concrete and immersed in solutions containing different concentra
tions of sulphate [Sulphate concentration: (1) distilled water; (2) 20 Hm N_.SC.; (3) 5tCO Plm N••~C.; (4) 75(0 Hm

Na.SO.: and (5) 10000 ppm Na.SCJ

corresponding to cement extracts. It is observed
that aU extracts from fresh cement are corrosive,
while those from set cement are inhibitive. As
pointed out earlier, the inhibitive quality of extracts
from set cements arises from the fact that during
the setting of cement, the free chloride and sulphate
concentrations are reduced to one-fifth and one
sixtieth respectively of the original value. It may,
therefore, be concluded that corrosion of these
cement samples may not be prevented during
setting. However, after the concrete is set, sub
sequent wetting of the concrete may not induce
corrosion for obvious reasons.

The Passive-Active Cell
Considering several types of cells which may

be responsible for corrosion of reinforcement in
concrete it was pointed out earlier9 that the most
powerful cell is likely to be the one set up between
the portion of steel embedded in permeable concrete
having high chloride content and low pH and the
portion of steel embedded in less permeable concrete
having low chloride content and high pH. It was
pointed out earlier in this paper that a potential differ
ence of nearly 650 mV is observed between' passive'
steel and 'active' steel. It was further seen that
steel is made active in the presence of sufficient
amount of chloride and sulphate. It may be ex
pected that in well-laid concrete, the alkalinity
obtained in the concrete will be of the same order
throughout the concrete. However, as a result

of fine cracks produced during exposure to sun and
rain, water-containing salts may reach the steel
through the cracks. Hence, a passiveractive cell
is likely to be set up, with the steel below the cracks
acting as the anode or active member of the couple
and the steel, out of reach of the cracks and protected
against corrosion by the maintenance of passivity,
acting as the cathode. While dry concrete may
nave resistance running to several hundred kilo
ohm-cm, wet concrete may have a fairly low resist
ance (less than hundred ohm-cm). Thus, the elec
trical resistance of the concrete will not come in
the way of operation of the passive-active ceU when
the concrete is wet.

TOLERABLE LIMITS FOR CHLORIDE
AND SULPHATE IN ALKALINE

ENVIRONMENT

De~ree of Corrosive Influence of
Soluble Salts

The effect of pH of aerated water on corrosion
of iron at room temperature is shown in Fig. 10.
Within the pH range 4-10, the corrosion rate is
constant and its value depends on how rapidly
oxygen diffuses to the metal surface. The corrosion
rate increases steeply in the acid region (pH < 4)
and decreases to a negligible value between pH
10 and 13. Steel is said to be passive in this region.
It was mentioned earlier that concrete is permeable
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In 0'04N NaOH

0,005% NaCI
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0'05% NaCI
0'07% NaCl
0'1% NaCI

(b)

In O'04N Ca(OH),

0'004 and 0'005% NaCI
0'01% NaCI
0'02% NaCI
0'025% NaCl
0'03% NaCI
0'05% NaCI
0'07% NaCI

(c)

In O·04N cement extract

0·005.0'007 and 0'008% NaCI
0'009% NaCI
0'01% NaCI
0'025% NaCI
0'03% NaCI
0'05% NaCI
0'07% NaCI

Fig. 9 - Curves showing the results of anodic polarization studies at constant current

Fig. to - Effect of pH of aerated water on corrosion of
iron at room temperature
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sulphate in concrete after hydration will be' only
one-fifth of the total chloride and one-sixtieth of
the total sulphate present in the fresh materials
and can be easily calculated from the values given
in Table 6.

Corrosion Behaviour of Steel in
1 : 2 : 4 Concrete

It may be seen from Table 7 that when the mini
mum amounts of chloride and sulphate are present

to water and aqueous extracts of concrete are alka
line and fall in the pH range 10-13. It would,
therefore, be expected that steel is likely to remain
passive, when it is embedded in concrete. However,
this condition is likely to hold good only when the
aqueous environment is free from salts which can
induce corrosion. The question that arises is how
the inhibitive environment provided by the alka
linity of 0'06-0'0IN is modified by the presence
of solUble salts like chloride and sulphate. It was
mentioned earlier that a very sensitive method of
finding this out is by means of the anodic polari
zation technique. The concentrations at which
chloride and sulphate are corrosive when present
individually and when present together are given
in Table 4.

Soluble Chloride and Sulphate Present
in Bul1din~ Materials

The minimum. average and maximum amounts
of soluble chloride and sulphate present in the fresh
building materials and natural waters used for
building construction have been worked out on the
basis of results discussed earlier. The values are
given in Table S. The total amounts of soiuble
chloride and sulphate (in ppm) in raw mix of 1: 2: 4
concrete have been calculated from the data given
in Table 5 and are presented as ppm in Table 6.
As mentioned earlier the available chloride and
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·Water/cement/sand jelly ratio: 0'7: 1: 2·6: 4·4 by wt.

TABLE 6 - CALCULATED CHLORIDE AND SULPHATE IN
1: 2: 4 CONCRETE·

TABLE 4 - TOLERABLE LIMITS FOR CHLORIDE AND SULPHATE

TO BE INHIBITIVE OR CORROSIVE

TABLE 5 - CONSTITUENTS PRESENT IN THE BUILDING
MATERIALS AND NATURAL WATER

RemarksNormality
reqd to keep
the environ-

ment
inhibitive

Salt content
in capillary

water· (free of
concrete). ppm

TABLE 7 - ELECTROCHEMICAL BEHAVIOUR OF STEEL
EMBEDDED IN CONCRETE UNDER URDINARY

CONDITIONS

·Salt content in capillary water has been calculated
assuming the porosity of 1: 2: 4 (C to te 1(;%.

concrete using portland cement is 0·06N. The
environment around steel will be highly corrosive
ftom the beginning itself, when the maximum
amounts are present.

Entry of Corrosive Salts from
External Atmosphere

It was earlier mentioned that in a marine atmo
sphere or an industrial atmosphere, corrosive salts
(along with the rain water) can get into the pores
of the concrete and are thereby likely to increase
the salt concentration at the reinforcement. The
effect of increase in the salt concentration on the
environmrnt around sterl rrinforcement is shown
in Table 8. The rates of diffusion of chloride and
sulphate through good concrete obtained for a cover
thickness of I in. (as given in col. 2) are made use
of in obtaining the data presented in Table 8. It
is of interest to note that even good concrete (origi
nally inhibitive with the available alkalinity and
salt content) is likely to become corrosive in less
than two years under extreme marine conditions
if the concrete becomes wet for 15 days in the year
only. It is to be remembered in this connection
that the thickness of concrete cover over the rein
forcement is much greater than I in. in the upward
direction in roofing and the quantity of sea salts
entering inside the buildings in marine atmosphere
is perhaps much less than outside. Under milder
atmospheric conditions, the concrete is likely to
become corrosive within 17 years or 27 years, de
pending upon the salt content of the condensed
mOisture. On the other hand, even under the ex
treme industrial atmosphere, it takes not less than
40 years even if the concrete becomes wet for 90
days in a year. When the average amount of salts
is present in concrete, the number of years required
to obtain a corrosive environment is further de
creased as shown in Table 8. The life of concrete
construction is principally determined by the free
chloride content in the concrete, since under all
conditions, the free sulphate content remains small
in comparison with the chloride content and the
tolerable limit for sulphate is very much higher
than that for chloride.

Cl SO,

Min. val. 2 14 0'01-0·02 Inhibitive condi·-
tions maintained

Av. val. 100 30 0'04 Inhibitive ccndi-
tions likely to be
maintained

Max. val. 2360 70 Highly corrosive
conditions ob-
tained

Jelly

0·005
0'009
0·014

o
o
o

Sulphate
ppm

82·5
178
408

Corrosive

6 CI
22-5 SO.

65 CI
175 SO.
ISOC!

2900 SO.
250 CI

3300 SO.
400 CI

7300 SO.
600 CI

13500 SO.

55 CI
105 Cl
200 CI
27 CI
15 CI
5 CI

Chloride
ppm

1
50

1180

Inhibitive

Amount of Cl or SO•. ppm

5 CI
20 SO.
60 CI

170 SO.
130 CI

2750 SO.
225 CI

3250 SO.
375 Cl

7200 SO.
575 CI

13250 SO.

50 CI
100 Cl
175 CI

24 CI
12 CI

ClorSO. Water Portland Sand
content cement
wt%

CHLORIDE CONTENT

Min. value 0·0007 0·0004 0
Av. value 0·0517 0'0072 0
Max. value 0·9494 0·05 0·12

SULPHATE CONTENT

Min. value 0'0003 0·042 0·003
Av. value 0'0111 0·0841 0·009
Max. value 0'1142 0·18 0·013

Minimum value
Average value
Maximum value

in I: 2: 4 concrete (porosity, 10%), inhibitive con
dition will be maintained, since an alkalinity of
0'01-0'02N is only required to obtain inhibitive con
ditions, and this is readily obtained in good concrete.
In the case of average amounts, even though the
steel can tolerate the corrosive salts at a normality
of O'04N, if the alkalinity is brought down by car
bonation, etc., then the conditions are more likely
to be corrosive. It was shown earlier that the
highest alkalinity that can be obtained in I: 2: 4

. ·The figures in parentheses represent SO. in ppm present
In the aqueous environment.

Normality of
NaOH

N

0·01
0·01
0'02
0·02
0·04
0'04
0·06
0·06
0·08
0·08
0·10
0·10

0'02(+100)·
0'04( +500)·
0'06(+1000)·
0'06(+1250)·
0'06(+2500)·
0'06(+3000)·
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TABLE 8 _ ELECTROCHEMICAL BEHAVIOUR OF STEEL EMBEDDED IN 1: 2: 4 CONCRETE UNDER ACCELERATED CONDITION

Salt cone. in rain water Diffusion Rainy days Added salt Total salt content in a No. of years reqd
rate per year content year. ppm for environment to

ppm/sq em/day per year be corrosive
Cl SO.

CONCR~TE CONTAINING MINIMUM AMOUNT OF FREE SALTS

1% NaCl as CI (marine atmosphere)
0·1% NaCI
0'01% NaCI

1%NaaSO. (industrial atmosphere)

8·64
0'864
0'09

0·86

15
15
90

90

130
13
8

77

132
15
10

2

14
14
14

90

Less than 2 years
About 17 years
About 27 years

About 40 years

CONCRETE CONTAINING AVERAGE AMOUNT OF FREE SALTS

1% NaCI as CI (marine atmosphere)
0'1.% NaCI
0'01% NaCI

1%NaaSO. (industrial atmosphere)

8·64
0'864
0'09

0'86

15
15
30

60

130
13
3

52

230
113
103

2

30
30
30

82

Less than 1 year
About 10 years
About 45 years

About 60 years

TABLE 9 - ELECTROCHEMICAL BEHAVIOUR OF STEEL
EMBEDDED IN DIFFERENT CONCRETE MIXES

1 :11:3 S4 16 0·02 Inhibitive condi.
tions likely to be
maintained

1:1 :2 66 20 0'03-0'04 do
1:2:4 100 30 0·04 do

LIMEJSUR~I/BRICKJELLY

Comparison of Corrosion Behaviour in
Various Cement Concrete and Lime
Concrete Mixes

The data presented in Table 9 give an idea of
the free chloride and sulphate salts that are likely
to influence reinforcement corrosion when salts
are present in the building materials at average
value level. It is seen from Table 9 that under
average conditions, inhibitive conditions are lik~ly

to be obtained in cement concrete. In the case of
lime concrete, the free chloride content is likely
to be higher than that can be tolerated by the
alkalinity that would develop in lime concrete, which
would never exceed 0·06N. However, it is also to
be pointed out here that the chloride values men
tioned in Table 9 have been obtained from the chlo
ride present in lime and water. The other building
materials, namely brick jelly and sand. are considered
to be free from chloride. If lime free of chloride
is used in the lime concrete, the soluble chloride
in the concrete would be much less and inhibitive
conditions may perhaps be obtained.

PREVENTIVE MEASURES

Inhibitor for Corrosion Prevention In
Reinforced Concrete and Brickwork
Constructions

It was shown earlier that reinforcement corrosion
takes place when corrosive salts, such as chlorides
and sulphates, increase and sufficient alkalinity is
not obtained within the concrete to maintain steel
passive. An inhibitive mixture has, therefore, been
developed which ensures that alkalinity of con
crete is maintained at a sufficiently high level con
sistent with the physical characteristics required
of good quality concrete and the inhibitor concen
tration within the concrete is adequate to keep.
steel passive in the presence of maximu~ amounts
of chloride and sulphate that may be introduced along
with the building materials and water.

In order to develop the inhibitor, experiments
were first carried out with O'06N NaOH solution,
which is believed to be the highest alkalinity that
can be obtained in 1: 2: 4- concrete. This solution
was made corrosive by the addition of adequate
amounts of sulphate and chloride and the effect
of adding inhibitive substances like glue and am
monium stearate was considered. From anodic
polarization measurements it was observed that all
these substances were unable to make the solution
inhibitive. It was also observed that when sodium
carbonate or trisodium phosphate was added to
a corrosive cement extract, the cement extract
became inhibitive. Experiments were, therefore,
conducted by mixing the substance with cement
and preparing extract with water or by dissolving
the substance in water and preparing extract with
cement and estimating the alkalinity of the extract.
The results obtained with some alkaline materials
are given in Table 10. It is seen that when the
substance is mixed with water, a higher alkalinity
is obtained. The experiments were next repeated
after incorporating a certain amount of sodium
chloride into the water used for preparing the extract,
to find out if corrosion is prevented under these
conditions also. It is seen from Table 11 that the
substances which raise the alkalinity cannot make

Remarks

Corrosive condi-
tions obtained

do

0·08

0·08

Normality
reqd to keep
the environ·

ment
inhibitive

10

10

300

320

Salt content
in capillary
water (free of

concrete). ppm

Cl SO.

CEMENT/SAND/GRANITE

Ratio of
the mix

1l=1l:S

1:1 :3
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Visual observationSystem

TABLE 13 - RESULTS OF 75 HR TEST ON SALT FOG
. CHAMBER

Cement slurry without inhihitor Numerous rust spots

0'06

0·06
0·06

0'08
0·12

0·10

0·08
0·11
0·14
0·20

Water

With
0·25%
NaCI

Corrosive

Corrosive

Corrosive

Visual
observation

Innumerable rust
spots

No rust spots

0·18

0·07
0·09
0·095

Cement

Nature of the extract

Alkalinity, N
Substance mixed with

Without
NaCI

Inhibitive

Corrosive

Corrosive
Inhibitive

Corrosive
Inhibitive

System

0'5
1'0

0·5
1·0
1·5
2·0

0'5
1'0
1·5
2'0

Amount
added

(% bywt
of cement)

(a) Control

(b) New inhibitor
system

(a) Control More than 10 rust
spots

(b) New inhibitor No rust spots
system

Substance

RA]AGOPALAN eI al.: SOME ASPECTS OF REINFORCEMENT CORROSION &: ITS PREVENTION

the ISS of not earlier than 30 min.) Hence, in
subsequent experiments, mixtures of various inhi
bitors and alkaline substances were considered so
as to get an additive which, while not affecting
the physical characteristics of concrete, prevents
corrosion when chloride is present to the extent
that can be introduced through cement, sand, jelly.
and natural water.

The performance of the inhibitor system that
was finally developed in the various tests mentioned
above is shown in Table 12. The new inhibitor
for prevention of reinforcement corrosion in con
crete is covered by Indian Patent Application
No. 109784 dated 18 March 1967.

Protective Surface Coatin~s for Concrete
The accelerated test described elsewhere (Raja

gopalan, K. S. & Chandrasekaran, S., unpublished
work) simulates as well as accelerates the conditions
of exposure of concrete structures. So, various
coatings to concrete were screened by this method.
It was found that most of the coatings mentioned
in literature are unable to prevent reinforcement
corrosion by permeation of the salt solution through
the concrete. However, the results obtained with
some modified formulations based on cement, bitu
men, wax, etc., seem to be promising. Tests with
these coatings are in progress. .

Protective Coatin~s Based on
Portiand Cement

When immersion tests in synthetic sea water
were conducted to examine the efficiency of the
various additions that have been suggested in lite
rature, only ammonium stearate-glue mixture seemed
to be the most effective of all the systems!O examined.
The protection given by this system was further
tested under more accelerated condition in a salt
fog chamber. The results are given in Table 13.
It is seen that the inhibitor system is not effective,
even though it is better than the coating without
the inhibitor. Apart from the poor corrosion per
formance, the adhesion and hardness of the coating
systems mentioned above were also very poor.

