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MATERIALS SCIENCE ANO TECHNOLOGY INSTITUTIONS FOR DEVELOPING COUNTRIES 

by 

Pradeep Rohatgi 

SUMMARY 

In this paper current and future objectives and structure of lllilter-

ials science and technology institutions have been presented; the links of 

these institutions with industry. their role in policy formulation. as-

sessment. use of local lllilterials and development of new lllilterials are dis-

cussed and experiences of USA and India are COlllPared. The concept of 

lllilterials cycle is represe~ted along with the likely future directions of 

developments in materials science. 

Materials science and technology institutions evolving through titles 

of applied.chemistry. geology. mining. metallurgy. ceramics have 111ade 

111jor contributions to materials industry in developed and SOiie advanced 

developing countries like India. The newly acquired capabilities of tail-

oring 111aterials at will. should now be applied through Regional, National, 

International and industry linked institutions and interdisciplinary cen

ters. which have proven effective, to develcp 111terials frOll abundant. 

renewable and local resources to nieet the basic hUllliln needs like food, 

water, housing an1 health. Specific directions of materials research 

should be based on quantitative and nonnative forecasting and assessment 

done by Materials Advisory Boards and C01111issions, givinQ due emphasis to 

111aterials proce>sing and manufacturing, in addition to material~ science. 

International cooperation in the form of International Institutes of 

Materials Research, International Materials advisory Boards, Federations 

of Materials Societies selective 1nvolvet11tnt of 11aterials manufacturing 
" 
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,..ltinational. exchange of infonaation including access to data tapes and 

videotapes. and personnel will go a long way in developing capability for 

lllOdern 111terials and alleviating lack of 111aterials as a constraint in 

development. 
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I. INTRODUCTION TO MATERIALS SCIENCE AND TECHNOLOGY 

Materi~ls Science and Technology is a recently emerging multidisci

plinary activity concerned with the generation and application of know

ledge relating the composition. structure and processing of materials to 

their properties and uses. The total material$ cycle which ce>11es under 

the broader definition of extraction. use and recycling of materials is 

shown in Figure l and the philosophy of research in materials ~cience and 

technology is shown in Figure 2. Tables 1 through 4 list SOiie of the 

emerging new materials. markets and problem areas. giving the range of the 

materials field. Even in developing countries the activity in materials 

is ag~ old starti~g from the use of agricultural materials. stone. 

bronzes. iron and steel. clays and ceramics. It is only in the last 

twenty years that the bodies of knowledge related to individual materia1s. 

namely meta1lurgy, ceramics. glasses and plastics are merging together in 

a homogeneous body of knowledge on properties of condensed matter. tenlll!d 

materials science and technology; a~d the interdisciplinarity of this 

fieid will conti~ue to grow in the future. This field covers materials 

from natural fibers. woo~. metals, ceramics and glass. to biomaterials. 

electronic and optical 11aterials, and also the structural elell!ents on the 

order of a few angstrUIRS to large ~ile long structures. Th~ 111aterials 

field is poised for exciting developments s1Milar to what happened in 

Physics, Energy and Biolog1cal Scienca s0111eti1111 back. The abunaant iupply 

of naaterials, and the services produced using 111aterials such as food 

housing and energy, cou1d go a long way in reducing hulliln misery in the 

developing world. Materials rank with energy and infonwation as a basic 

resource of 111ankind, and their equitable and abundant availability at low 
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costs can eliminate internat1onal conflicts. cultur~l confli,ts and 

dehu111anizing poverty. especiallv in the developing world reflected in 

terlllS of lack of food. water. housir.g and health care. For developing 

coijntries the lir.kage between 111aterials and the basic hu111an needs such as 

food. housing health care. energy ~vailability are 11are important than the 

lin~age between lllilterials and weapon systems (l-15; and secondary needs. 

This is why a complimentary view of materials frO.. the developing country 

perspective i~ nece~sary (16-34). In addition to this new view of 

111aterials from a total developing world. complimentary views on materials 

for each nation. and region and each locality are required. The 111aterials 

field is undergoing a revolution with the emergence of tailor made 

structures. The developing world ihould not miss these opportunities to 

overcome their lack cf materials availability. Modern materials science 

has made pos>·~le miniaturization of electronic circuit~ and enhancement 

ir. pr~perties which were heretofore never possible. It is high time that 

the new knowledge of materials synthesis is applied to solve the problems 

of food. housing. healthcare. drinking water. energy and associated needs 

of l:ght and warmth. conmunication and transport in the developing world. 

