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Dear Reader, 

The Issue No. 16 of UNIDO publication •Advances in Materials Te~hnology: 
Monitor• is not devoted, as in the past, to a selected material, a •aterial-related 
technology or a group of •aterials. Instead we have tried lo look into the 
materials situation and Institutional mechanisms of selected developed and 
developing countries. The status and prospects of R'D program•es, applications and 
development strategies of these countries are brought to your attention as well as 
how the developing world ran exploit the opportunities from the current revolution 
in the field of new materials. 

The articles relating to the •aterials situation in selected Asian countries 
were prepared for presentation at the UNCSTD/ESCAP Regional Workshop on Advanced 
Materials Technology and Development in Asia and the Pacific (Minsk, USSR, 29 May -
2 June 1989). 

We are hoping that our readers will read this Monitor with great interest and 
would appreciate it very mur.h to receive views and opinions on it. We invite you 
also to share with us your knowledge related to the situation in any particular 
country. 

If any of our readers are interested in adver~isements in the ~onitor or would 
like to have •eetings or seminars included, please do not hesitate to contact the 
Editor. 

Our appreciation to all our readers for the returned questionnaires. We also 
take careful note of all your comments and suggestions which are of great help in 
editing the Monitor. 

Industrial Technology Development 
Division 

• 
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report 

Role of .. terials in industry 

Ch•~~•r 1 briefly disc:l;sses the significance 
and devel~ent of .. terlals science and en9ineerin9 
as an interdisciplinary endeavour that profoundly 
affects our quality of life in .. ny vays. 

Chapter 2 •• .. ines the role of .. terlal• 
science and engineering in eight US industries that 
collectively e11ploy 110re than 7 aillion people and 
have 1al•• in excess of $1.4 trillion, and lt 
•u....ri1es th• .. tarials science and en9lneering 
needs of each of tho•• eight indu•tri•• - aerospace, 
autOllOtive, bioaaterials, cheaical, electronics. 
energy, .. tali and telec:01111Unication1. Several 
i11pOrtant facts ... r9ed frOIA the industry surveys. 
Within each industry, several ~anies ver• asked 
to indicate their 11o1teri•ls needs1 it proved to be 
possible to describe th• needs of those ~anies in 
• given industry in generic teras. rvrther110re. th• 
li~ts of generic needs of the various indu•tries had 
• vlde overlap. Finally, indu1trial .. terials needs 



snd problems often led scientists and en9ineers to 
the frontiers of research in search ot solutions. 
The CClll9ittee corcludes: 

,..terials science and en9ineerin9 is crucial 
to the success of industries that are 
important to the stren9th of the US econoay 
and US d~fence; 

There is considerable overlap in the 9eneric 
.. terials probleias of the ei9ht industri•5 
studied; solutions to .. ny of these 
probleas li• at the forefront of rese•rch in 
.. teri•ls science and en9ineerin9. 

Two pervasive el ... nts of ... teri•ls science •nd 
en9ineerin9 th•t •ppe•red througlloot the industry 
surveys were (l) synthesis and processing •nd 
(2) perfor .. nce of ... terials. The industry survey 
participants s•v opportunities to improve the 
effectiveness of all the sectors involved in 
... terials science •nd en9ineerin9. Tiley s•v 
industry as bAvin9 the principal role in .. int•ining 
eo111petitiveness. Accordin91y. the COlllaitt .. 
concludes: 

The industry surveys reve•led • serious 
ve•kness in the US research effort in 
synthesis And processing of .. teri•ls. 
There are opportunities for pr09ress in 
areas ranging froa the b•sic scienc• of 
synthesis and prc.c:essin9 to -.terials 
.. nuf•cturing that. if seized, vill .. rkedly 
increase US coapetitlveness1 

Increased etlph•sis on perfor .. nce, 
especially as it is affected by processin9, 
is also needed to improve US industri•l 
products for vorld .. rkets; 

lr.dustry has the .. jor responsibility for 
.. int•ining the coapetit1veness of its 
products and production oper•tions. Gre•t•r 
•llptl•sis on inte9ration of .. terials science 
and engineerin9 with the rest of their 
business oper•tions is necess•ry if US fir .. 
are to improv• th•ir co.petitive positions 
in doiaestic and intern•tion•l competition. 
Inc•ntives for top-quality people to becoae 
involved in production vill h•v• to be 
introduced to achieve such an etiph•sis. 
CollabOr•tion vith research •fforts in 
universities •nd gov•rn.went laboratories can 
•nhanc• th• •ffectiveness of R•O pr09r .... s 
too l•r9e for any one c: impany. The 
obj•ctiv• of all of th••• st•ps vould be 
r•neved etlphAsis on •ffectiv• long-rang• R•D 
in industry. 

Opportunities in .. terials science and engineering 

The practitioners of .. terials sci•nce and 
engineering h•v• llUCh to say about th• chall•n9•s 
and excit ... nt of th• field. More than 
100 sci•ntists and en9ineers froia ... ny different 
disciplines and institutions ce.g., universities and 
Industry and gover,,..nt laborator·es1 participated 
in this study. Base~ on evaluation of their 
contributions. this c~att•• concludes the 
follovin9: 

The flel l ~f lll#ter1•ls scaenc~ and 
en91neerin9 as •nter 1.1g a period of 
unprecedented intellectual ch•llen9e •nd 
productivity. 
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various properties \or phenoaena) that .. k• 
..terials interestin9 are discussed in chapter ). 
The open intellectual terr•in ahead is Apparent in 
each of the .. teri•ls cl•sses discussed. The 
structure •nd properties of .. terials are understood 
and are subject to control in vays that were Wlbeard 
of a dec•d• aqo. For example. artifici•lly 
structured .. teri•ls can be built up froa selected 
•toas on• atoiaic layer at a ti... Tbis reality is 
dffpenin9 and reshA~ing the concept of vb.mt 
.. terials science and engin .. ring is. A c:om.on 
el ... nt th•t links the great diversity of vork in 
.. teri•ls science And en9ineerin9 is the controlled 
c:09lbinin9 of atoas and molecules in large 
•g9r99•tions in vays that endow the resultin9 
.. teri•ls vith propertias tbat depend not Olily on 
the ch .. 1c•l n•ture of tbe atoaic and molecul•r 
constituents but •lso on their interactions in tbe 
bulk of the ... teri•l •nd on its surf•ces. 
C•lculation of .. teri•ls properties from first 
principles is increasingly used by scientists and 
en9ia .. rs to understand the origin of properties ~n<' 
to achieve desired characteristics. 

The coeaitt•• concludes: 

,..teri•ls scientists •nd en9inffrs have a 
growing ability to t•ilor .. teri•l• froa the 
atoaic sc•le upv•rds to Achieve desired 
function~l properties; 

In .. ny industries, the span of ti .. between 
insight and application is 5hrillking. •nd 
these processes •re bec:oiain9 increasingly 
interactive and iterative. Scientists a.1d 
engin .. rs 11Ust vork t09etber more closely in 
the concurrent development of total 
.. teri•ls systeias if industries dependi09 on 
.. teri•ls are to r ... ia c:oeipetitive. 

These conclusions surfaced in oiscussions of 
rese•rch opportunities in structural. electronic • 
.. gnotic, photonic, •nd superconductin~ .. teri•ls. 
rroia strip casting of .. t•ls tbrou9h the synthesis 
of new nonline•r optical -.di• in photonic 
.. terials. advances in tecbnol09ies that depend on 
perfor .. nce at the cuttin9 edge to r ... in 
cOllpetitive require the best co-oper•tive 
contritM&tions of engineerin9 and science. 

Emerging unity and eoti.erence of the el ... nts of 
.. terials science and engineering 

MAteri•ls •nd their a~plic•tion• •r• diverse, 
an<: lllAterial• probl- involve .. ny science and 
eng1neerin9 disciplines. None the less, a• 
discussed in chapter t, this CClll9itt .. rec09nizes •n 
... rging unit and cOherence in the field. st..-ing 
fro. th• fact ~hat 11ateri•ls scientists •nd 
en9ineers all vork on soae aspect of .. terlals with 
the ai• of understano&ng and controlling one or more 
of the four ba•ic el ... nts of the field. Th••• four 
el ... nts Include: 

1. The properties or phenoaena that 11ake a 
IWlterl•l interestin9 or uaeful1 

2. Perfor .. nce, the .. asure of uaefulne•s of 
the .. terial in •Ctual conditions of 
application; 

l. Structur• and COlllpOSltion, which includes 
the arran9e .. nt of •s well as the type of 
atoias that deter•ine properties •nd 
perfor .. nce; and 

• 



4. Synthesis •nd processing. by which the 
pArticul•r •rr•ng ... nts of atoas •r• 
aehieved. 

Th• scope o! .. terials sc•ence •nd engineerin9 
includes not only 6reas whose utility can be 
identified tod•Y• but •lso those in Which 
researchers s .. k a fund• .. ntal ~nd•rstanding whose 
utility .. y be unforeseen. History tt.s shovn ti .. 
and •gain that such funda .. ntal understandinq l••ds, 
often in unexpectotd vays. to in:iovations so profound 
ttt.t tbey transfor• society. The qu•ntua Hall 
effect and bigb-teaperatur• suptrconductivity are 
two examples of pb•-na inv:>l·1ing the collective 
bebaviour of electrons in solids ttt.t could not tt.ve 
be.en envisioned a decade a90 and vhose full 
implications for our understanding of .. teri•ls ue 
still evolving. Science in tbe .. terials field must 
include not only tbose areas vbos• utility is clear 
but also basic work that provid~s fund ... ntal 
understanding of the nature of .. terials. Achieving 
sueh a funda .. ntal understanding often l•ads 
ulti .. tely to important contributions to ~ractical 
.. terial• problems. 

At the engin .. rin9 end of th• spectrua covered 
by .. terials science and engin .. rinq, there is 
currently auch excit ... nt about tbe growing ability 
to exploit the rel•tionships among the four basic 
el ... nts of the field to develop and produce 
• ·aterials ttt.t per fora in new or aore effective 
vays. Examples of recent successes extend froa the 
ainiaturization of electronic c:oapc;nents to steadily 
improving productivity and quality in the st .. l 
industry. Examples of future challenges ext~nd froa 
the practical realization of bigb-t9111per•tur• 
superconduc~ivity to the develop..nt of aore 
econoaical .. tbods of fabricatinq autOllOtive 
components froa polymers and polymer :oaposites. 
Thus the comaitt .. concl,.des: 

Materials science and engineering is 
... rging as a coherent field; 

An effective national .. terials science and 
engineering progra ... requires healthy, 
tNll•nced and interactive efforts spAnning 
tNlsic science and technology, all 11Aterials 
classes, and the four el ... nts of the 
field: properties, perforaiance, structure 
and composition, and synthesis and 
processing. 

Without advanced instru .. nts, it is imp.,ssible 
to carry out research at the frontiers of science 
and engineering. In chapter • •lso, the cCN1aittee 
develops the id•• that reneved emphasis is needed on 
research l••ding to •dvanced instru .. nt•tion •nd 
also emphasizes th•t stat,-of-the-art instru-.nts 
are needed to carry out res•arch in the university 
setting. Such instru .. nts range in size fro- t~ose 

at the laboratory-bench sc•l• serving • single 
investigator ~o synchrotron radiation facilities 
serving lar~e nuabers of scientists and engineers; 
they are needed for analysis .and for synthesis •nd 
processing of .. teri.als. 

Tin unu.ed St.ates is • le.ader in the ere.at ivt· 
use of computers to solve r•~•arch .and eng1neer1n9 
proble111s. Materi.als science .and engineering c.111 b•• 
•dvanced by exploiting this l••dership in sever.al 
•re.as, frOlll the calcul.ation of electronic-b.ased 
structures, through 1i111ul•t1on of nonequilibr1u111 
processes, to re.al-ti .. 1110nitoring •nd control ot 
proce111ng. The co1111111ttee concludes: 
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Progress in t~• four ele .. nts of aateri.als 
science .and engineering can be enhanced 
through increas ... R~D on and use of advanced 
instru-.nt.ation ranging froa the 
la;.;..,ratory-bench scale ~o aajor nation.al 
user facilities. and through increased 
eaph•sis on coaputer modeling •nd analisis 
of .. cerials pbenoaena •nd properties based 
on the underlying physic•l •nd Ch .. ical 
principles. 

Education 

The practitioners in the field come froa 
llAterials science and engineering depart .. nts as 
well as froa various disciplinary tNlckgrounds, 
includin9 pbysics, Ch .. istry, •nd allied engin .. ring 
fields. Chapter 5 asserts that educating students 
for careers in 11Aterials science and engi~ .. ring 
requires a recognition of both the diversity and the 
coberence of the field. The c0111aittee concludes: 

The total nu.t>er of degr .. s granted by 
..teri•ls-desi9nated depArt .. nts plus those 
granted in solid-state physics aid cb .. ist~y 
and in p:>lyaer physics and Ch .. is-ry in the 
field of llAterials science and en9.n .. ring 
has r ... ined essenti•lly constant for aore 
than 20 ye•rs, vbile cpportunities in the 
field have expanded. If they •re 
iapl ... nted, the initiatives recomaended in 
this report vill create an additional d ... nd 
for highly qualified personnel in -.:aterials 
science and engineering; 

There is a critical need for curriculua 
develop..nt and teaching 11Aterials for 
educational progra ... s in .. teri•ls science 
and engineering to reflect the broad•ning 
intellectual foundation of the field and the 
incre•sed awareness of the importance of 
synthesis .and processing • 

Infr.astructure .and -=>des of research 

Materials science and engineering is practised 
at university. industry, and government 
labor•tories. Chapter 6 emphasizes that, although 
the size of groups vorking on 111ateri•ls probleas 
varies, llOSt of the effort is c.arried out on a saall 
scale by individu•ls or s11All te•as vho follow their 
line of rese.arch vith modest resources, although 
soae vork involves 11Ajor nation.al facilities. Other 
vork involves larger interdisciplinary teaas, .and 
soae is carried out by large 111Ultidi•c1plinary 
groups .addressing .all f~ur el ... nts of a 111ateri.1ls 
probl .. (synthesis .and processing, structure and 
c0111position, properties, .and perfor11Ance). In th• 
long run, there vill be a 9roving need for vork on 
1111all And large scales to ... t the llAterials 
challenges of • coapetitive internation•l 
•arketpl•ce. 

Research in aiaterials science .and engineering 
at universities typ1c.1lly is dOllli~•t•d by f.aculty 
working independentlt or in s111all, sOllletiaies 
111Ultidisciplinary t•••s. In contr.ast, llAterials 
science .and engineering in indu1t./ involves l•rger, 
usually 11111ltidiscipinary tea•s. Th••• different 
appro.aches will continue :o be needed. 

The survers of eight industr 1es referred to 
•t>ove suggest tn•t industry leaders 9ener1lly 
~onsider coll.abor.ation with univers1tle1 desir.able 
.and in soae cases •v•n assent1.1l to add,ess 
111ateri.1ls probl••~ that •ust be solved to ,...t 
1n•arn~tional cOlllpetition. The c01111111tee's survey of 



.. terials science and engin .. ring at national 
laboratories (chapter '> suggests that they are also 
an important resource tbat is only nov beginning to 
be tapped. Tbus tbe committ .. c.>ncludes: 

S..11-scale research cacr1ed out by a 
principal investigator, SOlleti .. s with a 
smAll teaa, is cost-effective and is a .. jor 
contributor to innovation. Tbe United 
States luls escelled in this .-ode of research: 

Lar~• multidisciplinary teams are an 
effective a.ode for addressing industrial 
a.:i~•rials science and engineering probl ... : 

At the national level, industry, university, 
and government laboratories lulve tbe 
t~ical strength to mount .. jor efforts 
and to esploit br&akthrougbs in tb• field. 
All tbr- bave been found to be receptive to 
joint .. terials science and engin-ring 
progr....,.s that would be supportive of more 
rapid c:o..erci-1 development. 

Materials science and engineering in selected 
countries 

For tbe last 40 years tbe Uni~ed States bas led 
world industry on tb• strength of its pre-.. inence 
in science and ;;.echnology. As Western Europe and 
J~n lulve built up their strengths in science and 
tec:Dnology, the gap ti.t-n their status and tha: of 
the United States luls begun to close. In SOiie areas 
these nations lulve e.uCJht up with or even overtaken 
the Oni~ed States. Chapter 7 points out th.lit th• 
goveraments of our trading partners !lave made strong 
COll9it .. nts to industrial gro<teh aAd to co-ordinated 
R•D in thr .. areas: biotechnology, computer and 
infor .. tion technology, ~nd .. terials scienc;e and 
er.gineering. The co.aitt•• concludes: 

The govern .. nts of the .. jor US ca...rcial 
trading partners and CQllPetitors, including 
Japan and the Ped<ral Republic of Ger .. ny, 
have targeted .. ter\als science an~ 
engin .. ring as a growth area and as a result 
have developed strong r.o11petence in selected 
.. terials science and engin .. ring are•s; 

These gover,..nts lulve taken a proactive 
role in deciding which areas of .. terials 
science and engineering will be e911)hasized 
on the basis of their contribution to 
enhancing industrial C011P9titiveness1 

The various govern.ants us• differing 
.. chants .. for achieving national 
co-ordination of progra ... s in .. terials 
science and engineering, with varying 
degrees of success. 

RICOMMDIDATIONS 

Th• rec:oa.endations of this co.aittee are 
divided into three parts. Th• first part concerns 
strengthening the field; the second, .. intaining 
and il!lproving th• infrastructure for research in 
.. terials science ind engineering1 and the third, 
recognizing and developing the unifying trend~ in 
the field. 

Strengthening material! science and engineering 

rinding: Materials science and engineering Is 
a field that Is both scientifically and technically 
exciting and illlpOrtant to 111ankind thr~ugh the daily 
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impact ot .. terials on the quality of life. Hence, 
• strong national effort is justified. The 
co.aittee's first recoi..ndation is as follows: 

The national progr...,. should :nclude strong 
efforts in all four basic el ... nts of 
.. terials science and engineering -
synthesis and processing. structure and 
co-position, properties, and perfor .. nce. 
The progr.... sbo\ald include work that 
esplores the relationships among the four 
•1-nts and that spans the range troa basic 
science to engin .. ringJ 

The el ... nts of synthesis and processing as 
well as perfor .. nce in relation to 
processing are currently relatively weak and 
sbo\ald be emphasized vitbin this national 
progr ..... 

Finding: Federal support for .. terials science 
and engin .. ring over the past dec•de shows • 
dovnvard trend. As a result of tbe decline in 
support, the national .. terials effort is not 
exploiting nev opportunities sufficiently rapidly. 
In some areas, such as synthesis and processing, 
there is a shortage of skills and resources. 
Accordingly, the comeitt .. rect11111ends: 

The federal .. terials science and 
engineering pr09r .... sbo\ald be restored 
over the nest several years to tbe levels 
th.lit prevailed in previous decades in order 
to esploit the renewed opportunity to .... 
accelerated pr09ress. 

Finding: The general .. gnitude of the 
requir ... nts for an adequate national effort in 
synthesis and processing was discussed with industry 
representatives. It was apparent that several 
hundred •illion dollars would be required to support 
fully the needs of the •lectronics and photonics 
industries alone. Clearly, ... ting the needs of all 
the industries surveyed for this report would 
require -ch more support. 

Synthesis and processiag together for• a 
critically i11pOrtant el ... nt of .. terials science 
and engineering that has too often been neglected by 
universities, industry, and gover,..nt. It is the 
activity that is responsible for boosting th• 
strength of advanced alloys and COllpOsites, for 
increasing the nullber of c011pOnents on integrated 
circuits, and for pr~~ucing new superconductors with 
higher transition te11peratures and current-carrying 
capac&ties. Work i~ this area r•nges from synthesis 
of artificially structured .. terials cwith such 
advanced techniques as molecular be•• epitaxy) to 
engineering of nev alloys. Synthesis and 
processing, which are central to the production of 
C011P9tltive high-quality, low-cost products, lead to 
nev .. terials with new properties and perfor .. nce. 
Work ln this area atso leads to new and improved 
production processes with resulting lover costs. 
The el ... nt of synthesis and processin9 is therefore 
a crucial deter•inant of industrial productivity 
and. ultl .. tely, international ca.petitlveness. The 
co.aittee reco...nds1 

Nev federal funds should be allocated tor 
support of a national Initiative in 
synthesis and processing. The initiative 
should provide support tor facilities, 
education, and the development of re1earch 
pertonnel. Th• ttrengths of universities, 
industry, and 9overn111ent thould be brought 



into play. and the interactions of these 
three groups should be directed towards 
pcc.c>ting the reduction of .. terials science 
and engineerir.~ results to CO!lmercial 
practice in the 90st effective possible 
unner. 

Finding: Another el ... nt of .. terials science 
and en~ineerin9 that needs attention is 
pedorunce. Tb• properties of uterials are put to 
use by society to acbieve desired perfoc .. nce in a 
device. component. or ucbine. Sc.a -asures of 
perforunce include reliability. useful lifeti-. 
speed. energy efficiency. safety. and life cycle 
costs. Perforunce is cirCU11Scribed by fund ... ntal 
properties of uterials (sucb as carrier mobility. 
vhicb influences the switching speed of 
high-perforunce transistors. which in turn 
deteraines the speed of coaputers in which such 
transistors are used). Researcb to improve 
perforaance bas received little eaphasis in 
long-range proqra ... s. esporcially in universities. 
and there bas been far too little linkage of this 
researcb to the other the .. el ... nts of .. terials 
science and engin .. ring. Sc.a e•A11ples of areas 
representing opportunities for research to improve 
pecforaance include prediction of the strength and 
lifeti- of c:o11pl•• components and devices, 
developaent of iaproved nondestructive testing 
techniques. and aodelling of syst ... for optimua 
.. terial and process ser.ection. Tbe c:o.aitt .. 
re~nds: 

Research on perfor .. nce (including quality 
and reliability) should be increasej. 
especially in relation to processin~. but 
also in relation to the other el ... nts of 
the field of .. terials science and 
engineering. 

Finding: Tvo additional areas of .. terials 
science and engineering need greater emphasis: 
(!) analysis and lllOdellin9 and (21 instrumentation. 
In analysis and lllOdelling work. three factors are 
leading to an esplosion of activity, C>pi:Ortunities. 
and results. T~e first is the increasing speed. 
capacity. and accessibility of coaputers and the 
concOllitant decreasing cost of c:oaputing. Th• 
second is the growing coaplesitY of .. terials 
research and .. nufactucin9. Th• third is the need 
in industry to speed the introduction of new designs 
and new processes into production and to i11prove 
production processes and products. Progress in 
these areas will serve to strengthen funda .. ntal 
understanding of aaterials science and engineering 
and to integrate this understanding with 
applications. Th• c011aittee rec011aends: 

Increased .-phasis should be given to 
coaputer-based analysis and lllOdelling in 
research progr~ ... s in .. terials science and 
engineering. 

Finding: The capability to -•sure and analyse 
coaposition and structure at increasingly saaller 
l•v•~• is surely one of the great engines of 
progress of lllOdern 111aterials science and 
engineering. Of equal illpOrtance to lllatartals 
science and engineering progress today is th• 
ability to contcol structure and COlllpOSition in new 
ways and at new levels of precision. Instru .. nts, 
es~clally new and sophisticated in1tru .. nts. will 
continue to enhance progr•1• in material• science 
and engineering. The co111111ttee note1 that the level 
of support allocated to development of nev anJ 
unique instru .. nts ln universities 11 s .. 11 and that 
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US industry is los1n9 its ability to take basic 
inventions in this area and convert the• into 
business opportunities. The effect of this 
deterioration in capability is that advanced 
instn:.•ntation <Wes not diffuse rapittly throughout 
the academic and industrial research ca..uni~ies. 
National laboratories, through their large 
facilities and capabilities in instruments and 
facility development, aay be able to make a unique 
contribution to this activity. The c:oaaittee 
CecOllaendS: 

Coveraaent funding agencies should devote a 
portion of their .. terials science and 
engineering progca ... budgets specifically 
to R•D on and deaonstration of nev 
instruments for analysis and synthesis and 
processing of .. tecials. including 
instruments that acalyse process•• in real 
ti-. 

Maintaining and i!proving the infrastructure foe 
researcb in aaterials science and engineering 

Finding: The field of aaterials science and 
engineering is broad. The products of reseacch in 
this field aust ... t the esacting standards of 
intellectual pursuit in an ac:adeaic setting and of 
international coapetition in comaerce and defence. 
The way research is funded and ocganlzed in 
aaterials scieace and engin .. ring must reflect this 
range of goals. 

Tbe principal investigator aode of research has 
.. c1e the United States one of the strongest nations 
in basic ceseacctl. There ls a wealth of good 
esperience with this approach, and the COllaitt .. has 
found no evidence to suggest a need to change it. 
Accordingly, the c:oaaitt .. recoai.ends: 

The US nation•l asset of e•cellence in tbe 
principal investigator lllOde of research 
should be preserved and strengthened in the 
field of .. terials science and engineering. 

Finding: In recoai.ending preservation of 
research headed by a principal investigator. the 
COllllitt•• recognizes that individuals .. y join to 
fora saall groups co share resource• or to attack 
probletsS requiring different 1kills. The coaiaittee 
also recognizes that .. ny pcincipal investigators 
together .. y .. ke use of a local resource, for 
esaiaple, a .. terials laboratory with s~c1al1zed 
equipment. OP a national level, such investigations 
can involve co-o~rative use of a synchrotron light 
source oc a new facility for processing. The 
c011aitt•• therefore recomaends: 

A balanced national pr09ra ... of resources. 
including aajor national user facilities for 
.. terials science and engiaeering, .. cerials 
research laboratories, and other regional 
facilities, should continue to be develo~d. 

As necessary as an ense!M>le of principal 
investigators to carry out ce1earch for prograaaie1 
vith broad cOlllllercial or defence objectives i1 the 
1n~olve111ent of .,eople v~o undGrstand application• 
based on new .. terials or, 90re frequently, the 
incre .. ntal iaprove .. nt or ••isting .. teriala and 
proce1ses. In order tor 111aterials science and 
engineering to be applie~. the coupling between 
needs and opportunities aust be strong. Applied 
progra ... 1 need .are structures IMltual 
underst~nding a1110ng those vho generate knowledge and 
those who apply it if essential. Thi• CCAll9ittee has 



carried out an assess11ent of the field in this 
spirit. But materials science and engineering is 
evolvin9 too rapidly for aajor decadal surveys such 
as that done by the National Research Council's 
COl!mittee on Science and ,..terials Technolo91 study 
(COS~..AT, Materials and Man's Needs. National 
Ac:ade~y Press, Washington, DC. 1975) and the present 
study to l:A sufficient in theaselves. Tb• cOllmittee 
therefore recommends: 

Researchers who produce knowledge and those 
vho apply it should continue to work 
together to identify tbe needs and 
opportunities in aaterials science4nd 
en9ineering, eztending tbe work ot lhis 
study through periodic reappraisals in 
selected areas. Such 3ssess .. nts should 
involve people from university, ind~stry, 

and government laboratories. 

Finding: The C09mittee has concluded that 
.. teiials science and engineering is carried out 
effectively at university and industry 
laboratories. The committee has observed that 
government laboratories, including national 
laboratories under the Depart .. nt of Energy and the 
Rational Institute of Standards and Technology under 
the Depart .. nt of Commerce, have considerable 
strength in people, equipment, and intrastr~cture to 
do research in materials science and engineering. 
Goverrment laboratories have iaade notable 
contributions to this field. The strength of all 
three institutio,s - universities. industry, and 
government - should be directed to solving materials 
probleas. Progr .... s developed jointly have several 
advantages - they define goals, establish needs, 
identify opportunities, and promote collaboration 
and c<l191Unication. The coaiaittee rec011mends: 

Universities. industry, and 9overnment 
laboratorias should develop joint proqra._.s 
in areas of national importance. Government 
laboratories should play a central role in 
t!'lis effort. 

Recoqni%ing and developing unifying ~rends in the 
field of materials scier.ce and engineer inq 

Fuading: The broad conclusions of this study 
are that the field of aaterials science and 
engineerin9 enc09Passes all aaterials classes; that 
it spans the full spectru• from basic science to 
engineerin9; and that its relation to industrial 
and other societal needs is stron9. The field 
derives great strength fr0ta its relationships to 
these various entities - the various aaterials 
classes, both basic and applied research, and the 
economic and strategic well-being of the nation. 
Th• growin9 unity of materials science and 
engineerin9 has i•plications for universities, 
industry. ar.d govern .. nt, as outli~•d below. The 
cOllllllitt•• reco...nds: 

Universities, Industry, govern111ent, and 
professional societies should strive to 
support and to accelerate the un1fy1ng 
trends that already exist in ,...terials 
science and engineering. 

F1nd1n9: The sub1ect-111atter 1n the ,,. .• ior ity ot 
.. terials courses offered 1n US un1versit1es can be 
tau9nt 1n .1 111anner th•t Is qener ic to all 111ater i•ls 
classes. An adequ.1te curr1culu111 will st1l• contain 
a few sub)wcts focusin9 on spec1f1c 111aterials (e.9., 
se•1conductors, 9lasses. 111etals. •nd pol·1111ers) or on 
spec1f1c functional ~lasses ot 111ater1•ls (e.g .• 
optical m•terials, structural materials. and 

" -
electronic aarerials). Such• generic approach tv 
-t•rials scienc~ and engineerin9 education depends 
on ••ploitin9 the idea that the field is aade up of 
the ele .. nts of properties, perfor-nce, structure 
and composition, and synthesis and processin9; this 
concept provides a unity of subject 111atter 
irrespective of lllaterials class or whether a 
aaterials problea is ezaained with the tools of 
chea1stry, physics, or en9ineerin9. However, there 
is a dearth of teachin9 aaterials to support such an 
approach. In so-. universities, reor9anization or 
new or9anizational entities aay be needed. 
especially at the graduate level- to achieve a 
progra..,. that will endow aaterials science and 
en9ineerin9 professionals with the breadth ~n~ 
unified view of the field that is nov beqinnin9 to 
be expected. 

Finding: The most critical resource in any 
field is well-educated, well-trained personnel. 
There is a shorta9e of such individuals in aaterials 
science and en9in .. rin9 especially in the area of 
synthesis ar.d processin9, at all acadeaic l•v~ls. 
The COllmittee anticipates that thA increased 
elllphasis on synthesis and processing urged by this 
study vill create an increase in d ... nd for 
personnel in this area. The cc;aaittee recommends: 

Ac:ade•ic progra..,.s at the unde•~ra~uate 
level sbould be oriented to the ele .. nts of 
the field: synthesis and processin9, 
structure and CQlllPOSition, properties, and 
perforaance; 

At both the 11nder9uduate and the graduate 
level, increased etlpllasis should be gi~•n to 
developin9 new courses and new textbooks 
that deal 9enerically with all aaterlals. 
The broadenin9 intellectual foundation of 
the field and the importance of synthesis 
and processing shOuld be reflected in these 
efforts. 

Finding: A recurrin9 th ... in this study has 
been the need for stron9er vniversicy-iodustry 
interactions in the field of .. terials science an~ 
engineering. Industry has much to 9ain fro- rapid 
access to advanced basic research activities, to 
bright future graduates. and to advanced 
instru .. ntation. Universities, if they are to 
rcaa1n at the forefront of the field in the· 
teaching and research, must have close and 
continuing con~act with industrial researchers and 
tecnno109ists, and they increasin9ly will need the 
fin~ncial support of industry. Many ways exist to 
achieve such a coupling between universities and 
industry, including Joint research activities, joint 
teaching responsibilities, lifelon9 education, 
adjunct professorships, personnel exchanges, 
scholarship and fellowship support, and support of 
junior faculty. The committee rec0111111ends: 

Industry and universities should eacn t•k• 
the initiative to work toqetner in 111aterial1 
science and engineering with or without 
govern .. nt as a partner. 

Finding: Clven the unifyin9 trends in the 
taeld. it is desirable and appropriate that various 
efforts w1th1n relevant agencies have already been 
consolidated into clearly recognizable units 
dedicated to .. terials science and engineering. 
Renewed efforts to co-ordinate pro9ra11111e1 1n 
different federal agencies vould be a valuable 
••tension of this accompl1sh111Cnt. Agencies carry1n9 
out both extra111Ur•l and intramural research in 
materials science and engineering nave an 



opportunit/ to reinforce their efforts by organizing 
progra ... s in a vay that recognizes the increasingly 
strong link b9tv.en the engin.,.ring and scientific 
aspects of the field. A long-range 
interdisciplinary appt~•ch to the entire field is 
the best app1oach to capitalizin9 on the ••tensive 
opportunities that it presents. Accomplishing this 
end is best achieved through formulation and 
diss .. ination of broad, long-ran~• goals that go 
beyond progr .... tic and disciplinary boundaries. 
Th• comaitt .. re~nds: 

'the government should recognize the 
essential unity of .. terials science and 
engineerin9 in its planning. funding, and 
co-ordinating activities. 

Finding: Th• government plays a leadin1 :ole 
in advancing .. terials science and engin .. ring by 
supporting basic research at universities and at 
national laborat~ries, constructing and operat.119 
.. jor user facilities, supporting the enbancetMmt of 
generic techno.ogy in collaboration vith industry, 
perforaing aaterials science and engin .. ring 
gerll9~• to the specific aissions of eacb goverr.aant 
agency, and developing test .. thods and reference 
aaterials needed for accuracy in characterization of 
.. terials. 

Finding: The government has additional 
opportunities to advance .. terials scie-,ce and 
engineering by taking a .90re active role in th• 
following facilitative functions: 

1. Building consensus. The government should 
create aechanisias that vill result in the 
development of consensus among the .. ny sectors that 
are involved in particu~ar areas of materials 
science and engineeri;ag. Consensus is needed on 
such topics as evolving research opportunities, the 
identification of barriers to d~velopmient that 
d ... nd broad efforts directed tovards their re.oval, 
and t~• understanding and proposing of actions to 
attack deficiencies in personnel. 

2. Promoting co-operative interactions. The 
government should serve as an enabling organization 
for bringing together various sectors to ~ork on 
cC>llmOn probleas. Objectives could include 
stimulating the creation of industry consortia. 
encouraging joint industry-university programnes, 
sti111Ulating joint industry-national labOratory 
co-operation, and identifying and re1110ving barriers 
to joint efforts. 

l. Identifying industrial needs. The 
govern .. nt should encourage thL va=ious sectors of 
industry to ider.tify i11portant Nterials problems 
that they anticipate must be sulved if they are to 
i111prove their COlllpetitiveness in the international 
.. rketplace. Such problems might include 
(a) niaterials needs for products and processes and 
(b) limitations on analytical capabilities and on 
availability of data that create barriers to the 
rapid design, testing, and use of nev aaterials. 

C. Conwun1cating industry needs. The 
governinent should c011111unicate a continuing 
assessment of the needs of industry that vere 
identified in the eight industry surveys described 
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in chapter 2 to all .. mt>ers of the materials science 
and engineerin9 :01M1Unity, including the agencies 
responsible for supporting materials research. 

5. Balancing federal progra ... s. Th• 
govern .. nt should establish an annual reviev proc4ss 
for th• federal progra ... s related to .. terials, 
including those in research, development, and 
procur ... nt, to ensure that they are balanced and 
•re responsive to the needs of the n&tion and the 
opportunities that are availa~l• for accelerating 
pr09ress. 

Th• c0111aittee reca...nds: 

The governaent should assu .. a aor• ac~ive 
role in bringing t09ether th• various groups 
involved in aaterials science and 
enginee=ing and in enhancing C011m1Unic&tion, 
intera~tion, and co-ordination aaong the 
aany s•ctors affected by aateri&ls science 
and en~in .. ring. 

Finding: Many small businesses that are 
involved in the materials field can benefit froa th• 
availabili~y of nev technology and a broader 
interaction vith the larger .. terials c0111aUnity • 
State progra ... s that are being established to 
accomplish these objectives .•re likely to be aore 
effective than federal ones. The involve .. nt of the 
State-supported universities, the creation by the 
States of entities th~t can effectively experi .. nt 
vith r.ew .. ans of interacting ~itb local businesses, 
and "he villingness of States to in'••st resources in 
local enterprises are iaportant and useful 
develo~nt.s. 

Finding: The hundreds of labOratories funded 
by the federal government and soaMtti .. s by state 
governments have many capabl• personnel and large 
capital resources that could benefit industry. In 
particular. the national laboratories funded by the 
Cepart,..nt of Energy have many scientists and 
engineers vith special talents in .. terials science 
and engineering. Reorientation of the aissions of 
the national laboratories tovarjs industrial 
materials sci~nce and engineering interests CQuld 
have a salutary effect on US industrial 
competitiveness. 

The co.aittee endorses th• goals adopted by 
th• Congress in setting up the National 
Critical Materials Council, vhich should 
vork vith other agencies to ensure that tb• 
govern .. nt carries out th• facilitative 
functions as veil as the .ore specific tasks 
identified above: 

To accomplish the data collection and 
analysis that are critical to carrying out 
these tasks, th• co1111111tt•• recoawends that 
the National Critical Materials Council 
co-operate vith other organi%ations such as 
tbe Office of Science and Technology 
Policy's C01111111ttee on Materials, th• 
National Science Foundation, the Depart .. nt 
of Energy, the National Institute of 
Standards and Technology, the National 
Research Council. and the professional 
soc1et1e1. 
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Introduction 

The activity in .. teria!s technology is aqe-old 
startin9 from the use of aqiicultural •ater'als. 
stone, oronze, iron, clay~ and ceraaics. However, 
aost of the developin9 countries have •issed out on 
the scientific and the industrial revolution of the 
last 300 years to varyin9 de9rees, includin9 the 
revolution in aaterials technol09y. This has 
resulted in t~• lack of availability of aaterials 
per capita in dev~lopin9 countries both in quality 
as vell as in quantity, as c:oapared to the 
availability of ~terials in the advanced 
co·,tries. The Yeveloped world is undergoing yet 
another revolution in aaterials an exaaple of which 
is hi9h-te91perature superconductin9 materials. It 
is imperativa that the developing world ~s 

adequately prepared to exploit the opportunities 
opened up by these new aaterials. The overall 
question is of buildin9 capability in the developir­
world to exploit the opportunitie~ from the new 
revolution in 11aterials while wardin9 off the 
threats from the sa .. revolution. Capacity building 
in aaterials will involve multidi .. nsional activity 
including building capacity for technology 
forecastin~, technol09y assess .. nt, foraulating 
materials policy, education, training, research, 
develop199nt, 11anufacturing, testing and 
standardization. 

Different developing countries are in different 
stages of materials cycle and presently represent a 
spectrum of capabilities to deal with the new 
111aterials rBvolut!on. In vie~ of this, uniform 
prescriptions cannot btt given for all developing 
countries. In this paper only broad directions are 
dis•,11ssed, and iaperatives for individual countries 
will have to be derived through normative exercises. 

The current average availability of 
manufactured materials 6-19/ and energy 20/ per 
capita in the developinq-;;;rld is often 100 times 
less t~an the advanced countrie» (tables I. II). In 
addition the present costs of materials in relation 
to incomes in developing countries are very high, 
and thi• results in further inequitable 
distributions of even these small quantities of 
111aterials. Much of the modern manufactured 
lllaterials are in the possession of the rich elite in 
th••• countries leaving the poor even 1110re 
iapoverished in terms of availability ot materidls. 
The abundant supply of materials, and the services 
produced using materials, such as food, drinking 
water, housing, energy, health and clothing cculd go 
a long way in reducing hnaan •isery 1n the 
developing world, and even in poorer sect;ons ot 
populations in advanced countries. 

The equitable and abundant availability or 
materials at iow costs affordable by the people of 
developing countries can eliminate intarnat1?na• 
conflicts, national and local conflicts. For 
developing countries, and even tor the poorer 
sections in adv•nced countries, tne linkage between 
.. terials and the basic human needs as mentioned 
above are more important than tne 11nMages betwe•n 
materials and weapon systems. materials and raster 
aircrafts, and materials and other secondary desires. 
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The materials !ield is undergoing a revolution 
with the e .. rgence of advance materials en91neered 
without the restraints of theraotiynaaic equilibriua 
to .. et spec\f ic needs; these materials can now be 
tailored tc .. et the property or performance 
targets. wt.ile the science-pushed oasic advances in 
materials science appear to be C091110n to t~• whole 
world. the directions in which aaterials s~ience and 
technoloqy should be driven to .. et the needs of 
development for the third world countries. and the 
poor in advanced countries, points to addicional 
imperatives which will be the focus of this paper. 
Monitoring and forecasting developments in materials 
science and tecnnol09y and taking preparatory steps 
like identifying and establishing centres of 
excellence are so.a of the iaperatives of the oay. 

2. Challenges :or materials technology tor 
development 

The existing data on the per capita GDP in 
different countries of the world shows a linear 
109-109 relationship ~/ with the per c~pita 
availability of different aaterials including steel, 
copper, aluainiua, ceaent, zinc and tin in t~ese 
countries. This indicates that the process of 
development reflected as well as it can be by 
rapidly increasing per capita GDP in different 
countries, will inevitably require production of, 
and availability of 10 to a 100 ti .. s additional 
quantities of aaterials in many of thes• countries, 
as coapared to production ievels today. Most of the 
developing countries are at a stage where the unit 
inputs of materials and energy to produce an 
additional unit of ~P are likely to continue to 
increase for several years. Any reductions in 
requirements of materials per capita due to 
ainiaturization and substitution by lighter weight 
high-strength materials and parts consolidate, >101•ld 
more than likely be oltset hy increasing 
require .. nts of materials due to rapidly increasing 
populations, and tne i~creasing material1s• and 
consu11eris• in most of thess countries. The 
challenge for matr 'als technology tor develop.-ent, 
t.or at least the .1ext JO J'O.\rs vi ll be to increase 
the availability of mater~al~ required for housing, 
water, food, enotrgy and he•.lc.1'1 care, by as much as 
10 to a 100 t1 .. s in many of the dev£!oping 
countries without pressures on resources, energy 
require .. nts, environ .. nt and emplcy .. nt. The 
populations in most of these countries would have 
111>re than doubled •n SO years and by that ti .. thesv 
countries would be trying to reach the standards 
available in the advanced countries today 
(table I). Even the basic advances in materials 
science which could enable the material• technology 
of the future to meet this challenge should be 
derived in a normative way, and be acceler~ted In 
ti .. by increased inputs compared to basic advances 
required for new materials for new weapon syst•••· 
The paradigm for mater ialr technology for 
development should l•ad ~o basic need-based 
111aterials Ill (table 1111 which are ,-.11er, 
lighter, longer lasting, low cost, low •nergy and 
recyclable based on abundant and renewabl& resources 
vn1cn can be locally processed using simple ~~d 
employment generating non-polluting technologies. 