Substance

TABLE 10- RESULTS OBTAINED WITH ALKALINE
ADDITIVES TO MAKE CEMENT EXTRACT INHIBITIVE

Details of test

TABLE 11 - RESULTS OF EXPERIMENT WITH FURTHER
ADDITION OF NaCI TO THE EXTRACTS SpECIFIED IN

TABLE 10

TABLE 12 - PERFORMANCE OF THE INHIBITOR SYSTEM
DEVELOPED FINALLY

Immersion in syn
thetic Sea water
for 30 days

500 hr in salt fog
chamber

Sodium hydroxide

Trisodium phosphate

Control (cement extract alone)

Sodium carbonate

Control (cement
extract alone)

2% sodium carbonate
3%'sodium carbonate

1% sodium hydroxide

0'5% trisodium phosphate
2% trisodium phosphate

the' extract inhibitive, when sodium chloride was
also incorporated along with the substance. The
effect of addition of alkaline substances on the set
ting properties, compressive strength and 1;>onding
strength of concrete was also studied and it was
found that additions of alkaline substances in the
amounts required to prevent corrosion affect the
various physical characteristics adversely. (The
initial setting times for the control, addition
of 1-3% sodium carbonate and of .1-3% tri
sodium phosphate are 65, 5 and 15 min respec
tively, compared to the setting time specified in

Cement slurry+O·OI % am- > 15 big rust spots
monium stearate+O·l % glue
+0·01 % water glass·

Cement slurry+O·l %am- 12-22 big rust spots
monium stearate+0'5% glue
+0·1 % water glass·

Cement slurry+O'1 % am- 10-13 big rust spots
monium stearate+ I % glue
+0,15% water glass·

·Since it was earlier seen that bonding was not good in
the case of ammonium stearate-glue system, water glass was
added with the idea of improving the bonding.
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TABLE 14 - COMPARISON OF THE PERFORMANCE OF THll
NIlW CoATING DEVELOPED WITH SOME COMMONLY

KNOWN PROTECTIVE SCHEMES
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corrugated steel sheets, pipelines, temporary bridges
. made of steel structures, electric poles, etc. The

new coating is covered by Indian Patent Appli
cation No. 112440 dated 28 September 1967.

300 hr in salt fog New scheme Good
chamber

4 coats of bitumin- Good, but paint
ous paint softens and is

easily removed

TABLE 15 - CoMPARISON OF THE PERPORMANCE OF THE
NEW CoATING WITH THAT OF PORTLAND CllMENT SLURRY

COATING

Portland cement Uniform and heavy Easily removed
slurry coating rusting of steel base when scrapped

with a sharp' tool

Summary

The results of an investigation into the cause
of corrosion of reinforced brickwork (RB) and
reinforced concrete construction (ReC) are pre
sented. The alkalinity of cement and concrete.
and the chloride and sulphate contents in building
materials were studied. The alkalinity decreases
from a maximum of 0·15N for aqueous extracts of
cement for a water-cement ratio of 0·7: 1 to 0'04N
at higher water-cement ratios. The highest alkali
nity obtained from extracts of cement-sand mortar
or 1: 2: 4 concrete is 0·06N. While sand and stone
aggregate are normally free from chloride, signi
ficant amounts of chloride (maximum 0·05%) can
be extracted from cement and natural water can
contain up to 0'95% chloride. More of sulphate
is extracted from cement than chloride. The soluble
chloride and sulphate react with cement and their
concentrations are brought down to one-fifth and
one-sixtieth respectively.

The rate of permeation of water and diffusion
of salt through lime concrete, which is used in RB
constructions, is- very much larger than that for
1: 2: 4 concrete, which is itself quite appreciable.
The higher water permeation and diffusion of salts
through lime concrete can explain the higher
incidence of reinforcement corrosion in RB con
structions.

The shift of potential from positive to negative
direction in the case of steel embedded in O·IN
NaCI solution is attributed to the breakdown of
the passivity of steel in the alkaline environment
provided by concrete. An elegant method of study
ing the breakdown of passivity of steel in alkaline
solutions by the introduction of chlorides and sul
phates has been developed. The method, which
consists in passing a chosen value of anodic current
through the steel-solution interface and observing
the potential-time characteristics, has been very
useful in quickly determining the tolerable limits
of chloride and sulphate in a very large number of
solutions. Below the tolerable limit, the potential
goes to oxygen evolution potential and remains at
this valm:.· ·Above the tolerable limit, the potential
goes to oxygen evolution, but falls back in less than
5 min. With this method it has been observed
that extracts of fresh cement are corrosive, but
extracts of set cements are non-corrosive. This
is explained by the fall in the concentration. of
soluble chloride and sulphate by reaction with
cement. It is shown by this method that the alkali
nity produced in cement concrete by the liberation
of free lime and free alkali during setting can
tolerate' only 130 ppm of chloride or 2750 ppm of
sulphate. Beyond 100 ppm of chloride and 550
ppm of sulphate, O'04N alkaline solution becomes
corrosive.

The total amounts of soluble chloride and sulphate
in raw mix of 1: 2: 4 concrete as well as in set con
crete were calculated for the minimum, average
and maximum amounts of soluble chloride and

Abrasion
resistance and

adhesion

Performance

Protection against
corrosion (300 hr

in salt fog
chamber)

Steel base unaffected Hard to remove
by brushing or
scrapping

2 coats of red lead+ Paint dissolves
2 coats of red oxide

2 coats of red lead+ Good
2 coats of red oxide

New scheme Good

4 coats of bitumin- Good, but bulging
ous paint all over the sur-

face

Protective schemeTest

Protective
coating

The performance of a new protective coating based
on cement slurry and inhibitor mentioned earlier
is compared with those of some commonly known
protective schemes for steel structures in Table 14.
This new protective scheme can be applied by brush
jng or spraying. It is seen from Table 14 that
the new 'protective coating is resistant to chloride,
alkaline medium, sulphate and high temperature.
The performance of the new protective scheme is
compared with that of cement slurry' coating in
Table 15.

The. new coating is based entirely on indigenously
available raw materials and it does not incorporate
any toxic constituents. Any removal of coating
can be rectified easily by touching up the exposed
portion. Apart from reinforcement, a few more
fields of application for the new coating are:

New \,rotective
coating

Immersion in
10% sodium
hydroxide soln
for 5 days

Immersion in New scheme Good
to% ammo.nium

4 coats of bitumin- Goodsulphate soln
for 15 days ous paint

2 coats of red lead+ Good
2 coats of red oxide

Immersion in hot New scheme Good
water (70·90oq
for' days
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sulphate present in fresh building materials. The
amounts of available chloride and sulphate in capil
lary water in set cement concrete were also cal
culated. Assuming an average porosity for water
permeation of 10°/0. it is shown that only when
the minimum and average amounts are present,
the alkalinity obtained in concrete (I: 2: 4) is ade
quate to keep the capillary water inhibitive. Even
when the average amounts of chloride and sulphate
are present initially, gradual diffusion of the
salts into the concrete in industrial and marine
atmospheres can change the conditions around the
reinforcement from inhibitive to corrosive.

An inhibitive mixture. which ensures that the
environment around reinforcement can remain in
hibitive, even at the maximum concentrations of
chloride and sulphate that can be obtained in prac
tice, has been developed. Waterproof coatings to
concrete which can prevent diffusion of chloride
and sulphate have also been studied.
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Corrosion of Metals in Buildings
K. S. RAJAGOPALAN, N. S. RENGASWAMY & T. M. BALASUBRAMANIAN

Central Electrochemical Research Institute, Karaikudi 3

FAULTY design has been reported to be a
major factor leading to the corrosion of
steel and iron in buildings1. For example,

the corrosion of steel window frames is most intense
on the horizontal members where moisture col
lects outside either as rain or dew and inside as
condensed steam. The danger that water will be
trapped in the joints can be greatly reduced by
careful use of putty to. seal the cracks and to bevel
the edges of the steel sections. so as to facilitate
drainage. Yet more often than not this simple
step is omitted. .

Two rolled steel joists carrying ,the floor of a
refrigeration chamber were placed so closely together

• that they could not be reached for painting. Heavy
condensation of moisture led to dangerous rusting
on the inner surfaces of the joists. The steel work
had to be replaced after a premature life of 20 years.

Heavy steel girders which carried the roof of a
concert hall below and supported an esplanade
above (Fig. 1) became dangerously corroded when,
because of war damage, cracks developed in the
concrete on the top and water penetrated into the
enclosed roof space. The entry of water above
the ends was made easier by the fact that a gutter
ran immediately above the ends of the joints.
Another source of weakness was a hollow cast iron
baluster built-in-section. Water entered this at
the joints and seeped through porous brickwork
to the concrete below. The remedy adopted after
the corroded steel work was replaced was to
redesign the roof in such a way that the surface
water was carried clear; special attention waS at

the same time paid to the waterproofing of con
crete.

Another factor responsible for serious corrosion
in buildings is inadequate initial protection of steel
or subsequent neglect in maintenance. A simple
example of this is a corroded girder bracket, which
had been screwed to the eaves without painting
the surface next to the wood and the contact with
wood tended to corrode bare steel.

Some lavatory cisterns made from 16 gauge sheet
steel and finished \vith vitreous enamel had failed
prematurely due to corrosion. Investigations
showed that the real cause of corrosion was the
damage to the coating during transport, loose fittings,
such as brackets and unicns, having been poorly
packed and carried loose inside cisterns causing
mechanical damage to vitreous enamel.

Failure was observed under the eaves in a house
clad with sheet steel, as the eaves were sheltered and
evaporation of condensed moisture was retarded. It
was necessary to use a special water-resistant finish
ing paint for this surface in addition to the usual
three coats.

Within six months, steel cupboards placed inside
domedic kitchens had developed rust both on the
flat surfaces and on the edges and bends where
the coating was liable to abrasion. The conditions
inside the kitchens where besides steam, flue gases
from a boiler and from a gas stove were emitted
into the air were thus unsuitable for use of steel
cabinets.

In majority of instance~, reinforcing steel if
embedded in good quality dense concrete with

2& fT lOKGI1'\JOIK~
GIROER.

--::. --------:.::...----==~--=

REHOERIlIG

DETAIL OF DW!ST£!e

Fig. 1 - Roof design: Section through hall
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adequate thickness of cover remains unattacked for
long periods. There have been, however, a number
of cases where corrosion of reinforcement has been
comparatively rapid and progressive. Normally
steel in concrete gets protection because of the
alkaline nature of concrete. But if concrete is car
bonated, this immunity is' lost. Steel in aerated
concrete is, therefore, more vulnerable to corrosion
than steel in dense concrete, both because of easier
acce~s to moisture and rapid carbonation of free
lime in the concrete.

In a normal reinforced concrete structure, the
tensile stress in the steel is comparatively low. But
in prestressed concrete the steel is permanently
held in tension with a stress equivalent to about
65% of its breaking load. It is necessary, there
fore, in prestressed concrete to consider the possi
bility of stress corrosion. A further difference is
that the steel for prestressing is usually thin wire
and consequently any corrosion of the wire affects'
a greater proportion of the working cross-sectional
area. The use of steam curing in conjunction with
calcium chloride to accelerate the hardening of
concrete has been reported to promote corrosion
of prestressed concrete.

HISTORY AND DEVELOPMENT OF
REINFORCED CONCRETE

CONSTRUCTIONS

The use of reinforcement in concrete was first
made in 1850, twenty-five years after the inven
tion of portland cementI. Lambot in 1850 con
structed a small boat of reinforced CO:1crete and
in 1855 exhibited the same at the Paris exhibition.
In 1861, Monier who was a Parisian gardener, con
structed tubs and tanks of concrete surrounding
a framework or skeleton of steel wire. In the same
year, Coignet proposed constructions of reinforced
beams, arches, pipes, etc. In 1867, Monier took
out patents on reinforcement consisting of two sets
of parallel bars, one set at right angles to and lying
upon the other, thus forming a mesh of bars. The
work of Monier was followed up by two German
engineers, Waysis and Bauschinger, who proved
that rein forced concrete is a valuable means of
construction and thereby promoted its extensive
use in Germany. In France, many systems of
reinforcement were invented from time to time,
including that of Hennebique, who introduced stir
rups and bent-up bars. In England, Hyah built
beams of concrete reinforced with metal in various
ways in 1877. In between 1884 and 1892, the build
ings of the California Academy of Science and
the Museum of Leland Stanford Junior University
were constructed using rein forced concrete and
they were found to withstand the shocks of the
earthquake of 1906 remarkably well. Reinforced
cement concrete appears to have been first introduced
in India in the beginning of this century.

Reinforced concrete has become one of the most
widely used materials of construction, because of
the ease with which concrete and steel can be fabri
cated into structural members, utilizing the desir
able attributes of both the materials. Concrete
is good in compression but weak in tension. Steel

is good in tension. If steel bars are embedded pro
perly in the cross-sections of flexural members,
the steel can be made to carry the tension, while
concrete resists compression as well as protects
steel against corrosion. Moreover, because of the
adhesion between concrete and steel and because
of mechanical interlock between deformations on
steel bars and surrounding concrete, the concrete
supplies the grip or anchorage required to enable
the steel to resist tensile forces. Steel is also used
to reinforce concrete compressively in columns and
near the compression face of some beams, to resist
the diagonal tension that accompanies shear in
beams, to serve as ties and spilal reinforcen:eat
in columns and to minimize or distribute cracks
which tend to form because of temperature cbanges
or shrinkage in concrete.

Concrete to be used in reinforced constructions
should be of high quality with less permeability
and high mechanical strength. The cement used
may be ordinary portland cement or any other
suitable cement (high alumina, fly ash, blast furnace
slag, supersulphate, etc.). The fine aggregate may
be river sand, pit sand or thoroughly cleaned sea
sand. The coarse aggregate may be crushed stone
(hard sandstone, trap, granite, hard limestone,
gravel, cinder, blast furnace slag or hard broken
brick). Potable water has been used in n~aking

concrete.
In modern practice, steel is used in many a form

in combination with cement concrete. Conven
tional concrete reinforcement is usually in the form
of bars (plain, twisted or deformed), wire mesh
(welded or woven) or expanded metal fabric (various
patented systems). But concrete is also used
jointly with a structural steel or cast iron column
or steel pipe filled with concrete to form a ccmposite
column. Structural shapes, beams and girders are
often encased in concrete that serves no structural
function beyond that of fire-proofing and pro
tecting the steel members. Steel and concrete
are combined in other ways as in the steel-plate
trough type of construction (Truscon-Floretyle
American system) sometimes used for floor and
bridge slabs. Peculiar shapes like deck reinforce
ments are also sometimes employed.

Types of ConstructionS"

The conventional solid-slab beam and girder
floor consists of a series of parallel beams supported
at their extremities by girders which in tum frame
into concrete columns placed at more or less regular
intervals over the entire floor area (Fig. 2). This
framework is covered bv a one-way reinforced con
crete slab. As the slabs, beams and girders are
designed as T-beams, advantage is taken of conti
nuity (Fig. 3a, b); one-way solid reinforced concrete
slabs are also used over the steel beams of a steel
frame building. In precast constructions, the pre
cast slabs may be supported direct upon walls or
placed between rolled steel joists. The sides are
grooved to form joggles. Cement mortar is used
to grout the joints.

Expanded metal (rib mesh) floor consists of three
types. Jack-arch type (Fig. 4) consists of rolled
steel joists of the required section placed on the

397



J. SCIENT. IND. RES., VOL. 28, OCTOBER 1969

SECTION AI.'

Fig. 2 - Conventional solid-slab beam and girder door
design

centres and on the top of these joists, an RCC slab
of the required thickness is cast. The mesh sheets
are generally used in the concrete slab. The bottom
reinforcement provided in the slab is continuous,
which takes up the bottom tension and the top
reinforcement consists of strips and takes lip top
tension. Floor with RSJ encased in concrete (Fig. 8)
consists of joists encased in cement concrete and
the mesh sheet placed just a little below the top
flanges of the steel joists.

Ribbed floor consists of a series of small closely
spaced reinforced concrete T-beams framing into
beams or girders, which in turn frame into the
supporting columns. The T-beams are formPon
by placing a row of fillers in what would otherwise
be a solid slab. The fillers may be special steel
pans, hollow clay tile or light-weight concrete tile
blocks or ordinary wood forms (Fig. 9a, b). Since
the strength of concrete in tension is low and is
commonly neglected in design, the elimination of

Fig. 4 - Jack-arch door design

Fig. 5 - Flat door design

Fig. 3 - (a) RC beam and RC slab design; and (h) steel
beam and RC slab design C!MfHT PLllInll

Fig. 6 - RCC T-ribbed door design

Fig. 7 - Floor design with RSJ supports

Ala NISM STRIP. • ••, ••".m~ct··; ..• =~ ...••.•
R.i.T.