In the words of Professor Cohen. •we are creatures of material. Materials 

are requir~d to maintain our environment. our food. shelter. transporta

tion. entertainment, recreation .••. To belabor the obvious, we may live 

our lives or fight for metaphysical causes or pri.icipals but in the end, 

we live our lives within a physical-material environment. We tend to 

gua9e the metaphysical qual1ty of our li~es by the aesthetics and the 

abund~nce of our physical and material environ111ent raising the standards 

of living and reducing deprivations and misery.• 
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II. OBJECTiVES AND GOALS OF MATERIALS SCIENCE AND TECHNOLOGY 

INSTITUTIONS IN DEVELOPING COUNTRIES: 

It is beconting quite apparent that the standard of livi~l in any 

country is strongly dependent on the availability of 111aterials per capi

ta. The.relationship between per capita consumption of major materia~s 

like steel and alwwinum with per capita GOP has been shown to be linear 

(JS). The per capita de111ar.d of materials in developing countries (35). 

which is very low compared to that in developed countries. is going ~o 

increase very rapidly as the standards of living of the large and growing 

masses of developing world. This is going to bring enonaous ?ressure on 

the resources for mater~als as well as environmental problems related to 

increased exploitation and use of materials; under certain conditions 

these issues can lead to international conflicts which must be avoided at 

all costs. 

In view of these. the objectives and goals of the materials science 

and technology institutions in developing countries could be: 

a. To engage in research. development and production related to 

11aterials to ensure adequate supplies of materials at lowest possible 

price compatibl! with other national goals such as security. clean envir

onment and resource conservation. 

b. To ensure that the increasing use of 11aterials does ~ot lead to 

undue pressure on resources for lllilterials and degradation of environment. 

To attempt to synthesize most lllilterials from the most abundant elements of 

Earth's crust (Table 5). 

c. In the context of developing countries. greater emphasis should 

be placed on materials related to th! more basic .of human needs for 

- 6 -



----- ~---~-------

instance food. water. housing. health care and energy. Normative exer

cises are needed to derive challenges for modern materials science from 

these human needs. atteftli>ting to meet these needs as far as possible 

through local resources. local skills and local infrastructure. 

d. .To maintain standards for materials wMch are c0111patibie with 

international standards. and the capability to test locally p•·oduced and 

imported materials. 

e. In the context of developing countries. greater emohasis >hocld 

be placed on materials which can be produced fra11 local resources, speci

ally those which are renewable and abundant. to meet local needs while 

generating maximum local employment. 

f. To train interdisciplinary manpO'...er in Materials science and 

~~chnology to cater to the emerging needs of the research. development. 

stanaardization. testing and production institutions, with special ground

ing in n~terial problems related to local resources, local needs ah~ loca1 

infrastructure. 

g. To evolve a national materials policy based on technology fore

casting and assessment, to develop a coherent long tenn str~tegy for 

materials, and capability to participate in the evolution of international 

materials policy. The materials pulicy could deal with i~su?s of imports 

and exports of raw materials or finished materials, stockpiling, materials 

substitution, interniticnal trade, research, development. production, dis

tribution, pricing, conservation and recycling of materials. In addition 

t~ national materials policy, the objectives should include development of 

regional and local materials policies to complime~t the national and in

ternational imperatives in view of regional an1 local resources and needs. 
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h. To participate in international research and development eff~rts, 

to tackle C0111110n problems of resources, standards, environments, 11aterials 

and legislation dealing with materials, to help develop international 

materials policy, and international federation of professional societies 

concerned with materials within the country ar.d worldwide. To set up 

mechanisms for international exchange of infonnation, experts and 

tec~nology. 

- 8 -



III. LINKS OF INSTITUTIONS OF MATERIALS SCIENCE AND TECHNOLOGY 

TO INGUSTRY AND THEIR INFLUENCE ON GOVERNMENTS: 

It is imperative that the institutions of materials science and tech

nology have lints with the industry and the government to influence 

National.Materials Policy through following mechanisms: 

l. Institutions of Materials Science and Technology within the in

dustry should be encouraged since they can build bridges much easier with 

institutions outside the industry. 

2. Arrangements for consultancy. sponsored research wort, subcon

tracting. joint appointments, exchan~e of rr.aterials personnel between 

industry. government and acaoemia should be encouraged. 

3. Arrangements should be made to encourage consortiums of indus

tries in a given field to collectively sponsor research in academic insti

tutions· and government laboratories. 

4. The materials ~eople in industry and academics should help in the 

formation of National Materials Advisory Boards and other materials policy 

bodies and serve on these bodies charged with formulating and implamenting 

policies. 

5. Academic institutions should offer customized seminars and short 

courses for personnel in the industry and the government, in dddition to 

teaching regular students. External registration of personnel wor~ing in 

industry and government to a higher degree should be encouraged. 

