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TO OUR READERS 

The materials sector of industry has an enormous influence on the 
econonic well-being and quality of life in a country. but by its very 
nature the resources are dispersed among many science and 
engineering disciplines and between the public and private sectors 
of the economy. Materials are vitally important to our economic 
security and quality of life. Thus, the inaemental funding. coupled 
with the strategic approach to national goal-oriented planning and 
implementing initiatives in the area of new and advanced materials 
are essential to enhancing the competith1eness of a country. 

Tedlnological developments in such important industrial sectors as 
autorr.obile manufacturing, electronics/electrical engineering, energy 
engineering, machine and appliance building or chemistry, are \lften 
based on advallCed materials. The further dewlopment and suppor. 
of materials technology are important precisely because of the very 
sizeable impetuses, and spill-over effects on virtuaHy all sectors of 
the processing industry. which result from them. 

At present, there is a clear understanding of the interrelationships 
between new and advanced materials, technological leadership, 
co.-npetitiwl! ad;;antagcs ar.d the ct-.alkmge in the 1990s, and be;"Cr.d. 
Both government and industry should also haw a very clear 
understanding of the role of materials technology for sustained 
competitive advantages and long-run growth as well as of the rising 
importance of advanced materials in the process of industrial 
restructuring. The global restructuring process also entails an impact 
on the demand for traditional industrial raw materials, the global 
resource base, corporate strategies and global location patterns. All 
these interrelated changes require an urgent increase in the role of 
governments in promoting national competence in new materials 
produdiCin and use. which are deemed necessary for current, and 
Mure. domestic competitiveness. 

The experience of India in the fonnulation and implementaUon of a 
national programme for the development of new materials clearly 
ina!cates what results developing countries may obtain if such 
programmes are carried out in clear relation to the advances that 
have taken place in science and technology abroad, and to the needs 
of the country's society. These efforts, in !ndia, have led to capacity 
building in many areas leading towards achieving self-reliance in the 
country. 

We have decided to publicize this experience in order to demonstrate 
that there are many opportunities for developing countries to enter 
into various stages c..f the materials and manufaduring cycles, whilst 
judiciously building on exist:ng strengths in domestic materials, 
manufacuturing technologies and human skills. 

Vladimir Kl>Jarnovitch 
T echn1cal Editor 
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A. LEAD ARTICLE 

INDIA'S EXPERIENCE IN THE DEVELOPMENT OF A NATIONAL 
FACILITY FOR PROMOTING NEW MATERIALS 

Dr. Pawan SiUa 
Director K"ith the Gowmment of India. 

Department of Scienc:e and Techno/Og_l-. New Delhi. India 

Abstract I 
The development of new materials has been an integral part of industrial expansion in economically developed 

countries. resulting thereby. apart from an impr°'•ement in the effici~ncy of production and the quality of products. 
in a revolution in the nature of certain industries. 

Certain r:iw materials of which India has the largest deposits in the world. were until recently exported. only to 
be re-imported as a finished product. and that too at " high cost so as to satisfy the needs of certain industries. This 
necessitated •he need for materials development within the country to satisfy its immediate requirements. 

It is significant to note here that now. due to the expertise and infrastructure developed in many areas of new 
materials. research work in materiO?'s science. leading to the development of new materials. has progressed well in 
many academic and research and development laboratories in India. Most programmes geared towards developing 
indigenous technology would invariably culminate in the further growth of new industries in these emerging high·tech 
areas. for manufacturing special materials. 

The author describes in detail the current scene highlighting future plans of research and development activities 
in the fields of maki !als science and technology under way in India. Although no single national facility. as such. 
exists in the country. and projects are being executed at many academic and research and development laboratories. 
there is a recommendation for the establishment of a National Materials Research and Development Board. to 
coordinate and concentrate the development activities of materials programmes in India. 

I 

The world today is witnessing a major technological 
revolution with newer technologies being introduced in 
varic1us sectors to enhance productivity. the production of 
high quality and precision products and the efficient 
utili1.ation of available rcsource'i. The possibility of the 
introduction of such new technologies has always 
depcnJcJ. to a large extent. on the availability of newer 
and better materi31s having special properties. With the 
discovery and processing of ;:ach new material. the scope 
of applications has broadened. thus making a decided 
impact on the economic and technological development of 
a nation. 

genous development of the: technology of performance 
materials. the Tech'lology Information, Forecasting and 
Assessment Council has recently published techno-market 
survey. in four volumes, clearly showing the current 
research status in India. the technology gap. supply and 
demand scenario. environmental issues, applications in 
India and abroad. and a plan of action. A detailed market 
analysis of performance materials is covered. based on 
Indian and international scenarios. focusing on the 
following areas: 

Information technologies. telecommunications, micro­
electronics. lasers, fibre-optics. a<l .. anced materials and 
hiotechnology arc r.ew f;.:lds where an industrial revolution 
is ta~ ing place in d,·vclopcd countries. While the developed 
w11n1rics ;ire progresc..ing very well on this front. 
dcvdoping countries arc faced with the urgent need to 
mobili1c their mm scientific. !cchnical. and other 
resources. in de\Cloping related technologies in order to 
r,·Juce the ever-µrowing gap between themselves anJ 
developed countries. and to accomplish their own overall 
'ocio·ec.momic and 1echnolog1cal development. India. with 
a view lo developing capabilities and capacities. has r.lsu 
launched a programme hascd oa the future need'> of 
ad .. anced material' as well ao; on 1he availability of her 
na111ral resources. trained manpower and ""'' scicrce ;ind 
lcchnoloi::y intra~1~11cture. Aiming al promoting !he incli-

• Structural ceramics 
• Advanced composites 
• Light alloys 
• lligh-tech coatings and surface engineering. 
The research. development and design (RD&D) 

capacities. coupled with some of the production aspects 
being carried out in India. arc described here in respect of 
ihe following: 

I. Semi-conducting materials 
1.1 Crystalline materials 
1.2 Non-crystalline materials 
I .J Super-conducting materials 
, Ceramics 
2.1 Sensors 
2.2 nio-ceram1c' 
J. <ii.ts' and Cilass-based products 
l I Optical tihrc materials 
.t. Polymer'> and compo,itcs 

f'o~t· I 



Acn·U11<.·es in Materials Tedrnology Monitor. Vol. 1. No. 1 ( 1995) 

4.1 Pol}mers 
4.2 Composites 
4.2.1 Mission on advanced composites n' ~ :als and 

alloys 
5. Titanium 
5.1 Titanium 
5.2 Magnetic materials 
5.3 Steel 
5.4 Aluminium 
6. Mining and minerals 

1. Semi-conducting materials 
Silicon-based microelec1ronics is the predominant 

component of the present-day electronics industry world­
wide. In India, special concerted efforts were made to 
develop programmes in the fields of: 

(a) Crystalline silicon and other materials for 
electronics; and 

(b) Amorphous silicon for solar cells. 

I.I Crystalline materials 
The main integrated circuit facility based on silicon in 

India is at the Semiconductor Complex Limited (SCL). 
Chandigarh. The present feature size is around 5 I'm and 
will decrease to I I'm in the near future. thus. Indian 
capability reaches LSI. Recently. major facilities for silicon 
MBE. reduced vapour phase epita."ty and electron beam 
lithography h3ve been set up within the Defence Research 
& Development Organization. Following the installation of 
these facilities. submicron feature sizes will be possible in 
the near future. A major prograMme in the fields of 111-V 
compounds is being carried out at the Solid State Physics 
Laboratory (SPL). New Delhi, where facilities have been 
established for the synthesis and growth of single crystals. 
epitaxial processing facilities such as molecular beam 
epitaxy tMBE) and metalorganic chemicMI vapour deposi­
tion (MOCVD) for GaAs devices. including ion implanta­
tion, electron beam micro fabrication (EBMF) and plasma 
CVD techniques for producing devices such as Gun diodes. 
millimetre wave devices and MMICs. together with such 
new devices as HEMT (high electron mobility transistors) 
and lnGaAs devices. Several sophisticated diagnostic 
facilities such as EPMA, SIMS. SEM. DL TS. (deep level 
transienl spectroscopy) have also been ins1alled. The Solid 
Slate Physics Laboralory. New Delhi. has recently taken 
the challenging initialive of setting up India's first (or. an 
advanced production size) crystal growth system. thereby 
becoming the country•s pioneering wafer/device fabricalor. 
Anolher place where substantial work is being done is the 
Central Electrical and Electronics Research lnstitu1e 
(CEERI). Pilani. where the cm;ihasi! is on device design 
and developmenl. 

The Tara lr1stitu1e of fimdamental Research (TIFR). 
Bombay. is concentrating on theorelical and basic studies, 
while the Indian Institute of Technology (llT). Kharagpur. 
is engaged in liquid phase epi1axy (LPE) s1udies on lnP. 

With regard to work on raw malerials. India is a 
potenlial major source of gallium in lhe world. as lhis is a 
by-producl of c;luminium production from hauxile and. 
Indian bauxile is among the best in the world. in 1erms of 
1he conrained gallium. The Central Electrochemical 
Research (CEERI). Pilani, and lhe Bhahha Atomic 
Research Centre (Bt\RC). Aomhay, have '...:vcloped pro­
res~es fClr gallium recovery. "hich have hcen adopred by 
the Madras Aluminium Company (MAI.CO) and rhe 
llindusran Aluminium Company (HINDALCO). The 
Nu.:lear Fuel Complex (NFC) ha"e esrahlished purification 

1'11gc ] 

techniques to produce .J-6N elcclrc:iic grade gallium. The 
suitability of these materials. required for semiconducting 
applicalions. is being evaluated. A project on trimethyl 
gallium has been launched al the Defence Science Centre 
(DSC). New Delhi. Work will be intensifiea in this area 
which is of great importance. since the success of MOCVD 
technology ultimately depends upon the availability of h'. gh 
purity metal alkyls. 

Laboratory scale facilities for growing some of the 
cl}·stals and their characterization exist at the Indian 
Institute of Science( I ISc ;. Bangalore; BARC. Bombay; and 
Anna University. Madras. The facilities set up at the SPL 
and the Defence Sci~:iee Cenlre (DSC) (both parl of the 
Defence Research and Development Organization). Ne·N 
Delhi. are quite considerable and can be regarded as being 
suitable for a pi let-scale p1oduction of Y AG and GaAs 
crystals. Production of electronic grade silicon cry!'tals is 
under way at Super Semicor.ductors near Calcutta. 
Silitronics, Hosur. and at Me1tur Chemicals {melchem). 
Tamil Nadu. 

The Department of Electronics of lhe Govemrnent of 
India, is placing considerable importance on the 
development of materials for electronics. In addition to 
support through research a11d development (C-OOME). ii 
is establishing an Electronics Matenals Developmer.t 
Agency (EMDA). under wnich the Malerials Development 
Centre (MDC) (C-METS) has been created with a:i 
emphasis on electronic chemicals; high purity melals and 
alloys; semi-conductor ma1er.als and ceramics. 

1.2 Non-crystalline materials 
The development of amorphous silicon solar cell 

technology has perhaps been one of the first anempts to 
develop an emerging high lechnology in a planned manner 
leading 10 its commercial produc1ion. The development of 
a-Si solar cell lechnology started al rhc Indian Association 
for the Ci:ltivation of Science (!ACS). Calcuua. in 1978. 
wilh a small project funded by the Government of lndia"s 
Departmenl of Science and Technology. New Delhi. Later, 
a nationally coordinated projecl was formulated irwo1ving 
1he following organiza1ions and industries: 
I. Academic and resear.:h and development organizalions. 

• Indian Associalion for the Cultivation of Science 
(IACS), Calcutta; 

• Poona University. Poona: 
• Indian Institute of Technology. Delhi. 

2. Industries 
• Bharat Heavy Electricals Lid. (BUEL): 
• Cen;ral Electronics Ltd. (CEL). Sahibabad (ll.P. ); 
• Rajasthan Elec1ro11ics and lns1rumcn1ation Ltd. 

(REii. ), Jaipur. 
Subsequen1ly. lhe fol:owing organizations joined the 
programme lo d"velop new materials for ~obr cells: 

• National Physical Laboratory (NPL): 
• Indian lnslitute of Technology. Kharag('ur: 
• Indian !nstitute of Science, Bangalore: 
• Indian lnstilute of Technology. Madra~. 
The initial outlay for the three research .rnd 

developmcntorganizalions was approxima1e:y Rs.1.5 crorc. 
The IACS was given 1he major responsihiiity for lhe 
dcvelopmenl of marerials and the fabrication technology for 
a·Si solar cells. 

The most important fearure of the a-Si solar cell 
rrchnology developmenr programme in India is that within 
a year of rhe firsr fahrication of a-Si solar cell in rhe l !SA. 
a formal project was submillcd lo !he Departmenl of 
Science & Technology hy thr. li\CS. in l<>iH. This has lo 
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a large exlenl helped 10 keep the technology gap belween 
de,·elo~d countries and India within a manageable limit. 

In 1985. the lkpanment of Non-Com·entional Energy 
Sources ll>NES) decided 10 establish a pilot phnt for the 
production of a-Si solar cells for power applic:-.iions. 
Accordingly. a global tender was tloated by the ONES for 
1he rn:ation of this pilot plant together with the basi.:­
know-how li.lr processing. The decision to impon the pilot 
plant was taken so as lo reduce the time required to set up 
a highly sophisticated plant. Indian research and de\·elop­
ment was to provide the pr~x:essing knew-how to upgrade 
the prod:ict. 

In 1986. the Gtwemment of India identifo:d the 
de\·elopment of a-Si solar cells as one of the eight science 
and lechnology projects to be implemented during the 
Se\enth Plan period ( 1985-1990). TI1e target was to set up 
a plant with a capacity of about I MW'year. The initial 
etliciency to be achieved in the production line was 6 per 
cent. which was to be eventually increased to 8 per cent. 
M's Bharat Hea\y Electricals Ltd .. was entrusted with the 
task of the installation and commissioning of the plant. 
which was set up on the campus or 1he Solar Energy 
C entrc. Gwalpahari. 1 laryana. 

In 1987, the United Nations Development Programme 
(l!NDP) pro\'ided lJSS ~.6 million for upgrading the 
facilities at the IACS. The Mir.istry of Non-Con\·entional 
Energy Sources (MNES) provided a rupee componen• 
support of Rs. I ..t I crore. with the objecli\·e of establishing 
a lead centre for the development of amorphous silicon 
solar cell. which was to be \'cry closely !inked with the 
BllEL MNES amorphous silicon solar cell plant. 

Considerabie efforts were made to stabilize the plant 
and process by the BllEL'IACS teams following the com­
missioning of the plant in 1990. The National Physical 
laboratory has provided the necessary engineering suppon. 
The planl and the process have been stabilized and passed 
the criteria set by the ~NES lo be achieved by 31 March 
I 99-t. The following products ha,·e been developed so far 
and are heing marketed on a trial ~asis: 
I. Chargers for '.:olar lanterns: 
"l Solar powered clock: and 
3. Ballery chargers. 

J\nother product which is being marketed is transparent 
conducling oxide coated glass substrates. Tl> is is one of the 
t~·w facili1ics in the "orld for this type of product. 

The plant is. at present. producing single junction a-Si 
modules which have conversion ctlicienciescomparableto 
1he hesl currently available in 1he world for this type of 
modules. The present cost.'pW (at a low level of produc­
tion) is close to the rnst of Indian single crystal silicon 
solar cell. f lowever. plans have been made to modify lhe 
hardware and upgrade processes (in collaboration with the 
l:\CS) so 1ha1 the cosl will decrease hy 15-20 per cent. A 
major plan has hccn drawn up for the inlroduction of 
mulli-junction a-Si solar cell h:chnology and to establish a 
l.irger-size plan I ( 5-10 MW year). This will further reduce 
the cost to l !SS I-~ 'pW with modules having a conversion 
efficiency of ahoul R per c.:nt (stahili1ed) for use in power 
appl ic at ions. 

1.3 Superconducting material~ 
lk1:ently a National S11pacond11c1ivi1y Programme 

(NSI') was launched hy the ~1inistry of Science 111d 
l"edmology, I >cpartllll'Jlt of Science and Technology, New 
l>cll".i. IP de\ clop high 1cmper;11ure \Upercond11clors in 
India .. \ high powered ;:pex hod~ ll'rojc•:t Management 
Board). 1~11h a11 .11locatio11 of \llh';t,mti • .I fund~. has hc.:n 

-····- __________ ,, _________ _ 

created to guide and coordinate the activities ~f \·arious 
research and development laboratories towards the 
theoretical and applied de\'elopment of different super­
conducting alloys in the country. for the first time. the 
Go\·emm;:nt of India has taken this initiati\·c at the highest 
level. 

The National Superconducti,·ity Prognmme is being 
coordinated among various research groups engaged !n 
hasic and applied fields. namely: 
(a) Major Department of A'.c,mic Energy Institutes TIFR. 

BARC. VECC. IGCAR. 1.0. Phy. 1.0. Math Sc.: 
(b) Major CSIR Laboratories - NPL. NCL; 
(c) Major Universities - Bombay. Delhi. Madras. Pune. 

Hyderabad and all the five Ills. 

National Supucondacti\·ity Programme 
The fir..t phase of the National Superconductivity 

Programme (NSP). which was started in April 1988. came 
10 an end in September. 1991. In Phase II (October 1991 
to March 1995) of this programme. 62 projects at 37 in­
stitutions have been supported. As a matter of policy. only 
those projects on basic research have been supported. or 
considered for support. which would lead to a significant 
increase of knowledge in this field and thereby lead to 
major breakthroughs. Financial support from the 
Government for national superconductivity fellowsl>ips and 
superconductivity technical staff positions also continued. 

In the second phase of the NSP. research and 
development and activities related to technology develop­
ment. are being focused on areas such as: an improvement 
in critical temperature (TJ and critical current density (J.); 
the workability of yttrium-. bismuth- and thallium-based 
compounds. superconducting arour.d liquid N~ temperature: 
the preparation of bulk high - T, sample especially by 
QMG and MTMG techniques: synthesis and characteriza­
tion of new materials: thick/thin film growth; tape drawing: 
superconducting quantum interference devices (SQUIDS) 
and lhe development and engineering of a superconducting 
power generator using low-T, superconducting materials. 
Some new areas targeted for technology deve!oi>ment and 
demonstration are: passive bearing; low power SMES; 
MRI/MRS subsystem development; deve!\lpment and 
demonstration of special applications; low and high-T, 
SQUIDS. During this period. financial support was 
provided to scientists and engineers associated with NSP 
projects to participate in international conferences. The 
orgarization of two workshops and seminars in India were 
also partially supported. 

Some major achievements of the NSP projects were as 
follows: 

( i) 

(ii) 

(iii) 

(iv) 

Process for 4N (99.99 per cent) purity yttrium 
oxide developed hy Indian Rare Earths Ltd; 
Bulk malerial I-~-3 & bismuth-!ype surercon­
ducting quantum interterencedevices(SQlJIDS). 
developed at the National Physical Laboratory. 
Delhi and lhe Cenlral Electronics Engin-:ering 
Research Institute. Pilani and working al liquid 
nitrogen temperature ('/7°). capable of detecting 
weak radio signals. cracks in metals. weak 
magnetic fields. etc .. in a laboratory. 
Passive microwave high T, slriplinc high <) 
cavi1y/rcsnnator and hand pass tilter fcasihility 
demonstration carried our at TIFRISAMEER. 
Fca-;ihility 11f small-size hatch 1ype lligh 
<iradicnt Ore Scparalor System (fl(iMS) using 
Nh-Ti superconducling (at liquid helium 
lcmperature ); wire dee I om~gncl demonstralcd at 
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BARC and BHEL. with \·ariuus typc!s of weak 
magnetic component ores and system deJication. 

(\·) Low cost (about Rs. -I lakhs pc!r system or le~s) 
supc!rconducting thin film deposition sy·stems for 
uniwrsity laboratory expc!riments and demons­
trations using high oxygen prc:ssure sputtering 
technique (for in situ deposition of HTSC films 
using a combination diffusion 'rotary absorption 
pumps ha\'e been engin.:ered and demonstrated at 
the Indian Institute of Science. Bangalore. 

( ,·i) Nickt>let based alcohol.' gas sensors dewlopc!d at 
the llSc. Bangalore. 

(\ii) HTSC material synthesis and characterization 
using different techniques such as powder (solid­
solid. solid-liquid. gaseous phase. solgel. etc.). 
and thin films fahrication (by excimer laser abla­
tion. sputtering. spinning. MBEABE. MOCVD 
etc .. techniques) tried and materials charac­
terized. Peak current density exceeding 17.000 
A 'cm= achieved at 77 K. OT. 

The following are highlights of the achievements and 
capabilities de\'elopc!d under the NSP: 

- lJpgrJding of capabilities for .JN puri!y y1trium 
oxide up to 8 tons"year for gem.'diamond etc. use. 
and also for HTSC material synthesis. 

- Substrates de\'elopment for HTSC thin films is in 
progress. 

- De\'elopment of epitaxial and good quality HTSC 
thin films. 

- Availability of HTSC sputtering targets. 
- Thin HTSC films for microwave applications. 
- Passive microwave devices feasibility. 
- L TSC and HTSC Josephson junctions and SQUIDs 

and SQUID based devices.-'systemssubsystems. 
- Improvement of current density (JJ in short samples 

of Bismuth HTSC wires.1tapes. 
- Initiation of project work on semi-industrial LTSC 

type ore separators at liquid helium temperature with 
involvement -lf industry. 

- 200 K VA c<ipacity generator testing and generatic>n 
of up to 100 kw power is in progress. 

- Oeo;1gn and fabrication ,lf subsystems of a 5 MVA 
I. T~~C generator is in progress. 

Superconductin~ gener:itor model denloped 
! he BllFL · s Corporate Research and L>ewlopment 

wing has t:,ken up the de\ elopment of fa·e MV :\ super­
conducting generators under tht.' ~ational Supc!rconducti ,. ity 
Programme'. C<Vmli•1att."• 1 Jnd monitored by the Department 
of Sr.ience and T-.:-rhnology·s Programme Management 
BoarJ. As a forc:·U.'l'l~'r. a 200 ~VA laborJtory model of 
the fencr;.Uor ~as be~1~ O.:vclopc!d. extensi\·ely tested and 
successi'•i'ly con11<:ctc,-t to the ::-itate Power Grid. According 
to a mh:L press re!c;:;Jsc. the model was re\'iewcd by a 
team of•~. pc!rts led by D:--. P. K. Iyengar. fonner Chaiml:ln 
of the .-' '•mic Energy ( nMroiniun. on 5 Octllber 19:)5 at 
the Corporate Resean:h ;md Development Meeting. 

Explaining the features of the supc!rconducting 
generator. the Director of Engineering Research and 
Dc"·elopment. B!-IEL. said that the development was 1 

hreakthrough in overcoming electrical resistance in con­
\'entional generators that result in an enonnous loss of 
energy. It is now possible to conduct electricity with zero 
resistance at "·ery low temperatures. thereby reducing losses 
and ensuring optimum efficiency. 