Many of tne Mnowledge driven advances •n 
materials science including rapidly solidified 
structures. macro molecular materials 22/ plasma 
spray~d and ~•pour depcs1ted materials. mechanically 
alloyed mafer1a1s, materials which nave 
three-d111ens1onal structure architecture at nano, 



cicro and .. cro scales, .. terials vith controlled 
interfaces .. d• from super ultra-fin• powders vh•r• 
the b~lk propetties do not r ... in valid, and surface 
processed .. terials should be deliberataly steered 
in directions to ... t these developcental needs of 
.. terials. 

3. Issues and options for developing countries 

3.1 Housing 

Housing remains 16-19/ one of the most 
i11pe>rt1nt problems of development due to lack of 
ava&lability of materials, and this is an area vh•r• 
•iniaturization cannot be applied beyond a certain 
point. One of the .. jor challenges is reduction in 
th• cost of .. terials for housing and increase in 
th• perfor .. nce of construction .. terials, 
particularly those based on local renewable or 
abundant resources. The high priorities here vill 
include a greater attention to .. terials science and 
technology of alumino silicates, earth, stone, 
laterlte and clay-~sed products vhich can be 
readily made everyvhere. There is need to improve 
th• performance of bricks from COllllOn clay and 
develop biomass or solar energy sources to fire 
th••· or to develop lov-temperature binders end 
sintering agents. The other area ls •pplication of 
modern .. terials science and technology to ren~abl• 
resources, particularly locally available 
plant-based resourcesi some examples of th••• 
resources for .. terlals of construction include 
baslboo, Tmpo!!!!a carnea, fibres from plants like 
coconut, sisal, banana, sunbe11p, grasses, and large 
agricultural vastes like paddy straw, and vheat 
strav. 

A shortage of ce .. nt and its high price are 
great barriers in increasing the supply of housing 
in developing countries. It is necessary that 
greater attention be paid to using rice husk ash, 
fly ash and •ineral vast• type .. terials to increase 
the volu .. of cement and bring dovn the cost of nev 
high tech cements like zero defect ce .. nt, rapid 
setting ce .. nt, chemically bonded ce .. nt, fibre 
reinforced ce .. nt, the price of which is presently 
beyond the reach of the poor. Millions of people in 
the developing world use plant-based aaaterials like 
coconut thatch for roofing, vhich do not provide 
adequate protection from nature and require 
replace .. nt every year. Inputs of modern .. terials 
science and technol09y are required to increase the 
life and performance of these plant-based materials 
for housing and to make the• 1110r• resistant to 
elements of nature and fire. 

3.2 Bio-processing of m.11terials 

A certain amount of advanced research in 
genetic engineering would be in order to "°ssibly 
increase th• strength of wood and fibre~ available 
from fast groving trees, In addition to the present 
focus on increasing the yield1 the development of 
plants which can get nitrogen froa air will reduce 
considerable pressure of .. nufacturing fertilizers 
fro• minerals in developing countries. 

Biological routo1 to production and 
preservation!,!/, !,!/of materials requires greater 
attention in the context of development. Some of 
the area1 that require research Include 
microbiological proces1 to extract metal• from ores 
and ocean nodules, and to remove 1ulphur and silica 
from minerals like coal and bauxite. Never method• 
ot microbial degradation can be u1ed to extract 
fibre1 and ultra fine ceramic povder1 at lov energy 
co1t1 from agricultural products and vast••· 
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The probletl! of moisture absorption in these 
natural fibres needs to b<t solved by techniques suet. 
as acetylation. Greater attention needs to te paid 
to .. ke silico~ carbide vhisker type high-perfor .. nc~ 
.. terials from other agrieloltural resources in 
adc!ition to ric• husk vith reduce<' inputs of 
energy. Modern •icrobiological techniques to 
extract fibres and ultra-fine powders of silica and 
other •inerals froe rice t.·•sk •nd other siailar 
plant-based .. terials to make advanced cera•ics, and 
silicon for solar cells should have a high 
priority. Attention should be given to possible 
controlled production of high-strength cera•ic 
fibres for advanced coeposites by pyrolisis of 
natural fibres. There are opportunities of 
producing polymeric .. terials from large quantities 
of agriculture resources and agricultural wastes. 
For instance an agricultural vast• like cashev nut 
shell liquid can be converted to very 
bigh-perforaanc• polymers for coeiposltes. 

3.3 ~trategic .. terials 

Many developing countries do not have resources 
for strategic .. tals like nickel, cobalt, tungsten 
and chroeiua and it is necessary to synthesize high­
perforaance .. terials with abundant eleaents like 
aluainiua, silicon, oxygen, nitr09en, and carbon. 
The synthesis of structural ceraaics llk• silicon 
carbide and silicon nitride, and C011pOsites like 
aluainium-silicon carbide and aluminiua-graphit• can 
eliainate the netld of special .. tals vhich are in 
short supply in .. ny countries. Greater eaphasis 11 
needed on these kinds of ceraaics and coeiposites 
particularly to decrease their costs of production 
and increase their perforaance especially in regard 
to toughness. In viev of the use of coarse 
ceramics, the developing world is still very auch in 
the stone age coapared to the .. tals age in advanced 
countries, and it should leapfr09 into the world of 
advanced ceramics and composites vithout necessarily 
go~ng through the cycle of high-perfor .. nce alloys 
which will eventually be replaced anyway. 

3.& Utilities 

The need to develop inexpensive membranes and 
filters of ceraaics, composites and poly .. rs to 
purify and desalinate water i1 an important 
require .. nt of the developing world and this 
deserves the attention of modern aaterial1 science 
and technology. 

In the context of development, the advances in 
understanding the structure and processing of newly 
e .. rging nwiterial1 need to be applied to .. terials 
required for food production, transport and 
1torage. Development of lighter, stronger and 1110re 
durable and inexpensive clothing .. terial, 
recyclable paper and other aaterials required for 
increasing literacy in the developing world are 
illlpOrtant iaperativ"s of materials technology for 
development. The d1mand for rew inert and bioactive 
aaterials for transplants and health care vill be 
auch greater ir. the highly populated developing 
world. It is necessary that the cost of th••• 
material• coaes down by orders of 111a9nitude to be 
accessible ~o the poor. Some of the health-care 
aaterial1 of the future will be smart structure• in 
the for• of coaposite1 with embedded 1en1ors, 
actuators, microproce1sors, and their co1ts need to 
be reduced. 

3.5 Recycling 

In the cJntext of development, advance• in 
materials 1clence and technology related to 



recyclable .. terials, 21/ 1.W -.terials tbat do not 
defirad• or can be .. intained by inputs of human 
labour are extr ... ly illpOrtant. This is necessary 
since the availability of ~••ources of .. terials and 
energy are goin9 to be .. jor constraints; 
refieneration of new .. terial by recyclin9 takes .uc:tl 
less .. terial and ener9y than extractin9 it froa its 
source. Design of alloys and components which lend 
th ... elves to recycling and .u!tifunctional uses a&d 
which can be usec.4 in a series of cascading 
progressively downgraded applications is necessary. 
Increased understanding of surf•~•• and interfaces 
froa a basic atomic and electronic viewpoint, is 
necessary to 9enerate surfaces llhicb resist 
corrosion, oxidation, wear and fati9ue, and extend 
the life of .. terials. 

l.S Energy 

Materials for energy generation 20/ and 
transaission, and 1111terials which can be .. de using 
decreasing amounts of •~•rgy re11ain 1111jor 
iimperatives for development. In view of this, 
cera•ics and comiposites leading to higher 
efficiencies in energy conversio~ s~st .. s, higher 
perfor .. nce, lover-cost .. terials for solar energy 
and for fusion energy are i11pe>rtant for 
development. Nev optoelectronic -t•ria 1 s for 
trans•itting energy and infor .. tio~ will relieve tne 
constraints in th••• criti,al areas. Technologies 
for direct reduction of iron and aluainiua, or 
technologies which can .. k• use of solar and bia.uss 
energies (e.g., plant based reductants and fuel) are 
very i11p<>rtant. It is obvious that production of 
these pri .. ry 1111terials will increasingly shift to 
the developing world to take advantage of •ineral 
resources, low labour costs and the present absence 
of pollution probl .. s and regulations. The science 
and technology to produce th••• conventional 
.. terials with low energy inputs, in ... 11 plants 
with low-capital, high-labour inputs are i11pc>rtant 
imperatives for development. Materials with high­
temperature superconducting properties which have 
been discovered recently could have large 
implications for the developing world. 

J.7 Materials processing 

Materials processing needs to be driven in 
directions of near-net-shaped components and low 
energy consu•ing proc••••• which can generate 
employ .. nt needed in the developing world. 
Computer-aided design and siaulation should be use~ 
to reduce redundant factors of safety in order that 
s .. 11er quantities of .. terials will suffice. 
However, automation and roboti21tion should be used 
only selectively where absolutely necessary to 
obtain quality and reliability. The infor .. tion 
input that goes into .. terials processing should be 
as high •• possible but the actual process should be 
as si111ple a technolugy as possible which can be 
.. intained in the llOSt pri•itive developing 
enviro1111ents. Materials in th• context of 
develoP919nt should be .. de as far as possible using 
local resources, !i:!!/ local .. npower, and sl11Pl• 
technologies which can be 11111intained and established 
in th• developing world without vast inputs of 
capital. It will be worth while to upgrade the 
large numbers of tre~ tional .. terlals and processes 
which have been used in the developing world for 
ages by inputs of lllOdern .. terials science and 
technology. A new trend In iaaterials technology, 
na .. 1y parts consolidation, leading to fever parts 
resulting from single step moulding of cOlllplex 
1hape1 could be very iaport1nt. 

The economy ot several developing countries is 
very ieavily linked .l,!/ to the •~port of a given 
mineral. ror instance, the economies of several 
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countries ir. Afric~ are based on th• export of 
copper. I~ view of the development of 9lass 
eom11Unic•tion cables it is necessary that .. teri•ls 
science and technology is directed to find n- uses 
of resources like copper. otherwise the economies of 
these countries will collapse and a global advance 
in .. terials science will be locally 
counter-productive in terms of development. 

4. Conclusions 

In sU11aary, .. terials scenarios in the 
develop1ng world. and in the poorer sections of 
advanced countries, are typified by very poor 
availability of .. terials per capita both in 
qua~tity and quality. In th• ~-ontext of 
development ... terials which relate to basic hu..n 
needs like food, housing, clothing, en~rgy and water 
are :more i11p<>rtant than .. terials which relate to 
advanced weapon syst ... , faster aeroplanes and other 
secondary desires. While some of the knovledge-
dr iven advances in rapidly solidifed .. terials, 
plas .. and vapour deposited .. ter1als, surface 
procwssed and interface tailored .. t•ls, cer .. ics 
and composites and nano-structured .. terials 22/ 
will indirectly contribute to development, they need 
to be selectively steered to accelerate the 
av1il1bilit~ of .. terials for development. 
Materials technology leading to development in terms 
o! availability of increasing quantities and 
qualities of .. terlals per capita will require 
s .. ller. lighter, stronger, longer-lasting 
recyclable .. terials .. de from local renewable and 
abundan: resources using high lnfor .. tion si11Dl• 
processes requiring low energy, prefera>\ly ir. the 
fora of solar biomass, low-capital but high-labour 
ccntent. Materials based on plant based products 
and abundant resources like clays, stones, rocks, 
aluminiua, silicon and oxygen snould receive 
increasing attention •~ong with biological proc••••• 
to process and preserve .. terials. Materials for 
solar energy and fu1ion energy shOuld receive high 
priority along with .. terials for food production 
and storage, and cloth and paper, and .. terlals for 
purification of water, and health care. 

s. Rec~ndations 

The i11p<>rtant question is what the developing 
world should do in view of the new .. terials 
revolution signalled by the arrival of .. terials 
like high-temperature superconductors and optical 
fibres for telecOllllUnication. without adequate 
ti .. ly response frOlll the developing world, the 
benefits of the•• new .. terlals will again flow 
pri .. rily to the developed world, further increasing 
the gap in the quality and quantity of .. terials 
available per capita in the developing and developed 
worlds. 

The first and fore1110st response of the 
developing world should be to establish .. chanls•• 
to 110nit~r th• llOlt significant developaents (for 
instance high-tellC)erature 1uparconductin9 .. terials) 
at the earliest po1sible sta9e1. Th••• ... rging 
developments can be 1110nitored through .. chani••• of 
for .. l technology foreca1ting, followed by 
technology a11es1 .. nts frot1 th• viewpoint ot 
individual countries to arrive at the priorities 
a1110ng1t several 1ignal1. The technology assess .. nts 
would be followed by action plans to derive iaaxamum 
benefits fro- 1 particular new development to the 
country or region 1n question. One of the responses 
could be setting up centres of excellence in 
developing countries, and thi• has been di1cus1ed at 
SOllle length here. 

Hechani1ms tor monitoring of advanced signals 
of the future ,...ter11ls tecnnol091e1 1n terms of 



monitorin9 of sc1er.tif ic ~pers. ~tents, •nd 
~ny reports vill nave to be est•blished in 
institutions do1n9 teaching, research •nd 
develop11ect or production of .. ter1•ls in developing 
countries. Their activi~y vill require world cl•ss 
scientists tr•ined to pick up Advanced si9nals of 
future .. teri•ls technol09ies from scientific 
liter•ture. 

In viev of the recent •~vane•• in modern 
.. teri•l~ setting up centres of excellence could 

--·• developin9 countries to =>enef it froa th• new 
opporcunities th•t are opening up. In th• advanced 
countries, for ••.-Pl• th• United States, several 
centres of excellence in .. teri•ls science have been 
set up in the last 10 y••rs. Amc>ng the devel::iping 
countries, India has some experience in setting up 
centres of eaceller.ce in universities in th• •:ia of 
.. terials. These bave been set up in the for• of 
.. terials rese•rch laboratories in universities 
vbich Already have strong progr .... s in m&te£ials. 
In addi~ion to th••• .. teri•ls res••rch 
laboratories, engineering research centr•s have been 
funded, for instance centres for coaposite .. terials 
and ceraaics have been established. It will be 
difficult tor developing countries to establish a 
large nwmt-er of centres because they are quite 
expensh·e, requidng considerable equis-nt. It is 
necessary to pick up a tev good acad .. ic teaching 
depart .. nts and build excellence in research and 
dev•l~pment around these depart .. n:s. Tbis will be 
tbe least expensive vay to grow such centres in 
developing countries. 

In viev of certain recent trend~ it will be 
appropriate to develop centres on coaposite 
aaterials and ceiaaics including new high­
temperature superconducting ceiaaic aateiials. 
These centies s~oul~ have scientists of voild class 
training, and they should be equipped witn ~ern 
aaterials science equipment. The scientists in the 
developing countries from these centres should 
periodically visit the aost advanced centres in the 
developed world to bring back the knowledge th•t is 
yet to be published. In addition, scientists from 
developed countries should visit these centres and 
train and upqrade the inforaation base of the 
scientists in developing countries. It will be 
worth while for th• developing countries to look at 
the perforaance of the centres of excellence in 
.. terials in advanced countries especially the 
United States, and in developing countries like 
India. In some cases it aay b• useful for several 
developing countries to get together and put up one 
coaaon cen:re of excellence to reduce the cost to 
each. A parallel example in agriculture is the 
International Rice Research Institute. Here was an 
exa111ple of a coa.odity of interest to several 
dev&loping countries and a single institute of 
international st•ture serves a lar9e part of the 
developin9 vorld. For instance, in aaterials, 
several dovelopin9 countries could get together to 
set up centres of excellence in solar ener9y 
aaterials, room te•perature superconductivity, fibre 
optic .. terials for telecoanunications, advancad 
composites and cera•ics. 

In th• area of materials, one type of centre of 
excellence could concentrate on synthesis and 
preparation of a large nulllb•r of •dvanced 
aateri•ls. These facilities could include 
fabrication froni solid, liquid and vapour states. 
Another type of centre of exceller.ce could be on the 
characterization of these material£ 1ncludin9 the 
ch•racterlz•t1on of 1tomic •rr•ngements, chem1c•l 
composition •nd properties both at microscopic and 
.. croscopic levels. Th••• ~wo types ot centres tor 
synthe1is and ch•r;.cterlzat1on could be joln:ly Ht 
up by sever•l deve~opin9 countries In the form of 
lntern•tional Institutes. 
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While settin9 up these centres of e•cellence, 
it aust be r•aliaed that these centres vill at the 
most develop an infor .. tion base in the developing 
countries. They will not necessarily lead to an 
increase in th• production •nd th• c:oaauaption of 
these •dvanced .. terials. The ~~oduction and use of 
these •dvanced .. teri•ls vovld require settin9 up of 
.. nutacturing facilities either vith the knov-bov 
generated in th••• centres or through transfer of 
technology in teras of plant .. c:ninery and knov-bov 
from the developin9 world . 

The centres of excellence of .. terials in 
developing countries coud be a basis tor promotion 
of co-operation in re1earch and develop11ent. For 
instAnce in the area of bi9h-te11perature 
1uperconductivity :t vill not be proper for tbe 
centros of excellence in developing countries to 
d~plicate vhat has already happened in tbe developed 
world or, for instance, to spend ti .. in 
understandin9 th• basic structure of these high­
temperature 1uperconciuctivity .. terials. It will be 
llOst useful to concentrate on tbe proce1sing aspects 
of these high-temperature superconductors in the 
r..anufacturin9 facilities that are available in the 
developing countries. Co-operative .search 
a9r• ... nts can be est3blished vhere the flow of 
basic and non-proprietary inforaation takes place 
very quic:kly frOll developed countries to centres of 
excellence in the develop1n~ countries. Tbe 
developing country scientists and technologists 
should try to ther. ~evelop t4• tec:bnol09y to produce 
and characterize these materials ln the 
aanufacturing environment in these countries. It is 
in this location-specific role that tbe centres of 
excellence in teveloping countries dif!er froia those 
in develo~ countries. 

There •r• lar9e resources of aaterials vhich 
are location-specific in several developing 
countries •nd have not received much attention in 
the developed world. Some examples would be 
.. terials based on local pl•nt-based materials, for 
instance the coconut tree-based resource1. Since 
knov-hov on these materials will not be generated in 
the developed world, they would be id••lly suited 
for centres of excellence. Likewise, there are 
certain ainer•l resources, for instance copper, 
vhicb •r• i11pOrt•nt for the economies of several 
developing countries. These .. teri•ls could be 
substituted by some of the nev ... r9in9 .. terials 
and can devast•t• the economies of some developing 
countries. Optic•l fibres and high-temperature 
superconductors both pose a threat to the copper 
aarkets. Centres of excellence to counter such 
threats in materials would also be in order. 

Th• organizational structure of a centre of 
excellence should be such that it has a greater 
il!lpACt than equal invest .. nts .. de through the 
conventional approaches without the centres. Higher 
investments in centres vould deprive certain 
institutions outside th• centres and repercus1ions 
of th••• should be taken care or in advance. As 
.. ntioned earlier, one for• of centres of excellence 
in materials tecnnology can consist of 
state-of-the-•rt f•cllities for the characterization 
of aaterials, for inst•nce including facilities for 
electron aicroscopy with c•p•bilities of directly 
observing atoni• in aateri•l•. Such a facility is 
expensive, and only concentr•ted re1ourc•• of • 
centre •llov the •cquisition •nd .. intenance of such 
f•clllties. However, to be lllOSt effective, such a 
f•cility should be accessible to .. terials 
scientists physically present outside th• centre. A 
centre tor aaterials technology should, therefore, 
primarily act as • .. ch•nis• for large-scale tea• 
effort in a 9lven area, Instead of .. rely phy1lr.•lly 
concentrating people and equlp1119nt In • 9lven 
location. A centre for excellence in oaaterials 



policy sbould ~ conceived. in •ddition to centres 
for physical rese•rcb in s~c1tic .. teri•ls or 
processes. or preparation a.ld ch.aracterization of 
.. terials. Such centres sbould include 
partic~pation of planners. econo111sts .and 
forec:&sters. 
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10. Country 

1. Argenttna 
2. Australia 
3. Austrta 
4. Belg1.,...Lux 
5. lraztl• 
6. Canada 
7. Chtle 
8. Dermrt 
9. Ftnl1nd 

10. France 
11. Greece 
12. India 
13. Italy 
14. Japan 
15. Mexico• 
16. New Zealand 
17. Netherlands 
18. Norway 
19. Por-tuga 1 

20. South Africa 
21. Spatn 
22. Sweden 
23. Swt tzerland 
24. Turkey 
25. UIC 

26. USA 
27. West Gtnuny 
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lABLE I 
Per Cipita Consumption of Met1ls in ~elected Countries 

(Average Y1lucs for 19•7-69) 

Per C.ptu Per CIR1t~ 'on1U11Dtton (tgl 
(GDP USS) Al•tn• Copper lHd Zinc Tin 

853 1.1' 1.73 1.610 1.102 0.016 
2503 8.047 5.39 1.636 0.331 0.331 
1604 9.10 4.465 3.151 3.306 
2174 16.52 11.4•5 5.021 13.361 0.283 
326 0.90 0.512 0.301 0.482 0.024 

3234 10.02 10.354 2.959 4.979 0.215 
609 2.40 

2620 1.40 3.836 2.020 
1861 2.62 6.00 1.312 
2556 6.37 5 .193 3.613 4.292 0.209 
856 1.54 0.640 
88 0.23 0.083 0.090 0.151 0.008 

1430 4.11 3.339 2.542 2.928 0.111 
1413 6.41 6.579 1. 750 5.181 1.224 

S57 0.53 0.969 1.451 0.312 0.034 
1938 2.469 
1968 12.67 2.729 4.039 2.703 0.351 
2398 12.89 3. 710 5.351 

543 0.922 0.526 
738 1.44 1.549 0.746 2.350 0.085 
Ill l.11 2.476 1.979 1.890 0.052 

3311 1.10 10.924 6.898 4.388 
2719 11.70 6.109 3.595 4.398 0.1'2 
382 0.37 0.188 0.027 

1926 6.83 9.646 4.990 4.959 0.315 
4300 17 .25 8.950 5.431 5.900 0.288 
2275 8.84 9 .161 4. 719 ;.883 0.193 

•Average of 1967 and 1968 figures 

Crude Steel 

91.0 
468.5 

213.5 

401.0 
51.0 

469.0 

71.0 

346.0 

281.0 

359.5 
95.5 

12.0 
323.5 
501.0 

73.5 
267.5 
341.5 

315.5 
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TAIL[ II 

Per CiptU ConsumottOll of MeUls by Regions 

utrapol1t~ Yal"" 2000 AD 

Steel 
Per '11111 ConiU11D11on 

Aluminum topper 

110 20.24 10.50 

1450 45.16 Zl.40 
Other dtYtloped countrtes 680 2Z.32 11.91 

USSI 150 11.47 7.14 
EIS tem Europe 610 13.17 5.41 

Afrtc1 20 0.24 0.16 
Inclt1-Low growtll 26 0.51 0.20 

High growth 51 Q.98 0.44 

AS11 30 a.so 0.22 
Ut1n America 100 1.72 0.91 

Cbtna 60 0.79 0.63 

USA 890 52.25 14.63 

world 240 7.27 3.06 

Source: Lallirt. A. Conservation of Mine~l Resources 1n COlllllerct. 
Annual IUllber. 1976. 47-49. 

Zinc 

6.83 

13. lt 

1.51 

3.92 
5.92 

0.07 
0.32 

0.70 
r.31 

0.95 
0.54 
9.41 

2.09 
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TABLE III 

Solle lmportint Targets for Mlttr11ls Ttcbnology for Dtv1lo11111nt 

• &enet1c tnt1neer1ng for plants to get nttrogtn d1rectly fram 1tr. 
• &enettc eng1nnr1 .. for plants v1tb stron91r t111ber and f1bers weatch c1n 

bt pyro11ztd to fora ti~~" perfo1'81nce f1btrs and c1rbon-c1rb0n CDlllPOS1tes. 
• A1crob1a1 processes to extract •tals from ores and oce1n nodules. 1nd to 

remve sulplaur llld st i \ca ,,.. COil. bluxtte incl other •1nerals. 
• R1crob11l processes to extract f1bers lftd ultrafint cerutc parttcles frma 

19rtc1ltural products and 1i11st1s. 
• Sol1r pbotoYOlta1c .. t1rt1ls w1tb tncreastng tfftcienctes and decreasing 

costs; solar furaaces for processtng .. tertals. 
• lllt1rt1ls for fusion energy. 

• lltllbranes .. de for polymers. cerutcs and COllPosttes witb dtcre1Stn9 costs 
and tncre1stnt perfor111nces for purtftc1t1on of witer. 

• l11Pro¥ed Ind 1nexpenstve .. tertals for bousing frOll abundant and re"-~ble 
resources ltke sanes. clay. rock. stones. 1ater1tes. plant based .. teri1ls. 

• CC111Posttes 1nd ceraaics v1th tmproved perfor"lllnces b1sed on 1bund1nt 
tltlllfttS 11ke Al. S1. C. I Ind plant .. tert1ls. 

• Direct Reduct1on of iron 1nd 1lU11inU11 using low energy processes. using 
solar and b1a111ss energy. 

• Recyclable materials witb c1sc1ding dCM11tgr1ded application with longer 
ltfe and resistance to corrosion. oxid1t1on. wear and fatigue. 

• Rapidly solidified .. terials for reducing energy losses. 
• Surf1ce 1nd interface processed 111teri1ls with t111ored structures 1nd 

properties to meet specific nttds. 
• High p1rfor111nc1 nano-structured .. t1rt1ls. nonequ11ibrium and .. tastable 

structures. 
• Ro• t111Ptratur1 superconductors. 
• Ins1tu polyi11r cQ111Postt1s. 
• Tough ceraatcs. 
• Ntt shaped .. :1r11ls fabrtca:ion. 
• Parts consolid1tion through single step 110ld1ng of cQt11Plex sh1oes. 



Following is •n excerpt from Advanced ,..t~ri•ls in 
ThAil•nd: Status •nd Prospects. written by 
Panya Sri~ndr. School of Energy •nd ,..terials. 
Sing llOugkuts Institute of Tectlnology. 
8angkok 10140. Thailand. 

Trends, policies •nd the roles of •dvanced .. ter1•ls 

Aa bas been indicated. tbe trends of th• 
industrial scene in Thailand •r• of two opposite 
directions. On th• one ~ad. there ls • pressure to 
int99rate badlv•rds to .. nufacture parts and 
coapoaents as vell •• bas!c rav .. terials and 
procluctioa facilities so as to reduce llllpOrts and 
increase value added of tbe •1oca11y• -.de 
.. IM.lfactured pr'>Clucts. On the other band. tbere is 
also a tr ... ndc..is pressure for forward int99ratioa 
of r•-rce-based industries so that the finite 
re-rces could be opti .. lly utilised. Botb of 
these are in fact adopted as .. jor industrial and 
technological policies by the present Thai 
C:Over .... nt. It is realized that the labOur­
intensive, lov tecbnologlcal content type industries 
cannot be here in Thailand forever as tbey •st 
aaturally 110ve on to still less deYeloped 
countries. '!he future Nufac:tured products -•t 
bave higber tecllnology content aacll higber Hlue 
.clded in order to eo11pensate for tbe risi119 labour 
cost and 11e>r• expensive rav -t•rlals. 'ftl9 
technology vill play mucb llOre important roles ln 
the c:c.petitiveness of the Thai industry la the 
future. Advanced Nterials and processes vill 
definitely play a critical role la the productioa of 
high-technology. hlgb value-added it .... 

In preparing for such future scenario, various 
step~ have been taken by the Thai C:Over .... at, 
including: 

(i) The establishment of the Science and 
Technology De11•lop1ent Board (STDB) in 
1915. The .. jor objective of the STD8 is 
to pr0110t• lb• technological develop.at 
in the three high priority areas of vhich 
-t•rials technology is one (the Gther two 
being biotechnology and electronics). Its 
function at present is Ninly scr .. ning 
and funding of research and devel,p19nt 
projects in the three areas. 

(iii The establishment of the National Centre 
of Metals and Materials Technology (llCJ'M) 
in 1916 under the Ministry of Science, 
Techno1ogf and Energy (MOS'l'&) vith the 
sa .. Ob)ective as the STD8 (1.e. the 
develop.nt of .. terials teehnology). Its 
Njor activity at th• present tl .. is also 
li•ited to screening and funcllng of 
research and develop.nt projects 
including feasibility and survey type 
projects vhich incidentally are not 
supported by the STOB. The llCJIN vill have 
its ovn specialized A•D centres in the 
future. 

As a result of such undertakings, funds 
are nov available toe 11e>re A•D projects. 
Prior to the establishment of the tvo 
~rganizations. there vas very little A'D 
activity in -t•rials technology. There 
are still further probl•••· however. The 
absorptive capacity is liaited due to the 
lack of technical personnel in the field. 
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Further steps we=• theretor• taken in order to 
create the critical Nss of .. teri•ls scientists a~· 
engineers tor R•D as veil as other functions. 

(ii1J Four graduate progra ... s in .. terials 
science and tectlnology have recently been 
established in various universities. The 
objective is to train higher-level 
technical personnel as vell as building u1 
lbe technological infrastructure. Several 
difficulties are being faced including 
understaffing probleas and lack of 
teacbing facilities and equipment. A 
.. ssive further iavest .. nt in .. npover 
develop.at and tbe creation of faciliti•­
is nec:essai:y. 

(iv) A number of Thai students (approxi .. tely 
JOO) are to be seat over•••• for further 
education and training in the fields of 
.. tallurgy ... teri~ls science as well as 
in otber related fields (e.g. mechanical 
and production ea9in .. ring). 

All these and other .. asures being taken by the 
Thai C:Overnaent illustrate the seriousa••• of the 
country to support and pr0110te Nt•rials-based 
technologies. The importance of uterials 
techllology to the develop.at of the Tbai industry 
aDd ~ is vell recognized. The size of th• 
probl ... being tacec: is also -11 appreciated. 

It is difficult to be specific about exactly 
which advanced uterials would play a prominent role 
in the Tbai economy in the near future as this 
would. to a large extent. also depend upon the 
cbaages in th• world ~ic and technological 
environment at large. Proa the availability of rav 
.. terial point of view, those derived from r•r• 
earth ••••to have great potential. "-i>rphous 
alloys vould play an important role in energy saving 
of vhich Thailand is very conscious. Recent 
.. asur•• by the C:Overn.ent to curb deforestation 
vould .. an th•t substitutes for vood as .. terials 
for light construction (e.g. in furniture industry, 
transport equip19nt etc.) have to be found. 
Polyaer-based composites •re promising. The rapid 
grovth of electronic and aut0110tiv• industries 
suggest that the de .. nd for high-precision, 
high-tech parts, e.g. povder .. tal!urgy products, 
vould also be rising. Modern surface technologies, 
e.g. glass coating for energy conservation, povder 
spray coating for repair of vorn parts, would also 
play SOiie important roles. 

The present status of advanced .. terials in Thail•nd 

As h•• been .. ntioned, the .. jority of the Thai 
industries •r• at present based on conventional 
basic technologies. A good deal of the technology 
import•tion is on the turnkey basis. A nwmbtr of 
sull fir•• even prefer second-h•nd production 
facilities du• to the lov prices. The roles of 
advanced uterials in the industrial scene In 
Thailand at present •r• therefore •ini .. l. There 
are a fev f&r•s vhich have started and pl•n to st•rt 
in the ne•r future the ... nuf•cture of sintered 
products such •• tools .. teri•ls, electronic 
components (ferrite•) and sintered bearings. 

A number of research projects on advanced 
.. terials and processes h•ve, hOvever, been 
initiated •nd ire being supported by relevant 



organizations. Ella.pl•• of such projects are listed 
la tbe following table. It should be noted that 
tbese projects have been laitl~ted very recently and 
si9nlflcaat results are being awaited. 

Aa for the future, due to the ebaa9es la tbe 
structure of tbe Tbal ilHluatry resultia9 naturally 
from tbe development process, advanced .. terlals 
would certainly play a bl9bly si~aiflcaat role la 
tbe .. nufacturia9 sector of tbe Tbai ~ aa bas 
already been indicated. 

lla1or i!!p!di .. ats 

The recently c:cmpleted 11-.oatb project by 
Thailand Development .. aearcb Iaatltute (TDRIJ, a 
aort of tbinll-taDlt orpaiaation for tbe Tb.al 
Gover,..at, revealed tbat tbe .. jor lmpedi .. ata for 
technological capability development in Tballaad 
include: 

(i) llaapower sborta9e. Thia la true for all 
levels: skilled workers, tecbaiciaaa, 
scleatists/ea9iaeers and apecialista. Ia 
tbe field of .. terlals, let aloae advanced 
11eterials, the sbort supply of tecbaical 
personnel is very serious indeed. 

(ii) Inadequacies la tecbaical and iafor .. tioa 
services. Tb• availability of and 
acceaaibility to sucb aervlcea are 
abaolutely esaeatial ia tbe development of 
advanced .. terials tecbaologles. The 
presently available syst ... are mucb to be 
desired quantitatively and qualitatively. 

(iii) Lack of specialized centres. Bxistlng 
or9aaiaatioas often bave a multiplicity of 
objectives leadia9 to tba att911Pt to do 
too .. ny things at a ti .. ~itb liaited 
personnel and financial reaources. Tbis 
leads to inefficiency and ineffectiveness 
in resource utilization. 

(iv) Other proble .. include lack of supportive 
indu~tri•• (1.e. suppliers and buyers), 
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iaapp~oprlate taxation syst ... , stiort-:er• 
profit ••eking of sOl9A .. na9ers .nd 
intellectual property rlgbt issu••· 

Some R•D progr .... s on ad?anced 
.. terials and processes 

l. lbtraction and utilization of rare eartba from 
tin talUnga 

2. Amorphous alloya 

J. Povder -t•llurgy 

4. Penlt•• 

5. Advanced aurface technology (aputterlag, loa 
i1111l-tatloa) 

6. SUperc:oaductora 

1. CNJ/CM/C:U 

I. Coapoaite .. terials CPRP, foaasJ 

9. SUperplastlc foraing 

10. Pieaoelectric cer .. lcs 

11. Tberaoplastlc elastoaers 

12. Pabrlcatlon of prototype s .. lc:oaductor pressure 
transducer for biomedical application 

ll. Opto-electroaics 

14. Desiga and fabric~tion of tb• prototype of 
silicon rectifiar for .. ss production 

15. Desiga, fabrication and development of DllOS 
power llOSPft 

~: Ninlstry of Science, Techaoloy and Saergy 



I.A. Sh.>aib, ~- Si~andar ~~a~. N.H. Butt, 
Pakistan Institute of llucLear Sc1•nce and 

Technol09y, P.O. Nilore, lsla-..~J. Fakistan 

I. IN!'RODUCTIOH 

The Asia-Pacific r99ion is comprised of 
c:ou.atries starting from Iran in tbe vest to Japan in 
tbe east and from Mongolia in tbe nortb to 
Nev Zealand and Australia in tbe south. It bas a 
population of approxi .. tely 2.84 billion 1/ vbicb is 
abollt 57 per cent of tbe total world population 
(1918). 11 Tb• population of these countries ls in 
tbe range of 0.3 •illlon (Brunei) to 1,017 ailllon 
(China) and tbe per capita CDP ranges from SUS 135 
(Bangladesh) to SUS 20,830 (Japan). !I 
Econoaically, these countries can be grouped into 
tbr .. categories: 

(1) Advanced countries, coap~i~i~g Japan, 
Australia and Nev Zealand, vbicb have a 
per capita incoae in tbe range 
SUS 7,000-21,000; 

(2) Advanced developing countries, vbicb 
include tbe so-called •Pour Dragons• of 
South Korea, Hong long, Singapore and 
Taiwan; vitb a per capita inco.e of tbe 
order of SUS 3,000-7,000J and 

(3) The developing countries, vbicb consist of 
tbe rest and bave a per capita incoae less 
than SUS 2,000. 

Tbe literacy rate in countries of the region is 
between 12 per cent (Afghanistan) and 99.7 per cent 
(Japan). !I Except for tbe •advanced• countries and 
the •advanced developing• countries of tbe area, tbe 
total financial outlay for education is rather 
s .. 11. Tbe allocation of financial resources for 
R•O in science and technology in tbe developing 
countries of this region is even s .. 11er because of 
more coapelling and pressing d ... nds of public 
welfare on the .. agre financial resources of these 
countries, aost of vbicb belong to vbat is known as 
the •aeal South•. 

Table I gives the population, total CNP and 
expenditures on education and science and technology 
in soae of tbe countries of this region. !/,1/,!f ,~/ 
It is evident that, except for Japan, Australia, 
Korea, Nev Zealand, India and Malaysia, the 
expenditure on science and technology is very 
... 11. Separate data for expenditure in tb• field 
of .. cerials research is not available. However, 
since tbe econoaic h•pact of nev ... terials is not 
realized in •developing• countries, funding in R•D 
in this sector is likely to be even ... 11er. 

It .. y be assu .. d that tbe stafldard of living 
of a country is directly proportional to the 
proc'· 1ct ion of high technology new uter ials in the 
sa .. way as it is related to the per capita 
consuaption of energy. T~us, per ca~ita inc0111e, or 
COP, and uterials production are Interrelated. It 
is, therefore, useful to review the econ0111ic aspects 
of th• countries of the Asia-Pacific region as an 
indicator of the status of new ut•ri~I• 
technol09ies in these countries. 

II. ECONOMIC S':'ATUS OP THE COUNTRIES IN THE ASIA 
ANO PACIFIC RICION 

(a) Agricultural produce 

The econo•y of 1110st of the developing countri•• 
of this region i• ba1ically agrarian. Table II 
gives th• contribution of agricultural, 
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menufacturing, •1n1ng and energy production sectors 
to th~ COP of selected countries of this 
region. 16/ Figure 1 ~nova the contribution of the 
agricultural sector to tbe econoaics of selected 
countries. As co~ld be expected, in the developing 
countries with iow per c~pita incoae, the share of 
ag~ioalture in the CDP is large, vbile in the case 
of advanced countries the situation ls tbe reverse. 

(b) Output of the aanufacturinq sector 

Tb• details of .. nufactur lng output based on 
a.3terials of soae of the selected countries in tbe 
Asia-Pacific region is given in Table III. !f It is 
clear that, vbile the advanced countries of the 
r99iOD are .. inly producing goods vlth a large 
COllpOll•nt of knov!edge-based added value, sue~ as 
motor vehicles, electronics instruments, 
.. cbinery/•ilitary bardvare, etc., the .. nufacturing 
output of tbe developing cou~tri•s is largely 
c:a11prised of cons-r goods and traditional products 
such as c ... nt, textiles, sugar and other 
agriculture-baaed c:aaiaodities vitb high rav uterial 
caeiponent and .. agre technological value-addition. 

Fi~ure l also shows the contribution of tb• 
industrial activity, i.e. th• sua of the 
.. nufacturing, •laing and energy sectoca, to the GDP 
of these countries. Tbe upward trend of per capita 
inc:oae vith ind~strial activity is not so obvious 
since ia .. ny Qf the so-called •advanced• countries 
of tbe region a large part of the GD~ is derived 
from ec:c>DOaic activities such as business and 
trading, camaunit7 aervlcea, coastruction and 
C011111Unication, etc., vllicb are ball .. rks of 
prosperity. 

(c) Energy resources 

Generally. the countries of the Asia and 
Pacific region are poor in energy resources. .._ny 
of th .. are dependent on illpOrted oil froa outside 
to ... t their energy requir ... nts. Table IV gives 
the production and consuaption of electricity, 
petroleua, coal and gas in selected countries of 
this region. l/ In th1o advanced countri•• of the 
region the per capita energy consuimption is very 
large, vbil• poorer countries, such as India, 
Pakistan and the Philippines, consu .. only a 
fraction of the world average. Figure 2 illustrates 
the well-known pb•no-.non of increasing per capita 
income as a function of increasing •nergy 
consuimption. 

(d) Minerals product:on and potential 

Barring a few exceptions, such as tin and 
tantalua, the est1aated .. tallic reserves and the 
•ining production of Asia for•s les• than 10 per 
cent of th• total world reserves. 8/ The production 
and c:onsuimption of refined .. cal• iuch as alu•iniu•, 
copper, 1teel, nickel, etc., is also 20 per cent of 
the world figures or less. I/ The •1neral 
production of the countrie1-of this region i• given 
in Table v. &xcept for Au1tralia, China and India, 
the region is extre ... ly poor in .. ta!lic resource1. 
Moreover, llOlt of these countri•• lack tbe 
infrastructure for the exploitation and proce1sin9 
of these re1ource1. The Minerals are often exported 
•• raw ... terial1 or in se•i-proc••••d for•. 