""'0111C5MONT PLAsn..woaDIN FII.1.IT

walls to span the distance at 2-4 ft centres and
hy-rib or self-centring steel mesh sheets are laid
in the form of an arch between the steel joists. On
the top of these sheets, cement concrete is laid.
The undersurface of the floor' is cement-plastered.
Flat floor type (Fig. S) consists of steel joists placed
on the walls at the required spacing and the hy-rib
or self-centring steel mesh sheets laid horizontally
between the steel joists. The steel sheets rest di
rectly on the top of the lower flanges of the joists.
RCC T-ribbed floor (Fig. 6) consists of rolled steel
joists replaced by RCC T-ribs and a concrete slab
is cast monolithically with these RCC ribs. A flat
ceiling of hy-rib or self-centring mesh and cement
plaster is provided at the bottom of the T-ribs with
the aid of wooden fillet pieces in order to give a
better appearance. Floor with RSJ supports (Fig. 7)
consists of joists placed on the walls at 2-4 it
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much of the tension in a slab by the use of fillers
results in a saving of weight with little alteration
in the structural characteristb of the slab. Ribbed
floors are economical for buildings where live loads
are fairly small and the spans comparatively long.

In steel deck floors with concrete slab (Fig. 10),
light gauge steel deck is covered with a concrete
slab for floors. The deck acts as formwork for the
fresh cO:Jcrete and reinforcement for the hardened
slab. This type of construction is fast and the
expensive framework is eliminated. Sometimes
corrugated sheets are used as decks. Transverse
wires are welded to the ridges of the sheet to provide
bond between the sheet and the slab and to serve
as shrinkage and temperature reinforcement. Ordi
nary deformed bars are used for negative reinforce
ment over the supports.

In ftIler-joist floors (Fig. 11), mild steel joists
are spaced at 1'5-3 ft centres and the spaces between.
the joists are filled with cerr.e.lt concrete. The
floor is then finished in one of the usual ways.
Sometimes old rails are also used a~ reinforcement
and thus the cost of the reinforcement is reduced.
Timb< r finishing is also done using 2X 2 in. teakwood
bearers at 15 in. cjc and teakwood boarding across
the bearers.

Reinforced brickwork constructions - The design
of reinforced brickwork structures is based on the
same general principles of design and analysis as
are adopted for the design of similar RCC struc
tures. Best bricks are selected for the work. But·
strength of bricks is so variable that we cannot
have a universal rule as in concrete work. The
concrete for reinforced brickwork consists of well
graded fine aggregate. The bricks should not
contain harmful amount of soluble salts.

Fig. 12 shows the construction details of Bnb.ler
type RCBW roofs (National Buildings Organi
zation, New Delhi, private communication). The
reinforcements are located between bricks and are
approximately 12 in. apart. The reinforcement
rods vary from 1to f in. diam., depending upon the
span length. The reinforcement rods are usually
given a covering of cement-sand mortar or con
crete (0'75-1'5 in. thick). O.ver the brickwork,
cement concrete of 1: 2: 4 or 1: 1'5: 3 ratio is applied
to the extent of 2 in. A distance of 2 in. is usually
specified between brick to brick and this space is
also filled up with cement concrete. Over cement
concrete, 3-4'5 in. thick lime terracing made of
lime: surkhi: brick ballast in the ratio 1'5: 1-5: 5
or 1: 1: 3 is laid (for taking up compression). Mud
phuska (puddled clay mixed with chopped straw)
varying in thickness (0'75-4 in.) is provided over
the lime concrete to serve as thermal insulator.
Mud-phuska is sometimes followed by a single layer
of brick tiles laid in cement mortar. Lastly a water
proof coat of bitumen is given. In the underside
of the terrace, a 0·5 in. layer of lime plaster (liDle:
surkhi: sand of 1 : 2 : 2 ratio) is applied. The lime
terracing and the subsequent mud-phuska are given
a slope of 1j40th to 1j60th so as to facilitate easy
drainage. In RCCB constructions (Fig. 13) hollow
tiles are used in place of brickwork. Another type
of construction uses a combination of cement con
crete and brickwork without much extra cost.

Fig. 8 - Floor design with RSJ encased in concrete
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Fig. 9 - Ribbed 1I00r with (al steel tiles and (bl hollow
clay blocks
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Fig. 10 - Steel-deck 1I00r with concrete slab

Fig. 11 - Filler-joist 1I00r
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Fig. 12 - Brebner type RCBW roofs
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Reinforcement Corrosion in Different
. Countries

A surveylO made in 1916 of numerous concrete
structures along the seaboard of the United States
revealed that the majority of the reinforced con
crete structures subjected to sea water action showed
evidence of deterioration or failure due to the cor
rosion of the embedded reinforcement above the
water line. Palumbo" has reported a case where
a reinforced concrete tank was fissured by the ex
pansion of reinforcement rusting because of seepage
of water through the concrete. Loos12 has cited
a typical case of the complete destruction of rein
forced concrete structures in Java harbour which
were constructed according to the best practice
of the time.

In 1929, a large series of tests were commenced
in United Kingdom by the Institution of Civil
Engineers on the resistance of reinforced concrete
to attack by sea water13• It was found that the
reinforced concrete piles suffered less from the direct
attack of concrete and deterioration arose prim,rily
from corrosion of the reinforcement with cons~quent

cracking and spalling of the concrete.
The major portions of the San Mateo Haywa:d

bridge in California Division of Highways consist
of a reinforced concrete two-lane causeway, seven
miles in length. The structure was built in 1928-29.
Starting about 7 years after initial construction.
an unexpected maintenance problem developed
because of the excessive spalling of the concrete.
Investigations14 disclosed that the spalling of the
concrete was the result of accelerated corrosion
of the reinforcing steel. Despite initial preventive
measures like painting. the afflicted areas of corro
sion increased progressively and were to be found
in the concrete pilings, caps. diaphragms. main
deck beams and occasionally in the underside of
the deck.

Failures of sea water structures have been observed
in Norway and these have been found to arise
from rusting of reinforcement!·. Schikor11 has
mentioned that steel conduits in moist concrete
were completely corroded in a few years. Vollmer"
found mild corrosion to occur in normal concrete
after one year.

The reinforced concrete columns in a new school
building in the Middle East! developed extensive
cracks within a year of construction and in places
steel had corroded to a depth of about 1lr in. The
rusting of the steel that had caused the cracking
was found to be due to the high chloride content
of the concrete surround. The chlorides were intro
duced mainly with the mixing water and probably
also with the sand which was collected from the
seashore.

Within 25 years of the construction of a reinforced
concrete band stand at a seaside resort (UK), the

R.c.c.t!l.-
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From the age of the structure and the original
diameter of the reinforcing steel in the case of two
south coast bridges in Africa. the corrosion rate
was deduced as 0,006-0·010 in.{year9• This rate
is considered severe when compared to the atmo
spheric corrosion rate of bare steel in marine
locations.

REINFORCEMENT CORROSION AND
ITS PREVENTION

Fig. 13 - RCCB construction

The corrosion of iron and steel in contact with
concrete is of much greater importance than all
other cases of corrosion of metals. This is not
merely because the amount of metal involved is
greater, but also because metal which is corroded
is load bearing and the durability of the structure
may depend upon the control of this corrosion. It
is reported· that the world consumption of concrete
during 1963 was of the order of 3000 million tons
and the steel required as reinforcements in so much
concrete can be expected to amount to several
million tons. It was estimatedl that in the United
Kingdom, 330,000 tons of steel were ~ed as rein
forcements in concrete in 1957. A substantial
proportion of the 6 million tons of steel produced
in this country must also be going towards rein
forcement in concrete.

Any corrosion of the reinforcement results in
the formation of rust which occupies a volume
about 2·2 times that of the iron from which it is
formed'. This corrosion product has literally no
place to go, so that it produces large internal pres
sures8 (as high as 1 ton per sq in. I) in the structure
and cracks .the concrete. After a crack has been
formed in this way. the steel corrodes even' more
rapidly. leading ultimately to complete failure of.
the structural member involved. Furthermore. the
resulting brown rust stain on the structure is most
unsightly. According to Halsteadl , a brown stain
first appears on the reinforced concrete surface.
At this stage. there is no evidence of cracking.
Later. a fine crack appears coincident to the steel
underneath the surface. The crack widens with
time and eventually the concre~e over the reinforce
ment is spalled off and the reinforcing steel is ex
posed to the atmosphere. The deterioration does
not always follow this pattern exactly. Often the
brown stain is absent. However, the result is
always the same. By the time the crack appears,
the steel has corroded. When the crack has widened
to the point where spalling of concrete is imminent,
the probability is that the reinforcing steel has been
appreciably reduced in section with the associated
loss of structural strength.

Concrete (1'5 in. thick) on top takes the compression.
The ribs are designed as T-beams. Bricks may
be laid in 1: 6 cement mortar. Rods are well
surrounded by mortar or concrete. Similarly, there
should be sufficient cover at the bottom. The
rods in no place should touch bricks.
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concrete became badly cracked due to the corrosion
of steel reinforcement l .

Shermer18 reported typical corrosion of reinforcing
steel in a lumber drying kiln where the concrete
was exposed to warm moist air.

In the Union of South Africa, it has been ob
served9 that reinforced concrete structures exposed
to marine atmospheres deteriorate in a relatively
short period. The conditions are particularly severe
on the south coast of Natal. Minor sections such
as balusters and hand rails of bridges have some
times disintegrated in 4-5 years. It has been ob
served that in marine atmospheres, deterioration
due to corrosion has occurred even when the work
manship, design and general construction practice
are apparently sound.

The majority of reinforced concrete structures
on the American coasts subject to sea water action
have shown evidence of deterioration due to corro
sion1o. The major cause of deterioration both In
Maine and Florida has been rusting of the reinforce
ment causing cracking of the concrete19• In 1959,
an investigation2o by the California Division of High
ways showed that 20 out of 66 reinforced concrete
bridges in an arid desert had evidence of corrosion
of reinforcement within 10 years of service. The
investigation indicated' high concentration of chlo
rides (41000 ppm) in soils to be responsible for
this.

A 200 ft diam. reinforced concrete tank hand
ling magnesium hydroxide slurry was seriously
deteriorated21. Reinforcing rods af ! in. diam. were
completely rusted in some areas. Some 1·25 in.
diam. rods had less than 0·25 in. of section in some
areas. A concrete fence-post showed severe spalling
due to corrosion of the reinforcement in UK22.

Factors Influencing Reinforcement
Corrosion

A concrete is composed of a coarse aggregate
forming the bulk of the mix, a fine aggregate filling
the voids between cement and water to bond the
whole together. The sand or fine aggregate and
the cement may together be regarded as a mortar
in which coarse aggregate is set. One of the most
important factors which vitiate against effective
protection of steel appears to be the human factor,
namely bad practice or poor workmanship.

Workmanship - Even when the same building
materials are used, a .dense portland cement con
crete may remain almost immune from attack,
whereas one of poor quality suffers disintegration
and failure within the course of a few years. The
resistance of concrete to attack is much diminished
by the presence of unfilled patches, segregated layers,
etc. The greatest care has to be exercised in each
one of the following operations: (i) design of the
concrete mixture, (ii) selection and processing of
the constituents, (iii) placement of reinforcing steel
to assure adequate and uniform depth of concrete
cover, (iv) rigid supervision and controls in the
production, transportation, placement and com
paction of freshly mixed concrete, and (v) curing
of concrete.

Permeability - The permeability which measures
the capacity to transmit fluids is of the utmost

importance, since the passivating action of concrete
on steel due to its high pH can be maintained only
by its physical protection and durability. Hayes
and coworkers23 found that curing a.specimen at 79%
relative humidity increased its permeability seventy
fold as compared to properly cured specimens.
The permeability depends on numerous factors
such as water-cement ratio, aggregate size and
grading, richness of mix, method of compaction,
curing, etc. Furthermore, the permeability of a
given concrete section probably is not a constant
quantity but varies with time and history.

On examining the history of an affected rein
forced concrete bridge (San Mateo Hayward bridge)
in California Division of Highways, it was found l '

that high water-cement ratio used at the time of
construction had resulted in a relatively permeable
concrete. In tests on the permeation of salts, it
was found that the chloride concentration in con
crete adjacent to corroded reinforcement was as
great as 0'86% of the dry weight of concrete.

Cover thickness - A minimum concrete cover of
2 in. has been recommended in UK8. Even then
the reinforcement may be attacked. For the pro
tection of reinforcement, it is probably more impor
tant that the concrete should be sufficiently plastic
to envelop the steel in a continuous film, even if
this involves using more cement than would be
necessary merely to provide a given strength. Con
crete cover is a factor to be considered with per
meability because 2 in: of permeable concrete will
yield less protection to steel than 0·25 in. of im
permeable concrete8.

Steel surface - If the surface of steel is contami
nated with salt, it is likely to corrode in concrete
sooner than clean steel. Actively rusting steel
or millscale covered steel is likely to have less
corrosion resistance than steel which has been
cleaned. All the non-alloy steels used as reinforce
ment for concrete have low corrosion resistance.

External agencies - Inhibition of corrosion of
steel embedded in concrete occurs until the con
crete is penetrated by materials which lower the
pH locally and cause micro and macro differential
pH cells to operate on the steel surface. Penetra
tion of concrete by salt, water and air takes place
at more permeable areas and through cracks.
Atmospheric environment in which a reinforced
concrete structure is located is, therefore, highly
significant.

Materials - Berthier2& considered the question
of reinforcement in portland and slag cement con
crete and concluded that there was little difference
between the two kinds of concrete as far as pro
viding protection was concerned. The enviroument
provided by the slag cement concrete may be less
alkaline, but is probably more stable. Erculisse28
examined reinforcing steel after it had been em
bedded in concrete made from coarse slag aggre
gate, fine slag aggregate and slag cement for 10
years and found no surface attack. He concluded
that slag cements are suitable for making rein
forced concrete. A comprehensive investigation by
the German Reinforced Concrete Committee28,27
established that the behaviour of reinforCing steel
in .portland blast furnace cement concrete was no
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TABLE 1 - RESISTANCE OF VARIOUS TYPES OF
CEMENTS

Sulphates Weak Pure
acid water

Ordinary portland Low Low Low
cement

Rapid hardening do do do
cement

Low heat cement Medium do do
Sulphate resisting High do do

cement
Blast furnace slag Medium to Medium to Medium

cement high high
Supersulphated Very high Very high Low

cement
High alumina do High High

cement
Pozzolanic cements High Medium Medium
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different from its behaviour in normal portland
cement concrete. There is a body of evidence to
confirm the general conclusion that there is no ob
jection to the use of slag aggregates for reinforced
concrete provided the slag meets the requirements
of various specifications designed to limit the per
missible sulphur content. Similarly, foamed slag,
which is used as a light-weight concrete, is satis
factory for reinforced concrete if its sulphur content
is not excessive. Clinker aggregates, on the other
hand, are not satisfactory. They appear to cause
corrosion of reinforcement and are not permitted
to be used for making reinforced concrete in UK28.
1he corrosiveness of clinker and boiler slag is pro
bably due partly to the sulphur content and partly
to electrolytic effects. Ash from pulverized fuel
stoked boilers does not appear to be objectionable
when used in concrete and it is even claimedu that
its incorporation in a concrete mix should reduce
corrosion of reinforcement by lowering the permea
bility of concrete. The durabilities of concrete
prepared from various types of cements are given
in Table I (re'. 30).

Calcium chloride is widely used for accelerating
the setting and hardening of portland cement con
crete and an addition of 2% on the weight of the
cement is customary. MullerS1 concluded that up
to 3'8% of pure calcium chloride could be used in
concrete without causing corrosion of reinforce
ment, provided the concrete remains undamaged.
Robson32 stated that calcium chloride is not objec
tionable in dense mixes. Another reportS notes
that steel in porous concrete was attacked when
2% calcium chloride was used in the mix. Hamada"
reached the conclusion that corrosion of reinforcing
steel occurs in concrete containing calcium chloride
even if the concrete is kept dry. Vollmer1? noted
that reinforcing steel showed slight rust deposits
whenever calcium chloride was used. Sokolovich3&

has noted that calcium chloride causes slight corro
sion. Pukhalskii35, in an extensive series of tests,
observed the results of adding up to 10% calcium
chloride or up to 5% hydrochloric acid to concrete.
Corrosion of reinforcing bars was found at early

Cement Inherent resistance to chemical
attack

stages and increased as the calcium chloride and
hydrochloric acid additions were raised above 2%
and 1%respectively. Steel bars were corroded even
when they had 25-70 mm concrete cover.