2. Ceramics 
Glass and ceramics play a significant role in the 

development and advancement of new materials and tcch-
11ologies. The new ceramic materials ha\C inherent superior 
properties, such as: 

- High hardness: 
- High strength at elevated temperature: 
- Erosion and corrosion resistance: 
- Insulating to superconducting properties. etc. 
Table i summarizes the properties and applications of 

these advanced ceramics. while their potential demands arc 
projected in table 2. 

Table I. Properties and applications of advanced ceramics 

1--F_u_n_c_t1_·o_n ___________ ~P_r_o_pe_rt_y ____________ A_p_p_li_c_a_ti_o_n ___ ~~ 
I. Electromagnetic Dielectric, electrical conductor. IC substrates. packaging electrodes. 

1 

2. Optical 

3. Mcchar.ical 

4. Chemical and biological 

l'o~c ./ 

ferroelectric. magnetic devices. SQUIDS 
piezoelectric. pyroelectric. 1 

semiconductor 

1

1 

Optical wave guide. translucent. Laser diodes. cover for IR lamps. 
optical conductor. opto-electronics Na-vapour lamps. optical fibre. light I 

Wear rcsist~ncc. thcrmostructural 

Corrosion resistance. conductivity. 
radiation. rc~istancc 

valve. wave-guides. connectors 

1 
Nozzles. dies. thread guides. cutting 
tools. pressure sensors. cn!!inc 
components. hearings 

Pumps. valves. heat exchanger. 
nuclear moderators. heat sink ::__Juel 
clements 

----
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Table 2. lndbn market for advanced ceramics 

1990 1995 
Area of application Products 

Volume Value Volu111e Value 
(Rs.tr.) (Rs.tr) 

Ekcvonic cenmics lnliCgnlfed 3.5 3.S 9.S 9.S 

Cin:uit substnrl: OJS l.S 0.3 3.0 

Multilayer 70 70 260 260 
capacitors 

Soft fcsrites 37~ 37.S 700 70 

I Hard fcrritcs 450 22.S 700 JS 

Piczoclcclrics 1.26 1.3 1.83 12.11 

Thermistor 0.42 4.2 0.611 6.11 

Varislor OS S.O 0.70 7 

Srructural ceramics Spart plug 1.26 25.2 1.6 32.2 

Cutting tools . . - 0.3 

lfio-cenmics . . - 2.0 

TC:Z 25!1.9 647.!I 

Table 3. Programme for ceramic IC engine components 

Ceramics 

Adi vi ties Coating (ZrOJ Monolithic (Si,,N4) 

Piston top, pin & ring, valve stem Valve guide, VPR Sot. Bush for 
Support, St. with toe 

• Product Design Specs EM. RL cl Pl (I monlh) EM. RL cl Ml (I month) 

• Powder Property Specs Pl cl RI. (I month) Pl cl RL (I monlh) 

• Powder Prepancion Pl &: Al (12 months) RL IL Al (14 months) 
Powder Testing 

• Scale Up Pl (12 monlhs) Pl (12 monlhs) 

• Consolidation or Coaling Tests RL &: Al (4 monlhs) RL &: Al (4 monlhs) 

• Produr.t Die Making# - RL &: Ml (12 months) 

• Componenl Prorotypc# RL &: Al RLlr.MI 
or Coaling (8 monlhs) (12 months) 

• Testing 
I.ab Ml &: EM (3 monlhs) Ml II. EM (3 mondls) 
Field EM (max. 12 monlhs) EM (max. 12 mondls) 

# Aclivities in Two Stages: i. Using imported powder 
ii. Using indigenous powder 

l.egcnd: 

Al Acadcmi.: lnstitu1ion EM Eng;ne Manufaclurcr 

I Ml Manufacturing Industry Pl Processing lnduslry 
RI. Research I .al!ora1ory 

Page 5 
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!ndia has the second largest resources in the world for 
rare earth. using beach sand to deri\·e titania. zirconia and 
titanate'zirconate cerami..:s. The utility of zirconia alone 
ranges from semiconductorzirconates.sciss->rs. knives. dies 
to costume jewellery. 

Structural ceramics is one area where India has abun­
dant resources. capable research groups. and an interested 
manufacturing and user industry. An exercise carried out 
over a period of one and a half years has resulted in the 
formulation of a definite programme for the developmen( 
of Si, N. and ZrO: technology for IC engine components. 
turbine blades. and missile and rocket parts. As such a 
programme requires a total engineering approach. specific 
steps were worked out for the development of each 
product. and specific groups identified for each activ·ity. to 
work within a set time frame. An example of the total 
development i;rogramme for some IC engine components 
is shown in table 3. In order to shorten the time needed for 
the development of powders. their consolidation anJ 
characterization was undertaken in parallel. using imported 
powders for the design and fabrication of the product. 

As this rrogramme was formulated in close consul­
tation with use and manufacturing industries and agencies. 
both technical and financial cooperation was therehy 
assured. However. the lead was taken by the Government 
of India in initiating this programme. 

It is also realized that a multidisciplinary approach is 
needed for the successful development of these advanced 
materials. Expertise in materials engineering and pro­
cessing, chemistry and chemical engineering. mechanical 
engineering and processing, design engineering, stres~ 
analysis. systems engineering. characterization and product 
manufacturing should be integrally Jinked for total develop­
ment projects from the syn:hesis of raw materials to the 
manufacture of the final product. 

Partially stabilized zirconia (PSZ) - is a new variation 
of the widely-used zirconia, formed by adding Y :01 or 
Mg.O in sufficient quantities so as to stabilize the high 
temperature cubic phase. Laboratory scale development of 
PSZ and SiN is being carried out at the Defence 
Metallurgical Research Laboratory (DMRL), Hyderabad. 
and the Central Glass Ceramic Research Institute. 
(CGCRI). Calcutta. In addition, silicon carbide (SiC), 
zirconia and sialon are important engineering ceramics 
under development in India. 

Significant acti• ity is tak:ng place, with regard to 
ceramic superconductors at various institutes in India. 
namely: 

• Indian Institute of Science, Bangalore; 
• Indian Institute of Tropical Meteorology, Pune; 
• Tata lnstitutr of Fundamental Research (TIFR ). 

Bombay; 
• Natior11l Physical Laboratory, New Delhi; and 
~ P,habh:i Atomic Research c, ntrc (BARC), Bombay. 

l.I Sen~ors 

The materials used for making sensors arc PZT, 
RaTi02. ZnO, together with a frw other mixed uansition 
metal oxides. As a result of the advance:> made in India in 
the area of sensor chemistry and technology. most of the 
sensors for various industrial and consumer applications arc 
now being made with indigenous know-how available in 
India. 

l.2 Riorcramiu 
C<iCiU, Calcutta. achieved a breakthrough in the field 

of hio-ccramics. when a ceramic head was developed as a 

substitute ti.~r hip joints for patients sullcring from 
osteoarthritis. C cram ic: heads \\ere fabricated with alumina 
which matched the density of bone samples and are fully 
bio-compatible and non-toxic. A f~w patients have been 
successfolly operated upon for the transplantation of these 
hip joints. 

Carbon and clay bonded graphite crucibles ha\e been 
an important contribution in the area of refractories. These 
used to be imported. but are now mainly manufactured by 
a number of units on a commercial scale at Rajamundi:. 
Andhra Pradesh. utilizing the National Metallurgical 
Laboratory's technology and expertise. 

In 1he development of mat-:rials. some importar.t 
programmes which are under way at the Regional Research 
Laboratoi:·. Bhopal. include ~he development of metal 
matrix composites based on aluminium alloy matrix and 
fibres/whiskers of aluminium SiC and paniculates of 
graphite. SiC and A I :0, as dispersoids. 

CGCRI. Calcutta. has taken up the development of 
Pl f-polymer composite ceramics for various electro­
chemical transducer applications. and the development of 
ceramic composites based on ceramic and glass ceramic 
materials etc. 

Zirconia-toughened alumina ceramics are promising 
true m:nerials. Si.N mav also serve as an aircraft engine 
application beyond the year 2000. Also. the Si.N. cera.:ltics 
are replacing metals in automobiles, thus reducing fuel 
consumpiiun by 30 pc:1 i.:cni .mu engine ..., cighi b:;. 40 per 
cent. Th~ development oi sintered alpha SiC can replace a 
large proportion of conventional ductile metals in various 
engine paits. increasing the efficiency of the engine alone 
by 50 per cent. 

3. Glass & glass-based products 
CGCRI. Calcutta. !':.as made substantial contributions in 

the development of products and processes of strategic 
importance frcm indigenous materials namely. optical glass. 
The institute has also developed .. Radiation Shielding 
Window .. glasses which are essentially used for the attenu­
ation of harmful high energy radiation in nuclear reactors. 
The J>rocess technologies developed at CGCRI for the pro­
duction of a variety of optical glasses and radiation 
shielding glasses are progressively being transferred to 
Bharat Ophthalmic Glass Ltd. (BOGL). Durgapur. for 
commercial production. CGCRI ha!> also developed laser 
glass complying with the stringent defence specifications 
for instruments such as a range firider. The quality of these 
laser glasses is comparable to equivalent materials obtained 
:broad. 

In rhc area of fibre optics ond optical communication. 
CGCRI. along with the Central ~cicntific & Instrumenta­
tion Organization (CSIO) and the Central Marine Research 
Station (CMRS~. has successfully il'stalled an optical fibre 
communication system in the Malkcra colliery. Dhanbad. 
The 225 m long cable made by CGCRI. was laid from the 
pit hea::I to pit bottom of rhe 16th scam. This has been 
connected to an audio transmiso;ion system (a two-way tele­
phone link) and since December 19R8 is fully operational. 

3.1 Optical tihre material5 
Two collaborations have been entered into for the 

manufactur<: of fibre and ca bi cs i.e.: 
(i) Madhya Pradesh State Electronics Development 

Corporation (MPSEDC). and 
(ii) Hindustan Cable~ Limited (llCL). 
Each will have production equipment to draw optical 

tihrc from preforms made hy using MC'VI> (modified 
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chemical \·apour dcpositillll) technology. The optical fibre 
is ~ing made r-rimarily for 1300 mm ( 1.3 µm I transmis­
sion and can ;:lso be useJ for 15 50 nm { 15 5 1tm) trans­
mission. The basic techn.1logy for dispersion shitkd fibre 
at 1.550 nm ( 1.55 µm) transmission is also a\·ailabk. With 
S\ nchrnnous transmission and \\'DM (\\'aw length Division 
~lultiplex) techniques. the tr.iffic handling capa°Cityofthese 
optical fibres can be substantially increased. 

India is now focusing attention on the following 
aspects: 

(al 

(b) 

ro prewnt optical fibre cable being damaged 
due t•J lightning strikes. the c01bk has to use non­
metallic strengthening materials. At present these 
are import..:d. These are areas in which India has 
yet to acquire self-reliance. 
While the low loss ~•ptical fibre suitablc for 
higher waw length (i.e. gre;iter than 2000 nm) 
has not been considered an industrial priority .. it 
is wnrth\\ hilc pursuing their development in 
R&D l:!boratories to meet small length require­
ments used in instruments and as sensors. 

4. Polymers and composites 

4.1 Pol~mers 
Commodity plastics like LOPE. HOPE. PVC. PP. ABS 

and LLDPE arc being manufactured on a large scale. in 
India. There is a growing demand for these typ<!s of 
plastics fi.1r agricultural purposes. e.g. water conservation. 
lining of canal and drip culture. 

The engineering plastics being manufactured in India 
arc pl'lycthylene terephthalare (PET): polybutylene tereph-
1hala1e (PB f); nylon: and acrylonitrite butadiene styrene 
(ABSl. Inoia has already established a sophisticated inrlus­
trial infrastructure for the manufacture of polyester fibre~. 
Recently the Indian Petro-Chemical Complex Ltd. (IPCL). 
Baroda. acquired technology from the General Electric 
Company ({iFC). LS:\. for the de"e:o.1ment and produc­
tion of cnginecring plastics. including pol} carbonate. in the 
countn. 

Tl;e N:itinnal Aerospace Laboratories (NAL). 
Bangalr.re. has dew loped ~e\ IJr--19 I) pc aramid fibres. 
the production of which on a large scale. will he 
undertaken lw 1\1 's Shriram Fibres. New Delhi. IPCI.. 
Baroda. has ais,i acquired technol(lgy for the production of 
high modular carbon fihreo; based on polyacrylonitrite 
11'.<\ N) precursors. 

... ? Composiles 
Thc technolocy for thc production of FRP (fih1.: 

reinforced pla'itics) already exists in India. The present 
produ~.;.m of glass lihres amounts to approximately 
25 ton• per annum. which i-; just under .1 per cent of the 
world's prnduct1on. 

Thc National Aerospace I .ahoratory. Bangalore. has 
undertakcn con.;iderahl.: work in the ficld of re-;in matrix 
~·omp1hites. logelhcr with the Aerona111ic;il lkvclopmcnt 
I:slahli'ihment I AR DE>. and the r>cri:nce Rcse;!fch and 
lkvcl11p111cnl I ,1horatory. lht.' NAI. ha" abo dcsigned and 
lilhrn:;itcd a rnddcr for the Ml<i and I>ornicr aircrafl'i 
rcspect ivcly. \\ h id1 has he en succeso;full) 'ilat ic tested h;. 
I !indu,tan Acronautics I .rd .. Bangalorc. 

:\ 1cd111oloi.:y centre has heen set up at the I>cfcnce 
Hc,..:.m.:h and l>c\elop111enl l.ahorarory d>Rl>I.). 
11\ dcr.1had. f11r rhc man11fac111rc of c1rhon-poly mer matrix 
.111d carh1111-c.1rho11 matrix. I .ahoralory·-.calc w11rk h;:s been 
carrinl oul lor 'vfM<", !Al-Si{') and ('\f("s (i\l.0,-Si.Cl 

Cl'mposites. at the Defence Metallurgical Rest>arcl> 
laboratory ( DMRLl. llyder.1.bad. The Indian Institute l'f 
Chemical Technology (llCT). Uyderabad. is planr1ing to 
manufacrure coal tar pitch ( 500 kg per batch). for C -C 
composites. 

Considering the bulk a\·ail:ibility of ra\\ materials such 
as glass. polyester. rice husk and pitch. as well as the 
a\·ailability of technology for the processing of composites 
in addition to bc::ing labour-intensive. the de\·elopmettt of 
composites as new materials is well-suited to Indian con­
ditions. Academic research in the field of composites is 
largeh· carried out at: 

- - ·Indian Institutes of Technology. (Delhi. Madras. 
Kanpur and Bombay): 

- Indian Institute of Science (llSc). Bangalore: 
- National Aerospace Lahorato~· (NAL ). Bangalore: 
- 1'ational Phy~ical Laborato~. (NPL). New Delhi: 

and 
- Defence Materials Stores. R& D Establishment (OMS 

RDE). 
The successful de\'elopmcnt of the all-composite 

aircraft ... HANSA ... at the NAL and the use of sophisti­
cated composite prodm.:ts in. for example. the Advanced 
Light Helicopter(HAl.). the nauonal missile (DRDL). the 
INSA T :.! satellite and the :.atellite launch \·ehicle ( ISRO) 
programmes. signify the exp<!rtise a\'ailable in the coumry 
in the design. analy~:s. fabrication and tesring of new 
composite products. The advanced technclogies developed 
for aerospace applications have also led to such spin-offs 
as orthopaedic support~;. Similarly. the lo\\-tec!-mcl"gy. 
high-volume FRP segment has set an impressive rt>cord in 
tenns of the \'ariety of products manufactured in the 
country. Thus. the capability for the de\·elopment of 
primary composite structures as well as complex FRP parts 
is rapidly being established. 

In appreciation of the current situation. research and 
development laboratories have taken the lead in setting up 
special ce11tres. The Defence Research and Development 
Laboratory (DRDL). has a Composite Products Centre 
(CO!\iPROC) at llyderabad. and the NAL has a Centre for 
Composite Product Development and Application 
(COMPAC). Both ha\'e close links with induo;try. Similarly. 
a large number of other institutions like the FRP Research 
Centre at the Indian !nstitute of Technology. Madras. and 
the llT"s at Bombay and Kharagpur. have also opened their 
facilities to private industry. Professional societies such as 
the Indian Societv for the Advancement of Materials '1nd 
Process Enginee;ing (ISAMPE). the Indian Society for 
Composite Materials(ISCM). and the All India Reinforced 
Plastir, Moulders Association (AIRPMA). have placed 
emphasis on composite materials and thus contributed to 
pr<lmoting the industry through a series of national 
sc:-minars and workshops. 

4 .. 2.1 Mission on ad,·anced compo!iite!I 
A Technology Project on Advanced Composites 

(TPMM-A(') '.no; recently approved h} thc (iovemment 
and is a target-oriented activity which will he implemented 
hv thc Technoloi.:'I; Information Forecast in~ & Asscssmen~ 
C;otllll'il (TIFA<~): Ne\.- Delhi. under tlw guidance of the 
lead agem:y. the Dcpartment of Science and Technology 
( l>S I). Thi-; pro1cct require' close .1ssoc1.1tion with 
industries and users. The Tl'MM-AC' aims at rhe indi­
~l·nous devclopmenl of cPmpo•.1tl'S producl~ and tcc:inolo­
gies for lhe domestic as well a'. export markets. for which 
nineteen suhrroiects havc hc!.:n identified in two 111;1jnr 
l·;t1cgories i e. (i) Strarcgic inpurs ncedcd for lhe overall 

·--------------- ---------- -----
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development of composites and (ii) S;iecific products to be 
taken t!p for design. prototype development. technolog) 
diffusion and further commercialization. 

The strategic inputs include: Prepreg terltnology. 
thermoplastic matrix composites: ca•'.Jon pa;i fi~ri> produc­
tion: development of non-destructive evaluation technique 
for compos:c-: structure: design capability developrnent: 
fibre architecture: development of PEEK resin: :md man­
power c.Jevdopment. 

Products identified for development are: Musical 
instruments: golf club s~1afis and fish;rg rods: medical 
~ppli.:ations: radiography beds. wheelchairs. headrests de.: 
aircraft interiors: refill cylinders for Cl':G: wave guide for 
microwave communication: carbon-carbon composit-::s 
brake discs: railway components: automl)tive components: 
and bicycle components. 

,An incremental funding support from the Gm·emment 
for each subproject is h> be rr.ade available as 1h'! seed 
capital for technology and product crvelopment. Industries 
ar.d users would collaborate with rt"searchand development 
laboratories. with equal fnancial participation. to develop 
commercially viable composite products within a targeted 
time-frame. 

5. Metals and alloys 
The metals and ailoys sector constitutes one of the core 

sectors of industry. Attention is now being focused on the 
following: 

S. I Titanium 
India has an abundant resource of titanium minerals 

(more than 20 per cent of the world's resm.:rces). therefore 
titanium has acquired a special significance. With a ,·iew 
to ;dentifying the uses for tit:inium. TIFAC set up a 
Titanium De,·elopment Advisory Committee in December 
1991. Until now. the technology for metal production on an 
appropriate scale was not available for ready exploitation. 
This gap has now been bridged with the establishment of 
a technology development centre at the Defence Metallur­
gical Research Laboratory I DMRL). Hyderabad. A modem 
titar.ium tube plant has been set up at M!OllANI. 
Hyder<!bad to produce 25 tons of titanium !1er annum. It 
has remarkable corrosion resistii!>ce and i~ ,-e~y useful as 
condenser tubing in thermal power plants and in similar 
applications. 

A well established beach sands industry for mmeral 
separation exists in the country at the Dhranghadara 

Figure I. The titanium scene in India 
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Chemical Works. Ker.ila Minerals and Metals Limited 
(KM~IL) and the Indian Rare Earths (IRE). Large-scale 
production facilities for synthetic rutile (IRE. KMML). 
titanium tetrachloride( Kl\tML) and pigment grade titanium 
dioxide tKMML. TTP) are in operation. 

A capacity to design a steam condenser exists at Bharat 
Heav~ Engineering Ltd. (BHEL). 1hat needs to be 
harnessed. The technology for the fabrication of equipment 
is available at the Bharat Heavy Pl.ite and Vessel (BHPV) 
and Bl IEL but 1hese need aurmentation in respect of appli­
cations such as power plant ;:on,lensers. 

5.2 Ylagnetic materials 
The National Metallurgical Laboratory. Jamshedpur. 

Det\:nce Metallurgical Research Laboratory. Hyderabad. 
and l\llDHANI. Hyderabad. are working on the research 
and Jevelopment and design aspects of Fe-Nd-B alloys as 
pcm1anent magnets both through powder & P..SP methods 
in India. These may replace alnico and srnarium-cobalt 
magnets by the end of the century. bearing in mind the 
import requirements for nickel and cobalt and the indi­
genous availability of an excess of monazite ore containing 
NJ in India. 

An Advanced Research Centre for Powder Metallurgy 
has been set up. with Russian assistance at Hyderabad. to 
manufacture intricate devices through powder metallurgy 
methods. 

5.3 Steel 
The production of steel in India is around 10 million 

tons per year. It is estimated that the required level of 
production would be around 22.5 million tons by the year 
2000 as per the report of the National Mission for Iron and 
Steel. 

5.4 Aluminium 
The production of aluminium is estimated to be around 

500.000 tons per year following the commissioning of the 
National Aluminium Company (NALCO) Ltd., Orissa. 
With the enormous resources of bauxite in the country. the 
production of aluminium can be increased in the future. 

Aluminium-lithium alloys offer a density (7.12 per 
cent), higher stiffness (I 0 per cent}, increased fatigue crack 
growth resistance and broader environmental capability 
(table .J). They promise up to a 15 per cent reduct:on in 
structural weight and are thus poised for a major expansion 
as aircraft frame materials. 

Table 4. Goals for aluminium-lithium alloy 
development for aerospace application 

IJltimate tensile strength -~86 ~-P-a---~ 
Tensile yield strength j 517 MPa 

Elongation I I 0 per cent 
K. 6-l MPa m 
K 1, 

Elastic m• ;Jul us 
:n MPa m 
69 CiPa 

lknsitv ~..J<) g/rm' 
SCC classification !ST) J C' 
- .. - ···-·-- -----· ·-----· ---·- ---- ----------

Academic and n:~earch and dcvclopnwnt in\litutions in 
India have hem ~criousl) involved in the design and 
de~clopmcnt of aluminium allnyc, for ll~e past three 

d1.-cades. This long experience has bc:en used in the 
developm •nt of aluminium-lithium alloys during the past 
t~rn years. with encour.iging results. 