III. RAW MATERIALS 

Historically, .. nkind ha• adopted the naturally 
occurring .. cerlals such as clay, stone, wC'Od, 
anlul ti11ue and the natural fibre• for Its use and 
benefit. Later, 1t 1110ved on to the s .. lting of 
.. tals and the 111aking of alloys. Th• trend has been 



towards an increas~ in tile refining and processing 
of the .. terials. to tbe understandi119 of tbe 
properties of available .. terials. and to the 
application of existing .. t•rials witb desired 
qualities and properties for the fulfil .. nt of tbe 
contemporary and future needs of .. aJtind. 

Tbis was tbe situation till the recent past. 
But DOV tbe availability of very sophisticated and 
superior exper; .. ntal tec:llniques and the advances in 
the theoretical knowledge about the structure of 
.. tter tuts radically altered tbis situation. 
Instead of the needs and requir ... nts being altereJ 
and modified according to tbe properties of the 
available .. terials. it is DOV becoming possible t' 
desi911 and engi .... r .. terials wi:b .. ny 9f tbe 
properties and c:baracteristics aimed at specific 
techaical applications. Tbese are the so-called 
•new .. terials•. Many of thes: new .. terials are 
i11proved and modified versions of tbe coa-ntiooal 
.. terials. while others are radically different in 
structure and camposition. 

Tbe importance of tbe development and use of 
new .. terials is s ...... rised by a well-known 
industrial scientist froa tbe United States of 
America. !I as follows: 

•as a result of dr ... tic tec:bnological 
developments over tbe past two decaas. the 
discovery and development of new .. terials has 
become a national i11C19rative. not only for the 
United States but also for our .. jor world 
eo11petitors and adversaries: 

As technologies in conventional industries 
are transferred to developing countries. it 
is inevitable that the US .ast change its 
industrial structure. based on new 
technology. to .. intain current standards of 
living or to achieve furtber increases in 
per capita added value. 

Puture energy developments require 
tec:bnologies that create conditions far 
beyond the conventional. such as ultra-low 
t.-perature. ultra-hi9b t911perature and 
pressure. super-vacu1111. ultra-hi9h .. 9netic 
fields. and ultra-intense and ener9etic 
radi.7lon environments. 

There is a 9rovin9 search for hi9her 
accuracy at the atomic and 110lecular levels 
for new .. cblnin9 ... asurln9. and processin9 
develop19nts. This is especially bein9 
sought after in the DoO prograa ln 
ultra-s .. 11 electronics research (USat). 
which is att.-ptin9 to extend electronic 
devices and circuit technologies to th• 
110lecular scale of di .. nsions (that is. 
10-20 Ml). 

llew public needs and d ... nds for new 
lifestyles ate 9rovin9 out of expectations 
froa the infor .. tion revolution. 

our future national security depends on nev 
technologies to conserve and substitute for 
ener9y and other scarce resources. 

Technology is becoim1n9 increasin9ly 
essential as a .. )or force 9Ultiplier in th• 
develop19nt of new strate9ic and tactical 
weapons and battle .. na9e .. nt syste•s. 

•All of these e .. r9in9 requir ... nts are 
based on hl9her technological di .. nsions, and 
these hi9her di .. nsi·>ns will not be realized 
without nev .. terials.• 
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llOdern .. terials .. y be divided into fl- broa<o 
cat990ries: 10/ 

(ii) S..i-conductors and electronics .. terialsr 

( iw) ca.posit• .. terlals; and 

(v) Plastics and polymers. 

lletals and alloys have been the .. instay of the 
present-day adwaac:...at since the Industrial 
Revolution. CODsumpcioa of tbese .. terials. and 
especially of st .. ls. is directly related to the 
industrial status and per capita i- of the user 
countries. '!bis -ld be evident froa 
Ul)le IV. !f.ll/.ll/ which 9ives the per capita 
consumption of crude st .. 1 and of non-ferrous .. tals 
for same of tbe countries of the world. wbile 
fi9ure l illustrates tbe per capita consumption of 
st-1 as a fu..ction of per capita i- of selected 
developing nations. Tbe alloys -t -=-:ialy used 
are ferrous &lloys like plain carbon st .. 1. low 
alloy st .. ls or stainless st .. ls. non-ferrous alloys 
based oa nickel or copper aacl llgbt alloys of 
al-iai1111 ... gne•i- or titani1111. Tbe typical 
application of various .. tals and alloys ls 
s1111111arised in table Vil. ll-16/ Wbile traditional 
.. tals and alloys -ld continue to for• tbe 
backbone of :be conventional industry for years to 
come, llOdified or new .. tallic .. terials and 
processes would for• the cuttin9 edge of advanced 
technology. 

Advances in new .. tallic .. terials have bee• 
.. d• oa tbr .. fronts: 10/ .!11.!!/ 

(a) Modification in COllpOSition or 
•icrostructure of basic alloys to improve strength 
or corrosion resistance, 

(b) Devel()p!lent of n- .. terials of desired 
properties, and 

(c) I11prov ... nts in, ~r development of. new 
processin9 .. thods for .. terials. 

In the case of conventional low alloy st .. ls. 
•icro-alloying addi:ioas of llb and Tl are being .. de 
co provide stren9th and for .. bility. There has been 
a .. )or devel0pi9ent in stainless st .. ls where duplex 
alloys. consistin9 of • pred•t•r•ined ratio of 
austenitic and ferritic pitas••· are coaln9 into 
increasin9 use. The austenite provides 9ood 
veldability and 9eneral corrosion resistance while 
the ferrite increases stren9th and resists stress 
corrosion crackin9. Hi9h alloy superaustenitic 
steels have been developed for 9ood .. tal-to-.. tal 
vear resistance and better for .. bility and 
veldab i lit y. 

Nev alloy dev•l<>s-ent is a continuous process. 
A :aa)or effort is 90in9 on 1n three alloy syst .... 
A nev breed of nickel-base superalloys for hi9h 
temperature applications is bein9 developed vith 
solute additions of Ta. ir, C a .. j I usin9 rapid 
solidification techniques. Inter .. tallic .. terials 
with 9ood bot stre1. ,th and o•idat Ion resistance are 
9radually coimin9 out of Infancy. Wh~le i11prov ... nt 
In ductility by I addition ls bein9 tried in th• 
110st proaisin9 .. terlal, NiJAl, inter .. talllcs 
contalnin9 re. Ni, Ti and le are under 



investi9ation. Significant advances have been .. de 
in new Al-Li alloys wbicb are ..,ch lighter than the 
traditionAl li9ht a11oys and have moderate to high 
stren9th. 

There have been .. ny improv-nts and ad·.- .. nces 
in the .. teria1s processing techniques. vac:uua 
.. 1tia9 is producing u1tra-1ow carbon st .. ls vith 
better tou9hness. ductility and veldability. 
Coaveatioaa1 .. 1ti1MJ tecbaiques suet> as e1ectroslag 
re-.e1ti1MJ and vacuum arc .. 1tin9 are applicable in 
case of inter .. ta1lics. while electroa be- and cold 
hearth .. 1tia9 .. tbods are required for high purity 
Ti alloys. 

casting tecbniqu•s have been improved to 
ad>ieve near-net shape continuous casting of strip. 
rod and tbin slabs. These .. tbods are particularly 
-=:amia9 ia VCMJU• for coavsntional and stainless 
st .. ls. lletbods for surface protection against 
corrosion or -u· are bec:olaing 111>re superior. 
Coating of ordinary st .. 1s vith Za-Hi alloys, or 
cladding vith ferritic ... rteasitic or austenitic 
stainless st .. ls. or vith CU and cu-Hi alloys. bas 
produced .. terials vith ideally balanced bulk and 
surface properties. 

Innovative processing based on povder 
.. tallurgica1 tec:baiques is being used in dispersion 
b&rdeaed Al-alloys. superalloys and iater .. tallic 
coapouads. Hovel .. tbods, like rapid-directional or 
single-crystal-solidification, pla ... and electron 
be- refinement bot isostatic pressing. superplastic 
forming and injection 110Uldi1MJ are being 
investigated or increasingly used for advanced 
.. terials like Al-alloys. supera1loys or 
iater.etallic .. terials. 

Fine ceraaics 

Fine cera•ics are non-.. tallic inorganic 
.. terials which have improved and sophisticated 
cbaracteristics. The compositions, particle sizes 
and the p.arity levels of the starting .. teri•ls for 
these ceraaics are rigidly 90nitored and 
controlled. Ia recent years, there has been • 
growing interest in fine cer••ics because of their 
great potential use in diverse sectors of industry, 
in contributing to energy conservation. as well as 
to better perfor .. nce. 

At present (in Japan) about two thirds of the 
output of these fine ceraaics .. terials is being 
used as electroaa9netic .. terials. about one fourth 
as 11eebanica1 structural .. terials and • ... 11 
portion of th• output is 911ployed •• optical 
.. terials. but the growth rate is high for this last 
application. !!f 

The applications of fine cera•ics for the 
.. nufacture of cutting tools, in the .. nufacture of 
lleebanical seals and as high t..-perature 
corrosion-resistant .. terials is growing •t • fast 
pace. Research for the use of cera•ics in the 
diesel and gas engine parts is also progressing 
rapidly. Figure 4 shows t~• typical •pplications of 
fine ceuaics. 

The industri•l •ppl1cat1on of fine cera•ics in 
.. ny fields, such as in gas turbines •nd diesel 
engines, die-c•sts and .. t•l claddings, tools •nd 
heat-resistant fixture~. paper-.. king and ch••ic•l 
equipaent, is •nticip•t•d in future. These 
•pplications can be realized only ~fter cer•••c 
.. terials having high i111pact •nd wear resist•nce •nd 
which are abl• to vithstand corrosion •nd high 
te111perature have been developed. ror this purpose. 
specl•l processing ans .. nufactur1n9 ttchnolo91e1 
and charact•rization and evaluation technique• will 
have to be developed. 
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Composites of cer••1cs •nd .. tals have 
important electroma9netic applications. It is • 
grovin9 ti•ld vhich is or ... ch iaportance to th• 
COGntries of the Asian and Pacific region having 
large skilJed .. npo"9r resources. 

Advanced c:C!!lpO•ite aaterials 

In coapoaite .. terials such as carbon fibre 
reinforced plastics. two or more tban two .. terials 
are •ix•d in order to obtain properties superior to 
the individual c:ompoaents. Por applications between 
lOO• to 2oo•c. a polymer is usually e11ployed •• a 
..trix. Fibreglass is a typical composite which is 
.. d• by ellbeddin9 glass fibr•s in polyester. Glass 
fibr• is vid•ly used for reinforcing plastics 
becaus• of its high llOdulus of elasticity. 
Tabl• VIII ~ gives tb• toughness of glass, 
ceraaics, and their composit•s. 

Poe hi9h t.-perature applications, .. tals such 
•• aluainiua, titanium and n1Ckel are used which are 
reiaforc.d vith single-crystal vbisaers, c:omimonly 
COllpOSed of alumina (Al 2o 31 or silicon carbide 
(SiC). For use at still blgber te11perature1, 
ceraaic .. terials are 911ployed as .. trices. The 
ceraaics are reinforced by •ixing tbe ceraaic 
;:iowder witb short .. tal fibres, having .. tcbing 
coefficients of ther .. 1 expansioL, and 
then hot-pressing the .. terial to near-net 
shape. 21/ 

The plastic .. trix COllpOsites are flndlng 
growing applications in tbe automotive industry. It 
is esti .. ted that, with c011pOsite vehicles • 
reductions of up to 50 per cent are possible oa 
invest .. nt costs for facilities, capital and 
tooling. as coapared to steel. Although .. ay 
production probl ... r-..in to be solved, it can be 
safely predicted that eOllpOsites will be 
increa1in9ly used as industrial structural .. teri~ls 
in future. 

(bl Nev .. terials in the regional context 

Increasing industrialization of the countries 
of the Asia-Pacific region would result in an 
increasing delland for advanced .. terials. To keep 
pace vitb this d-nd and to reduce dependence on 
tbe western world, th• countries of the re9ion would 
have to develop indi9enou1 .. terials. It is evident 
from Table V that these countries are generally 
poor in .. tallic •ineral resources. The only .. tals 
available in reasonable quantity are tin, iron, 
aluainiua and copper. Developaent of industrial 
•lloys based on these .. tals would, therefore, have 
f•r-reaehing industri•l •nd econo11ic iapact • 

Ultra-low carbon steels •nd duplex stainless 
steels are funda .. ntal industrial .. terials and can 
be locally produced f roa tne available ore • 
Si•llarly, light alloys based on aluainiu•, for use 
in the aircraft indusrry, can be developed using the 
local reserves of the 111etal. Higb strength 
inter .. ull ics like Iii 3.\1 have been projected for 
vide industrial applications. tndigenous resources 
of alu•iniu• can be cOlllbl~•d vit~ illlpOrted nickel to 
produce th••• uter ials vlicn uv be aodlf ied for 
improved properties. 

One of th( dr•wba~ks of th• existing alloy 
product ior. sect~ r. exc .. pt in countries 1 ik• .Japan 
and Austral I•, i:1 its relative 1 ... lln•••· Another 
is th•t it i' •ll based on outdated proces•in9 
111ethod1. To :Jrodu.:• •nv o! the new •lloys it u 
crucial to lllO<;lrnize 111&talh•191cal practices. tt is 
aost •11enti•l ~o convert to lllOdern vacuu•-b•••d 
111&ltin9 tecnnia~••· Povder 111&tallurgy Mthods, 
n•c••••rv for th• production of high teaperature 
... teri•ls, h•ve v1de applications and should be 
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introduced in the region. Newly de·.1eloped near-net 
shape casting techniques should also be adopted f~r 
increased efficiency and reduced losses. 

Countries of the region are also pcor in fossil 
fuel reserves. It is, therefore, necessary to 
develop .. terials for solar energy and nuclear 
energy production. Pure siliet>n .. y be developed 
froa naturel resources or froa agricultural prod~ce 
like rice busk. Advenced .. tbods required for 
conversion of rav silicon into solar panels need to 
be explored. Tecbniques connected vitb the 
generation of nuclear power, vbicb are based on 
llOdern aateri1ls, have to be aastered. 

The countries of the Asia-Pacific region have 
an age-old tradition of producing good pottery and 
ceraaics. Alaost all countries of the region are 
endowed vith ceraaic ra~ aaterials. Advanced 
ceraaics are projected to have i ... nse econoaic and 
technological impact in industry due to tb•ir 
superior aec:banical and cbetlical properties. 
Develop91ent of iiaproved ceramics and coaposit•~ is 
undergoing rapid changes and advances. Tbis is th• 
right ti .. for the countries of the region to enter 
this field vbicb holds great potential for th• 
future. 

In addition to the areas of those advanced 
aaterials vbicb have vide and an alaost i-..diate 
application, fields of research in specialized 
111aterials should not be neglected. High temperature 
superconducting .. terials proaise a very rosy future 
for pover transaission, COllllunications, switching, 
etc. Tb••• aaterials can be fabricated easily but 
their further development and technological 
application still requires a great deal of 
scientific input. Siailariy, lllOdification of 
surface properties of .. terials by laser irradiation 
or ion iaplantation could have specialized, but 
significant, utilization in industry. 

(c) High Tc superconducting '114terials 

Superconducting 11o11terials, vhicb have to be 
cooled a couple of hundred degrees Celcius below 
zero, allow a large amount of electric current 
without energy loss during transaission. Their 
applications have aostly been aade in making very 
strong electrOllllgnets, in .. dical diagnostic 
instruments. high energy physics. nuclear 
accelerators, etc. Several metals and alloys like 
Nb, Pb, Nb3Sn, v3si, Nb3Ge, etc., hav• been 
the aost cOIMIOn superconducting aaterials in the 
past. 

Bednorz and Mueller 22/ startled the whole 
vorld in 1986 by their diacovery of cera•ic 
c011pOunds (noraally insulators) of La-Ba-Cu-0 as 
superconducting aat~rials at a temperature of about 
35• K. The discovery, a few aontbs later, of 
another cera•ic f-Ba-Cu-0 by Chu ill vhich vas 
superconducting at 90• K (i.e. above liquid nitrogen 
teaperature) vas even aore iaportant. The 
applications of such superconductors are envisaged 
in power trans•ission (losses will be alaost zero in 
transaission lines1, in aaking levitating trains, in 
making strong •l•ctrOtllagnets, for fast switching in 
co.iputers, etc. 

The current situation on high Tc 1uperccnductor1 
is that a critical teaperature Tc of about 125• K 
has been achieved while the aim of the scientists is 
to develop •new materials" which are ~uperconductor' 
at rOOlll temperature or above. Such 111<1terials are 
expected to be develcped in the near future, and by 
the year 2010 several applications have been 
foreseen by Japanese scientists. 

These high Tc superconductors vould heavily 
influence the econoay of the ~eveloping countries. 
It is a research vhich can be well within the 
resource• o~ the third vorld countries. 

Id) Cold nuclear fusion and materials technology 

Nuclear fusion at room temperature vas 
announced by tvo scientists, Pons and Fleischmann, 
at a press conference held on 23 March 1989. The 
observation was aade during th• electrolysis of 
heavy water using palladiua (Pd) as cathode and 
platinua (Pt) as anode. ~/ Th• deuteriua produced 
during electrolysis reaches the cathode (Pd) and is 
heavily packed into the lattice causing probably a 
fusion of deuterium. The cla!• of Pons and 
~leiscbaann to have .. asu:ed an energy output four 
t~ .. s that of input is urder strong doubt and 
controv•rsy. If, however, this process, called 
•cold vater fusion•, co.es true it will solve aany 
probl.., of the energy-hungry world. Its 
devel~nt vill also be well vitbin the reac.t of 
the third world countries. The R•D on Pd anti other 
aaterials suitable for such a process aay have to be 
developed. 

The involve .. nt of the Third World countries in 
th• R•D on Cold Nuclear P\lsion is, therefore, of 
great interest and a vigilant •Y• should be kept on 
the outcoae of the confused state of this 
discovery. ?f the se .. ingly •world-sbeking• 
discovery is proved authentic, it vould have great 
econoaic and defence repercussions. 

IV. OPTIONS POR ASIAN-PACIFIC COUN'rllIES 

1. It is imperative to undertake a broad-based 
inforaation-diss .. ination progra ... on new .. terials 
both for the industry and for the general public, 
encompassing the properties and the econoaic 
benefits of th• large-scale use of these aaterials. 
Tb• introduction of advanced materials and products 
in the existing industries vould aake th .. aor• 
competitive in the vorld aarket. Since industry is, 
in general, shy of accepting novel processes and 
ideas, gover11916nts vill ha-= to offer econoaic 
incentives for adopting and incorporating aacbinery 
and coaponents basvd on advanced gaterials in 
existing production lines. Local entreprenuurs 
should be encouraged, through tax incentives, to set 
up nev industries nased on advanced .. terials and 
technologies. Th~ industry aay also be required to 
develop R•D facilities and to establish contacts 
with national institutes of higher learning and 
research. 

2. In order to achieve self-reliance, a 
two-pronged approach aay be adopted by countries of 
the ~•ia-Pacif ic region for th• transfer of 
tecbno~-,gy froa advanced countries: 

(a) For the realization of quick sbort-ter• 
goals, a policy for implantation of existing or 
newly developed technologies may be followed in the 
initial stag••· This, in fa~t. is the approach 
vbich has been adopted by ao1t developing countries 
or the region: 

(b) A long-ter• policy for the development of 
Indigenous capability should be as1iduously 
pursued. The basic requlre .. nt for this, other than 
aaterial resources, is a rea1onabl• nulllber of good 
research scientist• and engin•~r1. 

J. In the context of development or th• 
infrastructure for the growth of aodern .. terlals 
and techn~logles, the major thrust at tunda .. ntal 
le~el ahould be towards the grooming of 1clentif ic 



and engineering .. npower. Table IX 25/ gives the 
nllllber of scientists and engineers. and technicians. 
engaged in research and experi .. ntal develop1ent in 
some of the c:ovntries of tbe region, vbich i- very 
s .. 11 in llOSt of the cases. Pigure 5 illustrates 
the large difference in the nllllber of scientists and 
engineer• and in the R'D expenditure bet"9en the 
developing and the advanced count=i•s of tbe 
region. A .. jor effort is, therefore, required to 
enban~4 the scientific and technical .. npover in the 
countries of the region. While higber intake and 
output of uai~ersltles and technical institutes is 
desirable. th$ standard of the imparted education, 
knowledge and ptactical experience needs to be of 
th• highest order. 

4. 'l'h• countries of th• region should allocate 
adequate funds for th• esta~lisb-.nt of 
infrastructural facilities for R'D in .. terials 
science and technology related to the needs of 
agriculture. housing and construction, transport, 
aineral processing, etc •• in accorda~c• with th• 
national requir-nts. Bach country bas. of course, 
to decide for itself its .. t•rials research 
priorities but it can be said that. for the 
developing countries. tb• aia should be: 

(a) To process their raw .. terials in order to 
add valL:e to th- for obtaining higher ret11rnsi 

(b) Labour-intensive techniques should be 
preferred over capital-intensive processes; and 

(Cl Further invesc..nt of capital and 
technology should be .. d• in the sectors already 
well established such as agriculture. wood and 
forestry, construction and bousing, ceraaics, 
aining, aineral processing and basic .. tallurgical 
infrastr11ct11re. 

V. RECIOllAL COLI.AJIORATIOll AllD CEll'l'RE f'OR ADVAllCED 
MATERIALS 

R•D work on the new .. terials is absol11tely 
essential bllt financial and scientific .. npover 
reso11rce constraints can liait the contriblltion and 
participation of individual co11ntri•• to a narrow 
portion of the new .. ter ials specuwa. Most 
developing countries possess neith<r the critical 
.. ss of research facilities nor do they have the 
critical number of engineers and scientists for R•D 
in .. terials science and technology. It .. y be 
advisable. therefore, to pinpoint areas of COIMIOn 
interest with other co11ntries, both developing and 
the advanced, in order to jointly undertake R•~ vork 
in th• defined areas. 

An Asia-Pacific Materials Research Society .. y 
be set 11p to prOllOte regional co-operation. Mellbers 
of the society .. y identify fields of mutual 
interest and select research centres vhich are keen 
on bilateral or 1111ltilateral collaboration. Th• 
interregional llOV-~nt of scientists should be 
encouraged, for which th• Society aay tap adeq11ate 
funding. ror th• training of .. npower in th• 
relevant fields, the •advanced co11ntries• of the 
region have an i11p<>rtant role to play by providing 
th• required training facilities and, wherever 
possible, th• funds for this purpose. 

Since R•D ir. 111at11 ials science and technol09y 
is cost-int1nsiv1, it 111ay not be possible or 
advisable to undtrtakQ R'D vork 1n all the f i1lds of 
national interest and it ... ~ be ""''• cost-eCt1ctive 
for the developing coi.ntr ies to pool their r:11ource1 
and to establish regional centres r,r R•D in 
111aterials science and t1cnnology, su~n as those for 
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.. terials characterization. fer product evaluation 
or for standardization. A centralized •aeglonal 
Ctntre on Advanced Materials• .. y be set ~p in one 
of th• developing COllntries of the area. 

The proposed Regional Centre for Advanced 
Materials .. y have th• follovin9 objectives: 

(1) The Centre .. y estaolish research groups 
vorkin9 on the development or 
investi9ation of advanced .. terials based 
on indigenous resources. These .. terials 
.. y be broadly classified as: 

(a) Metallic .. terials and alloys; 

(b) C•r-ics and coaposites; 

(C) Plastics and polymersJ and 

(d) llAterials related to electronics and 
paver generations 

(2) Th• Centre .. y provide on-site research 
facilities vhich are too specialized or 
too expensive for 110st ot the individ11al 
countries of the region to establish; 

(3) The Centre .. y establish research 
facilities of a general nat11re and of wide 
application, such as those for the 
pbysical and Ch-ical Characterization of 
.. terialsi 

(4) Tb• Centre .. y co-ordinate research 
efforts in vario11s national centres and 
sti .. lat• collaboration aaong th .. J 

(5) The Centre .. y serve as a trainin9 
laboratory for .. npover; 

(6) The Centre .. y act as a source of 
infor .. tion diss-ination by holding 
regional conferences and symposia and by 
.. intaining a COllprehensive library for 
the distrib11tion of literature to national 
centr•s. 

Por the loca~ion of th• proposed Centre, a 
co11ntry which has fairly developed infrastructural 
facilities anrl trained aanpov1r, such as Pakistan, 
111ay be appropriate. The Centre iaay vork under a 
governing body consistin9 of vell-knovn .. terials 
scientists dravn froa countries of the region. some 
.. abers of th• body aay also be taken f roa 
aid-giving agencies like the Asian Development Bank, 
the United Nations, etc. The Centre .. y be run 
under Che llaDrella of an international organization 
lllCh as th• United Nations. UllCSTD, ESCAP, UNDP or 
RCA. 

The fundin9 for the proposed Rw9ional Centre 
for Advanced Materials could be forthc0111ing froa 
aany sourc11. The land and the building .. y be 
donated by the country In vhicn the Centre is 
located. Research equipment could be donated DY 
advanced countries of th• r19lon, vhil1 1a.e funds 
could also be obt ined for this pur~•• troa UNOP. 
The r11nning expenses of the Centre could come f r°'9 
regular contribut:or.1 fro• the re9ional countrlos 
and fro. the Asian Development Bank, etc. 

VI. CONCLUSION~ 

'!'~,, - . jor ity of the countr i•• of the 
Asia-Pacific region nave agrarian-based econo•y. lov 
per capita inca.a, lov lnve1t ... nt in industry and 



lov priority for R•D in applied and .. terials 
sciences. Tb• countries of th• area are generally 
poor in energy and •ineral resources. Whatever 
.. teriala and •inerals tb••• nations produce are 
often exported in rav or a .. i-proceased for• due to 
tbe absence of acieatif ic and techn~logical 
infrastructure for value-addition. 

To r.-.dy tb• situation in th• field of 
.. terials science and technology. tbe following 
abort- and long-tar• .. aaures are proposed. 

A. Develop!!!nt of .. terials 

(l) Advanced alloys based on the indigenous 
resources Qf .. tallic •laerals should be 
developed. 

(2) Pine cera•lcs and composites should be 
developed frOll tb• abundantly available 
rav .. terials. 

(l) Tbe study of revolutionary aaterlals. such 
as high temperature superconductors. 
should be given due ellll>hasis. 

(4) Nev developments in energy resources like 
tbe currant bot but controversial topic of 
•eo1d Nuclear Fusion• should not be left 
untapped. 

B. Involv ... nt of local industry 

(l) Indust1y should be encouraged to adopt nev 
.. terials technologies by giving suitable 
incentives. 

(2) Transfer of technology from advanced to 
davalo~ing nations should follov a 
two-pronged approach. For the achieve .. nt 
of short-tar• results, advanced .. thods 
.. 1 be •i11planted•. In order to achieve 
self-reliance, this must be compla .. nted 
vith the development of local capability 
for the evolution of new proc••••s and 
techniques. 

c. Development of R•D potential 

(1) A considerable increase in the number of 
scientists and engineers engaged in R•D on 
materials is required. For this purpose 
an increase in th• output from 
universities in th• relevant f ialds is 
imperative. 

(2) Material• 1cienc• depart .. nt• aiay be 
opened or expanded in the existing 
univar1itie1 and research in1titute1. 
Specialized national research centres .. Y 
also be established for ~h• investigation 
and development of advanced .. terials and 
proc•••••· 

(l) The R•D organisations should .. intain 
close liaison with industry in order to 
keep it abreast of new developnents. 
raciliti•• .. y be offered by th••• 
~rganisatlons for th• training of 
selective .. npower frOlll th• industry in 
the field of advanced 1111terials. 

D. Regional collaboration 

(l) Regional collaboration i• 1112st essential 
for gradual transfer of technology f r2111 
advanced countries of th• region to the 
developing countries. 
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(2) Bilateral and .. 1tilateral co-operation 
among.different R•D institutions is 
r•~aded in order to compensate for 
.. npower and f: nancial resource 
li•i tat ions. 

(l) Establishment of a Regional Centre on 
Advanced Materials is proposed la order to 
provide a central institute of advanced 
research. It would play an important role 
in tb• dlaa .. iaation of scientific 
literature and data. as a ... ting-place 
for scientists frOll various countries of 
tbe region and for the provision of 
sophisticated and espenslve equipment for 
research under ode roof. Such a Centre 
should act as a strong focal point for 
interaction vitb national centres. 
Plgu•• 6 s..-..ri••• the central role that 
would be played by the Regional Centre in 
thi!I context. 
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TABLES 

Expenditure on education, science and technology 

Contribution of agricultural and industrial 

sectors to the total GDP 

Major materials-based manufacturing output 

Energy production and consumption 

Major ainerals resources 

Per capita consumption of steel and non-ferrous metal~· 

Typical application of industrial alloys 

Toughness of glass, ceramics and their composites 

Number of scientists and engineers, and technicians, ~nqaq,-..J 

in research and experimental development 



Ta.E I: ~I~ rn EJlrATJrn, ~Joa fll{l TEa-wtmv 

Chlltry Pooulat1<Jl -~ GI' Per cao1ta Educatiooal ~ t:xoen.J1ture 
(Mil11oo) < 109uss > (UC\$) ExoeOOiture ( 10 s % of GP 

('of GP) 

aJml 41.1 7 .o 190 2.0 n.a n.a 
looie 816.8 191.3 250 3. 1 1,721 0.9 
P.R. Ol1na 1087.0 322.7 310 2.8 n.a n.a. 
IMOOes1a 177.4 86.0 530 3.4 258 0.3 
Pak1stan 103.8 36.1 380 1.8 72 0.2 
Phi 1 itoines 63.2 32.8 600 1.8 66 0.2 
t-elaysia 17.0 32.0 2,050 6.1 211 0.8 
Reo. of Korea 42.6 88.6 2, 180 4.8 886 1.1 
te..i Zealanc:1 3.3 23.7 7.310 4.4 214 0.9 

... .. 
Singapore 2.6 19.3 7,420 5.3 95 0.5 
Australia 16.5 171.2 10.840 6.0 1,880 1.1 
.. bPM 122.7 1,366.2 11,330 5., 35,520 2.6 

U.K. 56.5 474.4 8,390 5.1 9,962 2., 
France 51.1 526.5 9,550 5.3 4,721 1 .8 
r.R. r.enmtiy 61.0 668., 10,940 4.6 16,701 2.5 
U.S.A. 238.0 3.916.0 16,400 5.0 101,818 2.6 

-
f1~ mstly for 1985; except for JX)PJ1at1on "11Ch 1s for 1988 
F'i9-ftS based on Ref. C ,3,4,Sl. 
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~ Der Cooi~ Agncuiture• .,~~3;:~ t!.m1nc;4 

<~> tunr.g 

190 27.9 10.7 0.01 

209 37.0 25.0 2.66 

234 31.0 46.0 n.a 
292 25.8 14.4 16.24 

390 24.8 20.0 2.19 

460 25.5 25.3 1.95 

1.953 21.0 25.0 ,, . , , 
2.826 11.4 :ll.3 1.34 

4.573 5.2 43.5 n.a 
6.984 7., 26.~ 1.15 

9, 188 4., 17.0 6.20 

20.833 3.0 33.8 0.47 

~ta nostly fer 1987 

-tr n~ fer Agr;rulture. MinJfactur1ng, Mining 
aro Energy 91"91 as percentage or t;'P. 

n~ Dase:J oo Ref .c1 ,61. 

0.54 

1.93 

n.a 
0.81 

2.00 

1.37 

i.n 
3.31 

n.a 

3.09 

3.40 

2.96 



FRXJ.£1 

ft1lO.D.M FrOl.CTS 
(J)04T 

S\Al[ 'U~ 

fVSTICS & 1£Slt6 

STID.S 

Pl~ I~ 

S1m. ltmTC: 
WWI> emu 

O·flJf0£ tCTM.S 

Jt.l.MINILM 
UM> 
Zit£ 
(1RO 

TIN 
*'KC\Jl.M 

LOii LE\fl. f 81 r.A TI~ 

TVIRADJO 1.,:.TIU(NTC\ 

BICVQLC: 
SOii~ MOilt£C\ 

Hllli LE\fl. f&Jr.ATI,,. 

tf'\TC'R \Utl QLC: 
KROMT \{~C\ 

18.£ 111: MUJt ~l[RIAL.S-ME> MU'ACMIPC; QJrf\IT 

IU1na I RJ1a P,R, 1naones1a Pak1Stan lltl111P-
om~ 

1,066 29,061 6S,810 20.218 4,7S8 
429 310,903 145,950 9.9«> 4,698 . 18.213 
. 226 . . . 

. 9,701 43.M> . -. 10,963 46,790 . . 

. . . . . 

. 235 410 - . 

. . 195 . . 
- . 190 . . 
. . a> . . 
. . 18 21 . 
. . 7 

. 1,209 . . . 

. ·s.646 . 463 . 

. 322 . - 67 

- - . . -. . . . . 
Dilta mstly fer 19§5186 • bat. bl'8d m Ref. C6l 
All fl~ 1n 10" umes. . 

1:!1fm 
7,M3 
3,072 

. 

-. 
-

. 

. 
-. 
. 

. 

. 

. 

. . 

Ma lay,., a Rs>. 01 New Aiustr1 l1 e J!M>iVl 
Korea ZUlB 

. 21.484 3,252 29,877 127,884 
3, 128 20,424 863 S,680 72,847 

. . . . 7,04f . 

. 8.83'~ . S,331 81. 9S8 . 4,851 . 6,311 98.275 . S:M 

. - . . 1.098 . . . . 285 . . - . 739 . . . . 936 
45 . . 3,4U 

. 6,]92 . 398 30,723 . 943 . ., 
- . 105 

- . . 11 8,906 

N • 
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T 18.£ IV: ttfRIY PRU\.CT I~! ~ a:NCU'1PT I~ 

Q:ultry (lectr1C1ty fm.~lM QQAl ~ CcllSllIPt 101 

ProU:t1CI\ CDlSU11>t 1Cll Pra>Jct 1Cll o:JlSIJ11)t 100 ProOlJct 100 ConSU1Dt 100 Praluct 1Cll o:Jlsumt 1 oo Tota 1 Per Ctll'1~ 

EU1l8 4 4 60 41 2 8 42 42 95 3 
Irena 212 211 1,312 1,561 4,, 11 4, 178 210 210 6, 160 8 
P.R.Onna 360 364 S,468 3,001 17 ,973 17,858 547 547 21. 771 21 
lfdJleS1a 26 26 2.973 1,023 51 66 1, 120 277 1 ,392 8 
PalC1StMI 51 51 80 313 41 65 322 322 751 7 
Pill l111>1nes 38 38 14 312 25 53 . . 403 7 ... 
fo\1la)'S10 1S 15 1,038 381 - ,, 369 82 489 31 .. 
FED. or llOr'ea 116 116 - 966 467 912 . 3 1,998 48 
Pew Zetl~ 83 83 57 116 S4 46 140 140 384 11S 
llustrollo 59 59 1,156 1, 197 3,490 1,29S 571 571 3.122 196 
.. ~ 9ZJ 923 27 7,266 412 3,0S• 83 1,657 12,900 106 
r.R.~y a) 509 235 4,569 3,3S4 3,296 465 1,724 10,097 166 
U.K. 227 243 5,335 3. 120 3, 168 3,289 1,747 2.206 8,858 157 
lfiA 2,595 2,725 20. 185 29.923 19,622 17 ,513 16,019 16,605 66,766 278 
~ 1.356 1.252 25,794 15,271 15,350 14,877 23,698 21.270 52,671 187 

-
Dilta llOStly fer 1986 
l.h1ts io15 .1<11les, eca!Pt oer cao1ta CDlSUll>t1Cll -''11cn 1s 109 J<l.lles 
1010 .1<11les•9.ex1o6 Btu-0.38 tee. 
bit.a bilsed Cll Ref. [1). 



TABLE V: ~Ml~ ~~~ 

<nil try lroo <nx>er z1nc Baux1te Tlll9Sten Tm Ma~e Leac • r..010 • c:.11ver ntners• 

E.Vnt1 - 166 4 - 945 2 - 22 - 18 

11\'.lla 27837 50 53 2209 - - 482 - 1.8.5 26 Magnesite: 420, O'lrar.1ll!1: 175, AsOeStos: 30 

P.R. O'lu-a 69095 185 190 1650 15 18 480 ,60 . - Ma~s~te: 2.CXXl, Mercury: 700, Asbestos: 1c.1 

lrmleS1a - 233 - 8J) - 22 4 - 0.23 2 

Palc1stan - - - 2035 - - 138 - - - Ant111Dly: 6, O'lramur.: 3, Ma~1te: 3 

Fnll 1 DD l uies 2 226 - - - - . . 33.06 52 O'lran1un: 100 

~lays1a 182 . . 492 ,, 37 . . 0.22 . . w 
0 

RED. of l<cr-ea 542 . 90 . 4 . - 18 2.4:> !11 Ast>estos: s 
tew Zealan:i - - - . - - - . 1.40 

Austraha 63500 252 734 32400 1902 7 970 491 48.85 1038 

~ 338 43 253 . ~ 510 6 so 5.31 339 

ttJStly 1985 delta 

All 11~ 1n 1o3 tomes lllless otnervtse nent1ooed 
• : loones 
F'lgures DilSed CJ\ Ref. (6) 

r 



lQ'...£ VJ: FER CAPJTA OO~S.J-1:'.'':'J(.l~ Dr STEEL N"1J ~·.-~RR0..15 f·E"Tt(S 

c.ountry GP per capita Per capita cons1.1Tt>tion Per cap1ta conslJl't)tion 
(~ S) of steel (Kg> of non-ferrous iretals(Kg> 

BJnM 190 n.a. 
India 250 18 1 
P.R. °'ina 310 54 7 
Pakistan 380 7 n.a. 
1noones1a 530 n.a. n.a. 
Pni 111pp1nes 600 ~ n.a. 
tla laysia 2.050 46 

w 

n.a. .... 

ReP. of Korea 2.180 247 13 
Taiwan Province 3.690 238 17 
tew Zealand 7.310 224 22 
ltlstral1a 10.840 363 35 
..boan 11.330 607 35 

U.K. 8.460 257 21 
F.R. ~y 10.940 504 44 
U.S.A 16.690 440 36 

-
f1~s fer 1985-86 

Data based CJl Ref. [6.11.12] 



Alloy/Type 

STE~LS. 

Pl~1n low caroon 

High strength 
low alloy (H~LA> 

Pla1n carton 

Alloy steels 

Tool steels 

STAINLESS ST~EL' 

Ferrit ic 

Austenlt 1c 
Hartensitic 

precioitat1on 
liaroenaole 

TABLE VII: TYPICAL APPLJCATI"N~ nr INPUSTRIAL ALLOYS. 

Tesne Strength Typ1ca1' App11cations 
(MPa) 

325-485 

.135-655 

605-'\280 

786-2170 

448-452 

552-586 

483-1790 

897-1480 

Na11s and wire. pipes. low temoerature 
puressure vessels. automobiles. structural 

aoplications. 
Truck frames and railway carriages 
revetted structures, low temperature 
uses. 
Crankshafts, oolts, hanmers, kn1ves 
and hacksaw Olades. 
'Prings, hand tools. shafts, 01stons 
gears and aircraft tuDing, 
0 1pe cutters, dr111s, punches, dies 
and sc:.ws. 

Automotive exhaust. values (high temperature), 
gla!.s moulds. 
Food processing, weld1ng. construction 
Arrrnun1tion components, cutlery, surg1ca~ 

tools. 
Knives, springs. 

w ... 



Cont'd ••• TABLE VII 

COPPER ALLOYS 

Wrought alloys 220.·372 Armlun1t1on comonnents. weld1ng rods. 
saltwater P1P1ng, r1vets, spr1ngs 
d1aphragm, rad1ators. 

Cast alloys 234-584 Battery clamps, bear1ngs, bush1ngs, 
gears and valve seats. 

AL\JMINl\J1 ALLOY~ 
Wrought, Nonheat-lreatable 90-195 cheet metal work, Cook1ng utens11s. 
Alloys Bus and truck uses. 
Wrought. Heat-Treatable 485-570 neneral structures, a1rcraft ... ... 
Alloys. structural parts, trucks. 
Cast, Heat-Treatable 230-250 Crank cases, o1rcroft wheels, 
Alloys Water-collea cy11nder blocks. 
MAGN~SI~ ~LLQY~ 

Wrought Alloys 255-~SO M1ss11e and 01rcrraft use, h1gh1Y 
stressed extrus1ons, forg1ngs of 
max1mum strenghth for a1rcraft. 

Cast Alloys 160·230 Pressure·t1ght cast1ngs, parts for 
cars, lawnmowers. ·1uggage. 

l ITANIU4 ALLOYS 517-1220 H1gh strength fasteners. a1rcraft 
parts, rocket rnotor cases, chem1c~1 
and mar1ne uses. 

Otta based on Ref(13·16] 
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TABLE VIII: 'l'OUGHNESS OF GLASS, 

CBltYllCS AllD THEIR a>MPOSITES 

Str.ngll1, Wurk ul 
MP a fracture, 

J 01-J 

Glass_ 100 2-4 

Alumina 500 40 

Silic9n carbide 500 40 

Silicon nitride 600 100 
Fully stabilized zirconia 180 
Partially stabilized 
zirconia 600-800 

Zirconia tough~ned . 
300-800 ceranuc. 

Tetragonal zirconia 
polycrystalline 1,000-2,500 

Whlsker.:.reinforced 
StiN. 400-800 

Short Hber-rcinfo.-ceJ 
glass 50-150 600-800 

Continuous fiber-
relnf orced cerarnic/ 
glasses· 700-1,000 101-10' 

K._, 
Ml'a·111"1 

0.5 

4 

4 

s 
2.4 

6-8 

10-

7-12 

6-9 

1 

10·20 

Suurct. "lligl1- J"tmptrnt11rt fibrt Com1111sitts," lry IJ.C. l'l1illi111. 
Mnttrials V1u1lopmtrrt lJiu .. llm 1utll L11l'""''"' y. llK. 



