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1 • INTRODUCTION AND SUMMARY: '!be new aaterials era and developing econo.ies. 
- - -

Pl"iaary: ~ty. ~ustri,lisailon.-- ti:-ade and de~ioP.ent._•t:ratecie8. ~ tbe: 
1990's aust be ~~ ~ a radically di.~f'ererit ~ t"~t cha~ gl~. 
sci-enµf'l.c. tecbnoiogi.cal and mamit-acturing enviror·ent to- that to ..tncli ·ve 1:-ave. 
been ~istorically accustomed in the.aajor part of' the pus~-~ period._ in this 
!Japer • we Cirst identif'y those forw:e$ that have ushered in a revolution iri the 
scientific end engineering technology base of aaterials"design, production end use. 
We then link this ongoing transforaation of' the aaterials producing sectors to the 
emerging manufacturing technologies. as the industrialised advanced economies 
(UC's) proceed aloog a slow and uneven transition to new .etbods of ~trial 
organisaii0n and prodiiction. It shoU.id be clear that divorci.Dg the analysis of the 
materials producing industries rroa &_thorough-going investigation of tilt! 
cil'CUllStances and evolving requil'ellellts-- of the 11&.terials-using ilanutaeturitlg - · 
industries can only result in partial understanding 8nd llisleading policy 
conclus-ions. · - - · · - · 

Decisi~ .apper.taining 1:0 aaterials ~ __ require- an understanding both-· ot the· 
trends in materials science and ~neerllig {MSG) and of the re5trsJcturi.ng process 
of IAC's. F.conoaic torces. new market cireullstances and corporate strategies are 
leading: to a subetantial:" 'l'eStructllring•· redep-l(;yEnt ·and ·reor1.entat£On'..df'.-ba.Sic 
materials producing indust:tj.es·. This iaplies .a reordering ot the -iaportaru.:e or 

·regions and eCona.ies eOgaged- in the· production of- tradition&l ·raw 8n4 ·sem.- · 
pr~sed O?l~iti~ .en.terl.D&'-.~uc · ~~- and ~ld. t~ •. ·At .t;he same . 
time. new .. technological -ai1d maniitacturing· coiidi t:i.Oiis are leading to" greater 
vertical integration between 118ter1.als producers and aaterials usen in industry. 
Thus. the aaterials sector is not only emerging as a high-tech in itself and a 
crucial detenainant of' technical change in other high-and science-based industries, 
but it is also an inseparable and necessary component of the move of the econoaic 
$YS~ .towards_,~ f"~le methQda.o~·.pr:oduction and consu11Ption, where U.t:et".ials-
·~t ~t 1ncreQiftci7:8~t·:~~·;acJ- QQBlit.y -~~ .... ._ ·. ·· · · . · .. 

• ... # •• ·: • • • • • ... 

A luge nuaber· ot":detlelOPinC -~<ra reain beavii;;. ~t ·Oft· tradiuonai · · '' 
primary cO"'I0"11.tf production an~ ue.s. as .a ccmpment of GDP, and in teru of 
employment, gove.nment revenue ancJ foreign exchange generation, the letter 
acquiring even ~ter:iapo~_ bl.the ~980.'•·-Pveft the rise~-~ ex~ 
in®btneu ~ ~·Qbli-gatiaim •. In·"it8··~teliPa:··t:o <~te .. ;Vith" the~~1-· . 
known dittiCul.ties· in thi9 .area .... national :8ft6 :Lnteniationil &mri"bdit~ .. poliey ls at · 
a cross-roads, beginning to recognise the need to go beyond tr-aditional aodes or 
thinking and reaedies. 

1 This paper dravs on a 1111ch larger stud~ by the author. entitled: 'Advenced 
Materials. the Restructuring ot Industry and The Third World: 'lbe revolution 
ot materials science end engineering and ita implications tor the global 

.dJ.vis;Lqn .or .. 1~.· . .,. lut;i-tut.e'··ot·-~'.J.opment·Studia-, -Univers:l.~ or Sussex,···. 
"(Vo~, llUdr -~99())".pp. l60. · Por·· a· "liore co.prebensiYe C09e"ft;e ot the · .. 
subject matter and greater elaboration of the argumenta the re.ler 1e 
referred to the study above and the toll.ovins: • Advancecl Material.a end 
Primary co.oditieas A review or recent acientitic and technoloCical 
de\l'elopllents and their iaplications tor in4uatrial policy and atntep'. 
Papetr presented et the Expert Group Meetu.g on Prospect. tor 
lndustriali•ation Policies in Devele>p11ent Countriea Teld.Dg into Account the 
Impact ot Developllenta 1J\ the FielJ ,,, New and High Teclmoloo, UNIDO, 
"ienna. Austria, 4-7 April 1989. A conden.ed ver.si~. of· thi• paper appears 
in 'New TecbnoloPu ad Global Indu.trialiMtiOft' UJflOO,' P.P.D 141,, ' 
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Developing econoaies are iaportant pc-ticipents in world trade in comllOc:lities and 
.. 118J1Ufactures. I-t ~s-c1ear-.tha~ urgent.~~ are.curi;ently. __ ~r:ed.i,J?-, ~-.are~ .. 
. . or·&:bt ~ief".-.·1o-e1' eost,·end eohaDCed n~ ot.exU!~ f'.in~~. -~t zer~ 
. and li&i-ket 11beraiisat10n. together vith other aechaniSllS to. strellgtben ~r -

·sK-ition· in ~t7: ..rke~. ·such ·that tlie--wiost· severe· dltticUJ.ties ~-· -~. 
if not allevi.ated. and the aost pressing needs met. Nevertheless. necessary as 
suCh measures might be in the short to mediUll run:. developing"econo.ies .USt 
reassess the conditions to be met and under which it would"be advisable for them to 
remain. exit or enter into a particular s~ in commodity production. and indeed 
the wisdom or a resource based industrialisation strategy. For. coimodity issues 
d.1"e becoa1.ng deeply enmeshed in the new materials and manufacturing era and 
eiaergmg best practice teclmologies. A corollary or this is that the new 
circt111$tances are not aerely relevant to those economies engaged in the production 

.·or- -a·:apeeific -pri.lulry coi-odity-~r llODOlithic material. Whether - ~-'~jns· 
or cx:l.~ f'E"oca a. apc.;..l!".i.'- '-.-Ali.L.)' • .LL :lfL.ll.l ~ w be ab1e a> operace, CO!Spel:e 

: · and sm-Vive· :iri a global 118l'ket place Chanicterised by a qu8ntua leap· in the · 
knowledge-content or materials production and use and by the dif'f'usion of · 

... aicroelectroni.cs-based. al,ltomation ~ogies end new._to~. 9t -O~~on. or 
prOduction across all lianuf'acturiOg activities. As traditional sOurceS "or 
comparative advantage are being eroded. the conditioos for foreign. clirect 

;'investlleftt,; pl.~t .location,.·gl.obol eourc:ing· ot .material& mid· ~ .. tlf •. and ·tbe -.. 
· role· • ·phy$1cal .p~:f "Ni ty of 11&terials suppll..ers in iaanuractur!Dg 81"8 all 

changiiig~ Tb.is -thm raises important issues· reiard1Jig tbe··~t.lona WbiC:h ·aust be 
· ~t _in· the l990~s ;Ut the areas of' infrastructure, a&illtenaoce .ond .upp:>rt .... 

· ·. induStnes~ ·skii1s &nd f'i-aiiiing.· testing. stande:rds·an:a qu&i:i.iy ~~-such 
that developing econoaies at different stegeS of socio-ec<momic cle\lel~t can 
increase this participation in global industry. technology transfer and trade. 
These considerations wUl prove most critical in the case or the least developed 
ecoDOllies whose coaodity export and trade performance in the 1980's has led to 
~cceptable eurtail.Jlents in d01teStic heal,th and educati~ expendi~, end an 

·: . . · ;laab~l~ey to .ainteJ.n· a de~riorating intrastructure _and ·productf.~ -capacity:.· . :· ·. 
. . . . .. . . . . . : - . . .· . . ·. . . . : . . . . .· . .. . .. . . . 

1-t··11W1t.·be ·stressed that··the aaterial.s· rewlution attordS 'traliiindoU8··~~ti~· 
. and potential gains of early entry for a great uny deVelopina economes. 'lbe D£•., 

•ateri8.ls scientific and engineering base is not only capable of spawD.ing clusters 
o~ .new advanced metals. ~ p0lymers. advenced ce~, -and ,~ite 

. ;, _.:_aaterial. 81S~•' but can -also lead to·~tan~ .illpl'091PIP~ in ~·Pl'OCesainr 
· :·. and ·properties ot existing ·-u.rial.a· .. ·In tact. the ·&cquiaitiOb ot .advmCed · · · · 

processing end engineering competence in both new and trt.ditional uterials will be 
a centrai aspect or development and industrialisation strategies in the 1990•s. 

The current revolution in MSS andates a llUl.ti-di•eiplinary appl'O&Ch to 9&terials 
issues. At the saee time the ::\8W circumstances lead, inescapably, to a atl'Ollg 
transmaterial and tranaectoral approach to analysing and conf rootinl' i•suea related 
to uterials, in contradistinction to the mono-aate\.'ial and specialised analyses. 
that proved to be adequate until recently. Boundaries and berrieL--s beCWMn 

• ,•..; Jlf~i~ ... ~ .eroding .. botb. &~ tbe 9.Cience ,end pfOductl.on end•· ad at .. tbe ..-~.or .. :.·· 
:: : . en4~ --~-where there is significant 2t;erpenjttntteift·,,r·liaterial• ··~·Ula, ·. . 

and &eYeral aaterials coepete tor the same appliC&tion. 

These aulti-dUciplinary and trans-uteri.al aspects arie besinftiog to have an iwpact 
GCn>Rs the whole spectrua ot or1anisation ot induatrial R&I> laboratoria, 
university deparmenta. educational curricula, professional societiu and testing 
end atandar<.s institutes. Por example, p1-evi0\laly spec.ial!Hd protuaicnal 
•oeietie• and associations. as in metall or po!y.ers. are t,ranatol'Wing themselves:; 
to (•ulci) •ate~1als societies, . . · . . . . 
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Clearly the acquisition of interdisciplinary competences is also be<:olling a 
necessity and must be reflected in the institutiOl\9 and govermient organisation of 
the .e~onoay at large. in ___ o~e~. ~- ~- ~~e 1::0 _ <;~~·--~ -8:'1~ ~-.,. · .... 

· e:.p1exiue9. · eluaiV.. nature Gd ~~ ~l1cati~ o~ the. ~. ~~~ 
_.era. Acc::.eSsing. assiaiiating,. am-· utilising nteria1s inf'orwati~ an4 -data~ ms · .. 
·weir as. ~torfnC ·relevant·~ in -.ateri«l.s M:ience lftd · tedbnol.~, 8nd . : . 
translating them into a set or appropriate da.estic industrial and·educatiooal. 
policies.:~ires aultidisciplinary institutional capabilities Withih goyemment. 
probably embodies in a specialised unit. council or nucleus. along the Brazilian 
exaaple. --

The new materials era and its attendant science and technology base necessitates 
the regional and intemational COCJ;)eration between developing coUJitries in the 
areas of infol'llation and data gathering and exchange. education and training, 
materials_.science ~technology research pragraues 8Dd ~tation and.the 

. development or comaon and uni fora testing. ileesurement and perfor.aiice evaluation 
standards~ which also confora to those being "developing in IAC's. 'l'bere ii ilao a 
need to go beyond the networking of existing institutions rnd centres ot 
~cell~ce. -~. tA?. set µ&> .. ~ternat:i~ .. ~tres .. wuicb. can_ assist ~- .. · · 
"economies in" both. frontier scientific and . engineering research and in llOai.toring. 
inf'or9ation gathering and dissemination. the generation or 11&ter1els properties 

. ~a~. ~-- and. ~. t;echno-econoaic ._s.tudies which· woul.cl .. pJ:'OVide ··.tM · basU · for _:. -· 
clQllestic industrial and educational strategic plann~iig. The Speed <>t .. cbanP. · ~ 

· enorilOus comi>leXity and lllllticUse;iplinaey~ transector&l ~t:S Ot -~~ .. isslies 
mean that all. opportunities tor ~ce,J.. ~jc and. ~t . -1 cOpperati9n ... ·· . 
·betWeen· dew1c>P!Dg cOtintries tie·crass>e'd. 8nd ·that.~iiective epprO&cbeS ·Uy t>e. · 
necessary. including the setting up or appropriate regional and international 
centres ot excellence. 

'!be greater participation or developing countries in the world P.<"..nnn.v. ~N> •n~~ 
efficient utilisation.of world resources aJ)d ~ sc;ientific and technological. 
u~ of these ecCami~--~re.·_1,n··~riate1.y·~·rc;1e tor·,IAC·~~--: 
inc!ustry aDd 1.nstitutiom in t;be· txr&.ieu6z'lc· of liai'ket · 11ier81.~atioft· ....... . :-- . ··~ . . .. 

. ·.in~rnat.iana.l·cooperation.·.· Final.1Y·.·'.am. wt lllpOrtmitJi, .eJ,l.~.~·~r · · ···· 
resource and •aterials utilisation and llanagWftt · have beeOlle i:a~~le from · ·· · 
considerations of.environ11enta1 iapact and sustainable patterns·ot ~lopment. 
Acceptable s.olutions in, theSe areas. recaui.re rec1-00&l .And . f n.temat:f.mlal. · COQpOration 
end 8cree11ent. . It .1• tbe~~-_'becQe1nc· increasingly cl~ tbat the v.utij,. -.·: · · 
enh8nced sd.ence . .and technology. base .ot ·a and blotedmol.Qd.rs .U.t incNatngly 
be directed to meet the needs or development while •in.iais:lng pressure on the 
environment. energy and natural resources. 