Visvesvara~a Iron & Steel Limited. Kamataka. has set 
up a plant for the production of ferro-vanadium from 
\3nadiferrous ores from Kamataka utilizini? the NML·s 
experience: carbon free ferro-alloys which w;re previously 
imported are now produced indigenously by using the 
alumintJthermic reaction technology tJf the NML by a 
numbc:r of firms. The NML has reen instrumental in 
developing d!stilled grade zinc dust. using both primary 
zinc as well as waste galvanizers dross as raw materials. a 
600 tpa commercial plant for producing high-grade extra­
(ne zinc dust ~as b.!en set up at Patna. Another significant 
<..chievement. made by the NML and CECRI. has reen the 
development .Jf :llumi11ium- and other alloy-based anodes 
for cathodic protection. which are now comme. :::ially pro­
duced for the cathodic protection of ship hulls. harbour 
strJctures. and underground pipelines. etc .. against cor­
rosion. Th.: NML has also developed highly powerful sin­
tered magnetite anodes which can provide very effecti\·e 
protection_ With a view to developing a system to provide 
I 00 per cent cathodic protection. the NML plans to develop 
an autocontrol system which would ha\'e readily usable and 
directly transferable packages of technological hardware 
and software. 

Denlopments in the pipeline 
India today imports around Rs. I 000 crore worth of 

copper and nickel. The land-based resources of copper and 
nickel cannot meet India's long term need for these metals. 
To overcome these impediments. a consortia of laboratories 
are working on a project to develop an internationally com­
petitive technology for the extraction of copper. nickel and 
cobalt from poly metallic sea nodule:; from the Indian 
Ocean. 

In another r:oteworthy effort. a detailed computer 
programme has reen developed by the RRL, Thiru\ 1 '1an­
thapuram. for the mathematical modelling of liquid11i,uid 
extraction and s~paration of individual rare earths from 
chloride medium. This has been done with the objective nf 
process optimization and the possible use of the programme 
to develop a computer-controlled process instr1mentation 
system. 

Another notable process in the offir.g, namely, NML 's 
RESINESS (RE-Reduction; SIN-Sintering; and ESS­
Electroslag Smelting) technology deserves special mention. 
This technology has the potential of recoming a novel 
method for the production of steel in the future. RESl­
NESS produces steel by using inexpensive raw ma1erials 
which were hitherto considered unsuitable, such as: blue 
dust, the fines of iron ore and the fines of non-coking coal, 
all of which are abundantly available in India. The charge 
mixture, consisting of non-coking coal tines and iron ore 
lines is charged into the retort, which is externally heated 
in the RESIN furnace. The heat is supplied l!ither by coal. 
oil or gas and the charge mixture is pushed down through 
the retort. As a result the iron ore in the charge mixture is 
reduced and sintered. emerging at the end of the retort in 
the form of a directly reduced iron (ORI) rod (or a slab). 
in a red hot condition. The DRI rod (or slah) is then fed 
into a slag hath. which is kept in a molten condition 
through passing of a high electrical current through the 
LSS furnace. As a rrsult. the rod is smelted to directly 
produce high q11ality steel. In the conventional process. the 
srecl is at first produced hy reducing the iron ore to 
produrc pig iron and then rcoxidizing the pig iron. The 
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RESINESS proces~ is based on a continuous de~rease of 
the partial pressure of oxygen to directly produce steel. The 
experiments and trials conducted at the NML show that if 
and when the R!:SINESS process is used. the capital and 
operational cost can be substantially reduced. The energy 
consumption can be reduced to less than half. with liquid 
and gaseous pollutants and wastes being decreased by about 
one-fifth. 

The process would be technicalh· and econ(Jmically 
viable at a much lower plant capacity. making it possible 
to disperse the iron and steel industry to wider locations. 
The process does not require atmospheric oxygen and 
consumes \Cry little refractory material. In the RESINESS 
process it is expected that redundant chemical and 
metallurgical work can be avoided. The process uses 
concepis and techniques which are entirely new and have 
not hitherto heen tried. 

6. Mining and minerals 
India is endowed with rich minerals resources such as 

coal. iron ore. bauxi~e. manganese. copper. chromium. lead. 
zinc. fluorspar. pyTites. p:1osphates. etc .. which fonn the 
basic wealth of the nation. The economic development of 
a country depends to a large extent on its capacity to 
exploit these resources effectively and efficiently. To be 
able to utilize even low-grade ores cost effectively 1s thus 
a challenge. The CSIR laboratories. particularly NML 
Jamshedpur and RRL. Bhubaneswar. ha\·e been pioneers in 
con.;ucting studies and developing methods and techniques 
for the agglomeration and beneficiation of low-grade ores 
to make them suitable as industrial raw materials. 

CSIR ·s efforts ha,·e resulted in the commissioning of 
a number of plants in the country. For example: a 50 tons 
per day (tpd) manganese pan sintering plant at 
Shreeramnagar. and a 2x30 tpd iron ore sintering plant at 
Barbil set up based on the RRL. Bhubaneswar Design; 
copper concentrators of 6000 tpd at Malanjkhand and I 000 
tpd at Rakha were designed based on the investigations and 
flowsheet developed at the NML: iron ore washing and 
sintering plants set up at Noamundi for TISCO. Dalli­
Rajhara for the Bhilai Steel Plant. Barsua for the R1Jurkcla 
Steel P1 .. nt. Boiani Mines for the Durgapur Steel Plant and 
Kiriburu for the Bokaro Steel Plant. were based on detailed 
technical know-how developed by the NML: low grade 
fluorspar beneficiation plants of 500 tpd by the Gujarat 
Mineral Development Corporation and 50 tpd by the 
Madhva Pradesh and Maharashtra Minerals and Chemicals 
(Pvt) i.imitcd were also based on the NML flowsheet: ~he 
100 tpd graphite beneficiation plant set up in Tamil Nadu 
was again based on NMI. designs. 

The NML has now developed a project of strategic 
importance. i.e .. to produce tungsten from Indian tungsten 
ores, which are lean. the deposits arc embedded in hard 
graphite rock. Even !hough the extraction of tungsten from 
such ores ma)' not he economical. the process to extract 
tungsten needs to be Je .. cloped f,.,r purely strategic reasons 
and at 1he lowest possihle cost. The NMI. ha'i critically 
cx.1mincd and a<.sc-;scd the now-sheets dcvdo~d for lhc 
l>cgana and S1rohi deposits of lungsten 11r1.:s and upgraded 
the product quality of the Degana plant to mecl the 
stringent specifications of dcti:nce requirements for 
lungstcn. The NMI. laboratory ha" hcen working on 1hc 
development of flow sheers to hcneliciatc the low !!rade 
trench-loaded ore of l>egana depo-;it~. 

Nickel and cohalt arc tntall:- imponed at present. The 
RR I .. Bhuhaneswar h.1s heen req11e-;1ed hy the' imanlllent 
of India to .::oordinatc "1th otlll'r a!.!~·n.:: iL''i. a projecl for 
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beneficiating chromite O\·er-burdcn to recm.cr nid.d and 
cobalt so that an industrial plant to manufac;urcthese could 
be: established in the countrv. 

RRL Thiru\1anathapura-;n. is itleally placed t<> work on 
minerals which are generally categorized as ··rare earth''. 
They have been working on the dcwlopment of a pmccss 
to manufacture synthetic rutilc by a catalytic pr•xess 
method. Labor.itory inwstigations haw shown encouraging 
results and they are now upscaling the process to the le,·el 
of a demonstration plant with the participation of industry. 

Education and Resl:41rch - Microelectronics 
The Department of Electronics (DOE). lio,·e:nment of 

India. and the University Grants Commission (UGC1. ha\e 
jointly identified 11 univ.:rsltles where two-year 
postgraduate courses in .. E!ectmnic Science .. ha\e been 
started. The objecti\·e is to make available trained 
manpower in the country to undertake research and 
development activities in specific areas of electronic~. such 
as LSIVLSI design. fibre optics. artificial intelligence 
robotics. advanced signal processing. instrumentation and 
high power devices. These uniwrsities are: 

I. Delhi University 
2. Poona University 
3. Calcutta Universitv 
4. Cochin Uni\·ersity: of Science and T cchnology 
5. Kurukshetra University 
6. Bihar Uni,·ersity 
7. De\i Ahilya Vishwa Vidya!aya 
8. Sardar Patel University 
9. Behrampur University 
IO. Guwahati Uni\·ersity 
11. Bangalore Uni,·ersity 
This programme is now being extended to fi\e other 

universities. Similarly. the programme on the generation of 
special staff for computers and to bridge the gap between 
the supply and demand for trained computer staff \\as 
started by the DOE. Th~ emphasis has beer. on multiple 
effect programmes. such as the crcss-m igration programme 
and the teachers training programme. A postgraduate course 
leading to the degree. Master of Computer Application 
(MCA). is running at thirty-six universities or institutes. 
Another one-year postgraduate diploma in computer appli­
cations (OCA). running in collaboration with the UGC is 
being conducted at fift}-four centres. One more post­
polytechnic DC A programme meant for engineering 
diploma holders. has bc:en introduced in fifty-two poly­
technics in collaboration with the Ministry of Human 
Resource Development. 

In addition. several other laboratories and R&D centres 
arc encaced m actmt1es which would facilitate 
microel;ct~onic device processing. The Central Scientilic 
Instruments Organization (CSIO). Chandigarh. is running 
a comprehensive programme on the de\ elopmcnt ol capital 
instruments which typicall~ constitute a fahrication line. 
CAT. Indore. is developing a synchrotron radiation source. 
\\hose miniature ,-crsion could he tapped for suhmicron 
lithography. Work on plasma polymeri1ation. dry resists 
and c·bcam "riling is heing carried out at the I !ni\crsity of 
Pune. !':PL. Delhi has also recently been acti\c. through 
some of its programmes on the charactcri1at1on of micro· 
electronic materials . .::ollahorati\c programmes and the 
;Memhly of procc<>s equipment. Several other instih11ions 
\llCh as the llSc. Bangalore: TIFR. Bomhay: and NC. l'unc 
ha\.·c also contrihutcd to spe1:ifo: sedors of the entire 
1;1hrication process. eirher dirccll~ or rhrC1ui,:h their 
wll.1horari11n \\ irh othr:r in,titutinns. 



The: acli\ i!y on micnll:kctronics c .. m be c\JnsiJereJ in 
'aril1u..; k~·ds .~r int.·grJtion such as primed circuit bo;irJs 
(PCB I. hybrid circuits. di"crete circuits. ':1tegrated circuits 
(!Cl. small- anJ mc:dium-s.:ak integr..1tt:J circuits (SSI. 
\!Sil and large: and \C:~· large: scale: incc:grated circuits 
( l.Si. \"I.SI). Thc:se acti,·ities arc: hc:ing unJc:nakc:n at 
academic or c:Juci!tinnal instituti,1ns. r.·s.:arch and dc:\elop­
mc:nt rn.& l)) ins! itutillOS. or in industry. Some: rc:sc:an:h and 
dc:,·dopment cc:ntres are pan of an educati,,nal institution. 
"hc:rc: thc:y Cl•ncc:ntratc: on acadc:mic or ,1~n-cndc:J 
n.:sc:arch. O;hc:rs an: ;i: industrial si:c:s. \\hc:re the: main aim 
;;.-.uld hc: technology or prnduct upgrading. SOittc: othc:rs arc: 
C:'.ciu.;i\dy resc:arch and dc:wlopment institutions. which 
conc.:ntr;ite on "'(l\:citic appiications. such as tdc:­
ommumications. dc:frnce. or industrial sectors. Research 
anJ d.:n:lopmc:nt institutions gc:ner;illy welcome: trainee:-; 
and C:'.chang<! 'isitors from within and outside their 
national boundaries 11n pre-agreed temts. A few rc:search 
anJ de\ dopment c:stablishments also ha' e complet<! 
f;1bric;itio11-cum-testing lines ti.1r a panicular process to 
.:n1bk them to perfect a t~chnology anJ produce de\"icc:s in 
small numbers for s~citic purposes 11abks 7 and 8). 

:\nalogous Ill the c:stablishment of the: !'at!nnal Radar 
cm•ncil (r\RCl and the: Tc:chnology Dewlopmem Council 
1TOCl. a 1'ational Microdectror.1cs Council (~\10. was 
set up in India in 1'>85. Its responsibilities included the 
coorJinati.m an.I impkmentation of the: nati.mal research 
and de\elopment programmes. technology de\ e lopmentand 
mar.ufacture in the area of wicroelectronic-;. It is gi' ing 
thrust to proliferating. lhe computer aideJ design (C:\D) 
culture in the country al :icaJemic institutions. research and 
de\"elopment laboratories and electronic equipment 
manufaclurers: sett in;.: up prototy~ foundries for MOS IC s 
and updating exi•ting technology and manufacturing capa­
bilities for bipofar ICs. :\ clear plan to es:ahlish design 
c~ntrcs at incr.:a~in~ k\ds of competenc~ has been 
follow::d. 

Future perspectives 
th.: de\·elcpment of ne\\ m.1t.:rials in India has been 

carried out in ckar relati1m hl the ad\ances tha! ha\e taken 
r'acc in '.>cience anJ t.:chn11logy abroad. and to :!!e needs of 
lnd:an society. The~.: dfons ha\c led t.1 cJpacity building 
in many areas leading to\\,uJ..; ;1chie\ ing self-reliance in the 
cnuntry. 1 he requisite expertise for the Jc" elopmc:nt llf the 
newer and special purp11sc mat..:rials l~1r hi-tech applica­
tion-.. is available in lhc countr) at cJuca11onal and research 
institution'i. S1•phi~ticatcd rc>carch facilitic~ and complex 
pmc.:·"ing t..:chniquesar.: 1111\\ needed for the Je\elopment 
and production Pf ne\\ rnareriah. \\ hich an: requir..:d for ;111 
th..: n..:w and e:neq;ing ficlJ-; of cngmccring and r.:dmology. 

:\lrhough li:w input-; from md1htr; in this dircclion 
unril rhc beginning of rhio; Jccadc \\ere ma.I.:. industry ha-. 
mcrc.1 ... mgl) tal-cn on th,· rcsponsihiiit) i;f panicipating in 
the comllr) ·s dc\d11pment plan pn•grammes. and 
hro;1dcn.:d ih b;i-;c to abo;orh th..: nc\\ !ct.:hn1•lngies. 
\i.11.:rials ·mch ;1-; 1111cr1i-.1II.1ycd ·,t..:.:h. Ju.11-phasc 'tcelo;. 
;and 1inc .1h1111111mm hro111cs. \\hich arc co~t-cffcctive and 
,,ffl'r hclla pi:rformancc ;m: hcmg 1kvel11111:d. For an~ 

de:, eloping economy to hc: successful in such endca-.ours. 
thc;:re has to be an acti\c coll;iboration etfon by both 
go\ emment and industry. A number of programmes ti.1r the! 
Je\dopment of a1hanced new materials ha\·c!. theretllre. 
hc:cn initiated by the G.J\ cmmc:nt in collaborarion '' ith 
manufacturing and user industries. 

Spc:cial materials ha\c! n~m gained a panicular 
significance in present-Jay scientific and technological 
acti,ities. as well as in industry. because much of the 
instrumentation for laborJtory work anJ prncess and quality 
control in industry would not ha\e bec;:n possible without 
these materials. Bearing in mind that there is a continuous 
dewlopml."nt l}f ad,anc'"ed materials with no\·el and unique 
characteristics abroad. an apex scic;:nce ad,·isory· body· (i.e. 
SAC-PM) recommended. in l'>QO. that: 

(a) A national plan on new materials.1..eeping clear I~ 
in mind not only the future materials needs of our 
technologies. but also the natural resourcc;:s position. the 
indigenous situation in the area of materials processing_ a 
near lack of sophisticated manufacturing infrastructure and 
the rnnstraints imposed by the funds position. Thus arises 
a paramount need for selecting a few ad\·anced materials 
for concentrated research and de\·elopment. 

(b) Setting up a National Ad\·anced Materials 
Research and lk\·dopment Board INAM-R&DB) with a 
\iew to de\·eloping a strategy or programme to forge links 
among relc\·.!nt academic and R&O institutions. including 
production centres in India where sufticient expenise has 
been dneloped in order to consolidate the strength in this 
\"ital field of high technu!ogy. 

The Board should focus its attention or. the 
de\"elopment of the following ad\anced materials: 
( i) Metals and : Titanium 

alloys 
(ii) Electronic 

materials 
(iii) l\fagnetic 

materials 

: Silicon-based microekctronics and 
111-V semiconductor compounds. 

: Pemtanent magnetic materials 
based on rare-eanhmaterials( RE-Co 
and Nd-Fe-R) 

( i\'I Other sc!!ected : Nirconia ceramics. ceramics raw 
materials materials like high purity zirconia 

and yetria. reinforcement materials 
like kc" lar and cilrbon fibres and 
ad\"anced composites. 

In thi-; contc;:xt. a recent repon by the Joint Scicnritic 
Committee (JSC) c.f the Department of Elcctr.mics (DoE). 
Gowmmcnt of India. is rcle\ant. Their suggestions in 
respect 11f the following. desc;:rve serious consideration: 

De\clopmcnt bf prncess techniques to fahricat,. multi­
la) er. advanced print;;d circuit boards: establishment of 
remote design centres to increase the a\·ailahility of 
d.:sign software and hardware for the design of com­
puters: developmenr of Application Specific Integrated 
Chips (:\SIC). 
A summary of recommendations concerning new 

m;1terials h~ SAC-PM are listed m table 5. rhus. this 
article co\"cr., a brief over\"ie\' on India ·s experience in the 
development of research an1I development facilitic:s. 
scaller..:d all over India. for the promotion of new materials. 

-·-- -------------··------------------------·------------
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Table 5. Sammary of rtt0mmnHlatioas oa aew matnials 
(Science Advisory Council to the Prime Minister. 1990) 

Materials 

I. Eledronin Stttor 

I_ Amorphous silicon 

2. Gallium arsenide and related 
111-V semiconductors 

II. Communication Stttor 

J. Quartz fibres 

4. Ill-VI semiconductors 

5. A-Magnetic material of Fe-Si-V­
C; opto-electronic crystals 

6. Fe-Nd-B pennanent magnet 

1. KDP. ADP, BANANA, PZT. 
PLZT, KLN. LN, etc. 

Ill. Transportation Stttor 

8. Aluminium alloys 

9. lntermetallic compounds 

10. Toughened zirconia, silicon 
nitride 

11. Kevlar and carbon-carbon 
composites 

12. Y AG and glass matrix rare earth 
ion lasers 

Arn of projected applications 

.. Slow- electronic devices: 
reprography (als.J relevant for energy 
sector: Photovoltaics) 

r ast electronic devices computers: 
specialized photovoltaic applications. 
light emitting diodes and other so:id 
state applications 

Optical transmissicn 

Phosphors for TV industry 

Recording heads transfonns cores. 
etc. 

Motors 

Sig."lal modulation and control 
electronics 

Mopeds, automobiles, trains, aircraft 

Engine material 

Automobile engines; tools 

Advanced composites for initial 
deployment in aircraft and later 
expansion into less strategic areas 

Laser machining. laser annealing. 
laser cutting. etc. 

Carttnt statas Hd support 
recoaunended 

Very low key and largely academic 
activities: 20-25 times the present 
level of funding should be invested. 

Very little effort: A national 
laboratory fully dedicated for the 
purpose should be established. 

Fibres have only been bought in trial 
applications; activity should be 
initiated on a large scale for silica 
fibre preparation starting from 
c..:ganic silicon by sol-gel rcute_ 
R&D on oxide and halid fibres 
should be simultaneously 
emphasized. 

Vinually fully imported; entire 
gamut of 11-VI semiconductors to be 
developed in a dedicated laboratory. 

Fast quenched alloys are only an 
academic activity at a few centres. 

Isolated effort; R&D oo rapid 
solidificatio'l of these alloys can be 
initiated. 

Rather isolated efforts and mostly 
imported; a national single crystal 
facility to be established to meet the 
entire gamut of single crystal 
materials. 

Well developed systems are 
available; necessary to intensify 
research on aluminium-lithium 
alloys. 

New technology needs to be 
developed. 

Intensive programmes have to be 
initiated. 

Expertise in fibre reinforced plastics 
exists in the country: activity on 
advanced composites needs to be 
strengthened. 

Virtually non-existent, even its use 
appears to he very limiled; a crash 
programme for lhe development of 
industrial lasers is recommended. 
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Materials 

13. Super-conductors: Novel valence 
fluctuating oxide 

IV. EHrzy Sector 

(la) Amorphous silicon 

14. Hydrides 

V. Other ladastrial Sectors 

IS. Sensors semiconducting oxides 
transition metal oxides and 
;,:irconia 

Arn of projtttcd appliatioas 

Levi.ation transport (also relc,,-ant to 
other sectors like in CMrgy for 
magnctio-hydrodynamics) and in 
health sector for magnets used in 
whole body scanners. 

Referred to earlier in electronic 
sector 

Hydrogen from photo 
electrochemical cell used in direct 
burning and in fuel cells 

Oxygen, humidity, toxic gases. etc. 
detection, monitoring and 
measurement 

Curnat stabs Hd sapport 
rtt0••ndcd 

Scientific know-how for the 
preparation available in the country 
but no action in the direction of 
exploiting it foe definitive industrial 
application;; highly recommended as 
an area which promises leadership 
opportunities. 

Heavy investment recommended. 

Many photo electrochemical cell 
materials investigated and devclopcc! 
in the country, hydrogen storage 
particularly in Lafe type of alloy 
not being investigated; R&:D 
programmes to be intensified with 
much larger level of funding than 
now_ 

Know-how available in the country 
and scancred in a variety of research 
centres; all lYJ>CS of sensors to be 
developed in small scale industries 
like in Japan. 

ra~e IJ 
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Academk Institutions 

Tata Institute of Fundamental Research. Bombay 

Indian Institute of Technology Bombay 

Indian Institute of Technology Kharagpur 

Indian Institute of Technology. Kanpur 

Indian Institute of Technology. Delhi 

llSc + TIFR 

llT(D) + CEERI ~ NPL 

BAnaras Hindu University 

Jadavpur University &:. 

Field(s) of Study 

Submicron CMOS structure in Ga AsP alloys 

Oxidation of silicon 
S,O: thin films 
MOS technology. flCL oxidation 
RNO films 
Pyrogenic O\ides 

In. P 
In&: Ga As 
SiN (PE-CVD) 
SiN4. GaAs 

Si - Photodiodes 
If-Si 
QWS - In Ga As/ A I GaAs 

Ga As hetrostructurc 
Sili:on on insulators 
EiS structure 
Photo CVD 
S.0: thin films 
CMO- VLSI 
Polysilicon SOI mosfet 

MBE grown Al Ga A S 

Materials for VLSi application 

Ga AS. Mesfet 
Cu In Se 

a-Si thin films 

Indian Association for Cultivation of Scienc-:. Cakuna Narrow gap semiconductors 
Porous silicon 

Behrampur University 

University of Pune 

Delhi University 

M.D. University. Rohtak 

Meerut University. Meerut 

Jamia University. Delhi 

Indian Institute of Science. Bangalore 

Indian Institute of Technology. Madras 

University of Burdwan 

University of Oelhi 

Ailna llniversily. Madras 

BARC. Bombay 

l Jniver~ily of Calcutta 

Ga Sb and Al Sb 

A I Si samples 
RTF process 
RPT technique~ for Si 
Opto-electronic gates 

Shotky Barrier 
GeSe. GeSbSe. 
HgCdTe. CdSc 

Ge-Chalcogenides 

Thick Film Cds. 