6. Subcontracting of work between the industry and university should 

be encouraged. 
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IV. TYPICAL STRUCTURES OF MATERIALS iNS~ITUTIONS IN DEVELOPING COUNTRIES: 

The structure of materials institutions in developing countries is 

very much dependent on the stage of development of the country. SOtle of 

the advanced developing countries like India have world class teaching and 

research institutions for 11aterials whereas SOiie of the starting countries 

have only teachir.g ~n 111aterials related departments. Generally the insti

tutions have evolved along the following patterns: 

1.· Establishment of arganize1 production of 11aterials for instance. 

timber. cement. steel and formation of a testings and quality control in

stitution within the f tctory followed later by a re~earch section. For 

instance, in India the Tata Iron and Steel Company started production of 

steel and had a materials research and develol>flent wing soon after. 

2. Establishment of teaching of geology, mining, metallurgy, cera

mics and materials (in that sequence) in existing colleges in 111aterials 

related departments. ~fter this initial stage, teachir.g occurred in de

partments or eien colleges designated by these na111es. For instance initi

ally teaching of geology followed by mining and metallurgy started in 

chemistry departments, and this was followed by departments or even col

leges of mining, metallurgy, cera•ics and recently 111aterials. Degrees in 

111aterials science have been offered only very recently in the llOSt ad

vanced of developing countries like India, China and Korea. 

3. Sa.e of the 111ater1als related departlle"ts located in a suitable 

research environment gradually took on research activity in .. tertals. 

While sOMe ~eveloptng :ountrie! like India, Korea and China recently, have 

developed undergraduate teaching CQllP£rable to SOiie of the best in the 
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-
world, the level of graduate ~ducation and postgraduate research in gener-

al, is not comparable to the west with a few exceptions. 

4. Establishment of government sponsored research, development and 

testing laboratories related to major materials for instance laboratories 

related to building materials, cement, jute, metals, ceramics, glass poly-

mers. Some mat~rials related work was also started in government spon-

sored laboratorie$ established for researr~ in physics, chemistry, 

aeronautics. 

S. Formation of government sponsored institutions of standards and 

quality control related to materials p>"oduction. 

6. Formation of materials institutions sponsored by associations of 

industries for instance the Textile Research Institutions ~n India. 

7. Formation of working groups dealings with specific materials in 

the ministries of the government. For instance Ministries of Mines dnd 

Steel in India had groups monitoring and making policies in aluminum and 

steel. In several countries, including India, the ministerial groups 

including planning conmission make policies related t~ materials through 

conmittees often involving experts from academia, research laboratories 

and ind us tries. 

8. Establishment of regional research labor1tories by the government 

·to exploit local resources for local needs. These laboratories have been 

sometimes very effective in developing new materials using local resources. 
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V. ROLE OF MATERIALS INSTITUTIONS IN TECHNOLOGY ASSESSMfNT. UTILIZATIOH 

OF LOCAL MATERIALS. DEVELO~MENT OF NEW MATERIALS. TESTING AND 

QUALITY CONTROL: 

The mat~rials science and technology institutions in developing coun

tries have been involved in techP.ology asse5sraent. utilizat1~n of local 

llli!lterials. development of new materials. testing ~nd quality control to 

varying degrees depending upon the degree of development. In most of the 

countries the institutions have been reasonably successful in testing and 

quality control. and to a lesser extent in utilization of local materi

als. Oevelopment of new materials have been few and far between. and 

technclogy assessment has been indirectly used while giving licenses for 

manufacture and import. 

These instituti~ns i~ developing countries must buiid a capacity 

first and foremost to do technolog~ assessment t3 detennine ·llllhich current 

and future materials technologies are most re1evant. They should deter

mine the optimum directions for re~earch. d2velopment and production of 

materials to provide maximum benefits to people in fulfilling basic needs 

us1ng quantitative technique of technology assessment w~th local imp~ra

tives and impacts in view. The cost of such assessments i5 Guite low com

pared to the damages due to the wrong directions taken due to adhoc judge

ments in the absence of technology assessments. The expertke to do tech

nology assessment~ with local view point can be assembled reasonably 

easily, and can be s~pplemented from outside the country. The assessment 

should not be left to experts in other countri~> alo~e who may not do a 

compreht!nsi-1e job of assesslll'!nt from the developing country viewpoint. In 

fact the lack of such assessments are one of the major reasons that whi1e 
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it nas been possible to reproduce research or production in materials done 

in developed countries after some lag periods in developing countries. 

frequent d~velopmP.nt of new materials using local resources for local 

needs has not taken place. This situation needs to be rectified through 

objective te~hnolo~y assessment if the materials scientists and technolo

gists ar~ to solve the problems of food. housing, health and energy in the 

developing world. 

lhe institutions of materials science have played an important role 

in the utilization of local materials including local minerals. coals. 

clays. woods an~ forest products. This is a role that should be intensi

fied in tne future, and attempts must bP. made to apply most modern mater

ials science to local materials to make products developed elsewhere. 

since this knowhow is not going to be easily available from other coun

tries. The international institutions ~nd corporations have helped in 

this effort and can be expected to do so in the future. 