:> ~ ORICDlS, cw.sv.CTEnxtnoc AND eotr.JEQUP.H~ OI" 1"fm MTm~ Kl!Nuw1·1uN. 

2.1 'Ibe origins and characteristics of the revolution in materials science end 
engineering. 

2 .1.1 The nature of the radical trans.ition or MSe • 
.. ·i·: . 

Durtnc the 1980•• it h~· becoi1e c1~ that ... ~ riei4 or uterta1~ ~isn. 
production and uae is in the procea• ot bein« 1·adica1ly and irreversibly 
transformed. At the root or this ongo~ intemal transf'ormation, wh.ieb contains 
tbe seeds tor widespread raaitications throughout indWJt1"7 end the econoay, 1199 
tbe revolution in Materials Science and P.ngi.neering (NS«). A number or factors 
arising in concert are resporuJibJ.e for this. 

The revoluUon&.ry advr.n~e 1.n pcys!ca dul"ing t"i.e period 1895 - 1930'&, greatly 
"'.XJ)anded our ,abJ.!.it~ tc,~ acientil"ic e.tudy end 1.mderstanding ot cbe '•tl'UCture 
901,ida,,, both, ,c11:f18talliae1 ,anc1,,, 811()1.~, ',_.I~' ""thtl"' ~tioui bet.eaD1""tM 111 ' II "' '' '' J'; II~ II II 111 I 111 11111 I 
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structure and properties of aetter. Nevertheless. such deep and, continuously 
improving. insights offered by quantua physics. permeating es they did all pbr.lical 
sciences.. could only be taken full advantage or relatively -~tly •. 

. ·.· .. · .· .· 

~rOved µn~~~j~~--of' the structure ·imd ~itioii of'. ll&tter. mid ·~1- . '_ . •. 
re1ati~ to pr0perties bas ~t·an ~~:ability-to·-~.~ .. :P1;ec!ict 
8nd control both the· aicrostructure and associated properties· ot aaterio1s. Seen 
f'rom the vantage point of' the late 1980•.s aaterial& .sci.ence· and applied research, 
is now in possession or such greatly enhanced analytical.. theoretical. preclictive 
and control capabilities with which to aanf.pulate end build ma.terials at the · 
atomic. lattice. aicro and aacrostructure levels, that. could not even have been 
imagined at the beginning or the decade. For exallple. at the atollli.c level. 
" ••. instruaents such as the scanning tunnelling. llicroscope and the atomic 
resolution transmission electron aicroscope can reveal, with atoa-by-atoa 
resolution the structures of aaterials •. Ion Beu. MolecullU' ~. and .o~ types 
of equ:ipaent can· build structures atoll -18yer by atom layer~ Instrument&· cian · 
aonitor processes in ~terials. on. tille seal.es so abort that. the various s~g in· · 
atOriic rearrangements 8nd cheaical reactions can be distinguished. Computel"S are 
becoming powerful enough to allow predictions or structures and of ~t 
processes. s~i.ng tiith no·thing 110re·tb&n the atOilic nOliben or ·the"··.· · · .,. ·· · 
constituents". . . . · 

For centuries ·11ateri.als SYntheSi.S 8nd. pi-oeesslli8. ·relied-on empiri~~~ ,,: 'In . recen.t . 
. decad~ the cw,alysis,. syntbe&is .encl procesai.rig.~f nteriala .bas ~_ IM!inettung · 
troa the incorporation ot _.Ore tundallental scientific Uft4erstanc1U)g-, ~t · ~ . · . 

. enhanced ·theoretical '.insights cOu1d ·Onl:Y ;offer ·4U8111:ative"iuld81iftes· t0·-·.i&le1iing · 
and prediction. In recent years, aajor new instrumaents (see Diagram 1). the 
availability of enhanced computing power able to handle vast amounts of generated 
data and to perfotm the trillions ot calculations required for even the sillplest or 
atomic arrangements, together with advances in process modelling, experillental and 
characterisation techniquea and aathematics, have aeant~at ~tel".ials scientists 

·:are now able. to p~vi&?·~guptitativt .tb80~tica.i.~~::gu:t~UnM. in. tb;e"des:fgn. 
·and ... ~~ pa~. ~r-ateriflls.-· It-'!& ~ticu1~ .. to ·oVer&t:e~. tJMJ :~ ·Ot ·· . : 
such deYel.Os-enta .• whicfi .. are. "ei:f•ns to:;p~~ & .tinitiecl ~.fr s·ework .. , ... 

. vtthiiJ. Which ~iftgiy -~lex problei.s. relating to ·aatedals prQPerties and. 
s)erfonaance in use, and the mechanism by which. they can be 81.tered or degrade, can 
be addressed and new aateri.als can be ~igned and developecl. . .. 

~ tile scientific and. ~~rfilg_.~ ot ·:~t.e~· :~· -~--~- .~t·-~t ~1y·: 
is it possible to iaprove the pr0cessing and properties ot exi..stiilg materials but 
entirely ~ materials with predictable properties can be designed at the at:ollfc or 
molecular level and processed so as to acquire the characteristics or COllbination 
of properties required in a specific application. It is thU,·alaost lliraculous, 
ability of material scientists to intervene at the atomic or hilher levels, to 
analyse, predict ond control the llicrostructure along the processing path, to 
aanipulate properties and achieve performance characteristics necessary across an 
increasing number or technol0gica:t. industrial and •ilitary applications that lies 
at the core of the 11&.terials revolution. 

. . . -: .. . ".. ; . . . :'. : . ·. .. ...... . ... .. . ..... ~ ' .. ~ ': . ~: :: , . . .. 
:. . . · .. ·. .. :· ... 

1 ·i111111111111111 
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DIAGRAM l NEW ANALYTICAL TECHNOLOGIES 

: . .. 

. . . 
The development of advanced 
high-resolution analytical technologies 
bas provided materials sclen lists 
with a repertoire of tools 
with which to probe 
the mtrlneic electronic structure 
of all materials. 

Tb.is has led ulUmate)_y. 
to an improved understanding 
of the fundamental nature 
of -the •·solid state:· · -

-Bi&b-•oU.•cc el_ec:~~D' Dll~i-o•~io'J! 
SceDDinl 'eleelron microscopy -

X-ray.-cUftractiOD; _ _ 
ExeitaUon •pectroscopy 

Electronic leYe I 

+ Atomic level 

+ 
Molecular level 

+ Grahur ... ,_ 
Macroscopic __ leve~ 

.»IAGMK 2 NE1V AlATERIALS PROCESSING TECHNOLOGIES 
. . . . . . . .. 

. . 

New processin~ technoloeie• 
enable scientists to alter 
thE. structure and, ultimat~ly. 
the performance of materials. 

Such advances have enabled 
male rial• 1clen lists 
to impr~?e e~1ti~ materials 
.as ••ll-. aa_,to.:cr~ate - · .. _ -, --

- new manniade "eii1ineered tnateriiJ1'' 
with properties tailored 
to ID•et the special n~eds 
of the end user. 

Rapid •oli4ifioatioQ 
Vapor phase deposition 

Jon implantation 
Molecular beam epitaxy 

1r 
Structure 

- "'h:... + ·_ : .. . _ 
- ri-opettles 

t 
Pertonnance 

Source: L. Soua, 'Probleu and Opportun1t1•• t.n .. ta?.• 81ld M&Urial•', 
US Bureau of Mtnea, 1988 
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2.1.2 New advanced materials 

A aanifest consequence of these enhanced powers J.n _recent years has ~ the 
. proliferatioo of nesil. $,.ntercontiect;-1 clusterS" of ~ledge-intend~ )dp.;, :. . . . . 
s*ror.ance· aaterials such ·.s adVanced metals, adVaftced c:eraat.~~ '~ : .. 
plastics Jllld ceraaic-.metel-:- and pol.yller-aatrix ccmposi.te&, as ~ :lft: Figure 1 · 
below •. which are currently tinding application in high-technology -industries. where 
performance is siore i.JlpOrtant than cost. 

Figure 1. 

..., .. . ,..,......,,. .. 
~~!r:a-. 

•TllMMl ...... GI 
~;.,i,, 
-~ 

source: Alcoa, ~ltion Pa.per fro.~: ~ lOd'o ai-1ai c:G.i~~--oa. · 
-.~io~l :1&;ecials PoUey. · · · · 

The arrival of advanced materials capabilities is leading to an acceleration in the 
rate of materials end product invention and innovation, more rapid obsolescence of 
_products and p~ •.. ~. ~t ~~ ;.U~~~cl~ to~ ~ ~,, :wJUch ~.': · · : . . : 
··~e1t&u(s1obal ··..rketing):Up8;foa:·.to monw .. tlie --~ -.n ·c0.t:a··-~. · 'it 
i.i' 1ftrely th•t no ~- iaat.rial will dominate t.be ..nee. 111.tK:e tor: 10ng Perioaa. as 
hu been the case until now. Neverthele8•, advanced co.poeite a19tw write a 
•ynergiatic combination or aateriab t•ilies, u shown above, ue currently 
meetin&' very stringent performance criteria in a range of high-tech applicatiou 
and •ay become the preferred aaterial• in many applicatiou in the first decides of 
the next century. 

Fisure 2 shO'ts exuples or differences between exi•t:lnc and new MA'1'ERIALS as 
depicted by the Japa!Mtse Ministry ot International' Trade and Indultr)'~. A detailed 
A--•_. al •-A -L-_. _, 11.---.l,-i .,,,, t ,...t,,....,..,.~, .... .,....._,:0.1•110.1'IJJ.l'!l.ull.l..'t~" .al..0-..11.Nl' '"11.U"'b'"·''"""" "" '' 1.a~w.on I aaau1111~ca.a:1 c~1a(11;, 1ce"'.._ion 10 111.,.--~1 .... "9~ ........ ~uavw:r....,.,.... ~ ~· 1· 

111111 I 



7 

Figure 2: Existing; and New lla~erial& 
·. 

Mamials,,.,...... tJI 
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Uani&lum(lftllllll, 
C A 0 crit"', 
~ 

N,_,..... ....... wc1a. 
...... c , &icJ•.,...aaae1 _, · ... ~ ... -
llOl ~ ia e..:---.S ,.,.,_ --- . 

_.,..-----~-nq • ..., Rfilled .,...._ 

-~-..... -~~ ~-tuda. --... pciimiia. .· .· 

rce. Mltllle.... .... . : . 
Mcal&r ................ _. -
fucliw II,.,........ ... -.ain& 
oripi.I fore • ndlbcr. depelldifta 08 

........ ... dm!F-

.__ ______ --t c... ........ 

Hi~onnlllCIC -.aimb bJ combiaMi..~ 
G( • planlilJ el .-rials liM fV (CO. 
poMld el_._ fitlas ... pllldcs) ... 
nM (~ '11 alulllina,..,. ... 
mctlls). 

Sif l"lioa 
IDdOltftalemk:W 
.-:mbrwlllCidalw 

.SlleaaMlrWr ... smc..·~ ~---- .... 
Hip.plrily silicon iiicride &Ad silicoa cai1lc»- ~ banes .. 
~ ............ ,..=--
inc .......... =· tft'Ee 

· Jlittdr<" 1 lhC... I ......... tJI 
.. aftf& ......... s. ... ('A. 

MNcrills ill wflictl Clt1liao fibcn IR ucd IO 

siA{OfCC plalcic:s 

"'.·· .. 

Pipe joimc ... '........ .......... · 

Source: I. Takeda, Buie Indu.~rt .. Bureaa, MITX 
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2.1.3 The elements of modern materials science and engineering. 

Modern3 .MSC has emerged as a coherent integrated scientific and technological 
approacll- tQ materials from a_ diverse numberof:rields ~anging froa-its.purel.Y- ... 
scientific roots in condensed-matter physics.· sclid-sta" •ni:LsYD.tbetic: cb.Sbtry 
to iLdustriel R & l>_laboratories and practical.engineering· and aanut'actu.ri.ng 
experience. The U.S. National Researc..'i Council has recently des)icted t'\e taur uin 
elements comprising MSC. namely structure and compositionc properti~. synthesis 
a..'ld processi:'lg. snd perfon:iance. in the fora of a tetrah~ron shown in Figure 3 
below. · · 

Figure 3 

SVt.frt-iEStS; 
P;;o.:Ess11,;:; 

PERFORMANCE 

----------

STRUCTURE/ 
COMPOSITION 

·PAoPERTIES 

Source: Materials Science and Engineering ror the 1990's. i.J.S. National ReSearch 
Council. Coir.mittee on Materials Science and Fngineering. 1989, p.29 

IJ: is important to point out that this approach. which places at centre stage the 
interactions and close relationship between structure. Pt'<>Perties, performance and 
processing. is both necessary and applicable to all classes of aaterials. 
Secondly, the field of MSC has a strong component in pure science which is coupled 
to a strong enginee!'ing and industrial base. That is. improve.Dents in existing 
materials or the development of new materials, ~ajl ~ a deep understanding of. 