Electrolytic corrosion - Reinforced concrete may
also suffer attack from one source which is without
influence on plain concrete, namely electrolysis
caused by stray electric currents. In buildings or
structures of any type where, through electrical
leakages, the reinforcement serves as an earth con
veying current, corrosion occurs in damp positions
owing to direct electrolytic action. Railways appear
to be the chief offenuers in this respect. But a
case is reported3S where stray currents in an electro
plating plant caused damage. The general opiriion
appears to be that alternating current does not cause
serious corrosion and that the trouble is unusually
caused by stray direct currents.

Mechanism of Reinforcement Corrosion
Lewis and Copenhagen9 set up various types of

cells to find out which one is likely to play the
more important part in reinforcement corrosion.

Cell 1

Steel I Neutral salt solu- I) Neutral salt solu- I Steel
tion of low con- tion of high con-
centration centration

Cell 1 corresponds to steel embedded in a section
of concrete both permeable and impermeable in
parts where local concentrations of sodium chloride
could build up. The following theoretical consi
derations are important: (1) The Nernst equation,
E = Eo+(RT/NF) log, C. holds for the potential
of a metal with respect to its own ions in solution
only. (2) In the concentration type cell, the half
cell with the lower metal/metal ion concentration
becomes the anode. (3) Although variation in salt
concentration of a neutral solution can affect the
local electrode potential owing to changes in the
oxygen solubility of the solution, this effect becomes
marked at relatively high salt concentrations only.
Thus, it is not expected that type 1 cell will pro
vide any significant potential and that any current
produced is, therefore, likely to be small. Figs. 14
and 15 illustrate the results obtained using the
experimental half cells of this cell. The single
electrode potentials of half cells are recorded in
Fig. 14 and the emf's of the cell formed when each
half cell is coupled to a 1% sodium chloride half
cell in Fig. 15. From Figs. 14 and 15 it is clear
that the steady or equilibrium potential reached
some 24 hr after immersion does not change signi
ficantly with salt concentration and that potential
differences are much smaller than those actually
observed in corroding reinforced concrete.

Cell 2

Steel I Carbonated cement n Alkaline cement I Steel
(low pH) U (high pH)

Cell 2 corresponds to the case of steel embedded
in concrete having both permeable and imperme
able regions where carbon dioxide penetration
at one point could lower the pH by carbonation.
Although, theoretically, a potential difference of



Steel
(cathode)

Steel I Permeable" ~ Less permeable
(anode) concrete concrete

Low pH High pH
High Cl- Low Cl-

Cell 4 is the general case, of which cell 3 is the
extreme condition and is considered to be the
particular cell which is responsible for the corrosion
of reinforcing steel in marine atmospheres. This
would also have a high potential difference and
would lead to significant corrosion.

\
'\

400
\ \
~\ \ ......-........ DISTILLED WATEF\

_ Il<. IIlIQ IqUITlOlI

'~:. \ i\ _'~'7.' .
•.......• -.. •- '" \ I~

&00

;~ I1\
~

vO,•••- ••••• ...A.-
T

~

••• 4' 2ID 501.4'
MIHUTII HOURS

LOll T1MI

RAJAGOPALAN eI al.: CORROSION OF METALS IN BUILDINGS

Cell 3

Steel I carbonat~d cement II Alkalin+cement I Steel

salt salt

Cell 3 is an extension of cell 2, allowing for salt
penetration. The steady potential of steel in
aqueous cement extract (uncarbonated) is about
-0·260 V (saturated calomel). The steady poten-"
tial of the other half cell is -0,700 V and, therefore,
the expected potential difference of a cell of this
nature is -0·440 V. Moreover, the presence of
salt reduces the resistivity of the electrolyte and
currents of over 3 fLafcm2 may flow.

Cell •

Fig. 14 - Time·potential curves for steel in various neutral
salt solutions

Cell 5

Steel High oxygen
availability

II Lowoxygen I
U availability

Steel

The above differential aeration cell will oppose the
pH cell potential. But being of a smaller emf, it will
be of less importance and cell 4 will dominate.

Finley8, commenting on the corrosion cell action
as explained by Lewis and Copenhagen, proposed
the following mechanism based on differential aera
tion cells. The differential oxygen concentration
cell can arise in two ways: (1) there is a difference
in the solubility of oxygen in solutions of different
dissolved salt content, and (2) there is greater
availability of oxygen in those areas of lower water
saturation due to a higher permeability to air. He
proposed the following mechanism: In the spray
and splash zone of concrete structures, sea water
is deposited on the surface of the concrete in vary
lng amounts. The amount deposited depends on
such physical factors as relative location of the
structural members, wave action, prevailing wind
direction and wind force. The water either adheres
to the surface, runs off or evaporates, depending
on the relative humidity, exposure to sun and wind,
inclination of the surface to the horizontal and
height above the water line. The concrete absorbs
water. The water that evaporates leaves salts
behind. Their distribution on the surface of the
concrete is unequal. The salts diffuse by capillary
action into the pore space of the concrete. The
dissolved salt content of the pore space water
increases in proportion to the amount of salt that
was deposited on the surface and will not be the
same throughout a member. Increasing salt con
tent decreases the solubility of oxygen. Air diffuses
into the pores and oxygen dissolves in the capillary
water, the oxygen concentration being greater
where the salt content and water saturation are
lower. Galvanic cells arise with anodic areas of
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0·25-0·45 V could be anticipated from this cell,
the conductivity of both electrolytes is small. In
fact, very feeble currents were obtained. In addi
tion, the carbonate ion present in the anolyte could,
under these conditions, act as an anodic inhibitor,
thus further restricting the current.

Fig. t 5 - Differences in single electrode potentials between
steel in t % NaCI solution and steel in solutions in higher

salt concentrations
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Electrochemical Measurements

Potential measurements in calcium hydroxide
solutions and cement extracts had shown that
noble potentials are obtained at pH 12 and the steel
is passive3s• The same result was observed in mild
steel embedded in mortar. However, it was also
observed" that when sodium chloride was dissolved
in these solutions. the potential became more posi
tive for some time and then became negative or
started falling to a more negative value from the
beginning. In such cases. rust spots were also
observed on the steel specimens. indicating break·
down of passivity.

Current density curves obtained by Baumel and
Engell39 showed that steel in O·IN sodium hydro·
xide and in saturated calcium hydroxide solution
is passive and thus corrosion resistant. Steel elec
trodes embedded in sand saturated with calcium
hydroxide solution showed the same behaviour.

To determine the critical concentration of sodium
chloride in saturated calcium hydroxide required
to initiate corrosion of immersed steel. polarization
curves were drawn by Lewis40• using both the tech
niques of Hancock and MayneU and Baumelu .
The results are presented in Figs. 16 and 17; it is
seen that the.critical concentration is approximately
0·05 Yo of sodium chloride concentration by weight.
However. when sodium chloride is added to cement.
the· formation of insoluble complexes. such as
3CaO.Al20 3.CaCI2.lOHP . will have the effect of
reducing the effective concentration of chloride ion.
The extent to which the effective chloride concen
tration is reduced by the formation ;of complexes

bridge to be a combination of one or more of the
following suggested possibilities: (1) continuous
accumulation of sea salts by condensation and evapo
ration of sea water; (2) the current density of the
existing corrosion cells causing additional concen
tration of certain ions. such as chlorides about the
anodic area; or (3) by an increase in the moisture
content.
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high salt-low oxygen and cathodic areas of low
salt-high oxygen. Thus. the differential aeration
cells in concrete are much the same as those found
on pipelines alternately passing through dry and
marshy areas. According to Antoninoa7, differen
tial oxygen concentration is possibly one of the
prevalent causes of corrosion. Water filling the
cracks becomes saturated in time with calcium
hydroxide provided by the concrete and this serves
as the cell electrolyte. With chlorides present,
corrosion is intensified.

Stratful14 has. explained the corrosion of rein
forcing steel as being due to unequal concentrations
of sea salts. which produce corrosion cells of the
differential concentration type. He has explained
the mechanism of failure of San Mateo Hayward

4 6
Time ,min

Fig. 16 - Anodic polarization of steel in saturated Ca(OH1.
lolution at constant current density [Current density.
10 ",a/cm'; NaCl cOnc. in solution: (I) nil; (2) 0'0165%;

(3) 0'0495%; (4) 0'066%; (5) 0'099%; and (6) 0'132%]
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Fig. 17 - Anodic polarization of steel in saturated Ca(OH), soln [NaCI cOnc. in soln: (Il nil: (2) 0'02%; (3) 0'03%:
(4) 0'04%; {5l 0'06%; (6) 0'08%; and (7) 0-10%]
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Fig. 19 - Concrete electrode [(1) Pt electrode; (2) steel
bar; (3) insulating varnish; (4) concrete; (5) microammeter;

(6) valve microvoltmeter; and (7) reference electrode]

Fig. 18 - Current-voltage Curves for concrete containing
different amounts of CaCI, [CaeI, content: (a) nil; (b) 1%;

(c) 2%; and (d) 4%]
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of corrosive elements on the surface of steel. The
maximum amount of calcium chloride that may be
added without risk of corrosion was found to be
2% by weight of cement.

Kaesche and Baumel45 have evolved a current
voltage method for festing the aggressiveness of ad
mixtures of unknown composition. In this method,
the anodic current-voltage curve of a reinforce
ment bar is constantly investigated. A reinforce
ment bar is severely. corroded if it proves to have
one of the steep current-voltage curves, shown in
Fig. 18, for the case of concrete containing calcium
chloride. It will be corroded very little if the
current-voltage curve shows flatness, characteristic
of the passive state. For this purpose, a so-called
concrete electrode is prepared as shown in
Fig. 19. .

Kaesche and Baumel45 studied the effect of addi
thies on the corrosion behaviour of steel in concrete
by current-voltage curves by the method described
by Kaesche as well as current-time curves at a con
stant electrode potential. An investigation of 12
commercial additives by these methods showed that
only additives containing chloride when added to the
concrete in fairly large quantities, have an adverse
effect on the corrosion behaviour of the reinforce
ment. Satisfactory and lasting corrosion protec
tion of steel in concrete or mortar is ensured only
if the whole surface of the steel is coated with
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0·04

Total
NaCI
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%

1
2
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4
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TABLE. 2 - EXTENT OF REDUCTION OF CHLORIDE ION
CONCENTRATION IN DIFFERENT CEMENT SAMPLES

ON AODING SODIUM CHLORIDE

was determined by analysis of available and total
chloride on hydrated cement samples to which
sodium chloride had been added before hydration.
The results are given in Table 2. The available.
chloride is taken to be the chloride which is soluble
in water at 20.oC during an extraction lasting 2 hr,
while total chloride was determined by extraction
with nitric acid. Polarization curves, obtained by
the method of Hancock and Mayne, for steel in
water extracts of hydrated cement samples (given
in Table 2) showed that the critical addition of
sodium chloride to cement before the corrosion of
steel can start is approximately 0'54%, which cor
responds to an effective concentration of soluble or
available sodium chloride of 0·26%.

Tests have been carried out on submerged mild
steel in calcium hydroxide solution 'and cement
mortar extracts in the presence and absence of
salts and under varying degrees of aeration with a
view to determining the pH required for inhibiting
the corrosion of reinforcing steel in concrete43• The
quantity of rust was determined by the weight loss
method. In calcium hydroxide solutions, in the
absence of salts, corrosion decreases with increase
in pH until inhibition 'sets in. In the presence of
salts, no gradual effect was observed, but inhibition
could be obtained at high pH. The pH level required
for inhibition increases with the degree of aeration,
both in the presence and absence of salts. At the
point of complete inhibition, aeration ceases to have
any effect.

Reinforced mortar specimens made with Medi
terranean Sea water were tested by Shalon and
Raphaelu . The pH necessary for the inhibition
under different storage conditions and the pH values
of mortars and cement pastes made with sea water
and fresh water were measured. For calcium hy
droxide solutions, pH values of > 12 gave complete
inhibition. For solutions containing calcium hy
droxide+salts, higher pH values were required.
Reinforcing bars were corroded in all sea water
mixed specimens stored in moist ·air. They showed
little or no corrosion when continuously stored in
sea water or tap water.

In the presence of a large admixture of calcium
chloride, the combined effect of water and oxygen
that penetrate the concrete intensifies the action
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cement gel. The actual effect of the gel is that it
functions as a largely invariable water reservoir
which constantly provides an alkaline film of liquid
on the steel surface and maintains the steel in a
passive condition. An adequate cover of dense con
crete or mortar is necessary to protect the cement
gel in the immediate vicinity of the steel from des
truction by chemical influences of external origin.
. Stray direct currents through concrete cause

corrosion of reinforcing rods and lead .to cracking
of the concrete46• Corrosion starts when the critical
anodic potential reaches the value at which the
passive film on the reinforcing rods is disrupted.
Direct current also causes mechanical cracks as a
result of the pressure exerted by the corrosion pro
duct and gas evolution. Rapid formation of cracks
occurs at current densities ~ 37 ma/sq dm, and
the presence of salts accelerates this process. Tests
made on the effect of a 25 V de potential applied
to iron rods cast in concrete cylinders showed that
(1) increasing the thickness of concrete cover reduced
the rate of electrolytic corrosion but did not effec
tively eliminate it so as to prevent cracking; (2) ad
mixtures were not effective; and (3) the asphalt
membrane waterproofing covering provided an
effective means of eliminating electrolytic corrosion.
Alternating current of industrial frequency flowing
through reinforced concrete structures does not
significantly corrode reinforcements, provided chlo
rides are absent.

The anodlc corrosion of steel in reinforced con
crete under the influence of external electric currents
was investigated by Maraghini and Ginnariu based
on constant current density measurements. Slag
cement and pozzolana cement also were studied
along with portland cement. For slag cement, the
corrosion is fairly slight up to 600 coulombs/cm2•

Beyond this limit, the cement cracks, corrosion
proceeds more rapidly and the current output in
creases considerably. The addition of increasing
amounts of chloride to the slag cement results in
a gradual decrease of the number of coulombs
required to produce failure. Pozzolana cements
behave similarly, but failure occurs at about 200
coulombs/cm2• No such limit has been observed
for portland cement.

A typical field investigation - An investigation
involving surface potential and electrical resistance
measurements conducted by Stratfulu on San
Mateo Hayward bridge gave the following results:
(i) On the basis of salt content in a concrete cell,
a potential difference of 0·45 V could exist. (ii) The
electrical resistivity of concrete at 0% deteriora
tion or where uncracked appears to be in excess
of 60,000 n em. Resistivity measurements made
on the concrete in anodic areas gave, in. general,
a good indication of the degree of deterioration in
these areas. The resistivity of concrete decreases
as the deterioration increases. (iii) If corrosion
cell ratio· is greater than 0·5 X 10-·, the concrete
is likely to crack at the anodic area.

Max. surface potential difference be-
'Corrosion cell ratio = twe~n anodes .and cat~odes

Av. speCific electncal resistance in
the anodic area
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PREVENTIVE MEASURES

Broadly all methods of prevention can .be classi
fied as follows'8: (i) methods based on modification
of design and procedure; (ii) methods based on
modification 'of environment; (iii) methods based
on modification of metal; and (iv) methods based
on protective coatings.

The prevention of corrosion in buildings has
been approached from each one of these different
ways. The importance of satisfactory design was
emphasized earlier. The need to avoid contact
between dissimilar metals which are widely sepa
rated on the potential scale was stressed with the
help of examples. Crevices afford lodgement of
moisture and corrosive deposits from the atmosphere.
Corrosion of reinforcements has been prevented by
giving an adequate thickness of concrete cover.
This may also be considered as a solution based
on proper design. Addition of inhibiting agents
to cement slurries and ensuring that sufficient alka
linity is generated when concrete becomes wet as
well as the avoidance of chloride contamination
of building materials may be considered as examples
of modification of environment. Bitumen paints
and epoxy coatings have been suggested for the
protection of reinforcements. Here, a protective
coating is employed. Though alloy steels are too
expensive to be considered as substitutes for steel
in building construction, stainless steel is made use
of occasionally in the reinforcement of thin walling
slabs where the depth of cover is insufficient to
conform to the recommendation for normal rein
forcement'·. However, the choice finally lies in
only one or two remedies which are most economi
cal, practically feasible and as free from drawbacks
as possible.

Corrosion of reinforcing steel is due primarily
to the penetration of moisture, chlorides and air
to the steel surface. Preventive methods must
either prevent the penetration of these materials
or render the reinforcement passive to their action.
The most desirable solution to the problem is to
keep out the salt and to assure that it stays out.
Since concrete itself is a powerful inhibitor of corro
sion, any procedure purporting to prevent corrosion
must reinforce the protection already provided
and attempt to minimize the effects of extraneous
attacking agents.