As mentioned earlier, the development of new materials has been less 

than adequate by developing country institutions. Some of the reasons 

include; preoccupation with reproducing what has been done in developed 

countries, a lack of creativity, a sense of technological colonialism, and 

lack of initiative in utilizing local resources to meet local needs. If 

the developing country institutions concentrate on local resources and 

local needs, as has been done in some national and regional research 

laboratories, the probability of developing new materials will increase. 

As mentioned earlier the most readily feas·ible role for materials 

science and technology institutions in developing countries is in testing 

and quality control. Here testing has been easier but influencing quality 
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improvement has not been readily possible. With growing emphasis on reli

ability and quality, the 110dern instru111enta~ion required to test 11aterials 

is going to be increasingly COlllPl~x and expensive, and its acquistion, 

11aintenance and continued updating present a challenge to developing coun

tries. It may be necessary to build up the existing infrastructure in 

teaching and research institutions in terms of national central facili

ties, for testing of ntateria1s. 

- 14 -



------------------·-~-----~---~--- - ---- -

VI. MATERIALS SCIENrE AND TECHNOLOGY INSTITUTIONS: 

EXPERIENCE OF INDIA AND USA: 

A. India: 

In India. early llilterials science institutions started very much 3f

ter the British pattern in tems of geolog"ical survey. teaching depart

nients of applied chemistry and national test houses. These in time 

changed to departnients and colleges of mining. then to 11ining and 111etal

lurgy. to metallurgy and finally son1e of the teachinq departments are now 

being named as Materials Science and Engineering following the recent pat

tern of USA. Materials. in addition to being taught in materials desig

nated de?artments are also taught in materials related departments like 

physics. chemistry. mechanical enginee~ing. chemical engineering and civil 

engineering 3n~ aeronautical engineering. 

The undergraduate education in metallurgy and materials science at 

the Indian Institutes of T~chnology cor.ipares with the best in the world. 

Several universities, regional engineering colleges. and institutes have 

also started doctoral programs and postdoctoral research programs in the 

1a~t thirty years. Some of t~e research programs are quite good. but can

not be conipared as a whole with the best in the world as the undergraduate 

programs. Some of the universities as well as Indian Institutes have 

started advanced centers in ntlterials science and technology whi~h are 

quite effective in training st~~ents and conducting world class research. 

The students trained 1n India have amicably filled the manpower require

mttnts of Indian industry and research institutions; in addition, the stu

dents trained in india successfully perfonned in advanced countrie~ and 

are reaching to the t~p of their professions. 
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In addition to teaching institutions the government establis~ed geo

logical survey. Department of Mines and Steel. Forest Research Institute. 

Jute Research Institute and a series of national and regional research 

laboratories under the Counc11 of Scientific and Industrial Research in

cluding the National Metallurgical laboratory. Central Glass and Ceramics 

Research Institute. Regional Research laboratories at Bhubaneswar. 

Trivandrum. Bhopal. Jorhet. Jannu and Hyderabad. National Chemical labora

tory and the National Physical laboratory. The Ata11ic Energy Connission 

and the space connissions established very st~r.g 111aterials research and 

production facilities to meet their materials requirements. More recently 

the defense research has established Defense Metals Research laboratory. 

Defense Materials laboratory, Solid State Physics l3boratory and several 

other defense laboratories which do materials related research and devel

opnient. In addition the. public sector corporations have set up research 

laboratories like the laboratory of the Steel Authority of India. 

In the private sector, one of the first materials laboratories ~as 

set up by the Tata Iron and Steel Company. Smaller research laboratories 

are maintained by other private 111aterials industries like Hindustan Alumi

num. However the size and the excellence of privat2 sector laboratories 

by and large does not compare well with the laboratories in the private 

sector in developed countries. There is one of the important consequences 

of import of technology. sellers market and relatively s111all sizes of in

dustry. There are several industrial associations who have set up sizable 

laboratories for instance Textile Researr.h Associations and Cement 

Research Institute which have performed reasonably well but do not compare 

with similar orga~izations in the west. 
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In addition to above. there are several gov~rnment testing labora

tnries. standards institutions. departllents of industry. ministry of rail

ways which maintain research lab~ratories in ililterials. 

ay and large India has set up an excellent base for undergraduate 

education. a good base f~~ postgraduate education and research. a few good 

adva~ced centers for m;sterials science research. good testing and stan

danls activity and has good infrastructure all over the country for 

research. develoJ?91ent and production. The Indian experience can be very 

helpful in setting up institutions in other developing countries. and the 

institutions in India can be the training grounds for 111aterials personnel 

from other developing countries. 

In ter'lllS of testing. quaiity control and utilization of local mater

ials including local minerals. forest products. the materials institutions 

in India have done quite well. India was one of the first developing 

countries to do technology forecasting and assessment in 111aterials 

(16-35). and is considering setting up National Materials Advisory B~ard. 