', · P\tN sci~- and ·or· .the t~i&li of. prOCe&siq MC! ·tabri~tiOil f.echae>J.9st~ .a.S ·· 
· 1• illustrated by the devel<>Pment of ·Bem. cOncluctora, luers. CCJ11P011ite ilaterWs 

and super conductors. It follows, thirdly, that as we enter the 90'•• new and 
imf)roved traditional materials develop11ent, proceHing and •enutacture will eoiae to 
de:.>end on the sciEmtitic and engineerinc base ot MSC. rendering all other 911pirical 
and crart~l'elat;c)d approaches acroH the materials spectrum sroaaly inadequate mid 
obsolete. Fourthly, the need to examine the many told a.pects or materials 

3 See U.S. N~tional Jlesearch Council, 1989, op.cit., Ch.2 M. Kranzbers And 
Cyril Stanley Saith, ~Materials in History and 5ociety', ,Materials Seience and 

1111 I I 1111 I II II 111~i1neeJriin11. Vol.II 137.1111 Nol. 11. 11J11111.1111197911.1 I 11G1ei1L19111 Liecll, II 
11'a1le1 Sci81lC81 ot111 II 11111111111111 1111 Ill I 
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structure, composition. phenomena. characterisation, synthesis, and processing. 
involves the interaction of aany hitherto specialised fields and descriptio1~, 
wh~ch are incre.asJ~4' .hav~ tl? .. wc:>~ togeth~~- Al~ four areas have ~ar-reaching 

· - f:onseQU~ ( lf for· :the :·~ .. ~f :incoJ.Poratiitg ·~dentif'ic'· insight.· into the: 
pl'04uctive sphere. ·(2). the edUcati~. inf.rastru~tural ~-1.ndustrial. organisation 

· requireiaents ot the~new.aateriw age. (3)· -the global· restructuring of basic· 
industries and (4) the 0pportuni.ties open to developing eco~Ollies to enter. or 
remain, at various stages in the trarisforination of materials into useful structural 
and functional components and final produ~~s. ·· 

2.1.4 Materials science end engineering is multi-disciplin~· 

Materials science is·now a.11Uiti-discipliilary science requir:ing inputs from solid 
state physics, cheniistry, metallurgy, ceramics, composites, su~face and interface 
sciences, mntheinatic:s, comput.r science, metrology and engineering. In face, rigid 
separation of the ~.H'terent disciplines is becoming inappropriate and bart'iers or 
boundaries bebeen·them are beginning to'erOde. In ·any case, what is clear at thi::; 
stage is th&t the nature and complexity of the problems in materials synthesis and 
proc~ing_ is such .~t a_ .joint. sia\Jitanequs teall .etfort:.across. aany disciplines, 
sever8l. .pt"Cfessi·:>nal staff and.previously isolated research teams is now definitely 
N.qtdref.I. Mult.i.-disciplinary aaterials deSisn, product ··development and processing 
capabilities are. therefore.~ eruciai a~ .. the·level .ot the-fit'll; the industry, 
the university, the rese8rch laboratoey or the.~ for ·~t Glatter. . . . . . . . . . . 

2.i.5 The .cc1;1.tral .ims>Ortence pf'.sp~is and .. processing: 
. . . . . . . . . . ·. . . . . . . . ~ 

Materials research end development now require that materials scientists become 
closely involved in the processing and fabrication stages or pi-oduction. The 
micro-structure of materials, that is the arrangement of atoms into crystalline 
arrays or disordered structures, determines propel'ties and performance, but the 
mec.lianism that links $11 of. them is processing.· . ~e cont~lled .processing pa.th a 
'11aterie l follo.ws. Will· ~feet mcl'Os~ture and 'thereby .. propertieS aDd performance 
in.Use. Hence.·-~ science 8ncf~rinC'.:h&ve no¥ iaerged. A related 
aspect to this.is>that.'Vhereasinthe·past processii\g ieehni<iues.were largely non
scientific and empirically based, now the science content of not only the 111e.terial 
but, significantly, also or materials processing technology in both traditional a.~d 
new advanced mat.erials has increased.by a quantum leap. 

Materials scientists, across the ·whole si>ectrum. Of disciplines end specialisations, 
are therefore becoming increasingly involved in the processing end fabrication 
stages of materials development. Conversely, materials engineers need to be 
closely attuned to the scientific and theoretical aspects of materials design anci 
modelling. This has made for a close integration of the subjec\; matter of 
materials sciencP. and engineering in terms of its pure and applied aspects vic;.;.~d 
by necessity as a coherent whole. At the same time this has led to a fruitful 
feedback and cross-re~tilisetion between scientific understanding and the 
engineering probleb of processing materials such as to contt'Ol structure end 
improve pez:e~~~ce·~~U.@ili~Y:·~~~uceability at low.,cost., ·:The .·infusion of 
science int:O'·proeessing·hu.led to Mveral. MM proceaaing techno1ogies,. withOut 
which new materials would have remained curiosities and existing materials would 
not have regi.stered the trmendo\19 i•provements in properties, pet"for111ance and cost 
that they have displayed of recent. Such new proces91ng technologies (See Diagreml 
) are being developed throuch the use ot COllpUter controls, senaora, process 
modelling, artificial intelligence, standards in process non-destructive testing 
etc. 

Underlying the discovery or new material• with new propertiet and exhibiting new 
, , phenoall!na (e.g. the high·teltt)erature super-condµctora in 1987), the illp~ts in 

j 111111111111111111 ~111~~1~11 9(111,l~~~~µ~I~ l~~l~~l~lltoo, ll~ll«llll~~t~llllqf 111~ 11Mr~~~~f1111 1111111111111 Ill II 
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technologies, lies synthesis. Synthetic capabilities in the chellli.cal and phy&ical 
combination of atoms and 110lecul~ to foE"m JDBterials and. and its coupling to 
characterisation and analysis of properties. processing and •anuracture is emerging 
as •. crocial deterainant· of piogress ·:iii ptll."e . .a&tel'ials research,·· l'8pitit:)' ot . - . 
. transle.ti~ basic.~. to comerdal.:,~11cation ·.nd :the rate or technological. . 

. . dw\ge ac,rosa ·natimutl tndus~iel.. ,,ran~ ~- .eci>nOai.es_~ Although :the Qlltbe&S:s 
·element of·MSC.neeessarily retains a l&rp scientific base. it is, nevertheless. 
- organically ~onnected to the procesA:ing end aanufacture of solid .ateri.als. For. 
not only does the choice of synthetic reactions. es in µie preparation of high 
purity powders for advanced oarBJDics tabri<::ation. influence subsequent pt'OCeSsing 
paths, but also modern fabrication technologies involve the merging of tbs 
synthesis end processing stage into a simultaneous process, as in injection lllOlding 
of plastics. Thus. materials synthesis, processing,. fabrication and aanutacturing 
are merging in response both to torces internal to 1156, and, to pressures eaanating 
from the evolution of new production technologies, as well as the ever increasillg 
need to transmit; fast· ·and efficiently. ·materials pure research into industrial end 
mi.litary application. 

At pz.-esent, a major constraint in the diffusion of advanced materials into a wide 
rangeot technologies.ttnd·industrial applications is the:ability to prOcesa raw:t>r 
synthesized substances into reliable, high-voluae, low cost useful torms. such as 
films, wire, companents, devices and structures entering eo11plex engiDearing 
systems. 'Ibis 1S no'aore evident thmi :l,sl advmlced :atr"Uctural: ceruics;·cciilPOsite5, 
and the new high-_temperature.:~tors.~ . But ilore thtin· this. 'it is b8c.•;ng 
clear that technologt~ competence .in u~als pr0cessi!?g and t~cn u·the 

· crit1cai<compoilerit in :-intemati.oa~ _eo11petitiveness· ot·natianal .. industrial 
structure end industrial branches engaged in traditional and high-technology 
activities. Such processing capabilities· facilitate more rapid translat:l.on of 
research results to eommercial applications, and the generation of higher quality, 
more reliable, low-cost products of innovative design in a wide range or 
increasingly sophisticated aanutacturing industries. This is evident fro. Japanese 

·and South Korean. experi~•· .wbei:e umi{"aeblr;nt'cap&bilities. and associetecs .·. · 
aa~rials .proCess~ tecbnOloP.89 Ila. ~ -~~ in Parallei.-· tO great -
.adv:entage._ in te~ 0.f ~~ .~: ~Qbal competi.tive- adVantage. · . . . . . . •, . . . . . . . 

2.1.6 The integration of materials producers and users 

Increasingly, the ·syntbes:i,s, design am· p~sing ot ·a aaterial. must'·be inteerated 
- with -the design and llanufae~ing path of the end-u&er. Materials design, 

component, sub-assembly and computer-aided product design engineerir.6 and 
qanuracture are merging and require close integration and iterative interaction. 
In some cases, the design and manuraetur.e of the material and or the component or 
end-product is a simultaneous process involving large teams ot specialists as in 
advanced composites applir..ations in aircraft or automobiles. 

2.2 New and iqproved materials in the transition to Post•Fordism. 

2. 2~1 .Fro:n Fol"dism to Pos t-Fordis111. . 
• • . • • ;. .. • ' • ':·~. '•. ~= • • ,• ., ' .' • .. ' 'I '' •, • ' ..... : • • • • '," • •I ;• '. ' : ' .' • ' ' '• ,•.. • • • ' t 

. In the 'iast 15. yea.;. ···~jor ~iscahtinu:lty .. ~"~~ iD the Po8t-wal-. pattem ot 
mechanisation and work orsaniaation which vu based on infiexible, uaa-production 
techniques. Industry ia underfoing fundamental restructurinc in the proceu or 
which there is a transition away tram Pordiat production practices chaftctertaing 
the Polt-var period toward increased tledbility. '1be emer~ paraclip 
constituting a break from the characteristics and practices in induatrlal 
orianisation, social relations and institutions associated with the previous era, 
can be broadly termed as Post•Pordi••· 

11111 11111111 11111 11111111111111111 1111111 11 111 111 111111 I 11111111 11 1111111 Ill 11111111 Ill 1111111111111 111111111 111111111 II I II Ill I 1111·1 I I 11 I I 1·~111111 1111 I II I 11 I I I Ill II I II Ill I Ii I 11 Ill I 11111 I Ill I lfl I II I Ill I 
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Fordist mass production methods employ the principles of increasing division of 
labour. fragaentation of tasks, mechanisation of tasks and employment of dedicated 
aachinerY, and 111<>ving- p~~c~ion lir.es, together with Teylor'ist principles for 
aanagerial ~trol-~ of· -wol'k --~•-· tbe. sepai-au-on or .di~t -~roa -~rect .. tasks,.. . 
Comi>lete job spec.ifi,cation ·.and .reaov&l of any worker control OYer the : wrk· now. . 
PrOfitable ·productton·under ·this. il..lllittedly, aU"thoritarfan. ancl'hie~tcal -~r 
management sy5tem in which labour skill. initiative and creativity are 90Stly 
eluoinated. requires uninterrupted. high volume output of standardised products 
aimed at mass markets. Production here is supply driven; and utilises substantial 
work in progress and t'inished good invento~ies, to offset faults and quality 
problems and to meet f'luctuations in de.and. Dedicated plants end production lines 

.aeke sense in condi..tions.ot'very high volume, small product variety, and loag 
product 1ite-tirae aiid a stable liacroe<:onoidc envii-Omaent in 'wb.ich'inealleS and 
tastes can accommodate what is e111erging out of mass-production lines. 

Market demand hes become increasingly fragmented and unstable with consumer 
preferenees·nece9sitating.higher quality. greater variety, low volume· production of. 
products with shorter life-cycles. Hence the inflexible msnufacturing methods end 

. . , ~CQ!lllP8lly~ invent;oey sys~ ~-~rising. FQrdist production ~. have .become . 
increasingly unsuitable in conditions of product differentiation, coiuiumer · 
sophistication, · ena.:·rast ·changing. market circumstances. Firms increasi.DB17 -~ to 
be more :fi~~le and- .in. close-c:Ontact with._the_ mark.et -for. ret.:ognizj.og -~ speecli.l,y 
res~· to changiiig demand patters. . Greater variety needs to b8 p~ 1n · 
sii&l.l lot sizes. · · ·· · · · .. _. · 

.... , . . ... . : ·.""· .· ·" . .. .. : .· .. :-. . .. . . .. . . '. .. . . . . . . . ·" . . 4· ..... 
New patterns of 'work organisation·· and methodS or meriufacturing ere 'el8ergUig · and 
are diffusing througbout manufacturing in IAC's. What can broadly be described u 
the Just-in-Time concept of production evolved in Japan during the late 50's-70's, 
as an attempt, at first, to reduce inventory costs. As is currently employed, JIT 
lays emphasis et the demand side of the market. with close integration to customer 

. preferenc:es._,an.~il_ity t9 :of'.ter. l~e-product variation s,nd choice to cansume~. 
· an.s,rast·~~i-7.-~.- ~·--s;r.oduct:fun is:driVeri by a .. f'rqilented d="N!;, ·and. ·i 

-. · . h8nce. reciutree ~b:le -p&tt.ernS of' work org&n'f ~atioft and •achines bi order ti> ~-be 
able to respoild iii··'a ·eost etteC:tive ·iamner. ' :ibility in 'output t'eqUira8 a·: .· 
multiskilled labour f'orce operating in the framework of a flexible manut'acturi.ng 
process capable of test, efficient changeovers to different products of' saall lot 
sbeis. In thi.s scheme. of' work organisation, labour is given more autonoltT ud . 
Nsponsibility in.the context.of aore skills and multitaslc competence, and -i&·pai.4· 
in accordance to skill and not task as before. The central feature of the new 
system is a shift to multiskilling end flexible working practices of the labour 
force. this fecili tates the reorganisation of production so as to draaatically 
reduce inventoi-ies of work in progress and 1~1.nal goods. and to introduce a zero
defect policy which is crucial to flexibility end the very functioning or JIT. 
Quality control now is the responsibility of ~orkers at the point of production and 
requires decision making and rectification of errors by the worker. Flexibility, 
responsibility end qu8lity control thus go hand in hand • 

. . .. . . . 

4 See R. Kepl:lnsky. 'Restructuring IndustriRlisation', IDS Bulletin, Vol.20, 
no.4. 1989. 

-------• 'Restructuring the Capitalist Labour-ProceH', C.bridp 
Joumal or Econollics, Vol.12, no.4. 1988. 

-------• 'Electronics-Based Aut011ation TechnoloJ{es and the Onset of 
Systemo-tacture'. World Development, Vol.13. no.3, 1985. 