Desi~n Aspects and Quality of Concrete

The first precaution is to avoid the more aggressive
locations where possible. If advantage could be
gained by utilizing the natural shelter provided by
some topographical features, this factor should
merit serious consideration by surveyors and plan
ners·. The design should exclude potentially
dangerous features which allow water collected
on the structure to flow over concrete surfaces in
stead of being thrown clear. Rain water from pools
collected on the structure will leach out hydroxides
from the concrete and accelerate carbonation. Most
authorities agree that provision of adequate con
crete cover to steel is essential. A 3 in. minimum
has been. mentioned50. But a 2 in. minimum is
generally considered essential·.
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Great care should be taken that the materials
used in construction are free from salt'. Water
both for mixing and for aggregate washing and sand
or aggregate used should be tested for salt. If salt
is present, the aggregate should be well washed.
Salt-contaminated water should be rejected as un
suitable for construction work. Any additives for
use in the mix should be carefully examined and
should be avoided if they contain chloride. The
use of shrinkage aggregates and porous aggregates
must be avoided. Ideally, the steel used should
be clean and free from rust or millscale when the
concrete is placed. Since this is generally regarded
as an impractical recommendation and since rusty
steel is reputed to result in a greater bond strength
than clean steel, the only precaution which need
be taken in the matter of steel is that before placing
the concrete, the steel should be protected from
marine atmospheric corrosion. If this is not poss
ible, the steel should be well washed with fresh
water when in position in the shutters to remove
any salt deposits from its surface. The resistance
of the concrete under marine conditions may be
increased by preferring slag-containing cement or
sulphate-resisting cement in place of ordinary
portland cement.

Concrete Permeability
Many materials are recommended, usually under

proprietary names for incorporating in mortars
and concretes with the object of making the concrete
less permeable to water61. Particular mention may
be made of matelials like sodium and potassium
silicates, diatomaceous silica, sodium, potassium
and ammonium soaps, vegetable oils and resins.
They are added either to the water or direct to a
concrete mix or sometimes premixed with cement.
The stearates are probably the materials used
in proprietary compositions. These stearates are
water repellent and reduce the capillary forces by
which water is drawn through a mortar or concrete.

Surface Coatin~s on Concrete
There are also a large variety of materials which

are applied to the surface of concrete either to
waterproof the surface or to render it immune to
attack by chemical agencies. The surface treat
ments m'ay be classified62 as (i) treatment with
aqueous solution of sodium silicate, drying oils or
mineral oils in volatile thinner; (ii) thin surface
coatings of bituminous, coal tar and chlorinated
rubber paints, resin lacquers and wax coatings;
(iii) thicker surface coatings of bitumen or bitumen
rubber emulsions, emulsion pastes with fillers;
(iv) linings of asphalt mastic, rubber mastic, plas
tics, clay tile and other inert materials. Thinner
surface coatings have limited resistance to abra
sion and limited life. Thicker lining is given if
long life is needed. A protective coating made
up of phenols from oil-shale acids 50%, formalin
30% and water 20% applied in double coat to
concrete is reported to reduce water penetration63•

Coatings of tar and pitch have often been applied
to protect reinforced concrete from deterioration
in sea water, but their effective life is too short
and in some places they only hide the damage that

is taking place64• The impregnation of concrete
piles with hot bitumen under reduced pressure has
been used extensively by the Los Angels harbour
board with effective results". Epoxy resin coating
has all the advantages of an ideal surface coating
on concrete, but is costly66. A 10 or 12 mil
coating of a thin film of plastic paint over the entire
structure is reported to be very effective68• Indus
trial vinyl copolymer resin paints were found to
provide satisfactory waterproof coatings for con
creteS7. It is important that the coatings be applied
as soon as possible after the curing of concrete.
Once salt is present in the concrete, the effective
ness of the coating may be reduced'.

Coatin~s to the Reinforcement
Various passivating treatments for reinforcing

steel have been suggested, such as pickling in hydro
chloric acid followed by treatment with phosphoric
acid6s and treatment with a hydrolysable silicate
or hydrated silicaS'. Simple preliminary coating
of steel with a dense mortar is recommended to .
counteract acid fumes60. The application of coatings
of cement-containing paints with waterproofing
admixtures81 or of slurries of lime and cement with
casein or bone-glueS2,83 is also recommended as an
anti-corrosive measure. Bitumen paints are said
to protect reinforcement from calcium chloride
in concrete, but some paints of this type prevent
the formation of bond between the steel and con
crete33• Combinations of inhibiting agents in cement
slurries are also proposed, notably sodium dichro
mateU , sodium carbonate, sodium phosphate86 and
sodium benzoate32,88. A thin layer of portland
cement containing 2% KaCrO, is coated on steel
bars before their use in concrete". In some cases,
the reinforcing rods are treated with a mixture of
mineral material (concrete, quartz and sand or
slaked lime) which contains BaCrO, in amounts
<1 % (ref. 67). The sulphate present in the con
crete reacts with BaCrO, and soluble chromate is
formed which passivates the iron. A method is
described&8 for protecting ordinary reinforcements
by phosphatization; phosphatization was conducted
in a 3% solution of Fe and Mn phosphates at
96-98°C for 40-50 min. Then the surface was
passivated with an 80% solution of K2Cra07 at
80-90°C for 18-20 min and further coated with a
lacquer at 18-2S oC for 2-3 min. In another
method", steel bars were immersed in a solution of

'10-80 kg bitumen with high drop point and 90-20 kg
synthetic resin in approximately 300 g hydrocarbon
solvent containing 10-50% of a finely dispersed
alkaline earth hydroxide. The resulting coating
was elastic and highly resistant. But all these
methods do not appear to have made much head
way for the reason that if a coating is introduced
between steel and concrete, the bonding strength
of steel to concrete is affected.

Inhibition in Concrete'

The steel surface carrying a film of "(-Fe20 3 can
act as an efficient cathode. If a non-conductive
film of other oxides or hydroxides as produced
by cathodic inhibitors, e.g. calcium carbonate, alumi
nium oxide, magnesium hydroxide, etc., could be
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deposited, the cathode efficiency would be markedly
reduced. Unfortunately, adding soluble alumi
nium, zinc or magnesium compounds would result
in their hydroxides being precipitated by the alkali
nity in the concrete throughout the mass and not
selectively where they are required. Anodic inhi
bitors such as alkalies, phosphates and chromates
are effective only when present in sufficiently high
concentrations and are otherwise dangerous, because
of localized corrosion. When high concentra
tions are used, the properties of concrete may be
affected adversely. Further, the solubility of inhi
bitor should be such that while sufficient inhibitor
is in solution, it is not so great as to allow leaching
out to take place. From these considerations, it
is clear that until more fundamental work is done,
the use of conventional inhibitors cannot be recom
mended.

Cathodic Protection

Berthier24 recommended cathodic protection of
reinforcing steel and Whalley70 quoted a case of
the successful use of magnesium anodes to prevent
further corrosion of reinforcement exposed to
brackish water.

To ensure continuous economic protection, the
cathodic metallic circuit should be electrically con
tinuous, if interference effects and anodic spots are
to be avoided9. But the operations involved are
generally too extensive to be practicable. Sacri
ficial anodes with their limited forcing potentials
are unlikely to be satisfactory. Due to extreme
variability in the electrical resistivity of concrete
under different conditions (100 n cm to 100,000
n cm), impressed current systems would require
extensive anode arrangements if reasonable current
spread is to be obtained. Furthermore, the acids
produced at the anode could cause chemical attack
on concrete and the alkali produced at the steel
surface may also affect concrete. From the above
considerations it follows that cathodic protection
generally could not be applied economically and
is not a practical solution.

Electrolytic Corrosion

To decrease electrolytic corrosion of reinforced
concrete, it is recommended to avoid direct electrical
grounding through concrete and to use underground
protective coating on concrete. The use of high
quality concrete does not prevent corrosion71, In
creased cover thickness can only reduce the rate
of attack. The only remedy seems to be the insula
tion of steel or concrete. In this connection, asphalt
and steatite have been suggested72.

Corrosion of Non-ferrous Metals in
Buildings78

A country house with lead valley gutters was
re-roofed with wood shingles. It was subsequently
rep.orted that lead had become useless. It was
typical of new, cedarwood shingles that they con
tain acids which are only slowly washed out by
rain. Such acids intensify attack which would in
any case occur slowly owing to vegetable growth
on the roof. The lead had suffered severe channel
ling and perforation. This could have been avoided
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if a thick good coating of bituminous compound
extending well underneath the edge of the roof
covering had been given to the lead. Lead is sub
ject to attack by lime and by portland cement mortar
and concrete. Hence, a heavy coating of bitumen
is called for when it is coming into contact with lime,
mortar or concrete.

Like lead, zinc is likely to corrode 'in both alkaline
and acidic conditions. So, it may also be attacked
when in contact with or embedded in lime, portland
cement mortar or concrete and also acid plasters
when damp. It is, therefore, desirable to give at
least a coating on zinc when embedded in plasters
and mortars. Contact with brickwork 'is generally
harmful. Some salt in the brick and alkalies in
the mortar may promote corrosion. Zinc coated
,steel is a traditional material for conveying and
storing industrial and domestic fresh water. Zinc
suffers a pitting type of attack in hot water. The
effluent from wash basins and domestic sinks is
not aggressive to zinc. The use of cleaners like
bleaching powder with high chloride content can,
however, lead to failure of zinc pipes. Galvanized
wire fencings sometimes present depressingly rusty
appearance. Much of this could be avoided pro
vided a really effective zinc coating was given. In
one length of fencing in a rural area, it was noted
after 4 years that every alternate strand of wire
was rusting, evidently because one coating was much
thinner than the other. Zinc soakers (Fig. 20)
were used on a roof abutting against a parapet
wall. Corrosion had occurred on the zinc face in
contact with the brickwork. There was no damp
proof course below the coping of the parapet wall,
so that the brickwork would often be in a damp
condition. Zinc soakers should at least have been
protected by a good quality bitumen coating where
it was in contact with the brickwork, since it was
to be expected that salts in the brickwork' and
alkalies in the mortar would promote corrosion of
zinc.

lint wall

Fig. 20 - Zinc soakers at junction of roof with abutment
wall
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Fig. 21 - Perimeter frame of aluminium bungalow showing
early stages of corrosion

Copper is used as roofing and as tubing and also
for architectural metal work, such as window frames,
hand rails, etc., and in electrical wiring. Generally,
copper is not affected by contact with other build
ing materials, such as wood, cement, concrete anI;!
plaster. But acid cements, plastcrs and also coke
breeze can give rise to corrosion in wet or damp
conditions. Copper should not be buried in these
materials, unless adequately protected. While ordi
nary concrete has no deleterious effect on copper,
foamed concretes which contain foaming agents of
nitrogenous nature can lead to stress corrosion
cracking. '

Unlike the other metals discussed, aluminium has
been used on a large scale for structural purposes.
The major structural use of aluminium alloys
has been for temporary and permanent bungalows
erected after the last war. The construction

I.e<ld alloy plllllg<l' plait. wilh
col'!'"" ~\.f .al.... hl'llgl!d on
brall spli pin Mlelin \or4d
alloy 'ogs

of prime perimeter frame of one type of bungalow
showing earlier stages of corrosion is given in
Fig. 21. Extensive laminar corrosion of these struc
tural units has been the main feature of these bun
galows, occurring mainly in the exposed faces and
in the crevices produced by adjacent surfaces. Severe
loss of strength and prominent bulging of the ex
terior wall-cladding have resulted. Complete dis
mantling of three identical bungalows selected in
various conditions from three widely separated
sites in England has shown that corrosion also
exists on contact surfaces not visible on cursory
examination. The alloy was used in the as-extruded,
solution heat-treated and fully heat-treated condi
tions. Recent work has shown that the destructive
effect of layer corrosion can be reduced by extended
ageing and metal spraying. However, the lesson
to be learnt from this experience of prefabricated
bungalows is that materials for building are meant
to last for a long time and newer products should
have a reasonable test period before receiving wide
spread application. Condensation troubles have
also been experienced in aluminium bungalows.
Water gets into the underside of a metal sheet roof
in several ways. Water vapour from the inside
of the structure is one obvious source. Where the
roof is not insulated, drips from the condensed mois
ture produced affect the ceiling below. Adequate
ventilation or isolation of the roof cavity is the
simplest answer here. Aluminium reacts vigorously
with wet concrete mix and is attacked by the alkali
nity in the concrete. Therefore, it should not come

f'Q50!t locJ(nut on o\"""l'I1n\lJM !tC4\ln9

P>llllllill'rog'lo ~I"'h pip••

Fig. 22 - Variety of metals in flushing cistern
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into direct contact with concrete. Aluminium rain
water pipes have also been used to cope with bath
room and kitchen wastes. Cases of rapid failure
have been reported which indicate that this is a
dangerous practice. Several instances of corrosion
of cast aluminium alloy flushing cisterns were re
ported when they were introduced. A variety of
metals and alloys had been used for the compo
nents of the cistern as indicated in the diagram
(Fig. 22). Undoubtedly, this has played a part in
accelerating the corrosion of aluminium.

Work done in the CECRFHO on reinforcement
corrosion and its prevention will be discussed in the
subsequent paper.

Summary
The common types of reinforced concrete con

structions are described and the instances of rein
forcement corrosion reported from different countries
are reviewed. It is shown that the factors· respons
ible for reinforcement corrosion may be grouped
as (i) faulty workmanship; (ii) permeability to water,
water vapour and salts; (iii) inadequate cover thick
ness; (iv) rusting of reinforcement before embedding
in concrete; (v) corrosiveness of some building
materials; (vi) calcium chloride added to accelerate
setting and hardening of concrete; and (vii) stray
electric currents. It is indicated that two types
of cells are likely to operate with significant current
flow in RCC structur~s, viz. (i) cell set up by differ
ences in salt concentration and pH, and (ii) cell
set up by differential aeration. For electrochemical
measurements, both potential-time curves at con
stant current density and current-voltage have been
successfully employed. For the examination of
structures in situ, surface potential and electrical
resistance measurements have been successfully used
in identifying the RCC bridges which are likely to
suffer early corrosion.

Several examples of corrosion arising from im
proper design are cited and the importance of correct
design in preventing corrosion stressed. The
various types of materials which are used to make
concrete waterproof and the various types of water
proofing coatings on concrete which are currently
employed are mentioned. The treatments given
to steel reinforcement to prevent corrosion and
the attempts made to introduce corrosion inhibitors
in concrete are discussed. Instances of corrosion
of non-ferrous metal parts used in the construction
of buildings because of inadequate appreciation
of their behaviour in contact with building materials
are cited.
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REVIEWS

INVARIANT MEANS ON TOPO~OGICA~ GROUPS AND
THEIR AppLICATIONS by Frederick P. Greenleaf
(Van Nostrand-Reinhold Co., New York), 1969.
Pp. x+113. Price $ 3.00

The book deals with the notion of Banach invariant
means. Section 1 gives an account of invariant
means and measures on discrete groups and semi
groups including Von Neumann's basic work
on the subject. Section 2 deals with invariant
means on locally compact groups, including Day's
notions of weak and strong invariance. Section 3
deals with many interesting applications and de
scribes methods to solve contemporary problems
in a form accessible to the non-experts as well.
At the end of the book, the following three appen
dices are appended: (I) Non-uniqueness of invariant
means; (2) The Ryll-Nardzewski fixed point theorem;
and (3) The equivalence of various types of invariant
means.

The book is based on the lectures which the
author had given at Berkeley in the Spring and
Fall quarters of 1966. It is meant both for graduate
students and for working mathematicians. It gives
recent developments in an illuminating manner and
draws attention to some unsolved problems. The
bibliography is complete and even refers to some
of the unpublished work.

In the opinion of the reviewer, the book is an
extremely useful addition to the library.

P. L. BHATNAGAR

LECTURES ON INTEGRA~ EQUATIONS by Harold
Widom (Van Nostrand-Reinhold Co., New York),
1969. Pp. vi+124. Price $ 3.50

Besides the introduction which sets out the main
topic of the book, namely the investigation of the
integral equation

f.K(x, y)j(y)dy = Af(x)+g(x)
it contains the following 6chapters: (I) Banach spaces;
.(11) Completely continuous operators; (III) The
Fredholm theory; (IV) Hilbert space theory;
(V) Applications to ordinary differential equations;
and (VI) Singular integral operators.

The above list of chapters is enough to suggest
that the entire treatment of the book is modern
and it is meant for graduate students as well as
research workers in the subject. Chapters I, II
and IV present the general theory of operators on
Banach and Hilbert spaces and provide the necessary
background knowledge for the actual theme of the
book. Chapter III outlines the original approach of
Fredholm, Chapter V gives the applications of the
theory of self-adjoint integral operators to certain
ordinary differential equations, and Chapter VI
discusses somE- special type of singular integral
equations llsing the technique of Fourier trans
forms.