Ge Sc 

DLTS 
Al GaAs 
Al In Si 
Ga Sb. 
El2 in CiaAs. MOS devices 

In Sb film 
GaAs - Ga A I As superlartic~ structure 

1-111-VI compounds 

Sb-Te System. Ge Sb Se. a-Si 

In As. ((.PE) 

MBE - (laAs. In Cia A I As 

___ __iia As.~i lepit~xial ~yers~ 
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Table 7. Matuials ~arch in ~ltttN ~arch and denlopment laboratories in India 

I i R~arch and denlopment laboratories 
,--

Field(s) of Study 

CEERI • BITS. Pilani 

CEERI • NPL. Odhi 

Cmtral Electronic Eni;g. 
Resean:h Institute. Pilani 

~ational Physical l.a~1ratory 
~t:W Delhi 

Solid state physics lab 
~ew Delhi 

C -MOS Procl!Ss 

EPR study of BF: implantation in Si 

Junction transistor 
LDD transistor 
High Tc super conducior 
CMOS. \foSFET. LV-BSE 
In P. Al Si alloys 
Submicn'tfl technology 

Polycrystalline silicon 
Silicon (impurity diffusion) 
GA As single crystal 

Gunn diodes lmpatt diodes 
Ill-\' compound<; 
Hetrostructure solar cells 
HEMT 
MBE grown films 
Silicon wafers j 
In Ga As layers 1 

Ga As Je"·ices I 
Si impatt diodes I 
Si pin diodes J 
Hg Te. Hg Cd Te. thin films 
Porous silicon ----------

Table 8. Organizations engaged in denlopment of materials for HMCs in India 

:;. No. Organization 

I. Nuclear Fuels Complex. Hyderabad 
Ms Eltech Corporation. Pcenya. Bangalore 

1 3. Ms J~oti Refinery. Bombay 

l
l -t. Ms Kerala State Electronics De\·elopment Corporation CKELTRON). Trivandrum 

5. Centre for de\·elopment of materials. Pune 
6. Central Glass and Ceramic Research Institute (CGCRI). Calcuna 
7. Indian Institute of Science. Bangalore 
8. Indian Institute of Technology (ll"f). Kharagpur ____ _.__ __ 

S. l'o. 

'l 

3. 
... 
5. 
6. 
7. 
8. 
1) 

10. 
11. 
I~. 

I J. 
1-l 

Table 9. Major industrial units producing HMCs in India 

Industry 

Bharat El~ctronics Limited !BEL). Bangalore 
Bharat Elcc1ronics I im ited (BEL). Gha7.iabad 
Indian T ekphonc Industries ( ITI ). Bangalore 
Indian T clc:phone lndusrries 1111 ). Naini. Allahabad 
Indian I dephonc: lndu,tries ( ITI ). Mankapur. Gonda 
Hindustan Aeronaurics Limited CflAI. ). llyderahad 
Ueclrnnic~ Corpor;t1ion of India Limited IECll.). Hyderahad 

' CiuJ<1rat Communications and electronics Limited (CiCEI.). V;11lodara 
Western Indian Enterprises Limited. Pune 
Mini-circuits I imned. Bangalore 
Vikas 11:-hriJ-; and Uectronics Limned. N'"w Delhi 
Film Electronics. Meernt 

I Ami Uectronic-;. \'alsaJ 

.1 _l~s~a R.~cti!i~rs.~:orp~l~a~on !n~~'!_ (_I') ~j~~ted.:~~~ml~·-·----·-- __ _ 

1 

I 
I 

-- ______ j 
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B. MATERIALS POLICY [\EVELOPMENT IN INDIA: 
EMERGING ISSUES 

Professor R. S Ganapatlry 
Director .. \'ationa/ Materials P•J/icy Project 

1. Introduction 
The National Materials Policy Project is an inter· 

:nstitutional effort to develop long-tenn strategies to enable 
India to become more competitive in materials. Some key 
materials it:lportar.t to the economy at the present time. and 
for the near future. have b«n selected for policy develop­
ment. Various issues like raw material poteniia:. :;:.:s:o.in­
ability of production. technological Jevelopments(global as 
well as Indian). R&D capabilities. demand and supply. 
economics of substitution. etc. are studied in depth. The 
project also aims to develop a \:Onsensus among different 
stakeholders in materials about the strategies to be adopted 
in the future. As a part of the project, a database on the 
rest"arch carried out in India for various materials is also 
being created. 

The project. to date, has identified several common 
policy issues across materials. This rep.:>rt outlines some of 
the key issues and strategic options along with an action 
plan for the country. Many of these findings are being 
discussed extensively with various stakeholders in different 
forums. 

The raw material situation in the country (in tenns of 
resource endowment and production capacity) for most 
materials is quite satisfactory. However, there are quality 
problems and a lack of appropriate technology to utilize 
them more efficiently. Technological developments for the 
processing and the production of materials are not yet fuil)' 
developed within the country. The dependence on the 
import of technology. in spite of our capabilities. is very 
high. Many of the R&D efforts remain at the laboratory 
level and the transfer of technology to industry is not very 
effective. Human resource development by academic insti­
lutions is not always in line with what the materials-based 
industry needs. leading to the poor utilization of thes.: 
resources. in spire of a high potential. 

The struclure of industry in some materials is 
conducive for employing high technology and mechaniza­
tion. Some changes, however. are needed to promote 
ionovalion and competition. Similarly. the role of the 
Government will have 10 be redefined. The Government in 
future will have to play a positive. promotionai and faci­
li1a1ive role. and less of a regulatory one. r; iven the right 
kind of policy environmenl. India can be an importanl 
player in the world of malerials. 

This paper explores !he relevant policy issues. outlines 
the interim findings of the research carried our and iden · 
tifies tentative strategies in a comprehensive framework. It 
is inlended as a basis for discussion and feedback. 

2. Background 
The future of materials crucial to the economy is the 

main concern of thf' National Materials Policy Project. As 
the name suggests. !he Project's objectives are to prepare 
a long·tenn perspective and a framework of policies and 
!.!rategies for the development. production and use of key 
materials of relevance to the country in altemativc socio­
economic scenarios. In addition. lh" Project has !he task 

of building up a consc~sus among major stakeholders con­
cerning strategies for the total management ofttie materials 
cycle to facilitate optimum gain for the ecor.omy. 

The matenals chosen for a detailed study by the 
Project. on the basis of their importance to the economy at 
present and in the !le&ir future, are: 

wood ·· light alloys 
leather - polymers 
iron and steel- composites 
aluminium - electronic materials 
ceramics - coatings 

The Project builds upon earlier specific studies an-' 
ongoing efforts in materials scienc•. technology and indus­
trial development. 

As an inter-institutional effort involving indcstry. the 
Government and S& T institutions, the Project commenced 
its work in April 1990 ;:nd concluded its work in March 
1992. Major funding came from the Steel Authority of 
India (SAIL), while the Technology Information and Fore­
casting Council (TIF AC), of the Department of Science & 
Technology, provided the administrative infrastructure and 
technical inputs through studies. surveys and extensive 
technical literature. The Confederation of Engineering 
Industry and the Defence Research & Development Organi­
zation also suppone<i 'his effort. The Project was overseen 
by a Steering Commince consisting of eminent 
professionals. 

2.1 Activitin 

Building the database 
The Project undertook an e~tensive review of literature 

towards building up a database on key materials that have 
been identified, to include developments in technology. 
industry and applications in India and abroaj. This was a 
significant contribution to the development of a Mate1ials 
lnfonnation System in the country and is closely linked 
with the national interaction Technology lnfonnation 
System. called the TIF ACLINE. developed by TIF AC. 

Analysis 
Derailed analysis and assessment of the following 

aspects of each ma1erial was carried out by the Project: 
~mand and supply; 
Materials intensity and the efficiency of economic 
activities; 
Management of the material cycle; 
Synergy between R&D, production and use; 
Interdependence (substiturion, conservation, etc.); 
Technolog) development and diffusion; 
Comparalive advantag\. and competitive 
positioning of India; 
Restructuring of inslilutions. 

Studie,Jpapers 
The Project prepared studies. papers and reports on the 

basis of analytical work and participation in workshops. 
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c:tc. and disseminated them wide!~ anlllng industry. 
Gowmment and S&:T institutions to elicit \iews lln polic~ 
options presented by it. The Project's aim was to promote 
knowledge-based policy den~lopment anJ rdonn ;n the 
area of materials. 

Wor'-shops/seminars 
The Project organized the following workshops: 
(a) !\tarerials polic: issues: 
lb) Management of high tech programmes: 
(c) The future of iron and steel in the Wllrld of 

materials: 
(d) Strategies for materials research: 
{e) Strategies for leather: 
(I) Strategies for wood: 
(g) Strategies for aluminium: 
(h) Development of standards for ad,·anced materials: 

strategic issues. 

Commissioned papers 
Rt."Sides carrying out stuJies and preparing papers on its 

own. the Project also commissioned outside agencies and 
expens to undenake studies and prepare papers. Some of 
the topics on which papers hne been commissioned were: 

I. Strategics for packaging materials: 
., Strategies for copper: 
3. Strategic alliances for de\elopment of materials. 

lntunational lin'-5 
To keep abreast of world de,·elopments in the whole 

spectmm of materials. their technology and applications. 
the Project established contacts for the exchange of 
information with agencies in Japan. the United States. the 
United Kingdom. Germany and China. besides international 
organizations. 

Relatrd rndra,·ours 
The Project was also closely linked with other ongoing 

etTons relatd to materials. and panicipatcd acti\ely in the 
conduct of research and seminars organized by other 
agencies in the field. Among such groups or activities 
were: 

I. Technomarkc: and forecasting studir•<; of TIFAC: 
., Science and Technology Advisory Committees of 

various ministries: 
3. Policy Group on Wood Substitution of the 

Ministry of Environment and Forests: 
-t. Production of a series of I 0 \·ideo films for 

educational broadcasting on the theme .. Materials 
and Society .. based on the Project's knowledge 
base. hy the Mass Communications Research 
Centre. Jamia Millia lslamia. New Delhi. 

2.2 A uniqur initiativr 
The National Materials Policy Project was a unique 

ini1iative i" the area of policy development for key material 
resources anywhere m the world. The concept of a polic~ 
for materials being itself new. the demands of an exercir.e 
to formulate such a policy were onerous. The mc1h0dology 
of the Project wa:; diverse and it sought ro work with and 
through industry. S&T institutions and Govcmmcnl. lo 
achieve synergy and r.umulativeness. Despite ~•everal data 
and institutional limitations. this modest first allempt to 
build up a knowledge base and use it for policy develop­
ment beg.an 111 yield interesting results. While the dimen­
sions of an overall ma1eri,1ls policy arc yet 10 emerge from 
the various efforts undcnakcn. many common policy 

questions relating to ditlerent materials ha\e alread~ been 
raised. These relate to substitution. interdependence. com­
parative ad,·anlage. technology Je\·elopmcnt. intcr-polil.:~ 
coordination. and lr.dia"s possible global role in this area. 

Since the Project began. the complex process ofpolic~ 
devdopment has brought home some lessons. and c~ stal­
lized some imponant aspects of the design anu conduct of 
the exercise. The Project quick!~ accomplished to a good 
extent some of the objectives through building up a con­
sensus about goals aml strategies among key stakeholders 
of some materials. and also by producing di\crse reports to 
elicit the ,·iews of Government. S&T institutions and 
industry which led to a clearer definition and fonnalation 
of polic~ options and strategics for the development. 
pro,Juction and use of key materials in the years to come. 

3. Strategy formulation 
This pan outlines some of the strategics that India 

should adopt in future to manage 1he materials qcle 
effecti\·ely. The strategies are based on the i-;sucs that 
emerged from the analyses of the major materials issues. 

3.1 Raw matrrials 
India has a large resource base for producing major 

economically important materials. Ra\\ materials. in 
genera:. suffer from a poor quality and a lack of homo­
geneity. Howe\ er. India docs not ha\ e the adequate techno­
logy to pre-treat these raw materials on a large scale. so as 
to improve their quality. The etlicient use of raw materials 
is also not widespread. Instead of stepping up \alue-added 
production. we tend to expon some raw materials which 
arc in excess supply. e••en if it is due to a low capacity 
utilization of production units. Issues related io raw 
mawials a\·ailability and utilization specific to some key 
materials are d:scussed below. 

An improvement in mining technology is necessary to 
produce more and better quality iron ores. There is a need 
to reduce the ash content in coal and iron ore. To improve 
the quality of steel. pre-treatment will have to be done 
more efficiently before raw materials are fc:d into the 
furnace. Stockpiling of raw materials will have to he mini­
mized since it creates artifici .I shortages. 

In the case of ceramics. India is yet to develop the use 
of advanced ceramics in many emerging areas. To achieve 
this. it is essential to identify the raw material potential. In 
the case of aluminium. there is a need to allow the impott 
of coal tar pitch and CP coke to exploit the va~t resources 
of bauxite (2.600 million tons). This. along with changes 
in the priorities of locational decisions. can make India 
strong in aluminium production. 

Raw material availability for wood is crisis-ridden. A 
supply of wood from non-conventional sources is required. 
There is a need lo enhance the supply of industrial wood 
from plantations and private farms and firc"ood from 
communit)' and social forestry through biotechnology and 
improved tree farming. In addition. the wastage from 
logging needs to he reduced to improve effective yields. 

In leat:ier. there is a tremenclou;. amount of loss caused 
hy poor naying. collection and transportation methods. 
which needs to he a\'oided. There is a need to develop and 
innovate technology to recover more leather from the 
availahle hides and skins co obtain a unifom1 quality. 

In the case of polymers. there is a need lo concentrate 
nhlrc on natural gas as a fecd~tock. India has a rclativcl~ 
heller ad•an1:1gc there. since the other source. naphtha. is 
recovered from oil. a considerable amount of which is 
imp11rtcd. Thie; will help 10 amid supply problems arir,ing 
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from llm:tuations in the a\·ailability and price of oil in the 
international market. 

For composites. man~ of the r.m matcrials are not 
produced in India. It is nccessal) to estimate the 
requirements of \·ario11s raw materials for the future to 
mcc:t domestic demand. Natural fibres and fihres which arc 
ahundantly a\ ailabk in India will ha\c to be promoted. 
While the import of technology to process these raw 
materials and to comert them in the required form is 
essential (e.g. carbon fibre as a reinforcement material 
is synthesized at IPCL through technolog~ imported from 
the United Kingdom). there is a need to place an empha­
sis on the indjgcnous production of mairix resins in the 
future. 

3.2 Demand and suppl~· 
Demand-supply disequilibrium (across space and time) 

is common in most materials in India. 
Conventional planning techniques for meeting demand 

by increasing the supply ha\e proved to be \"Cl) costly fi.lr 
many materials. llence. it is essential to direct demand in 
a desirable pattern. Therefore. the planning strategy called 
for both demand and supply management. so as to a\·oid 
any adwrse impact on prices. This can be achieved only 
with the consensus of all stakeholders. Several policy 
options \\ill han: tu be used to achieve this objective. 

International substitution is a dynamic process. depend­
ing on comparative advantage (supply. cost. savings. per­
formance. environment friendliness. c:tc. ). ""Penetration" -a 
measure of the relative share of \arious materials used (in 
tem1s of weights) in a particular application or industl)·-­
olicn describes the degree of substitution. or international 
competition. Substihllion occurs slowly when applications 
demar,t unique or high performance. 

Steel continues to play a dominant role in the transport 
sector. At the same time. aluminium. heing a light metal. 
\\OUld help in weight reduction and is heing increasingly 
used in this sector throughout the world (60 kg vehicle in 
developed countries "·ersus ::!O kg h~ Maurti automobiles in 
India). Looking at these advantages. it is necessar~ to 
increase the use of aluminium in the transport sector. The 
inrnhement of vehicle manufacturers in achieving this is 
nccessal)·. Norms can he de\ eloped .tfter a detailed study. 
Similarly. inside vdiic!es. there is a need to reduce the use 
of steel and replace it with polymers. 

The annual increment of wood is estimated to be 
52 million m' (I::! million m' of industrial wooL and 
-ill million m' firewood al!ainst a demand of 263 milli, .. 1 

m' (.:!7.58 million m' for industrial wood and ::!35 million 
m' for firewood). Looking at these supply constraints and 
the gr;•\e environmental consequences of extracting wood 
from forests. there is a need to conser\c wood by using ii 
more efficiently. hoth as a fuel and as a material (gro:;s 
\\astage at present is about 60 per cent) ar: ' to generate 
wood from non-forest sources. Suhstilules like plastics and 
aluminium should hl· encouraged. The economic costs 
involwd in substitution are hil!h and tlwrefore wood con­
tinues lo haw a comp;1rati\·e advantage in some applica­
tions. lhis calls for a need 111 imprme the quality and 
properties of \\ood through 1echnolog} 

Composites. 1ho11~h used in the do:li:ncl.' \ectnr ;11 
present. ofkr higl:-~1reni.:1h low-\\ eii.:ht material.;. u.Jeal ror 
the transport sector. They can suthtitute conventional 
rnah:rials. especially eni.:ine component-; ;111d other parts 
which arc subjected lo hi;:h friction. l>uc lo their light 
\\eii.:ht and high perform ar;e, they can repla•;e steel hndies 
111 automotive vehicles. leading to enerµ~ \;wings. The 

TIFAC stulh· on Perfomtance M:irt"~ials identities sc\·eral 
important priority areas for ai:tion. 

As far as steel is c<>ncerned. the dominant role it 
played in the development of core sectors will continue to 
remain tht: same. India has abundant raw material resen•cs. 
What is required is quality and value-added sti:cl. besidi:s 
an improvement in demand. This pattern is common 
throughout thi: world. In industr'alized countries. steel e\en 
now plays a dominant role and the emphasis is to alter 
consumption !-:. de.:reasing the material intensity with the 
help of high quality steel. India too has to aim in this 
dirt:ction. In the future. the supply-l.:d demand pattern will 
change. in re5ponsi: to market forces. 

In the case of lc:ather. the estimated demand for 
finisht:d leather( U.•.i million Ii.: in IQ90) is far more than 
the a\ailability ( l.~38 million Ii.: in 1990) of finishi:d 
leather. llowe\cr. there is an immt:nse p<'· !nti.il of raw 
materials. which at present are underutilizt:d. ·1 herefore. the 
efliciency of recowry and pnwision of a better supply of 
qua I iry leather has to be increased. More capacity has to be 
crt:ated in the leather processing industry to produce more 
finished leather. 

In the case of polymers. the ra\\ material constraint 
will continue to be important. However. the shortage can 
he reduced to a large t:xtent by substituting gas for naphtha 
as the feed stock and by placing emphasis on the recycling 
of used polymer products. 

Demand can be altered through price mechanisms. First 
of all. the price of all materials should reflect the real costs 
of production (including env·ironmental costs). Certain hard 
wood species like teak and rosewood should cost more. 
Pa~:.'.! products like wood composites. flake board. etc .. 
should he promoted. To encourage the use of aluminium in 
se:.tors like transpurt and dectrical engineering. the prices 
of the types required for these end uses should become 
lower. Fiscal mi:asures can help substitutin ~ leather 
products (especially footwear) by polymers in 1t, f"mcstic 
market so that enough surplus leather can be used for 
exporting value-added fashionable items to the international 
market. In a period of foreign resourci: cnmch. this is 
relevant. Actual mechanisms to Jo this will ha\e to he 
decided hy the stakeholders. Prices. when they reflect 
market realities. will ensure the efficient use of materials 
Suhsidics or reliefs should hr: targeted. explicit and only for 
a short ti me. 

The choice of material b~ users is often governed by 
current cost co11sidcrations. A life cycle costing approach 
looks al costs all ahtg the materials cycle and will result 
111 a more cfficienr material choice. 

:\ look at suppl~ strategics is now required. In the case 
of \\ood. conventional sources of timber cannot be• relied 
upon. llcncc end-users of wood should he encouraged to 
g•·neralc their requirements from industrial plantations and 
community or social forestr~. Technology can assist in 
impro\ing the performance of low-grade \Hlod. cellulosic 
and agricultural material and hence supply. In the case of 
ceramic.;, a programme for the development of raw 
rnalerials for advanced ceramics. would he required. 

:\t rhe production le\el. ch;u;,_.:s arc required in the 
quaiity of ~tecl. quality of leather. quality of polymers and 
··ncr~~ cllicicncy in thl.' production of aluminium. The 
promotion of 1kmon~tra1ion prouuction facilities for 
advanced ceramic'i. engineering plastics and composites. 
\\ood-h.1·.l·d panel productc;. etc .. arc also needed. 

Two major materiah thar will have to he consi:rvcd an: 
steel and wood. Ir is imperative that the u~c nf sled in rhe 
tran~port sector i~ reduced hy suhsliluting aluminium and 
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plastics for steel. In other sectors the material intensit\' of 
steel will ha\e to be rei.i1ced by using high performance 
steel and its alloys. A similar strategy is applicable for 
wood where there is a need to reduce the material intc:nsity 
in gener.ll. and particularly in buildings ;md construction. 
Substitutes are required for plastic5 or non-petroleum-based 
raw materials for pla~tics as oil resour:-es will be depleted 
in the next few decadt!s. 

To reduce the pressure on raw matt:rials and to· 
maintain the quality of the en\·ironment. it is essential to 
promote the recycling of materials. wherever possible. Tht 
recycling of materials is less energy-intensive. Looking at 
the pattern of consumption in India. aluminium. polymers 
and steel provide immense poiential for recycling. This can 
be accomplished through changes in collection practices for 
discarded materials. Recycling can increase supply in an 
energy-etlicient way: the recent growth of secondary steel 
and 5econdary aluminium industries bears out the 
economics of this. 

No change in the demand or supply structure can be 
done overnight. There will be a gestation period which is 
bound •o be long. since the existing pattern has evolved 
over a long period of time. There will be transitional 
problems which can only be taken care of with the co­
opt:ration of all the interested parties. The strategy should 
be to address. in a coordinated way. all the activities of the 
management of the materials cycle. The problems at the 
raw material stage are acute for leather and steel. In leather 
and steel India needs a greate• recovery rate. Iron ore and 
coal in India contain impurities which a~e higner ihan the 
norms t>lsewhere. Hence. treatment to eliminate the 
impurities before they are processed is required. This is 
crucial if India is to be competitive i.1 producing high 
qu;slity steel. 