Qultry 

EUml 
10010 
P.R. Ol1na 
lrmies1a 
Pak1stan 
Jt1111w1nes 
Mtllays1a 
IQ>. of l<orea 
tew iea1ni 
~tra11a 

JK>arl 

TAa.£ IX: N.MER ff C:.CI ENT I q~ fH) o.P I~, fH) lE(}Nl CJ fN:, 
EN",o({,T) IN l£C'{Afl}i Nfl EXPER I KNT ft. f{VEL.f'q,[NT 

C:C1ent1~t~ I Engineers Techn1c1ans 
Year Total per 10,CXXl Total per 10.000 

1975 1720 0.4 500 o., 
1984 100, 136 1.3 72,233 0.9 
- n.a. - n.a. 

1986 29,621 1.7 n.a. -
1986 9,919 0.9 1,i,028 1.4 
1982 5,919 , .o 2,577 0.4 
1983 n.a. - n.a. 
1986 47 ,042 11.6 30,465 7.5 
1979 n.a. - n.a. 
1985 29,236 18.6 14,916 9.5 
1986 575,292 49.3 101,861 8.7 

n~s basal m Ref. 125 ]. 

w 

"' 



Fig.1. 

Fig.2. 

Fig.3. 

Fig.4. 

Fi9.S. 

Fi9.6. 
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FIGURE CAPTIONS 

Agricultural and industrial out put vs. GDP per capita 

income. 

Energy consumption vs. per capita income. 

Consuaption of steel vs. per capita income. 

Function and use of fine ceramics. 

No. of R&D sc;:ientists and en9ineer&, and R&D 

expenditure, as a function of per capita income. 

Regional co-oper~tion scheae for new aat~cials 

development • 

. . . . . . . . . . . . . 
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Fig. 4: FuncUon and Use of Fine Ceramics {Exan1ples) 
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F ig.6. REGIONAL COOPERATION SCHEM~ FOR NEW 
MATERIALS DEVELOPMENT 
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by Dr. P. a...kristm.n. Professor. O.part .. nt of 
... tallurgical Bngin .. .ring. Cbief Co-ordinator. Power 
... tallurgy and High Temperature Nate.rials Centre. 
Indian lastitute of Tec:baology. Povai. JIOml)ay -
coo 07'. laclia. 

Int.roduct ioa 

Mate.rials baYe played a key role in our 
developmeat rigbt froa tbe pri•itive stage, as is 
.. ideat froa tbe evolution of tbe civilization froa 
stoae age, broase age, i.roa age and tbe cur.rent 
.. 1ti--teriah age. llodern tecbaological 
developments a.re iac.reasiagly later.related vitb ~he 
progress of tbe .ctvaaced aaterials and tbese a.re 
further stl .. latiag tbe growth of aany sectors of 
our emy. The acblev-nts aade du.r lag tbe last 
decades such as tbe ba.raessing of nuclear energy. 
b.ruktbrougb into outer space, development of 
c:ampate.rs, aic.roelect.roaics, lase.rs, biotecbaology 
and ~icatioa syst ... a.re all indebted to the 
.ready availability of the right kiad of aate.rials 
aDd tbe- have .. de a profound impact oa tbe overall 
developmeat of our society. The -.rging 
.requir-ats a.re based on higher tecbaological 
di-uioas aacl bave to be .realized vitll - and 
imp.roved aaterials. Heace .. te.ria\s scientists and 
engineers are working not only oa tbe traditional 
c:balleagea of iac.reasiag st.reagtb, aoclulus, 
tougbaesa. co.r.roaioa and high temperature resiataace 
of structural .. terials but also oa laaovatlve 
aspects of a variety of .. te.riala .ranging f.roa alpha 
alualna, silicon carbide, silicon aitride to 
t.raaafo.r .. tioa toughened zlrconia. They a.re also 
creatively working on bow to develop optical fibres 
capable of tr•n-itti119 laser light for hundreds of 
kilometres vitbout the need for repaaters. on 
heterostructure devices for laser diodes, on 
supercoaducti119 oxides, on coaducti~• or 
self-reinforcing polv-rs, on coaposites containing 
co.plea co.Dinations of .. cals. ce.raaics, polv-rs 
and gl••••• and on diaaoad thin filas. 

The distinction betveen basic and app!ied 
research is breaking dovn because of the increased 
swac• of developaentr the period of ti .. betveen 
discovery and application has reduced substantially, 
•• is evident froa table 1. 

In the field of aicroelectronics, the period 
bet-•n the conception of • device and its aau­
production can be reduced to less than two years. 
The traditional discipline-oriented approach to 
science and engineering is \ncreasingly being 
replaced by the ~s• of interdisciplinary teaas 
focused on ... .rging technologies tor aanufacturing 
and ~ications. The highly coapetitive 
enviroaaent today is bringing science and practice 
closer together than ever before, and aaterials 
technology is enabling the concepts of theoreticians 
and design engineers to becoae toaorrov's useful 
products. 

Ac1vancf4 .,teritls Ind develop!!!!nt 

Materials are i11pc>rttnt inputs as vell •• 
outputs, letding to industrialisation and econoaic 
develo~nt. Radical changes are taking place in 
the developaent and usage of aaterials in the 
industrialized countries. Th• general trend is to 
use less aater&al per unit of output or tor a given 
product. !/ The degree of sophistication reduces 
the aaount of aaterials required as reported in 
figure 1. Kera the a1110Unt of aaterials per unit of 
product is plotted against the aaount ot 

- u -

sophistication attacbed to tbe use of a given 
.,terial. In this llOdel tbe gravity cent.re of 
several .. jo.r .,te.rials-produci119 industries bas 
been indicated vith a vector. sbovn as aa a.r.rov to 
indicate the future i::rends ia the aext decade or 
so. As an illustration. industries like st .. 1 and 
~nt ban liaited possibilities to aove the 
gravity cent.re of their product •i• towards ao.re 
sophisticated use. 

The basic st .. l indust.ri vill aove only slovly 
out of its p.r .. ent positioa. lkNeve.r. specialised 
n .. 1. such as high at.rengtb lov alloy (HSI.A) si:: .. ls 
bav• a bright future as these and dual phase at .. ls 
a.re considered important .. te.ritla for tbe 
automotive industry. Opportunities for high 
temperature .. ta.rials. llgbtv.igbt .. terials like 
plastics, •1-inl-. titani- and aag-siua a.re ao.re 
dyaaaic. The autoaobile indusi::.ry vill aove like 
most other aate.riala-using industries to tbe upper 
.1.eft of the llOdel. ro.r the vectors indicai::i119 
innovative aoves, resea.rcb and development and new 
tec:baologies vlll have a considerable impact. '!be 
•ic.roprocessor industry -ld be plac:ecl around 
electronic aate.rials in the upper left of tbe 
aodel. Siailarly composite aate.rials vill 
substitute tbe previously used .. te.rials in aaay 
applications. 

Advanced aaterials a.re not only -.t1n9 tbe 
needs of tbe industries but a.re also providing new 
tecbnologies. Tiies• .. terlals are ass.-led into 
coeipoaents critical to tbe successful perfo.r .. ace 
and ope.ration of such large eo11plex syst ... as 
aircraft or space vehicles, electronic ct.vices. 
autoaobilea and so on. Bence advanced aaterlals are 
essential for the grovtb of th••• and other related 
industries. The strength-i::o-density ratios of 
today's advanced composite aateritls a.re about 
50 ti .. • better than those of cast iron. an 
i11pc>rtant aate.rial of the pr~vious century. The 
efficiency of an engine to convert heat into energy 
is dl.reci::ly related to the operai::ing temperatures. 
Thus tbe engine operai::i119 teape.ratu.res have been 
increasing steadily froa the steaa engine of the 
year 1900 to aore than l.2oo•c for the llOde.rn 
turbojet engines. 

This is significant because each 150• increase 
in teaperature can resuli:: in a 20 per cent increase 
in engine thrust and a substantial i11prov9-nt in 
fuel eco-y. Th••• i11prov-nts have been possible 
because of the developaent of advancwd supe.rtlloya 
including .. chanical alloys. ceraaics and 
carbon-carbon coaposit••· In order to achieve the 
speed of Mach. I envisaged for an advanced aircraft 
like the Orient &xpress that could fly froa llev fork 
to Tokyo in three hours. advanced .,te.rials a.re to 
be developed. Siailarly developaents a.re also 
taking place in nuclear pove.r gene.ration as a result 
of advanced nuclear fuel .. terials such •• u.raniu• 
oxide, plutoniwa-bearing aixed oxide and carbide 
fuels. Today's .,gnetic aaterials based on lld-re-1 
are 100 ti .. • stronger than tbe early steel aagnets 
of 1900. Syat ... tic analysis can trace the 
develo~nt of iaproved .,terials such as ferrit••• 
Al-Ni-Co alloys and rare earth cobali:: aagnets. The 
progress aad• in th• tool .. terials froa carbon 
steels, with a cutting speed of 10 a/ain during 
19001 over a period through aaterials like high 
speed steel, c ... nted carbides. coated tools, oxide 
cera•ics and silicon nitride could increase the 
cutting speed to the current level of over 20C •/•in 
thereby Increasing productivity. Other interestin9 
develop!lents include shape .. 1110ry alloys llke 



nitinol, • wide variety of biomAterials and 
superconducting .. terials ranging froa Nb-Sn, Nb-Ti 
to bigh temperature superconducting oxides. 

... terials processing by powder .. tallurgy 

In order to fulfil the potential of advanced 
.. terials it is essential to develop appropriate 
synthesis, processing and fabrication of these 
.. terials into useful compoaents and devices 
reliably and ec:onoaically. A large nllllber of 
processing tecbnologiea such as molec:-.1lar be-
epi taxy (llllE) or .. tal organic cb .. ical vapour 
deposition (llOCVD), rapid solidification, 
directional solidification, super plastic foraing, 
pollder .. tallurgy, etc. are found to bot very 
pr01aising. Several of tbe processing tecbaologies 
wbicb are being investigated in laboratories today 
are expected to reach a stage of application and 
.. rketability in due course. In tbis ccntext powder 
.. tallurgy processes vill play • predOlain.nt role in 
tbe development of advanc:ed .. terials. 

Powder .. tallurgy techniques are being 
increasingly used tor the production of tradition.l 
engineering C011p011ents advantageously as well as for 
tb• development of advanced and new aaterials for 
tbe ... rging tec:bnologies. ~/ Powder .. tallurgy 
c:oaserves energy incl rav aaterial in the production 
of precision •ngin .. ring compoaents with fever steps 
and •iniaua aacbining along vitb the capabilities of 
producing bigh perforaance alloy syst ... and 
aaterials Wbicb are impossible by tbe convention.l 
.. tbods. Tbe latter category includes two p..se 
alloys witb large differences in structure, .. 1ting 
point and density. Tbe aost important of tbe•• 
aaterials are the ceaented carbides of tbe urd 
.. tal industry. Others include electrical contact 
aaterials sucb as tungsten-silver, copper-tungsten, 
carbon-silver, etc. and higb temperature .. terials 
like cer-ic-aetal (cer .. t) .. terials. High .. lting 
point .. tala such as tungsten, 110lybdenll9, tant•lua, 
etc. and light .. tals sucb as berylliua are 
processed by powder .. tallurgy because of the 
att•i-nt of the required struc·:ure and properties 
on the one hAnd and econoay of the process on the 
other. On account of these reasons, along with the 
technical advantage of avoiding segregation, aore 
and 110re ferrous .. terials with high aaounts of 
alloying additions are increasingly being processed 
by powder .. t•llurgy. These include high speed 
st .. la, auperalloya and • variety of high 
te11peratur• aaterials. One of the .. in advantages 
of powder .. t•llurgy is the possibility of producing 
C011Pl•x shaped parts in large nuatiers with close 
di .. nsional tolerances. Powder .. t1llurgy is 
COllp9ting with other .. nufacturing techniques such 
•• casting. uchiraing, welding and 110r• particularly 
with rolling, extrusion and forging. The field of 
powder .. tallurgy is constantly expanding because of 
the developaent of new production tecnn1ques and 
.. terials technology. 

The global .. rket for powder .. tallurgy 
products is projected to grow froca $US S billion to 
$US 6 billion in 1917 to about SUS 15 billion to 
$US 18 billion by the year 2000, rep:esenting an 
annual growth rate of 8 to 10 per cent. Carly 
911Pirical knowledge and technological experience of 
th• powder .. tallurgy industry is being replaced by 
sound scientific and engineering knowledge supported 
by sophisticated instru .. ntation, diagnost1c 
technology and press and furnace equipment. Th• 
~lobal .. rket for 111et11 powders is estimated at 
655,000 tons as reported in table 2. 

The autOlllOtive Industry is the largest consu .. r 
of lnternationd powder .. tall•Hgy industry for i.ron 
•nd coppe.-b••• products. In North Alllerica the 
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autoaotlve powder .. t•llurgy .. rket is •bout 60 to 
70 per cent of total output and in ~•pan it is about 
75 per cent, in the US about 70 per cent, in the 
Federal Republic of Ceraan\· llOre than 60 per cent, 
while in Italy •round 60 per cent. Pcw\ier 
.. t1llurgy parts should s .. 110re usa9e in such 
.. rkets •• c:caputer peripber11 equipment, power 
tools •nd lock hardw•re, lawn and garden equipment 
and appliances. The interest is very high in the 
.. tal injection llOUlding process, powder forging • 
high temperature sintering and in new .. teri•ls. 

Tb• rapid cbanges in the bigh tecbnology 
industries and tbe increasing C011petition have 
proaoted the development of pollder .. t•llurgy net 
and near-aet-.bape aanufactuiing processes that •r• 
botb .. terials and energy efficient. Another 
important f•ctor responsible for tbe rapid progress 
of powder .. tallurgy is tbe innovations in powder 
production aad consolidation tbrou9b continuous 
research •ad development. 

coasider the most widely used .. tal powder. 
~ly iron pollder. About 30 years ago tbere -r• 
only • few gr-4•• of iron powder but today tbere are 
more than 50 specialized grades on the .. rket. Tb• 
range of powder grades available today include super 
c:o11pressibility powder for higb density ~srts, llnS 
additio.~s for iaproved aachinabili~y. special 
pollders for iaproved fatigue life for powder forged 
gears and connecting rods for cars, Pe-Cr-llo-Cu-P-C 
alloy powders for higher wear resistance and to 
reduce tbe -i9bt of c:aaahafts for autoaobiles, 
stainless st .. l powders for high tellperature and 
corrosion resistant applications iacludi119 
applications like filtration. Other developments 
include tool stHl powders for cutting and -ar 
parts; irregular iron pollders vith large surface 
areas and low density for the high perfor .. nce 
required for friction applications such •• heavy 
duty brake pads and linings. The interest in the 
carbonyl process which is cas>Abl• of producing fine 
spherical iron powders of l-4 ,..,, 6-7 ,.-. 1-9 ,.. •• 
etc. particle sizes witb high purity h•s been 
revived recently because of the high interest in th• 
research and developaent of .. tal injection aoulding 
process. 

The esti .. ted world wide consu11ption of iron 
powder for powder .. tallurgy applications in 1917 is 
reported in table l. ].I 

Th• important .. thods for iron powder 
production are atoaization, gaseous reduction of 
oxides, reduction with carbon, electrolysis and 
carbonyl dec011pOsition. 

Th• atoaization .. thod of powder production 
provides soae of the best cOllb1nations of powder 
ch .. istry, cleanliness, size and sh•pe 
characteristics for reactive alloys. The constant 
research and development of C01111ercial w•t•r and gas 
~toaization have led to the development of rot•tin9 
electrode processes which provide very cle•n 
spherical powders with 1 high de9r•• of 
COllpOsitional and •icros1 ructural control. 
Different .. ltin9 procedures such •• electron-be•• 
.. icing, pla1 .... lting and laser .. icing hav• been 
used in conj~nction with rotating electrode process 
to produce reactive .. icing and alloy powders such 
as tit1nlu• and zirconiua suitable for net-shape 
.. nufacturing by bot Isostatic pressing. In the 
tuditlonal c~rclal g•·• atoaizatlon, ~h• coolin9 
rates are lov - of the orjer of 10 to 10 degrees 
per second - and the particle sizes are relativ•ly 
co~rse. Further th••• powders suffer froa trap,>ed 
porosity and f.1 n• ••tellite for .. tion resulting in 



the low.r pac:lling density of th• povder and 
heterogeneity in the •icrostructure of the coapact. 
Tb• rotating electrode processes does not us• a 
crucible for .. lting and thereby reduce the 
contaaiaatioa of reactive .. cals and alloys. The 
cooling rate la the rotating electrode process can 
be locreased by additioa.l supply of gases for beat 
extraction fraa the powders during ataaisation. 

~~• cooling rate during ataaisation of aolten 
.. cal• can be iacr•••ed to io2 to lOC deqr .. • 
per second by vater and steaa ataaiution. But 
tbeae aedia are inexpensive and they will lead to 
aore oaidation of the powder. Hence tbe process is 
used for low alloy st .. ls vber• sllbsequent reduction 
is posaible. AD l-siortaat develos-nt to inc:rea .. 
the cooling rate of gas ataaiutioa to iol to 
105 degr .. • per second is tbe ultrasonic gas 
ataaization. In thi• process a series of shock wave 
nozzles impose pulsed ultrasonic gas on tbe liquid 
.. cal •tr•-· Tbe gas jets are generated at higb 
pressure of tbe order of 5 lllPa and high frequency of 
tbe order of 100 a c/s with an ••it velocity of the 
order of 2 llac:b. Pine powders with an avera,.:• 
particle size cf tbe order of 20 JA• bav• been 
pr~eed by this .. cbod. Higher cooling rates of 
10 a,r .. s per second and above c,..ld be achieved 
by .. tallic substrate quenc:bi119 such as .. it 
eauaction and .. it spinning. Tbe higb cooling 
rates will enable production of alloys vith 
.. castable phases consisting of glassy or 
aicroeryatalline .. ceriala in the fdra of staple 
fibres or fll ... ats, vbich ftre to be pulverized for 
producing the powders. 

Progress in alloy develop!!nt and .. terials 

The alloy syst... produced by the usual 
proeessiag .. tbods of •lting, casting and "Orkiag 
have reached the Hait of their perfor .. nce 
capabilities. This is the case with aluainiua 
alloys, nickel and cobalt base superalloys developed 
in the 1960• for gas turbine engines and other high 
teaperature applicatioas1 high speed tool st .. ls 
developed in the 1970s and other alloys with large 
aaounts of alloying additions. The powder 
.. tallurgy techniques offer a solution to the 
liaitations of conventional ingot processing thereby 
providing aaterials with superior properties. 
Through continuous research and development it bas 
been possible to produce by povder •tall•ugy nev 
aluainiua alloys, titaniua alloys, superalloys and 
high speed tool steels with i111proved properties and 
perforaance. Th• n- powder •tallurgy techniques 
.. k• it possible to create new alloys and 
caabinations of .. terials such as non-eq11ilibriua 
coapositions produced in rapidly solidified povders, 
c:omt>inations produced by •chanical alloying and 
coaposite aaterials. Another incentive tJ use these 
n- technical advances in povder •tallurgy is the 
opportunity to realise significant cost savings in 
the case of processing expensive .. terials by 
reducing the scrap generated in fabricatin~ the 
finished coaponents through near-net-shape 
aanufacturing capability of the process. 

The povder •tallurgy process takes full 
advantage of alloying •l-nts and allows for use of 
large aaouncs of alloying ele .. nts. The su"9rior 
aicrostructure i111proves the not hardness and wear 
resistance in cOllparison with conventional high 
speed steel. Powder .. tallurgy tool steels are used 
for allling cutters. rea .. rs, taps. Grills, 
broaching cools, gearhobs, punches, dies, blanking 
tools. etc. and th••• tools provide ~ub•tantial cost 
reduction through i111proved perfor .. nce and Increased 
productivity. Sl•ilarly superalloy1 such •• IN-100, 
Rene 95, Mar-M 509. etc., .. ch•n1cal alloyed 
INCON&L-MA75l. INCON&L-MA-600. etc .• processed by 
powder •tallurgy have shown super i·)r MCh•nical 
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properties than the conventional superalloys. 
Powder •tallurgy - r•pid solidif led aluainiua 
alloys (Al-Zn-Mg-CU-Zr-Ni) in the extrllded eondi t ior. 
exhibited up to lO per cant improv ... nt in strength 
and •• aucfl •• CO per cent advant•9e in tougbness 
c:oapared to the conventional high strength 7075 
alloy. Si~ilarly Al-Li alloys processed by powder 
•t•llurgy have sbown subst•ntial i111prov ... nt ln 
properties. llodlf ied 7075 aluainiua alloy with 
l per cent Ni and 0.1 per cant Zr processed by 
experi-tal liquid dynaaic coapactioa bas provided 
tensile strength of 116 MP• and elongation of 
1.6 per cent. SlC reinforced &luainiua. aatrix 
composite 6061-T6 have sbown a tensile strength of 
795 MP& and aodulus of lCO GPa in coaparison with 
290 1111'• strength and 70 GP& aodulus of • 
conventional 6061-T6 alloy. Titanium 
(Ti-1Al-IY-5Pe) alloys processed by powder 
•tallurgy bave provided a tensile strength of 
l,CIO MP& c:oapared to 965 MPa of a eonventioa.l 
Tl-6Al-CV alloyi thereby tbe former alloys are 
being eonsidered as potential .. terials to replace 
heavier st .. 1 in aircraft lacdi119 gears. 

Dev•lop!!nt in powder consolidation 

While considering powder .. tallurgy V9 bave at 
one end of tbe speetrua the traditional and 
loag-standiag pressing and sintering industry vbieb 
utilises cold die pressing and elevated temperature 
sinterlag to produce a wide range of products. At 
the otber end of the spectrua are special alloys and 
aaterials vbicb are not ... aable to die c:oap..ction 
and slntering. They are proeeHed by isostatic 
eompaetlon, .. tal injection -lding and other 
foraing processes such as wire drawing, extrusion, 
rolling for9ing, bot pressing, bot isostatic 
pressing and spray ~oraing. 

The near-net-shape tecbnology using •tal or 
ceraaic aoulds peraits C011ples configuration such •• 
aulti-stage C011pressor spool, impeller, turbine 
disk, valve body, etc. to be formed in single unit 
components while retaining the properties equivalent 
or superior to the conventionally processed parts. 
In addition to hot isostatic pressing .. ny 
pseudo-hot isostatic pressing (HIP) processes have 
been developed in order to reduce the capital cost 
of the equipaent and to reduce the production cycle 
ti• fraa several hours. These include ceracon 
process, rapid oanidirectional CC>llpaction and staap 
process. In the ceracon process, the porous prefora 
produced by cold consolidation is densif ied under 
pseudo-hot isostatic condition using • hot granular 
c9raaic Mdlua in a die by using • press. A variety 
of alloy steels, stainless steels and superalloys 
have been consolidated by using the soft tooling 
process. The rapid oanidirectional c011paction 
involves the use of her .. tically •••led aould-povder 
assembly with the configuration of the C011pOnant 
such as a jet engine dlsk. The •••eably is then 
heated to th• consolidation teaperatur1 in a furnace 
and then transferred to • bot die and consolidated 
using a conventional press. After .;onsolidation the 
aould is reaoved by machining, acid leaching or by 
..1ting. A variety of .. tarials such •• •ild steel 
copsi-r - 10 per cent nickel alloys and ceraaics have 
been used •• aoulds. In the staap process the 
powders produced by hori~ontal atoiaisation are 
filled In a steel container and •••led 
her .. tically. The containers are then heated to • 
te111per•ture of the order of l,loo•c and transferred 
to • hydraulic press for consolidation to the 
desired density level which will vary froia 95 per 
cent to full density, depending upon whether these 
billets are subsequently processed by rolling or 
forging. A variety of lov alloy steels, tools, 
steels, etc. have been processed by the sta111p 
process. Consolidation under ataospheric pressure -
CA9 - is •nother developaent in which steel powders 



are treated vitb boric acid to pr011Dte ainter:n9. 
'fbeae powder• are loaded into 9laaa moulds, ••~led 
and then heated in crucible• in air at.moapbere 
furnacea. Tb• sintered product• vith densiti•• of 
the order of 95 to 99 per cent are vorked to full 
density billets. 

Considerable research aad development has been 
carried out on the roll compaction of -t•l powders 
into atrip. t'b• .. terials inveati9ated include 
iron, copper, cobalt, stainl••• st .. l, al1111iniioa 
alloys, titaniua alloys, nickel alloys, etc. There 
are Yery few .::o11mercial production plants aad theae 
are loc.ted in the mt, C&nada, the USA and USSll. 
eo.der coaaoliution to full density by bot 
extrusion is another potential production process. 
The different .. tbocls of powder extrusion include 
extrusion of loose powder, extrusion of cold 
c:ampacted or bot pressed compact and -.xtrusion of 
powder s.,.led ia aa evacuated container. The latter 
.. tbocl is C011mODly used for al1111ini1111 alloys. tool 
st .. la and superalloys. currently considerable 
research is 90iag on dyn&9ic COlllpAction in vbicb 
shock vaves pass tbr0119b powder and 99nerate very 
hi9b pressures of the order of 100 GPa in a ~::-.. 
•icrosec:onds. The sbock vave includes interparticle 
sheariag and surface .. 1ti119 of the -Ul powder 
particles, reaulti119 in bi9b densities of the 
c:ampact. Dyaa8ic c:ampaction offer• the posaibility 
of retaiaiag the .. testability inherent in rapidly 
solidified powders after consolidation. Spray 
for•ing is a promising net-shape powder processin9 
in vbicb the spray of liquid .. tal droplets impinges 
on a substrate, vbicb build up a thick net-shape 
prefor•. The important spray for•i119 processes are 
the spray deposition, ai1111ltaneou. spray peenin9, 
sprar rolli119 and spray forging. Spray for•iD9 is • 
shorter rOllte to the final product. Rapid 
solidification pla ... deposition is another recent 
development to produce fine grained bOllDgeneOlls 
•icrostrw:tures of several composite• in addition to 
superauo.·s. Liquid dyn-ic compai;tion i• another 
proiaiaing process in vbicb ultrasonic gas 
atomization is used for sprayin9 in order to achieve 
attractive solidification rates, refined structures 
and Olltstanding mechanical properties. 

Bllerqinq products, Droc••••• and .. terials 

A recent international for1111 on •0eai9n and 
.. nufacturing of powder .. tallur9y CO!lpOnenta in tbe 
autOllDtive industry• at the International P/M-88 
Conference. Orlando, USA. durin9 1988, indicated 
that altbou9b th• P/M industry bad proved itself 
capable of producin9 a lar9e number of complex 
shapes for autOllDtive applications the industry has 
been slow to expand its technol09y bH• and to 
create nev opportunitiea for production of highly 
atreased parts. ror example in developing povder 
forged connecting rods, priority 1111at be given to 
developing th• opti81119 .. terial composition, 
•icroatructure and properties in order to ... t the 
endurance 11•it• and fatigue testing and the 
producti~n process 1111at at th• .... ti .. lend itself 
to consistent process control. Other products 
having good prospects in the i ... diate future in the 
autOllOtive industry lnclude differential gears and 
other trans•isaion pares, valve seat inserts, 
cylinder liners, valve guide bushing and drive 
sprockets. 

Another povder .. tallurgy process develop119nt 
is the .. tal injection 110ulding vhich has evolved 
fr()jl the atlbryonic stage and entered lnto the grovth 
portion of the business life cycle vith an esti .. ted 
sale of SUS 15 •illion in the USA in 1987. 
According to a forecast the .. rkat for .. tal 
injection llOUlding vill continua to expand over the 
next 10 years, grovin9 to betvean SUS 200 •illion 
and SUI JOO •illion a year in domestic sales. A 
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lar9e number of orqanizati?ns all -:>ver tbe vorld £::: 
engaged in research and development of tbe process 
to .. k• it faster, cheaper and -nable to lar99 
components. llev companies are also enterin9 into 
tbis field in the USA, llurope and Japan. The annuu 
9rowth rate ln -tal injection mouldin9 and powder 
forgin9 is projected to be of the order of 25 per 
ceat. 

Oa a commercial scale considerable successes 
have been aade in the conservation of .. terials 
thr011gh rac:ycli09 of powder .. tallurgy products. 
This ls particularly true in the case of cemented 
carbides. r .. sibility studies hav• been established 
in the racyclin9 of certain iron. st .. 1. brass, 
titaai1111. heavy -t•l and superallofs scrap Dy 
powder -tallurgy processes. Ia OGr own laboratory 
lov grade ferrous scrap suet. as cast iron aad st .. 1 
•cbine turnings taave been processed by powder 
.. tallurgy tac:bniques to advanced dual pbase st .. ls 
and hi9b strength st .. ls vitb a tensile strength of 
950 llPa. resultiag in better reS011rce conservation 
and utilization. !J 

Research and development in the field of powder 
-t•llurgy bas lad to the develas-nt of a large 
number of ... rging tecbaol09ies. Production of bigb 
speed tool st .. ls, stainless st .. 1, alumini1111, 
titaniua and superalloys of never composition have 
alreadf demonstrated their superior prope:ties along 
vith substantial cost reduction in the component 
.. nufacture or ec:o_, of tbe overall process and 
increased productivity. A large number of nev and 
l1111roved special .. terlala bava also been developed 
for high perfor•nce applications. These include 
i11proved carbide, oxide, nitride. boride, composites 
and polycrystalline diamond for cuttin9, f~rgift9 and 
119ar partsr •ixed uranium oxide and plutonium oxide 
and carbide fuel .. terials for nuclear reactorsr 
Sa-Co. ra-lld-B .. gnatic .. terials: Ni-Tl baH shape 
...ory alloys: r.iobium and car-ic base super­
conducting .. tarialsr CO-Cr-Mo, taatalua base 
.. teriala for orthopaedic joint/bone replac ... nt; • 
varietr of oxide. carbide and nitride ba•• 
structural cera•lcs and particle, fibre and vbisker 
reinforced composite .. terials. 

Advanced structural cera•Lcs 

Advanced cara•ica are unique engineering 
.. tarials for high perfor .. nce applications. Tbe 
slower 9rovth in the Coellercialization of these 
.. terials is related to the technical probl ... 
associated with production and fabrication. Hovever 
several types of advanced caraaics have pr09rasaed 
from laboratory or pilot plant production ~o 
comaercial production. R~search is continuin9 in 
acquirin9 the basic knovledge, characterizati~n of 
these .. tarials and developing the technol09y 
required to ensure the production of reliable, 
reproducible and cost-effective ceraaics products. 
Advanced ceraaics are .. tarials .. de up of 
consolidated high purity oxides, nitrides, carbides, 
boridas, etc. of accurately defined composition and 
particle size, shape and distribution. The 
esti .. ted world sales in 1985 of advanced cera•ics 
is ~f the order of $US 5,000 •illion, currently 
doainat~ hr the USA and Japan whose hold on the 
electronic cara•ics .. rket gives the• th• c0111aarciaJ 
l•ad. Th••• .. tarials can be classifi•d accordingl1 
to cheaical c0111pOsition and can be divided into 
oxide cara•ics vhich include alu•ina, zirconia and 
baryllia and non-oxide ceraaics such as silicon 
carbide, sil;con nitride, boron carbide and the 
sialons which are based In varying degrees on 
silicon, alu•iniu•, nitrogen and oxygen. 

The processing of th••• 111atarial1 in general 
consists of •ixing the powdered ceraaic vith a 
binder to enable C011pactinn or shaped through one of 



tbe routes sucb as extrusion, isostatic compACtion, 
slip casting, injection moulding and f iDAlly beated 
to • bigb temperature causing tbe .. terial to 
density. The .. nufacturing processes are 
conti~u.llf being developed vitb tbe .. in objective 
of reducing the inherent brittleness of tbe 
cer .. ics. In general, tbe s .. lier the pArticle size 
of tbe starting .. terial and tbe aarrover tbe size 
distribution, the aore reliAble tbe end prod~ct. 
Hence c:beaical syntwsis -tbods are being used for 
prepAring ••tr ... ly fine powders in tbe solid stat• 
and gas IJbA•• reactions, vbile -tbods like sol-gel 
or inorganic pol~~ tec:bnolOCJY are very proaising. 
The future of advanced c:er .. ic .. terials appears to 
be very favourable from tbe world-vide .. rket 
projections as reported in tAbl• 4. ~/ 

Advanced structural c:er .. ics offer n~rous 
perfor .. nc:e advantages s~'."b as higber strength at 
elevated te11peratures, light weigbt, lov.r wear and 
less need for lubrication. The Abundaac:e of rav 
.. terials of c:eraaics offer tbe industry an 
opportunity to c:oaserve rare and expensive .. tals by 
developing appropriate structural cer .. ics for 
d-nding applications. c.r .. ics based on zirconia. 
silicon nitride and silicon carbide bave potential 
structural application in advanced beat engines sucb 
as gas turbines. diesel engines and .. n, other beat 
and wear resistant applications. These components 
COlllprise rotor blades, statar vanes, c:o-bustion 
ch4ambers. piston caps, cylinder liners. etc. Higher 
tet111»rature operation leads to increased ther .. 1 
efficieacy and decreased specific fuel consumption. 
The lower weight results in lower stress in rotating 
components. greater thrust-to-weigbt ratio. lower 
potential life cycle c:ost and decreased C0111plexity 
due to tbe use of non-cooled CQllPODents. Finally 
the use of ceraaics also reduces dependency on the 
use of strategic .. terials like cobalt, chromiua, 
refractory -t•ls. etc. 

The last 15 years have seen .. jor advar.ces in 
tbe development of cer .. ic tool .. terials acbieving 
high cutting speeds vith long tool lives. ~hese 
tools require rigid .. chine tools vith higher power 
aotors and a change in tool design. !/ Ceraaic tool 
111<1terials .. Y be claftsified as aluaina or silic:on 
nitride based and these base coapositions give rise 
to faailies of .. terials vitb alloying additions. 
Another development is the Sic whisker reinforced 
COtlpOSite ceraaic tools. Ceraaic tools exhibit very 
high hardness and vear rMsistance. bigh resistance 
to plastic defor .. tion, ch .. 1cal stability. etc. 
They presently constitute about S per cent of the 
total esti .. ted indexable insert .. rket for -tal 
cutting and are used in the automotive industry 
predominantly for high speed .. chining of grey cast 
iron for proc!ucing brake dru•s. brake discs and 
flywheels. They are also used for high speed 
.. chining of superalloys. hard chill cast iron and 
high strength steels. 

The favourable properties of advanced 
structural ceraaics provide a significant advantage 
for potential use in car and truck engines. Cera•ic 
coatings an~ cera•ic parts are just being introduced 
by the aotor vehicle industry. Currently Japanese 
auto-· .. kers are using advanced cera•ics turbocharges 
and other ... 11 engine c091pOnents in autos. A 
prototype diesel engine vith cera•ic pistons, 
cylinders and heads and vithout cooling syst .. • also 
has been built vhi;h is clai .. d to be capable of 
oper•ttng for 800,000 k•. engines vith cera•ic 
blocks and •••11 parts are being tested in both 
Japan an~ the US but vill not be considered 
COlllllerctally feasible until early in the next 
cen•ury. The projected cera•ic engine coaponent 
.. r~•t penetration is reported in table S. !/ 
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A recent US Depart-nt of Energr studf for 
c:er .. ics ln beat engines, based on the world Delpbi 
survey, provides • very interesting projection on 
the ec:ona.y. !/ The predicted world .. rket share 
for c:er .. ics la heat engines in tbe year 200G ls 
shown in figure 2. The experts• jud9-nt on 
leading aatioas in tbe year 2000 show Japaa in front 
vith a 40 per cent sbare of tbe world •rket 
foll~ by th• US and tbe Pederal Republic of 
Cermanr. Vorld-ide competition is still open and 
•nJ of the leadia9 aatlons could plaf a .. jor role. 
Tbe ecoaaieic benefit• of leadership in producing 
engl- cer-ics are slgaiflcant. u shown in 
fi911re l. In the llediua sc:eaario, tbe US QIP could 
differ by SUS 17 billion (in 1912) in tbe rear 2000. 
depending oa vbether tbe US or another DAtioa leads 
ia production. As indicated ia fl911re l, the US 
ec:onc:imr could Hpand bf SUS 11 billion of tbe us 
lead• or lt could decline by SUS 26 billion if 
for•lCJD ...:ufacturers ba•e tbe lead. 8esides tbe 
direct ec:oaa.ic benef 1ts of ad•aDC9d cer .. ic 
tec:bnology, their C09199rcialiaatlon can bave an 
effect oa tbe use of otber c:er .. ics also. 

Advanced CO!!pO•ite .. terials 

The seareh for nev •terlals vltb i11proved 
properties bas provided tbe impetus for tbe 
development of COllpOsite •terials. Tbe use of 
fibre reinforced polymer .. trix composite• during 
tbe past two decades bas revolutloaized the 
ea9iaeerlng .. teri•l• world. Tbe field of 
application of glass fibre reinforced plastics bas 
spread over a vide spectruia of c:oasusier 9Qods. 
construction, Cbeaical plant, .. rine and road 
transportation to aerospace C011pODents. !/• 10/ Tbe 
development of advanced C0111pOsite .. terials vith 
fibres of carboa, boron, ar .. id. silicon carbide, 
etc. bavlng properties coasiderablf superior tQ 
those of earli1r composites bave ••tended their 
appllcatioas o high perfor .. nce coaponents of 
advanced aircraft and the space shuttle. The 
dovn-to-eartb applications of ~sites include 
autoalt'tive, orthopaedic. consu..r type - luzury 
leisure activities, electronic and energy generation 
industries. 

Tbe purpose of reinforc ... nt ls to increase the 
strength and stiffness and aodlfy the failure 
aechanis• advantageously. Special cases f lbres can 
conduct or resist electricity or can conduct heat 
and resist Che8ical c:orroslon. The reinforcing 
..terials can be continuous or discontinuous. 
Whiskers are single crystal fibres almost free from 
defects vith polygonal cross-sections. The 
di-ters of. whiskers •Y range froa O. l.K• to l p.• 
and length of the order of 100 JC• to 1,000 ,.. vi th 
very bigh strength levels approaching theoretic 1, 
in tho•• cases vhich are finer and frae froa 
defects. Whiskers of -t•ls, inter-.. tallics. 
ozld••· carbides and nitride• are frequently 
produced and the latter are of particular interest 
to coaposltes. Typical properties of fibres and 
whiskers are reported in table 6. 

A large number of .. thods have been developed 
for the fabrication of polymer, cera•lc and .. tal 
.. trlz composites. The understanding and tailoring 
of the interface region is critical to the 
developaent of. all t1·pes of. advanced C091p()Site 
.. terials. ror polymer .. crix composites a bond 
11Ust develop at the interface. requiring that the 
.. trix In its liquid for• must wet the fibre. 
Molten -tals can vet fibres of. Al 2o3 and Sic. 
In the case of ceraaic coaposites the .. jor 
require .. nt for enhanced toughness necessitate• 
bonding vhlch is veak during crack propagation but 
still strong enough tor load transfer under tensile 



la.din9. In th• case of C/C composites a bond of 
intermediate strength is desired. Frequently a 
coatin9 is required to facilitate th• V9ttin9 and 
subsequent development of intermolecular forces or 
c:b .. ical reaction Vbic:b establishes a bond bet"9en 
the fibre and .. trix. Generally the excessive 
reaction bet"9en th• fibre and the .. trix is of 
liaited c:oocern vith polyaer •trix composites. But 
the .. 1tin9 and consequent rapid reaction rates can 
lead to an excessive reaction zone in .. tal •trix 
composites vbic:b can lead to degradatioe in the 
aecbanical prop.trties. Por .. tal .. tri• c:aaposites 
the •tris-fibr• reaction zone is to be coatrolled 
e99n duriD9 solid state proc:essi119 lit• bot pressing 
or diffusion bonding. 

There is a visible c:b&119e in the pattern of 
usa,e of •t•rials in the autoaotive and aircraft 
industry. The projected auto-aaterial treads froa a 
study by the Universitf of •lc:bigan sa- that the 
us• of plastics and composites in an avera99 size 
car is steadilf increasin9 vbil• the usa,e of iron 
and st .. 1 is dec:lini119 as shown in figure 4. !!I 
The use of plastic and composite body panels is 
••pected to increase froa the curr-t 5 per cant 
l•v•l to 70 per cent bf th• year 2000. Of course a 
coesiderabl• .-nt of pla-ia9, developaent and 
en9ineeriD9 is needed for a transition of this 
•gnitude to be •CCOllPliSbed ~ically. 
C011pOsites can provide - •jor benefits tbat can 
lead to si9aificant improv ... ats in perfor•ace and 
productivitf. The ability of C011pOsitcs to tailor 
the properties is a special advaata,e for 
translatiD9 nev design concepts to reality. 

Aircraft structures are predaaiaantly •d• by 
aluainiua. st .. 1 and titaniua. Tbe bulk of tbe 
airfr ... veigbt of a llOdern subsonic plane such as a 
Boeing 757 consists of 71 per cant aluainiua 
alloys. This percentage vill drop to 11 per cant 
between 1990 and 2000 and the raplac ... nt vill be 
•d• by COllpOsites. However the development of nev 
aluainiua alloys such as aluaini...-lithiua alloys 
can change th• situation to some extent. The 
ailitary and aerospace •rket is currently the •jor 
user of &dvanced c011pOsite •t•rials. The •terial 
weight distribution of an advanced technology 
aeroplane is sbOVD in figure 5 and the projected 
•t•rials requir ... nt for a supersonic commercial 
aeroplane is sbovn in figure 6. !,!!/ The future 
•rkets for advanced C011pOsite parts is stiown in 
table 7. 12/ Aerospace •terials for th• 
twenty-first c•ntury will be expensive, but with the 
increase in •rket the price will decline in 
conjunction with increased autoaation and a 
full-life engineering approach. The advanced 
structures vill be .. d• out of more than one single 
•t•rial. The supersonic space aeroplane .. y have a 
fuselage •d• of heat-resistant .. tal alloys, wings 
and fins of C/C coaposites, engine inlets, ducts and 
nozzle froa ceraaic .. trix coaposites, landing gear 
of .. tal •trix coaposites and fittings with 
titaniua. 