In the opinion of the reviewer, the book under
review is a very welcome addition to the very few
books so far written on this subject.

P. L. BHATNAGAR
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LECTURE SERIES IN DIFFERENTIAL EQUATIONS:
Vol. 1, edited by A. K. Aziz (Van Nostrand
Reinhold Co., New York), 1969. Pp. viii+199.
Price $ 4.50

The book consists of the following four parts, each
consisting of two or three lectures given by various.
authors during the year 1965-66 under the title
" Lecture Series in Differential Equations" sponsored
jointly by the Air Force Office of Scientific Research,
the Joint Graduate Consortium (Americar., Catholic,
George Washington, Georgetown and Howard Uni
versities) and the University of Maryland:

Part I: Control Theory - (1) Linear control pro
cesses and mathematical programmes· by George B.
Dantzig; (2) The Lurie problem on nonlinear
controls by Solomon Lefschetz; (3) The Bang-Bang
principle by Lawrence Markus.

Part II: Dynamical Systems - (I) The Mantner
phenomenon and geometric flow theory by Louis.
Auslander; (2) Dynamical properties of transforma
tion groups by Walter Gottschalk.

Part III: Boundary Value Problems - (I) Periodic
solutions of nonlinear equations of evolution in
infinite dimensional spaces by Felix E. Browder;
(2) Some linear and nonlinear boundary value
problems for evolution problem by J. L. Lions;
(3) Intersection theoretic principles for the exist
ence of critical points and fixed points by J. T.
Schwartz.

Part IV: Differential Operators - (1) Estimates
for singular integral operators by A. P. Calderon;
(2) Formally normal ordinary differential operators
by E. A. Coddington; (3) On pseudo-differential
operators by L. Nirenberg.

The book is written for the use of graduate
students as well as the research workers in the
field of control theory and differential equations.
The treatment is rigorous, lucid and clear, but
presupposes a good knowledge of matrix theory•
the usual theory of ordinary differential equa
tions, modern mathematical analysis and modern
algebra.

The reviewer hopes very much that the Indian
universities will be able to adopt the point of view
presented in this book in revising their syllabi on
ordinary differential equations in order tp make
these courses more purposeful and modern.

P. L. BHATNAGAR

GUIDE BOOK ON NUCLEAR TECHNIQUES IN HYDRO
LOGY, prepared by the Working Group on
Nuclear Techniques in Hydrology of the Inter
national Hydrological Decade (International
Atomic Energy Agency, Vienna), 1968. Pp.214.
Price US $ 5.50

The scope of this guide book is to give the hydro
logist a general ,picture of the several nuclear
techniques applicable to hydrological problems.
The hydrologist is thereby enabled to choose the
best suited technique for a given hydrological
problem.
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The book is divided into five sections. The first
section is of an introductory nature, while the
remaining four sections deal with the hydrological
problems associated respectively with the atmo
sphere, surface water, sub-surface water and inter
relationships among these. In the introductory
section, the basic concepts about radioactivity,
the interaction of radiation with matter and the
methods for measurement of radiation are given in
a popular style with a view to giving a background
knowledge of the subject to the engineers and thus
to make them understand the physics of operation
of the various techniques.

The available techniques are classified under
three groups: (a) environmental isotopes, (b) arti
ficial isotope tracers, and (c) application of sealed
radioactive sources. The first group of isotopes
,occur in the atmosphere, in rocks and minerals of
the earth, in surface waters and ground waters.
By a direct measurement of the natural isotopic
content the analysis could be conducted. An
-outline of the techniques using environmental
isotopes is given in each section. In the case of
artificial isotopes, the radiations in which the hydro
logist is likely to be concerned produce ionization
in gases through which the radiation passes. Radio
active tracers are useful in the application of the
well-known tracer techniques in which dyes and
'salts are used as tracers for water.

The various subjects in the book are dealt with
in a clear and comprehensible manner. The diction
is good and the subheadings are concise and clear.
The availability of an authoritative and practical
guide book of this kind is ,bound to give satisfactory
solutions for various problems faced in such diverse
fields as soil physics, irrigation, corrosion, oil drilling,
etc. The book would be a valuable asset as a
technical guide to hydrologists and should find a
place in the shelves of the libraries of the various
research institutions concerned with hydrological
.and allied problems.

BIGUANIDES - THE CHEMISTRY OF BIGUANIDES by
F. Kurzer & E. D. Pitchfork (Springer-Verlag,
Berlin), 1968. Pp. 375-472. Price £ 8.50

In view of the versatile reactivity and utility of
biguanide and its derivatives and the closely related
'S-triazines as analytical and complexing agents,
,drugs, dyeing agents, textile chemicals, insecticides
and in photography and several other fields, the
chemistry of biguanides has assumed an important
place in applied research. Consequently, much of
the work is covered under patents and is inaccess
ible to an average worker. Thus, the present review
'by Kurzer and Pitchfork is a timely and welcome
publication.

The publication is divided into several small
convenient sections and covers about 80 pages.
With the extensive references included (763) it will
serve as a useful reference manual. The structure,
m,ethods of synthesis and chemical reactions have
been discussed briefly, but the scope of the material
presented is of necessity limited by the severe limi
tations of space imposed on a monograph of this
size. Useful physico-chemical data such as disso
·dation constants and UV spectral data of several

compounds have been compiled and an attempt
has been made to correlate these. The section on
chemical properties is the longest as it is expected
to be, but a certain amount of repetition could have
been avoided. Reactions of biguanides with ortho
esters and amidines have been left out.

On the whole, this small monograph is a critical
presentation of the chemistry of biguanides and
will serve a useful purpose on the shelf of an organic
chemist working in this field.

The printing and get-up are good.
R. H. SAHASRABUDHEY'

PHYSICAL PROPERTIES OF STEROID CONJUGATES
by S. Bemsteen, ]. P. Dusza & ]. P. Josep!).
(Springer-Verlag, Berlin), 1968. Pp. xii+2l2.
Price £ 12.00

The book under review is primarily a compilation
of the characterization data of the conjugates ob
tained from 147 important steroids. The conjugates
selected are the sulphates and the glucopyranosido
uronic aciqs and organic and inorganic salts derived
from both. Some derivatives of different types
have also been included in a limited number of cases.
In addition to the usual data, supplementary infor
mations have been supplied, wherever available, on
spectral and chromatographic behaviour, counter
current distribution, electrophoresis and optical
rotatory dispersion. The dllta supplied will be
very useful to pharmacists, who use steroid con
jugates in many of their formulation, but not so
much to organic chemists, who normally use more
conventional derivatives for characterization. A
formula index of the parent steroids has been pro
vided in the beginning and a reference catalogue
at the end. The paper, printing, binding, etc.,
are excellent and the general get-up is delightful.
The authors and the publishers deserve appreciation
for bringing out this small' compilation.

S. C. BHATTACHARYYA

ORGANIC COMPOUNDS OF LEAD by Hymin Shapiro &
F. W. Frey (Interscience Publishers Inc., New
York), 1968. Pp. xiii+486. Price $ 18.00

The present book is the second in a series of
monographs on "The Chemistry of Organometallic
Compounds ", being published under the editorship
of Prof. Dietmar Seyferth. A number of excellent
reviews on the subject by E. Krause and A. Von
Grosse (1937), by R. W. Leeper, 1. Summers and
H. Gilman (1954), by H. Shapiro (1959), by H.
Shapiro and F. W. Frey (1967), by 1.. C. Willemsens
(1964), and by L. C. Willemsens and G. ]. M. van
der Rerk (1965) already exist in the literature.

The book has been written with a view to
providing a comprehensive account of the current
state of knowledge about organolead derivatives
with reference to their synthesis, properties and
structure. TetraethyJ.lead, the most exploited
organolead compound, has also the credit of being
the first organometallic compound to be used
industrially in 1922 by T. Midgley (Jr) and T. A.
Boyd. Although the methyl analogue is beginning
to be used in larger quantities since 1960, tetra
ethyllead remains the most widely employed and
successful antiknock agent for internal combustion
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engines. Although more than 1200 organolead com-
. pounds have been synthesized by now, tetraalkyllead

derivatives continue to remain the centre pieces
in the chemistry of organolead compounds, and
justifiably claim the major attention in the present
book also.

The first five extremefy brief chapters, dealing
with the nature of bonding, synthetic methods,
physical and chemical properties and physiological
and toxological behaviour of organolead compounds,
appear to be rather perfunctory. They could have
been preferably combined in· a single chapter in
which the status of organolead chemistry might
have been discussed in the light of recent advances
in the chemistry of organometallic compounds,
particularly of group IV elements.

The next ten chapters deal with various classes of
organolead compounds separately. The sixth chapter
dealing with tetraalkyl and tetraaryllead derivatives
is the longest of all. Later chapters cover the
hexaalkyl and hexaaryl, dialkyl and diaryl-, cyclo
pentadienyl-type and unsaturated organolead com
pounds. The eleventh to fifteenth chapters deal
with a variety of organolead salts, organofunctional
lead compounds, heterocyclic and optically active
compounds and organolead-organometal compounds
in general. All these areas of organolead chemistry
have been relatively less investigated and the
authors qlight have profitably indicated some direc
tions in which fruitful investigations could be
carried out. The last two chapters, naturally, deal
with analysis of organolead compounds and their
industrial applications; these are exceptionally well
written.

Much of the data in each chapter throughout the
book have been summarized in tables which are
coupled with adequate references, covering right
up to the beginning of 1967. The literature coverage
appears to be really comprehensive and would be of
great advantage to those who use the book as a
source of reference material.

A perusal of the large number of references given
in the book clearly indicates that the majority
of the investigations in the field of organolead
chemistry have arisen out of industrial need. It is

414

in this direction that the book would be a most
welcome addition to the existing literature in the·
field.

A more critical survey could have certainly·
made the book of greater utility to graduate students
and research workers in the field of organometallic
chemistry, particularly of non-transition metals.
Even so, all those interested in any aspect (academic
or industrial) of organolead chemistry would find
the book a very convenient source of useful informa
tion.

The printing and get-up of the book are excellent.
The figures and illustrations are well drawn and.
beautifUlly represented. The reviewer could not
detect any serious printing mistakes, a few which
came to his notice are:

Page 203 (bottom): b.p. of (CH2CH)(Pb is 50°
at 4 mm

Page 238 (bottom half): b.p.s of (CH3)3PbOSi(CH3)a.
and (C2H~)3Pb.OSi(C2H~)3are 65° and 100° at
1 mm

Page 373 (upper half): NaX has been left out
from the products in the equation.

R. C. MEHROTRA

PUBLICATIONS RECEIVED

A PROGRAMM'ED INTRODUCTION TO GAs-LIQUID
CHROMATOGRAPHY by J. B. Patti~on (Heyden &
Sons Ltd, London), 1969. Pp. xv+303. Price
$ 4.95

PRINCIPLES OF AppLIED BIOMEDICAL INSTRl'MENTA
TION by 1. A. Geddes & 1. E. Baker (John
Wiley & Sons Inc., New York), 1968. Pp. xiii
+479. Price S 13.50

IMMUNOCHEMISTRY AND THE BIOSYNTHESIS OF
ANTIBODIES by Felix Haurowitz (Interscience
Publishers Inc., New York), 1968. Pp. xvii+301.
Price $ 10.95

BRJ,;EDING ASIAN FIELD CROPS by John Milton
Poehlman & Dhirendranath Borthakur (Oxford &
IBH Publishing Co., Calcutta). 1969. Pp. 385.
Price Rs 18.00

MOLECULAR GENETICS edited by H. G. Wittmann &
H. Schuster (Springer-Verlag, Berlin), 1968.
Pp. viii+341. price $ 12.00



NOTES & NEWSHi~h1y stripped heavy ions

A group of scientists at AVCO
Everett Research Laboratory is
trying to use an electron cloud to
make a source oJ highly strippe.d
heavy ions for nuclear physics
experiments. As in the case of an
electron-ring accelerator, the AVCO
device uses external magnetic fields
to control the motions of an'
electron cloud and then uses the
electrostatic fields generated by
these electrons to trap the ions
and strip them.

Because bf the great interest
in making super heavy elements,
many experimenters would like to
obtain a beam of uranium ions.
If the Aveo device works, it can
make 1011 ions of U·o+ per second
from a source about 40 em in dia
meter (compared to useful currents
of at best Ull+ or U12+ from the
presently available ion sources),
which could then be accelerated
in a 2 m diam. cyclotron to an
energy that would exceed the
coulomb barrier of a uranium
target. In the expected reaction a
gigantic compound nucleus would
then fission asymmetrically and
produce a new super heavy ele
ment.

At first the AVCO group thought
of building a complete accelerator,
called the heavy ion plasma accele
rator (HIPAC), but later the idea
seemed promising as a heavy ion
source for other accelerators.

In the proposed HIPAC, an
electron cloud is contained in a
toroidal vacuum chamber by an
azimuthally symmetric magnetic
field. The electron space charge
creates a topologically closed
potential well in which ions can \1e
trapped. Because the electron
kinetic energy in HIPAC is about
10 keY, the ions will become
highly stripped. After sufficient
stripping occurS, the magnetic field
is lowered, allowing electrons to
move towards the wall; this move
ment reduces the potential well
depth. The ions can leave the
device through a negatively biased
aperture.

The first HIPAC experiments
showed containment of 7 X 10·
electrons/ems for 1 m sec. At
such densities any strong plasma
instability could be expected to
occur in microseconds. The
vacuum is being improved to
about 10-· torr and magnetic field

duration increased. This experi
ment should be capable of making
highly stripped ions tphysics Today,
22 (5) (1969), 58J.

New pulse technique for
measuring natural point
discharge in the atmosphere

A new method of measuring
natural point discharges in the
atmosphere which dispenses with
the need to. insert metallic probes
into trees has been reported frpm
the Department of Physics, Uni
versity of Durham. The technique
is based on· the pulsed nature
of the discharge current, caused
by space charge quenching of such
discharge currents. Though the
application of the technique at
present involves much labour, its
most important application may be
in the calibration of less elaborate
apparatus.

Observations made over a cen
tury on the phenomenon of corona
or point discharge of atmospheric
electricity at the tips of earthed
pointed Objects have shown that
the average potential gradient
near the surface over open ground
is about 100 V m-I . The negative
bound charge on the earth's surface
is neutralized by the atmospheric
ion conduction current. Further,
during thunderstorms negative
charge is carried to the surface
of the earth. Since the amounts
of positive and .negative charges
brought to the surface by various
processes should according to
natural processes very nearly
balance, it is felt that the pheno
menon of point discharge might be
responsible for the major part of
the process towards equalization
of positive and negative charge
transfers to the earth's surface.
This makes its measurement a key
operation if the charge transfer
processes at the surface are to be
quantitatively understood.

Till now, estimates of total
point discharge to earth over a
given area were based on the
measurement of current through a
metal point mounted on a pole
or a tree top. Since a tree has
several arrays of pointed edges, the

potential distribution could not be
assumed to be concentrated at the
point of the probe. Further, there
was no way to assess the effect of
electrodes on the tree.

In the new method, a capa
citance electrode is wrapped round
one of the top branches of a tree.
These electrodes do not have any
contact with the tree and the
current through them is recorded
continuou:Jy. Comparative obser
vations made with a field mill
and a metal point probe show that
with further refinements, the tech
nique will be successful in the
measurement of point discharge
currents [Nat'ure, Lond., 222 (1969),
654J ..

Computer-generated
3-D pictures

A rapid and inexpensive two
step process using a computer for
making holograms for subsequent
3-D viewing of the subject has
been developed at the Bell Tele
phone Laboratories (BTL), Murray
Hill, NJ. This development pro
vides scientists, architects, statis
ticians and other regular users
of a computer with a practical
method of converting data stored
in a computer's memory into
3-dimensional pictures and graphs.
Although the computer production
of holograms is not new, the new
BTL. method is an improvement
over the earlier one in that it
takes only about 20 sec of the
computer time.compared to a few
hours in the previous process to
convert equations, formulae, statis
tical data;and 3-dimensional (3-D)
objects into a form suitable for the
making of holograms. Hence this
process is rapid enough for making
mass production of copies of the
hologram. Another advantage of
this process is that the holograms
can be viewed in ordinary in
candescent light and the use of
laser light for viewing can be
dispensed with. The quality of the
holograms made is comparable
to that of a standard 3-D holo
gram.