3.3 Technology development 
Looking at the status of technology internationally. 

Indian techn°logy to produce materials lags behind con­
siderably. At the same time the Indian capability to develop 
technology (e.g. infrastructural facilities) seems to be 
adequate. However. the:;e capabilities are not being fully 
used. The major problem seems to be the inability to assi­
milate imported technologies and an inhibition to get out of 
the ··import syndrome". This is reflecterl in the case of 
many materials. Most of the technologie< ~-:·.doped at the 
laboratory-le,·el remain there without bt:ing 1ransferred to 
industry. Thus. India is not able to obtain :he full benefit 
of its capahili1ics and is therefore less competitive in the 
domeslic and international markets. 

Technology development for 1he better utili1.ation of 
wood is mainly in sa\\ milling techniques and technology to 
produce wood compo~ite~ and panel products. To ~uit 
Indian conditions. technology innovations are required to 
peel ~mall girth. fast growing plantation species. There i:. 
a need to develop and imrr"ve tool~ and implements, as 
well as their maintenance. to achieve a higher quality and 
less wasiage. Similarly. there is a need to dnelop more 
cffici,.nt firewood hurning cooking stmcs (efficiency at 
present is only IO per ccnl). 

Te.:hnological development and the adapta1ion of 
modern techniques for processing remain low in the leather 
indusrry. partly hecausc of the ir.dusirial struclure. There is 
a need to import technology to improve the q!lality of 
processed malerials. and lo make lhc necesc;ary modilica· 
rinns to suir Indian condition~. Thie; would help 10 produce 
more value-added. foshionahle. quality productc; with a high 
export potential. CA[).(' AM lechnology innovations in the 
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katherproduct industry. especially for export-oriented large 
fim1s. should be encouraged. 

~or !he iron and slccl sectors. a long-term slra<e!?.\ 
seems lo be of !he utmost neccssitv. 10 -restructi:rc th~ 
plants and to de,·elop more advancej technolog~ for pro­
cesses and \alue-adJed products. The recenlly complc:ted 
TIF AC studies on Modemiza1ion of Steel lnduslry prO\ ide 
valuable guidancr in this regard. The S1eel Authority of 
lndi~ Ltd. has abJ prepared a lor.g-temt corporate plan 
(including a technology plan). Technology is required 
mainiy for the produc1ion of high-quality steel and alloys 
by integrated and secondary· steel processing plants. pre­
trea1ment of raw materials. automalion. modelling of 
processes to avoid wastage and new processes such as -con­
tinuous castir.g. ladle refining. electromagnetic separation. 
etc. At present. mini steel plants in India lack altemati\e 
lcchnologies to rroduce high quality. \·alue-added S(J(!Cial 
steels. They need substantial technological upgrading before 
1hey can achieve this objective. 

There is a need to immediately increase the capacity to 
produce more aluminium. Instead of relying on freshl) 
imported technology. India should assimilate the technology 
that ha" already heen imported and develop its own capabi­
lities to design and construct plants independ.~ntly. Power 
consumption to produce aluminium should be reduced to a 
stage comparable to MALCff s. The technology needed to 
reduce the import of aluminium foil shou!d be developt:d. 
India also needs to work on aluminium alloys and other 
value-added products. 

Although some new plants wilh modem technologies 
have come to the ceramics market. lower productivity. 
outdated and highly labour-intensive technologies arc 1he 
main obstacles to increasing the production of cerami.:s. 
Therefore, there is an uri;enl need lo imprO\·e design 
engineering to strengthen machine-building capabili1ies. 
Quality control and better tesling facilities for !he major 
raw materials suppliers should be :;iven due importance. 
The outstanding work of the Centre for Materials for 
Electronics Technology (C-MET) in collaboration wi1h 
industry needs a special mention here. llowe\·er. research 
and development on advanced ceramics should be diwrse 
enough to concentrate not only on electronic use. bur also 
on structural ones. 

The Indian Institute of Management-Indian Petro­
chemical Corporalion Lid. study on ··Technology planning 
for petrochemicals ... i-Jcntific priority areas and strategics 
(R&D. import and investment) for pe1r,ichernical techno­
logy development. In polymers. there are quite a few plants 
operating in the country·. using imported technology. These 
imported technologies must he assimila1ed and improved 
and al 1h.: same time indigenous technologies should be 
developed. There ic; a need for technology development to 
carry 0111 process design and engineering commodity 
plastics. An cndcarnur should he made in lcchnolog~ 
de\elopmcnl of engineering plastics and poly mer hlends 
and alloys. fhc recycling of polymers in a safe and 
cm ironmentally hcnign wa~ is also .mother priority area. 

The production of commercial composites in India is 
restricted to small units. and the techno!ogy adopted is 
quitc conventional. The level of technology here should he 
impnl\.:d. Resin tran.,fcr mouldin)! and reinforced rcaclion 
injection mouldin!! needs 10 he intrndu.:cd in composite 
processing units. Pul:rusion tcdrnology should bc 
dc\-eloped to produce sports )!Oods. The reccntl) initiated 
cnllahorativc arrangement hetwecn TIFAC' ant: the 
Re<>earch Centre lmara!. 11:.derahad. for thl· development 
and production of a varict~ of compnsitcs, along with lhc 
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participati''" of indust~-. is a major organizationai inno­
\atio."l and is potentially promising. The space research and 
defi:nce research program'.llcs have ad,·anced :apabilities in 
composites design and pa '•.iuction. which ne :d to be 
adopted and transfrrred to industl')'. 

J.4 Human resources denlopment 
Basic formal training capabilities ir material science 

and technology in India seera to be adequate. More 
specialized. long duration courses in some of the specific 
materials will lead to more unemployment. At the same 
time. specific short duration courses for each of the 
materials are required. This c;ho:.i!d b<: done carefully oy 
identifying the needs. At the present time acader.~ic 

institutions are not exactly catering to the needs of 
industry. A proper understanding of these needs and the 
reorientation of courses offered at academic institutions has 
h-!~n i,Jentified as one of 1he important policies for any 
count!} to be competitive (Zwilsky. 1987). 

In the case of aluminium. at present there is some 
duplication of efforts since the training prog!Jmmes are 
undertaken by producers. 

In India. the training facilities for forest man1gement 
seem to be inadequate. There is a need to start academic 
and continuing education pro!!rammes to develop man­
power in the field of wood science and technology. There 
is also a need for specialized training progrnmmes for 
,-arious industries which should be done by industry asso­
ciations or within firms. 

For the leather industl')·. training would be necesS3ry to 
.:reale the skilled manpower to design and produce fashien­
ahle leather products. Here emf>hasis should be on the 
automation of processes and quality control. The '.ikiiled 
manpower required for computer aided design and manu­
facturing (CAD-CAM) will have to be developed. More­
over. there is a need to go in for upgrading through on-the­
_;ob training and short c:iurses for skilled workers. 

in the polymer and composite industries. some training 
is beinc~ done in-house by industry. llowe\er. this training 
is inadequate. India net'ds to increase its continuing educa­
tion progran.mes <md training within ind1Jstl}· to upgrade 
the manpower, as human rcso. "l:CS are crucial to the 
development of :his industl')'. Many of the research and 
development personnel are not adequately i'l~ormed of the 
latest developments. This calls for more continuing educa­
tion and information services (Sivaram. 1991). 

3.5 Trade 
It is essential 10 export materials in which a 

comparative advantage exists. Whil: formulating ~xport 
strategics. it is essential to keep in mind the ··sustainability" 
que~tion. Exporting materials which arc only temporarily 
in excess supply will not hc:lp in ohlainin<? a long-term 
rnmmirred market. A long-term perspective is essential. 

In the case of aluminium. exports fur a longer dutatiiln 
can he done only al the cost of domestic demand. unlc~s 
the supply increases. llencc. the decision to export sh.mid 
he taken careful!~. In poliq formulation. more thrust 
'hould he given 10 the export of more \ aluc-added items. 

Materials in which we have 'ome comparative advan· 
tage arc aluminium and leather. Their quality will hJve to 
he improved lo a level for the mo1 c value-added fashion­
ahle lea: her products "hich are acceptahle on the in1er­
na1iom1I market. This has already hecn achieved in the 
aluminium field. Whal is now needed i<> additional produc · 
lion of lhe same quality aluminium. usin!! cheaper power 
and value-added products. 

Q,·er the last three decades. an extremely haphazard 
and patchy scenario has existed in the export c,.. in•n and 
steel. because of unccmpetitive prices and quah:y. The 
slump in world steel trade in recent years has ~i~n 
ad\'t~rsely aftected the prost>Ccts. A.s a result. the possibility 
of exporting iron and steel in large quantities is remote in 
the near future. 

Th.: export of polymers should be confine<! to hir.h 
value-added pr0<1'rc1s. Markets for tl-ese will have to be 
carefully developed. since ,,,)rid-wide polymer uses are 
being restricted due to a shortage of raw materials and the 
biodegradability problem. 

Cerami;:s offer a good potential for export. if the cost 
of production <:an be reduced through more capacity ut;!iz:t­
tion. In developed countri.:s. due :o high and rising labour 
costs. conventional ceramics :ire becoming more expens,,·e 
and the prospect of increasing e-.;i;orts appears lo be 
favourable. 

J .6 lndustri.111 stru£tu: e 
The stmcture of a particular industr/ plays a crucial 

role in determining the performance of that industl}·. This 
can also derermine the ability to innovate. adopt high 
technology and modernize different processes. In India. the 
structure of industl}' across and within materials s;10ws a 
large ,·ariation. 

In the case of th.! aluminium industry. it is :ire:ently 
oligopolistic m natur~. Export :s don~ by NALCO. Locking 
at the pattern of growth of demand and supply. it is clear 
that an ac:Mitional capacity needs to ~ installed and more 
emphasis should be given to a higher capacity util!7.ation. 
Private sector investment towards. ti1is is require~ in vrd.:r 
10 incre:he competition. 

The else with .;1~d is slight!} different. i.. :irgc-!>ca!c 
units -till dominate production and the share o!" t!ie pahlic 
sec1.;r i~ '!ry high. Mini steei plants elsewh.;rc cat:r lo 
high qu1•lity special stc:l'I. bt · in India th! quality of $11. ... I 
pmduc.:d by tt;cm is not very good. A qu.ility imprO\l•:!T't'"t 
in ~his sector is n.quired. Simultaneous hJ th-: modem1;:,1-
1ion and !!xp-i~st'Jn plans of the existing large-scale units. 
;1 ic; nccessa'.'.) lo promote mini steel pl~:nts which can 
prodo.:e high q!i.llity steel. This is important since the 
gcstati'm ~- io<l of such units is low. Becaust of the 
cort1r"1rative ac!vanrages of such plants. which enable them 
t(} k1..:a:f ir. differen: parts of the country. the establishme'lt 
of ih.:se phnts will ensure the easy availabi!ity l'f :;rl!d. 

ScconJary stei:I uni!s withiri this sector need to be 
enco11raged. 

As far as wood is concerned. a major chJnge i:i the 
mdustriai structure is required. It is necessary tc organize 
the small-scak ~r.d unorganized sector units into er .. 
operatives, so as to enabl..: them to use efficient tcchnologi 
and mechani7.ation to reduce wastage. The same is appli· 
cable 10 the leather inc~ •·v (collection anci tanning). 
Cooperatives can be easily"" med since most of these units 
arc concentrated in a few areas. 

The poly mer industry in India is relatively new and 
technology chang~s rapidly in this field. While hulk 
polymers arc produced hy large-scale units, the production 
of polymer durahlcs through processes such as extruding. 
:~wulding and forming arc undertaken hy small-scale units. 
I lcnce. in rhe end-use industry. technological innovation is 
limited and Jiffused. The organization of these small-scale 
unit; info cooperatives for the promotion and adoption of 
cp1ali1y lcchnolngy is thus needed. Since the small·scalc 
scr.tc.r i~ lahour·intensive. they should he assi:;ted to enab!e 
them 10 (1ccome more viilhk ~"ct competitive. Such a 

____________________ ,,. -----·~·.~---------
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strategy will also promote ~ntrepreneurship within the 
country. 

The comjXlsites industry presently consists of 
specialized small 1.mits. apart from large-scale absorptiCrt 
and defence programmes. Glass and fibre reinforced 
plastics are important areas of growth. 

3.7 Financing 
Finar...:ing is an important factor for the development 

of materials-based industries. The requirements and types 
of finance differ from one material to another. Financing in 
India generally takes place from one of the follm~·ing 

sources: budger:;y SHpi)Ort. financial institutions and 
internal sn'.irces. Of the corporate sources. equity. risk· 
venrure cc.pita!. long ;'!rm ar.d short- or medium-run loam. 
are the major sources of finance. While systematic finan­
cial planning (sources. types, uses. incentives. regula­
tions. etc.) has !lot ueen att~mpted for all material 
cycle activities. important trends are evident and discussed 
below. 

In the world-\\ ide mini!'lg industl}. tile major source of 
financing since World War II has shifted from equity 
investment to debt financing. In India. there are tv;o major 
trends: 
(a) After independence. almost all essential mining has 

only bc:en undertaken by the Government, with propor­
tionate Iv less debt: 

(b) As larg~-scalemining has started growing. mining and 
processing have become capital-intensive. 
Over the "1st two decades. new. advanced materials 

have been developed which require a higher initial capital 
outla~ for research and development. As we have seen. for 
major materials. research and developmer.! takes place: in 
governmi:nt laboratories and academic institutions. 
iJudgc!ary support. and 10 some extent internal sources 
(surplus. etc.). have remained the major sourc>!s of material 
financing. lndustl). both pubril and private, invest 
relatively le~s on research and developm.:nt, due to a lack 
of competition and innovative tradition and protectionism. 
However. banks and other major financial institutians 
(mostly under the direct control of the Government). 
provide financial 'lSsistance for investment in plant 'nd 
machinery as well as working capital. ln the last few yem·s. 
few venture capital firms have come into existence which 
finance the deveiopmcnt. engineering and comanercializa­
tion of new improved technologies. 

It is clear that forests cannot sust?.in the supply of 
wood ·,\hich is required in India. Wastelands can be utilized 
to grow trees. However. pri\ate agencies and individuals 
are not willing to invest in developing wastelands. Hence. 
Government initiatives ancl incentives to improve produc­
tion and to develop wood utilization technology are 
required. Similarly. a new initiative to invest in research 
and development to develop ~ubstitutes for wood is also 
nece~sary. 

fi'lancing is an important instrument for the develop­
ment of the lcatlicr industry. which is dominated by small 
frms. ():Jc of the major pro1hlcms of the leather processing 
inl'u~try is its en•ironmental pollution. However. for small 
f.r11s. it i3 difficult to invest in pollution control due to<' 
lacK of finance. The product industry. or. 1hc other hand. is 
not able to be intcrnation .. lly competitive mainly bcca:.:~;c 
of poor design and inadequate automation (CAf) CAM 
technology). Financing should play a major role in this 
respect. especially for products which have large intc;·. 
national demand (i.e. leather fashion goods, leather 
garments. etc.). 
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In the case of aluminium. investment is required in 
setting up new plants. Similarly. plants to produce 
secondary aluminium are also required. investment for such 
production should come primarily from private sectors. 
More use of aluminium in the transport sector is r.:quired. 
Research and development activities to identify end uses in 
this sector using aluminium will have to be undertaken. 
Incentives and venture capital for promoting new 
aluminium-based technologies are necessary. 

In the case of polymers. investment is required to set 
up natur.:i g.is-based cracker plants and to expand the 
capacity of existing naphtha crackers. The private sector 
shou:J consider making investment in the various down­
~1ream project:> which are to be imp•emented in the near 
future. Financing is important for develorment of the 
technology requ'red for small·sl·ale processing units. 
lnv~stment to set up recycling plants is also necessary. 

A simil.ir trend is seen in the ceramics industl}·. 
especially for conventional ceramics. The productivity of 
this industry (especially in crocktl}'. sanitary-ware. glazed 
tile-;) is very low. This calls for the modernization of small 
firms. Better financing facilities would be required to meet 
the high initial investment needs for this. For advanced 
ceramics. which do not have any immediate market. the 
industrial houses in related business should initiate in-house 
development and engineering to produce export-oriented 
goods. However. without the commercialization of govern­
ment technologies. it is very unlikely that private firms will 
rromote research and dt:ve!opment in an appropri:ite 
manner unless suitable financin~ facilities are available. 
The absence of competition als0 mhibiis i;;1 .. :,;.·;;:k,n~ by 
firms. 

3.8 Institutional structure 
Although in India a hierarchial pattern is observed in 

the institutional structure ir. relation to materia i • devc !op­
ment. with the Government io~lding the apex position in 
me.st cases. the linkages between different institutions in 
the overall materials cycle is problematic. For the effective 
utilization of the resources available there is a need to 
improve the linkages in the existing institutional structure. 
The changes reGuired are mainl•· the reorientation of exist­
ing institutions. and in some cases the creation of new 
organizations or agencies. Our analysis also shows that a 
major flaw ir. the existing structure is a very weak sharing 
of information and knowledge. This has been observed in 
the case oi all materials. 

Research and development efforts from various centres 
i1, the country have to be coordinated. in the case of 
aluminium. with an identification of the priority areas. In 
the application of aluminium in the transport sector. alloys 
have to be developed. v. ith the coordination of research and 
development agencies. with the Oefcnce Research ar.d 
Development Organization arid with vehicle mam;facturers. 
Coordmation is als<> needed in training. The Aluminium 
Development and Promotion Council and'orthc Aluminium 
Association of India can undertake this coordinating role. 
Similarly. this ~·ouncil should establish an information 
centre. 

In the ca~e of wood. product development. manpower 
dc\clopmcnt and product utilization take place in a 
fragmented manner under the prescnr structure. Research 
and development ;ind technology development should be 
cooru1r.Jted between government in-;titutions such as IWST. 
IPIRL industry and ac<!dcmic organizations. A National 
W,1od Information ( cntre. to develop and pr.1vidc data 
relating to the wood indu-;try on <in on-line basis. is needed. 
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This will have to ~ done on coordination with all 
interested parties. Training facilities for human resources 
de\elopment should be established in consultation with 
industrial associations. 

In the light of the new industrial policy. it is essential 
to reorganize the existing structure for the iron and steel 
indust~. Some of the existing organizations could be 
wound up. or merged with other organizations. Research 
and de\dopment activities are undertako::n by SAIL and 
TISCO. Considering the role mini steel plants can play. it 
is vital to invoiv.: them. through a nodal agency. to faci­
litate the smooth transfer of to::chnology from reso::arch and 
devdopment laboratorio::s to industry. Besides internal 
diffusion mechanisms. there: is also a no::ed for an infonna­
tion centre:. for external dissemination. It would be better 
to set up such a centre within an industrial association. with 
tho:: inrnlvement of all stakeholders. 

In leather. small-scale units do not ha\e access to 
information regarding technology or market trends. etc. 
Organizing them into cooperatives an<i the in,·olvement of 
different coopo::ratives in research and development acti­
vities are necessary to create a linkage between them. 
Information regarding technology. environmental degrada­
tion and remedies. the mechanization of proc.:sses. the 
importance of quality assurance. market trends. etc .. should 
be shared by all producers. 

In the case of ceramics the same trend is observed. At 
the present time conventional ceramics are mostly manufac­
tured by sm;ill-scale units. but advanced ceramics are pro­
duced by government organizations for specific applica­
tions. The identification of the sectoral potential to use 
advanced ceramics and the involvement of industries in 
these sectors for research and development and technology 
transfer are. therefore. called for. 

Presently. the polymer technology in the country·s 
enterprises is largely imported. Research at academic and 
ri:search and development institutions is largely unrelated 
to industrial producticm. The promotion of more collabora­
tion between industry and research academic institutions as 
well as the: promotion of application-oriented research in 
industry itself is needed. The creation of an awareness of 
rhoices among users and coordination of various research 
and development application efforts is urgently needed. 

3.9 [nergy and environment 
The production of materials. especially metals. con­

sumes large quantities of energy of vari,ms forms. In India. 
where energy is in short supply. it is vital to decrease 
energy consumption in the production of materials. It is 
essenti;;I to ensure an uninterrupted supply of power to 
malerials production. as erratic supply results in a loss of 
production and large-scale waste. arising out of loss of heat 
and other associated problems. Loss. due to power short­
age. which is one major reason for low capacity utilization. 
has to he avoided. For the manufacturing of advanced 
malerials and structures. the cosl of energy is generally 
1-:! per cent of the cosl of the finished product. Moreover. 
1he energy cost savings obtained over the service life of the 
product is a major potential advanlage in using these new 
materiab. 

Energy-efficient technology for aluminium production 
and changes in location decisions is required. Since power 
constitutes 40 per cent of the inp~t costs. consideration 
should he given to scf!ing up ah~mini11m plants in State~ 
where hydro-eb:tric power 1s ahundantly available (e.g .. 
north-cast). A similar strategy is relevant to the ceramic 

indust~'. which is encrgy-intensiw. However. a shit'i of 
location is not easy. as the conventional ceramics industry 
is dominated by small firms which are spatially dispersed. 
Similarly. changing !ocation is not feasible for steel. as raw 
materials constitute a major clement in the inputs (in terms 
of quantity). What is required i!> a power-efficient techno­
logy. 

Environmental problems associated with materials pro­
duction have to be taken care of by reduci:ig hannful 
effects on animal and plant lite. The degree of environ­
mental effects created varies with each material. In the case 
of aluminium. two major problems to b\: tackled arc 
fluoride emissions and the reclamation of disposal grounds. 
Strict controi on filtration to check fluoride emissions is 
required. To reclaim the land used for the disposal of red 
mud. it is essential to identify species which can grow on 
this ground. HINDALCO is already making efforts towards 
this; it should be extended to other manufacturers. Red mud 
contains many valuable materials like vanadium. gallium. 
titanium and aluminium. Hence. it is essential to convert 
this r~d mud into a valuable resource base by recovering 
these materials. 

The leather industry (especially the processing 
industry) is a highly polluting industry and the harmful 
effects .aie quite serious. It would be necessa~- to 
encourage the small-scale units to adopt modem treatment 
technologies. One pilot project in Tamil Nadu (under the 
aegis of the Central Leather Research Institute) is providing 
positive results. Since the scale of oper.?tion is not suf­
ficient to adopt these measures throughout the indust~·­
changes in the indJstrial structure to have common faci­
lities. establish cooperatives. etc .. are needed. 

In the case of the iron and steel industry. the pollution 
created at various stages is quite high. owing to the sheer 
\Olume of activities. It offers a good recycling potential. 
Presently in India the recyling rate is very low. compared 
to international practice. The import of technology and 
investment in recycling is required. For the ceramics 
industry. dust created at the processing stage is harmful for 
the workers. There is a need to take care of this problem. 

For polymers. air pollution control through atomizer. 
furnace and burner design can be adopted. Water treatment 
through biological and chemical lreatment is necessary. 
Such treatments will have to be made mandatory. Most of 
the polymers are recyclable. Better incentives to recycle 
used materials arc required to tackle the problem at th1: 
disposal stage. 