ThP. instituti~ns in India have done research and duplicated production of 

some of the most raoderr. materials. However the development of new 11atP.r

ials has been less than satisfactory. This however will change rapidly as 

there will be less preoccupation with reproduting a~vanced materials 

developed in the west. and greater pride and attention given to developing 

111aterials usir.g local raw materials to cater to local basic human need~. 

Some regional researc~ laboratories have done world class pioneering work 

in materials sc1ence and technology of local materials. for instance 

developing composites u~ing local natural fibers, forest products and ex

tending the life of local agriculture based materials used for housing. 
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8. USA: 

In USA the teaching and academic research institutions in materials 

have gone through the cycle of emerging frOll materials related depar1Jtients 

to geology. mining. metallurgy. cera•ics. and to materials science and 

engineering llUCh earlier than India. However. 110st of the departments of 

11a~erials science and technology have been so renant!!d in the ia:t twenty 

years. The nUllber of teaching and academic research institutions in 

materials in USA is well over a hundred. and the best ones have very large 

faculty and several hundred graduate students doiog doctoral researc~. 

Several of these academic 1nstitutions have very large research prograJIS 

in ter'llS of sponsored research. C0111Pared to even the largest laboratories 

in developing countries. The ties between the acadet1ic institutions and 

industry in ter'llS of consultancy. sponsored research. industrial consor

tiUlllS. and subcontracting of research and services between industry and 

university is 111.1ch better; part of the reason is that the industry is '~ 

petitive and under pressure from market forc~s to use the latest develop-

111ents in 11aterials science and technology. Twenty-eight US universities 

have materials research centers 11any of which have been funded as block 

grants for interdisciplinary activity in materials research and 11aintain

ing advanced research equiP111ent. The perfon11ance of these 11aterials cen

ters and COfllPanies was reviewed recently after twenty-five years of their 

initiation. and by and large their perfor111ance has been very good (10). 

The 110del has 11any useful lessons for setting up materials research insti

tutions in developing countr·ies since severJl new '.Dilter1als and processes 

have emerged frOlll these laboratories. the addition to new concepts. A new 

trend has been to establish materials processing and 11aterials rttanufactur-
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ing centers in the acaje11ic and research laboratories in USA which vtll 

further increase the coupling with industry_ 

In addition there are several gov~rnment laboratories doing materials 

researcn including Nat1cnal Bureau of Standards, Arg9nne National labora

tory, Oakridge, Idaho Falls, lawre~ce Livel"!IOre Laboratory. The llilt~rials 

research centers in the National Aeronautics and Space Agency ~nd the oe

fense departllPnt> are also quite st~ng and well equipped. 

The ~est uai~ue feature of the US is the presence of materials 

research -.1stitutions in the private industries. This is 9ne oi the bi~

gest factors ~'ttich permits t;<tnsfer of technology and iRdu~trial scale 

development of technology. Materials research at some of the private i~

dustry laboratories like Bell Telepnone, General Electric. Westingh~use. 

IBM. Owens Corning. DuPont are the best in world in their respective dis

ciplines. A recent survey of the most i111Portant breakthroughs in mater

ia1s has shown that many of them have COiie from these private sector 

laboratories (1-4). 

In sutm1ary, the USA has one of the largest and the best infrastruc

tures for 111aterials research in the world in ter.ws of well developed un

dergr~duate, and graduate teaching and research prograas and interdisci

pl ir.ary 111aterials centers in academic institutions. a few largP. govern111ent 

laboratories, and 1110st i111Portantly a large number of first rate industrial 

r~~earch laboratories in the private sector. A distributi~n of the U.S. 

budget, relating to materials research is give~ in Table 6. 

In addition to the physical infrastructure the USA has mechanisllS of 

assessment to identify the 1110st i1111>ortant areas in materials research. 

The peer revitw of research proposals is quite thorough, there is quite a 
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bit of formal and informal forecasting and assessment wit~in and outside 

the org~nizat1ons. often using established consulting C0111Panies with 1ong

standin9 recont in this area. The National Materials Advisory Board. set 

up by the National AcadeQly of Science-National Acaoemy of Supervising 

latiGnal .Research Council constitutes c011111ittees ~ith world class exper

tise ana brings out timely studies on forecasting and assessr1ent of fron

tier an!as in 11aterials. Several of the studies by the National Materials 

Advisory Board have been very good and have been used in decision making. 

The four vol1111e studies on •""'terials and Mans Needs• by the c011111ittee on 

the survey of 11aterials science and engineering; National Academy of 

Science (1-4) C0111Pleted dround 1975. i~ one of the llOSt CQllPrehensive as

sessments of the 111aterials field. This C011111ittee has been reconstructed 

with Profes~or M. C. Flemings of M.I.T. as the chairman to update their 

study frOll 1986. T?lese studies cover the re~earch i111Peratives in 11ater

ials. institutional fralleWOrlc ana aspects of lllilterials technology abroad. 