, See R • .T. Schonbercer, 'JCW!I!!!! llanufacturi!!g Techniguet', Fire- Presa, 1982. 
11111 1111111111111 111111111 11111 1111111 I 111 111 llillf II l~ •• l~l~~~l~JJl~l"I ~. 
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Evidence suggests that organisational change per se can produce great p.ins even 
wi.til existing technologies, that i.t is a prerequisite to introducing automation 
technologies, and that llOSt of the gains derived from new technology 0111e their 
origins to.new patterns or work organisation, ~t·labour ,elations and 
flatter hierarchi.cal ·structures. . · · · · · · · ·. 

Such trends in teras ·or ski.11 ~~ts of' the labour proC:ess .and the pr~y of 
orgaiiisational and managerial change a~ this transit.icoal conjuncture, 
contain both threats to developing economies where ski.ll-ed labour is in short
supply, end opportunities to those econoBi..-es and sectors which can appropriate new 
work practices as the basis of increllental innovation and ~ eff'ici..icy in 
production for the domestic or the world aarket, without recourse to ~ive 
flexible autoeation technologies. 'Ibis is especially so in designer-clminated 
sectors such as clothing, footwear, and furniture. where distinct possibilities 
exist for horizontal inter-firm collaborat;lon, the sharing of research, 
develo~t. marketing or designing costs and new tons or state .04 local.
government collaboratioo.wi:th private industry, as.the-~ieace of:the 
'Third Italy' illustrates, and the new Cwrus industrial strategy-' aims for. 

· or c0urse. ·new fora ·or· inte~f'irm· relati~Ps ~- a p~~t feature :of the 
~rging PQSt-Fordist paradip, in part .due to the new market .and CQllpetitiw 
eirculast8nces, and ·1-n ·part due to the·technOlOgtcal and -~ticMl.teaturea 
ass0ci.~ted with·· t~ ·spreed- or· neXit>1e· auto11ati0n· ·teCimotol:ies'':Ui ...imit8ctaring . 

. For exaaple, ~teriels, ~ts· Bnd sub-assellblie8 .~J.ars . ._are ~aal"ily 
forging .Uea.t:er· t1110-way vertical liDkages ·with user· aacl- ~i.nal-••17· . . 

:·llanlif'aeturers d\Je to t>oth·de5i8n· -iiiteraeticns .. ancl ·tedmoloSical:. ~ts ·o·r ·the 
production process. such as are introduced by the trend towards near-net-shape 
1181luf'acture and the consequent eliaination or various processing stegea ad 
assembly oper&tions. Final essemblet'S cultivate and upgrade a saall select group 
of suppliers which are then encouraged to innovate and participate in the quality 
drive and product design and renewal or the user fit'lll. 'lbe recent trend ~ 

·:: .. , llOdular ~acturing. reinforces-- tbeM wrti,c81 fQl"llS 'ot. coll.abor&tiicm bet1feeo· 
·. ···_-supp~ ~-'USer ti.ft.s,- WbUe .. leNHi,g tO .. .,,.aftce -~~·,eo.;tbe ~ ot 

. ~~al:& and_ ~t .suPl>li~.: , ~.the role or. ~U... :la :...png ·as · .. 
parSllOUJlt in the new manufacturing era and the ditt'waion ot new best-practice 
techniques across traditional and new sectors. in both developed and de9eloping 
~noaies. A further C011Plication is that the new circu11Stancea necessitate 

. ~ocat;~on of._pl~t."cJ.,oee_,to ~-ll&rket. while tbe ~loyment_ ot_JIT orpnis&tion of 
·. pl'Oduction ·implies the· need tor~ auppllers to be in. cla.e pb¥8ical _proix:laiey to ·the 

user firm. These observations raise the issue of' the celnditi.cns wb.ich•need to be 
fulfilled for an enlarged role or developing economies in the 199Q'a, as suppliei:s 
of materials, components and sub-assemblies to d<>11estic or regional industry, and 
the world market. An economy lackfng an appropriate. and high quality. network of 
suppliers may be eliminated froa direct investment or global sourcing coosideration 
while, on the other hand, an investing firm may wish to create froa scratch and 
cultiva~ its own network ot local input suppliet'B. At the sue ti.99, the 
absorption of new best practice techniques by domestic industry 1.aplies the 

. : ,c~tion-or eppl'Opriat;e .. ~tfllll\)rb.,~ .colie.borati~~-~~ ritb loQl_ or . ...... _·:·-~:_-~:-.-~~··sawli~tt.~ .. ' · ··: .. ·.: , ... :.:. ".'·. :.·· .. ; ·.-.. ·:·. · ·· .... :· .· · .... ·: · .... ·. 

The roresoing highlight the need for a closer look at the role of aatedal• 
•upplies in the new manufacturing conditiorua, and it is to thi• that w now briet'ly 
turn. 

5 
11111111111111111 ~~11<'!i1,11~111111111111 
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2.2.2 Materials in the transition of' IAC's towards post-Fordist industrial 
organisat.ior. 

It .is in rac.t wrong to analyse_ uterials. issues in a vaeuua. as if organic:ally. 
di.Sconnected f~ the sociOeconmic. scientific and tecbni~ .transtormation:or 
industrial capitalisa. 'l1ie process or transitiori of IAC's ti-a. llass-productioo 
techniques to llOre tlexible pattem.ci or production rare. integrally linked to the 
search for and delivery of a vast arr8¥. of new materials. The aaerging pr-essures 
for quality end reliability froa the side of the consumer- and of the manufacturer 
could only be met by an increasingly capable MSC whose philos~ was directed 
towards meeting the needs or end users for flexibility and higher performance 
specifications_ offering high aarketing presiuas in the ~t_place. 

The vastly increased ability or MSG in recent years to provide numerous new and 
improved.materials options to end-use designers •. end.the capacity to synthesi:!!e 
entirely new advanced aateri.als ~r-made for specific high pertot'll&llce 
applicati.ons in·aerospaoe al.~ectranics~ tel~cations. ~·systems and 
automobiles. has coiilcided with the emergence ot the need for great flexibility at 
the level or consumption. and pl'OCIW:t.imi. 1bis ~c integration .of ~. aateriel.s . 
productng· ·sector With th8 ~. ot ·t:be. aateri&l~ usl.ng 9ect:Ors aS. an. enabllng. . . 
technology facilitating~ meeting.·~-~ of-~ t1"8nSitl,on.toClard post-Fordisa 
both at the l~l o~ the radi.c::&lly al~ conclitiQOS .:ll\· the ·mu;i_re~. and at·· d.le 
level or new &dvanc~pi-Oductic>n tecbnoloiies ~.been.a neeessacy and ~parable 
aspect of the restructµring·of' industey·and itS·shirt toWardshigh-val\Je·added 
knowledge i.ritensive ~tion. · . Yet .. this .ailent ... revolution. in aaterial.S ·.P.~uction .· 

· and use · in the n!stniet;Ucliig · 8nd · reorganisf.ng of· the industrial ·base · ot laa~ure · · · 
economies has received scant attention in the litei-ature. and constitutes a large 
gap in our understanding ot the new 11BnUfacturing era and its global raaitications. 
Throughout the 1970's and ao•s there has been an ever greater integration and 
iterative interaction between the design and manutacturing process of new materials 
and end"'."pr¢uc.ts .. 1Acorp>~ ~ ..... 'lbe _emerging Pr'le&sures of. ~ global market 

·place.· .the pl~fnj or:·tt:-·~t~:or ~en. '.tor .aanUt'.Ctu.re··$t .ceiitt-e ·~tale. ··tbe. 
··need to lieet·re4uc8c!'~~ U.te·qd.e:ncf.taSt·product 1'efteWals, and the c~ 
. trend towards .orld. cius aautaciuring·8nd,.i.ta·:•ttendant·.,-lo~t of' CIM, .JI.T· · 

and TQC. ensures that 118terials issues increase in importance both at the design
menuracturing phase and in terms of the need for careful total materials management 
in each enterprise. .In tact. the arrival of a prolif~tion of new and advanced 
aateriais necessi~~ ,a.! ~use .ot. ~/CIJc .. Ui. ~. ~~t~, and ~r8el.~,-· 
the employment ot such systems tillCilitates new design and.produetic>n c0ncepts-which 
cake use of the vast array of neW properties on offer. Further, the computerised 
materials database is rapidly becoming the critical element in CAD. finite element 
analysis and its link to Computer-Aided-Manufacturing and Computer-Aided
Engineering, especially in the context of a move towards CIM by the firm. 

The advent of advanced materials, fast on the heels of the microelectronics 
revolution and diffusion, and, increasingly. linked to it, will turther complicate 
the restructuring process under way in IAC's, further undenaine traditional source$ 
or comp~a~ive edvan~:iJl.t-be Thi~ ~ld .. ~.·~-~ ~-p~ .CQlllOdit)' 
pr0d~c.ti0n. ll!ld. radically• .e~ t.be·:~tiOQ& ·tol":gl.obal location.or industry, 
lieensinr and transter of ...chftology and ·the sourcing ot material.a and CC)9p0nents 
in comparison to the recent Fordist patterns on an .intemational scale. It is thu. 
clear that the advent ot nev advanced material.a and intor11&tion technologia 
closely linked to the restructurinc proc.eas or IAC'• end socio-teehnical tl"8ft81tion 
to Post-Fordism, have altered the world induatrial landscape almoet unrecogni•ably 
in the 1990's, offedng new options and new dangers to developing ~mies. which 
have not yet been adequatel)' identified and ana11sed in a coheNnt, comprehensive 
framework. 

Ill 11111111111111 '11111 1111111 I I ill II 11111111111111 1111 1111111 II 11111111111111 I Ill II I 11111 11111 ·, 
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3. PRIM.o\RY COMMODITIES I B."5IC MATERIALS INDUSTRIES AND DEVELOPING BCOtQIIPS. 

3.1 1be experience or the pri.aary ccmmodity sector. 

3.1.l The contJ..nuing lllportance of prt.&ry_~ties for LDC-'s_. 

The value or.rion-fuel pri.aaey ~ty exports.as a percentage or total~loping 
country exports has fallen rroa ·55.qJ in 1970 to 25-9%.in1984, while that of 
aanufactures has risen fl"Oll 24.9% to 40.1% and petroleila fl'Oll 19.2% to 34% over the 
saae period. with considerable var1ati<>nS between regions. as shown in Table L 
Clearly. the ri.sing illportance of aanufacturing and tuel exports bears a large part 
of t:be responsibility tor the decUning dependence- <:>f .developing countries. as ·a 
whole ·OO ~ty exl)orts. Factors OPer&ting on the supply. demand ai'4 prices of 
cOlllllOditi.es have also contributed to this. and they are briefly e .. njned below. 

1bese figures though aask considerable variation between ~tries. .It is .a 
soberiJig tact that despite progress on manutaeturirig .eXports. the ..&.ioritY of 
developing econoeies still .remain largely de~t on priaa17 ~ty p~tion 
~ exp9rta to~. a -.Jor ~ 9f their f'oreign· ewd>ange earniDgs.·.- The-~-· .··· 
CO'U'Odity export seetor, with its varying. but generally low degr_ees -ot .dolmstream 
.processing, has· reaained f.Or most devel.OPing .eountries ·the ·b8ckbcQe or-~ic · · 
~tivity and their development process. . . . · 

' . 6 : . . . . .. ·. . .... ·.·· . . . . . . . ... .· 
Recent UNCl"AD calc¢&tions. indieate that· agri.Cultural and wining praducticm is · . 
~ ·~·l!IOSt ~ru.uit :coepoaent of· GDP for _all ·~inc ·c»mtrieS. :~t ·the'·· 
fast ~ manufacturllig exporters, and that for most, the share in GDP ia more 
than 30 per cent as COllp81"ed to leas than 10 per cent in the developed 1181'1cet 
ecOllOIDies. Moreover, for aore than 80 developing countries the share of primary 
commodities in total export earnings is above 50 per cent. In many cases, end 
especially for low incolle countries, it is also ~ed by a high ~ ot 

· ~rt ~tratioli on _one o~ two pri.Ney products •. ·In ·1986.· tbe·.~·-¢_-nOD-Gil 
. P~ ~t;y~rt&-:tn tO~-~·.or·-tbfi 1J2'..ieast·-~:cioUDtHe.;. '. 
· ~to uHcTAD. was 65%. ·o.ie ~.Qt ·pr0a,i.m. ·ott:en .. Cite4 tor .tbe .. · .. 
dt8*PPoint~ pertornnce or Coi-od.it)•· ~tet'S ·retatea · iO ccAWd:ity -~ri alid 
price instability, slow or declining growth in real export earninp eAtJ./or- volumes, 
and a long run deterioration in the real prices or their comllO!litiea. In 1986, the 
barter te~ of trade tor non-,uel pri11a17 exp0rta-W11N bei.ow halt:tbe·~:ievel.S . 

. in 1950, 8ccording to the WOrld Bank, vliich .al.so predicts that by' the ,Mr 2000· '·· · 
non-t'uel commodity prices will only be 8 per cent higiter in.real teNS than in 1986 
and hence 25 per cent below 1980 levels. Following the relatively strong 118rket 
position of cOllllOdities in the 1970's accompanied by a large expansion ot capacity, 
the 1980's have witnessed aassive overcapacity and over-supply in aaay cOllllOdity 
markets, coupled with a slump in prices until recently. as shown in Figure 4. 