Options for the future 

Por a new uter ial to reach the productic:n 
level certain criteria have to be fulfilled. Th••• 
include necessity, .. turity, opportunity, 
availability and cost. The necessity concerns th• 
li•itations of the ex11ting .. terials while aaturity 
relates to the risks involved in the new .. terial. 
In the iapl ... ntation process lf the costs •r• 
exorbitantly high then the opportunities for 
introducing th• new aaterial •r• liaited. But if 
the situation deaands, then it is •••Y for a new 
aateri•l to be lntroduced. Si•ilarly in certain 
circuastances a high cost aay be tolerated if the 
increased perforaanc• warrants the •dditional 
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expense. It .. y take about 10 to lO years for a new 
technology to reac:b full .. turity. Part of this 
gestation period is involved in tbe initial basic 
research, applied research, developaent, data 
gathering, scale-up and validation following th• 
go-ahead. 

Tbe widespread technological cluln,es are 
creatia9 •jor new opportunities for ad•anc:ed 
•t•rials. Obviouslf the•• ... rgia9 trends vill 
lead to a decliai119 intensity of traditional 
•t•riels. Tile asti .. ted currant ralati•• •rket 
•turitf of •jor .. tals and other •terials are 
shown in figure 7. ll/ This concept is helpful in 
explainin9 bov as an ec:oaoay qr~ and •tures the 
growth in coea1111ption o! tonnage .. tals first 
exceeds. eventually parallels and finally trails 
that of tbe ec:oaoay as • vbole. This illustrates 
the broader con.:ept of .. rk•t .. turity la gener~l. 
Tbe figure is helpful in demoastrati119 the general 
life cycle after •rk•t saturation and as the 
inesorabl• evol_tioa of tecbaolOCJY proceeds there 
vill be •••ntual displac-..at and decline. Tile 
curve pro•ides an esti•t• as to vbere several 
•tarlals includln9 advanced .. terlals are deployed 
in rela:ion to one another on a collective •t•rials 
•rkat •turitf curve. Tile figure elso reveals the 
contraction of tonnage -tals like carbon st-1 
vbicb sbould be offset at least partially by 
opportunities and expansion of more specialized 
•terials. The relationship between .. terial 
supplier and •t•rial user is fund ... ntallf 
c:b&nging. Proa • comiodity predaaiaated supplier -
ve have a .. tal, bov aucb do you need - to a 
custaaer ori•nted perspective - bov to Sfnthasize a 
new .. tariel to solve your probl-. Thus, one can 
expect • transition froa .. tels econoay to •t•rials 
9CODOllJ as sbolnl in figure 8. !11 The recent 
contraction in .. tal industries is expected to be 
follov.d bf a -cb •ilder decline while most of the 
firas in th••• industries will gradually diversify 
into other areas and a few vill concentrate their 
efforts la specialized -tals. Advanced •t•rials 
vill encounter •ny obstacles and stiff resistance 
alOD9 the vay froa research laboratory to widespread 
COlmllercial usage, but the expansion of advanced 
.. terials is inevitable. In all the developed 
countries co-ordinated efforts are bein9 .. de for 
overall uterials development, every part of the 
cyclic process of innovation. Th• bra.d view of 
product-process developaent includes research and 
developaent, design, .. nufacturing, •rketing and 
distribution. 

In the United States the federal Government is 
not only providing funding and facilities of 
research and developaent but also playin~ a 
leadershLp role in helping industries to develop new 
strategies for \nternational coapetitivaness, in 
helping bring industries and universities together 
and to lead in the re-orientation of •issions of 
national laboratories more effectively. Studies 
like th• econoaic iaplications of leadership in 
producing engine ceraaics have provided th• 
necessary incentive for signiflcently increasing 
support for nev .. terials. tUny countries have 
centralized planning, co-ordinated research and 
development and specific goals such as the European 
Research on Advanced Materials (EURAH) and European 
Research Co-ordinating Agency (E\IRll<A). In Japan 
the Ministry for International Trad• and Industry 
(MITI) is co-ordinating the efforts. Nev 
coapetitlon is also e .. rgin9 in th• world 
.. rketplace and aore countries are participating in 
it. Th• international trend is towards more applied 
research in solving th• aaterials probl••· Advanced 
.. t•rials have becoae th• vehicle through which 
nigh technology adv•nces •nd thereby overall 
developaent - tne choice is obvious. 



How Asia can meet the challenge 

Most of the advanced .. terials developm9nts are 
takin9 place in the industrialized countries. There 
are developin9 countries and countries not so 
fortunate. In Asia ve bave a heter09eneous 
assetllbla9e of nations vith several cultural. ethnic 
and bis tor ic back9rounds. Tbere are countries 
developed socially and culturally but not so 
technol09icolly and ~ically. The patterns of 
tec:hnol09ic:al 9rowth are not at all 1111ifora. There 
are nations like the USSR and Japan tecbnol09ically 
well developeo and developing countries like India. 
China. tbe Republic of Kor••• etc •• and not so 
developed countries like Iran. Iraq. Turkey. 
Pakistan. llalaysia. Sin94pore. Indonesia. t'\e 
Philippines. Sri r..nta. etc. In these countii•~ the 
distribution of natural resources varies. Countries 
like the USSR. India. China, Indonesia, Malaysia and 
the Philippines bave varyin9 d99r .. s of selected 
.. tallic ores. vhile there are countries lik• Japan 
and .. ny of the developin9 countries vith very 
li•ited reserves of ainerals. 

A country like Japan v~th liaited natural 
resources could bec:olle a hi9hly industrialized 
country today. Pirst of all the socio-econoiaic 
traits and national traits of th• people along v&th 
the procur ... nt of an educated population sufficient 
in quantity and superior in quality throu9h the 
iapl.'91entation of videspread education have played a 
critical role. !!/ During the Pirst and Second 
Morld War. Japan was able to achieve a fast rate of 
growth because of the right internal ataospb•r• as 
well as aonopolizing the vast raw .. terial resources 
and .. rket of the Asian continent. while becoaing 
the first and only nation in Asia at that ti .. to 
experience an industrial revolution. The po~t-var 
period was the ti .. when the Japanese economy 
underwent reorientation towards the liberalization 
of w~r-ti .. control syst .. s. Business accelerated 
the development of technol09y providing the 
opportunity to facilitate post-var technological 
innovation. The accuaulation of domestic 
technological capacity through iaitativ~ 
.. nufacturing and their readiness for taking in 
foreign technologies, cultivated froa the 
acClllSUlation, was the .. in cause Japan could succeed 
in vast technological iaportation and adaptation. 
They were able to assimilate and absorb these 
technologies and vent one step further to modify and 
i111prove the• to an extent that domestic reserves 
could enable the nation to facilitate technol09ical 
innovation. As a consequence Japan was able to 
succeed in its industrial growth efforts through the 
use of iaported technology. Thus the country 
overca .. the dependency of foreign technology which 
is faced by .. ny Asian countries today. This does 
not .. an that the experience of Japan can be 
directly applied to other Asian countries. 

Countries like the USSR, India, China, the 
Republic of lor••• Taiwan, etc. have evolved their 
own patterns for develop11ent. But the experience of 
th••• nations can provide some guidelines to the 
nations who want to .. k• so.. progress and to coae 
out of their technol09ical backwardness. Again it 
is difficult to devise a coaM>n development approach 
whic~ would be appr~priate to all the weaker and 
developing countries of Asia. Acquiring the needed 
technology through transfers and local adaptations 
is not an easy job. Hence th• amount of technology 
a country possesses and the extent of its capacity 
to adopt technologies to its particular needs beco,.. 
crucial factors in the industrialization process. 
But the technological developaient pol1c1es will p.1.ay 
a prOllllnent role in the outcOllle of economic 
develop...nt. rurther, an essential precondition for 
econ0111ic and social development in the cultivatior 
of a capacity to absorb and develop technological 
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knov-hov and skills which aust be transferred f•oa 
the aore advanced countries. 

In spit• of the differences in the socio­
econoaic conditions, natural resource pc:;sition and 
level of industrialization. tb• Asian countries 
should co-operate for the common goal of development. 

The advanced .. terials. processes and 
tecbnologies will •lter the global industrial sc:ene 
thereby widening the ~ic gap between the 
industrialized and less developed and developing 
countries. Because of prevailing coaditions of • 
country and th• requir ... nt of a large variety of 
advancetS .. terials. a selective approach is to be 
adopted. &acb country will bave to identify 
specific .. terials based oa a .. terials policy. 
guided by such factors as tb• country's natural 
resources. iaport •ad export. possible use of local 
substitute aaterials. energy iaplications. local 
conditions, skills and facilities to use th... Even 
thou9b each country can bav• its own .. terial policy 
the outcome of the co-operation will play a central 
role that aaterials play in the industrial alllt 
ec:onoaic development in such a way that all 
countries could benefit froa the formulation and 
adoption of a comprehensive .. t•r••ls policy. 

In this contest lt will be interesting to note 
the successful outcome of a recent BSCAP s .. inar 
with tbP. support and co-oper•tion of the Depart .. nt 
of scientific •nd Industrial Research (DSIR) of tb• 
Ministry of science and Technol09y of the Gover-nt 
of Indi• on •Technical. ~ic and social aspects 
of powder .. tallurgy and its application•, in 
llollbay. India. during February 1919. The s .. in•r 
was •tteaded by the BSCAP 11991ber countries like 
India. Islaaic Republic of Iran. Republic of IOrea. 
Malaysia, Philippines and Thailand. Th• .. in 
objective of th• s .. inar was to promote th• 
development and application of th• technology of 
powder .. tallurgy in lleelber countries by 
facilitating not only the exchange of national •nd 
int-rnational experience and infor .. tion in this 
field but •lso by •••••sing the possible 
technol09ica1 and other iaplications in a regional 
contest. several important recOm111endations were 
.. de !lf including the ••change of experiences and 
knowledge betveen and aaong the developing countries 
within and outside the region in the field of P/M 
technol09y will continue to play a significant role 
in the pra.otion and awareness and development of 
indigenous technol09ical capabilities. 

Asia can ... t the challenge of •dvanced 
111&terial1 through co-operation aaon9 the countries 
by utilizing sche .. 1 such as training progra ... s. 
joint ventures, establish .. nt of required processing 
and production facilities, the conduct of .. rket 
surveys and technology assess .. nt, feasibility 
studies, preparation of tecbnol09y profiles and 
other consultancy services. Th• financial 
institutions such 11 ADB and UNDB, UNIDO and !SCAP 
as well as other relev•nt agencies .. y provide 
appropriate resources for iiaple .. ntation. Becauee 
of the importance of keeping abreast of developments 
in the field of advanced 1111terials in Asia •• well 
as the need for cOlllllOn facilities for the training 
and retainin~ of personnel and for facilitating th• 
exchange of infor ... tion and data, establi•h .. nt of 
region1l design engineering and consulting 
facilities or advanced iaaterlals promotion 
institutes or associations with the assistance of 
suitable United N~tions bodies is highly 
reco ... nded. Since the advanced materials and 
technologies are related to the national econoeiies 
the•~ is a need for .. terials develop1119nt. On 
1 of •h• large inve1t111ent required for this 
p1' • co-operative eftort 1"10n9 the Asian 
co. ···: ts nece111ry and desl.able. Th• 



monopolies on ide•s vill not last long. we sbOuld 
be villing to uperi•nt And find n- vays to 
co-operate vitb the educational inst1tu:ions, R•D 
org•~izations, industries and even nations. 
Advanced .. terials promise .. jor contributions 
to tbe national prosperity and better quality of 
life. 
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Table l The time between discovery and application 

Discovery Aoplica tion Time elapsed 

Electric motor 1821 1886 65 

Radio 1887 1922 35 

X-ray 1895 1913 18 

Atomic Reactor 1932 1942 10 

Radar 1935 1940 5 

Transistor 1948 1951 3 

Solar Cell 1953 1955 2 

Table 2 : Estimated worla wide Metal Powder Shipment 
for Market Economy countries in 1987. 

Material Tons 

Iron and Steel 

Copper and Copper alloys 

Aluminium 

Stainless steel 

Nickel 

High speed tool steel 

Tungsten ar.d Tungsten carbide 

Total shipments 

470,CCC 

45,000 

50,GOO 

15 ,OC'-0 

40,000 

lC,CCO 

25,000 

655,CCO 
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Estimated worla wide consumption 
of iron powders 

f..egion Con$umption in tons 

~orth America, U.5.A and Canada (S.T) 185,CCC 

Wes tern Europe 65 ,OCC 

Eastern Europe (Soviet Union included) 45,CCO 

Japan 77,CCC 

South America (Argentina~ Brazil, Mexico) 9,CC~ 

China 20,C-OO 

Australia, South Africa, South ~ores, 15,0CO 
Tiwan and India 

Total 416,0CC 

Table 4 : Wcrldwide Advanced Ceramic Market Projections 

Industry 1985 C4M) 1990 (~;.,:) 2CCC ($M) 

Auto:notive 53 634 ~70C 

Electronic l7C8 3740 ll36G 

Integrated optics 1 111 

~dvanced energy systems 36C 

Cut ting tools 14 92 500 

Cther industria 1 80 225 690 

Other aerospace 2C 30 65 

Bioceramics lC 30 

Total 1875 4732 18818 
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Table 5 : Projected ceramic engine camponent 
market penetration 

Component Development staqe 

Turbocharger Introduction to the market 
rotor 5 ~ of market share 

Cost equality •1th metals 
Rocker aDD/cam Introduction to the market 
follower 5 ~ of market share 

Valve 

Valve guide 

Valve seat 

Piston cap 

Piston 

Piston pin 

Cylinder 
liner 

Piston rings 

Exnaust port 
liner 

Cost equality with met4lls 
Introduction to the market 

5" of aarket sMre 
Cost equality with metals 

Introduction to the market 
5·~ of market share 

Cost equality with metals 

Introduction to the market 
5 1- of market share 

Cost equality with metals 

Introduction to the market 
5 1- of market share 

Cost equality with metals 

Introduction to the market 
5 1- of market share 

Cost equality with metals 

Introduction to the market 
5 1- of market share 

Cost equality with metals 

Introduction to the market 
5 y. of market share 

Cost equality with metal• 

Introduction to the market 
5 ~ of market share 

Cost equality with metals 

Intrccuction to the market 
5 i~ of market share 

Cost e~uality with metals 

i.tedian2 

1990 
19~ 
2000 
1990 
1995 
2COO 
1995 
2COO 
201C 

1992 
20CO 
2003 

1993 
20CO 
2C05 

1995 
2CCC 
2CC5 

2CCC 
2CC5 
2020 

1995 
2CCC 
2ClC 

1<;95 
2CC2 
2010 

1995 
2CCC 
2C.C5 

199C 
1995 
2COC 

Interquartile 
range3 

1989-1990 
1995-2000 
199&-201C 

1989-1991 
1995-1997 
1998-2005 

1995 -
1998-2COC 
2003-201C 

1990-1995 
1995-2000 
2000-2C09 

1991-1995 
1995-2CCO 
20C'C-2CG5 

1993-1995 
1998-.2CC5 
20C0-2GlC 

1999-2CCO 
2C05-2C10 
2ClC-2020 

1994-1997 
1998-2CC5 
2C0~-2ClC. 

1993-2000 
2C.C0-2Cl0 
2005-2015 

1992-20CC 
1999-2CC5 
2C03-201C 

- 1989-199' 
1994-1995 
199a~2ooc 

1
cars/light-duty trucks, 2i.;edian opinion of respondents, ~Inter9uartile 
~•nge represents midrange of data (tram 2~th to 75th percentiles) and 
provides an idea of consensus. 



TABLE - 6 1 IXRiS!I RE2Rll~ill I( fi~lll 

... terl•l f om Dle11eter Denalty E u.T.s. M•ltlnv/Soft•nlnv/ 
ft lament 

9m/c1n3 D1ca.po11i1on 
tAll a.Pa G.Pa rJ c -

E.gleaa Tow 9 2.6 '12 3.4~ '100 
s.vll•• Tow 9 2.49 87 4.6 840 
Quartz Tow 10 2.2 69 0.9 1u~ 

kevlar-49(Araald) Tow 16 1.44 124 4.1 2~')· 
Tow 38 o.97 S~•ctra-900 

( olyolefln) 
117 3.0 120 • 

c1rboo 
Hl9h 1tr•ngth Tow 7-8 1.1 - 1.a 220 - 2~ 2.& - 3,& 36'° 
Hl9h •odulu1 Tow 7-8 1.8 - 1.9 3«> - 380 2.2 - 2.4 36~ "' .. 
Ultra-hl9h •odulu• Tow 8-9 1.9 - 2.1 ~o - ~~ 1.a - 1.9 36~ 

6lw1M (A1203) 
lCl Tow 3 3,3 300 2 >2000 
Dupont Tow 20 3.9~ 377 1.4 204~ 

Smltomo - 17 2.3 - 2.~ 200 1.!t -
Boron on w-
W1re(l2.~.-) Mono 100-140 2.~ 400 3.4~ 2300 

fll•••nt 
SlC on C Mono 140 3 430 2,4 2700 

fl lament 
SlC f lbre Tow 10 - 20 2.!-~ '?(J(J 2.0 2700 
SIC Whlaker 0.1 - 1.0 3.19 400 - '100 3 - 1• 2700 

Steel Wt re ) 1!1 7.7!> 200 '4.1 l«X> 

• - uavful temp•rature 



Table 7 z Future markets for advanced compo1ite part• (4m.) 

M.ltrix 1982 1987 1980 1993 200(1 MRG (>') 

Polyaera 
Defence-related 1,100.0 1,716.(J 1,889 • .it 3,1!>3.0 ... ,29!).0 10.8 
Conaerclal 6~2.0 1,062.0 

. 
1,167.6 2,278.3 .it,777.0 16, 3 

Metah 
Oef ence-related - M~ J.6. 9 ~3.6 180.~ :n.e "' "' COIUlerclal - t~ 3.1 1~.2 48. 3 2~.7 

Cer••lc• 
Def enc• related - - 26.8 3~.o ~1.0 ~.~ 

C01nercial - 39.1 ~.4 167.!) ~76.0 22.!> 

Total 
Polyaer1 1,7~2.0 2,778.C J,<.;~7 .o ~,431,3 9,072.0 9.t> 
Meta la - - 20,4 68.8 228,8 22,t> 
Ceramic• - 39.1 77,2 2U2.!) 627.0 19.l 

Grand Total 1,7~2.0 2,817.1 3,1!>.it.2 !),702.6 9,927,8 10.0 

Ni\ • Not Avt1111•ble, Sources 8u1~n••• Commun1cat1on1 Ccnpany, 
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WEIGHT OF MATERIAL PER UNIT OF PRODUCT 

FKi. 1_ A MODEL PROVIDNG CORRELATION BETWEEN THE 

QUANTITY OF MATERIAL PER UNIT OF PRODUCT ANO 
DEGREE OF SOPHISTICATION. 
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FIG. 2. WORLD MARKET SHARE IN 2000 AS PREDICTED 
BY RESPONDING EX PERTS ( DOT IS MEDIAN: BAR 
SHOWS INTERQUARTILE RANGE) 
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6. Status and Prospects of Nev tLlterials Technology in Korea 
- Applications and Devclop11ent Strategies -

Cimngbi Rhee 
President. Korea Standard!' Research Institute 

P.O. 801 3. Taedok Science Town. Taejon 305-606 
Republic of Korea 

ABSTRACT 

Nev 11aterials are c011110nly categorized as follows : advanced 11et1ls. coinposites. 
fine ceramics. polymers and semiconductor 11aterials. They have already penetrated into 
our daily lives and have changed our life patterns in many ways. Because of their 
impacts on the develop11ents of other technologies and the future market share. research 
and development on new 11aterials are getting accelerated. The main characteristics of 
new materials are high additive values and advanced functions. Therefore. in order to 
use a newly 1eveloped material to practical applications. it is necessary to 
characterize and evaluate those advanced functions. In Korea. research and development 
on new materials have been carried out by 111any research institutes. However. it has 
been concentrated onto new 11aterials which have already had quite a s1111 of market 
share. As more and 10re new 111aterials being developed and their applications getting 
wider, the technology for characterizing these new materials is becoming even 1110re 
illlflortant. We need new methods of characterization and their standardization. 
Recently. Korea Standards Research Institute has initiated research work on the 
characterization technology. Examples are develcpments of high precision measurement 
technology and researches related with extreme environ111ents. The development of a new 
technique can be accomplished in a country, but its standardization requires 
international cooperations. Hence. it is proposed to set up a regional cooperational 
body to enhance the effectiveness of standardization activities illllOng the Asia and the 
Pacific nations. 
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1. Introduction 

l(()rean econOll)' bas gI01nl rapidly throagb six successive five-year econOllic 

development plans since 1962, and now, Korea has become one of tbe ten biggest trading 

countries in the world vitb tbe annual exports of 60 billion U.S. dollars and the atP 

per capita of 4000 dollars. In tbe sixth five-year economic develop11ent plan in tbe 

years of 1987-1991, Korea ailts at attaining 80 billion dollars in export and atP per 

capita of 5500 dollars. The econOllic st•:atel!;)' of the Korean Government was to achieve 

export upaLion by promting heavy and cbemcal industries. Korea, wllicb is poor in 

natunl resources but bas skilled labor, has only way to facilitate economic growth 

by increasing exports of higb additive-value products. 

The industrial structure has changed f ro11 labor-intensive light industries such as 

te1tiles in the 1960s, to technology - intensive precision 111cbinery and heavy 

industries such as automobiles, ships, and steels in the 1970s. and to high-technology 

electronics and infor111tion industries s~:h as computers, COllllWlication equipments and 

4 rt DIM VL.51 in the 1980s. 

The de··'!lop11ent of these high-technology industries bas resulted in the increased 

de111nd for new 111terials. While most of the conventional 111terials such as steels and 

pol}'llers are supplied domestically, 110st of the new materials are imported fI'Oll abroad 

or produced d011estically under technical license agreements. Because of technology 

protective policies of developed countries, however, secured supply of new 111terials 

bec011es increasingly costly and difficult. And so the importance of domestic 

develop11ent and production of new materials is increasing. 

In th~s paper. I am going to present the definition and importance of new 

materials. the status and prospects of demand/supply of new materials in Korea. new 

·materials development strategy of the Korean Government, and finally propose 

international cooperations on standardization of new materials evaluation. 
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Z. Definition and l1pOrance of Nev rtaterials 

Nev llilterials or advanced uterials are defined as innovative uterials vitb new or 

advanced funcLJns such as advanced metal. CCJllPOSites. fine ceruics. polymers. and 

semiconductor llilterials. Nev uterials of ten bave high additive values. and tbe 

enmples of such llilterials are shown in Table 1. figure 1 shows how new uterials 

technology provides the base for prmoting future bigb-tecbnology industries such as 

aerospace. precision llilcbinery/mechatronics. new energy. infoOliltion/c-.nication. 

selliconductor/electronics. tielfare/environments/•dicare. The roles and applications 

of 1ev uterials are described in Table Z. 

3. Status and Prospects of Dellilnd/Supply of Nev flatt.-:ials in Korea 

3~ 1. naterials IJldustries in Korea 

As the heavy and chemical industries have been developed in the 1970s. the base 

llilterials such as steel and SOiie nonferrous metals, tiere produced extensively. As 

shown in Fig. Z, steel production in Korea bas increased rapidly since Pobang Iron and 

4iteel Cmpany (PmCOJ began opention in 1973, and total steel production in 1988 

reached to 20 llillion tons equivalL.t to 2.4 % of the world production. In c~.se of 

nonferrous metals, productions of copper and zinc reached substantial level. 

However. in genenl, Korean industries focused heavily on the e1port of final pro­

ducts. and uterials and CCJlllPOnent industries wre underdeveloped. Consequently Korean 

industries import substantial amounts of materials and parts f IOll foreign countries 

induding U.S •• Japan, and ECC. The amount of i111>orted materials reached 4.25 billion 

~liars in 1986, and increased to 5.7 billion dollars in 1987, corresponding to 34 Z 

annual increase. The 80 % of the imports is fro11 Japd.D, and such trend is expec:ed to 

be continued for a while. 
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Taole 1. Examples of new materials and their applications 

Classification Nev tlaterials Applications 

New tletals Ferrite single crysWs, VCR Head, 
Rare earth 11agnets. Solar cell, 
Amorphous silicon. Bi1>11edical alloy. 
Lead frame alloy VLSI 

Coq>osites Carbon fiber, Glass FRP pressure vessel, 
fiber. Aramid fiber. Sporting goods. 
GFRP. CFRP, PK, CPI: Aerospace materials 

Fine Ceramics Si N • SiC, Zr02. Gas turbine, Sensor, 
Al20J, WC. TiN. PZT, Bearing, Cutting tool. 
Dielectrics, Ferrites Artificial tooth and 

joint, 
Piezoelectric lighter, 
Condenser, Substrate 

Polymer Engineering plastics, Bond. Paint. 
Phenol. Poly-butadien. Automobile, 
Optical polymer, Magnetic tape 
Special rubber 

Semiconductor 111-V compound. Si. VLSI. ULSI, Sensor, 

• M.sterL:l'.~ SiC single crystal. Copier 
Diamond film 

.._ _______________________________ _ 
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New Metals Semiconductor j /.:,-: •I 

• 

Fig. 1. Relations between new materials technology and high-technology industries. 
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Table 2. Roles and applications of new 11aterials ia industries 

Industry Roles of Nev Related Ne: Applications 
ltaterials ltaterials 

Energy • Light weight ·Superconductor ·Solar cell 
•letter ·Ceramic fiber • Fusion reactor 
efficiency reiaf orced Etal ·Airplane 

• Soperalloys •Autmobile 
• Structural 
ceramics 

Inf 0111ation • Higher density • Amorphous Si ·VLSI chips 
• Faster speed • Optical fiber • Plagnets 
• Sllaller size • III-V COllPOund •Optical 

semiconductor comulication 
·Sensor 

Aerospace • Higher strength • Al-Li alloy • Light weight-
·Lighter weight • Superalloy high strength 
·letter • Dif f uslon bonded structure 

anticorrosive 11aterials •Jet engine 
property • Ceramic steel 

Precision ·Artificial ·Thin fil• • Robot sem;or 
f'fechinery, Intelligence ·High purity ·NC machine 
f'fechatronics • Smaller size sen conductor ·HOiie electronics 

• VLSI sensor •f'fedical 
·AI sensor equipments 

• EnvirolllleDt 
mnitoring 
equipments 

. 

f'fedical ·Better precision • Bioengineeru.g • Artificial 
Ettrripments •Better reliability 11aterials organs 

·SQUID • Hediccll 
equipments 
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Fig.2. yearly trend of steel production in Korea. 

3-2. Status and Prospects of Demnd/Supply of Nev ttaterials 

As Korea bec011es industrialized, high-technology industries such as 

semiconductor, CIJlllPuter and electronics have been developed in the 1980s. This 

resulted in the expansion of the d011eStic 11arket of the high-technology products and 

accordingly new materials, which were necessary for 11anufacturing the products, were in 

great demand, and market size of new materials bas been increased npidly. 

As shown in Table 3, the 11arket size of new materials in Korea was at the level of 

0.7 billion dollars in 1984, and it is expected to be around Z billion dollars in 1990 

and around 6./ billion dollars by the year of 2000. 
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Table 3. Market size of new 11atcrials in Korea 

(Unit : ll:illion U.S.$) 

Year 
1984 1990 DX) 

Classificatioa 

File cenll:ics m 570 1,710 

CCllposites 15 107 570 

Nev mP.Ws 191 557 1. 7!l) 

Others 217 7fi6 2,630 

tow 700 2.cm 6,100 

Since the new 11aterials technology in Korea is just in the beginning stage except 

for a few areas, Korea imports major new materials from Japan and the United States. 

for the case of fine ccrall:ics, demand/production are compared in Table 4. In 1987, the 

de11111d of fine cel'illlics was 510 Iii.Ilion dollars and only 30 % uf the demand was 

supplied by Korean industries. Thus 70 % ~f the demand has to be met by imports. In 

2.000, the de11and is expected to increase to 1.48 billion dollars, about three fold of 

that in 1987. 

There are now 62 llilftuf acturers in Korea participating in the production of fine 

ceramics: 4 in structural ceramics, 15 in insulators, 6 in capacitors, 9 in 
' . piezoelectrics, 10 in semiconductor and sensors, and 18 in ferrites. These llilllufacturers 

.are no~ in the early stage of research and development for the coaaercialization of 

fine teramics. Except a few products such as ferrite ~es1stor. they can only make 

f5nal pro•1•1cts from imported scmimanufactured goods. Therefore, it is urgently needed 

to undertake systematic R & D on new materials. 
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Tible 4. DeiMnd iDd production of fine ceruics in Kore1 

(Unit : Iii.Ilion U.S $) 

Yeir 1984 1987 1995 2.(0) 
Applications 

Items Delland Prod. Dmand Prod. Demnd Demnd 

Structural. lall mill liners. 
\'ell resisting 5.5 l.Z 15.8 4.4 26.4 35.5 Thread guides. 
ceruics Tool-bits. etc. 

Insulators 6Z.5 1.Z 103.3 
IC package. 

4.0 178 Z53 Substntes. 
Hetallized 
ceruics 

Ceruic JZ.3 ZS.5 83.Z 41.6 190 349 Disk. PILCC. B-L. 
capacitors F-T. etc. 

Filters. Quartz. 
Piezoelectrics ZJ.7 - 46 8 105 193 Buzzer. lgni tors. 

etc. 

Sot tferri L.:s. 
Hardf erri tes. 

Ferrites 78.5 38 'lZl.1 94.2 387.1 542.1 rtagnetic heads. 
Recording media. 
Calculator. etc. 

Semiconducting 10.8 - 34 2.8 68.5 107 Thermistor. 
ceruics Sensor. 

Varistors. etc. 

Total 213.3 65.9 510 155 955 1.479.6 I ( Prod ./Demand I) (30.ll (30.4) I I 
I 
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4. Development Strategies of New Platerials in Korea 

4-1. Develo.,.ent Status of New Platerials 

The total uount of the investllent for research and develop11ents in Korea is 3 

billion dollars equivalent to Z.1 l of GNP in 1987 and will increase to 5 Z of GNP in 

the ZOOOs. The govenment initiated the national R & D projects and increased R & D 

investments in public sector every year for developing high technology. R & D invest­

in private sector is also increased to about 70 Z of total R & D investments. About 

11 Z of the GoventlleDt funded R & D are carrr.d out through the national R & D projects 

started fIOll 198Z. 

'!he national R & D projects supported by the Plinistry of Science and Technology 

(~) include five research areas such as infollliltion science. materials related 

technology, industrial infra-technology. energy/resources technology. technologies for 

public welfare and large-scale integrated engineering. Among those. the highest 

investment is given to the materials-related technology. for which 26.8 Z of the 

national R & D project funds are allocated. Platerials-related technology is again 

divided into four groups: fine chemicals. biotechnology, new materials, and 

lllilDuf acturing processes. Table 5 shows that the investments on new materials are about 

1 Z of those on national R & D projects. 

Table 5. Yearly Govenunent's investments on national R & D projects 
and new materials projects. 

(Unit : million U.S.$) 

'82 '83 '84 '85 '86 '87 '88 '89 planned 

National R & D 19 31 31 43 74 79 93 22.8 
Project:;; · \ l 

New ttaterials 1.3 1.6 1.4 2.3 4.7 5.9 6.7 15.l 
Project (Bl 

BIA (4) 7 5 5 5 6 7 7 7 
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Piany of the developed nt!':i materials have already been coamercialized wiU1 patents. 

Solle of the successful cases conducted by the auton0110us research institutes/indcstries 

under national R & 0 projects on ne~ materials are given in Table 6. 

Table 6. Examples of succ ;sful devel«;.-nt of nev 11aterials supported 
by national R 5 D projects. 

Ite11 Investigator lccmplisli.nts 

Arailid pulp KAisr and - High strength, high mdulus 11aterial 
Kolon Co. - U.S. Patent ('85) 

- Substitutes asbestos 
- Comercialized by Kolon Co. 

Cu-alloys for KAisr and - Conductors for tna""iistor and IC 
lead f rue Poongsan - U.S. Patent ('85) 

Pletals Co. - West GerllilD Patent ('86) 
- $30 million r,Jarket share in 1990 

Thin gold wire Klflt and - High purity Au wire for IC 
Plikyongsa Co. - Domestic supply since '86 

- $45 million substitution in 1990 

Si polycrystals KRICT - Nev technique by fluidized bed reaction 
- Pending U.S. and other patents 

Biomedical alloys KAisr and - Strong and anti-corrosive fixtures for 
Sesin Ind. fractured bone 

- $10 lillion ilport substitution per year 

Fiber reinforced Klflt and - Various .port goods 
plastics Han kook - $25 llillion substitution ~~r year 

fiber Co. 

Ceramic cutting KAISf and - Wear and heat resistant tool 
tool Ssangyong - U.S. Patent ('86) 

Cement Co. 

Coated films for KAlsr and - High effciency, high precision condensor 
condensers Seongmoonjon - $5 million substitution per year 

Chemicals Co. 
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Development pattern of nev 11aterials in Korea include two types. <me is 

development of nev 11aterials by our own original teclmology. and the other is 

developlleJlt of new 11aterials by teclmical joint venture or technical licence agree11ent 

with foreign coantries. The latter cases is adopted for new 11aterials which need ime­

diate comercialization. have good llilrket share ud require lots of ti.lie ud investllent 

to develop. Productions of ne~ 11aterials by technical licence is expected to increase 

for a wbile with the progress of nev 11aterials-related industries. Table 7 shows 

typical exuples of nev 11aterials developed by technical joint \"enture with 

foreign countries. 

Table 7. Examples of nev 11aterials developed by the i~cbnical 
joint-venture with foreign countries. 

Nev Haterials Investigators/C0111Jany Countepart Applications 

Anisotropic ~o 
I Alsco, USA Transf onier. 

Si-steel Turbine generator 

So-plat"d Poongsan ftetals Co. Fuji Plant Co. Connectors. 
bnss Japan switches. Relays 

Fe-42 Ni alloy Poongsan l'letals Co. West Germany Lead frame for IC 
sheet Dongyang Haeraos Co. 

Sintered Daewoo Heavy Ind. Co. jerrodo Co. UK Airplane brake rlisk, 
friction KAISf and Kitti Automobile clutch 
elellellt disk 

~ 

Opt1cal lenses KAISf, Dongwon Optics, Japan Camera lens, 
Samsung Plinolta, Plic rose ope, 
and Gold Star Telescope 

Cu-alloys for Poongsan Pletals Co. West Gennany Transistor and IC 
lead frame Gold Star Conm. Corp. 

I 
Dongyang Haeraus Co. 
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4-Z. Development Strateics of Nev Pbterials 

The ujor goal of the long-range national development plan on new.llilterials is 

to de\1!lop i.llporting 111terials and to develop f ature advanced 11aterials by new 

111terials technology which is essential for a bigbly industrialized society. 

MJOR GOAL 

Development of aev 11aterials technology for bigbly industrialized society 

- DevelopRRt of -aterials technology for info111ation indusb ies 
- Development of materials technology for energy saving 
- Development of illporting aev uterials for promting industrial inf nstructure 
- Development of uterials technology for public welfare 

To achieve the 11ajor goal. the research and development plan will be carried out 

in three stages by the year of 2.001. In the first stage ( 1987-1991) the goal will be 

to develop importing nev 11aterials to la • down the foundation for R 6 D, in the second 

stage (1992-1996) to perform full scale I 6 Don the essential nev materials. and in 

the third stage (1997-2001) to create future nev 11aterials and to promote new mate­

rials industries. These plans ue sumarized in Table 8. 

Nev 11aterials development areas include high Tc superconductors, nev metals, fine 

ceramics, c1J111posites, 11aterials for aerospace and their applications to sensors and 

thin fillls. These were selected by the long-tem national research and development 

plan for the advancement of science and technology in the 2000s and by the 

rec0111?endations of related working gcoups and advisory cOllllittees. The connittee 

members are f roa industries, univerities and research institutes. Selection criteria 

are technological and econo!Ric impacts, high additive values, trade balance and i111port 

substitution. National R 6 D projects· and research institutes participating in 

developments o~ Jew materials are given in Table 9. 
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1·.1hlc 8. Go<?ls hy sta&cs in the long-range national dc\-clop:::cnt plan on new materials. 

First stage Second stage Tlnrd stage 
(1987 - 1991) ( 1992 - 1996) nm - 2000> 

·Development of importing • Development of essential ·Cevelopment of future 
new materials new materials new Mterials 

- Ferrite single crystals - Opt0111agnetic recording - Optoelectronic materials 
- GaAs semiconductors 111edia - Superlattice 
- High cocrcivity - Hultilayercd ceramic - High performance 

permanent lllilgnets substrates polymers 
- Engineering plastics 

• R & D for advanced • R & D for advanced • R & D for new m.1tcrials 
processing technologies processing technologies design technology 

- Thin films - Hultilayered thin films - .... omic structure cont,. Jl 
- Fine powders - Ultra-fine powders 

- rtaterials processing at 
atomic level 

- Processing under 
extreme environments 

Table 9. National R & D projects on new materials and participat:ng research institutes. 

Project 

New metals technology 
Fine ceramics technology 
Composite materials technology 
New polymers technology 
Semiconductors technology 
High Tc superconductor 
Sensor technology 
Aerospace materials technology 
Thin film technology 
Analysis and evaluation technology 

Principal 
investigator 

KAIST 
KAI ST 
KHIH 
KAI ST 
ETRI 
KSRI 
KAI ST 
KHtl 
KAI ST 
KSRI 

• KAI~f 
• KIMM 

Korea Advanced Institute of Science and Tedmology 
Korea Institute of Machinery and Metals 

• KRICT 
* KSP.I 
* ETRI 

Korea Research Institute of Chemistry and TP.chnology 
Korea Standards Research Instit~te 
Electronics Technology Research Institute 

Collaborating 
investigator 

KHIM 
KHIM 
KAI ST 
KR I CT 
KAIST 
KAIST 
KSRI 
KAI ST 
KI~ 
KAI ST 
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4-3. Comllon/Ba_e Technologies for New rlaterials Development 

rlajor COllDOnlbase technologies for new materials development are technologies 

for beam generation. extreme enviro1111ent generation and analysis/evaluation. 

Development of these c011110n/base technologies is important for successful creation and 

application of nev 11aterials. 

leus ar~ used for llicrolithography, annealing, llilling, e.lillination of defects of 

ceralli.cs, surface quality illprover.nt of organic conducting materials, etc. Types of 

beus include electromagnetic waves such as r-rays. X-rays, ultraviolet rays. etc .• 

and particle beams such as electrons, positrons, neutrons, protons, atOllS, ions. etc. 

Extreme envirolllleDts generation technology is· indispensable for studying new phenomena 

and creating new maLrials, applicable to precision measurements under extreme 

enviro1111ents, and essential for analysis/evaluation of new materials. Also analysis/ 

evaluation technology for new 11aterials is essential for creation, application and 

assurance of new 11aterials. The status of new materials analysis/evaluation technology 

in several countries is shown in Table 10. 

In Korea, basic res~arches on analysis/evalualion technology of new materials are 

undertaken as a part of national R 6 D project by Korea Standards Research Institute 

CKSRI) as the principal investigator. KSRI was established in 1975 as a central author- · 

ity of the national standards system and have established the national mea~urement 

standards in 80 measurement fields, and have conducted researches and deve! ~mcnts 

on precision measurement technology, advanced precision instrwaents, extreme environ­

ment generation technologies such as ultra low temperature, ultra high temperature. 

ultra high pressure, ultra high vacuum and u!'ra clean room environments, and beam 

generation technology for new materials analysis. 

5. Standardization of New Materials Evalua•;or, Methods and International Cooperations 

Characteristics of new materials should be evaluated by reference criteria. If 

the evaluation criteria vary from country to country, effective applications and trade 
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Table 10. Status of new materials analysis/evaluation technology in 
: Jrea and other countries. 

Korea Other Countries 

• KSRI is undertaking basic research • NIST(USA) plays a leading role in 
on analysis/evaluation technology research of characterization echnolagies 

- Evaluation of 11aterials strength - Has developed ion microscope and 
at 4.2 K can analyze chemical composition 

of surf a~e layer in atomic scale 
- Characterization of piezoelectric 

111terials - Standardiiation of wear and strength 
testing methods of fine ceramics 

- Characterization of Si-steel 

- Analysis of inorganic 11aterials • NPL(UK) is developing new materials 
at ppb level with GD-HS evaluation technology for fine ceramics 

• Increasing demand fro• research • Japan is developing new materials 
institutes and industries for related technologies, i.e., process, 
evaluation technology. evaluation, and application technologies 
Development of new materials 
evaluation technologies by KSRI - Has established new i:iaterials 
as a national project. evaluation centers 

of new materi1ls a110ng countries would be very difficult. Therefore, the cooperation on 

standardization of evaluaton methods and criteria among countries is more important 

than any other cooperation concerning new materials. That is why the leaders of the 

West's seven developed countries, when they met for the Economic Su11111it at Versailles 

in 1982, endorsed the Versailles Project on Advanced Platerials an~ Standards, known as 

VMAS. 