Rece~tly a review of interdiscip~inary 11aterials rasearch centers was CO!R

pleted and the results of this conference when published in 1986 will be 

very useful (10). A new trend ~n the u.S. is to establish 11aterials ~ro

cessing and 11aterials 11anufacturing centers. in addition to 11aterials 

science centers, and this is of i1111?ortance to develop1ng countries. 

However, despite these efforts the United States government as a 

whole has no official lllilterial~ policy as a ndtion. The 98th congress has 

authorized the e~tablish11ent of a nati~nal critical mater)als council. 

When finally placed into operation ~Y the executive department, this c~un

cii could be T.he for11111 for the evolution of a lllOdel 111aterials policy. 
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At the urging of the niateriais science and engineering c011111G .. ity of 

the United States, the 98th congress has established the ·~Mational Cr1-

tical Materials Act of 1983--•. In this •Act•, congress recognizes that 

•strategic and critical industrial minerals and materials• are essential 

for r.ational security, economic well-being, and industrial production. 

The Act reca.jnizes tne danger to a society that depends too heavily 

upon sources of materials from politically sen~itive regions of the 

earth. The Act also takes note of the declining ~ndcstrial capacitt in 

Alllerita and the rise of the East and a reasserting Europe. 

The Act also ~tates that ... research. d~velopment. and technologir.al 

ianovation. especially related to inr,>roved materials and new processing 

technologies. are important factors which aff~ct our long-tena capability 

for econ011ic conip~titiv~ness. as well as for adjustlllent to interruptions 

in sup~ly of critical Minerals and materials. The Act goes on to recog

nize that ••• other nations have deveJoped and implemented specific long

tena research and technology programs to develop high-perfonaance mater

ials •.• and that in the United States. we ~ave no such policy and program. 

The Act assuages the national seccrity interest by ~tating that ~ri

tical reserves should be a national priority ~nd that the reserve should 

he well managed. 

The stated purposes of the Act are: 

I. to authorize the President of the United States to establish a nation

al critical materials council reporting to Executive Office of the Presi

dent. This executive materials council would have the following tasks: 

1. Coordinate a critical iaaterials policy. including all facets of 

research and technology. among the various agencies and by es-
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tablishing responsibilities within the appropriate agencies. to 

provide for the implementation of such policies. 

2. Advise the President. the Congress and the general pubiic on 

those material concerns. including research and development. 

-which are deemed critical to the econ011ic and strategic health 

of the nati~n. 

3. Co~sult with the private sector concerning critical 11aterials, 

materials research and develol)lllent, use of materials. and relat

ed matters. 

II. Establish a national program for advanced nraterials research and 

technology. including basic phen011ena. through processing and manufactur

ing technology. 

III. Stimulate innovation and technology utilization in basic as ~11 as 

advanced materials industries. 

After more than two years from t~e passage of the Act, the Executive 

Department has recent1y activated the Execu~ive Materials Council. 
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VII. POSSIBLE INTERNATIONAL COOPERATION IN THE FIELD TO ?ROMOTE 

DEVELOPMENT OF MATERIALS SCIENCE AND TECHNOLOGY IN DEV~LOPING COUNTRIES: 

International cooperation in 111aterials science and technology would 

go a long way in building capability and increasing ~terials availability 

in lleveloping countries. Already international cooperation has resulted 

in development of 11aterials science and technology in several devel~ping 

countries including India, China, Korea. A survey s~o,1ld be 111ade of these 

case studies and reconnendations for f~ture collaboration drawn up. 

PraFasscr Morris Cohen o: MIT indicated that .•. •because l"f the glob

al cradle-to-grave operation now called the materials cycle, we find that 

the materials enterpdse has becme a wor ·1d system which ties people and 

natior.s on tt.is planet not only to one another but also to the very sub

stance of nature.• Indeed, materials rank with food, energy, and livirtg 

~pace as l'liljor natural resources of mankind. In his opin~on •illilterials 

scientists or technologists are in a partnership with nature and it be

hooves us to gu1de our sights a"d our endeavors in ways which will harmon

ize with nature for the greater good and for the lor.ger te..,.. That per

spective can certainly be described as humanistic as well as materialis!ic 

in character •.• • 

The following recommendations are made for international cooperation: 

a. The deve1oping countries through international bodies, as well as 

bilaceraly, pre~s for gr~ater international cooperation in such :natters as 

setting materials standards, care of environ111ent r.onservation of resour

ces, materials research of wide varying importance which should be com

monly addressed, exchange of materials scientists and engineers and 
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private or~anizations involved in llilterials seek 110re extensive c~apera-

tion with their counterparts abroad. 

b. The developing countries should seek coc;peration fro11 developed 

as well as sister developing countries to 110ve fro11 the position of 11ainly 

raw 11aterials suppliers to llOre and 110re value added products and finished 

products. This May even involve judicious and selective coo~cration with 

1111ltinationals who. witn all their drawbacks are able to generate advanced 

production in developi~g countries reaso~ably quietly. 

c. The developing countries should request cooperatiGn in evolution 

of a world materials policy through which a more equitable distribution 

and availability of materials can be arrived at. 

d. A cooperative center of technology forecasting. technology as-

se;sment amJ lli!terfals policy should be established m a developing coun-

try iike India which h~s the experienre in forecasting. assess!lent. 

research. development and production of reasonably advanced materials. 