1· •• ·"' •••• 
. '· ',: . . .. . •.·. ~ .. . . . ;~. 
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Table l. SHARE OF PRIMARY COMMODITIES AND MANUFACT'JRES IN TOTAL EXPORTS, 1970, 
1980, and 1984 

DEVELOPING a:>uh'TRIES 

Primary cari:noditi~~ 
America 
Africa 
Asia 
Others2 

Total 

'Petroleums 
.Asnerica 
Africa 
Asia 
Others2 

Total 

Kanuf actures' 
Jun.9-rica 
Africa 
Asia 
. Others2 

Tot:a1 

Total Exports 
America 
Africa 
Asia 
otners• 

Total 

INDUSTRIAL MARKET 
ECONOMIES 

P:imary Convnodi-ties' 
Pet roleu."TI3 

Manufftct1Jre:;' 

· Tot.al. -EXpotb. 

Exports, fob, (billion 
current US dollars) 

197C 1980 1984 

11.2 45.1 43.1 
8.3 23.2 18.3 
9.3 47.4 44.2 

~ 7.3 7.9 
39.6 23.0 113.S 

4.1 41.S 43.8 
1.8 50.2 33.8 
4.5 88.5 f>9..9 

1.4 .1.1. .-10.5 181.6 148.6 

l. 7 :!.7 .5 26.1 
1. 7 23.9 8.1 
7~8 88.6 ~2;l .·2 

__ld: . .. -17·.S .ig·.o 
13.6 141.S 175.4 

17 .0 104.1 112.9 
11.8 97.3 60.3 
21.6 22~.5 236. 3 . 

___!:.l ~b.~ .ta.u 
54.7 452.1 437.5 

49.0 241.9 210.9 
7.6 90.3 95.4 

ill.:l 884.8 894.0 

218.7 .. 1,217.0 _ 1,200.J , 

Percentage of Total 
Exports 

1970 1980 1984 

65.9 43.3 38.2 
70.3 23.8 30.4 
43. l 21.1 18.1 
44-2 27.9 28.1 
55~9 27.2. 25.9 

24.1 39.9 38.8 
15.3 51.6 56.1 
20.8 39.4 29.6 
- 5.J. -~·.9 

19.2 40.2 34.0 

10.0 16.8 23.l 
14.4 24.6 ll.S 

. 36.l. 39.S 51 •. 7 
55.8 66~8 68~0 

.. 24.9 32;f> 40.l 

100.0 100.0 100.0 
100.0 100.0 100.-0 
100.0 100.0 100.0 
JUU.U .1UU.U 1uu.o 
100.0 100.0 100.0 

. 22.4 19.9 17.6 
3.5 7.4 7.9 

74.1 .1l.:1 ~ 

. 100.0 . 100..0. 100.0 

1. SITC 0 plus 4 and 68 (includes non-ferrous metals) 
2. United Nations data for other developing countries is obtained as a 

residual figure and does not necessarily reflect the actual export 
perf onnance of the countries/areas involved 

3. SITC 3 
4. SITC S to 19 excluding 68 (•~eludes non-ferrous metal•) 

Source: Colllnodity Trade and Price Trends, World,Bank, 1987-88 edition, Table 1 

.·. · . 
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Figure 4: Real Commodity Prices 1970-1987 

, ______ _ 

15 

• 

. . . . ·~ 

Source: World Bank~· World De9elopment Report;·.198ll.: .i>•25· 

Exchange rate movements exacerbated t:he9e trends. leading to severe problems for 
many developing countries. in particular in sub-Saharan Africa where import 
capacity and government revenues and expenditures have been draaatically curtailed 
and per capita incoae has been dropping since 1980. 

··The -~t.hit redon·._ ...... ~·~_:(SSA)~:t.bere i;he. COlib'iDati~ ot .. till!ftl 
pri~ and stagnatian ift p~:e,Xpo~_:vol..S •. l~~-tO a~ ~line 1.ft·.Nal·.· 
purchasing power •. In ccntr&st. th8 wlu.ie of priaaey co..ocst~ MPC>rts i.nCreased 
in East Asia. counteracting the filling prices and 11&.intain~ purchasing power. 
In Latin America and South Asia purcbasj.ng power declined due to insufficient 
growth U>. the volume or priiaaey ..,Ort .in the 19a<>~•· 

. . . . .,,, ·. . . ... 

Declining commodity prices and export revenuea have led to an increasing need for 
external financial borrowing and to a rising indebtnes• of developing countries in 
the 1980' s. Figure 5 shows the trend ot the ratio ot ext4rn.al debt as a proportion 
or GNP and debt service obligations as a percentage or total esports tor sub
Saharan African and the 17 Highly-Indebted-Devel.Oping Couptries (HIC's) since 1970. 
The total debt of sub-Saharan Africa increased tree S6 billion in 1970 to $134 
billion in 1988. such that by the late 8o's it amounted to t:hree and a halt times 
the regions export earninp end abost equalled ita GNP. as compared to Latin 
Alleric;an ~bt wbi~ is ~Y 59~:ot:-~·. Jlhile sub-~-~t bea.beeq. ~ing 

.. t~~ tmn. ~··Ot1aer··re,:ton~~-~·11l«.tin.:tb9.198Q••; ~-·"~ ·•uui-..-liU~ .... ··, 
· reulne4 relatively unc:hanpd since the 1960'•• di9p~ heavy reliance~ 

priaary coaodities, which accounted tor 93% ot total export eaminp in 1970 and 
88% b)' the a1d-80'a, and heavy concentration an llU'keu of the luropean Coaunity. 

Debt service oblip.tion.s aetUally paid aounted to Z7% of SSA exporta on averqe 
between 1985-88, vi th low iricoM economies careytq a hiaher burden ot 30%. The 
HVerest difficulties are raced bJ the low-incolle SSA with debt ratia. double those 
of aiddle-income HIC's and three t1lle9 thoH or low-inc:OM Adan countrien. But 
•idclle-inc:Olle a per capibi QNP • third or the latter, ad • bi8h ~rt 

11111111111 11111 ~~~""t~~ ~Ill"""" pr;~ll~1l1l 1lll~~1f11lll 1111111111 1111 111111 I 111 111 111 11 11111 11 11111 I 11111 11111 11 
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Table 2 displays indicators of indebtness or seler.ted ESCAP region ecoaoaies 
between 198o end 1986. One consequence of the decline or stagnation of otticial 
aid flaws to the ESCAP region fa. the d~ade leading to the 111d-198o's. was the 
rapid expansion in·conercial.debt~ Although the Republic·of' Korea·waa .tbe·biapst 
debtor in-the region. large -current account surplus~.since 1986 eilabiecl it to"aake 

"-large reductions in external debt. On; the other hand. India's debt tc>"export·"ratio 
rose fro11 157% in 1980 to 276% in 1986 while the debt service ratio doubled tO 18%. 
Similar.trends are also visible for a number of the least developed econoates in 
the region. Other major debtol'S include .Chine, Indonesia, the Philippines end 
Thailand, with varying severity and capacity to ameliorate the use or the relevant 
debt ratios in the last few years. 

The net outflow of large aaounts of foreign-exchange earnings to meet mcternal debt 
obligations has had serious repercussions on domestic investment, growth encl import 
capacity for many developing ·economies in the 1980•s. Declines in per Cap.ita . ·· 
incomes have combined with reduced expenditures on education and social progrmes 

.. arid an wbility to maintairl a deterioratin,: infrastructure" and induStrial . . .. 
capacity. Despite efforts in recent years aiaed at rescheduling end ret'foancing.of 

<debts. little·hes been·achievttd in·aaeliorating the cootinuing and~ debt·=,·._; 
levels end debt servicing obligai..ions. Measures ·on debt relief or debt r&duction 
together with availability of' low cost extenusl finance ere tha-etore cri.t:lca1 t.o 
many debtor developing econoaies in the short- to aecliua-run. · lfeVertheless • long·. 
term solution must involve, crucially, a re9tructur'.ing and div~tian·of the 
COlllllOdity· export sector tOgether with iapl'OVed market access aDd ~ . 
. 11t>e~H sation measures . in IAC' s and . other regi.Olia. ·. · · ... ·. , .. 

Given the persistent i.Jllportance of priaaey co1u1.odity producti.On and trade to 
several developing country groups. such as (overlapping or course) SSA, the 42 
least-developed-econoMies. and the 66 Atrican-Caribbean-Pacific Group or States in 

. the I.Ou~ Conventions, efforts to strengthen their presence in, and.~~·.~ 
.... tunctj.Qning of existing .conod.ity ~ts. ·end~ ~· Wl.uo.~J;Jef~ ... 
··:.. · expc)iu a.1-e indt!ed relevant in the shOrt:,;. :.t0 .. llediU.~ru11.;_ · .• ~¥··~·:a Ci.tni · ·· 
... ·. _itess.,ot.this ·paper·is that sol,utions:.t.o .the~~ ~l._eilS :r:~ .. b7· ·tlil;l .. ~:. · · 
·.· ···· coaimodit:Y sect.or.·end associated indebtne9s or developing··~ . .uat,take intO · 

account the fast changing matet"ials and manut&eturing scene. For~ the aw:Yival and 
trade prospects of many such economies in the 1990's depend on the avail,abilit~ and 
adequate provision of funds tor increased education and tril'f"ntng.~~ •. :the.: . 
. upgrading of scientific~ technological, engineeriftg .capabilities·.·-.! ilifWS~ .:-. · 
and productive investment whi.ch meet the requirements of new and i.proWc! · 
traditional materials production and use. 

3.1.2 The need to reassess commodity strategies in the 1990'& 

As we enter the 1990's. developing economies face a pressing need for a re
evaluation of traditional strategies on coamoditiea, including downstream 
processing and commodity m<: fll and chemical production for the world market, which 
remain steeped in the c1rCUlll8tances and expedences of the post-war period and, 

· · ... ;. more·ricefttly. ·~·hUtoriuJily l.iaitecJ·"bUt'i.Pressiw-··~··· ot ;the, 1910~a·;•.~ ··· :·. ·/ · .·· 
·. 'lbroughOut the 1980's there has ·been ·a Pl'eValent ~tor~ ioteuity:· · 

in production to increase in qualitative juapa, and, the global intenaitieatioo ot 
competition and rapidity or technical change has resulted in accelerating product 
and process obsolescen~ raster product renewal and a •igniticant reorientation or 
marketing strategies. Accompanying the •low sbitu in industrial •tructuNa ia tbe 
11pread or rapidly evolving information technologies in the production bue lea41.ng, 
on the one hand, to a shrinkage or •in1- etticient acale and el'09ion ot barriers 
to entry 1n some sectors, and, on the other hand, the el."9Ction of ireater barriers 
and enlargement or scale economies in others, due to leaming by doing Y88t 
scientific content ot production and lure releUCh expenditures required. 
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As if coai.ng to grips with such difficulties was not enough. the trends and 
tendencies identified in this paper as emanating from the revolution in aaterials 
science·and engineering further complicate aatters end usher in new unknowns and 
illperatives. Primary- producing developing ec~es_.are no longer_ inserted in the 
world division of'--labour-on the basis of large sc&Le c~ty provi.sion to the 
needs or mass-prodUcti<Sn and _llUS :consUllPtiott ~ IAC's• !lather-. ·_they find _ 
themselves enmeshed in e. world econoa,y undergoing tundaaental. restructuring and 
transi.tion tO post-Ford.1st aethods·or production.- and pattern$ of' coiisumption in 
the context or an emerging new socioeconomic and technol-ogical paradigm. embracing 
the triad of information. materials and b1o-technologies. In this transition. the 
role of new. illprcwed traditional and advanced 118.terials has been. and 
unquestionably will continue to be hf8hly significant. As deiaand patterns, 
res6urce requi-rements"and ptoeessing fecilities are reordered and shifted 
internationally, so will, therefore, change the role and importance or traditional 
suppliers of raw and seai-pl'."0Ce8sed-~ and agricultural raw aaterials. The 
issues, th0ugh_are br0ader,·aD.d go far deeper, than the lliere evaluation of Third 
World prospects in--terms of -future -demand projections· tor traditional ·ores, 
commodity metals or agricultural products. 