In the new method, the com
puter, in the first step, calculates
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a series of 1 through N adjacent
images of the sUbject stored in its
memory. The images, equivalent
to ordinary 2-D photographic
images of the sUbject, as seen
from the points 1, 2, .,. N, are
then transferred, one by one, to
microfilm by a microfilm plotter
connected to the computer. A
microfilm frame for each picture is
thus obtained.

In the second step, a hologram
of the information stored in the
microfilm is made within a few
minutes by using a simple experi
mental set-up.

Each view stored on the micro
film is brought in front of tbe laser
in tum. Simultaneously, a mask
automatically shifts to expose only
the corresponding section of the
hologram plate, so that the 2-D
views calculated by the computer
are stored side by side. The
reference beam remains constant
for all the views so that all
wiII be reconstructed as a single
3-D subject. Although this com
posite hologram is made up of a
series of small holograms, each
derived from a single 2-D view
of the sUbject, the composite re
constnlcted image from the holo
gram is 3-dimensional and shows
a 360° view of the sUbject. Tbe
viewer can by simply moving his
head from side to side in front
of the hologram see the object
rotating through a full cycle [BeY
Lab. Rec., 47 (1969), 126).

Holographic identification of
fingerprints

A holographic system that can
identify a suspect's fingerprints
from 1·5 million filed prints in
about 2 min has been devised by
the Conductron Corporation of
Ann Arbor, Michigan, USA.

The fingerprints are identified
holographically using a Fourier
transform of filed prints, stored
in the form of photographs. The
suspect print is photographed and
the transparency converted into
a hologram. The filed trans
parencies of prints are compared
with the hologram on an optical
bench. The reel of filed prints
is driven through the expanded
and collimated laser beam until a
bright spot, signifying the match
ing of the film print and hologram
of the suspect print (i.e. when
they are complex conjugates of
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one another) appears on the screen
[New Scient., 42 (6#) (1969), 73].

Ultrasonic helium bubble
chamber

A new technique for photograph
ing the tracks of nuclear particles
traversing a bubble chamber has
been evolved at the European
Organization for Nuclear Research
(CERN) in Geneva. The tech
nique utilizes successfully the
ultrasonic excitation of bubble
growth along the tracks of ionizing
particles, using helium as the
operating liquid. All previous
attempts to produce bubble tracks
ultrasonically have been unsuccess
ful regardless of the choice of the
liquid. The important advantages
in using an ultrasonic standing
wave system to provide the neces
sary expansion in a bubble chamber
are the replacement of the bulky
expansion system by static crystals
[thus avoiding (i) the use of
complicated moving parts and
(ii) the general disturbance of the
liquid mass], and the high repe
tition rate which is potentially
possible.

In the conventional bubble
chamber, a liquid, such as hydro
gen, helium or freon, is held near
its boiling point under pressure.
Before a charged particle beam is
fired into the liqUid, the pressure
is released by a moving system
or a membrane. This caUses
boiling preferentially along the
particle tracks, which are then
photographed. The liquid must
then be immediately placed under
pressure again. _

In the ultrasonic bubble cham
ber (UBC) filled with liquid helium,
sound waves of about 1 Mc/s fre
quency were produced which make
the helium sensitive to cause
bubble formation whenever a
nuclear particle flashes through the
chamber. The two significant
characteristic features of the UBC
are: (i) at sufficiently high ampli
tudes, bubbles formed in the early
half of a cycle will not be com
pletely recompressed in the sub
sequent half-cycle (since absorption
of sonic energy is irreversible)- and
can then grow to visible size over
a number of cycles (50-60 cycles
of the sound field corresponding
to 600 (J-sec), and (ii) the bubble
density is independent of tempera
ture for a given under-pressure

and bubble growth rapidly in
creases at lower temperatures.

The CERN UBC is essentially a
horizontal cryostat composed of
oJ cylindrical glass vessels. The
inner vessel contains two piezo
electric" crystals, the mechanical
alignment of which can be adjusted
from outside. Ultrasonic standing
waves are set up between these
crystals by pulsing (at 110 kHz
with 700 V rms) them by using a
power amplifier. A 25 ] flash of
about 40 (J-sec duration in con
junction with a cylindrical reflector
and lens system, to produce con
vergent illumination, is used for
photographing the tracks. The
apparatus is aligned for operation
so that the particle beam passes
along the cylindrical axis of the
chamber. After the crystals and
chamber have been carefully tuned
to electrical and acoustic reso
nance, bubbles are produced in the
chamber along the tracks of mini
mum ionizing pions and protons,
and successful operation is
achieved in the temperature range
3+3-65°K.

The UBC, when perfected, should
enable photographs of nuclear
events to be taken much more
frequently than the one or two
times a second usual with most
existing instruments with which
the debris 'from nuclear collisions
is studied [Nature, Lond., 220
(1968), 1177; Sci. News, 95 (1969),
11].

Giant scintillation counter
for high energy particles

Hofstadter and his collaborators
at Stanford University have ex
plored an overgrown NaI(Tl)
crystal as detector of high energy
particles (including neutral par
ticles) in the GeV range for the
first time. They used NaI(Tl)
because it has an excellent scintilla
tion yield, a high density and a
correspondingly small radiation
length, though for detection of
GeV particles the crystals must be
huge.

The Stanford detector consists of
six separate crystals, whose sizes
range from 29 to 33 cm in diam.
and 9'5-18 cm in thickness.
Each crystal is sealed in a thin
aluminium case and viewed radial
ly by four photomultipliers. The
six crystals are mounted coaxially
to simulate one large crystal



69 cm thick along the beam axis.
Energy resolution for an incident
electron or gamma ray is 1-2%
for the energy range 4-14 GeV.
Unlike in some other devices this
resolution improves as energy in
creases (a realistic limit is 0·1 %).
The NaI(Tl) crystals can also be
used to detect strongly interacting
particles, but they must have
larger diameters and' greater
lengths. It is claimed that there
is virtually no limit to the highest
energy detectable by the detector
[Physics Today, 22 (5) (1969),58]...
Synthesis of theaspirone

Anovel synthesis of theaspirone
l-oxa-8-oxo-2,6,I0,1 O-tetramethyl
spiro [4.5]-6-decene, a volatile
fraction of black tea-has been
achieved starting from dihydro
~-ionol acetate. Dihydro-~-ionol

acetate was transfOimed to the
conjugated diene by bromination
with N-bromo succinimide and suc
cessive treatment with dimethyl
aniline. This conjugated diene on
photo-oxidatiort in the presence of
eosine in ethanol afforded a per
oxide which on catalytic reduction
with Lindlar's catalyst afforded a
diol, which was oxidized to a
ketone. This ketone was also pre
pared by treating the peroxide
with sodium hydroxide. Ether
cyclization was effected by heating
a dimethylsulphoxide solution of
this ketone. Although the result
ing ether formed a crystalline
semicarbazone, m.p. 208-9°, the
ether regenerated from the semi
carbazone was shown to be a
mixture of two racemic stereo
isomers of theaspirone, by gas
chromatography. .

The spectral data (UV, IR, MS,
NMR) of two racemic stereo
isomers are found to be almost
superimposable. The spectral data
of theaspirone coincide with those
of the synthetic one [Tetrahedron
Lett., No. 22 (1969), 1803].

MulfJr rennin, a .new
milk-clottin~ enzyme

A new enzyme isolated at the
University of Tokyo in crystalline
form from Mucor pusillus var.
Lindt may prove a good substi
tute for rennin, the milk-clotting
enzyme produced only in the
stomachs of milk-fed calves [Bio
chim. bidphYs. Acta, 171 (1969),
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138]. The enzyme preparation is
found to produce various types of
c~ese using the conventional
cheese manufacturing steps and
compares well with rennin in its
milk-clotting activity, molecular
weight (3000) and optimum pH
for proteolytic activity. It does
not differ much from rennin in

.its other physical properties: par
tial specific volume, 0·74; sedi
mentation coefficient, 2·39 Xto-13

cm g sec-l dyne-l ; diffusion co
efficient, 7·9 X 10-7 ems sec-l ; and
frictional coefficient (fIfo), 1·33.
Although. the crystal structure of
Mucor rennin di'ffers from that of
rennin, the new enzyme is available
for the manufacture of cheese
and hence may facilitate cheese
making, which is at present ham
pered for want of adequate sup
plies of rennin.

The crude enzyme obtained from
the moulds grown on wheat bran
by the procedure of Arima et al.
[Agric. bioI. Chem., 31 (1967),
540] is purified by' column chro
matography over Amberlite CG
50, DEAE-Sephadex A-50 and
Sephadex G-I00. It is dissolved
in O·IM sodium acetate bu'ffer
(pH 5·0) to make its concentration
2-3%. To this solution is added
(NH4)aS04 to 40% saturation and
the solution contained in a cello
phane tube is dialysed against
O'IM sodium acetate buffer (pH
5·0) containing (NH4)sS04 of 40%
saturation. (NHJ.S04 is added
to the outside solution of the
cellophane tube dropwise to in
crease the concentration in the
tube gradually. At about 50%
saturation enzyme crystals are
formed in the tube and are col
lected after concentration of the
enzyme solution in a refrigerator.

A new assay for DNA
endonuclease activity

An extremely sensitive method
for the assay of endonuclease
activity has been reported from
the Department of Biochemistry,
Case Western. Reserve University,
Cleveland, Ohio U. bioI. Chem.,
243 (1968), 4401]. The new me
thod, which depends upon the
liberation of large fragments of
DNA of average molecular weight
approx. 400,000 from a poly
acrylamide gel in which high
molecular weight isotopically label
led DNA is entrapped, can be

used to examine the kinetics of
DNA degradation by deoxyribo
nuclease I, deoxyribonuclease II
and Escherichia coli endonuclease
1. It can be applied to double
stranded DNA, double stranded
alkylated DNA and single stranded
DNA and hence can find use in
purification of as yet uncharac
terized endonucleases. The me
thod, however, suffers from the
limitation that both strands of
a double stranded DNA molecule
must be cleaved in order to observe
the liberation of DNA from the gel.

This shortcoming in the
method has, however, been helpful
in assigning mechanisms by which
the dilfferent endonucleases per
form their activity. The observed
initial lag in the hydrolysis of
DNA by DNAase I and not by
DNAase II and Esch. coli endo
nuclease I is indicative of the
double hit mechanism, which
requires more than one encounter
between enzyme and DNA for a
break in both strands of DNA,
operating in the case of DNAase I,
and single hit mechanism, which
requires only one encounter be
tween enzyme and DNA - for the
hydrolysis of both strands, in the
case of DNAase II and Esch. coli
endonuclease 1.

Isotopically labelled DNA is
incorporated in a polyacrylamide
gel, which is then polymerized in
a vertical glass tube (15 X 1 em)
by aeration with nitrogen for
about 60 min. The gel is then
transferred to a 10 ml syringe
and fragmented by passage
through a 50 mesh screen. It is
washed with 10 vol. of 0·05M
Tris-HCI buffer (pH 7,2) contain
ing 0·15M RCl and 2x lQ-4M
EDTA. The average gel prepara
tion contains approximately 186
mil-moles of DNA nucleotide per
ml of gel volume after it is packed
by centrifugation at 2000 g for
5 min. Stock DNA gel suspension
is stirred with a magnetic stirrer.
To an aliquot of this suspension,
divalent metal ions needed for the
enzyme activity are added and the
reaction is started by the addition
of the enzyme and stopped by the
addition of 0·5 ml of O·lM EDTA.
The supernatant fraction obtained
after centrifugation at 2000 rpm
for 5 min is collected and its
radioactivity determined using a
Tracelab low background gas
flow counter.
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Scanning electron
microscopy-A new technique
for studying microorganisms

Although scanning electron
microscope, which permits the
rapid three-dimensional examina
tion of the surfaces of minute
objects, has been available for
several years, and has been em
ployed in the physical sciences,
it has been put to use in biology
only very recently. Among the
biological obj ects stereoscanned
thus far are the mineralized tissue,
pollen grains, exoskeleton of arthro
pods, foraminifers, actinomycetes
and soil microorganisms. More
recently [Science, N. Y., 163 (1969),
1064, 1076J, E. B. Small and
D. S. Marszalak from the Uni
versity of Illinois, and D. Green
wood and F. O'Gardy from St
Bartholomew's Hospital, London,
have extended the application of
scanning microscopy to the study
of the Protozoa and antibiotic
induced surface changes in b1.cteria
respectively. .

Small and Marszalak have de
vised a method which produced
life-like results in their. study of
the protozoans. The technique
requires three successive steps:
(i) instantaneol1s fixation of living
specimens in osmium tetroxide
and aqueous mercuric chloride;
(ii) freeze-dry sublimation involv
ing cooling in liquid nitrogen
(-180°C), and sublimation to dry
ness for 5-12 hr in vacuum (S X 10-2
torr) and cold temperature (-60°C);
and (iii) metal coating done in a
vacuum evaporator and. a thin
film of gold and palladium evapo
rated at a high vacuum (5 X 10-8

torr) on to the specimens rotated
50-100 times/min.

Surface organelles like the
pseudopods, flagella and cilia with
their numerous patterns and arrays
- diagnostic for species identi
fication - can be faithfully pre
served, retaining a life-like appear
ance, and when coupled with
the depth of field and the excellent
resolution of the scanning electron
microscope, they can be seen as
never before. Scanning electron
microscopy thus permits the rapid
examination ofspatialrelationships
of biological structures not ob
tainable with light microscopy
or only laboriously reconstruct
ed from electron microscopic
studies, and provides the bio-
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logist with a more direct, simpler
means.

New synthetic fluid for
maintenance of normal
activity of isolated tissues

Solutions which are currently
in routine use to provide artificial
environment for the maintenance'
of normal functioning of the iso
lated animal tissues include Sydney
Ringer's - advanced as early as
1882 - and several others which
are its later modifications. The
functioning of thesy , Ringer' solu
tions is based on the assumption
of blood plasma as the natural
cellular environment which, in
fact, is not the case, since the
proper environment of cells is
interstitial fluid (also called inter
cellular or tissue fluid) found
between the cells and bathing
them. The presently employed
solutions deviating substantial1y
from the ideal are likely to result
in serious alterations of physio
logical parameters like membrane
potentials which are sensitive to
ionic concentration changes. In
an attempt to solve this problem,
A. H. Bretag of the University of
Adehide's Department of Human
Physiology and Pharmacology
[Life Sciences, 8 (1969), 319J has
produced synthetic interstitial
fluid (SIF) especially for use
with isolated rat tissues, although
it could be used with advantage
as bathing fluid for most types
of isolated mammalim tissues.

.The best available recent data
on rat blood composition and
relationship between interstitial
fluid and plasma were critical1y
evaluated by the author while
determining the most probable
composition of rat's interstitial
fluid. . .

The SIF is made by dissolving
6·3 g NaCl, 0·26 g RCl, 0·17 g
MgS04.7H20, 2·2 g NaHC03, 0·26
g NaH2P04.2H20, 2·1 g Na
gluconate, 1·0 g glucose and 2·6 g
sucrose in 1 litre of distilled, de
ionized water, equilibrating the
solution with carbogen (5% CO2
in 02) and finally adding 1·7 ml
of 10% CaCI2. In use, the SIF
is continuously bubbled with
carbogen to maintain the
pH.

There is likelihood of SIF proving
valuable in the perfusion of organs
for transplantation and as a basis

for a dialysate for use in artificial
kidney machines, the solutions
currently employed for these pur
poses having been based on inade
quate information.

Indian Institute of Science,
Ban~a10re

The annual report of the Indian
Institute' of Science, Bangalore,
for the session 1967-68 gives an
account of its main research acti
vities during the year. A total
of 317 research papers were pub
li!hed during the year - 163 in
pure sciences and 15+ in engi
neering.

Significant results have been
obtained in the areas of vitamins,
proteins, cytogenetics and sani ta
tion biochemistry. In the studies
concerning the toxic effects of
Lathyrus sativus (Khesari dhal)
it has been found that dimethyl
sulphoxlde when given intraperi
toneal1y to rats which were fed
on a diet of Khesari dhal produced
a lowering of blood ban barrier
and resulted in dragging of the
hind legs similar to those observed
earlier in monkeys. Feeding of
orotic acid increased glycogen and
citrate levels in rats within 2+ hr
of feeding, whereas fatty acid
level increased only after 72 hI.
Glucosamine could reverse fat ac
cumulation without affecting the
glycogen and nucleotide levels.
Ribonuclease A has been shown
to undergo structural alterations
both in acidic and mildly alkaline
pH regions to form stable active
forms of the enzyme. It has
been demonstrated that differences
in the folding of the chain in
the S-protein region of the enzyme
is responsible for the initial changes
in the structure of ribonuclease
A in both' acidic and alkaline
environment.