Such a center shoulrt conduct !tu'1ies related to materials frOll a develop-

ing countries view point and help in building capability to evolve a 

materials policy in different countries. The cer.ter should sti1111late 

education in a lllilterials policy at all levels i 1 all devP.loping countries 

to sensitJz~ the mind of tne young towards the materials p~licy. This 

center should examine the 11aterials policy work going on in advanced coun-
k 

tries like the USA .!nd UI. and derive infon1at1on and conc·iusions relevant 

to the developing world. It sho~1ld do non111tive exercises to derive i• 

peratives to ret110ve tne lack of 111aterials as a constraint to developt1ent. 

e. Cooperation should be sought with developed as well as so:11e rela

tively advanced developing countries, for setting up interdisciplinary 
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lllilterials scien~e. technology and pr~cessing research centers in academic 

institutions in developing countries. since this model has worke~ reason

ably successfully. However. care st.ould be takeP to ensure that the ac

tivities of these countries remain strongly responsive to local materials 

and local·needs. 

f. Cooperation shoul~ be sought for easier exchange of materials 

scientists and technologists fro111 academic. r~search and iildustrial orsan

izations between developed and developing countries. and wit~in developing 

countries. This is the ~est mechanism to facilit~te transfer of infonr~

tion. knowhow and attitudes. 

g. International cooperative research institutes should be set up 

under the United Nations and other world level bodies to address COl\lllOn 

problems s~ch as development of materials using the most modern materials 

science from renewable and abundant resources like bionass, silicon. alu

minum. oxygen and iron specifically for basic needs like food, water. 

housing, health and energy; to increase recycling 2nd prevPnt degradation 

of materials; to reduce pollutiun associated with materials industries; to 

use reneo...able resources cf energy like solar energy and biomass; to 

develop standards and testing facilities which can be established even in 

the least developed countries; to establish nati~nal and regional mater

ials research laboratories to respond to local imperatives. 

h. Cooperation is required in developing mechanisms for transfer of 

open infon1ation on materials science through international access to com

puter based data bases, instructing services; exchange of educatio"al 

video tapes, standards, testing equipment and procedures. 
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TABLE l. EXAMPLES OF NEW MATERIALS= TO BE IMPORTANT IN THE FUTURE 

• Shape memory alloys 

Coal refuse fibers 

Slag cement 

• Metastable and Amorphous materials 

• Composite materials (metal matrix. polymer matrix. cermets) 

Intermetallic compounds ordered alloys including aluminides 

Soft/hard magnetic materials 

• Superconducting materials 

• Structural and superplastic ceramics 

• Electronic materials et al. (including ceramics) 

Photovoltaic materials with ultrahigh efficiencies 

• Laminates, claddings. surface coatings, surface modification 

• High temperature alloys 

• Building materials (insulation. cinder blocks. glass) 

• Wear materials. hard materials 

• High performance materials from renewable resources 

• High strength/low density alloys (Al. Ti, etc.) 

High technology cements/concretes 

Conducting polymers 

• Glasses 

• Low-temperature materials 

• Battery material~ 

• Bio-materials 

• Nanostructure materials 

• Layered materials 
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TABLE 2. SOME NEW MATERIALS PROCESSING TECHNOLOGIES 

• Molecular beam epitaxy 

Die-casting of high-melting point alloys 

Rapid solidification of bulk cQ111Ponents (a110rphous sheets to 

bulk materials, Osprey type spray deposition) 

• Superplastic fonaing 

• Plasma melting/!praying/synthesis 

• Surface 110dification (ion implantation. laser, electron beam) 

• Coating using melt spraying 

Directional crystal solidification/single crystal growth 

• Near net shape processing 

• Thin strip casting 

• Dynamic powder compacting 

• Direct steel making 

• Explosive bonding/consolidation 

• Laser production of ceramic powders 

• Laser glazing 

• Sol-gel processing 

• Laser machining. electron beam processing 

• water jet machining 

• CAD/CAM/Robotized process 

• On line sensors with feedback loops to expert systems and arti

fic1al intelligence for controls 
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TABLE 3. EXAMPLE OF MATERIALS APPLICATIONS/MARKETS 

Energy (solar, nuclear. fossil, geotherwal. battery. 110tors. 

trans fonters) 

Transportation (of all types) 