3. IO Industrial policy 
Industrial policies determine the performance of 

industries in general. This is also applicable in the case of 
materials. Industrial policy detem1ines foreign investmem. 
export I import. productivity, innovation. etc. 'Vhile an open­
door policy. facilitating foreign investment with an 
objective to increase competition. is a good sign. it has 
other implications. Domestic producers may not be able to 
cope with the competition and may be completely excluded 
from the market. This is obviously not desirable. Hence. 
such an attempt should be on a selective and gradual basis. 
Policies should be formulated for managing a transitional 
phase. Such a role. hy Government intervention. should be 
multidimensional so that industry can become competitive: 
and i~novativc Market forces should be given enough 
frccdom to direct the trends. At the same time. Government 
intervention is needed to orchestrate these trends from a 
materials perspective. 

ras:c 2J 
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Some of the strategies that should be adopted in 
modifying the industrial policy with respect to materials an: 
outlined below. 

With regard to aluminium. the present open-door 
policy will not affect Indian technolog~• since India still 
operates mainly with foreign technology. What is required 
are the necessary conditions in the terms of agreement 
which facilitate the horizontal transfer of prodm:lion 
technology within the country. Simultaneously. India 
should develop its capability to design and construct new 
plants independently. This is rdc\ ;mt to application­
oriented technology too: Indian technology for alloys is 
adequate. At the same time. technology to produce foils 
required for the electronics industl} remains inadequate. 
Hence. selecti,·e participation of foreign collaboration is 
called for. 

In the case of wood. the import of technology to 
produce wood composites and other W()t'J panel products 
is necessar)·. This technology should be modified to suit the 
Indian industrial structure. A similar approlch is required 
for the leather industry. where the emphasis should bc 
placed on the mechanization of processing and the 
improvement of the quality of products produced by small­
and medium-scale units. 

For pol_.mers. the present policy of increasing naphtha­
bascd ethylene proJuction is not desirable. Adequate incen­
tives should be given to industry to set up plants to product 
gas-based bulk polymers. 

The indiscriminate export of all raw materials will have 
to bc cu~:iilcJ. sine~ such a policy will deplete the 
resources available at a fast rate. Incentives should be given 
to produce value-added items. The export of bauxite. 
alumina and iron ore will haH to be curtailed. S;milarly. 
the export of raw leather should not be encouraged. lncen­
ti\·cs in the form of tax bcncfits should be applicable to all 
value-added items. To increase domestic competition. the 
import of technology should be allo\\ ed. but the import of 
materials (except special catcgol}· materials required for 
strategic purposes) should not be encouraged. 

To alter the industrial structure. incentives of various 
kinds should be given. For example. in the case of 
materials where cooperatives arc called for, incentives 
should be applicable only to enable them to achieve results 
at a faster rate. Disincentives arc nccessal}· to curtail the 
use of certain materials as discussed in the section on 
demand and supply in this chapter. However. extensive 
subsidies or prolonged protection will be counter­
productive. This needs to be done on a selective basis. 

In the case of advanced materials. which are 
engineered to perform better. the technology requirements 
are either imported or developed by high technology 
sectors like defence and aerospace. The international trade 
of these materials is vital so as to make use of the 
comparative advantages of other countries. This calls for an 
over-emphasis on the standardi1.ation of these materials. 
Standardi1.ation can lead to a wider application as the 
properties of the materials will be well known. Linkages 
with research and development centres in this effort arc 
vital to avoid a lack of innovation due to unacceptable 
standards. Certification to internationally acceptable 
standards, such as ISO 9000, is desirable since they arc 
quality standards, not product standards. 

4. Action plan 
In this part, an action plan for implementation of the 

strategies is outlined. These arc specific plans for 
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implt>mentation by th:: .Ye:ir :!000. to re:ich the policy goals 
discussc:J earlier. 

Wood 
T;: :!:nu~ogy de,elopment should be :iimed at increasing 

the etliciency oi sawmilling C1.4uipment. logging ;md 
extraction of wood. flake boards. oriented standard board 
and mineral bonded products to produce wood composites. 
panel products like particle or fibre boards. based on the 
short rotation plantation wood of fast-growing species and 
agricultural and wood residues. To suit the Indian industrial 
structure. m:ichines should be designed for small-capacity 
plants of 15-30 m' per day. Equipment for the maintenance 
of tools also needs to be de\ eloped. 

Changes in industrial structure. \\ ith manufacturers 
~enerating their supply of wooJ from industrial plantations 
and wastelands and organizing small-scale producers and 
processing units into cooperatives. arc required. 

The tax structure should bc such that the price of wood 
reflects the true costs. e.g. higher taxes for rare species like 
teak and rosewood. and lower taxes for wood from fast­
growing species. Fiscal inccnti\·es to farm-forestry through 
firms or cooperatives to culti\ate fast-growing species on 
wastelands should be gi\·en. 

Amendment to the Forest Policy of 1988 to enable the 
removal of dead trees from forests. protection of some 
forest areas as reserved (for biodiversity) and the exploita­
tion of forests in an environmentally benign way is 
required. Use of wood in buildings above specified norms 
should bc penalized. Only preserved and treated wood 
should be allowed for use. 

Institutional changes needed are research and develop­
ment coordination through a proposed Wood Development 
Council and a Wood Information Centre to collect. collate. 
analyse and disseminate information regarding the wood 
industry on an on-line basis. 

Human Resources De.,·etopment-in the wood sector 
this needs to be in terms of specialized training pro­
grammes for various industries. to be carried out by 
industrial associations. or within firms or academic 
organi1.ations. 

Studies are required to understand the exact sector-wise 
end-use demand pattern and supply changes. These will 
facilitate both demand management and supply augm.:nta­
tion. Wood as a material cannot be considered separafl•ly 
from wood as a fuel. Hence the need exists for an inte­
grated approach. 

Lea ti.er 
There is a need to establish "district carcass centre<; .. as 

producer cooperative ventures to collect raw hides and 
skins in an efficient manner. This is cxpecteo to reduce the 
loss incurred in the collection and transport of raw 
materials to tanneries (100 million sq.ft. ot finished leather 
in 1986). 

As the auxiliary and leather machinery industry is not 
well developed. more encouragement is needed through 
awareness-creation and f:nancing. The role of<io\emmcnl 
should only be promotional. 

To substitute leather by polymer items in the domestic 
leather footwear market, the high import and excise duty 
on polypropylene should he reduced. This would help to 
generate surplus finished leather which can be used for 
making exportable value-added items. 

There is a need to provide incentives to promote 
mechanization in the leather tanning industry with a 



..f.il·<llk·~·s in Matt•rials Tt:dmolo~y MOMitor. s·o1. 1. f\"o. 2 ( 1995) 

capacity to process hides and skins up to the finished 
leather stage. Standardization of finished leather should be 
ensured (perhaps through the Bureau of Indian Standards). 
Preferably. these ir.itiatives shou~d be started in Tamil 
Nadu. West Bengal and lJu.i.r Pradesh. where SS.4 per cent 
(in 1989) of the tanneries are concentrated. 

Relocation of tanneries in some i::;irticular areas. away 
fr,,m towns. can be undertaken as a long-term action plan. 
Tnis helps the firms to establish .. pollution removal and 
waste disposal plants .. on a cooperative basis. 

Some firms may be given licences to import CAD' 
CAM technology and they are to be assigntJ a 100 per 
cent export obligation for their products. 

There should be encouragement for the dissemination 
of new technology from the research institutions (CLRI) to 
small firms. so that the commercialization of indigenous 
technology and innovation can take place. 

More formal and continuing education courses on 
leather technology are required in the near future. 
Presently. there are only two institutes offering under­
graduate courses. Academic institutions. lit..: llTs and 
universities. as well as industl)· and user institutions. should 
lake the initiative. The need for a diploma or cenif:cate 
programme by polytechnics and trade schools can hardly be 
overemphasized. 

Iron and stttl 
Technology de\·elopment is needed for an improv~ment 

in the quality of iron and steel. proouction of special 
quality steels and \·alue-add.:d products. pre-treatment of 
raw materials. automation. energy conservation. new 
processes like continuous casting. ladle refining. electro­
magnetic separation. etc .. waste reco\·e11· and pollution 
abatement. modelling of processes. etc. Technologies like 
ladle refining and electromagnetic separation can be 
imported and adopted. As the steel industry is a large 
industry. cooperative and partnership arrangements among 
research and de\elopment. educational and industrial 
enterprises is needed. If in industry. users undertake the 
funding of research and development. the relevance and 
utili7.ation of research will considerably improve. 

The price of steel in the domestic market should be 
decontrolled to encourage competition. innovation and 
remove entry harriers. 

formation of a mechanism to facilitate the transfer of 
technology from research and development laboratories to 
industry is required. The now of information should also 
oe smooth. which in tum calls for an infom1a1ion centre. 
comprising members from industry. government and 
research/academic institutions. This is in addition to the 
internal information dissemination efforts in legal firms 
such as SAIL. 

Aluminium 
Technology development should be focused on the 

following areas: the production of aluminium foils. alloys 
required for the transport sector through rapid solidifica:ion 
and powder metallurgy. u~ing efficient energy. tools to 
evaluate the texture of alloys. the assimilation of imported 
produc1ion technology, the development of design and 
engineering capahilitics for new plants and th·: recovery of 
gallium, vanadium. titanium. etc .. from red mud. 

Investment incentives arc needed for new plants lo 
increase the produc• ion capacity. research and dcvclopmenr 
In develop alloys for the transport sector and Ilic production 
of secondary aluminium. 

lmport'citpon policy should be flexible to pnxect 
domestic industry. keeping in mind global price trends. 
quality and supply. 

Human resource development is required for the 
automation of various acti\·ities and computerized control 
systems. Programmes of short duration are required. An 
Aluminium Promotion Council can set up an Aluminium 
Information Centre. 

Location decisions for new plants should be based on 
their nailability and cost of power. Locations such as the 
north-east will have to be considered due to the potential 
hydro-electric power. Transport of bauxite will be cheaper 
than the transportation of power. 

Polymers 
Technology de\·eloprnent to produce ethylene from 

natural gas. and to assimilate imported technology for the 
production of polymer blends. alloys and compo;,ites. is 
needed. To conserve energy. techniques to produce dif­
ferent grades of polymer in the same reactor will have to 
be developed. Development of three-phase fluid bed poly­
merization for polyethylene. slur!)· process for production 
of polypropylene!LLDPE ar.d bulk polymerization for PVC 
are vitally needed. 

Changes in the institutional structure should be made 
in (lt"Jer to create mechanisms for the coordination of 
research and development at different centres like NCL. 
IPCL. NICT. industry. research and development labora­
tories. etc. 

Training programmes for the computer control of 
various activities is aL;o required. These could be under­
taken by industl)· associations. or within firms themselves. 

Export policy should permit only value-added items 
such ~ >pecialized and engineering plastic products to be 
exported. 

Market development for new applications in transport. 
machine building and construction should be undertaken by 
industry. 

Ceramics 
There is an urgent need to estimate the potential of raw 

materials required for advanced ceramics. This should be 
done by taking into consideration the potential demand for 
advanced ceramics in various sectors like transport. elec­
tronics and aerospace. 

As the proouction of conventional c:eramics shifts co 
the developing countries (because of the high standard of 
living and hence the high cost of production in developed 
countries). India should import the required technology. 
especially in the areas of tiles and insulators. 

There is a need for the creation of a Ceramics 
Development Council with the following functions: 
(a) To identify promising technologies and thrir appli­

cations for dissemination; 
(b) To plan for the commerciali1.ation of the technologies 

identified; 
(c) To provide finances for these projects; 
(d) To identify groups to implement such projects; 
(e) To monitor progress and coordinate the related acti­

vities of each project. 
A ceramics technology centre can he est ah I ishcd for the 

compilation :ind maintenance of a datahasc. which is 
widely and easily accessible. estahlishmcnt of standards of 
performance. testing and composition of ceramics. etc. 

More thrust should he given to structural ceramics in 
lhc short term. especially in areas of thread guides. seals 
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and nozzles. etc. These proJucts haw a gooJ export poten­
tial in the neM future. Optical communication fit-res. high 
purity silica by the sol-gel process. zirconia and ultra-fine: 
acti\e powikrs f'Or pn.-cursers. zirconia nozzles for con­
tinuous castinr of steel are other priority areas t'Or tech­
nolog~ de\elopment. Research and de••dopment labon­
tories. in~itutes and uni\·ersiti~ should be guilkd to 
facilitate wod in !hes:: area~. 

Composites 
There is a need to identify. sector-wi~. the potential 

demand for compositc:s and their scope in substituting other 
materials_ Also. an application and market den~lopment 
programme in association with users should be launched by 
the industry. 

Technology de,·d<lJlment i~ r~uired in the areas of the 
production of epoxy and polyimides bismaleimide resins. 
Long-term production of carbon fibre should be assured. 
Resin transfer moulding for better quality composites needs 
to be imported and de\·dopeJ. 

Research and development activities. in coordination 
with the defence ~ctor and automotiw manufacturers. to 
de\·elop application-oriented technology products are 
needed. 

Emphasis should be placed Oil the export of composite 
sports goods and aircraft sub-assemblies based on pultru­
sion technologies. This could be both in the private and 

public sectors. or as joint \·entures tog~ther with foreign 
partners. 

~fanpower development is required at ditl~rent le, els 
such as design. plant ~ngineering. processing anJ opera­
tional pn•bkm-sohing. 

6. Conclusion 
The anal~sis of urious materiah indicates that India 

can hne a fast-growing. \iable. materialstechnology-ba~d 
industrial de\·dopment. This report outlines the interim 
findings of the project al'!d the eme~ing strategic options. 
It is clear that multi-le\ el strategic intenention is needed 
in order to achiew this objecti\e. This ought to be an 
on:hestrated effort in which go,·emment. industry and 
scientific and technological institutions como: together with 
shared goals. complemental} programmes and collabc>ra­
tion. 

The National Materials Polic~ Project will articubte 
more specific strategies based on research findings and 
ongoing analyses. lntemalional dimensions. technology 
strategic:s. inter:..:ctoral linkages an~ structural change'> will 
form a part of the final reccmmendations_ The future of 
materials. ir is clear. will be \C~ different from the past. 
H.lw we perceive it and formulare srraregies to respond to 
the changing world of marerials in a global economy is a 
challenge this project seeks to address. Readers are in\ited 
to send their comments and reactions. 
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C. TESTING AND EVALUATION OF MATERIALS: 
INDIAN ExPERIENCE 

Krislkm Lal 
.\'aJional Physi1.:ai Laboratory 

Dr. K. S. Krishnan RocJ 
New Delhi 110 011. lntlia 

Abstnd 

Research and development in the area of materials science is being pursued in a varidy of institutions all over 
the country. These R&:D groups are part of national iaboratories. Indian Institutes of Technology. Indian Institute of 
Scie11ce. Tata Institute for Fundamental Research and Universities. In the indUSbial sector. the activities confined to 
a limited number of mat'!rials. Both for undersunding of the behaviour of materials on a fundamental level as well 
as for control of properties so that these can be employed in different devices. a strict control i~ ~ired over basic 
materials characteristics and properties. There is considerable infrastructure in the country for characterization of 
materials regarding all aspects. namely: composition. purity. crystallographic structure and Ian ice imperfections. Also. 
a number of propenies can be measured at a high level of accuracy. Centralized facilities are available to common 
users in: 19 R&D laboratories of the Council of Scientific and Industrial Research; 7 Regional Sophisticated 
Instrumentation Centres and 6 special Centres of the Department of Science and Technology; about 20 Ur.iversity 
Sc;ence Instrumentation Centres of the University Grants commission and a few industrial laboratories. At the author·s 
laboratory. a comprehensive Centre for Characterization of Materials has been established. This centre provides 
facilities for chara~terization of advanced materials regarding all aspects. In addition to the commercially available 
facilities. a series of mi.lticrystal X-ray diffractometers irach!ding a Five-crystal X-ray Diffractometer have been 
developed io the laboratory. These facilities are available not only to scientists in India but also to foreign users. In 
the recent past. guest scientists from VSA, Germany and Russia have come to work in the grour:. The NPL 
infrastructure for material characterization is being used to prepare Indian Reference Materials to ensure quality of 
measurements in testing laboratories all over the country. For quality enhancement of Indian industrial products, the 
Depanment of Science and Technology is running a programme: National Coordination for Testing and Calibration 
Facilities. More than 90 test laboratories have been accredited. 

While supporting the idea of setting up an International Centre for Materials Evaluation Technology. it is 
proposed that regional collaboration and resource sharing may be encouraged. Also, anempts may be made to ensure 
compatibility in the measurements made in the region. 

I. Introduction 
In modem industrialized societies, huge quantities of a 

wide variety of materials are used in innumerable devices. 
equipment and machinery. Indeed. one can say that the 
state of the development of a nation can well be judged by 
the number. quantity and quality of materials that are being 
produced and used by it. The materials required are very 
diverse in nature ranging from gases. liquid chemicals. 
polymers. ceramics. metals/alloys and amorphous materials 
to nearly perfect single crystals. For advanced applications. 
these materials have to confonn to very strict specifications 
in tenns of their physical and chemical properties. The 
stringency in specifications increases with the level of 
sophistication of a particular application. The methods of 
production have to ensure that these materials have the 
desired properties even when produced on a very large 
scale. Further. in any one sector of science and technology. 
materials of widely different types and properties arc 
utilized. In the microeleclronics industry. for example. one 
requires metals and alloys. a variety of ceramics. different 

types of polymers, thin dielectrics. passivating oxides and 
a number of ultra-pure gases and chemicals. besides the 
basic single crystals of semiconductors. To ensure that the 
materials conform to pre-decided specifications one 
requires the infrastructure to measure a number of 
properties. These measurements must yield numbers which 
must be compatible with the results of measurements made 
at different locations within a country or across national 
borders. To ensure the traceability of measurements to the 
national level, one has to take recoi:rse to using Certified 
Reference Materials. To ensure international compatihility 
at the bilateral and multilateral level. intercomparison.> need 
to he carried out periodically. 

For the utilization of materials in advanced devices, it 
is necessary to have a basic understanding of the para­
meters which control their properties. Also. for funda­
mental understanding of materials and their properties. it is 
necessary to know why different materials behave in their 
characteristic way and what arc the basic variables which 
control the properties of materials. Therefore. for 
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applications of materials as well as for their understanding. 
one requires measurements at two levels. The first lc,·1:1 is 
user-oriented and is concerned with the measurement of 
~ntial prope::ti .. ; and parameters. The next le,·el of the 
evaluation of materials is concerned with the determination 
of materials characterisrics which influence the properties 
of materials. 

In the present paper we shall consider first the b.l!<ic 
concepts and then the lndiilfl cxperien.:c in this area Some 
suggestions resulting from the personal experience of the 
auth« are also presented. 

II. Basic considerations 
The scientific experience of the past hundred years or 

so has established that the ;:m>PCRics of materieils arc 
controlled by the following four basic characteristi.:s: 

(i) Composition: 
(ii) Purity: 
(iii) Cr}Slallographic slruclure: and 
(iv) Perfection of structure at atomic le\el or 

cl')·stal defects. 
The first two characteristics arc concerned with the 

delenninalion of the major and minor constituents of a 
material. TheSc! characterislic;J.re common lo all materials. 
be they solids. liquids or gases. The lhird characteristic 
defines the spatial localion of constituent aloms. ions or 
molecules of a solid material. In an:- real crystalline 
material. the atomic arrangement broad!~ r.:mains the same 
in all regions of a material. yet it varies from region to 
region in detail. In some part'i. the normal per.odic 
arrangement totally breaks down. These regions are known 
as cl')·stal defects or lanice imperfections. One can see that 
the last two characteri!;tics define the spatial locatioils of 
constituent atoms. ions or molecules of a material. For the 
cor .. plete characterization of materi:.ls. it is necessary ;:i 
ha,·e infonnatio1; on all the four basic char.tcteristics listed 
above. 

From the foregoing. one would conclude that a com­
plete characterization of a material would require the 
identification of all its constituent atoms. the det.:rmination 
of their quantities and spatial locations at the atomic le\·el. 
Such complete information is not feasible experimentally. 
In real life. on.: has to be content with modest goals. which 
are limited to only those essential parameters which control 
the desired properties. or a process for the preparation of 
materials. or for the application of a gi\en material. The 
generally accepted definition of the Char.icteriution of 
Materials is ( 1-3 J: 

Charn,·teri:ation descrihes those j"o:a111res of compo­
.fition and structure (indudir1K dt!fecl.fJ of a material that 
are JiKnificant for a particular preparation. .Hudy of 
properties and'or suffice for the reprod11c·tion of tht• 
material. 

For the determination of material characteristics. one 
has to keep in mind that the techniques to be employed 
should be a: far as possible specific. There is a tendency to 
measure the properties of materials to ··characterize ... For 
examples. i11 semiconducting materials one is deep!~· con­
cerned with electrical resistivity and the mobility of 
minority carriers if microelectronic devices arc to be 
fabricated. These propcnies are crucial for device fabri­
cation purposes hut these do not "characterize .. these 
materials. The properties arc essentially controlled by traces 
nf impurities and the prcc;ence of defects. To keep control 
of 1hese properties. one has to keep a track of the material 
characteristic~. 

There an: a large number of properties of materials. 
one or more of "hich an: vet')· crucial for a given appli..i­
tion of a material. For example. materials to be used foe 
magnetic rec«ding O£ other magnetic applications woulJ 
n«d to hne a desired lc\cl of magnelic propenics. Simi­
[ar!y. thermal. optical. mechanical. elec~rical. elei:tronic. 
and other ~nies arc of interest in different applications 
of mater;1ls. It is not possible to ha\e one comprehensin: 
centre" h!Ch can adequately measure all possible propenies 
of materials. One has to limit one·s goals lo specific 
properties and materials which arc nttessal')· foe that appli­
cation. In each of these measurements. it is nttessal') to 
ensure that the lewl of accuracy and precision is adequate 
to meet the required specifications. Also. the measurements 
should be cost-ctlecti\c. in terms of time and money. 
Measurements should be traceabkto national standards and 
be compatible \\ ith international measurement practices. 

Ill. Basic infrastructure 
As mentioned abo\e the basic infrastructure required 

for the measurement of the propenies of materials will 
essentially depend on the materials und.:r consideration. 
Optical materials need to be characterized for optical 
propenies. electronics materials would require that 
electronic properties are measured in detail. Therefore. this 
type of infrastructure is best utilized in the research group 
concerned with either the preparation or application of a 
given material. There are exceptional situations when 
detailcJ studies of some of the properties are neces531'). 
and an extcnsi\·e infrastructure is required. One such 
exampk is the measurement of the fatigue of metals and 
alloys. or creep testing at different temperatures. Such 
facilities can be centralized. 