Not only·· is !t .. exCeedfngly pi-udent for ~loping economies to ask whether it is 
feasible and advisable to reaain in specific COlllllOdity production as a long-run 
proposition. but~ to reasses~ t:Jie -"'1sdom ~.the ~tions Wider which they 
should remain or: enter. downstreaa.pr0cessillg in"the 1990•s. Whether an economy is 
to reaain or ·exit frail ·a -speciti.c cciMioclity. the f'act "remains. that it still has to 
establish~ institutional._Snd manuf'~turµlg be,se th&t_C:an,Surv.ive and prosper in 
the scientific, "tectm-·,\_Ogteal· ancf·g1ob81 ·~t-.~itions of' ·the 1990's. The 
central point is that the aateclals sector is now steeped 1n new scientific and 
engineering capabilities, with new best practice technologies that can be directed 
to meet basic needs more efficiently, end/or meet the quality. reliability, and low 
cost reprod•Jction requirements at· all- stageS or processing and semifabrication 
demanded by uteriab' :aµd ~ts ~-. "lbe ac:qui&ition of the attendant 
-~~~·.&ci_enttf'ic~; ~eauca~0n81 ~;~_t.tiftg:ana (iuau.ty control..·- . -. 
intrastr0ctUral: c8pabili_ties tllua beea•~s· -& ·vitai_~eOnc:ern ·tor developing· ecooomies, 
a~t.esap~~ ·to .meet_ -teJ:>iald. tor -:1511811 acale mmistcy embracj:rig- tlAM.Lblw 
specialisation or nexible mess manufacturing. producing locally or sourcing 
globally. Hence materials issues and Stl"ategies are insepu·ahle from the process or the global restructuring or industry and t:be evolving conditions tor tbe 

·location of laboU-r"!" ••ldll-~tensive activities. across manutacturing. It is to 
this we now turn. · · · 

3.2 The restructuring of industry in the period 1970's-198Q's 

3.2.1 Restructuring of industry within IAC's and redeployment to LDC regions in the 
197o•s 

Since the 196o's. progress has been made in the processing before export of 
domestically produced agricultural and mineral raw materials in developing 

._·.countries,_ ~ p~~ ,q.:':a_._de~~~~a~ .res~t. pf:• .r~urce ~e4. induatn.lisation 
-· .strategy._ Tile higher-~- and· greater glo~ .s1-re.-ot :processing.activities 

undertaken" in LDC's bu, ot COUl'H, also resulted t'rom underlying econmic torces. 
Declining ore quality, escalating energy prices, incNued environ118Dtal 
regulations and compliance coats, and higher labour coete in the 1970'• in IAC's 
meant that energy-rich. resource-rich developing regions (together with Canada and 
Australia in 90IMt ainerale) becae increasingly attractive tor replacement and 
expansion of capacity as the location ot smelting capacity in IAC'a wu rendered 
increasingly Wleconomic. 'Ihia has also been the cue tor petrocheaicals, •ynthetic 
figures and othel' enel'Q exten.sive basic industries. Thi• is not the place tor a 
detailed sectoral exaaiAation or the trends in or1~e .,,ct ,inorganic ainerala 
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structures of IAC's in labour-intensive or energy and raw material intenSive 
activities began to be restructured and redeployed to LDC's in the 1970's. was 
welcocae bY UNIDO as broadly in line with changing patterns of comparative advantage 
in -the context of the internationalisation ~f p~ction •. Increas.ing .~tic.~"! 
uterial. c8i>acity in LDC's in the· line vi.th long-run ~.1opment objectives .. 
to8etiber With the J:edepl~t of·processing industries and labour.intensive 
branches; such as textiles. shoes etc. to LDC's was viewed by UNIDO as part of 
c<>nverging interests ·or LDC's. MNC's and governments in IAC's. Moreover,· such 
global industrial restl'Ucturing and redeployment was part·of the process of 
increasing the share of LDC's in global ma.nUfacturing to 25% by 2000, es the LUia 
declaration envisaged. Nevertheless this happy coincidence of intereats 
accompanying a frictionless restructuring and redeployment of' industries f'rom IAC's 
to LDC's soon faced difficulties. Over capacity appeered in aewral. sectors in ~ 
early 19801 s, there were growing voices of concern over illpcrt penetration of 

.· aanuf.actures from NIC's and protectionist barriers _began to .be erected to protect. · 
IAC's basic industries facing severe difficulties. The restructuring ot industry . · 

.. in the 1980's introduced new unknowns into· the process of global reclivieioa .ot· .. . · 
labouJ; end the expulsion of basic and declining branches from IAC's. 

3.2.2 The diffusion of microelectronics-based automation technologies in the 80•s. 

'lbe.industrial structure of IAC's is shifting towards high growth, high technOlogy, 
~l~ intensive branches of industry with 18rge intersectoral 11nkages·to the 
:rest of· the econciay. Mass production and ba~-production industries vi.th·•· 

. cepital goods and engineering sect:Ors are automating end ·reorpni&ing ~ir : · · 
. production lines Within ·tiie· inc0rporati0n of flexible· aariufact:Urin'g;tedmi~'~'. 

Mature, declining sectors are being modernised by the adoption of •icroelectl'Onics 
based autoeation technologies such as (a) they are beginning to retain their cost 
competitiveness within the industrial structure of IAC's and (~}.acquire higher 
potenti.81 for future increliental ·· innovati.ons ·and productivity gainS .to uiA~ 
,the;i..r coapeti.tive advantage. . 'lbe dit"ference between tecbnologicall.7. p~ive . ·. · 

-· .. ·elncl·a~ant ~~ries· uy .. be.becolling.blurred iu tact~.. .·. · .. : , ... ··:. ~-·. ·'· .... ,._ 
. .. . . . . . . . : : . . · .. :· ,·.· 

.. ·.·~ :~ic)pments are ~ to. erbcte .the traditional· ~tive:·eclVantaae<or ·.::~.· 
LDC's in low wage. unskilled segments of the production process or labour intensive·· 
industries. Wage cost differentials have seized to be a deteraining innuence in · · 
offshore loe&tion decisions of MNC's as labour cost assume less importance :in· total· 

· . prodvction casts and wases.· rise in LDC'-8·. . It is likely tha~· labour iiltensiw . · ·. 
·activities may in tact be"retained within IAC's in the foreseeable future. In · 
addition, the technological upgrading end automation of mineral processing and 
fabricating activities may in fact retard the process or expulsion and redeployment 
or basic indus tdes from IAC' s to LDC I s. Hence. new technologies a.. "e introducing a 
fundement41 bi-eak fro• the experience of the 1970' s and may eventuall.y lead to a 
major retrenchment of MNC's location and sourcing in LDC regioru.. or l\t least a 
realignment of the importance and role hitherto ascrib4!d to diff~reftt l.DC regions 
and countries • 

. 3.,z~3 .the ~est~ctu~ .Q,f- ~asic materials indua~rie,'l.in the 1980'•·· ...... . .. ~ . . . . 

Lookinc at the restructuring process of basic industri~".l branchea within the 
industrt6'1 structure of IAC'a in the 1980'•, a nu.ber of inteNSting teDdencies can 
be identified. Large segments ot outdated and inefficient productive cepecity have 
been shut down, while remaining capacity hu been llOdemi"8d and technologically 
upsraded (see Diagram 3). This technological renewal and rejuvenation ot 
traditional smeltinc and processing capacity haa resulted in a 111&1.ler but llON 
efficient and competitive capacity, exemplified by the current healthy •tate ot US 
eopper and prillary alwainium industries. Although retaining a certain portion or 
doae8tic capacity in traditional '.smoke-atack' industries u de•ed desirable, a 

, 1C01Yenaus aeaa "'to'be' ... ..,,,,that, M10nmfc,,, 8ftd1 "poMttcal,, ,pl"898Ul'e9,,,-..19e1rfng,,., "" 11 
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I 11 111111111 I I 



21 

developing regions. end Australia and canada. from which the requireaents of IAC's 
are to be met on the principle of least cost sourcing. At the 68118 time. as 
cOllllOdity .ete.1 and chem.cals•production is being relinquished aNJ/or relocated 
abrOad. fires in these inl!ustrie.- have began a. Cliacern.ible strateg:tc move . 
downstreeia ~ into h1.gh~V81~ ·added: processing and· f'abricatiM .ot apecialtY .etals 
and chemicals aimed at specific aarket nict.es. This of course is in line Wit:h the 
tendencies of the transition to post-Ford.1st industria1 organisation as it 
permeates and appropriates the production of intermediates entering into final 
goods. A related feature of these ongoing processes is _the forging of ,..lose 
relationships between metals, chellicals, ceraaics and glass producers and their 
customers in industry. with the aills of meeting the latters' llOJ"e stringent 
specifications and property requirements in specific applications. thus also 
fending orr coapeti.tion troa cc.peting aaterials of course. 'l'ogetber "1.th.the move 
to downstreait vel'ti.cal iiltegraUcn. a mmber or· tiras .:in Japan. Europe and the liSA. 
have began to d:lversi.17 into related busmess, and in~ advaoced aaterials, with 
vaeying degrees ot .UCeess.-- lri tact~. the t:.encJency towards the "!ft ·hou8e: acqUuition 
of the llUl ti'."'discipli.naey :Jcienti.fic and ~ring capabilities for a multi"'.' 
materials competence in condi~-.in Which ~ers- between· tr&ditional matel".ials 
11arkets are. eroding, -.rkei:I .~:significant .interpenetration of. u~ials 1n end"'.'. 
uses. is· a 11ajor feature of· the -c:Urrent transition. ·~ the transition 
towards diversification and ·entr,r into neW aaterial competences is the tendency to 
form joint ventures and technoloS)' H.censing agreements. together with mergers end 
acquisitions, across· national boundaries in virtually all new 11.aterials • 

.;;.._Di=·agr_.._•=-.-3.o....:~Re'-=eer=.t Trends- in U.S. Cf!>per Mini!!& and Smelt!ng 
·· .... 
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National and international commodity policy it therefore necessarily enMShed in 
these structural transtormations of the •aterJ.als producing sectors, the emergJ.ni 
busine11 nrategies inf'luencing global location and sourcing, and th• iapact of nw 
technologies and orJanieational change on the material• process~ and tabrication 
stqea ~lves u well u on the saterials usi~ industries. ~glect of these 

111111 1111 11111111 11111 111111 111111 I 11111111 111 II II 111111111111 1111111 1111111 111111 II 1111 111 11111111 1111111 Ill Ill 1111111 I 111111111 11 1111 I 11111111 II 11111 1111111111111 111 1111111 11111111 



22 

rectors can only result in dangerously aisle!W.ing POlicy conclusions. It is within 
such 8 framework that we aust locate the pOtential and opportunities for developing 
econoai~ in traditional and new advanced aaterials. 

3.2.4 Traditional versus advanced materials· 

The restructuring process of the IAC's is also reflected in the interplay between 
the use of' (improved) traditional and advanced aaterials in induatey. Although the 
adverse impe.ct of substitution csnd technical change is not a new phenoeenon tor 
industrial rew aaterials. the observed •~ed d~ines 1il intensity or use since 
the early 1970's say sign.al the outset of irreversible and structural forces acting 
on the detaand side. Sectoral shirts in the product composition of national output 
81dY from .aterials intensive.sectors, and deeUning uteri.al ore per unit ot final 
output • .di.ich i~ the result c;f substitution 8nd ~loi"ical and ~ational 
change.in a&nUtac~ring, have COllbined tc>·red\icemtensity of' use. Thia process 
aay continue in the 1990's and indeed. accelerate U ··a wide range Of liatunl. fibres 0· ·.· 

sugar_ end metals ~uch as_aluainiua. steel 8'ld copper face greater sub&tit;u~ fl"Oll 
the dif'fusioo of adVenced aateri&ls, eSpec:ialti engineering Pt>4'mers~-: Atte.Ptin& 
to quantify~ iapact or advanced materi&ls.on uaditional •terials in·the. 70's 
and so•s. comes up against i.--lsuperable data avau.8bility Clitficulties-wbich· have 
yet to be oVE:rcOlle. At the salie ti:ae attachi.Dg specific numbers- tO future 
projecti~ on specific commodities and advanced materials.is fraught with 
difficulties and ambivalent trends in the underlying factors. Although advanced 
~aterials and minor itetals hre expected to display very high growth rates over the 
next deca4e, projections on advanced materials are nothing-more than in.to~ 
guesses -end vary by orders of magnitude between sources •. Projections .for·:U.S.A. 
and Japan for the year 2()()(), are given in Figure 6. 

Diwn-!!! . 4: Trends 1.n the In tensi tv of Metal Usage 
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Thus, trends in intensity ot use and demand tor specif'ic raw and seai··processed 
commodities in the 90's and beyond depend on the complex interplay bettiieen a number 
ot factors: the growth or economic activity in developed end ctev.loping econoaies; 
sectoral growth ~a~s and the formation ot tu.cs c:apiul; the ewlution or consumer 
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utilising the insight of MSC (eg. natural rubber, cotton. wool, al\1111niua, steel, 
nickel, zinc); and the degree of market penetration by advanced .. terials in t:he 
1990's. .nie coapetition between traditional but greatly iap~ aaterials ~ 
advanced aaterials will interisify ~ . the:.next · few ye&rs and .. the _.ou~ ,~t be 
predicted. Existing materials can of course foria an allianee with advanced · 
aeterials in matrix composites, while one material is unlikely to displace another 
wholesale given the preference of manufacturers to employ diverse material& in 
synergistic combination$ in complex systems such as aircraft or cars. Apart from 
processing, cost, reproducibility, awareness, inertia end sunk c8pite1 constraints 
in the diff"usion of advanced materials, the- latter are currentl.¥ creating new uses 
rather then displacing traditional 11aterials from existing applications. Hence the 
diffusion and-substitution process is likely to be prol<Jl1Ced and uncertain as to 
outci:>me. The fact remains that suCh materials are critical iri high tecbnOlogy 
sectoni. they llil.l·become even 110re important in the f'uture,. and a-assi.ve research 
ef'fort is underway .to resolve the proeessing constr.aint. -· Bence there· is· no. rooa 
for complacency in developing regions, eS~cie.lly given the large·g&ins ot ea:rly 
entry ·in ·prOduction end use·. · · · · · · · · · · · 

Some in~cation of the relative iJDpOr"tanca ot. advanced aaterials ·.in ~ to 
traditional materials is provided.in the table 3 beloW for the case ot·.TaP.n: 

Advanced Materials 

Fine Ceramics 
New Polysaers · 

(Engineering Plastics) 
New Metals 

(Amorphous Metals) 
Composites 

(Carbon Fibres) 
Total 

Conventional Materials 
Steel 
Non-ferrous 
Ceremics 
Chemicals 
Textiles 
Puii> and Paper 
Total·,. 

Advanced Materials as 
% or conventional 
materials 

1983 
.. s· million 

1,670 
1.800 
1,100 

710 
12 

105 
63 

4.285 

67,676 
29,200 
36,324 
80.955 
33.945 

. 29.730 
277.830· 

1.5 

1990 Forecasts 
S ai.llion·:- ·. 

6.315 
4.210 
2,736 
2,315 

147 
631 
160 

13,471 

80,000 
35,790 
44.210 

101,052 
40,000 
34,526 

. . ·.335,578· :· .. 

4.o 

Growth 
.-1983~

(%) 

19 
13 
14 
18 
42 
29 
14 
18 

2 
3 
3 
3 
2 
2 

. . 3· 

Source: Dubarle (1989): "Advanced Mllteriab: The Silent Revolution". 
OF.CD Observer. 158, June-July. p. 9. 
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4. mE MATERIALS REVOurrION AND DEVELOPING SC<IOIIES. 