The principal aim of VAHAS is to stimulate the introduction of new materials into 

high-technolvgy products and to encourage international trade by collaborating on the 

developments of data base, test methods, design methods and other new materials 

technologies, and also on the standardization of new materials evaluation. The 
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technical working areas of VAi!!\S and participating countries are given in Table 11. It 

is interesting to note that llOSt of the participating research agencies in this project 

are the national standard research institutes such as BArl, NIST, NPL, etc. This 

illplies that the role of a standard research institute is . ery illportant in the 

develop11eDt and application of new materials. 

One of the characteristics of this project is that the participating countries 

carry out the researches rith their own fund vitllout any intemational financial 

support. Nevertheless, the project bas been _found out to be quite successful because 

it was borr out of the com>n feeling of the necessity. However, YAMS is not open to 

other countries besides tbe seven listed in Table 11. 

Table 11. Technical working areas of VArlAS and participating countries. 

Countries 

• Canada 

• U.S.A. 

• France 

• W. Germany 

• Italy 

• Japan 

• UK 

• CEC• 

Aills 

• Collaborations on 

- Data base 
- Test methods 
- Design 11ethods 
- rtaterials technology 

• Standardization of new 
materials characterization 

• Council of the European Co11111W1ities. 

I Technic~l wrrking areas 

• Wear test methods 

• Surf ace chemical analysis 

• Geraaics 

• Polymer blends 

• Superconducting and cryL0 enic 
sttuctural materials 

• Bioengineering 11aterials 

• Hot salt corrosion resistance 

• Weld characteristics 

• f1aterials ~ata banks 

• Creep crack g:owth 

• Efficient test procedures for 
polymer properties 
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Then. would it be possible and desirable for the developing c1. ..... t ... ies to collabo­

rate on standardization of new materials evaluation? VAHAS may be working because of 

the uniformity of the technological levels and the similarity of the needs among the 

seven participating countries. However. it may not be so easy for all the countries in 

Asia-Pacific region to participate in a certain project at the same time as in V~ 

because of the large difference in the level of economic development as well as in the 

fields of interest and the degree of necessity for the standardization. Therefore. to 

promote participation of Asia-Pacific countri0 s in regional cooperations on standardi­

zation of new materials evaluation. it is desirable to select working areas of coanon 

interests and to operate the cooperational body on voluntary basis. 

6. Conclusions 

New materials industry does not re4uire large investment. because new materials are 

produced in small amount. On the other hand, they are high value a~ditive and their 

technological impacts to the future high technologies are very large. Developments of 

even a few new materials, therefore, can contribute a ht t1J the economic development 

of a developing country. However, R & D in new materials can not be accomplished by the 

development of new materials alone. New materials evaluation technology is essential 

to produce final products and to make their pract~cal applications possible. 

Research and development on new materials have been actively carried out in Korea. 
w 

and KSRI is providing co111~on/base technologies and also analysis/evaluation tech­

nologies. However, the R & D on standardization of new materials evaluation. which 

should be internationally applicable, can not be carried out cff cctively by one country 

alone. r·~refore, I would like to propose to organize a cooperational body to proflll)te 

collaborations on standardization of new materials eval~ation among the Asia-Pacific 

co~ntries. 
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I -Introduction 

Th~ rhythm of expansion e~rienced by the worid-Widei economy 
at~r II World War started to show Signs of cooling off in th& late 1960S. In 
the matn this basic condition has forced advanced countries and institutions 
to move from a state in Which incremental innovations, rationahzation and 
"Ptlm128.tt'>n of production processes prevailed to a radically new Situation 
Where the emphaSlS lS placed on the search for different patterns of growth 
and development. 

Th~ most impreSSive features resulting from efforts made during the 
sutsequent d~des can be summariZed by the advance and progreSSive 
consolidation of the so-called high-tech areas (such as information 
technology, b1otechnology, advanced mat.erials); by the attempts at 
tran~f0rming and r~rganiZing the production process (With its increasing 
Il~Xlbtltr.y and growing Sl:tenttflc and knowtedge cont.ent); and by the strong 
p()SS1b1l1ty of alt.eratlons Ul the international dtvmon of labour and 
international tectmologieal and economic leadership. Evidently all these 
as~ts are linked and mueh attention has already been focused on them and 
.:.·n thi-ir interconnections. 

The central objective of this paper is to discuss the importance of the 
development and introduction of advanced mat.erials into this scenario of 
global trans! ormation, their diffusion throughout the world economy and the 
impact tney are already producing and are e~~ to produce on 
<t~v~loping countries 

The advent of advanced materials. in close association With the spread 
vf information technology, is considered capable of playing an important role 
in tt.1~ i:rrocess of industrial restructuring, affecting patterns of investment, 
organi:ation. employment and trade. Developments in most sectors that are 
now promoting and uSing high technology rely and depend upon 
impro11~m~nts m th~ materials front. 

Many at~mpts have Deen ma~ to define and characterize advanced 
mat.einals (AMs) Given the elementary and fundamental 1mportance of a 
corr6'ct und~rstanding of this notion. the different approaches are discussed 
in section 2. A$ indicated there. one can !ind extremely precarious and biased 
tll~ usual m~rprittations of the concept of AMs. Probably the main reason for 
this is the !act that this term has gro\'m up in an ~nv1ronment of national and 
mternat1onal polit:y making. It has, then, to be understood in this precis~ 
~i:in~zt. 

It 1s r~ognized, nowadays, that a maJor step forward m the ways of 
an;,,1ysmg and understanding the structure and propertles ot matter has 
been achieved. This is considered a crucial aspect that set the basis !or an 
inversion in tllt- lvgic of production. A given product no longer relies on a 
g1•1i:ri ma~ria1 nor on given inputs. Instead, several materials compete to 
azsumE- a g1·:en function. In sectlon 3 it 1s emphasized that these recent 
changes can n~1ther be cons1der~ simply as a spontar.eous and neutral 
mo~1em~nt. nor as only the r~sult o! incremental inno~1at1ons In addition to 
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tlle auaJys1s of tlle tendency to open up a Wider availability of raw matenals 
tvr tlle production of AMs. tlle importance of the information-intensive 
ctlaracter of their production is examined. The fact that AMs can play an 
important ro1e in terms of contributing to changing the present patterns of 
economic and technological leadership is also discussed in this section. 

The revolutionary advances in ma~rials science and technology have 
r.e.en produced t>y poltcies (some of Wblch implicit) impleme:ited mainly by 
govern~ents and firms m the most advanced countries. As indicated m 
5e\;tiOll -i, during the aOs. specific policies aimed at the development of 
advanced materials were pursued. This period was marked by different 
attempts to alter the pattern of consumption and production of materials. The 
mam objective was obviously to explore the possibility of establi3hing 
leadership in this strategic area. 

In section 5, the analysis concentrates on the discussion of the main 
cnaractenstics of Japan·s long term policies for the development of advanced 
matenals The intense Japanese ettort to bUild up a capability aimed at 
changing the materials base of future industrial development from metals to 
advanced ceramics is diScussed. 

In se<.tion 6, Impacts of the Introduction of AMs, the declining trend in 
·traditional· materials consumption and production is analysed. The 
consequences of such a movement are discussed. The central focus falls on 
th'? impact of such changes on th~ developing countries Which are major 
prooucers of basic metals. Most of all, the fact that these recent changes lead 
tJ'> tar more complex industnalizat1on processes - Where comparative 
ad·1antages depend increasingly on innovation (both technical and 
vrgamzational). rather than on purely physical factor endowment - is 
stressed. 

2-Dtfioitioo aod Characteristics of Advanced Materials 

Desp1t..e the growing importance att· '"Uted to the development, 
production and impact of ad~1anced or ne~· :rials in the world economy. 
vne 'ould argue that the relatively l ')mprehensiv~ studies y~t 
und~rtaken probably fail to give an exact de .• 1uon of these terms. Moreover, 
it can be pointed out that at least two aspects contribute to making the 
definition o! advanced materials a difficult task. 

Firstly, it can bf considered that the terms employed to define the~ 
mat~na.ls '1isp13y ra.ther stati·: features compared 'W'lth thl:? dynamism of the 
area Ttus is not an exclusive charactensbc of t.h1s specific area. The adoptJon 
o! some adjectives Csuch as tor instance: new. advanced, high technology, tine. 
e'tA.:. i w quall!y the deveolopmerJt o! new economic activities could be most 
·:nticiZ6-d !·:ir lacking rigour. 
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However. most of those Who try to define new or advanced materials 
do not usually go further than the definition ipSis Jite:is that those adjectives 
permit nus kind of '"keeping to the strict sense of the adjectivf • 
comprehenSion produces many sorts of difficulty. The first is the apparent 
paradox that relates to the fact that the ·age· of each specific materiai (i e., 
When it was discovered or formt1lated) does not really matter. Some of the 
so-ailed AMs conStst of recently developed subst.ances, as is mainly the case 
with the new ceramic supt-rconductors. Some were developed two or even 
more decades ago (as With the cases of silicon, optieal f!bres and composites) 
and still others are establiShed materials submitted to new technologieal 
improvements (as some advanced metals and alloys}. 

The second aspect to be considered iS t.hat if one pays attention to how 
many and What materials are being conSidered by t.he related literature as 
advanced, it Will be conclude that they do not form Wbat is traditionally 
called a homogeneous category, and also that there is no cabalistic quantity 
used to identify the so-called new or advanced materials. 

The understanding one has about advanced materials Will vary in 
accordance With many factors. As a resUlt, the materialS considered as 
advanced sometimes di!f er greatly from country to country or from 
institution to institution Within the same country. 

It woutd not be unfair to say that those Wbo write about such a subject 
usually avoid confronting these problems. One coutd also argue that the 
greater part of the bibliography on advanced materials is much 1Dfluenced by 
S & T evolutlon. Tius is qUite understandable given the novelty of the sub1ect 
and also its strong S & T baSis. 

As the majority of the authors Who write about the issue have a strong 
technical background, it can be said that most of the attempts to define tllese 
materials tend to resUlt in descriptions of: their impressive phySical or 
ch~mical characteristics, properties and functions; their potential fields of 
application; the sophisticated processes used for their production; the purity 
required of their inputs, etc. Despite the high quality and importance of th~ 
studies, there 1S alSO the necessity t.o respond to, at the least, questions such 
as the !oltowing: 

-What makes these advanced materials so important !or the recent 
diV~lopment o! the world economy? What makes them so special? 

-When w~e they developed and Why are they being introduced into 
the market at this particular moment? 

-Is 1t really necessary to establish a different category to distinguish 
th~ materials from others? 

-What can actually be considered as advanced materials? In other 
words. Wher€' ought the boundary between advanced and traditional 
materials to be drawn? 
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In trying to answer such questions some authors define advanced 
materials as those developed to satisfy sophisticat.ed and specific needs in 
response to the new reqUirements of market evolution or else as the result of 
Scientific and technological advances. I 

Regarding such definitions, the most important argument (Wbich Will 
be develoJ*l later on) refers to the fact that the recent changes cannot be 
considered simply as another incremental innovation in terms of materials 
evolution. And, most of all, Wbat Should be strffSed here is that thic is a 
movement gwded by the p«Spedives of gainS in competitiveness rather 
than considered as any natural or neutral kind of evolution. 

Indeed. such a movement ~ms to be the very resutt of a vigorous 
effort towards the goal of opening up new areas of f(()Domic growth and 
gaining competitive advantages in national and international markets. With 
the development and diffUSion of AMs, those countries and iit,-titutions (Wbo 
have the necessary potential to understand and tue advantage of the recent 
changes) are paVing their way to increasing their competitiveness in both 
scenanos. 

Advanced mat.erials have been developed and (most importantly) are 
being introduced into the market in accordance With the main objectives 
emphasiZed by tlle new mode of world production introduced in the late 70S 
that is of saving raw-materials, energy and labour inputs and also of adding 
!leXibility to the production processes. 

In this sense, I would argue that the genesis, implications and impact 
of AMs are dirtctly relat.ed to the long t&rm changes in the techno-economic 
paradigm, as defined by Freeman, Perez, ~te. Dosi and others.i And in this 
precise context, I woutd suggest, advanced materia!S should be understood. 
The recent advances and changes in terms o! materials evolution cannot be 
considered any more as the result ot mere incremental innovations. Some ot 
them consist in tact ot radical innovations, Which combined With incremental 
innovations, result in tar rtaching changes (either technical and 
orgamzaaonal) needed to support the current techno-economic restructuring. 

As the literaturt conctrning long waves indicates, tach period has 
bffn assoc1at.ed with the development of some industrial sectors and also 

1 !monc meny others, Rav(1986), tor instance, points OU1 that: 'lluy •f Uae ·an· 
•aterial• were •iscnerN er •n••••N u tlle eatcMe •f a s.-cific .... •••er 
warti•e er •arht fteH•re. Otllers were tile rn•lt el •11•tunu aa• raa••• 
sciealific/ ted1ael .. ical Ml•aace' (p. 58). Flemmp (1988 a) stresses that: 'Tiie 
c••ltiaatiH •f ·•artet ,.u· u• ·aeclllaeJen 11•••· is •ri•i•1 •tr•c&•ral ••terial1 
f erwar• at a rucer rate tllu ner ltefere ia llillery' 1p. 31 ). Forney (1988) also eerees 
that 'Twe rHtn ef rnearclll ,_. &• iaanatiH Ml•aace4 u&eriala: •iscnery­
•ri•e• er ••rtet •rina· (p. 178). 
2 For in.nence in one or their work, Freemer~ end Soete (1987) roucd that in all sectors 
<*pite the areat variety of S)>e<:itic incna.ental and redica1 innovations in almost 
every iridustry) there ws evtdence ot a chunce ot 'peradicm · trom the capital· 
intensive. eneriy-intensiw innexit>le, mus-and no•-produetion technolOIV or the 
l ~Os end 1960.s to en intor:nation-intensive nexit>le, computerizea technoloev in the 
1970s milj 1980.s 
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some groups of materials. The age of steam power was associated With the 
development of the coal and iron industries. Tb~ spread of the railways· 
systems was closely linked to the steel industry. Throughout the 2 oth. 
century the period of prosperity connected to the upsurge and consolidation 
of the car and electricity industries was strongly linked to the birth and 
development of the oil, chemical and metal industries. 

In the same way, the <Mvelopment of advan® mat.erials has been 
assoaated With the world's new production cycle led by infonnation 
technology and, t:ogether With biotechnology, is seen as one of the three major 
areas that are now a!!ecting and reorganizing the Whole industrial baSis as 
well as opening up new pe-rspectives on development 3 

Advanced materials can therefore be understood as tho. technology­
intensive materials developed to fulfil increasingly sophiSticated product 
specifications in order to satiSfy the necessary conditions required for the 
establishment of Uus new economic cycle. In this sense, they reproduce, (and 
largely because of their pervasive role i!l the economy) consolidate and 
expand the main Characteristics of the dynamics Which are shaping the new 
pattern of international development. in other words, the new tecllno­
economic paradigm. 

Thus, the improvement of advanced materials is seen nowadays as one 
of the keys to th" expansion and consolidation of new areas (such as 
information ~llnology) as well as to the maintenance and r9St.ructuring of 
those sectors Which are Willing to strengthen their competitive power (as is 
malllly the case in the automobile industry). In this sense, the development 
of these so-called advanced materials (AMs) is Stl.)n ~ a vehicle for the 
transmission and dil!uSion of new styles of production. In these terms their 
evolution can be considered strategic. 

The concept of advanced materials includes new metallic materials, 
advanced ceramics, new polymers and advanced composites. 

Figur~ 1 shows di!f erent types of materials, 'Within thffe four groups. 
It al.so shows the different functions that such materials can assume and 
gives examples ot their main applications. 

Among other tez.i..Ufes. should ~ pointed out the great diversity of 
functions (me.:llanical, thermal, electrical, magnetc, optical, chemical, 
biological and other special functions) displayed 'Oy the different types of 
materials. 

As one result of the recent advances, nowadays, new polymers and 
composites With sophisticated me<:hanica1 !unctions are com1>9ting more and 
more with metals in structural applications. Advanced ceramics and new 
polymers can also compete \tlith metals in terms of different a?plicabons 
~ich require thermal, magnetic. electrical and electronic functions. 

3 Le:,~s et ~l < 1988 a) 
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licure 1.1: lmactiom ad .lpplicatiom or liae Cenaics 

lmactiom Enaples of llaterials !naptes of .lpplicaticms 
llechenical [:QDctions 
lfi&h temp. streqth Silicon nitride. silicon carbide Ges twbine. diesel enliJle. 
CUttability Titanium cart>ide. tit. nitride. Cuttine tools 

tunesten carbide. boron carbide 
• Lubricity Boron nitride. mol'f1><1. disulfide Solid lubricant 

Vearproof property Alumina. boron carbide Bearin&. mechanical see.1 
borin& drill 

Therm.al Illl~li,ons 
Heat resistance Alumina. silicon nitride. silicon Electrode for lllll) cenerator 

carbide. m.eenenum oxide heat resistant beanDc 
Therm.al insulation Potassium oxide-titanium oxide. Beat insulators tor hip temp 

alum.mium rutnde. zirconia t\nlace. nuclear reactor 
Heat transfer chm-:. Boron oxide. silicon nitride. Electrical and electronics 

alum.mium nitride. alumina pens. radiator 
emu~ Functions 
Light trensm.itttng &lt:muna. yttrium oxide. Sodium vapour tamp. hie'" 

barium oxide temperarure optical !em 
L11ht 1nduct111 Silicon Olide Optical communication ~i"i>re. 

&estro-cam.era. photo sen..sor 
wgnt deflecting (Zircoruum. titanium) acid Photo-memory de'ftce 

(lead. lanthanum.) (reversible) 
Fluorescence Gw-rare earth ceramics. Semiconductor lmer, 

neodymium-yttrium. series glau light emitting diode 
Phoro senstt1vuy Silver halide containing &lass Sunclmes. im.ege m.emorv 
Elecrncel [Ynct1om 

materials. ~do• &lass 

Superconductivity Yttrium-barium-copper oxide. Poftr generator. m.e&net. 
bismuth- strontium-calcium.- supercomputer. ma&lev 
copper oxide train. linear motor car 

Sem.1-:onducti vitv Zinc oxide. bvium titanate Varistor. heater. solar cell. 
gassemor 

Piezoelectricity Quartz crystal. lead Zirconate Ignition device. piezoelectric 
titanate. lithium. niobate oscillator 

Insulat~on chars Alumina. silicon carbide. Multilayer Tiring boerd. 
t>eryUium. Olide IC packaae. IC pnnted board 

lndueivity Barium titanate. IC microcondenser. high 
strontium titanate vo1taae service condenser 

Ion/toruc conductivity Zirconia. B alumina Enzyme sensor. solid 
electrolyte 

Ele-:tron ~diation Lanthanum brcm.ate Ca~hode material 
tor electron iWl 

141.an1,ii: [1.in1tum 
Meeneusm Iron oxide-man&anese. iron Ferrite meenet. meenetic 

oxide-barium oxi~ tape. memory device 
~iQlQi1~ai E:un~!iQn 
Hi:tocompaom ty .Alumina. apatite .Artificial teeth, M"ti!1cial 

bone 
tb~m,~al rYn~tiQn 
A Dsorbtni property Porous s1hce. alum.ma. Absorbent. catalyst carrier, 

porous ilasi 1>1oreactor 
Cat8l vsmi properry Zeotue Catel yst for environment 

protection 
Corrrmon resistance Z1rconia. stllcon oxide. alum.ma Electrode for MHD eenerator 

hiih temp. reactor materials 
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!icure 1.2: luactiom ad .i.ppllcatiom or ••• Polyaen 

!'tmctiom 
Mechanieal Funetions 
Hi&h strenath and durability Polyester, polyamide 
Elasticity Synthetic rubber. 

foamed plaStics 
Shock and sound al>S'lrbin& foamed plastics 
Surface protection Coatin& films. electron 

ThermoJ. Fwctions 
Beat resistance 
Lo• temperann resistance 

Thermal Ulsulation 

Electnca1 Functtons 
Electric conductiYity 
Insulation Ch3"1CteristiCS 

OJ>tica1 Functions 
Li&ht transmittin& 

Photo-active property 

uaut>le refraction property 

Biologicol Iwction 
Compatibility to 1>1ood 

Histocompability 

Sepere.ting Function 
Ion exchqeat>1hty 

Separatton or mixtures 

Chemical Function 
Corrosion resistance 

Cbemi¢al resistance 

beam hardened plastics 
Polychloroprene 

Polyimide. silicone resin 
Silicone rubber. 
nuororut>ber 
Foamed plaStics 

Polyacetytene 
Polyimide, polyethylene, 
terephthalate 
PolrriDY1idene nuonde, 
doped polyacetytene 

PolymethYl methacry1ate 
acid polycarbonate 
Photo-settin& plwcs 

LiqUid crystal 

Polyethylene 
terephthalate 
Silicone polymer 

Styrene croup. 
acryt croup 
Cellulose acetate 1roup, 
aromatics, 
polyuude croup 

Polybutane-1, polyamide. 
neoprene 
Pol ychloroprene. 
butadien acrytonitr1le 

Vanous structural materials 
Venom structural materials 

Various structural materials 
Coatini materials. various 
peints 
Venous adhesives 

Beat resistant structural mat: 
LoY temp. resiStant rul>ber 

Heat insulation materials 

Battery. electric Vire 
Printed circuit board, 
condenser conductor 
Sensor. eletroecoustic 
tnmsducer deYiee 

Opticol fibre. pl.Uc 
lens 
CopVifl& materials. 
photomesk 
Display deYiee 

Artificial blood wssel. 
artificial heart 
Ar1ificial orcan, artificial 
bone 

Ion exchqe resins 

Reverse osmosis membranes. 
air tcm separation and 
b10loi1cal :epara1ion 
membranes 

Rootinc materials, otrshore 
Structural materials 
Flexible structure storece 
tank, fertilizer tank 
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licure 1.l: lunctiom ad .lpplicatiom ot •••Metal Materials 

lunctimas 
khanical Functions 
Hi&h streqth 

SuperpllStidty 
Vibration absorption 

Th!"QoJ functions 
Thermal resistance 

Electrical Functions 
SUperconduetiYitv 

SemiconduetiYity 

Magnetic tllnctions 

Ezaaples or Materials 

Fine~ alloy. 
siqle crystal elloy 
Superplastic aluminium alloy 
Jilepesium series. uumpnese­
copper series 

Hickel l>me alloy. 
cobalt base a1.krf 

lio1>ium-titanium. Dio1>ium­
-3 tin. vmiadium-3 pllium 
Alllorphous silicon 

baaples or .lpplicatiom 

Aireraft and space 
equipment 
Aira'att 
Equipment members 
(Vibration proor materials) 

Gas turbine. heat pipe 

luclear fUsion reactor 
linear motor car 
Solar ceU. sensor 

Hi&h macnetinl Samarium, cobalt Weenetic recordin&. motor 
Transformer core. 
meanetic head 

Bi&h mae. permeability .Amorphou.1 alloys 

!llbm 
Bydropn e.bsorbin& 

Super-hi&h-speed 
electron mobility 
Shape-memory 

Fe-titanium series, 
m.eenesium-Dickel series 
Gellium arsenide 

Nickel-titanium series. 
copper-zinc series 

Transfer ot hYdrocen, 
hydroien car, heat media 
Super-high -speed IC 
(Jo.~hson deYices) 
Pipe joint. ertifidol joint 
artificial ml.1.1cle 

licure 1.4: !unctiom mad .li>tHcattom of •e• Coaposites 

fuactiom 
Me-xhoni¢81 Functions 
Hi&h strenith + 
lightmght 

Therm.al Functions 
Heat resistance + 
high :trength 

baaples or Materials baaples or .lpplicatiom 

Pol"VDler based composite Aircratt and space equipment 
(Matrices: epoxy resins. automobile and rmlny cars. 
nuorocart>on. eneineering ships. 1e1sure and sports goods 
and superen1ineering ples1ics. 
Reinforcements: carbon fibre. 
t>oron fibre. aramid fibre, 
ceram1c fibre) 

Metal based composite Nuclear poftr equipment. 
(Matrices: aluminium, copper, 1m turbine, aircrett and space 
meenesium. titanium. nickel. equipment heat exchanger 
Reinforcements: ceramic fibre, 
boron fibre, metal fit.re) 

Ceramic based composite Nuclear power eqwpment, 
(Matrices: alumina. silicon cm turbine. aircrett end 
n1tr1de, silicon carbide. space eqwpment. rockets 
Reinforcements: ceramic fibre. 
metal fibre) 

Source: ,JETRO (1986), Lutres (1988 a) 
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R"garding their different sect.ors of application. it should be pointed 
out. in Figure 1. those Wllieh are currently the most consumed AMs: 

- electronics and information technology - Silicon, compound 
semiconductors (such as gallium arsenide and indium phosphide), advanced 
ceramic substrates, photoresists, amorphous alloys and optical fibres; 

- space and transport in general - superalloys, special light alloys, new 
polr-ners and composites for aircraft, space equipment, rockets, ships, 
automobile and railway cars; 

- capital goods - advancec ceramics and special alloys (for drills. 
cutting tools, seals and sensors); 

- leisure - composites (for fishing rods, tennis raclc.ets and golf clubs); 
- defence - composites and special alloys; 
- biomedical - advanced ceramics, new metals and composites (for 

artificial tffth and bones) and new polymers (for artificial organs, blood 
v~ls and skm). 

Figllre 2 shows the world consumption structure for advanced 
materials in 19a6. From it. we can see that more than ao1 of the total sales of 
AMs in tt1at year CUSS a.4 billion) refer to three sectors: electronics, capital 
goods and aerospace, the first being responsible for almost half of the 
consumption of advanced materials. 

Figure 2: World Market for Advanced Materials by Industry 
1986 Tota1 Sala• USS 8.4 billion 

61 31 

161 / 

171 

Source: !uth et 11. (1988) 

• AiJtornot 1ve 
• Otners 
• Eiectron1cs 
~ :ao1ta11Jooas 
0 Aero3o~ce 
• Leisure 
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3 - DiscontiAuity in Materials Evolution 

The development and introduction of advanced materials and the 
gradual substitution of them for so-called traditional materials conSist in a 
process the consequences of Which are being considered by many authors as 
a real "materials revolution·. In this sect.ion, Will be discussed the idea that a 
ma1or discontinUity in materials evolution is taking place . 

The main hypothesis behind this idea is that the advent of AMs 
constitutes a major discontinUity and that the establishment of a new pattern 
of production and consumption of materials is playing an important role in 
the process of industrial restructuring (affecting patterns of investment. 
organi2ation, employment and trad~) and is expected to lead to a major 
change in terms of the patterns of economic and technological leadership. 

The four main arguments for such a hypothesis are discussed below. 

3. 1 - The recent chanaes are not incremental and ortamate from strate&ies 
adopted outside the traditional materials sector. 

The analySis of AMs shows that the development and introduction of 
these materials have nothing to do With any strategy defined by the so-called 
traditional materials sector. On the cont.rary, the v&ry development of the 
most important AMs seems to be a result of the attempts made to avoid the 
main constraints produced in and by the •traditional materials· sector mainly 
in the 70s and 80s. 

The rapid increase in the price of raw materials, after the so-called oil 
crisis, the dereglllated increase of production (with the strong entrance of 
very competitive developing count.ry producers), the oversupplied markets 
and consequent losses experienced by this sect.or are the most discussed 
components of such a constraint." Such a difficult situation contributed to an 
increase in the rigidity of the industries in this ·mature .. sector. The lack of 
new investment and the very low rate of R & D expenditure could probably 
b'? ~onsidered to be crucially important in terms of the low modernization 
that this sect.or experienced dunng thiS period. The except1ons were few. 

The main innovations in AMs were, then, produced outside the 
traditional materials sector. In the same way, tlle appropriation of such 
develc.pment 'vllas mainly pursued by consumers of those materials, rather 
than by producers of traditional materials. 

As shown in Table 1, there is indeed a large number of advanced 
materials consumers attempting a diversification into AMs. Such big 
Japanese, North-American and European firms belong to sectors such as: 

- information te<:hnology and electnc~lectromcs (AT&T, IBM, ITT, 
Texas Instruments, GE, Westinghouse, NTT, Toshiba, NEC. Matsushita, 
I'¥'litsub1shi. TDK, Sanyo, Sony, Sumitomo, British Telecom, Thompson, Philips, 
En~:..:.n, A:EA- Brovm Boveri and Siemens, among others); 

1 See for snstMce: Souza (1988), US Bureau of Mmes (1985). Gon2ele2-Vti1l (1985) 
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- aerospace and aeronautics <Boeing. Mac Donnel Aircraft. 
Aerospat.iale ); aut.omobile (Isuzu. Honda. Nissan. Toyota. Ford. GM. Renault. 
Scania, Volvo and Fiat); and 

- capital goods (Hertel, Krupps-Widia). 
They are int.erested in all kinds of AMs and particularly, as indicat.ed 

by Table 1, in the development of advanced ceramics. 

Tatel: Com1men or .lchaacecl Materials - Di'ftl'liftcatioa illto Pro4actioa 

liras 4tnoce4 llatertlls 
l'uii <JP> adv. W'P'ics 
fuiitsu <JP> supercooductoa Olld oc1y. wmnics 
Iurutm {JP) oottcal fil>res. on metaJs. suoersmductors ond acly. wmics 
Hitlshi <JP> aot. fibres. semiconds .. IUpll'COAds,, My. qmmiq end on metals 
Bonda <JJ» m cmm~ 
lsbiQDimo C.JP> ot£ wmn;q Olld nn metlls 
Isuzu <.JP> •· W"P'a 
Hissan <JP> m. womics IDd amapmtw 
IEC (JP) semiconductors· suptrconductoa, My. qnnpiq and ney metals 
m {JP) semicmlductoa. MetCQAductoa ond ody. wmoics 
Mauwhita C.JP> mnr polymers. ney metals. ady. wm'cs apd superconductors 
MU\lbishi <JP) opt. tiJ>m. JellliCODdl .. supercondl .. ady. qnmiq end nn metals 
Sarno (JP) ody. qnmjq ond omorphom silicon 
Sony <IP> ady_ W"Pics 
Sumrtomo <JP> semiconds .. moerCQDds .. ady. qmmiq. opt. fibres end n. oolymea 
IDI: {JP) ady. gmupjq 
Toshiba< JP> semicood\Jctoa. suomonducton. m. wmnics IDd on m0111s 
Iowto (JP> ody. qpmiq and composites 
AT & I <US> ady. gmnpjq. nn metots. semicoostuctoa and supereonductoa 
Bechtel <US> compolites md moerconduclon 
Bqeipc cus> com.OOSites 
Enmrv c. D. cus> sumcmstuctors 
ford <US) ody. =mgiq. composites and syperconductoa 
Gen. Pmomics (US) comRO#tes cd SVWCODductOG 
GE {US) oOtiCll fibrel. mniconduc10a supercoAductorS opd ady. qnmics 
GM <us> com1>0Sites adV wmnics ond superconductors 
Goodmr <us> com.ROSites ond ody. qnmtg 
I A I CUS) ady. qnmies 
I!M CUSj ody r.ermptcs ney metoll. semigmductoa ond superconductors 
m cus> ody. cmmics 
km AerosP ms> ady cenmtq. on polymers and suoerconduc™ 
MAG D@nel Air.(US) composites 
MQJorole (US) ady. ceramics 
Texos Ins <USj ody. qmnpacs op.d semiconductors 
Ve.im&hQWe {US) ruper,onductors Md adY eeromics 

• 
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Tal>lel: Comuaen of 4fflmced Materials- Diftl'Siflcation lllto Production 
(coat.) 

Stettner (Ii) 
Thomson Q'R) 
British Telecom CUI> 
Oxtord wmecmu mi> 

'°1Qes-Vidia (lRG) 
Siemens (fRG) 
pbmw en> 

Ericson csv> 
Vol!O (SV) 
Fiat CIT) 

•mmce4 Matertlh 

ady.gnmiq 

ady.qrmpiq 
ootiCll ftbm. ody. qgpiq md supercooduetoa 

ady.qrnmiq 

Source: Yao Reaarcla lmtitate (1984) .. Loac Tera Credit Baat ot Japea 
(1984) .. Columdet et al. (1918) .. llisll Tedmolotrf lmillea (1988) .. S6 (1989) 
-· Latres et al. (1988). 

In fact, we have to conSi<.Mr that there are also some t.raditional metal 
producers Wbo have entered the AMs sector. Table 2 shows some eramples. 
Nevertheless, very tew metal producers in th• us and Europe have shown 
the interest or capability ot entering such a new and high-tech sector.5 

Only in Japan (Where the development ot AMs has been one of the 
main national priorities and Where a government policy of restructuring took 
place) did metal producers display a marked diverSificaaon into AMs, as can 
be seen from Table 2. 

~ Cohendet et 11. (1988). tor instenee. recardinc the mas producers, que that the 
•• ,.,... •ll•li•• II ..... d ., I rela&IHIY ,.., ...... ,, •• IM•lrlal 
11nc1•rn. U4I ll•• f ail•n I• 1wi1cl9 I• l•ac&i••I •ll«iala wl9icl9 ia ewwall I«••. 
lllet' 1 ,.,1 .. ef .. .,caun. l91H 1un ewer ... (There iS a) ... ., .. , 11ra&qlc 
1l ... i1llM11 H Ill•• ,.,, ef I CHll•wallle ,,.,.,.,1 .. ef l•re,..a C .. , .. in Wlliea 
il ce•n &• l•nUfylq l•C•re ._,.,,••llln u• &• •l•er1Hyla1. &19e 1rcl9e1y,1I 
n .. ,1e ••i•t &19• 11nl i•••11ry.· (p. ')tG) 
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tale 2: Metal IDchlltries Diftl'liticattoa into ~nuace41 Materials 

Doido Steel (JP) D.eY metals 

[ayasaki Steel (JP) silicon nrm .•. 01WQics. carbon fibre. ruperqM n. mews 

lfippon Steel (JP) nn metats and acty. gnmiq 
Hippon Iunmen (JP) riliCQA nter. qrboo Obf'e. D. metlll. super§ .. tdy. qnmjq 
SwpiJOmo lleto1s C JP> carbon fil>re. semiconduc1oa. ney metals and acly. qmpics 

4Jcoe CUS) o. polymers, ady. gnmiq. Wt. fibres. composites and n. metals 
Te1edme ms> ne•metlls and~ 
Peehjney <IR> Si!"!ft!ics. qrbon nm and ne• metlls 

Source: Ymo Research Imtitute (1984). Loac Tera Ciedit Bml ot Jepaa 
(1984). Collendet et al. (1988). Billl Tedmoton lhlliaea (1988). JITRO 
(1986). sa (1989) Dd L8ltnl et al. (1918) 

One important feature that should be stressed here is the fact that the 
diversification pursued by metal firms concerns also tht production of 
substitutes for metals. Thew firms are purSUing the produetion of materials 
wtuch are very different from their traditi\)nal productive and t:echnologica.1 
baSis. The target seems to be Ule maintenance of their market share. 
threa~ned by tlle development of such advanced substitutes. As shvwn in 
Table 2, Ule Japanese steel companies are entering not only the field of 
production of new metals, but also that of advanced ceramics, new polymers 
and composites. The same is happening in the case of Ule French (Pechiney) 
and the North-American (Alcoa) aluminium companies and in tht cast of th• 
canad1an (Moranda) copper company. 

The metal industry's attempt to diversify into AMs faces strong 
com~tition t rom other traditional se<:tors Which are also trying to 
r~tructure and diversify their adivities. Among them tlle most important 
se.:tvrs are: cement, ~xtiles, traditional ceramics, chemicals and 
~t:c~hemicals. The ~trochemical and chtmical sector is, Without doubt, the 
one Which is most heavily investing in AMs and Wbicb has the best financial 
and technical conditions for doing so.b 

In fact, t.he biggest ~trochemical and chemical firms in the world 
<su-:h as Du Pont. Dow Chemical, Exxon, Monsanto, Union carbide, 3M. Bast, 
Bayer. HoechSt, Elf. Rhone-Poulenc, British Petroleum. ICI, Shell and Ciba 
Geigyl now include AMs in their strategy of diversification. 

6 Ibid 
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Table l: Petrodleaical aa4 CJaeatcal Ia4ultria Di".nsr~-:catiml into 
~ftallce4 Materials 

IA4mtrin 

4ahi Chemica1 C.!P> wtical ftbres. ady. wmnics.. composites and neT R01ymen 
ldemttsu (JP) MY polymers and Cll1)QD fibre 
E:ureha Chemical (JP> new po1ymm and carbon Ot>re 
llitsut>iShi Chemicals <JP> ady. qpmics.. semiconductors end new po1ymm 
Mitsui Tomu Chemicals tfl on metals oo<I on polymers 
Shem Denko {JP) odT- qnmiq. D. metals· aDon 1lJ>re. semksw D.polymm 
Sumitomo Chemical C.JP> tcly. qpmiq. carbcm fi1>re and nevpotymea 
Toho- RaYDA (JP) mmposUes ood on pnJJmm 
UBE Chemical (JP) • scmmics ond on potymm 
•med Chemicals ros> ney polymen, composites. semiconductors and ney metals 
Dov Chemico1 ms> ady. wmics and new pqlners 
Du Pont (US) on polymers. comS)Oliw. m. gnmiq w superq. 
Eostmoo Iodok (US) oeypoimm IAd ody. qrmpiq 
Emm Chem. ros> neY potmea 
Hercules (US) on polJmers and composite; 
ll®aoto (US) DOY palm.ea 
Union Corl>ide <us> silicon. composites. otr. qnnpics ond MY po1ymm 
3M <US> ady. W"Pics. com,posites. ond ney polymers 
Batt CIR.G> carbon tit>re. composites IDd neT potmea 
Be.m (l'RG) ady. qrmpiq and nn potymm 
Fe!dmule CfRG) ody. qnnpiq and ney potymm 
Jloeeh;t (lRG) ady. wmpjq ODd D~ pol!JDUS 
Elf <IR> ady. qnnpiq and DOY potymm 
Rhime-Pou&enc cm> ac1y. gnwpiq 80d on polymers 
BP Cut> composites 
ICI <n> composites. m. wmnia. nmerq. and ne• polymers 
Shell CUI +Hl) car1>oD fibre and MY polmm 
+an (Hl) car1>oA fibre and MY polymers 
Ciba Geil! <CJU composites and nn polymers 

Source: 1'aao Ruearcll lmtinate (l98t) .. Loa1 Tera Cre4it Bak ot Japaa 
(1984). Colum4et et .i. (1988)., Bicb. Tec:luaatrcT lhlrimm (1988). J!tRO 
(1986), 3' (1989) aa4 Latra et .a. (1988). 

As Table 3 shows, tllese firms are mainly pursUing tlle production of 
new polymers, composites (and/or carbon fibre) and advanced ceramics. 
ElseWhere I emphasize that tlle Japanese efforts in tllis direction (even if 
recognized as relatively wm for tlle time .. ·mg) cannot be ignored.-

7 See for in~ane~ the recent anempts in japan to stren1then this sector and to establish 
the GOr.icept of "New Chemistry" (1inletni the development or chemistry 1Vlth, ror 
inttani:~. electronics). Latres (1989 c) 
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3.2 - The development of AMs offers the possibility for an inversion in the 
lo&ic of prod\lction. 

This second argument refers to the fact that nowadays a major 
advance in the means of analysing and understanding the structure and 
properties of matter has been obtained. The cross-fertilized effects and fUSion 
of materials science with oth.r disciplines such as chemistry, metallurgy, 
physics, electronics, biology, oomput.er Science and engineering, ett have led 
to significant improvements and developments in matenats analysiS, design, 
proctsSing and testing (S'Jch as powder technology, hot isostatic pressing, 
rapid solidification process, coating and surface modification, bonding 
tedmiques and non-destructive testing methods}. 

It is possible now to intervene at the molecular and atomic level of 
matter and rearrange tile microstructure of materials in order to obtain the 
required properaes and pertormance. This has been considered a crucial 
development that set the basis for the beginning of an inversion in the logic 
ot production. The focus of the new production systems tends to concentrate 
mJrt and more on spedtications to be met and capabilities to be realiZed, 
inStead of type of materialS (or mineral input} t.o be used. In otller words, a 
given product no longer relies on a given material or on a given input, 
instead, several materials compete to assume a given function (concept of 
"hyperchoiX des matenaux").& 

Another important aspect related to thiS second argument and \ir1lich is 
characteristic of tllis new production system is that the linkages between 
research, design, production, marketing and consumption were strengthened 
in order to permit the development of ·tailored· materials for specific 
applications and environments. 

3. 3 - The development desip and pro<Suction of advanced materials rely on 
the use of information-intensive techniqyes and require new pat.terns ot 
wort or&aniZation and industrial orpni2ation. 

It is important to stress, not only the recent changes in terms of the 
use of inputs, but alSO the agility and fleXibility brought about by the use of 
information-intensive techniques in the new materials production systems. 
The ~ of computational methods in the research, development, design, 
production, testing and comm•rcialiZation of .~s permits a systemic 
approach, speedmg up and augmenting the efficiency of the Whole process. A 
Significant example here relates to the utilization of CAD/CAM in order to 
obtain a ·nrst best· miX among various. materials and Calculate systemic 
relations betwffn shape and structure iJ 

It a1So seems important to emphaSi2e that the use of these 
information-intensive techniques has been accompanied by new patterns of 
won organiZation and industrial organization. In!leXible mass pro1ucuon 
Which characterizes t;aditional materials production systems has become 

a Cohendet e1 ai. (1988}. 
9 See Lastres le Caniolato ( 1989) 
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increaSingly unsuitable in conditions of product diff erentiatton. consumer 
sophistication and fast technological changes. The new plants designed to 
produce AMs are supposed to be fieXible enough to allow the production of 
"tailor-made· and use-spedf ic materials. SUch plants are operated by 
·mwtiSkilled • labour forces and are frequently designed to produce 
·mwtimateriats·. 