Fur the characterization of materials. there are cenain 
basic facilities which can co\·er a wide \'3rietv of ma:erials. 
One: has to ensure facilities for the elemental analy!>is of 
gases. liquids and solids. For solids. additional considera­
ti•ln is required whether the measurement is to be made on 
the 5urface of a material. or if it is to be concerned with 
the bulk of the material. Some~imcs. the material itself is 
in the: form of a thin film. In the microelectronics area 
particularly. such situations arc often encountered. Also. in 
certain applications. one prefers a non-destructi\"e technique 
whereas destrucli\e techniques can be used in many others. 
Here we shall describe some of the most important tech­
niques for material characterization. 

Traer impurity analysis 
For the determination of impurit} concentration in the 

bulk of materials. some destructive techniques have a \"Cl') 
high sensiti\·ity. These include ICP mass spectrometry (.J ). 
ICP emission spectrometl')· (5) and atomic absorption 
spectrometl')'. (6) For non-destructive characterizari.m. 
neutron activation analysis. (7) electron probe micro 
analysis (8j and X-ray fluorescence (9) methods are \el')· 
useful. For the determination of impurities and their 
loc3tion in Cf)stal lanice techniquc'i like Rutherford hack 
o;canering ( 10) and X-ray fluorescence electron emission 
associated with dynamical diffraction of X-ra~s from single 
Cf)Stals are very useful. [ 11) Electron spin resonance 
spcctrometf)' i-; an important tool for the determination of 
traces of paramagnetic impurities •ind their environment in 
Cf)stal lauiccs. Other important techniques include Raman 
spectroscopy. Fourier transform infrared spectroscopy, and 
nuclear magnetic resonance spectroscopy. For the study of 
~olid surfaces. low energy eleclron spectroscopy methods 



liL.e Auger electron SJX"Cln.lffiet~. rh•lloclectn'lll spcctro­
s:.:ory cXPS anJ l"l~I ;ind S11.."Con~ ion m:ass srcctro­
mel~ 1Sl\tS) ( 1.~I arc fll be used. 

II is not possible for any one technique to gin high 
~nsiti\ it~ for all impurities. fable I gi\·e~L! comparison of 
lhe limits of dctc.:1ion for a t~w impurities of the 1hree 
imponanl 1cchniques mentioo.:J abO\e. ( 13) These \alues 
shoulJ be treated as inJicatin only. Matrix cffccls are ,.cry 
important and specific cases are to be consi.kn.-d separately 
a~ general statements cannot be made. 

Part rcr millior. scnsitivit~· is achieved with Auger 
electmn spectroscopy. Spatial \ariation in impurity con­
ccnlration on soliJ surfaces or \ariations in impu.rity 
concentrations as a funcrion of .kplh from rhe surface can 
also be analysed. The dep1h profiling is done on layer by 
layer remoul of surface aloms. 

Stractnral charac:tuizalioa of maluials 
Crystallographic structure defines the spatial arrange­

ment of constituent atoms. ions or molecules of a material. 
In crystallography. this is achie\·ed by defining the crystal 
system (which defines the external symmetry of the 
crystal); space group (which defines the internal 
symmetry·): atomic positions in th~ unit cell and the 
distribution of eb:tron density inside the unit cell. For a 
material which has been synthesized for the first time. all 
this information needs to be generated. However. this effort 
would be a pan of structural cry·stallography and not of 
materials science. For structural characterization. one is 
required to identify the structure of a giwn material with 
one of the L.nown srructurcs already documented. A large 
volume of data in this respect is available in the form of 
books.. magnetic tapes. hard disks and CD ROMs. 

For the structural characterization of materials. powder 
X-ray diffractometry is the most widely used tech­
niqu.:. ( 1-'J In m~mpowderX-ray·di!Tractometers.e'<peri­
mental data on angular positions and intensities of dif­
frac1ion ma.'<ima is collecled and au1oma1ically processed to 
match 1hc structure of a gi\·en specir.>cn wi1h one of the 
lnown struc1ures. If the specimen contains more 1han one 
ma1erial. relative proportions of various phases can also be 
determined. Powder X-ray diffractometry· is also used 10 
determine the direction and degree of preferred orientation. 
For submicrometcrparticles. powder X-ray diffraction tech­
niques can also be ulilized for pa11icle size measurements. 
Electron diffraction ( 15) and ncu1ron diffrac1ion (It) 
techniques are also \'Cf). valuable in scleclcd cases. 

Electron optical me1hods employing conventional 
1ransmission electron microscopes (CTEM) and 111odcm 
scanning transmission .:leclron microscopes (STEM) are 
extensi\·ely used for the characlerization of mate-rials with 
small dimensions. In the recent past. electron microscopy 
under defocus conditions has l>een used for direct imaging 
of lanice planes. ( 17) With modem equipment. it is 
possible to achieve a Ian ice resolution of 0.15 nm or c•:en 
less. Attempts arc being made to locate individual atoms in 
the Cf) stal Ian ices. Anal~1ical electron microscopy is one 
of the recent advances in clc.:tron microscopy. An electron 
energy l~s spectrometer (EELS) ._.1.-hen attached with &::! 

electron microscope. :nables a comprehensive characteri­
zation of thin materials. One can observe the structure, 
composition and purity of a material at the same time. ( 19) 

For the structural characterization of solid surfaces, low 
energy eleclron diffraction (LEED) has been used for quite 
some time. Recently invented scanning tunnelling elec­
tron microscopy (20) and atomic force microscopy (21) are 

Tablt- I. Minimum detection limits (in ppb) attainable with major techniques of 
elemental analysis in the case of few selected impurities I IJI 

Graphite Furnace 
Atomic Absorption ICP-Mass ICP-Emission Spark SGurce 

Element Spcc1rometry Spectrometry Spectrometry Mass Spectrometry 

Mercury· 0.001 0.01 12 300 

Manganese 0.005 0.06 I 10 

Silver 0.01 0.02 3 60 

Chromium 0.0-I 0.2 3 60 
~--- •. 

Sodium 0.0-I 0.2 7 30 

Gold 0.1 0.0-I 10 60 
>---

Gallium 0.1 0.0~ 15 1800 

Iron 0.1 0.5 2 200 

Arsenic 0.8 0.02 JO 80 
---
Thallium O.J OJ I 20 



powerti.11 methoJ~ for rew3ling. the atomic structure t>f 
solid surfaces. These techniques ha\e con~·iderabk aJ\.tn­
tage o\er LEED. 

Cbaractcl"i7.2lion of sinelc c~slals rreardin:? 
pufection 
For the detemtination of n:al '\truccur:: of c~ stab 

l..nowkdge aoout the ideal siructun: and the nature and 
number of defects present in a g.i,·en sp.:eimen is r.:quireJ. 
\tajor crystal Jd~cts. in order of the decreasing disturbance 
they produce are: grain boundaries. sub-grain h..>unrlaries. 
dislocations (including stacking faults). dustereJ anJ 
isolated point defects. In aJdition. tne crystal lattice is 
sometimes disturbed by non-locahzedJeformati\lns. likethe 
mechanical deformation of a semiconducting cryst;il caused 
by· stress at its interface\\ ith a thin tilm depositeJ on it or 
wirh a base ltl which it ne-eds to be attache j a tier the 
fabrication of de,·ices. The C\aluation of crystallographic 
pert~ction. in general. \\oulJ also include information about 
non-localized Jefect! like stress. Information on crystallo­
graphic perfection is required in: (i) as grown crystal'i or 
crystals uS4!d as starting materials for 1he fat>rication of 
\·arious Je\·ices such as integrated circuits. lasers. optical 
components: (ii) crystals subjected "' \"arious external 
disturbances such as processing steps for th' fabrication of 
de\ ices like ion implantation in St'miconductors: and 
(iii) the effect of externally applied fields such as electric 
tidJs ort the real structure of semiconductor5 and insulating 
crystals. 

The following major techniques are used for the 
e\·aluation of perfection of single c:ystals: (i) etching: 
(ii) transmission electron microscopy: I iii) field ion micro­
scopy: (i\') decoration: (v) birefring•:nce: and (\"i) high 
n:solution X-ray diffraction techniques--diffractometry. 
topo~raphy ar.d diffuse X-ray scattering. All these t.,.ch-
11ique<; arc useful for the oJ-i.;ervation and characterization 
of discrete defects. For a stt.dy of stress in crystals. X-ray 
diffraction methods arc particularly well-suited. 

There are \arious constraints posed by the sizes and 
shapes of the specimen crystals which should be borne in 
mind when sclec!ing a method for characterization. On one 
extreme. we have bulk crystals of semiconducting materiab 
such as silicon wafers of 125-300 mm diameter ('olumc 

35 cm'>. On the other extreme are thin epitaxial films or 
-;mall whisker crystals with very small volumes 0f 10"" 
1.:m '. In some applications. the defect stmcturc m crystal~ 
which arc pail of a de\"ice is anal~sed in a non-de-;tmcti\e 
fashion. 

Ftching techniques arc rclati\cly simple to u-..c and 
haw heen extensi\cly u~ed for a quid .. but dc:-..trnctivc. 
examination of crystal surfaces. 1221 \\'hen \l"r'.- thin 
-..pccimens are examined. electron micro-..copy c;m he used 
with great advantage. 1\11 types of defects can he 
investigated using atomic resolution. II SJ ll<'We\er. only 
very small \"olumcs of matl."rials can hi." d1araclerm:d and 
the technique is destructiw in nature. Bulk samples can 
also he examined. h;it these have lo h..: thinned ,t.>wn hy 
techniques lih- i.1n milling. Field ion microscopy can h·.· 
usl·d directl: lo pho111graph an ;1tomic arrangcnwnt in 
-..elected ca,cs. hut ii reqmr..:s a spccial needle-,hapi:d 
.;pc.:1mcn. an1l lhcn:fnre. 11s applico1ti11n '" very r.·~trich:d. 
Birefringence c;111 lie 11.sed \\ ith opticall; transparent 
materials ..:xhihi1111.:.: apprcciahle hirefringence like 
!!·''loltn11m1 l!allium i.:<mlL't a;•;fals f :!1) If appli(<1hlc. this 
11w!ho.I can he 11":.I lo e\amine large \olume•; \L·r: cfti­
riu111\ 111 a non-de,1ructi\1; m:mni:r. e\.:11<l1'>l11coitions1::111 
he di~eclh observed and ch;ir.1clcri1cd llich rc•.11lutwn 

X-r.1~ di1lraction methods .ire n1>n-d.-,-au.:1i'.: anJ can he 
u-.;..-J iu• direct orsenation of det-..-cts lil..e boundaries and 
,fo.k>cations 125) Point defoct dus!crs in 11therwi::-.e dis­
location free crystals can also tic in\e:-tigateJ b~ diffu~ 
X-ra_. '~.i:t .. rin~ !DXSI measuremen!s. (2o-:S) Th ..... ,e can 
also hc used for study of non-discrete disturbances in the 
lattice lil..e ~tress in crystals (2Q-30) 

IV. Indian experience 
In India R&O "''rk in materiais science is hcing 

pursued in natioMl laboratoriesoftheCo:.m.:il ,,fS.:i..-ntifo: 
and in.lu">trial Research (CSIR). academi.: in~tituti1•n~ 

1uni\.:rsi1ies. Indian Institutes of T.:chnok1;?~- Indian 
Institute of Science and Tata l!lstitute of Fund:imental 
Research 1. as \':di a.~ in Stlme industrial laborat•lri :- The 
Department ~lfS.:il."n.:e and Technology. b.!sidcs sponsoring 
R& D \\Ork in this area. has als,, sc:t up Regi.mal Instru­
mentation Centres. \laterials science acti\iiy i:> al'o hcing 
pursued in the Atomic Energy Establishments and lkknc~ 
Research and De,·dopment Organizations. In :iJdition. 
acti\·ities in some establishments of the O..::partm.:nt of 
Electronics are noteworthy. llere. \\e consider in ~ome 
detail. only those agencies which ha'.: a large in~rastructure 
for materials testing and e\·aluation. In p;irtic•1hr \\<: 

consider the CSIR laooratories. the Region;il Sophisticated 
Instrumentation Centres of the lkpartm\:11! of Science and 
Technolog} and the Sophisticated Instruments Centres of 
the UGC. 

Laboratories of the Council of S<':ientific and 
Industrial Research 
The range of materials ''" ''hi ch R& D work ;s being 

carried out is \cry· \\ idc. It includes builJir.g materials. 
refractories. minerals. gldsses. c.:ramics. semiconJuctors. 
metals alloys. polymers. cataly-;ts etc. Facilities for the 
characterization of materiab and measurement of th..:ir 
properties arc necessary· to support this R&D effort. 
fhcrefore. 23 out of ..i I CSIR laborntories. inch;ding the 
author's laboratory-. have fairly elaborate facilitic .. ft;f the 
tcstin~ and evaluation of ma1::rials. Besides in-hnu-;e 
utiliz~tion. most of thi;:se institutes offer their infrastructure 
to outside uscr.s against a test fcc: or consultancy. 

As expected. facilities for elemental analysis arc 
a\ail:1blc \\ ith a large numb.·r of laboraliiries. Structural 
characterization facilities arc a\ailahlc at relatiwl: few 
places. The expertise and infra~tmcturc for the e\aluation 
of perfection of single cry stats 1s a\ailable at only three 
place~ Among these. only the author· s lahoratory· can carr) 
out th.: characterization of all ryp::-; of bllice imperfccti<'ns 
in hulk ... inglc er; stats. ln1keJ. high rcsolu!il'n X-ra; 
diffracti1>n t".1cilities nf the author· s research group :m: 
unique. not onl) in our C•>Un!ry. hul in man~ ways globall) 
The special fratures of thes.: will hi." d.:scrihcd scpar;itcly. 

Several lahnraton.:s of the CSIR ha\e high quali!) 
c\perti<;e and infra,tnicture for 1l1e 111c::1<;ure:u::n1 of 
m;1teriais propertii:s. Notable among these ar•· mechanical 
tc:•aing <>f ntl'tal' ;ind ;1110} st cr..:cp. tensile hendin~. fatigue 
k't etc.): tmoni.: aerod:namic focilit) for Jhe te,ling pf 
.1crosp.1ce 111a1eriab: coal qualit; naluation an1I .1cm1'ilic 
tc,ung . 

f{cgional Sophi,lir:itcd ln~lrumcntation C"rntru of 
lhc Drpartmrnl of Scienrc an•I Tcchnolnr;:~ 
In thc early 1970,. ii w.i:. r1:.d11ed that rh..:r-= hail lic:cn 

.1 ·,uh,t;mlial ,·xpan<;ion in thc ac;dcmie 'ei.:1111. in,lu-.trial 
•!rowth .111d in national IVU> l:ih11r.1111ne'» I IO\\l!v..:r. due 111 

rhe hil.'.11 •··"' a111! 1lw L1111kd ,1v;1il.1hili1:- ot f1~rc1~11 
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.:xchang.:. it \\as nt>t pt'ssihl.: 1t1 equip all th.: laboratories 
in th.:...: thre.: sc:ctors with faciliti.:s ha\ ing stat.:-of-th.:-;m 
kwl p.:rti.im;an.:.: capabiliti.:s. Mor.:ti\.:r. the pace of 
J.:\dopm.:nt in instrumt·ntalillO haJ im:n:asc:J anJ it w;h 
not possibk f .. ,r an~ .. inc institution to k.:ep itsc:if up 1t1 Jate 
\\ ith il'i own r.:sourccs. In the uni\ ersilic.-s. anJ othc:r 
academic insiitutions. th.: lack ,,f aJ\anceJ facilities 
atkctcJth.: qualit~ of eJucalilm and resc:arch. The !'liational 
Commillee on Science anJ Technology examined this issue 
and rc.-commenJcdthe ..:s1ablishment of Regional Instrumen­
tation Centres in Jitli:rent pans of the country. fhese 
Centr~- were proposed to pr;1mo1e an instrumentation 
culture. besides pr .. widing facilities lo a number of 
scientists and technologists. Additionall~. thc'e Centres 
were expected to promote R&: D \'l>Ork in muitidi~ciplina~ 
arc.is. The Department of Science .md T echnolog~. 
litl\emmenl ot India. ~cw Delhi g;1\·c this programme 
practical shape. Four ··Regional Sophisticaled ln~trumcn­
t.ition Ct·ntres·· (RSICs) were cslablishedduring 1975-1980 
at the following locations: 

( i) l11dian lnstituh: of h'Chnology. Madras 
(ii) Indian Institute of fcchnology. Bombay 
(iiil Central Drug Research lnstitule. Lucknow; and 
c i\I Bose Institute. Calcutta 
In ;iJdition to these four the following two specialized 

instrumentation facilities were also set up: 
(i) lligh Field Fourier Transform Nuclear Magnclic 

Resonance Spectromclcr ;it the Indian Institute •lf 
Scien.:e. B;ingalore: and 

(ii) Liquid lldium Production F:icility at the lndi;in 
Association for the Culti\ at ion .. 11· Science. 
Cakulla 

Besides pnwiding facilities to \arious users at ;•ominal 
charges. 1he Ccntn:s aimed al ti) dc,·elopini; a capability 
for prcvcnli\·e maintenance and repair of instrumenls: 
(ii) organizing training courses for scientists ~nd engineer'> 
on 1hc application of major faciliries: (iii) !raining of 
technicians for ::1e mainlcnancc and opera1ion of sophis­
ticated equipment: and (iv) dcvclopmenl of prntolypes of 
sdecled instruments. or cnhancemcnt of facililics. 

All 1hcsc Ccnlres recciwil funds from lhc Ccnlral 
Cim·cmment. The host ins1i1u1ions provided 1hc basic 
infras1mc1ural facililics and heads of the centre-;. 

The acti\·itie<. of the RSKs and speciali;rcJ facili!ics 
were rcvicwed al the end of the first phase. du;ing I 979-
1980. "' a rcsull. the facilities of the exis1ing. :::'ilab­
lio;hmenls were strengtht:ned. Also. keeping in \ iew the 
rclJUin:111ents of the Northern. Nonh-l'aslcrn and Central 
rc)!ion'i. it was dccidcd to estahlio;h three new RSIC's at: 

Ii) Punjah llniwrsity, Chandigarh 
(ii) North-L1slern 1 lill I lnivcrsilv. Shillong: and 
(iii) Nagpur I Jni\ersit~. Nagpur. 
The following new facilities wcrc m:akd: 
ti) Fb:tron ~licroscopy Facility. 

All Indian Institute of Medical Sciences. Ne•.• 
l>clh1: 

(ii) X-ray Diffract ion and X-ray l'lunn.:sccncc 
Lu:ilitie'>. <iuahati llni\cr,it~. <iuaha:i: 

I iii I lligh 1-"il·ld <:o!i Mll1 l·T-N:\IR Spectro.neter. 
la1;1 l,1stituh: of h111da111ental Research. Born hay. 

( i\ I National Uc.rron !\liamwpy Licility. 
< ·enlfl' of i\d\ar11:1:d Study in Metallurgy. 
Ba11;1ras llinlhl I ~ni\crslly. V.1r;111a-.i. 

\\'hik· l''lahli,(11ng tl~l'\C new< \·11trc·. a:1d facilitic,, lhc 
I kp.1rt111cnl of '\l' i<"n•:l· and ·1 cd11wlo)!y kept in \ icw the: 
pl;111, ot till' I 1111•.l.'r.,ity < iranh C11111111iv.111n ta ho dl.'scrihcd 
111 1111·. p;1pl'rl In ,l\ohl ,111\ d11plil'<1linn of dfort. I he 

Re\ ic\\ Commillc.-c laiJ consiJerabk s1r1.'Ss .in 1hc full 
utili1.a!ion of thc.-sc major facilitic.'S. Ewn today this is a 
major conccm of the sponsors a~d managemcnt. l ltiliLation 
targe!s hne to bc indicated b~ RS!Cs. Whik strengthening 
the facilities. preli:rence was gi\cn to replacing obsolete 
equipment. At present. 1he emphasis is on lhe consolidation 
of the facilities anJ tht:ir greater u1ilization. 

!he RSICs have some vc~· gooJ facilities for rhc 
res.ting :mJ e\aluati,·m of new materials. For !he charac­
teri1.ation of materials rc~arding composition and purity. 
the followin:;_ equipment is a\·ailablc: 

(a) Atomic absorption spcctrophotomet.:rs: 
(h) Mass spectrometcrs: 
(cl Scanning clcctmn microscopes \\ith EDAX 

attachments: 
(d) F T Infrared spcctnimctcrs: 
1 c I ESC A' Auger electron spectrometers 1 surface 

analysis). 
( !) II igh pressure I iqu id chromatographs: 
(g) EPR s~"'Ctrometers: and 
Ch) 1-T-N!\tR spectromclers 1for specialized pur­

poses) 
In addition. a number of UV-Visible spectrophoto­

meters and Laser R:iman spectrophotometers arc a\·ailable. 
X-ray· diffractometers and electron microscopes are 

used for stmctural characterization. Some centres also ha,·c 
equipment for property measurement. 

t: ninrsily Science lnslrumenlalion Cenlrcs ( USICs) 
The Uni\crsity Grants Commission of India had 

rcalized that ii was necessary to provide continuously 
highly reliable sophisticated instruments for teaching and 
ad,·anced research. It has encouraged universities to estab­
lish Scientific Instrumentation Centres for the use of 
difli:rent depanments. In this manner. 1;mited resources 
could be made available to a large number of active scien­
tists and scholars. Funds were also provided to establish 
mechanical workshops to assist in the maintenance of and 
development of equipment activitics. It was hoped that 
these Centres wouid promote: instrumentation acti,·ities. 
Training of manpower has also been one of the acti\ ities of 
these Centres. 

Some of the acti\c IJSICs arc functioning at the 
following I fnivcrsities: 

( i) Jawaharlal Nehru I 'nivcrsity, New Delhi; 
(ii) llnivcrsily of Ddhi. Delhi: 
I iii) Kanpur I Jniversity. Kanpur: 
( i\) Devi Ahilya Vishwavidyalaya. lndort:: 
(") Punjab University. Chandigarh: 
(\·i) Punjahi llni\crsity. Patiala: 
(';ii) Ciiam Nanak Dev I !ni,wsity. Amritsar: 
("iii) Rajasthan IJnivcrsity. Jaipur: 
(ix) Poona I 'ni"ersily. Punt:: 
( x) Cochin llniversity, Cochin: 
(xi) Madurai Karn raj I Jruvcrsity. Madurai: 
(xii) o.,niania I lnivt:rsit). llydcrahad: 
(xiii) North-Bengal I JniH·rsily: 
(xiv) Kalyani I Jni,ersily. Kalyani: 
I xv) Na)!pnr llnivcr-;ity. Na!=rur: 
Sc\eral l'f 1h1:sc I iSl<'s h.1n: \cry clahoral•: facii11i1:s 

for the 11.',linl.! and evaluation of achanccd materials. 
II owner. prc~~nt ly thesl' ar1: mainly hcin)! 11~1:d for fonda-
111.·ntal r1:~c;,n:h. 

lfrccntly. ihl.' I'< i< ·ha' l.'\tahli\ht:d an Inter-I lni\er'iil~ 
<"1:111rc.: (II'.(' 1 .11 l>e\ i l\hil:. a Vi~lmavid~alaya. lndor1: It 
ha' ~111111: t:xccllcnt modern foriliti..:\ t.•r le\linµ and 
~·\al11a11011 of m;1ter!als II 1, planr11ng lo d1:\clop two h1:arn 
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lines on the S\nchrotron source bein!! established at the 
Centre f'Or Aj,anced Technolo~v. Indore. One of these 
lines will be used for high res"Olution X-ray diffraction 
experiments to evaluate perfedion of singk crystals. 