4.1 Multi-disciplinary. transaaterial and transectorel. implications 
. ~ ·. . ~ . 

4 .1.1 'nle emerging aaterials scientific and engineering foundation and ~ces · 
for develC'.'ping economies. · 

Introduction: Soae Aspects or the Transition to Materials !conoaies. 

The analysis orrered i.n Sections 2.1 and 2,2 a?>ove has highlighted the radical 
nature or the transition currently unde~ in the materials producing basic 
industries and user industries in aanut"acturing. There are several aspects to this 
transition. which.necessitate that aaterials issues be vi.etiiecl in a aulti-. or at. 
least inter-. disc:lplinary. and transaaterial. context. 

Aproaching aateria1s researeh·and deYelOp.ent armec1·with a deep unders~ng of 
the linkages between the-s~ture- and -composition. properties, synthesis and 
processing· and perro1'1181lceot a material. highlights a c:o..ori scientific and 
engineering base across tbe.11atei'ials.spectrua. ·'l'he trend in llOdern·sciesice 
towards an exalli.nati0n ·or.eie.entar;v ~cl,es. atom. ·-- Jioleeules cuts across 
aaterials whatever their origin. and indeed crosses ove~ and e.braces ·other fields 
such as biotechnologies and genetic engineering ot living.organisms. 

The scientific base is closely integrated to the engineering and processing stage. 
and the complexity of the. issues requires .the cooperative invol.ve.ent ot a · 
iaultitude of. disciplines ·-and si>ectal:i&ed ind£VidU·a1s, 8nd res-eat-ch· l::eaas ·within anci· 
between scientif'ic and engillee~ing disciplines •. Although tradi~ional delineations 
between disciplines are bel'innfng to erode •. speciilisation sti11·0ccurs, so that. 
at the veey least. cooperation across disciplines and.individuals·:lsrequired at 
this stage. before a fulfy-_t;tedgeci ·11U1ti-dis~tplinary competence ~- MSe. 
departments are beginning:to' ~a new generation.or materials scientists "and 
engineers ac:t'9SS the Vari~ J'j.elcJs.: Of: science and 11&terials;. but seven! years 
will alapse before curreiit.praetices are super&eded. Nevertheless. what is clear 
is that new materials ~lopMnt involves aulti-discipltnary CQ11Petences and 
synergies across diverse fields. 

The 1:1ulti-disciplinary scientific and engineeril\8 base is not the only aechanism 
that links materials and industrial sectors. indicating that a coherent and 
integrated approach be taken. Matedal.s scientists and industl"ies are increasingly 
becoming aware that they are in the business of designing and producing specific 
combinations or groups or properties and performances characteristics in use, 
rather than specific 'metals' or 'plastics'. f'or example. 'lbe most astute firms 
are therefore in the process of transforming _themselves from being. say. a 
specialised aluminium company to a corporation with •ulti-mater:ials c01Dpetences. 
Mater:-ials producoers need to becoee acquainted with the design and p~uction of 
sever'll materials and with the specifications and property requireeents ot their 
customers in end-uses.· Viewine this:tro11 the angle ot the11ateriaJ.s.users, it 
means that the ,latter. ~reaa_ingly need. to. ~ ~tee! ~1~ ~~titi~ .~ ... 
pr6ces.dng aspect ot ·n.;w iilateriils" &welO'.PMnt 8nd''Us8; the variety of 11&terials 
available and the potential for developing •aterials tailor-llSde tor new product 
designs. Hence issues hel'tl are beginning to acquire both a tr8ft8•tttrial and 
tr:-ansectoral nature. both within and between producing and using sectors. 

Throughout the 1970's and 198o'a we have been witnes•ing a slow transition or IAC's 
from being primarily metals baaed economie• toward '•terials economies• • Buie 
industries are reatructurin1 •uch that industries and til"'m8 •pecialising in 
monolithic materials and relatively undifferentiated product structure, are S1Ving 
way to multi-uterial firq with a large ran1e or ditteNntiated, hip-value added, 
knowled1e intensive products. Boundariea between traditional qterial• in tems or 

1 1111111 1111~J.•~~'V~JM111Wll1detineid11nd11~aate'111181'k:aU1&m1111erod.ing 111,with11•1gniitiicent II 1111111111111 111 Ill I 11111 1111111 



interpenetration of materials across uses. This is another way of viewing the fact 
that traditional monolithic aateriels have seized to constrain and dictate the 
design of end-use products. a profound change in the functioning. inncwative 
capacity- and growth of ~ufac~if1$ indus~. ~tei-i~ ~ ~ .~Y being 
liberated f'rom the constraints.of a sibgle or a. range of' ~tional ... terial.a 
available to designers 'off the shelf'. Greater aaterials variety is coupled with 
the potential to engineer materials tailor •ade for new designs. 

A visual guide to the nature of the transition of industrialised econollies froa a 
priaarily commodity aetals base towards the increasing diffusion of advanced 
materials in the content of the restructuring we have been describing above is 
shown in Diagram 4: 

SUMMARY: TRANSITIONIN.Gj'ROM A METALS ECONOMY 
TO A MATERIALS ECONOMY 

. . 
Advanced materiaJ:s • •• •• 
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Clearly commodity metah are still expected to play a significant role in the 
econo~y over the next ~wo decades, albeit with the ever increasing quality and 
knowledge-content. But beyond this, what this transition indicates is that an al.l
e.bracing, ·coaprehenaive vif!V is ~ired right across the aaterials tield it we . 
are to unclel\8tand the C011Plcx: nature o'.' the issue& 11ud .1.dent1ty the ~. lbus, 

. Jirhat-. is Mc:oa~ .clear. U·· that concati. ... tion on~ a apecitic · mater1.al .. or ·industrial 
sector is likely to •iss Critical Upect9 and trends which perlleate the wbole of'. 
the aaterials base and govern ita aoveMnt and that or its constituent pans. 
Mono-material and specialised approaches and institutions are a dangel"OUS 
anach""Oni•m in the current transition in the materials field. 

The acqui•ition or multi·di•ciplinary co.petences and the exaaination ot' tssuea and 
trenck along a transmaterial and tt"anseetoral spectrua are theretore becollinl a 
ne~ssity at the level or the tira, the industry and the inatitutiona or the 
economy at larre. This ta especially the cue tor the private and public uterials 

, related institutions, research centres, universities and ,industry in developin1 : 
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require both institutional cooperation between developing countries and between 
developing countries and institutions and industry in IAC's. In addition. the 
.creati.clli e>.t. new Ngi.onal mcl -~~ti~ c:entres. fc;>r ~terial.& bas:lc ~ and 

.. tec:hno economic.~. tihich.eilb~ ~the~ .Uti~pl.1.naey_.~ _ · 
traDsa&ter;ial aPl>ro&ch wculd otter signiricant assistance to devel.0ping econoaies 
in this coaplex and dif'fieult conjuncture. 

Nev· and IaProved Materials and Developing Econoaies 

A1though the radical developaents in the aaterials field are well recognised in the 
scientific ~ty. awareness of the seriousness and ~ or change in thi& area 
bas still. oot permeated. the public domain. Governments in the developed countries 
h&ve.respanded to pressure fl'Oll scientific end professiooal societies es -ell as 

' 
-~ 

_ . high;.;.technolc>gy-sector& end haw,· for several years now, initiated large prosr-s ·-
. . ..of rineN:i Al: and iDsti-tu"tional:'support. tor. dcmestic aaterials pure ud mpplied 

research. ·On the other ban.d. apart froa few notable exceptions, both government 
aDd 1.ndusttioy iD·the deftloi>ing.world shoW-distinct lack of awareness ot the 

:potenUal. impact or. the. Dew deVelopments for cto.estic resources. 1..ndustey 8Dd trade 
. : .:"' ·_pL'Ospect&. ·: · ~. -~ -the· .-:··scientif-ic· · ~ tedmolOgi.cal '.Circuatances have been - · .- · :.11 

- ·ideliiitied, "there' is <>r• ·a leek ot appropriate institutioOal capacft)t to reSJ)ond. 
and/or a feeling that such changes are too-l'e90te and operating at the frontiers of 
science. and. hence ot not much rele\Tance to developing eeol'Ollies. 

It is illportant to_stresS at the outset that the revolution in 11aterials science 
and -~ h&s .. an 111pae~ _right>- aeross the aateri,.J.s spectrua.~- t"rom· comloclity. I 
metals sUch as primll-y &l.Ullinium end copper and the creation of new advanced 

. alloys. -engineering·plutics, ·advanced ceraaics and composite systems. ·t» 
agricultura1 coBodities such natural fibres and, others.such as natural rubber, 
Wood. Cot~~ and cement •. New ··aaiancecfilaterials are beginn:i.Dg to ll8ke inrOads 
into-tbe llai'kets or.t.raditioa&l .-teriale. such as 110D01:1thic aetals, but the 
lat~ are> actualfy ·respoming :· sdentitically. technologically and. in terms· or 
aarlceti.ng strat:eCies. 8o that the outeome is by no means clear. In tact, advanced 
materials in tbe '*'t ~tury could well include specialty steels. advuced 
aiuainiua 8.1.loys. and in some resl:>eets. higher quality ce.ent and wood. 

A number ot propositions follow and we briefly discuss them below: 

1. Iaprove traditional materials and processing technologies. 

The first important point to note is that the insights of materials science 
and engineering as set out in 2.1 above. can be used and must be used to· 
improve the properties and processing technologies or existing traditional 
materials. 

Tremendous scope exists tor the improvement in the processing technologies of 
traditional.materials and this is a point of obvious signiticance to 

. ~loping econaeies whethe~ the a.ill is to produce for the world or the 
' · -· da.eaete/t'egidnal: aarlceta. ··Even it econO.ic aiM:! Politie41· tOrc.a · &N · · · · · 

inexot'ably leading toWards the wdep1oyment or major p(>rtions of basic 
materials processing branches to developinc re1iona, this will DeCUsarily be 
accompanied by the employment ot beat practice advanced proceaainc and 
tabricating technologies. (See also section 4.1.2 below). 

Further. given the pressures or the world market and user.-industriea (see 
2.2) tor higher quality, durability, and reliability no industry or economy 
can afford to ignore this. at any stage or the matel"iais cycle. This applies 

7 International COoperation end Collpetition in MBteriala Science and 
' 'P.nSifteeriq, lfational Institute of Standards and T9Chnc>lOI)', U.S. Depart.en~ 
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to •terials sel.ection in a range or user 11a11ufacturing .ctivitiea. tram 
designer doa:inattd. sllAl.1-scale. flexibly specialised industries such as 
clothing. fUr¢ture and footwear to. the provi~ion of" materials. ~ts 
and sUb-asse.blies to the emerging rlexible aass producti~ ~t:ri~ such 
as autollObiles. The decision to locate in. or. source rrca de9al.cping 
econ<>lllies !n the 1C)90's will be greatly arrected by the quality end 
reliab~lity of the aaterials ('Ill otter. 

Further. the successful efforts to t..prove the properties ot «weoclities such 
as natural rubber. wool and cotton as coapo9'cf to synthetics is a POinter to 
greater collaborative efforts by LDC's on a regional. and cross-ccww:di.ty 
basis. 

2. A Materials Science tor Development. 

The large and increasing basic needs or developing ec:ooc.ies in housing. 
transPOr~on, food packaging, water 8Qd ene?'S1 clistributicn and health care 
can be eet through eore efficient utilisatiOD and·~ ot·dmeBticaµ.y 
or regionally available natural resources. usiDg .sc:lenttftc.·:ID Allat·..-·...,. · 
and illproved ·technologies. The -terials revolution attords opportUnities to 
developing ecouomies to uke fuller use of &.eStic •terials. Wb:lle 
11.1..ni.mising energy requirements and enviromaental disruption. IDclucled in 
this is the de·..-elopment or advanced MATERIALS designed to meet needs and 
conditions in developing countries. 

We concur With Prof'es5or Rohat!i; that ~ new materf&ls science and 
engi.neering base llUSt be llObili.sed, internati~ly and within- .tbe Third 
World, to meet the needs of devel()pllent in ·the coming decades. For "although 
the science·base or the nei.r aaterials is Coiimon. thrOugJM>ut·the world; the 
diweetion of,applicati.00,and problem orientated RIJ> Caimot.exciua.·tbe 
pressing needs and available~ of developing econoitea. :·Exa9ples of. 
new materials aiaed at satisfying basic needS in d8vel.oping eccmcm.e~f is ·. 
given in Table a. • In so tar as possible such aaterials sbollld be •, •• pall, 
lighter, longer lasting. low·cost~ le>W energy and recyclable basec1 oo · 
abundant end renewable resources which can be locally processed using simple 
and e•ploY?Dent generating non-polluting technologies•. 

In housing, MSe can examine a1U11ino silicates. earth, stone laterite and clay 
based products, which are readily available, and ~rove brick pertoraance. 
In addition. modem materials science can also focus attention on renewable 
resources Sl!ch as plant based construction materials (e.g. ballboo, sisal, 
grasses. and wheat straw), and improve their performance for housing. 

In the area of bi a-processing or materials, advanced genetic enginee:-ing ey 
lead to a strengthening ot wood Bnd fibres, microbiological pl'OCeflses can be 
used to extract metals, and yet other microbiological technologies can be 
used to extract fibres and ultl'afine PoWders of ailica fl'Oll plant· based 
~terials to.aake ... advanced ceraai~·and. composi~ •. · · · .· · .. , '. ·. · 

Moreover, new advanced materials and inexpensive membranes and fitters cen be 
developed to purib and desalinate water, as well as meet the neede tor the 
production, transportation and storaae of food. It is worth noting that the 
U.S. based Alcoa corporation is currently re.searching into new advanced 
packqing uterial• tor food and post-harvest products,ot great relevance to 
developing econolliet. 