3.4 - This mater;ats revolution iS ltadiO& to a loQ& term structural cnanat mat 
can bt characttrize<I. on t.ht ont hapd. as a J,ransrpattrialiption • of 
production and. on tlle ot.htr bapd. by a ·rumurtmjaliptton· of production. 

The concept of transmaterialization of production refers to the 
recurring industrial transformation in the way that SOdeties use materials, 
wtlich is a regular and cyclical process. Dematerialization of production, in its 
turn. refers to a constant decline in the ust of materials as a percentage of 
total production. This tatt.r concept relates to three main as}*tS. Firstly, the 
bold degree of miniaturiZation achieved by industrial production is seen as an 
important factor in decreaSing the reqwrements of materials t&eeded by 
industrial processes. Secondly. tlle Increasing use of Inf ormatton technology in 
tlle production of materials and products has also been responsible for a 
considerable saVing of materia!S. Thirdly, there is the fact that the material 
itself is visibly tending to gain in complelity by ·integrating· several 
functions. 

Data showmg the decliDing trend of the consumption and production of 
traditional materials has been produced in order to support the idea of 
transmateriallZation and demateriallZation of production. Such a trend is 
already clear especially in advanced countries' markets. Figure 3. for 
instance, shows the declining trend in intensity of basic metals consumption 
(Kg per unit of GNP) in Japan, Wbich started 16 years ago, just after the oil 
crisis. Accordingly to this figure, such an inversion is most marked in tlle 
cases of steel, Zinc and aluminium. Io 

Figure 4 shows tlle declining trend in the intensity of metal usage 
<metric tons per million USS of GDP) in the US and in the \llOrld. The data, 
produced by tht us Bureau of Mines. ref er to tht cases of steel, alwninium 
and copper. In tlle same way, tllt inversion of the consumption trend seems 
to be associated with the oil crisis. 

Data relating to metals production in the US show that this decUning 
trend in consumptic-n reinf orcecJ the same tr~d in the production of the five 
major basic metals (Figure 5). 

Ont strong argument produced by some analysts of such movements 
refers to Ult link of these trends to the generallzed and t.emporary difficUltits 
tlle us economy !aced at tlle beginning of Ult aos. However, as Figure 6 

10 Ottrerent sources show the same trend. The oriliftllityot those data used in Iicure J 
refers to the tact that iu primary source iS th& bi& ?rench prodUcer or llumtnium, 
Pechinev 
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FIGUU 3: M•tals Consumption ~r 1lllit of GllP iA Japaa ( 1955/84) 
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Pl3utl 4: TRENDS IN THE INTENSITY .OF·. METAL USAGE 
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THE DECLINING TRENDS IN COM~tODITY METALS PRODUCTION 
IN THE UNITED .STATES 
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One strong argument produced by some analysts of such movements 
refers to the link of these trends t.o the generaliZed and temporary difficUlties 
the us economy faced at tlle beginning of tlle a0s. However. as FigUre 6 
indicates. such trends, at least in tlle case of the US, cannot any more be 
considered simply as a conjunctural shi:t 

As Figure 6 sho-ws tllat the general reet>vet 'I experienced by the US 
economy aft.er 1982 was not follow.<! in the primary m->tals sector and the 
met.al m101ng sect.or. suggesting tllat tlle possibility of a structural change 
should be furtller investigated. 

Figure 6: Industrial Versus Metal Production lades 
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There is indeed a well defined tendency towards the process of AMs 
~ing substituted tor basic met.a.ls, as is mainly the case Wit:ll some polymers 
and composites d1splacing steel in the car industry or optical fibres displactng 
copper wires in telecommunications. Another aspect that relates to the fourth 
argument is that the advent of AMs gots beyond tlle process of materials 
competition and substitution. Opportunities are open !or the development of 
entirely new materials displaying new properties. 

As I have already mentioned, most of these AMs have been developed 
to fulfil completely new and sophisticated functions and applications, 
es~ially those associated With the advance in the high-tech areas. In tl11s 
~nse, they do not ha<!e to com~te with existing materials in or~r to get 
into the market Examples in this case include the developm~nt ot 
semiconductor materials. photoresists and memory sha~ alloys, amon@" 
oth~rs. Tt1~ decre<:.se in cost and price ot such new materials Will then b~ 
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crucial in terms of permitting and a'celerating their rate of diffusion 
throughout the economy as wen as malting possible the consolidation of these 
high-tech areas. 

Therefore, perhaJ'S the most important aspect relating t.o t.he 
development o! th~ AMs is the fact that they have been seen as a 
necessary and strategic issue in terms of opening n~w paths of growth and 
strengthening future industrial competitiveness Probably the beSt example 
of such a situation is the intense Japanese effort in respect of advanced 
ceramics. Tbe long term policies adopted in that country t.owards the 
development of these materials seem to reflect the aim of bUilding up 
capabilities aiming at establiShing of a new pattern of production and 
consumption of inaterials. 

So the development and introduction of AMs indeed !lffms t.o 
cor1stitute a discontinwty m terms of materials evolution. Not only are the 
producers of traditional and advanced materials completely different, but 
also their inputs, technological processes, industrial structures, work 
organization, product characteristjcs (and frequently even t.heU- markets) are 
entirely distinct The very group of materials Which Will form the basis for 
future industrial development is now being def iLed. A new sector is taking 
shape. In this sense, the current time presents an opportunity to establish a 
new techllological and economic leadership in such a pervasive area. 

4i- National and R91ional Policies on Advanced Materials 

The major advances in materials science until tne mid-sev~ntie5 were 
mostly as tlle result of a spin-off from the huge US programmes in the C!reas 
ct defence, aerospace and energy technology 

The decade cf the 80s 1s marked by the generalized increase in R & D 
e~nditure and, particularly in tne case of AM~. by the formulation of 
pnvate ind natior1al R & D pro1ects concentrating attention on specif 1c 
improv~ment of those materials. 

4.1 - Japa!l 
In Japan, tlle long term R & D policies on advanced materials have bffn 

coordinated by MITI and STA. Having started almost 20 years ago, from a 
rather modest basis and Within tne programmes on the conservation and the 
1'?V'?lopment of new sources of energy, materials protects have had tlie 
supp"rt of several industries. 

Much more than in other countries, in Japan the development o! 
advanced materials seems to have been pursued Wit.tun a r.ational !ramework 
v! 0b1i:ctives Firstly (and 1ust after the oil cns1s), the central target 'w'aS 
relatc-d to tlle possibility of att.€-nuatmg the impact of tlle increase m t..he pnce 
i:·! 011 and other ra·-1.; ma~nals on thE' Japanese economy No'v'l'adays, the hope 
c.f ta~mg advantage of a prom1smg structural change seems to be gettmg 
;t.ronger m that country The gen€-ral idea 1s to t-stabhsh a new pattei n o! 
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materials production and consumption more adeq11ate to the Japanese 
~rspectiv~ o! growth. One attempt in this direction is ltie intention cf 
changing tlle basi$ of future industrial development from metals to advanced 
ceramics. Such a possit.ility has teen pursued by exploring the advantages 
created by the sound Japanese microelectronics sector, linklllg the 
development of AMs With the reqUirements of this sector 

Table 4 shows the Japanese R & D programmes on AMs in 1988 and 
1989 In 1988, Y 16,070 million were deployed m this area, within the three 
main important governmental programmes in t.erms of materials CBFTI -
Basic Technology !or Future Industries, Large-Scale Project and MUiti-Core 
Project• 1 ). From this total, 1oi referred to R & Din superconductors. 

In terms of the nature of AMs, the Japanese efforts in R & D 
concentrated on advanced ceramics. This family of matenals m 19a8 \\las 
responStble for almost 70lt of that total, mostly because of the high priority 
given to R & Din high temperature ceramic superconductors (HTSCs).12 

Table 4: Ra J) OD ~dftllced llaterials iJl Jspall 1988189 (aillion •) 

Targets Period Bud&et Bud&et 
(FY) (FY88) (FY89) 

MITI {B!FI) 
Su~ercondlxton 1968197 1061 1872 
A~van~~~ C~i:=ic~ 1~1l92 1099 11~9 
Nev Potmei:s 1981/90 512 5'30 
Smthetic Membr~es 1981. ·1! -r57 358 
NevMetels 1981/8& '380 
Com~tites 1981188 ~8 

EbQJ~tlE MAIC[&ali 1985~3 Z3i 31~ 
!.an;~-Scele 

.\Ms Prgs;. Snt~~ 1986191 1~79 2129 
fine Chcm1~ai~ l288ll1l 20 m 

~uttotal 526Q 
STA.< Multi-Core) W11 

(-~[Ill (-1Q6l l 
Tote! 16070 

Note: .AMs are also developed within other MITI and ST.A prr)1ects. sryh as Human 
Frontier Program. Moonlight (Superconducting Generator). Sunshine. Luge-Scale 
<High-Speed Computing System-GeAs), and also other ministries programmes Education. 
Po:t and Telec., Hee.1th etd. 

Sowce: 6IST/llITI (1988 and 1989) ud ST6 (1988 a ud 19881>) 

i l The :atte:- includes R & ri pro1ects coordinated tv ST.A. MIT!. Mm. of Educeuon. Mm ot 
Tran::port ani1 Min of Post and Telecommwucetion:: 
i:. Cons1'1ering rhe.t onlv 8'7. of rhe mpercondWvtor~ proinmmes refer to ~etalhc 
:natenal; and al;ei .;on;1denr., the efforts to~js the development of ;tru..:tural 
·~eram1cs (6 % I 
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It is worthWhile mentioning Ulat unw 1987 Ci.e. before the discovery 
ot t.he HTSCs). the attention of the Japanese government was conc~ntrat.ed on 
the development of structural advanced ceramics. MITI. for instance. 
dedicat.ed 201 of its BFTI t.otal budget for 19&7 (Which in addition to AMs. 
included also electronics and biotechnology R & D) to these mat.erials. • 3 MITI 
budget regarding t.he research in structural ceramics (aiming at t.he 
development of gas turbine components) continues to increase year by year. 
From 1988 to 19&9 it increased by 4.51. Nevertheless. superconduct.ors 
funding increased by 761 in the same period. 

The most import.ant result of these long t.erm Japanese efforts is the 
leadership achieved by its industry in terms of the world hierarchy in t.he 
production of advanced ceramics (both electronic ard structural). carbon 
fibre and semiconduct.ors. In addition, Japanese capability in compound 
semiconductors (such as gallium arsenide), integrated optical mat.rials, 
superconductors and biomaterials are being recogniZed as the most promising 
in the world -'" 

i.2 - United States ot America 

In t.he US, the emphasis on the development of AMs has concentrate-:\ 
on composites and new polymers (and, recently, also on superconductot-s). 
Currently, government sponsored R & D is diffused throughout the multitude 
ot government programmes and t.here is no single agency having the sole 
mandate tor materials R & D. Tilis haS been criticiZed by the US Congress and 
the scientific community. Who attribute tht recent Japanese leadership in 
strategic advanced materials to the US' lack. of planning and coordination. 

In tact, a recent survey QD advanced materials produced under the 
auspices ot the US National R~ch Council reinforces such conclusions. 15 
The study comprises an analysis of advanced materials commitments in 
countri~ such as t.he US, UK, FRG, France, Spain, canada, Japan and South 
Kor~a. The main concluSions are that: 

- matenalS research and development seems to be less coordinated in 
tt1e us than in other advanced countries. In the US no major agency iS in 
charge of planning, sewng prioriUes or evaluating materials (or industrial) 
policy and there is low cooperation (or no relationship at all) between various 
agencies and various sectors (especially t>etwef:!l the generation of new 
knoW1edge and its utiliZaUon); 

- most other nations support t.he development of materials science 
t.llrough carefully targeted government programmes; 

- betw~n 1976/87, the Federal government reduced matenals 
funding by 11~ ar.d by 231 for nondefence spending; 

13 See Lastres ( 1989 b) 
1 'l Zee Morse (1989) 
1~ Cohen 0989) end Hieh-Tech Materials Alert (Dec. 1989) 
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- W!lile the government gives de!ence and energy researeh that same 
type of national pusb, it leaves materials development for electronics, 
telecommunications, nonmilitary aerospace, and other fields in the hands of 
indiVidual corporations. 

- sueh a tendency haS dangerous consequences tor US competitiveness. 
The recent negative performance of 7 major industries, in tMms of th• 
balance of trade, haS been attributed to th• lack of sutfident progress in 
advanced materials. 

The final recommendation or the report iS that advanced materials 
otter a special opportunity to st.art :.argent coordination in Seience and 
technology in general, Wllicb iS lacking in the US nowadays. But, probably, the 
strongest argument used t.o attract better support for this area relates to the 
possible threat in terms of national security that the underdevelopment of 
these materials and their corresponding technologies could imply 16. 

As one result of such pressures a recent change in th• US is taking 
place. AMs are now seen as ·an enabling technology inextricably linked to 
technological advancement and competitiveness as wen as to nat.ional 
security·.•' 

The Nortll-American expenditure in AMs are estimated to be over 
tentold the Japanese funding. The US has had the capacity to advance on a 
'Wide materials research front, Wbieh indeed requires a large budget Then, 
and despite all criticism, the US st.ill holds a comf ortabl• international 
position in composites, new metals and new polymers and also in 
in!rastructure and human resources capabilities in general. 

Figure 7 shows that the Federal government spends USS 1 billion every 
year in materialS Science and engineering in tlle us. This total indudes 
AMs.ts 

As we have already seen, R & D responsibility in materials R & D 
programmes fall under the ambit ot a number of ag~ncies With specific 
miSSion targets. Thest include: Dtpartment of Energy, Departm•nt of Defence, 
National Aeronautics and Space AdminiStration, Department of Commerce 
(National Bureau of Standards), Department of Interior (Bureau of Mines) 
and the National Science Foundation. 

According to tllis Figure 7, DOE has been tlle most important p~omoter 
of ma~rials R & D, responsible for almost 60' Of the total expenditure in 
1985. 

16 See, tor im1L1ce, Morse (1989): ·wlln J.,u wu i•ntili.,. recntly te M 
1ipificutly allead er tlae US ia sis •f 22 critical tec11 .. 1 .. in (•icrMlectr•ica. 
, •• ,.... •••ic•••ctera. •aclai•• iatellitnce, iatearat.,. .. uca • 
.. ,ercea•acllfity u4 -l•tecllaelqy •a1erlal1) all crillcal I• l••I &er• •••lilalin 
H••rierity i• ••••••• 1y11 .. 1, A•ericua aaw &Ilia u a tllreaa: 
I".' OECD (1988). 
ljj Reliable data tor this area are not routinelyavmlable and, u OECD (1988) reporti, 
probably are not separately tabulated. See note 8. 
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In 1966. OOE budget decreased from USS 647 million oo USS 609 
million. In tlle same year, au the other agencies increased their funding. DOD 
(from USS 155 million oo USS 164 million), NSF (from USS 135 million oo USS 
137 million), NASA (from USS 107 million to USS 121 million), BOM (from 
USS 33 million to USS 41 million), NBS (from USS 23 million to USS 25 
million). 

li&un 7: R a D llaterim Sciellce •4 ~ I.a tile OS ltT ~CT 
n ~ • n • • ass 1.1a• 

• It is ..stimatf'd that private in•ntllfftt represent!' an fquivalrnr amount. 

Snrce: OECD ( 1911) 

• f. 1985 
• 0 ""<>C •• ''1iJ ... 

It is ~timated that, in the US, yriva~ investment represents an 
amount at least eqwvalent to tlle government investment. Among the main 
tirms investing in AMs are: IBM, A T & T, Du Pont, Exxon, 3M. GE, Boeing and 
GM. 

S~hc data about R & D programmes on AMs in the US. shows a 
d1tterent picture. As FigUre a, indicates, in 1983, DOD was responsible for 651 
ot the total government funding. DOE for 17:1, NASA tor 101 , NSF tor 4:C and 
wtll NBS and BOM tor 21.'' 

19 D11•a here refer to the survev the General Accountin& Otriee made !or FY 1981 based 
ori .3ar~ proVi1ed tiy the six main aeencies in chatie vi th .\Ms proerammes. Tfhich 
TOt'llled ~lmllS' US$ 200 million. See OECD ( 1988 I>> 

• 
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Pipre &: I • D iD Advanced Materials iD tile OS bJ Agency 

{l98'J) 

I 

• DOD 

Sowce: O!CD (1988) 

DOE IDS IOll 

AaacY 

Table 5 Shows the R & D priorities in the US for materials in 1986. The 
most outstanding difference from other national policies relates to the 
emphaSis on composites. Such an emphasis has been very strong there, Wbere-
1r.1t.erials science has been much improved mainly because of the huge R & D 
r togrammes m deftnc. t.echnology. 

tole): Gownaaeat ll a I Priorities ta d1e us (1911) 

llaterials &oab 

~naacecl Cenalcs 
High-Pertomonce Struen.nJ Ceramics Dev. of suu. tor heat components. tWt>ine 

blode# and heat shjcld; tor owgmotin and 
oircrat! wmes 

Etwroruc an<i Suoerconductlfll Ceramics Dey. of mets. tor electroruc and electnca1 
coapooeou ond tor integrated o0tiq tor 
w m. eJ.eciriCll tnnmus:ion. trOQ.SlX>l't and 
medical indultnes 

Coapolitu 
F1b[e Reinf2f2!d Plost1c Re;m Dey, ot ltrucnnl comoonentl tor oeromoce. 

OutOmOtiD and ind. CQNtn.JCtjOn 
Metal Matrix Comootite; Dey. ot mau. tor 11rucmr11 on<I 

ruperconductm& comoonents 
•••Metab 
4morph2us MertJs Dev of mats for electromegneuc equipment 

Source: O!CJ) (IM a ad 1988 I>) 
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As we can see from Table 6. in 19&3. composites were responSible tor 
more than hall the go~ernment funding tor AMs. Such a tact reflects the 
importance of DOD and NASA funding and their priorities tor the 
development of such a family of mat.erials. 

Advan~. ceramics With 231 of the total funding in that year. was the 
first pnority in DOE. BOM. NBS and NSF programmes. 

New polymers. second priority for DOE. NSF and NBS. ~e considered 
at th• time (as they are $till considered nowadays) the most important area 
m terms of private capabilities. Governmental support in thiS area (expected 
tA> be supplementary to private investment) concentrated on new polymers 
With optical functions (ma;n1y liquid crystal) and seoaration membranes. 

tole 6: R a D oa Adftaced llateriab ua tile us •Y Acacia 0981) 

DOD DOE •.s• •sr ns ... ntil 

coapositu 683 71 751 13 61 531 

atr. ceneics 13! 63 13 341 491 531 231 

•orplaom allon 151 91 131 311 211 ;71 151 

oeypotyaen 41 241 23 331 243 91 

Source: OECD (1988 a aa4 l 988 b) 

i-3 -Euro~ 

Sin.:. the early &Os the EEC has included the development of AMs m 
~t.rateg1c research programmes such as Sprit (VLSI integrated circuits), Race 
(optical fibres), B1otechnologit (biomat.erials), Brit.e (separation membranes, 
new polymers. composites and amorphous alloys> and Eureka. 

Eureka includes, among others (see Table 7) the project "CM Structure 
Using New Materials - CARMAT 2000). This project has a 5-year budget ~f 60 
million ECUs and Europnn firms such as Bast, Bayer, Elf, ICI, Pechiney, 
Peugeot and Saint Gobain partit:ipaw in it. 
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In I 9a6. a special programme on AMs was establiShed - the Europ!an 
Research for Advanced Materials (EURAM)_ The baSic document ~f this 
programme explicitly recogniZes the significant results achieved by Japanese 
and North-American firms as an outcome of R & D expenditure in AMs and 
the consequent inferiority of European firms in facing such increasingly 
difficult competition. 2 O 

This 1S a tour-year programme With a budget of 30 million ECUs. Its 
main target iS the development of those AMs in Wllldl Europe is relatlvely 
less eompetltlVE! · advanced ceramics, new metals and composites (see Table 
~) It auns at the improvement of materials, linking basic research With 
engineering work and it 1S deSigned oo create. develop and apply new 
materials and to securt Ult evolution of eJisting materials oo a higher level 
vf improvement and t.o be competitive in terms of costs. 

tole 8: Europeaa Research tor •4ftllced llateriall - l1JliJI Procnaae 

Priorities &08ls 
De!ekmmmt or Me!allic Materials: @p;p;um oum (espetjolly for aerom. and O\Jt. > 

0 NPMMR al1oyS 
titonium alloy 
eleetriql contest materials 
mognetic materioll 
mats. tor snrtoce coating Cde!. of ne• .neeJ aum> 
hlopment of 1m.proyed tbap-nlled qsting 

Iieveloom,ent of AdYlnceJ Cmmic.t. o0tjm1mtion of SiC. Siolon for use in engines 
mou tor surface CQOting <subs1itutes tor metals) 
l>W study of the hwh-temoeroture behayiour 
stu4y or s;cnupic composites 

DeYrl@ment otComOOUte;: organic-matrix comOOSites <tor ecrosp. and au1.) 
metollic-motal cgmpgsttes <unne oluqupau.m. ond 
m5pesium matrices> 

O!her 4Mi rw Specific 4pplsqtions momorv shape alloy. au.m Yith high enmv 
@rorption. highly comwon resistant monne 
materials. composites With amon>hou.t urn 
wmposttes Eth vitreous m.atr1ces end comoovtes 
With elastic matrices for enera-shcxk-noise 
obSQrption 

Source: EUR..l.11 (1986) 

;') P••r Hrllr •• ce cercle Yicieas •• Y•l•era•ilite et •• •••em•amce. et HHi •••r 
recaaaer •• c•••ttitiYitt ••r le •••• ••••ial. na•Htrie e•r••h••• ••it iHestir 
au1in•e•t •••• r .... ntiH tecla••letieae ••• aaatriHir. l.e •rojeca f.UIAM. ee 
recr•••••l In ea1re,ri1n aattriaair ••la CEE ea•• e•se••le celatreDt, 'e"' jeaer 
le r•I• •• caaalYte•r P••r •r••••Hir He Ytri11•1e 1ciemce et H 1teie •n 
••ltriHS .. ,.,.... en:. Proeromme d'J.<:tion de R:cherche - Motenoux 
!9%1~9 <ftr'lJSSels. 1986) p IV-9. 
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ConcomitanUy With these regional efforts. national programmes 
(mainly those in FRG and France) have been strengthened. aiming at 
moderniZing industrial structures and creating capabilities in advanced 
materials R & D. 

In general, the European posture regarding AMs then haS been 
def~Sive and aimed at ·mating up for lost time·. Cohtndet et al, recogniZ:ing 
such a need and trying to analyse the r.asons. conclude: -ror a WIT toa1 
tiae Europe plaTH a leacllDI rote ill aateri8b W'Cll ... Jt wua• '8 1otac 
too tar to •T tollaT tbat Ewope ll• ._. OWl18ba.. •at tluln is ao .._t 
that it lull alloft4 the US •• Japaa to steal a wdl • it ill ra1•cla iato 
aost or tile aaterilds with tile laiclulst ez,ect841 cro9th raw INltwm DOT 
•• the ea41 ot the ceatwy ... l'luln ... perllaps wy rwou wily larope 
tacs MIWl41 (ncll .. tilperlioa or actiftttes.. lack or fonlillat.. tift4e 
MtW8ell ,....ell aa41 ill4altrT etct •at It is clW' that iaerUa 4lm to 
tratitioa is oae that aerits eaplllllb •. 21 

In t.erms of AMs the European industrial straWgy concentrates mainly 
on the development of polymers and new llght metals and alloys..!.! It 
recogni2es t.he need to link research. production and consumption, aiming at 
taking advantage of the strongest capabilities of the region. In thiS sense, the 
European rormuta to stimulate tllis area seems to concentrate on the strategy 
of linking the most promising European family of AMs <new polymers, given 
the competitive strength of its chemical industry and its research 
capabilities) y\llith one of the most promiSing European industrial consumers 
t)f AMs (automobile industry) 

4.4 - Other Countries 
Other measures and countermeasures regarding the development and 

introduction of AMs, have been adopted by countries such as Canada, 
Australia, Chlna, Bra.'il, South Korea and some other developing countries. 
Suen pollc1es were developed mainly after the second half of th'} 805. Most of 
tll~m are related to the need tor a protective policy (mainly in the case of big 
traditional materials producers ~ . ..mo reel threatened by the new advances) or 
w th~ ~rs(*tiVe v! taking advantages o! an important transition period. 

i - JapaAtH Stratea Towards the DttelopmtAt Of AdJIACtd 
Materials 

Since Japanese industry can be considered as more vulnerable than 
others to pv~ntial energy and materials supply curtailments and mor~ 
sensitive to e<.onvm1es Witt1 th~ inputs (because of its almost total reliance 
·jn imports). ttle development of advanced materials has b~n among its 
highP.St R & D pnonttes, mainly rrom the 1970s onwards. In the 80s the 
development of AMs has ~ome one or the tnree cornerstones of the 
japan~e mdustr1al strategy, along Wlth microelectronics and bio~hnology. 

21 Cohendet et & (1'?88) p 371 
Z2 I.es1res et al ( 1988 b ~ 



- !12 -

The most important feature of the Japanese policy towards the 
d~velopment of AMs seems to be that the measures adopt.ed in that oountry 
are geared towards radically changing the- patterns of production and 
consumption of materials. In other "WWds. Japan is pursuing policies 
concentrating on discont:inUity of traditional production of materials and 
emphasiZing the linkages betwffn materials production and new sectors such 
as mtormatlon tedlllology. 

As w have seen. one of the major characteristics of Japan~ strategy 
on AMs has been the national concern With the development ot these 
materials and the promotion and improvement or tedmologica1 strengtbS 
through long-term R & D programmes With very high rates of industrial 
participation. The long term policies adopted in Japan f M the development of 
these materials and their precocious commercialization (With the purpose of 
changing traditional consumption habits and aiming at acquinng lndership 
m the area) reflect calculat.<I objectives such as to build up capabilities 
regarding the establishment of a new pattern of international competition. 

The main targets of the policies regarding the development of 
advanced materials in Japan have been: 

. the inauguration of a new pattern of production and consumption of 
materials, min;m;z;ng national disadvantages (innovative aetiVities to 
substitute for high-priced fact.or inputs) and, at the same time, maXimizing 
internal advantages (innovative aetiVities to explore capabilities bUilt up in 
~lectronies, for mst.ance ); 

. the aun of building completely synthetic materlalS, controlled at 
mole<:Ular and atomic level, to cater tor a more and more specitic and 
sophisticated demand (utillZation-oriented research); 

. the strong ~mphasis on fusion of materials science with other 
disctplines such as phySics, electronics, chemistry and, mainly, biology; 

. the objective of developing advanced materials relattd to IT sectors; 

. the promotion of internal and international interactions; 

. the attention to R & D, produetion, marketing and consumption of 
~dvanced materials within a conception of a system. 

In gene-ral terms, the Japanese policy for the development of AMs can 
be divided into 2 phases. The first (adopted in the 705), When advanced 
cerami's were chosen to be the basis of future industries. This choice was 
made according to two related factors. Firstly, the ~velopment ot advanced 
ceramics, 10 the way it ha.s been pursued, represents a major attempt to 
~ons11ierably reduce mineral and energy inputs (in terms of volume and 
pnr.e) in botll produetion and utlllzatlon of materials. Secondly, it repres.nts 
a very te<:hnology-mtenSive proouction and a more fle~ble production 
organiZatic1n in a completely new area. 

Many advanced ceramics are superior t:v traditional materials in 
·1arivus industrial applications, resulting in economies in materials and 
en'M'g7· <such as application~ m automotive engines, meaning lighter and 
more !uel e!!1cient motor vehicles) as well as in products that cannot be 
mad4? of conventional materials. 
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Ceramic mat.erials are also generally more abundant and evenly 
distributed throughout the eartb·s au.fit than oonventional met.a.ls. Alumina 
and silicon ceramic mat.erials are p!,ntlful even in Japan. Their refinement 
and downstream fabrication procr.,,ses tend to require relatively less energy 
than met.a.ls, need not be located in congested areas and are more pollution­
tre-e. 

On th• uther hand, one has to consider that th• selection of ceramics to 
be the core o! AMs plays an important role in terms of producing a 
discontmUity in materials productton and consumption. The emphasiS on new 
plastics, for tnstance. (and as pursued in the us and Europe) could be seen in 
Japan as a desired but much more difficult target, because of the strong 
international competition in chemical industry. 

As we have seen, Japan has been empb3SiZing the improvement of 
advanced ceramics sine• the mid-70s. This issUt did not lose priority Within 
the main national targets, despit.e the expected tedulical/economic results in 
t.erms of structural ceramics until the mid-30S not haVing been entirely 
!Ulfille<I. Due to this patient and long t.erm public policy, Japan can now count 
on a large baSe of skill and experience in the field of ceramics. Which is 
fundamental for the development of the programmes on high temperature 
ceramic superconductors. Such experience relat.es to previous activities in 
research, development, production, commercialiZation and use of ceramic 
materials. 

Regarding this issue concerning superconductivity it has a1sO to be 
mentioned the Japanese long t.erm investments in the field of metallic 
superconductors. Aft.er the dtscovery of the new ceramic superconductors. in 
19&6/&7, Japan had the advantage of having placed ceramics and 
superconductivity among the top priorities in its R & D programmes years 
before. Then, rapidly, these two priorities Wffe linked to form a new 
programme oriented to exploit and augment the capabilities built up in both 
areas. In fact, one the most impressive Japanese !eatures seems to ~ the 
agility With Which public policy can be rtoritnt.ed oo th• new discoveries and 
new perspectives of growth. Now, the concrete possibility of Japanese 
supremacy in tlle field of ceramic superconductors ts so high that us 
measures under Reagan's adminiStratJon concerning tllis subject have been 
considered as a response to this Situation.23 

The second phase ts consisttnt With the new strategy, conceived in tlle 
late 80S, of creating new paths tor the development of science and technology 
(and Which relies on ·Japanese creativity· and the development of 
mt.ernational programmes for basic and fundamental research, such as the 
Human Frontier Programme). 

In this new phase the intention emerges of developing advanced 
ma.~nals beyond the t.raditional concept of materials. For erample, intelligent 
materials Ca new subst1nce or mat.erial Which surpasses single-function 

2'3 See, tor instance, Comauttee on Science, ?neineerine and PUblic Policy {1988) and 
TJNIOO (1987). 
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makrials and th~ Which dlange !unction in response to changes in 
.:nvirvnm~nt.al ~\)nditions). Wbictl f;;;ssess key functions such as ~11-re.:overy. 
Si-lf-a.:liustment ,:,r ~ontrol. self-:liagnosis, stand-by capabilities. self­
r~productbilit; and abilit] to be externall7 tuned.~,. 

6 - Impact of AdnaCtd MattrillS 

We saw in the preVious sections that With the development and 
intrvdu~tivn \)f advan<:ed materials. some import.ant changes are exp«ted to 
influ~n'& the way science and technology are developed and materials ar& 
produced and consumed. The policies adopted by different countries and 
firm$ (be they the most aggressive or the most complacent ones) reflect the 
inte-nti<'.\n to build up capabilities conforming t.o a new international pattern 

In th~ la~r two sections, 1 bn~fly discussed the advanced countnes· 
posmre- toward AMs, ior such countnes are the ones Which have better 
\:Ofiditions tor in!lu~ncing and shaping this new pattern. Despite recogniZing 
tho: impvrtan\.~ of discUSSing the foreisffn global impacts of tlle introduction 
'-:f thi-se matE-rials in the international scenario, i~ this section I Will focus on 
the impacts for the so-called Third World countries, for they seem to be the 
most dnmatic I Will also use some examples from the Brazilian experience 
(\Q advanced materials Which I believe to be very interesting and Which is 
th~ s1tuauon I know t>est 

As we saw, the introduction oi AMs m the martet has been 
accompanied by a d~reasing trend in ~rms of the advanced countries 
cor1,;umptivn vr raw and traditional materials. In global terms. the same sort 
vt ~lirung trend can be identifi&d. The analysis of the world consumption. of 
the ~e-ven maJor metals sho\tl! that their yearly rate of growth turned 
negative aft&r 1979 (see Figure 9)_ The cnsis that started in the early 70S put 
an "?ni:i to t.h~ ?ugh rates of d~mand gro\llt.h e~rienced by most ma1or metals 
;1•1nng mi> ~noo 01 th!? 50s and 60s This sloWdown was turtller deepened 
by t.ht? recession wtuch toot place in tt1P. early 60S 

Scch a change has various cons~uences for the less developtd 
~vuntries (I.Des). n~ially th~ Whio;h are important producers of 
~ad1tiona1 ma~rials and ere:. The most visiblE- one ref&rs to the e~u-d 
negeij~e- impact on the balance- of trade of these countries. According to • 
Gon::alez-Vigtl ( 1 ~85> "The sicnitieaDce ot this fall is par-oaat indeed. • 
tbe nWD aetals {analy~ in Figut9 9) represeAt aroaad tbree .,.nen of 
aore or the ftlue of all aetals aiaerall ill tbe world ecoaoay uad. ill 
particular. tbey accoaated tor tbne q-.rten of dnelotiAC ccnmtriu' 
espons of all aoa-tuel ainerals ia tbe aid-70s uad toeetber Tith 
••laAeSI ore. tor ~l4J. of tbe total aoa-tuel aiAeral esport earnia11 
neei'ft4 ~,. denlotiDI COUAtri .. ill 1980 .. ~" 

~1 Ysn911d3 (!987} and $91to (1989) 
~~ Gon:!lt:·Viitl i198~) r i; 
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Figure 9: Declining Trend in World Consumption of Major Metals 
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~~is wvrtti m.s-ntl(:ning that such a d'1<-lirung trend d~s not fl&<,~sanly 
m:~·li' an Jbs:.·lU~ d~lme m th.: volum~ of raw mau-nal and metals ~xports 
:!":·m :i-:-~J.:-t.,pmg i:-·:-t1ntn~ f.ut 1t does mean that the con$umptton ·~f such 
r-r-:·1u·:ts 1s n0 li:-nge-r mcr'!>asmg at thi? same rate as it used to m the past. On 
r.r1-:- .:.m-:-r nari~. it is -:-~ted n·:'t to mcreasi? as mui:n as me total increase m 
:nz.nuiactanng vtJtput m th& future-.:!£. 

It i; ai~ eApi'C~ tl1at th~ metals industry's curr~nt international 
J1v1s10n •jf lat11)Uf will ''•nb.nu~ tor some time. but not !or long Developing 
.:.·.Jl.int:1-:-s ar~ e~~U-·j tA:i *th~ fastest growir~g mark~t for the ma1or me-tal 
rr .. · m"~nal: ~·roouced t·Y themselv~ Th~n. While m the past a great.&r 
n~~ ·:·i con-:umptlon of ma1or metals used to expr~s a greater level of 
~n·Justna1 1E>'v'oe-lopmE>nt '-'11t?lm t.l'l~ different countn~. today 1t has turn~ to 
t•O:- T.l"l":" •:1;:1p·>~1~ L•)W r:<):"lSUmptlvn grr ... wt.t1 (lf m(atals 1$ now (.(1f1Sldi-r~d 3 

.-;-,.1r.:i.:~,;.n-;~1·.: ·.)! mat1m~ d€t~r-:-i·'.I~ ~:onom1e-s 
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At the same time. figures abOut the estimat.ed worl( market for AMs 
are ~loquent showing growth rates around 2 01 ~r year. And if tlle 
traditional materials sector is losing its importance and separating more and 
more from tlle dynamic axis of industrial growth. worse Ulan this 1s Ule 
depressing trend expenenced by the prices of those traditional materials 
and raw materials . 

In tact, as the World Bank has demonstrated. such a decJ.uung trend 
can be seen as the general tendency of commodity pnces (excludmg 
petroleum) in the last decades. Figure 10 snows the weight.ed index of prices 
for 33 non-fuel commodiUes in the period 195012000. This group of 
.:vmmodities includes agricultural products (67.7 I), minerals and metals 
(~7 llU and timber (5.21).:?7 It is clear from the figUre t.hat the pnce index 
of these commodities is experiencing a remarkable decline in the analysed 
penod It is worth emphasiZing that these dat.a also indicate that, after tlle 
~r~, snort run price increases were always followed t>y greater price 
decreases 

As the price forecast reveals. non-fuel commodity prices are expect.ed 
to d~line ~ven more trcm their l 98a level over thls and the next year and 
ar~ expect.ed to make only a modest improvement over the 190012000 
period. increasing onl; 5:c With the price forecast for 2000 representing only 
45~ of the price at the beginnmg of the period. 

Jiigure 1 O: Weighted Jades of Commodity Prices 
(Comtmat 1985 US Dol1an) 
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Figure 11 sho'NS the weighted index of metal and mineral prices !or 
th~ san1e p'l?n~·d From it Wf: notice the consistent decline m the prices o! 
t.'li-S~ produ·:ts Such a decline became sharper after the 70s. 

The decline in mmerals/metals prices expected between 1988 and 
1990 1s about l 6i An improvement of 1 O' is expected over the 
1990 /2 000 period As a result, the average metal and mineral prices index 
esumated by t.he World Bank for this decade ( 1990/2000) is less than half 
oi the 50s and 60s averages 

Figure 11: Weighted lndez of Metal and Mineral Prices 
(Comtant 1~ US Dollars) 
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In terms .:>! the analysis of spec1fic price ~hav1our, the ne~ f1gur~ 
f'rl?~~nt th~ tri?nd !or 4 Sel~ted 0ff?S and metals 10 the last di'Cad~ 

F1~1iro:- l ~ sh<'1"'1S tt1~ d~clmmg trend m the pnces of 1ron or~ We can 
s~~ rr<·m it that th€' pnces <if this <)re !ell from 2 5 6 US$/MT m l Y8 1:.r to 16 6 
TJS!1M7 in 1 ~f.;~ and art- estimated ~ re-a<.t1 16 9 tll1s year It sh0u1J be 
~mp,as1:~J mat m l y70 tlle- ?n..:i: (1f ir0n 0r~ was 41.8 USS/MT. 1 i: 2.5 t11n-:s 
•..t!e- J:ifO:-$e-nt ?n.::.:-
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Figure 12: Declining Trend ill Iron Ore Prices 
(ill 1985 eomtmt US dollars) 
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F1gur~ 13 sho·~ a s1m1lar trend tor tne pnces of bawat:E> m tn~ same 
~n~d In this ~ase. thi- price of bauxite. which r~ached 39.2 in 1952. 
~xpi'n~n..:ed a tall vi almvst 50:t during tne following & y~ars. rea1:t1ing 2 1.8 
u:::t1'yrr in 19~~. The estimate of the World Bank shows that a c·:mtmumg 
r.l.;.r:lir.e 1s i?>~tpected t.'l1s year, 'With the price falling to 19 8 USS/MT. 

Figure 13: Declining Trend in Bauxite Prices 
(in 198~ con1t1111t dollars) 
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Among the metals. tin and lead were the ones that experienced the 
mvst dramatic pnce fall in the last decade. as Figure 14 and 15 Show. From 
19~0 to 19~6 tin price fell more than 3001 and lead price almost 2001. In 
the latter case, a major decline is still expect.ed. The estimated price of lead 
for thiS year represents almost one third of the price of 19&0. 

... 
II :. 
I 

Figure 14: Dectillillg Tread in Tin ~ces 
(la 198) comtallt us 9llan) 

1vv1.1.., 

' 4 

~-~ 
"'q 

\ 
\ 
I 

\ 

a Tin 

..... ! 
~vv+---..---.---.---.---~-..,-------T""-------. 

198~ 1984 

Sowce: Yori ~ (1989) 

1<;90 

Tear 

Figur• 15: DecliDhlg Tread in Lead Prices 
(ill 1985 c:omtaat us dollan) 
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The impact of these changes on the metallurgy of developing countries 
will vf ~ourse d~~nd on the degree and pace of the dissemination vf AMs. 
Fv: most metal producers, even in advanced countries, their attempts to 
remain in the market and make profits in such a difficult scenario involve 
some very difficUlt opt.ions. But the discUSSion of the foreseen impacts o! the 
intr<'duction of AMs on LOCs, as ~11 as the alternatives Wbich can be open to 
th~ countries. transcends the lmuts of a simple change m the materials 
basts oft.he economy The range of aspects that have to be dtSCussed varies 
from the di!ficUlt financial Situation of most the LOCs Cand, in speci!ic terms. 
vf the metals producers in these countries is) to the spedf iaty of AMs 
development and production (sudl as their sophiSticated tedlnological 
reqUirements and their interact.ion With and dependence on consumers)_ 

Attempting to discuss some of such aspects, I would stress the fact 
that With the advent of advanced matenals the tendency in materials 
productton seems to be a complete change from produet1on based on physical 
tact.ors endowments, leading to an increasing dependence on sopbtsticated 
processes and resulting in an era of strong savings in energy and natura1 
resvurces. As one resUlt. the introduction of advanced materials is already 
\.hanging (and iS expected to lead to a dramatic major change) the structure 
C·f the so-called traditional comparative advantages and the present 
international division of labour. 