Otbu major R&cD ccntrn 
Facilities for the testing and e••aluation of materials 

have also been established at the laboratories of the 
Department of Atomic Energy. most of these are for in­
house use. However. several of these are nailable Ill 
outside users. A notable major facility is that of neutron 
diffraction and scattering experiments at the Bhabha 
Atomic Research Centre. Tromba~-. 

Major public sector industries like tho! Bharat Heavy 
Electricals Ltd. (BHEL). Bharat Electronics Lt<i. (BEL). 
Indian Telephone Industries ( ITI ). SemiconductorC omplex 
Lid. (SCL). Hindustan Machine Tools Ltd. tHMT) and 
Steel Authority of India Ltd. (SAIL) ha~·e a high qualit~ 
infrastructure for in-house materials euluation and testing. 
These facilities are meant to satisfy th~ day-to-day 
requirements of the industry. Private sector industries also 
have well equipped in-house laboratories. As an example. 
mention may be made of Tata Iron and Steel Company. 

V. National Physical Laboratory (NPL), New Delhi 
We shall consider the experience of the National 

Physical Laboratory in some detail as this is perhaps the 
only laboratory which has a coherent gfoup for the charac­
terization of solid materials in all the four aspects. This 
was the first laborator)• in the country to initiate research 
and development work on industrially important materials: 
carbons and ceramics. Also. materials analysis was 
visualized as an essential activity. right from the planning 
stage. In this connection. an interesting and very relevant 
piece of correspondence will be reproduced here. 
Dr. S.S. Bhatnagar. the founder of the chain of CSIR 
laboratories. wrote in the 19-tOs to the Directors of national 
standards laboratories of advanced countries. like the USA. 
lo seek their opinion on the plan for the National Physical 
Laboratory. In response to this request. the then Dire~tor of 
National Bureau of Standards. Washington. Dr. Lymann J. 
Briggs wrote back: 

... "I am not quite dear in ref{ard to your plam for 
chemistry. I can on~l· s~· th'1f we have found our ( 'hemistry 
Dfri.fion indispen.whle. Your Physicists should know exactly 
ll'hat they are 11·orkin[{ with othl·rwi5e their careful 
mea.mr.•mt•nts hecomt! indeterminate. The \·a/ue of a wo:at 
d.·al of the work which ha.~ heen done in pa.ft years has 
he.·n st!riou.f(v impaired hec:ause of tht! j(1ilure to recof.:ni:t! 
thi.~ fad' ... 

It can be seen that the importance of materials 
characterization had been quite well realized even at that 
lime. I hough the term "Characterization of Materials .. was 
adcptcd much later. 

At present. the National Physical Lahoratory has fairly 
comprehensive faciiities for the charactcri7.ation of bulk 
materials, as well as solid surfaces. Several physical 
properties can be measured with a high level of accuracy. 
The laboratory occupies an important place in the national 
quality assurance program me. Besidc:s providing services to 
outside users. the lahoratol) undertakes consultancy assign· 
mcnts and sponsored projects. In some areas ~trong inter· 
national linkages have Ileen csiahlished. Also. in the area 
of high resolution X-ray diffraction a \\ idc variety of 
sophisticated equipment has hcen dl.'wlopcd indigenously. 
!his infrastructure io; hcing used to prepare and ~upply 
Indian Reference Materials in cPllahoration wirh 15 R& I> 
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laboratories. In this section we sbll bridlv describe the 
acli\·ities of the NPL co,·ering these aspect;. 

lnfrastructur~ 

During the last decade or so. the focus of acti~ ities in 
the area of materials characr ... ~:ation has been on materials 
for electronics. Besides imprO\ ing the infrastructure to 
meet the requirements of this area. collaborati••e R&D 
work was pursued with the Microelectronics Di..-ision of 
the Central Electronics En~ineerine Research lns;itute. 
Pilani. - -

The following major facilities are a\·ailable for deter­
mination of composition and purity: 

( i) Atomic absorption spectrophotometers. incluJing 
one with a graphite furnace and Zeeman correc­
tion facility: 

(ii) ICP Emission spectropholometer: 
(iii) Fourier Tr.>nsform Infrared Spectrophotometer: 
( i'' 1 X-ray fluorescence spectrometer: 
(\') Microprobe analysis facility with SEM: 
( v!) Gas chromatographs with different detectors: and 
(vii) Ion chromatograph 
In addition. there are the comrentional fa.:ilities like 

UV-visible-infrared spectrophotometers. An indigenous 
facility for the preparation of ultra high purity \\ater and 
acids by a sub-boiling technique has been developed. 

For the structural characterization of materials. powder 
X-ray diffractometry (XRD) and transmission electron 
microscopy (STEM. CTEM) are employed. With the XRD 
facilities. we are able lo carry out automatic phase iden­
tification. Temperature variation facilities from liquid 
nitrogen to -1000' C. are available in a Guinier-Lenne 
came-ra. Several powder ditTraction patterns recorded as a 
part of a research programme are now included in the 
standard powder X-ray diffraction data used inter­
nationally. [ 13) 

A 200 keV electron microscope (Jeol) with a lattice 
resolution of 0.14 nm and point-to-point resolution of 
0.35 nm (TEM mode) is used for the structural charac­
terization of thin films and fine particles. Besides this. the 
surface morphology and topography of specimens can be 
investigated. Specimens can be heated up to 1000· C. \\ ith 
preparation facilities also being available. Defecls in 
thin materials can be characterized at high spatial reso­
lution. 

For the evaluation of perfection of bulk single crystal 
materials high resolution X-ray diffraction methods-· 
diffractometry. topography and diffuse X-ray scattering are 
employed. A special feature of these facilities is that all 
major equipment has been developed in the author's 
research group. (28) These include: 

(il Double crystal X-ray diffractometers with 
symmetrical and asymmetrical monochromators: 

(ii) Triple Cl) Stal X-ray cliffractomcters (two types): 
(iii) Multicl)·stal X-ray diffractometer (fClur Cl)stal 

system); and 
(iv) Five crystal X-ray diffractomer. 
A small angle X-ray scattering facility has Ileen 

dcve!ored for the evaluation of quality of non-crystalline 
marcnab. 

hir surface morphological studies. scanning electron 
microscopy facililies arc available Surfacc area and 
poro~ity measurements can hc mac.Jc hy using ad~orprion 
measurements. 

For rhe ~tud;. of ~otid -;urfav:s. an Allgl·r electron 
spectrometer and a secondary ion m:1ss ~pcctrometer have 
Ileen c~rah(i,hed ;i, a part of a l iNDP ·;pon.,.or-:d projt•ct. 
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These enable the compositional analysis of surfaces. Also. 
a scanning tunnelling microscope is a\'ailable in the 
laboratory. 

A \"lriety of techniques are available to ou~ide users 
for the measurement of physica! properties. These include: 
electrical. thennal. optical. acoustic. electronic. magnetic. 
luminescent and mechanical properties. Temperature and 
pressure variations can be made in many measurements. 

lndigHous denlopment of techniques and equip­
ment 
The rate of growth of knowledge and technol<>gy in the 

materials science area is "·cry fast. It is necessc.ry to make 
continuous efforts to keep the levels of expertise and 
infrastructure up to date. The capability of the develop­
ment of equipment and techniques is one area which can 
help in this direction. Some of these are briefly described 
here. 

Techniques 
(i) Multicrystal X-r~· diffractometry and topography 

By using the Five Crystal X-ray Diffractometer briefly 
described below. it has been possible to improve the quality 
of diffraction curves in a remarkable manner. The uncer­
tainty in the half width has been reduced to about I/10th of 
the theoretical value. Traverse topographs can be recorded 
when diffraction curve widths are about 3 arc sec. 
(ii) High resolution diffuse X-r~· scauering 

Measurement of X-ray scattering has ~en made 
possible, very close to the reciprocal lattice points which 
enables one to get infonnation about point defects and their 
clu<>ters in otherwise dislocation free device quality crystals 
of semiconductors and other materials. 
(iii) Mea.furem.mt of cun:alrlre of single crystal :\·afers 

Bi2:-;ial .;tress induced by thin deposits in single crystal 
wafers can be deduced from the bending or curvature of 
wafers. Radii of curvature of about 30 km can be 
measured. 
(f\") Accurate determination of crystallographic orien­

tation 
Two new techniques have been developed for the 

determination of crystallographic orientation: 
- Surface of wafers/blocks/boules; (34) 
- Straight edges of wafers used for fabrication of 

microelectronic devices. (35) 
(v) Meu.mrements of anomalous trammission of X-r~·s 

through "'thick .. and "'thin .. crystals 
A new technique has been developed which enables the 

direct observation of forward diffracted beam and anoma­
lous transmission of X-rays through thin crystals of varying 
degrees of perfection. (33) Till now this was not considered 
possible. 

Interaction with industry 
Industries have beer provided with infrastructural 

support either through regular testing or through con­
sultancy services. Some of these services helped industry lo 
solve critical problems of failure analysis. In one case. an 
industry producing heavy chemicals. Gujarat Heavy 
Chemicals. Verawal. had occasional boiler tube failures 
which led to a loss in production. This problem was 
analysed by using our infrastructure and helped the 
company find a solution. 

International collaboration 
We have the following collaborative projects with 

institutions in different advanced countries: 

1,1) lndo-US 
- Preparation. Characterization and Precision 

Measurements of Semiconducting Materials with 
NIST. Gaithersburg and University of Arizona. 
Tucson - fost completed 

- High Resolution X-ray Diffraction Imaging for 
Advanced Materials Characterization 
NIST. Gaithersburg and University of Mar~;land 

(b) lndo-German 
- High Resolution X-ray Diffracti·'.>n Studies on 

Gallium Arsenide Singie Crystal 
T echnische Hochschule. Darmstadt. Germany 

fc) lndo-Russian 
- Growth of Nearly Perf<!ct Crystals of Oxides like 

Lithium Niobate. 
Institute of Inorganic Chemistry. Novosibirk. Russia 

Presently. we have a request from the University of 
Waterloo. Canada. for some work to be done against a fee. 

VI. Quality assurance system 
For the testing and evaluation of materials. a wide 

variety of measurements are necessary as is clear from the 
foregoing. To ensure the high quality of measurements in 
terms of accuracy, it is necessary that all measurements are 
traceable to the National System of Measurements. This 
national system should ensure compatibility with similar 
systems in other countries. In India, the Department of 
Science and Technology had established a system which 
had been known as National Coordination of Testing and 
Calibration Facilities (NCTCF). Under this system testing 
as well as calibration laboratories are accredited through 
assessment. The work on accreditation of calibration 
laboratories is being coordinated by the author's laboratory. 
The testing laboratories· accreditation is coordinated by the 
Department of Science and Technology itself. At present 
91 testing laboratories have been accredited and some more 
are in the process. The number of tests for which accredi­
tation has been granted is approximately 150. This system 
is presently under review and a new system under a 
National Quality Council is being established. This Council 
will have three boards including one on Testmg and Cali­
bration <NABL). 

VII. Indian refe'9nce materials 
To transfer high level accuracy achieved in measure­

ments, made with the help of an elaborate infrastructure at 
a national laboratory, to shop floor level in industry or 
laboratories in R&D institutions. certified reference 
materials are necessary. The author's laboratory has ini­
tiated a programme on the preparation of Indian Reference 
Materials or Bhartiya Nirdeshak Dravya (BNDs). Fifteen 
national laboratories are participating in this programme. 
The following reference materials have already been 
prepared and supplied to consumers. a few of which are 
outside India. 

I. UNI> 101.02 l..:aJ ( "onccntration 1.04 ± 0.03 ppm 
solution 

2. BNI> I02. 02 I.cad Concentration 2.04 :t 0.02 ppm 
solution 

l UNI> 201.02 Cadmium Concentration 0.96 ± 0.02 ppm 
solution 

4. BND 301 Arsenic C "onccntration 0.99 ± 0.02 ppm 
solution 

5. BND 401 Chromium ( "oni:cn!ra!ion o '>II ± o. 02 ppm 
solution 

6 BNI> 402 ("hromium ( "onccntration I .'>!I :t 0.02 rpm 
~nlution 

Pal{e JJ 
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The following BNDs are ready for release in the near 
future: 

I. Solutior. of mercu~­
, Solution of sdenium 
3. Silicon powder for X-ray diffraction. 

Participation in international prognmmn 
Recently. we participated in an international 

intercomparison of five samples of cc.-rtified reference 
materials. The lnstitut'! for Certified Reference Materials. 
Beijing coordinated this activity. Eight countries were 
invited to participate in this activity. 

At present. we are analysing two solution samples 
containing: (i) magnesium. calcium and lead and (ii) 
lithium. molybdenum and iron. The Working Group on 
Metrology in Chemistry of CIPM is coordinating this 
activity designed to assess the international compatibility of 
a wide range of methods and reference materials. 

VIII. Funding 
As mentioned above. most of the centralizee1 facilities 

for testing and evaluation of materials are in national 
laboratories. llTs and universities. Their main source of 
funding is the Government of India. through its vario·Jo; 
departments and agencies. A I im ited amount of funding has 
also been obtained from international agencies. like the 
UNDP. The NPL's facilities for surface characterization 
were established in this mode. For some of the projects in 
bilateral cooperation, like lndo-US activities. the funding 
cnmes from non-Indian sources. 

Industrial sector laboratories have: their own funding 
for supporting testing and evaluation acti\:itics. 

IX. Some suggestions 
The establishment of an International \cntre for 

Materials b·aluation Technology is a welcome step. This 
is an area. though not "·ery visible and no! gi.-ing concrete 
products directly. which has a strcng influence on total 
activity in scientific and technological spheres. It essentially 
has a multiplier effect on industrial growth. Since major 
facilities are vel!· expensive anJ require highly traint:d 
manpower. it may be desirable to share expertise and faci­
lities. The strong points of the major mstitutions in the 
region could be takc>n advantage of. e\•cn though the coun· 
tries of the region are separated by long distanct>s. Modem 
communication facilities help in ellicicnt rnntacts and 
distance is not an unsurmountable hurdle. 

X. Concluding remarks 
In :his paper. an attempt has been made to present the 

overall picture of the activities in India in the area of 
testing and evaluation of advanced materials. At times. the 
paper may appear to have unconventional ideas. These ha\·e 
emerged out of the author·s experience in this field. 
Further. this report is not claimed to be an exhaustive 
account of all the Indian expertise. 
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UNIDONEWS 

~TAHUSHMENT OF THE INTERNATIONAi. CENTRE FOR MATERIAJ ... ti; 
EVA/.l!ATION TECllNO/.OGY (/('MET) IN TAEJON, REPfJBl.IC OF KOREA 

One of the latest achievements of the UNI DO prograr.1me in the area of new materials 
is ,he establishment of the In:emationai Centre for Materials Evaluation Technology (ICMET) 
on the premises of the Korea Research Institute of Sta'1dards and Science (KRISS) in Taejon, 
the Republic of Korea. The preparatory and pilot activities phase has just started and is 
planned to be implemented from 1996-1998. The following 111formation about the mission, 
objectives. functions • .nd the work programme of ICMET will give the opportunity to our 
readers to know more about this new institution which is planned to provide a framework for 
developing countries to cooperate in this vital area for materials science and engineering. 

As stated in the Feasit-ility Study on the Establishment of an International Centre for 
Materials Evaluation Technology: " .. .It is also wcrldwide recognized that reliable methods of 
testing and evaluation of new and advanced materials are crucial for their successful 
development and efficient incorporation into competitive industrial products. The 
standardization of testing proc~durcs is a key principle in materials science and engineering, 
vital for a wide range of industrial s~ctors and, thus, will have a major influence on economic 
and industrial competitiveness in the future. Since markets and their competitive and 
regulatory forces have become global, worldwide standards development and deployment are 
essential for the survival of an enterprise, a sector of industry and the economy of any country 
and for being competitive in the international trade." 

MISSION 

The mission of the International Centre for Materials Evaluation Technology (ICMET) 
is to develop international guidelines, codes oi practice, standards on testing and 
characterization for new materials which can be accepted across national boundaries. It is 
also to bridge the gap between research and development organizations, innovative enterprises 
and the market place within developing countries to stimulate the diffusion of new materials 
and processing technologies and their application m materials related sectors of industry. 

OBJECTIVES AND FUNC110NS 

The objectives of the ICMET i~ to 
respond to demand from the developing 
countries for building-up/strengtt:ening 
technological capabilities in testing and 
evaluation of new materials and to act as 
the focus point for promoting international 
cor; ~ration in this field. 

The ICMET is operating under 
auspices of the United Nations Industrial 
Development Organi .... .ation (UNIDO} and 
will focus on the following functions: 

(a) AWARENESS BUILDING: 

Gather. monitor and disseminate 
information from both developing and 



developed countries in the field of testing 
and evaluation of new materials, including 
on-going work of important standards 
committees and standards isst:es. 

(b) COOPERATIVE R&D: 

Identify inc'ustrially important areas for 
developing or improving new materials 
evaluation and characterization techniques 
through cooperative R&D programmes. 
Generate validated and widely acceptable 
techniques which can form the basis for 
ute development of regional and 
international standards. lntercomparisons 
of laboratories and development of key 
reference materials. 

(c) ADVISORY SERVICFS: 

Help industry and R&D institutiors in the 
developing countries build up/strengthen 
their technological capacity in the area of 
testing and evaluation of new materials. 
Deliver the service provided by a network 
of organizations and locally wherever 
possible. 

(d) TRAINING: 

Make a valuable and sought-after 
contribution by organ1zmg training 
programmes which offer practical 
experience to part1c1pants in key and 
developing fields of materials 
characterization and evaluation. Provide 
the scientists and technologists access to 
state-of-the-art instrumentation and testing 
facilities which are relevant and important 
to industry. Place emphasis in seeking 
industrial views in the design of the 
courses and making them attractive to 
participants from industry in developing 
countries. 

(e) PROMOTION: 

Promote international/regional ~ooperation 
in the field of testing anti characterization 
of new materials in order to eliminate 
barriers in international trade. 



WORK PROGRAMME 

ICMET will work in close cooperation with existing research and testing centres and 
institutions, especially in the Asia and Pacific region at the initial stage. 

Taking into consideration the n\lvel nature of the Centre and the complexities of 
arrangements for international collaboration, the task is planned to be tackled in two phases 

(a) PRpandcny and Pilot Attivity Phaw 
(1996-1998): 

The initial three year work 
programme started in January 1996 and 
includes the following key activities: 

(i) establishment of a Technical 
Advisory Group and holding three annual 
meetings to provide guidance for the 
ICMET. advise on the selection of work 
programmes and assist in formulating a 
long-term plan for the operational phase of 
the Centre; 

(ii) creation of an international network 
of institutions and individuals dealing with 
materials evaluation issues in policy 
making agencies, professional societies, 
enterprises, R&D centres and universities; 

(iii) design of appropriate database 
system and its networking with the existing 
information system in the area of materials 
testing and evaluation; 

(iv) organization of and conducting 
workshops and training courses on specific 
issues and problems in the area of testing 
and characterization of new materials; 

(v) formulation of and launching 
collaborative projects involving 
intercomparison and validation exercises to 
demonstrate the basis on which the future 
R& D programmes can be developed and 
supported; 

(vi) further promotion of the concept 
and work programme of ICMET; 

(vii) development and approval of a 
long-term work programme for the next 
operational phase of the ICMET project. 

(b) Operational Phase (starting from 
1999): 

Based on the experience of the pilot 
activity phase, a fully fledged work 
programme for ICMET will be put into 
operation. This is expected to cover all 
important categories of new materials and 
an extensive range of activities related to 
the functions of the Centre. The long-term 
structure and administrative arrangements 
for ICMET will be completed and 
functioning. 



ftrNDING ARRANGEI\1ENTS 

The international dimension of the Centre and the need for its efficient management 
and innovative methods of work require a kmd of pump priming fund which will help the 
nucleus to grow to a stable size and demonstrate the value of such a cooperative programme 
Once this is achieved. the Centre should be expected to raise sufficient additional amounts 
from other sources for carrying out its activities 

The Goverr.ment of the Republic of Korea expressed its interest in hosting the Centre 
and made the decision to allocate initial funding to start the project. Funds for the Centre's 
programmes are currently being sought from a range of organizations. These include 
international aid and development funding organizations, national government development 
programmes. non government aid organizations. organizations sponsoring research. private 
industry and industrial organizations. 

The ICMET provides a unique opportunity for funding organizations to "leverage" 
scarce financial resources Funding organizations can direct funds towards specific 
programmes. This ensures that a high ratio of programme funds are effectively applied for 
maximum benefits of the target communities Appropriate management procedures ensure a 
high level of financial accountabi!ity 

The Centre also seeks to .:onsolidate funds from a variety of sources to undertake 
programmes for the benefit of developing countries. 

INVITATION TO P . .\RllCIPATE 

Opportunities now exist, at a number of levels. for participation m the realization of 
the ICMET concept. 

(i) Government organizations. R&D centres and enterprises from both public and private 
sectors of industry, and funding agencies active in new materials design, development, 
production and application are invited to submit project proposals and suggestions for areas 
of cooperation. 
(ii) Research, manufacturing, marketing. financing, aid and policy development 
organizations and trade organizations are invited to make general operational suggestions and 
specific project recommendations. Discussions focused on identifying joint project 
opportunities involving the ICMET are also welcome. 
(iii) Rele\ Jnt international organizations are invited to seek formal links with the ICMET 
In this manner. as the proposal develops. their additions and participation can be considered 
frvm the start. 

Correspondence should be addressed to: Copies of all correspondence and expressions o f 
Vladimir Kojarnovitch support should be sent to 
Technology Service Dr. Gun-Woong Bahng 
Investment and Technology Promotion Div. Materials Evaluation Centre 
UNIDO Korea Research Institute of Standards and Science 
Vienna International Centre 
PO. Box JOO. A-1400 Vienna. Austria 
Fax : (0043-1) 2 I l.l 1-6809 
Tel. (0043-1) 21131-3720 

P 0 Box J. Taedok S.:1ence Town 
Taejon .105-606, Rcpuhlic of Korea 
fax · (0082-42) 868-5027 
Tel. (0082-..!2) 868-~.l20 
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