ConstructiGn (housing. bridges. highways) 

Environmental (chemical waste disposal) 

• Agriculture and food processing 

Water (purification syste11S) 

Medical (implants and healthcare systems) 

HOiie appliances 

COllDUnications 

Textiles and clothing 

• Packaging 

Electronics (c0111puters) 

• AutOfllation, robotics 

• Shipbuilding 

• Aerospace applications 

• Mining 

• ~~ufacturing (11achine tools, primary 11etals) 

• Catalysts (chemical industry) 
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TABLE 4. EXAMPLES OF MATERIAL PROBLEM ARE!.S 

Corrosion 

Wear 

• Ductility (hot and cold) 

• Fon1ability 

Teaperature Resi~tance 

• Toughness 

• Joining (welding, etc.) 

Weight Savings (density, 11e>dulus) 

Heat Transfer 

Cast (11aterials, fabrications, life cycle cost) 

• Earthquakes 

Pollution (related to processing) 

• Producibility 

Availability (strategic materials) 

• Appearance (color, surface) 

Optical, Magnetic, Electrical 

• Nuclear waste Disposal 

• Garbage (energy conversion, incineration) 

• Catalysts 

• Weight 

• Recyclability 
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Element 

0 
Si 

Al 

Fe 
Ca 
Na 
K 
Mg 

Ti 

c 

TABLE 5. RELATIVE ABUNDANCE OF El£MENTS IN THE EARTH'S CRUST 

Abundance 

46.6S 
27.7 

B.1 

5.0 
3.6 
2.8 
2.6 
2 .1 

0.4 

0.032 

Useful Derivative Materials 

Chemicals. cera•ics. glasses. resins 
Si. Si02. Sic. glasses. resins. cera~ics. 
polymers. silicones. silicates. metcers and 
cenwets 
Al alloys. ceramics. chemicals. metcers and 
cermets 
Steel 
Chemicals. ceraaics. glasse~ 
Chemicals. cera•ics. glasses 
Chemicals. ceramics. glasse! 
Mg alloys. MgO refractories. ceramics and 
chemicals 
Ti alloys. ceramics. g1asses. intermetal
l~cs. metcers and cermets 
Steel. refractory carbides. resins and hy
drocarbon chemicals. carbon. graphite. dia
mond. metcers and cermets 
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TABLE i. ITEMS !N THE UNITED STATES BUDGET FOR FISCAL YEAR 1986 

DIRECTLY RELATING TO MATERIALS RESEARCH AND DEVELOPMENT 

Department of Energy 

Operating, Capital Equip11ent, Construction 

Fossil Fuel 

Energy Conservation 
Advanced Materials 
High Temperature. Materials 
Vehicle Propulsion 
Multi-Sector Materials 
Industrial Process Efficiency and 

waste Energy Reduction 

Nuclear Energy Material~ 

Magnetic Fusion Energy Materials 

Electrical Energy and Storage 

TOTAL 

Mational Science Foundation 

Solid State Physics 
Solid State Chemistry 
low Temperature Physics 
Condensed Matter Thecry 
Metallurgy 
Cera•ics and Electronics 
Polymers 
Instrumentation 
Materials Research Labs 
National Facilities 
Materials Resea~ch Groups· 
Mechanics. Structures. and Materials 
Cher1ical, Bioche111ical and Thenaal Engineering 
Electrical. Communications and Syst~ Eng'g 
Ew.erging and Critical Engineering SystellS 
Cross-Disciplinary Research 

TOTAL 

- 33 -

Millions of Dollars 

182.9 

45.3 

12.7 

9.29 
3.01 

20.1 
8.8 

11.8 

63.3 

13.5 

2.9 

12.4 
9. l 
8.4 
8.9 

10.2 
6.8 
7.6 
6.6 

30.0 
12.0 
3.7 

11.0 
3.6 
7.7 
5.6 

_L2 

$373.6 

$14CJ.a 
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Table 6 (continued) 

Department of Cowrce 
Materials Science and Engineering 
Cold Neutron Service 

TOTAL 

Departllent- of the Interior 
Geological Survey 
Bureau of Mines. Minerals and Materials 

Research 

TOTAL 

National Aeronautics and Space Ad•inistratio! 
Materials Processing in Space 
Solid Earth Observations 
Aeronautics Research and Technology 
Space Research and Technology 

TOTAL 

Department of Defense (Basic research only) 
A nay 
Navy 
Air Force 
DARPA 

TOTAL 

GRANO TOTAL 

Source: •R&o in Materials Science and Engineering• 
Federation of Materials Societies 
S.Y. Margolin (8. Houston, coordi~ator) 
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22.6 
~ 

166.0 

24.8 

34.0 
6.3 

36.9 
19.3 

19.3 
33.2 
24.5 
20.0 

$ 30.6 

$190.8 

$ 96.5 

s 97.0 

$933.3 
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