A new function has been dis
covered for ubiquinone as a regu
latory molecule in controlling the
synthesis of cholesterol in the
liver, thereby decreasing se~m

cholesterol levels, similar to the
action of the cholesterol-depress
ing drug Antromid-S. The regu
latory effect of ubiquinone on
steroidogenesis manifested only in
adult animals and was found to
be absent until weanling stage.
This offers scope for the thera
peutic use of this natural1y occur-
ring lipid-quinone. '



Using essentially immunologicai
techniques it has been shown for
the first time that the placenta
-of the sheep and cow secrete a
follicle stimulating hormone type
·of material. A large number of
polluted water samples were
studied and it was shown that a
simple test for the enzyme catalase
may be usefully applied, parti
cularly for the assessment of
·organic pollution of water. This
catalase activity is largely due to
the bacterial development as shown
by further experiments with pure
cultures of seven bacteria from
sewage and soil.

Investigations on the rhizo
sphere microflora of mulberry
(Mortis indica) revealed that rhizo
sphere bacteria of the mulherry
assist the plant by elaborating
plant hormones, which help clon
.gate the root as well as the shoot.
It was also obs~rved that the
bacteria associated with the leaves
of the plant are nitrogen fixing
species, and th~se contribute to
the nitrogen nutrition of the plant.
The rhizosphere flora bring about
better aggregation of the soil and
include such sp~cies of hetero
phobic bacteria as are able to
attach methionine eifectively and
promote nitrification to proceed
in the soil.

The tubercle b:lcillus h:l5 been
found to possess a new enzyme 
acetohydroxy acid isomerase
whose activity can be demons
trated in the presence of vitamin
C and for the first time vitamin C
has been shown to have a definite
role in metabolism.

The use of films of plastics like
polyethylene and polyvinylchloride
as infrared filters is being studied
and encouraging results were ob
tained in this direction. Com
plexes of Ni(II) halides with anti
pyrene (Apy) , having the com
position, NiC12.2Apy, NiBr.2Apy,
and [Ni(Apy).]I2 and pyridine N
oxide and an tipyrine complexes
of manganese(IIIj perchlorate of
the composition [MnL.] (CI04)3
have been prepared and their
structures assigned. Some diphe
nyl sulphoxide (DPSO) complexes
of iron(II) have been characteriz
ed. DPSO complexes of Ti02+,
Zr02+, V02+, UO~+ and ThH

have been prepared. Total syn
Jhesis of a naturally occurring
steroid has been achieved. During
the attempted synthesis of oes-
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trone, a modified Clemensen reduc
tion of I-methoxycarbonyl-2-me
thyl-2-cyano-3-keto-7-methoxy 1,2,
3,9,1O,10a-hexahydrophenanthrene
furnished an interesting dimeric
product whose structure was com
pletely elucidated. A urinary
steroid could be synthesized for the
first time using the neutral product
obtained by the hydrogenation of
the ketal of d-equilenin as the startc
ing material. Total syntheses of
17-~-hydroxy-des-A-androst-9-ene

5-one and 17-~-hydroxy-l0d-des

A-androstan-5-one have been
achieved. A relatively low-cost
vapour phasechromatograph useful
for classroom demonstration has
been developed.

Process. development work for
the manufacture of acetone, ace
tylene, cyclohexane and propion
ald~hyje has been completed and
is of industrial relevance.

Studies in solid state physics,
spectroscopy, maSS spectrometry
and nuclear geology, with emphasis
on the development of instruments
were orried out. Considerable
attention was given to the develop
ment of modern instrumentation
for photoelastic studies, thermal
expansion and specific heats of
liquid mixtures, nuclear quad
rupole resonance, electron nuclear
double resonance, dynamic nuclear
polarization and for the produc-.
tion of semiconductors. The struc
ture analysis of meso-3,3'-di-(p
bromophenyl)-bi-phthalidyl was
completed. The structure was
defined by three-dimensional least
squares procedure with anisotropic
thermal vibrations for all the
atoms.

Dr V. A. Altekar

Dr V. A. Altekar, Professor of
Metallurgy, University Department
of Chemical Technology, Bombay
University, has been appointed
Director, National Metallurgical
Laboratory, ] amshedpur.

Born on 4 March 1925, Dr
Altekar took his degree in metal
lurgical engineering in 1946 from
the Banaras Hindu University.
His research work on the utiliza
tion of the lead-zinc ores of Zawar
was well received and he was
awarded a scholarship by the
Colorado School of Mines, VSA, for
post-graduate work on ' Mechanism
of formation of nodular cast iron'.
Working under Prof. C. B. Car-

penter and Prof. Wichman he ob
tained his master's and doctorate
degrees in metallurgical engineer
ing. He was also assigned many
industrial problems. He worked
for some time with the US Bureau
of Mines and also with a private
copper mining and milling com
pany in Arizona.

On his return from USA, Dr
Altekar rejoined the Banaras
Hindu University and carried out
investigations on minerals. In
1957, he joined the Bombay Uni
versity where in 1962 a chair was
specially created in recognition of
his outstanding work in the field
of mineral processing and chemical
metallurgy. In recognition of his
contributions to industrial research
and education, the Union Ministry
of Mines and Metals named him
, Metallurgist of the Year' in 1968.
The award carried a prize of
Rs 3000. His paper on ' Selective
chlorination of ilmenite in fluidized
bed reactors' was awarded the
Kamani gold medal for being the
most meritorious paper published
by the Institute of Metals (India).

Dr Altekar has done pioneering
work on chlorine metallurgical pro
cesses like ch~mical beneficiation
of minerals; production and puri
fication of metal chlorides; electro
winning of metals from fused
chlorides; studies on the thermo
dynamic properties of unstable
metal chlorides; application of
fluidized bed tachniques for metal
lurgical problems in India, etc.

Dr Altekar is intimately con
nected with various industrial pro
cessi 19 and production problems
and has conducted a large number
of investigations on behalf of
public and private sector enter
prises. He has been consultant
and technical adviser to a large
number of firms and is responsible
for the designing and commission
ing of ore dressing plants for low
grade manganese ores, plants for
processing bauxite, preparation of
project reports on upgrading of
ilmenite for export, utilization of
sea bitterns, electrothermal smelt
ing of zinc, production of superfine
metallic zinc dust from waste, zinc
oxide, etc. Dr Altekar has been
singly responsible for the successful
development of the unique process
for the production of high purity
zinc, as he not only conceived the
idea but also designed and com
missioned the commercial electro-
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FORTHCOMIN':; INTERNATIONAL SCIENTIFIC CONFERENCES

• The Computer Society of India
will be holding its filth annual
meeting at the College of Engineer
ing, Guindy, Madras 25, during 8-11}
January 1970. The programme
for the meeting will include a
number of invited talks and ranet
discussions on subjects of topical
interest artd also technical sessions
for presentation of contributed
papers. The technical sessions
will cover the following areas:
(1) Management applications;
(2) Computereducation ;(3) Applica
tions (structural engineering, chemi
cal engineering, electrical engineer
ing and miscellaneous); (4) Sys
tems (hardware and software) ; and
(5) Numerical analysis. An exhibi
tion of books, literature, compo
nents, instruments and systems is
also being arranged. Further details
can be had from Dr S. Natarajan,
Convener, Computer Society of
India, c{o College of Engineering,
Guindy, Madras 25.

thermal zinc dust and smelting
plant at Thana near Bombay, uti
lizing entirely indigenous talents,
materials and equipment. Initiat
ed in 1966, the project was com
pleted in 1968. Dr Altekar has
also been technical adviser to the
Hindustan Copper Ltd.

Dr Altekar is the author of a
large number of research and
technical papers on various facets
of metallurgical science and techno
logy and two patents which are
concerned with processing and
treatment of indigenous ores and
minerals like bauxite, ilmenite,
manganese ores, chromite, iron
ores, etc.; extraction characteristics
of aluminium, zinc, manganese,
iron, etc.; utilization of metal
lurgical wastes; use of substitute
alloys; basic concepts on reaction
mechanism in metal and alloy
production; suveys on mineral
deposits of the country; produc
tion of metallic compounds; and
export potentialities of ores and
minerals. Dr Altekar .has also guid
ed research at post-graduate level.

He is associated with the
National Chemical Laboratory as
a member of its advisory panel.
He is also member, Minerals Ad
visory Committee of the Maha
rashtra Chamber of Commerce,
and Maharashtra State Industrial
Research Comruittee.

Dr Altekar is one of the pioneers
in building up the Indian Institute
of Metals, Bombay. Presently a
member of the Institute, he was
its chairman from 1964 to 1966.
He is Vice-President, Society for
Advancement of Electrochemical
Science and Technology and mem
ber, Institute of Indian Foundry
men.

Announcements

• The Fourth Symposium on Earth
quake Engl:neering will be held at
the School of Research & Training
in Earthquake Engineering, Uni
versity of Roorkee, Roorkee, during
14-16 November 1970. The main
topics of discussion at the sympo-
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Date Conference

October 1969 International Colloquium on Properties and
Nature of Coordination' Bonds

2-5 Nov. Second International Symposium on Recent
Advances in the Study of Atherosclerosis

3-8 Nov. World Congress on Cybernetics
4-6 Nov. International .Congress on the Radiation

Protection Problems in the Pacific Use of
Nuclear Energy Proceedings of the Emis
sion, Diffusion and Retention of the Fission
Products

5-7 Nov. Second International Conference on Accele
rator Dosimetry and Experience

10-14 Nov. Symposium on the Performance of Nuclear
Power Reactor Components

18-22 Nov. International Meeting on Nuclear Desali
nation

19-20 Nov. International Symposium on Non-destructive
Testing of Nuclear Reactor Components

30 Nov.-4 Dec. International Conference on the Constructive
Uses of Atomic Energy

November International Rubber Conference
7-12 Dec. International Conference on Global Impacts

of Applied Microbiology
'December International C-B and T-3 Dating Conference
2-7 Feb. 1970 Second Conference on Nuclear Data for

Reactors
16-21 Feb. Symposium on the Handling of Nuclear

Science Information
18-20 Feb. International Solid State Circuits Conference

sium will be: Structural response
and design of structures for earth
quake and blast forces; Design of
dams and appurtenant works in
earthquake zones; Housing in
seismic zones and damage during
recent earthquakes; Soil and
foundation behaviour during earth
quakes; Instruments for earth
quake engineering and seismo
logical studies; Seismicity, wave
propagation and ground motion;
Seismo-tectonic studies of seismic
regions; and Observation of earth
quake damage and determination
of iso-seismal and iso-force lines.

Synopses (300 words) of papers
intended to be presented at the
symposium should be sent by
31 March 1970 to the convener
c{o School of Research & Training
in Earthquake Engineering, Uni
versity of Roorkee, Roorkee. The
last date for sending full papers
(limited to 6000 words) is 30 June
1970.

Place

Paris

Chicago

Vienna
Gif-Sur
Yvelte

Stanford,
California

Czechoslovakia.

Madrid

Rotterdam

San Francisco

Moscow
Bombay

Caracas
Vienna

Vienna

Philadelphia



Just published

THE WEALTH OF INDIA
An Encyclopaedia published in two series:

(i) RAW MATERIALS (ii) INDUSTRIAL PRODUCTS

RAW MATERIALS:Vol. VIII (Ph-Re)

Contains 202 articles: 195 ·on plant genera, 2 on animals and animal
products, and 5 on minerals.

The important topics covered include: ANIMALS & ANIMAL
PRODUCTS - Porpoises & Dolphins, Prawns, Shrimps & Lobsters.
BEVERAGES-Nira from Date-palm (Phoenix). DYES & TANS-Red
Sanders (Pterocarpus), Oak (Quercus). ESSENTIAL OILS - Patchouli (Pogo
stemon). FATS & OILS - Pongam Oil (Pongamia) , Almond Oil (Prunus).
FODDER - Kudzu (Pueraria). FRUITS & NUTS - Dates (Phoenix),
Chilgoza (Pinus), Pistachio (Pistacia) , Almonds, Apricots, Cherries, Plums
(Prunus) , Guava (Psidium) , Pomegranate (Punica) , Pears (Pyrus). GUMS
Malabar Kino (pterocarpus). MASTICATORIES-Betel Leaves (Piper).
MEDICINAL PLANTS - Isphagol (Plantago), Babchi (Psoralia), Sarpagandha
(Rauvolfia). SPICES - Pepper (Piper). TIMBERS - Chir (Pinus), Douglas
Fir (Pseudotsuga). VEGETABLES -Beans (Phaseolus) , Peas (Pisum) ,
Radishes (Raphanus). MINERALS - Phosphates, Pigment Minerals, Platinum,
Quartz & Silica, Rare Earths.

The Wealth of India provides information for industrialists, drug dealers,
research workers, students, planners, and anyone - anywhere - who is
interested in useful plants, animal products and minerals.

Pages xxxii+394. Demy 4to 11 Plates and ·142 text illustrations

Can be had from

Sales & Distribution Section
Publications & Information Directorate, CSIR

Hillside Road, New Delhi 12

jSIR-oCTOBER 1969 A15



n------- VACUUM GAUGE

t:=~==""""'~-- THERMOSTAT

VACUUM
OVEN
Available in

two standard sizes

Internal chamber size

10 3,'4' X 12'

13 l/rx24'

Tray size (2 Nas.)

9 3/8' X 19 3/4'

12' X 22 \/2'

PHARMA TRUST Keshav Baug, 114 Princess Street, BOMBAY 2

Grams: ANTIGEN Telephone: 313519

Preliminary investigation indicates

availability of limestone in Dharmcot

near Dharmsala in Kangra District of

Himachal Pradesh. Parties interested

in setting up project based on limestone

may contact or write to the Director

of Industries, Himachal Pradesh,

Simla 4, within one month of publi

cation of this advertisement.

DIRECTOR OF INDUSTRIES

HIMACHAL PRADESH

SIMLA 4

A16

RAW MATERIALS FOR

RESEARCH & INDUSTRY ..• 5

Dr. E. Durrwachter-Doduco-KG.

For all types of Industrial Contacts,

high purity metals for semiconductor

technique, Profiles. Stampings. contact

fingers and bridges. special alloys for tran

sistor application, Solders and Soldering

fluxes.

For further particulars contact:

K. S. HIRLEKAR
Western India House

Sir Pherozshah Mehta Road

BOMBAY I

Gram.: INDBUREAU, Bombay • Phone: 251931/252073

ISIR-OCT06ER 1'169



Just Published

EVOLUTION OF LIFE
by

M. S. RANDHAWA, JAGJIT SINGH, A. K. DEY and

VISHNU MITTRE

Written by a team of experts, the publication represents a pioneering attempt in
India on the subject of Evolution of Life. A unique feature of the publication is the
synthesis of the vast amount of data available on the subject in such a manner as to
present a fascinating account of evolution of life in the context of Indian rocks, flora
and fauna. After discussing the origin of life in the Pre-Cambrian Eras, the publi
cation gives a systematic and connected account of the evolution of plant and
animal life in the succeeding eras, viz.

• Palaeozoic Era • Mesozoic Era * Cenozoic Era

The publication does not end merely with the organic evolution of man from his
animal ancestors, but also deals with his material culture up to the prehistoric times,
thereby establishing a close link between the perspective of geological time and the
brief history of human race during the recent past.

The publication is profusely illustrated with 199 illustrations showing the con
figuration of continents in the past, distribution of rocks in India, palaeoscapes with
plant and animal life through the ages and a large number of plant and animal
fossils.

A valuable publication both for the layman interested in the subject and for the
specialist seeking details.

Size Crown 4to Pa~es xxviii+360

PRICE Rs 45.00 Shillin~s 90 $ 14.00

Copies available from

SALES & DISTRIBUTION SECTION

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12

ISIR-OCTOBER 1969



STANTON
THERMO BALANCES

For thermogravimetric analysis Stanton

Instruments Ltd., London, offer outfits with

balance sensitivity of 0.1 mg., 0.2 mg., or

I mg. per chart division working in

a temperature from ambient to 1000°C.,
1350°C., or 1500°C.

Also available are attachments which go

with the Thermo Balance to provide DTA

plus TG at the same time, on the same
sample.

Applications of this versatile instrument include

* Oxidation/Reduction Studies * Quantitative Analysis

* High Temperature Kinetics * High Temperature Solid State Reactions

* Gas Corrosion Studies * Solid Gas Reactions

Sold and serviced in India by
EXCLUSIVE DISTRIBUTOR

MARTIN & HARRIS (PRIVATE) LTD.
SCIENTIFIC DIVISION

SAVOY CHAMBERS, WALLACE STREET

BOMBAY I

Printed and published by Shri A. Krishnamurthi. Publications & Information Directorate. Council of SCientific &

Industrial Research, New Delhi, at the Catholic Press, Ranchi. India

Regd No. PT-842
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