Then, trom some developing countries· point of view, these r~ent 
cnanges ~ a perhaps unprec~nted challenge and render much of the 
1:urr~ntly prac~ development strategies obsolete, mamly those based on 
production geared to exports o! ortS and basic metals. As we saw. a 
significant number o! developing countries have had exports o! minerals and 
basic metals as the core of their groWth strategies. In 1985, among the LDCs 
which had more than 501 of thw exports originating in the mineral sector. 
the cases of Zambia (941), Bolivia (621), Zaire (741), Peru (701), Jamaica 
(()7~). Chile (641), Togo (521) and Papua New Guinea (511) should be 
~mpnasize<S.?':J Even t>tgger countries Which have unplemented more 
sopnisticat.ed economic structures like Brazil and Australia have a significant 
share of their export revenues derived from mineral production.JO 

In thiS n&w situation. the importance of large and high grade national 
mineral reserves, relatively cheap and abundant energy inputs and non­
qualified work (even With extremely low levels of wages) is tending to 
diminish. The consequences of such changes have to be analysed not only in 
terms of tlle threat to developing countries' international market share and 
~xport earnings, t>ut also 1n terms of tlle loss of attracuveness this new 
s1tua.t1on exerts on foreign investments. 

28 Such a:ituation u wr:ened by the lack ot aemty that 1overnment bureaucracy and 
tremt1on11 metenals producers mev display Yhen tacina the Ghaltenae or 
restructurinc. 
29 Vorld Bent (1987) 
)0 See Lestrer 8c Cm101ato ~ 1989). 
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The beSt e:xample in this case iS perhaps that Which relat.es to the 
Caraias Prvi~t in Brazil. It was designed in tbe early eighties to attract 
ror~ign capital via exploitation of Latin America's most important mineral 
prcvince in tbe Amazon. The Brazilian Government ;>roVided then~ 
infrastructure for the project, including ports, railroads, energ-f supplies and 
vanous subsidies (ten year e:nmption of fed«al and regional tans, energy 
pnces below cost. etc.). Even with such subsidies th• prOJect failed as far as 
tts mam obJective lS concerned. Only the iron subprOJect led by a State 
company - CVRD - was implemented With the external participation of the 
Wvrld Bank and other minor foreign partners, leaVing aside original 
subproj~-ts for other minerals. The lailure· was due to lack of interest by 
fo1eign investors (both finandal and productive firmS) in investing in Brazil 
m minerals and basic metals. It iS interesting to point out that the same 
m<Xiel had been very succesdUl throughout tile Sixties and tile seventies. 

one related unp11cauon here is tll• ezpected change m tile location of 
materials production. Given the relatively lesser importance of the 
availability of inputs and the greater importance of the linkages With their 
~onsumers. the processing plants of advanced materialS tend to be located 
near the consuming and end-using industrial markets. On the other hand, as 
most of these AMs are high in value and low in volume and \lleight, they are 
mostly economically transported by air. Hence, tile emerging geographical 
pattern of advanced mat.erials production is expected to ;.,. centred in those 
i:ountnes with better t.echnologtC"di capabllitles and strong marke~ for high­
t.ech products. Given such expectations, some analysts of the area have 
i:oncluded that t:lle plants located in LDCs 'Will ~d to serve local and regional 
markets only.JI 

Apart from all tlle other macroeconomic problems faced by the 
developing countries Oligh external debt, accelerating inflation and political 
and tnstitutional mstability), and together With the uncertainty surrounding 
mainly minerals and basic metals <regarding the serious declin~ in demand, 
problems of supply overcapaaty and deprtSSed prices of or.s and prunary 
metals experienced during the a0s>. it has to be considered that the 
traditional means ot artieulat.ion between LDCs and the advanced countries 
are experiencing major changes. 

Then, the main argument here is that these recent changes have lead 
to far more complex industriali2ation processes, Where comparative 
advantages depend increasingly en innovation (both technical and 
~garuzational), rather than on purely physical factor endowment. 

The high reqwrements of sophisticat.d sa.ntific c.nd t«hnolog1cal 
knowtedge t.he prod~.1.ctton of AMs implies can be Sffll as a handicap for 
those LOCs Who intend to produce such materials. Brazil, for instance, has Cm 
a very advantageous condition) all the important mineral resources needed 
to produ" advanced ceramics, but, until 198a, there was no production of 
high purity cera!Lic oXides in Brazil. Even the most consumed ceramic oXide 

31 See Grecory (1988) 
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in the world. alamina. was not produced tn that country with the purity 
required tor its utiliZation in electronic deVicesl~ (even despite 5raZi1 being 
one of t.be major world producers of alumina and aluminium for years). As a 
result Bra4:il e:ports the ores and o:Ddes Which are submitted to further 
purification al\d imports back. the necessary inputs to produce those 
advanced ceramic Which are processed in the country. The reasons tor such a 
situation relate to the mt«nal lack. of sufficient technological capability to 
produce such pure o:Ddes and the still small 8raZiUan advanced ceramics 
marketn 

on the other hand. tt iS not only the tact of suddenly finding 
th~mselves producing "'traditional materials· with ·mputs and technology of 
the past• that matters in the case of LDCs. The shift to the production of AMs 
would also reqUire a new industrial and sectoral orgamzation. as we saw in 
~on 3- Among au these requirem.nts, I 'liOuld partieularly stress th~ 
more nexit>le and agile style of production and the llnkage between 
research, production and consumption of matena!s. Many authors have 
emphaSiZed such charact&riSttcs Whtn diScUSSing the new tedlno-econoraic 
paradigm and the new high-t.edl areas. much hav~ expanded the 
understanding of the probl~-3" Regarding the latter, I would only repeat 
that the V«Y genesis of such a new category of materials iS a result of those 
linkages. In other words and as suggested in section 2 and 3. the advent of 
AMs iS a result of the huge research and development programmes. 
part..1cu1ar1y th~ m high-tech areas, pursued by governments and firms m 
the most advanced countries. 

Having seen this, one could conclude that previous capabilities in 
tradit.ional material> production haS very liWe contribution to off tr to those 
Who aim at starting the production of advanced materials. In fact. as we saw 
in section 3. the international trend in terms of the production of AMs 
shows that the research-production-consumption relationship has prevailed 
over the traditional input-production linkages of tilt preVious paradigm 

In the Brazilian case, Which certainly follows the inwrnauonal trend. 
tor instance, traditional matMials producers have made very liWe effort to 

32 Lertres (1988 t>). See specifically the section on adftnced ceramics produced t>y Karia 
Theteza Garcia Duarte: • A11I• • ._...,. •• di•,...._ •• rec•n• •iHRi1 .. lruil 
.. sita~le estr .... nte tutajfta. aill4a •le ,r .. ui- i••••• u ••rm• 
.,....1 .. e1ria e1:l1"u - ..... • ••••• .. 11 aa•laaeece •tiHAd• a •l•el ••Mial 
- a al••i•• - •i••• •le t ,r .. ••i•a .. •••• u ••rm , .. •••it• au •tincle .. 
, .. , .. eatn eletr••ic•· (p. i9) 
'3'3 The rurvey produced on the Brazilian acnmced mt.terials sector. durinc 1987188. 
shoftd that some 1>11 multuiattonalS finDS Yblch were tllreedV in'9!StUlC in the COUil try 
in other area: {end which started to pi'Oduce adftne~~ materials in their countnes ot 
one1n) stated that they would nu tor the BrazWan acmmced matenalS market to crow 
before inw:tinc in this nnr area. One interestinC discmsion here 9'0Uld be that related 
to the apphca1>l11tY of the tndlt10na1 ~cept of economies .;t scale to de!me a stratecy 
related to the production of adTl:nced materials. 
3-i J.monc them see VllioUI works t>y freeman. Perez and Iaplinstv On the importance 
ot user /producer relations tn sha.ptnc technical developmenu or nw technotoaies see 
L•.mdva11 < 1 ~) and specifically in a dnelopsnc country eontnt. see Censolato < 1990). 
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produ..:~ AMs. The most successtUl attempts to produce AMs refer to the 
~ases vf tn~ fir:ns wtlictl had the support of and have strong linkages With 
hlgh-~h cvnsumers (~y thvse in the information technology , 
aeronautics and defense sectors). It Should also be emphasiZed that most of 
th~3e cases relate to the constitution of a new firm formed by researchers 
and professors, mainly from physics and electronics inStitutes.35 

A great commitment to the product.ton of traditional materials by btg 
itrms and governments of LDCs can even retard the restructunng tllat the 
recent Changes are forcing. In thiS S&Dse. I \lt10uld emp~ the necessity of 
a deep understanding of the present changes and the importance of 
suffici~nt agility and aeatiVity by the public and private sectors to mate 
the- ~t of the opportunities that the beginning pbase of a new paradigm 
presents 

In tllls aspe':t I fully agrff With Perez, Wllo argues that much of th• 
lnowtedge required to enter a tedlnology system m its earty phase lS m ~act 
public mowtedge available in universities, and that many of the skillS 
reqUired do not y.:--: eXiSt Her condUSion iS that, given the availability of 
weU-qualitiw univerSity personnel, a Window of opportunity opens for the 
relativ~ly autonomous entry of lagging countries into new products in a new 
technology system in these early phases.-~" 

One eDmple Wbich shows the empirical validity of such theoretical 
i:i:>nttibutions refers to the case of optical fibres in Brazil. The project was 
l'.1esign4?d by the state company m charge of telecommunications - Teletris -
and matured mto one the strongest univerStty inStitutes wtuch, since 1975, 
has bffn developing a research program on optical fibres together With 
T~lebras· research centre. in 19&4 the technology developed earlier was 
transf!"rr~.:i to a private national firm instituted to produce the fibres 
reqwr~ tor the deveilopment and renewal of the _,raztlian 
telec:ommurucations network. At that time an agreement was signed granting 
a 5-y"ar market reservt by Tel•bris (901 of the BraZilian market for optical 
hbr~) r-

One rosUlt of such measures is that Brazil is today one of the few 
countries in the world uiat holds an autonomous research program on opt.ical 
fibres. In this case. I note that a modern and agile government.al institution 
Gould take th~ opportunity to artieulate internal political interest in 
designing a strategic ptanrung. promoting research-production-utill2ation 
linkag~ and making effective use of its activ ~ market procurement policy to 
bwld up capabilities ui a high-t«h area, Which was new even in advanced 
countnes 

W1thout any doubt the eXiStence of a polibcal and institutiOnal 
framework was then Cand continues to bf) fundamental for the 
a"om~lishtnent of such a strategy. That seems to be of particUlar importance 

~ I.astres 0 988 bi 
'36 Perez (p 92) Small countries 
37 Lattres <1988 a). see especially the .. :etion on queru and ;ilieon by Cristina Lemos. 
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especially in moments Wilen a new technological trajectory is taking place. 
FrHman ( 19&8> has strongly emphatiZed this aspect and has developed the 
idea of pervaSive dla.nges in t.edmology associated With ·national systems of 
innovation· (the network of inStitutions in the public and pnvate sectors 
Wbose actiVities and interactions initiate. import. modify and diffuse new 
tedlnologies). ~ 

Regardmg th• unportance of des1gnmg spectfic ooliaes Wlllch coUld 
exploit the temporary opportunities opened up oy the new technologies. the 
Ministry of Science and Tedlnology W'dS created in Brazil in 1935. one of the 
main "bjectives of tlliS Ministry was predSely to define a.ad unplement 
polities for high-tech areas. 

In the specific case of advanced materials, a National Commission, a 
Centre for Studies and Planning and a Secretary were established in 19&6 
and 19&7_3') 

As the main polltlcal and mstltutlonal alhanC$S of the new government 
wtuch took over in 19&5 Mre not rustained, the measures regarding tugh­
tecn areas were gradUally cast off_ The friction With more co~rvative areas 
was so great tllat in 5 years the area had 4 miniSters and in early 19&9 the 
Ministry was dissolved and reestablished at the end of the year. 

It shoUld be recogniZed that the implementation of such policies 
(Which require agility and deal With the renovation of the Whole concept of 
n~tional development) is a very difficult task, especially tor LOCs that are 
taang gri}at macroeconomic pro1>1ems associated with political and 
mstltutlonal inst.ability. But a definition of a new form of development can 
be considered fundamental, particUlarly tor these LDCs, as they are now 
facing a crucial challenge related to their future chances of groWt.h. Entering 
this new paradigm in its early phase and defining a national strategy to 
exploit the opportunities opened by the development of the new areas 
seems to present the best conditions for doing so. 

In tJus sense, I emphasiZe again th• primary importance of a better 
und«standing of th• spectt1c charactenStlcs of the development and 
introduction of AMs, particUlarly by the policy makers of LDCs. Some of the 
AMs. Which are being introduced in thtst countries (mainly in sectors led by 
big mUltinational companies) contrast sharply With traditional policies 
pursued, particUlarly those Which only emphasiZe the export of minerals and 

3~ ·o •• .r tlM ••t •etallle lat•rn el tll• J ....... sy1t .. 11u •en ti•• 111ed witll 
•llid J .. une fir•• u• JQune t•licy-uten - i•eatifiM tll• i•f•rtuee •I 
iafer•ati .. u• c•••••icati•• teellael917 (ICT, aa4 .. •utM • •eu•rn t• 
•ill••• tlle an teellael917 .ery ,.,_,.Y ce ••• truiclnal i.,••trin. Hell u 
aaclll .. ry aa• nllicln. Tiie Jafune 1y1tea el tecllael .. ical fwecuti•I i1 
fUUC•IUIY ••11-HilM ,. Ille i•••Cificati••· ,, ... , ............ i ........ , 
cllu1n la ·ceellael .. ical 11uu1 .. · - ,-. .. 1 .. tec1i .. 1 .. 1n wllicll cu•• .,,ue• 
cllrnoa .. , tile ecn••Y. • (pe 4/5) 
39 ?or a revtn ot the Brazilian policy tor advanced material: see arucie by J. E. 
Ceniolato, tormer Plannin1 Secmll"f ot the Ministry ot Science and TechnolQIV and 
President ot the lfational Commission tor lfeY lllateria!S. pu1>lisbed in the £TAS Bulletin 
{1988) 
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metals Which, as we have SHn. are experiencing a world-Wide decrease in 
th~ir ~onsumption levels. 

There is a strong tendency in these countries to follow the same steps 
as the most developed countries and accept high-tech advances as neutral 
and, in any arcumstance, progressive ones. As a result, some of the LDCs are 
pr"motmg the use of imported new materials wbich are displacing 
r.rati1tlt)na1 matenals they can produce (and for wtueh they have inputs and 
tecnnolog1esl In most cases thiS kind of be~Viour consiSts in iSolated 
attempts t.o reproduce some of the successtUl st.eps made abroad. There is no 
~vnsideration or Which kind of material wout<l provide better resUlts, 
r'1garding national conditions. and rarely is there any connect.ion With 
policies adopted in other industrial sectors or those related to R & D. 

Then, each country Will have to use its best powers of creativity to 
1~fine the most suitable policy and group of matMials to Wbich to give 
pnonty nus snoutd be done regarding national conditions and constraints 
and selecting th• most important policy tools and markets niches. ObViously 
t.he degree of agility and efficiency With Which such measures are taken wW 
i'Vi'ntually determine the level of success obtained. 
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Institute. 1262 Doa Mills lld., Suite ti. Don Mills. 
Cjl. 113B 2W7. canad.a. 

• • • • • 
Advanced .. terials for severe service applications 

a. Llda and A. J. lllc&Vily. ed • ...., York. N.Y .• 
USA. and London, U&: llsevier Applied SCieace, 
1987. xii + tl6 pp. 

Advanced .. t•riala for severe service 
applications is tbe proceedin91 of tbe Japan-US 
Joint Seminar on Materials for Severe Service 
Conditions. held in May 1'86 in Tokyo, Japan. Tb• 
•-inar vas sponsored by tbe US National Science 
Foundation and by tba Japan(asa) SOCiety for the 
PrOllOtion of Science. 

Pour papers in the proceedings are devoted :o 
fracture behaviour of caraaics. one of ~b:ta is an 
extensive review by &vans and Dalglsisb entitled 
•5om1e aspects of blgb te11perature perfor .. nce of 
ceraaics and ceraaic compo1ita1•, which discusses 
aechanisas of caraaic failure at bigh tsmperaturas. 

Several papers are devoted to corrosion and 
stress corrosion of .. tals at high tat1perature1, and 
tbare is one by Itoh ~· on •corrosion of velds 
in steals for ice-breaking 1hip1•. A significant 
number of papers in the proceedings deal vith 
fatigue resistance in different enviroa.antal 
conditions at cry09anic and elevated ta11perature1. 
Th1ea papers are devoted to lifeti .. analysis: one, 
by Miya~·· directed to the nuclear industry; 
the second, •Life-ti .. prediction of povar plant 
components• by T. Sndo1 and the third, by 
Kitagawa~., dealing vith the aaterial 
cbaracteri1ation of the high-temperature gas-cooled 
reactor. 

••••• 
Reference bo9k for c0!!p0site1 technology 

s. II. L•• (ed.), vou. 1 and 21 1989, 
Lancaster, PA., USA, Techno.ic Publishing 
Collpany. Vol. 11 334 pp., ISBN 
0-87762-564-61 Vol. 2: 206 pp., ISBN 
0-87762-565-t. 

The first volume contains 11 sections, each of 
vhich targets a particular cla11 of c0111po1it• 
.. terial1 for poly .. r INltrix c~1ite1 individual 
section• concentrate on particular re1in typeo (e.g. 
epoxies, ther110pla1tic1) and fibre types (e.g. 
ara•id1 and ultra-high llOdulu1 polyethylane1), vhila 
.. tll aatrix C0111po1ite1 and ceramic 114trix and gla11 
.. trix coaipo1ite1 are treated a1 a COlllplete cl111. 
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Volume tvo 11 110r• varied in its range of 
topics covering tec:baol09ical aspects of coap>11lte1 
and dovnstreaa properties. together vitb 
modelling and predictive tecblllques and test!119 
.. tbods. 

• •••• 
i?ol.,..rs, laainatioas, and coatings are 

covered in TAPPI's 1911 conference proceedings. 
wbicb are available in boad-vol- fora. Topics 
include flla extrusion tec:baology and equlpaeat. 
extrusion coating and flexible packaging. adhesives 
and coatl119s tec:baology. bigb-barrler packaging 
.. terlals for bealtb care. aicrovaveable substrates, 
polymer processing. additives and llOdlfiers. 
pressure sensitive adbesives and label stock. 
coestrusloa tecbnology. llOdifled or controlled 
ataospbere pac:ka9l119. flla testlllCJ and analysis. 
botb •lt tecbnology. and radiation caring. 
TAPPI Pr .. a. Tecbnology Park/Atlanta. 
P.O. Box 105113. Atlanta, COA 30341-5113, USA. 

••••• 
Recycling directories 

Two aev volumes are available - one f roa 
SPI's Plastic Bottle Institute. the other froa 
the publisher of Plastics Recycling Upd!t• 
newsletter. 

SPI's 8th annual Plastics Recycling Directory 
ll•ts 172 companies involved la recycling. Otber 
section• list companies by state and by r••ias 
handled and a description of tbe voluntary eontalaer 
coding •Y•tea. 36 pp. SPI Literature Sales, 
1275 a st. •.w., Sult• too, Wa•bl119ton, DC 20005, 
USA. 

Th• newsletter's 1989 Directory of us and 
Canadian Scrap Pla•tics Buyers and Processors 
includes nearly 100 North A19erlcan flras that 
purchase and proc••• scrap plastics. Tbe 
directory lists the following for each flra1 n ... , 
location, contact, phone, fax, telex, coapany 
de1criptlon, grades of scrap purchased, for• 
desired, preferred supply sources. and desired 
shipping .. thods. Cross listings are provided 
according to grad•• handled and location of 
proc•••ing plants. Resource ••cycling, 
P.O. Box 10540, Portland, OR 9i1~0. USA. 

• • • • • 
Electronic cera•icss properties. devices and 
applicat ion1 

ldlted by Lionel M. Levinson, New York: 
Marcel Dekker Inc., 1988. ISBN 0-1247-7761-1, 
(vi) + 525 pp., index. 

Cera•ics have ~•en part of the electronic• 
industry for a long ti .. , 1tartin9 vith their use as 
in1ulator1 and nov exploited for their 
superconducting propertie1. 

• • • • • 
Th! el1ctric1l re1istivity of 111tt1ls and alloy• 

By Paul L. Ro••iter. Calllbridge1 Cambridge 
Univer1lty Pr•••· 1987. ISBN 0521-249473, 
xvi + U4 PP• 

• •••• 

I 
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CO!p!!ter applications la applied pol,,..r 
science II. Aut-tiOI!, modellin9, and simulation. 
Tbeodore Provder, Sditor, '!be Glidden co.peny. 

'l'bls aev •ol1111e ls an ••tensive CJUld• to the 
practical applications of eo11p1ter1 in today'• 
polr-er laboratory. 

'l'bls book focuses on apeclflc topics Sllcb as 
rObotics, -ti.-tlcal mclelllDCJ for 
plastics, modelll119 for bulk and sollltlon 
polr-erlaatlon, almulatlaa for cbelllcal proce••••• 
co-polr-erlaatloa and network for•tlon, and 
emulaiaa pol,..rlaatlon. 

De••loped frOla a sppoa h• aponsored by tbe 
Di•lalaa of l'ol,..rlc .. terlal11 Science and 
Sft9l-rl11CJ of the a..rican CMalcal $0Clety. 

ACS Spposlum Seri•• llo. CH, 551 pa991 (1919) 
Clotbbound, ISBll 0-1412-1662-2 LC 19-17602 
Amer~can Cbeaical Society Dlatributiaa Offlce, 
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Dept. 40, 1155 Slst .. ntb St., a.w., 
Waabin9ton, D.C. 20036, ~SA. 

• •••• 
Advanced .. terial1 in tbe -n1afact1aring r••ol1ation 

Michael v ... vltt, llor .. n D. Peterson, editora. 
"' + 15 pa9••· .. tloaal hcbaical Infor .. tiaa 
S.rYice, lft'IS SMr9Y Dlatrlbutlon Center, 
P.O. llos 1300, oat Rid99, Tenn. 37131, USA. 
1919. 

• • • • • 
Analysis of P91J!!!rS: an lntrod1actlon 

T. R. CrOlllJtOD. Yill + 362 pa99a. Perl)a9Dn 
Pr•••· Masvell Hou••· Fairview Part, Slslaford, 
•.r. 10523, USA. 1919. 

• • • • • 



6-1 llO•ellber 
Houston. 
Te••• 

U-16 llOY.-..r 

U-19 11ov.-.r 
ltuala Lullpur. 
Malayaia 

4-7 Dec:.-.r 
Ziiricb. 
S¥it:aerland 

6 December 
Loadon. ua 

10-U Jaauarr 
Ba119alor, 
India 

15-11 January 
llollbaJ, 
India 

4-7 February 
San Dle90, 
CA, USA 

4-1 l'ebri.ary 
lendi90 
Victoria, 
Auatralla 

llaterials 'lecbllol09Y Traaafer COurse 
(Tiie transfer of tec:bao109Y f roa 
natioaal laboratori .. to lDCllaatry. 
or,aaiaed by ASN Iateraatioaal. 
.. tala Park. Oii 44073, US&) 

Iadunrial S.na.1119, •lrallM)bea. 
SSblbitloa deYOted to aeaaora. 
traaacluc:era and .. .oclated 
aigaal-caedltiOlliag •Y•t.... Total 
Solutioea, SYaa Steaclllaa (S.r•icesJ 
Ltd., TM llllb, 11190D Cl09e. Saffoa 
llaldea. .. ... C910 :uu.. 
Tel.1 0799 26699. Tel••: 21313 
I'••: 01-337-1943 

Iaternatloaal Pair vitb apec:lal 
foaas OD rubber and .oocl-baaed 
iacleatrles (llal•J•i• Iateraatioaal 
Pair. rederatlOll of Malaysian 
11a-facturer.1, 17tb Ploor P.O. Bo• 
12194, 50770 Kuala Lullpur, llalaysiaJ 

suroaat '19, Aacbea. Plrat SUropeaa 
CODfereace oa Advaaced Materials aDd 
Proces .. s. or,aabed bJ tile Deutsdle 
C:.sellscbaft fir .. tallltunde IN, 
Adeaauera11 .. 21, D-6370 Oberusel, 
PllG. Tel.: 06171 4011. 
Pass 06171 52554 

SP'19. Iateraatioaal coofereace 
Oil spec:lallty plaatlc:s, applications 
and .. rkets, coacentrati119 OD tbe 
aubject of polyoleflas la food aad 
tec:lmical pac1ta9i1MJ. (llaaclt 
9usiaesa Senic:ea, CH-1104 Au/near 
Ziiricb, Svit:aerlandJ 

7tb S..inar •Cbarac:ceria.tion of 
Hi9b-T99111. llateriala•. (Tbe 
Iaatitute of .. tala, 1 C.rlton House 
Terrace, LoDdoa SWl'r 509) 

••••• 

Intl. COnf. on Superc:oacluctivitf 
(ICSC, Dept. of Pbysics, Indian 
Inat. of Science, Bangalore 560 012, 
Iadia) 

International Conference on Advances 
la Composite Materials ("811 
International India Chapter). 
Prof. P ..... krlsbua. Depart-nt of 
lletallur9ical SIM)lneerlnt, Indian 
Inatitute of Tecbnol09y, Powai • 
._.,.y 40i 076, India 

Third Internacional Conf•r•nc• on 
Cera•ic Powder Proceaain9 Science. 
(Pennaylvania State Univ., 
University Park, PA 16102, USA) 

11th Au1cralian Poly-r SJllllOliu• 
( .. ndi90 Co1le9e of Advanced 
education, landi90, Victoria l550, 
Auatralla) 

- ll4 -

5-7 February 
9oaton. u. 
USA 

7 hbnary 
LalldoD. UI 

12-15 r.br-ry 
llaablagtoa 
D.C., USA 

19-23 .. rcb 
Yeatlllta, 
C.lifornla, 
USA 

21-22 .. rcb 
ao.1 Mat, 
IlllDOia, 
US& 

2-6 April 
llASA c;odd41rd 
Space l'lltbt 
Center. 
t".rHnbelt, 
llaryland. USA 

3 April 
Buffalo. 
llaV 'fork, 
USA 

l-6 April 
Patten, 
Tbe .. tberlands 

4-5 April 
lrlstol, 
SIM) land 

4-6 Aprl.l 
Palaia des 
eo..,r•s, 
Paris, l'rance 

4-6 Apr 1.1 
Warwick, 
SIM) land 

.,.,. 
Morltabap on aasea ... at of plastics 
proc:esalDCJ/CG11Yeral011 tecbmol09l••• 
lDDOVatioaa. Mrketa and bual-• 
acti•iti•• 
(llaM:lt 9u•i-• Ser•ic:ea, Cll-1104 
Aa/ ... r &Uric±, 5'rltu1:laedJ 

Iat•r_tl_l Rip .. rforma.c:e 
Plaatica COafereac:e 
(PI9A, •ac:1ta9lag DiY., llaadalla 9oad, 
Leatberbeed. Surrey ltT22 7aV, m) 

45tb a--1 COllfer.- ud a.po. 
(eo.po.ltea 1 .. tltate SPI, 
355 t.eslagtoa An. • ..., York, 
a. 'f. 10017 • USA) 

Gordon .._rcb Confer- oa 
Sur-rcoaduc:Cl•ity. 
(Gordoll ..... rcb CeDter, Ueinnlty 
of Jlbocle Island, ll:lagstoa, 
RI 02111-0101. 
Pboae1 (401) 713-4011 or 3372. 
l'Al:I (401) 713-7644) 

SPS Tbel"80Set aetec. 
(SOCletJ of Plastics S119lneers, 
Cblca90 Section, 7761 w. Tborndale, 
Cbica90. IL 60631. 
PboAez (Jl2) 774-4551) 

AdYanc:e1 la Material Science and 
Applicatloaa of Bltb Te11perature 
SUperc:oaductors ( AllSAlft'S • 90) • 
(NestOYer coaaultaat1, 
630J Ivy Land. Sult• 416. Crffnbelt, 
llD 20770. Pboae: (101) 220-0615) 

Tblrd AnDual 9uffalo llaterl•l• 
SJllllOsiua •nd bbibltion. 
(Wilson Greatti.tcb Ltd •• 
10,000 lllellrle Drive. Clarence, 
ll'f 140)1. Phones (716) 759-6901) 

Dasi9nin9 Wltb Structur•l Cer .. lca. 
(Diropean Pbyaical Society, llain 
Seeret•riat, P.O. 9oa 69, 
CH-1213 Petit-Laney 2, Svlta.rland) 

Advanced COllpoalt••• frOll Inception 
to inspection SJ11110S11119. 
<•ritisb Institute of llD'r, 1 Spencer 
Parade, llOrtballlpton, •1 5AA, Ult. 
Phones (44) 604 30124 • 
.... : ( 44) 604 231419, 

25e Journeea IUropjennes d•• 
Composites. 
(Le Centre de Pr0180tion des 
Compoaites, 65 rue de Prony, 
75017 Paris, rrance. 
Phones (lJ) (1) 47 6J 12 59. 
ras1 (ll) (1) 47 6l 57 J9) 

Pine Cera•ic Powders1 Proce1sea, 
Properties •nd Applications. 
(Institute of Cer .. ics, Shelton 
House. Stoke-on-Trent, St•ff1., 
ST4 2DR, Ult. 
Ph0ne1 (44) 712-202116. 
.... , (44) 712-202t21) 

1 
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t-11 April 
Sbeffleld, 
SatJl.aad 

10-l.2 April. 
Dal-ultJ of 
.,.rvlc:lt. 
Marvlc:lt. 
SatJl.ud 

l.6-20 April 
Saa ftA11Clsco, 
cal.lforala, 
USA 

22-26 April 
Dal.l.u. ....... 
USA 

Zl-25 April ....... 
.. i.,1-

21-26 April 
.. rkeley, 
C.liforala. 
USA 

21-27 April 
Las V99as. .. ,, .... 
USA 

Zt-27 April 
~of 
Sc:l•ac:e• of the 
Gila, Drelldea, 
Deel. a.p. of 
Ger May 

JO April -
• May 
Denver, 
COlorado • 
UIA 

2-5 May 
oa1&rad9e, 'I'll, 
USA 

6-1 May 
Montreal, 
Canada 

- us -

IateraatlOllAl. Coafereace on Cer .. ic:s 
in SDer91 AR>!icatloaa: llev 
Opport:uaiti••· 
(ID8titute of ... r9J, 11 Dewoasbir• 
Str-t, LoDdoa Vl• 2AU, US. 
l'lloaet (C4) l-510-712t) 

llev llaterlal.• aad Their Applicatioaa. 
(Tb.9 Iast!'!;;.te of fbJ11lc:s. 
t7 .. 19ra- aqu.re. LoDdoa SllU llQX. 
l'llollel (44) 1-2)5 6111. 
Pa•s (44) 1-259 6002) 

llaterlals .... arcla Socl•tJ SprilMJ 
... tllM). 
(llaterlal.s ..... rcla Socl•tJ• 
HOO llCSaltbt ao.d. lulte J27, 
PlttslMufb, PA 152)7. 
....... (412) )67-JCkiJ. 
Pa•z (412) J67-4l7J) 

tZad a-al. ... ti .. of tbe 
a.ertcaa Ceraalc SocletJ. 
(a.erlc:aa Ceraalc Soci•tJ, 
757 llroolss1~9• Plasa Dr., 
tlesterwille, Oii 4lOll.-6ll6. 
l'boae: (6lt) lto-4700. 
Pa•: !614) ltt-61.ot) 

llaterial. Aspects of llaclaiaiag. 
(I ... aleursbel• vzv, 
DeSCJUialel zu. a-201.1. Aat-rpe11 • 
.. 1,1-. 
l'llolle• (J2) Ol 216 Ot 96. 
~••: (J2) Ol 21.6 06 It) 

Iateraatloaal Coafereac:e oa Low­
Tesiperature &lec:troalc:sz 
s-ic:oaduct lag - SUperc:oaducti119. 
(lluttervortb SCieatlflc Ltd., 
P.O. Bo• U, tlestburJ llOuH, llury 
Str .. t. Guildford. surrey GUZ 5 ... 
Ult. eboaez (44) ti) )009•6. 
••• , (44) 413 301563) 

COrrosloa '90. 
( .. tloaal Associatioa of COrrodoa 
SIM)lneers. P.O. Bo• 211340, Houstoa, 
TX 77211. Pbonez (71)) t92-05)5. 
Pa•: (713) 492-1254) 

lllA8HT1IC '90s International 
CODfereace OD Materials SCience for 
Hl9b Tec:bnol09le•. 
(AcadeaJ of sciences of the GDll, 
Central l••titute of Solid State 
Physics and Materials a.search, 
Helmboltz•trasse 20, Dresden, 
DOll-1027 GDll. Phones t 65 91 CO. 
Tele•: 21Jl zfv dd) 

COnference OD the SCience and 
Tecbnol09y of Thin Pila 
Superconductors. 
(Solar lner9y Research Institute. 
1617 COle lloulevard. Golden, 
co I040l-JJ9J. 
Phones (JOJ; 211-1151. 
raas <JOJ) 211-11991 

Trib0l09y of C011pOsite Materials 
(ASM International, Metals Park, 
OH uon. USA I 

SY11C>O•ill9 on K19h Tc Superconductor 
Technol09ie• - i77th llectroch .. ical 
Societ1 Meetin9 
(IllM, Research Centre, P.(. llo• 211, 
Yorktown Kei9hts. N.Y. 10591) 

9-11 ... , 
C:.ralscla 
Parteaklrc:bea. .... 
U-17 llaJ 

17-11 ... , 
.. iclelber9, 
nc: 

21-24 ... , 
1.-g ..--. 
Q, USA 

21-25 .. , 

Up-Tesiperat•r• SllperCOlldacton -
.. terlals Aspects 
(0..tscbe CO...llsclaaft fie .. tall­
lr...S. &V. Acleaa•r-11.. 21 • 
D-EJ70 ObenarHl. '9G) 

.. laforc:ed Plastic coater~. 
~ Pa•l.o. arazll. 
(ARl.Aa, A-lda Iplraaaa llo. 311. 
ai.oco A, 11• Alldar. 0104' sio Paal.o • 
araall> 

a-talllc .. terlal.s aad co.po.it• 
at "- 'hllperat•r• 
(hrafona..p-tn., la8tlt•t fir 
..terlala- aad ftStaCKperforac:1Mu19. 
PP 3640. ~7500 aari.ane.. PKJ 

AerOllet •to - 'lbe AdYaaced Aero.pace 
•t•rlalan-r- coat. aad 
llllpoeltloa 
(A81 later.-tl-1, •t•l• Parlr., 
OB Hon. USA) 

21st Iastlt•t• for Sl.ec:troalc aad 
&lectrical. aa,1 ... n ~talc 
special.1st• Collfereece, s1 .. i..... 
Pla. (lastlt•t• for ... r91 
coa-r•l-. uai-rsltJ of Dll-r•. 
-....rk. Del. 19716, USA) 

21 llaJ - l .J- Pi.oreace World ... r91 ..... rda 
.,...._i_. Ploreace. ItalJ • 
(a.erlcaa S--cl•CJ of llecbaalcal 
SDcJl ... ra. ~•5 s. t7tll St •• 

29-ll ... , 

s-• .. _ 
Lucerne. 
SVitzerl&ad 

10-1' June 
llelsiDki­
lspoo. 
l'laland 

11-16 Juae 
Paris, Praace 

25-27 .June 
Pett••· Tbe 
.. theOanda 

..., Torlr.. n 10017, USA) 

SAl9S coater•- aad Sldalbltioa, 
.. •• 1. SVltzerland. (lllarope­
CbApter of tbe Soci•tJ for tbe 
AdYaac:...at of llaterlals aad Proc:esa 
SIMJl ... rlag. P.O. 8o• u1. 
t007 .... 1, SVltzerl.aad) 

CODfereac:e OD Pol,.er aleada aad 
Al.loys. (laatltute la llaterials 
SCieace. Stace uaiwersltJ of 119¥ 
York. llev Pal.t•. •.T. 12561) 

llAT TSCH '90. lst S.ropeaa-san­
Ne•t Spposi- OD Materials and 
vitb Hip ladu•trial Poteatial. 
(Mr. Penttl Attila, Tekaollak OJ, 
Flaland, HleCalabdellllatu za, 
SP-00110 Hels1Dk1. Plalaad. 
Fa•: 351-0-6901599) 

S.roplast '90, IaternatlOINll Plastics 
lllblbitloa. (AD811, 59 rue 8olssiere, 
75116 Paris) 

UHr aspects of P..H dia9r .... 
A coaference or9anized by the 
Institute of Metal• and the 
eo..tssiOD of tbe S.ropean 
Colllluniti••· Joint .... arcb Centre. 
Petten lstabllshment in 
collabOration with a nlllllber of other 
international or9anizations. The 
.. etin9 vill focus on all aspects of 
th• application of pl\••• dia9ra .. in 
the extraction, production, 
processin9. and th• use of .. terlals 
ran9in9 froia advanced cer .. lcs 
superconductors, c:o91PO•it••· and 
electronic Mterials to the 
conventional .. tallic ferrous and 
non-ferrous alloy•. 
(Th• ln1titute of Metal1, l Carlton 



1-6 .July 
Kyoto • .Japaa 
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lloua• Terrace. Loodoa. SVlY 51l8. 
Tel.: Cl-139-40711 Teles: 1114113: 
Fax: 01-139-2219) 

Tbird lJlterutioaal Coafer..:e oa 
Tec:bllolOIJY of Plasticity. (.Japaa 
Society for TecbllolOIJY of 
Plasticity. Torikatsu llldg. 5-2-5 
•11111 CNogi. lliaato-llu. Tokyo 106. 
.Japaa) 

lliaerals. llaterials aad Illd9stry. 
COagress of tbe eo..cu of 111a1119 
aad .. u11ur9ical Iaatitutioea. 
(CODtact• Tbe Secreury. Tbe 
IJlstitute of lliai119 aad .. tallur91. 
H Portland Place. LoDdaa illll ta. US) 
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FOi NEV SUBSClllERS: 

If ,.. ...i• ll .. t• recet .. 1 ..... •f lllie ...,,..cee I• llel•rl•I• TechaolOIJ: 
llolllter i• ~ Mve. pleue CGllplete lbe to,. •l- -4 ntum it to: 
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

Price List for Advertisements in the Pub6cation 

Advances in 
MaterialsT echnology: 

MONITOR 
General p1 .. ovisions 

1 _ UNIOO activities in the field of advertising are non-profit-making and are carried out to 
cover the cost of preparing, publishing and mailing its publications, which are sent to 
readers all over the world free of charge. 

2. Requests for placing advertisements in the UNIOO Advances m Materials Technology: 
Monitor should be made in writing. They should be accompanied by a layout, 
illustrations and a text ct>ntaining all n~ry-if'lformation. -- -

3. Advertisements are printed in black and white and in English only. 

4. UNIOO reserves the right to reject advertisements with<Jut giving reasons, to suggest 
amendments or to hold advertisements if space is not available. 

5. UNIOO cannot guarantee to print advertisements on specific pages of the Monitor. 
Page proofs will not be provided to advertisers. 

6. Payment of invoices is due immediately after receipt and should be made within 30 days 
in United States dollars or Austrian schillings to the UNIOO bank account (see below) 
or to the Treasurer. UNIOO, Vienna International Centre. P.O. Box 300, A-1400 Vienna. 
Austria (telegrams: UNIOO Vienna Austria: telex: 135612). Upon payment. please 
advise the Head, Development and Transfer of Technology Division, at the same 
address. 

Bank_ accounts 

For dollar payments: 

"UNIOO dollar account"' No. 29-05115 
Creditanstalt Bankverein 
Schottengasse 6, A-1010 Vienna, Austria 

"UNIOO genera~ account" No. 949-2-416434 
The Chase Manhattan Bank 
International Agencies Banking 
380 Madison Avenue. New York, New York 10017 
United States of America 

For schilling payments: 

"UNIOO schilling account" No. 29-05107 
Creditanstalt Bankverein 
Schottengasse 6, A-1010 Vienna, Austria 

1 
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Prices 

Y2 page (125 mm x 178 mm or 255 mm x 86 mm) 

y, page (178 mm x 60 mm or 125 mm x 86_ mm) 

Pras in Austrian #/tilings ( ASJ 
(or equMlent in USS) 

ASS.000 

A.S3.70C 

AS2,500 

The price for the publication of announcements of up to five lines under the rubric 
"Resources available· is AS 1,000. The text is subiect to editing. 

Resources available 

Know-how. designs and licences offered to manufacture drilling machines for water _wells 
of up to 2.5-m. diameter and 80-m dept'1 and for concrete-injected piles of up to 2-m 
diameter and 45-m depth. Cl8ude Sou'9~ Dritl~ran¢e;. e,e :_ 15·, t.e HaUlan ~160, France. 

Know-how available to manufacture synthetic ceramic from mineral wastes, sand and a 
binding synthetic resin for use as sanitary ware. material for furniture, decorative items etc. 
L Valette. Administrateur Gerant. Science, 98 avenue de Tervueren. 1040 Brussels, 
Belgium. 

Manufacturers of various metal powders offer know-how for the production of electrolytic 
copper and iron powder, atomized aluminium powder and synthetic iron oxide. R. Oevroy, 
Radar International. Post box No. 2014. Calcutta 700 001. India. 

Technical know-how and complete turnkey plants available for the production of mono­
crystalline and poly-crystalline solar photovoltaic cells and modules and integration of 
systems. such as photovoltaic powered pumping, refrigeration. communication and water 
purification systems. N. R. Jayaraman. Vice-President. TPK International Inc .. 36 Bentley 
Avenue, Nepean, Ontario K2E 6T8, Canada. 

Technology and licensing available for manufacturing polyurethane from saturated 
polyester polyols, polyether polyols, isocyanate intermediates. one- and two-component 
polyurethane systems. Capacity tailored to requirements. from 2.000 tonnes upwards . 
Application: flexible. semi-rigid polyurethane foams. industrial and domestic appliance 
insulation, shoe soling. coating and sealants. Synthesia Inter AG. Tigerbergstr. 2, CH-9000 
St. Gallen, Switzerland. 
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