8 Professor Pradeep Rohatst, Current Revolution in Nev JIA~: 
Opportunities tor the Developing World, Regiona! Workshop on Advanced 
Materials Technoloo and DevelOl)llE'Jlt in Asia and the Pacific, IUnak, USSR. 29 
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Table 4: SOiie 111pOrt1nt Targets for Materials Technology for O.velo.,..nt 

• 

• 

• 

-. 

&enet1c engineerfng. for. plants to get nh~en directly .froe air_ 

Genetic engineering for plants with stronger tilllber and fibers which can 

be pyro 1t zed to form "'gh perforwance fibers and carbon-carbon composites • 

"1crob1al processes to ·extract •tils--frcMI ores and ocean nocsules. and to 

remove sulphur and stHca frc111 coal. bauxite and other •inerals. 

fl1crob1a1 processes to extract fiMn and ultraftne ceraatc parttcles frOll 

agrtcultural ·products ~wastes.-· 

• solar photovoltaic materials vhh increasing ef~idencies and decreasing 

cos·ts; solar. funaaces _f~r. processi119 :iiiterials •. 

• . .. ~ie~~1s: for'.. ~lon:-~~-:._ _-. < _,---,_ ~ < ·, · :_::: ~ - ·_, ... 
• llellbranes mde for pol,mers.- cerutcs and COlllpOSttes with decreasing costs 

and increasing performances for purification of water. 

• Improved and inexpensive lli1Ur1als for housing from abundant and renewable 
resources.11te-sa_nd·~-clay/roct. stones.·-laterites. plan~ based materials. 

· • Composites and·:.eruic~- witb- improved perfonaances- based on abundant 

elements like Al. S1. c. N and plant materials .. . . . -~ . - - . . . . . . . . . . 

• Direct Reduction of 1n~n- .. and a)uminum using low energy processes, using 
. . . ~ 

solar and bioma~s -l"nergy. · · 

• Recyclable materials with cascading downgraded ·application with longer 

life and ~s1stance to corrosion. oxidation. wear and fatigue. 

• Rapidly solidifie~ materials for reducing energy losses. 

• Surface and interface processed materials with tailored structures and 

_properties to meet specific needs. 

• 

• 

H1gh performance nano-structured materials. nonequilibrium and metastable 

structures. 

Room tem:>erature superconduc:ors. 
lnsitu polymer coniposites. 
Tough ·ceruaics .• 

Net. shaped .. mat~rials .. fabricati~n. 
Parts consolidation through single step molding of complex shapes • 

Source: P. Robatgi, 1989, op1 ~~~· 
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3. Raw Materials for Advanced Materials. 

Many developing ecaooaies possess aaterials and/or technology end human 
resource.skills t1'at·are:direet1y relevant to~ production and use·or new 
adVanced aaterials. Hence. the evolving aateri.als era also otters . . · 
opportunities to developing countries. where E ppropriate. to gradually enter 
nev materials production. quality control and trade at several stages or the 

. transformation of the rav aaterial into semi-pI'l.-x:essed and proceased forms 
and coepcnents entering t'inal use. 

Consider, as an example. the rare earth eleetent neodyaiua9and its use in the 
new generation or permanent magnets. Neodyniua belongs to the rare earth 
':lantbanjde' group or 6le11ents. Over 95% of existing perll8Jlent aagoets are 
alnico or ha.re) f"errite type magnets. c arrentiy the highes~ enero product or 
all exlsting.Pl'aCt:ical perlianent ugnets is provi.ded bJ the.rare earth cobalt 
qgnets. Nevertheless there are indications that the new gener&tiOft or 
superaagnetic •terials. which have generated large . international interest_. 

·as i;be· new · rare ~ aagnet& neodymiU1t-iron-boron are Jmotim, ·could replace 
; the ferrite9 ahdco. and rare earth· suariua-cobalt aagnets. 

.... : ......... •• -I,... - ;• ..•. -- •. . . _: . - • . . . . . • . ; . •. . _ .. ·. : .. . 

Heodpi.ua i.s derived from three main minerals, bastnasite, 1100aZite·and 
Xenotime ancl constitutes about17%. by weight. of all i-ai-e earths llined. The 
aain producers ot rare earth minerals are to be found in the U.S.A •• 
Australia, China, India. Malaysia, U.S.S.R •• Brazil. Canada, Sri Lenka, 
'ftuli.l.and, Ze.i.re.and M&dagascar. in order or importance. Neod,yliiua 
constitutes·about·13J·of rare earth content, and the distribution ot its 
_reserves_i:s.~, 1D Table_5, indicating a 100 year life • 

. Table 5: · Neody!iua Reserves in the World 

-------------------------------------~-
Estimated Reseserves 

Kgx 103 

---------------------------------------
USA 
Indio 
South Africo 
Central Africo 
Moloysio 
Brazil 
Chino 
USSR 
Austrotio 
Others 

68JOO) 
4))!ll) 

15.!XX> 
6.!XX> 
500) 
5.al> 

4tJJJOO 
7000) 
a.cm 

S)OO) 

---------------------------------------

Taking advantage or the opportunities offered by neodyaiua in magnetic, 
colour glass, capacitors, and laser applications and of other rare earth 
elements in •asnetic property applications and in advanced ceraaie and Jlass 
technol<>sie• will doubtless involve femiliarisation with • variety or complex 
exti-active and processing method$ for rare earths, .including lenath,y 
processinc rout#s such as metallotheniaic reduction, electro11ininc and the r.ew 
11elten 1alt extraction proceu 'Neochem' ror neodyaiUll. In addition, 

9 N'.C. Kothari 'Neodymiwa Supenaagnet • Key Material tor TOllOrrow'a Blectr1cal 
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developing economies will need to employ RSP-Pll (rapid soliditieation 
processing and pcMler metallurgy) technologies. as well as other ll01"e recent 
techniques. t;o produce the new ~ .. or peraanent !llagDe~ basect.~ naodym.i~. 

4. Materius and the F.nvi.rOrmerit. 

Finally. it is illportant that improved and new advanced aaterials extraction. 
processing. application ·and recovery address the is$ues ot envi.roomental 
degradation and heal th hazards. These issues are- no less sipif"icant end 
relevant in developing countries than they are in IAC's. 

While. on the one band. aaterials production and use :ls i.nelttr1.cably being 
linked to environment concerns and hence, incr'easingly, tO envi'l"OQ98ntal and 
.::af'ot:~ -sui-n-.· t:bo. -~riol.~ rcvolutd.c:n o~~ • .:-•• gQ tbc·o~·-IMU.1·, :::i~ 
for developing.aaterials and technolc>gies that-can act-so.as to reduce.or 
ellainate pressures on the environment. 

· ·In the_ p~~~~O ot ~teri..Ls~ poll~tion ~- -~- ~ted ~ sol~ta
-~ -~ -~-~•:'.O.~.-~ih-~~-be_p~t::·~:-,~-pertt~~ ... ·_. ·_ . 
dispersim of.ultra..;..short l'i.bres in ~cs or .cmpos:lte-:f'abricati.on,· or the. 
i..nhalation· or ·ru.es in reinforced plastics. Iil the U8e of .iaterlals · · 
environment and health aay. again surter and llUSt the~tore be c0atrolled. A 
neglected but very illportant area refers to pollution generation by tarred 
surraces (e.g. roads. car~. airports, roofs etc.). Tar is essentially 
the rubbish ·_dup o~ ~ pe~icals industey,._ ~tainjng ~~. 
heavy aetalS et~ .and ccari "catise ·me.ss1ve--air: 8nd r8imiater poi.lutioo~· 
evapo~tion. ,water pollution etc. It is beginDing to. have,deleterious ·. 
ettects also on pollution tree soils in developing countries. ·Advanced 
aaterials solutions here could include the· enclO"NJ:'e ot tar encl· gravel in 
·high-strength palymer pou~ with controlled surface·p~rties. '!bis.would 
give a large impetus to PotYJler producers. public woru.comi>e.nies and.the oil 
c:Oapanies enabling"thell to eliminate residufti ·w.8nd.·1JSi.ng·ihe "solid 
residues trc:m·the cheai.cal· industry's incinerator plants. 

A major concern affecting all industries is the problem of recovery end 
recycling. New advanced materials pose greater threats end race even bigg?~ 
difficulties in this area. New macerials are increasingly coeplex (e.g. 
composites or laminates) and more difficult to recover withont destroying the 
.aterials. They are non-neutral to the environment, in the sensE: \Jlat they 
do not decompose and may· be· harmful in the long-run. Fibl"e-coaposites C&n.'\OC 

be discarded after use and technologies do not exist to reuse the matrix 
fibre. And scrapped cars, wa.shing·machines etc are increasingly less 
attractive for recovet'y and move dirticult to separate. 

Th.1· major ared ot concern in the 90's include the devel<)pment of.high
technology recycling industdes, without which new materials-will find it 

·increuinglyditficult· to diffuse. International cooperation w0uld be"oeeded 
~ .. develQP ~~ ... aod .. induatriea-to 4eal.with.1'9COY8ey processes tor , ·· 
bouaehold and industrial wastes, With MSe in research lilbs and universities 
being directed to meet these needs. · 

P.nvironmental concerns will be crucial to product development and aaterials sc· 
Jeetion in aanuracturin1 industry and public utiliti• in the 1990'•· New 
•aterials capabilitiu can assbt in proviclins aolutions to environMnt&l 
concerns and regulation&, and in the dev,,lopment or continuoua-non 
destructive testing and aensor teehnolopes that can enhance reliability and 
satety or COllp<>l\el\ts and tinal products. 



Developing econoaies need to participate in the eff'orts to hamanise 
regulatory policy on enviroament; .• aaterials and health across lAC's. and 
the efforts to regul.ate p1:'0Cluction°thazardous aateri&ls. In addition, 

·. cOllective ettorts aust be llade to· direCt ·MSS toWards resolving ·envirc)amental 
pr0bletas·and·energy·generati0n and distribution ·in developing regicn5 through 
the production and use of new aaterials. 

4.1.2 The crucial importance of enhanced coepetence in materials synthesis, 
processing and engineering. 

Synthe$iS and processing as a wrlfied series of' activities by which new 
arrangements of atoms and molecules ere transroraect cost-effectively into materials 
and components refers to a wi~ range of activities. such as tbe rolU..ng of 
al,uainiua and copper, tbe pressi.Dg and sintering ot ceraaic powders. 
~cal p~essing ot alloY&. •.:U-t~ coating ot ae.tala• ·growth. ot gallium 
ars~de cry9t8ls.-.-laying-up. ot Collposite MATERIALS~ sol-gel production oi pure ·. 
ceramic POWders ~ so on •. Such techniques are essential tor SUppl.yiDg i.ndwltry 

· ·with -io..;-eost ·materials· with. requisite prdpierties . arid i>ertor.ance. characteriSties •. 
. ~. ~ynthesis-.and··p~inc.cai>abilittes·~~ ... ti&J." ~•t• by.vb!~ new·. 

· - ·.scientiti.e and -~~t:ai: ·J..nai£1lts· ere .. ti-ansaittect ":tntc>.- the- prOdbctiC.f s79tei in··. 
the -fera or usetul. materi8.ls Sod cO.pOnents. · · 

The POSsession, acquisition and continuous development of synthesis and processing 
pure and applied research. capabilities and technologies is a critical determinant 
of competitive advan~ ror·1ow-cost production in tradi~ -~ 
fn4ustries· and. ·in t:he-devel<>Pment .. and &pP1l:.cation of' new aater-ials~ In ·ract~ 
tremendous potential exists in the development of existing and long-standing 
processing· technologies in tr&dition&l materials iridustries. · · 

It is likely that a major component or. COllllllOdity, ind1,1.Stry and trade strategies .in 
· ~ 1990's WOUld be the Med for.d8Veioping economies· to st~-~. 
capabilities in: the area"<>f··•teriais-p~ing end f'abricatioft technologies. The 
prudent end.selective.aequi.Sition and strengthening or exi.sttnc skills in 
processirig and ~ring ·-technologies •. cotipled with the necessary ~cational, 
vocational training and infrastructural policies. would provide several developing 
economies with an effective mechanism with which to access new scientific 
de~elopments. and a stepping stone towards the transfor111ation or the industrial 
base while utilising the insights of MSE: to meet domestic basic needs and a means 
for cost ·effective participation in the world aarket in traditional and, where 
appropriate. new materials. No economy ·can becoae involved in au· uterials, and 
specialisation the~fore would be necessary. The acquisition of purely scientific 
capabilities per sej'wasteful and possibly irrelevant for many developing economies. 

4.1.3 Information, stand8.l'ds and quality assurance 

The rapid prolifei-ation of ne.w. and improved materials has highlighted. the 
. inadequacy or current def~tions and standard classification·schemes in tel"e or 
ca~tur~g the ~ta~is.tical impqrt4nce. of the ~nomenon or .. ~vanced aa~al.s. . At 

· · the ''!ia.. t~ 'if .. is ... t>ecOiiiitili. 'cie.r· tiiat· :access ·to· uP-t:O-dai. aiid ~rehensive 
empirical information ·is vital to both industry and govern.ent in aasess:lJ\g the 
economic significance of advanced materials in terms of production, uae, diffusion 
in s~dfie sectors and displacement or traditional materials. 

Access to information and data on -teriala properties and associated test!.ag 
conditions, availability, producing companies. and quality assurance are emerging 
u a central deter11inant of clobal competitive advantqe. It is important that LDC 
indust.ey, universiu ... and other 1.natitutiOM not be excluded rrom such 
intol"ll&tion. Hence. concerted effeet• llUSt be -. .. .-. · nationally, reponally and 
internationally to facilitate develoPinc country on liJ\9 acceas to -teriala data 
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harmonise the building ot data bases across national economies, aa is current1y 
underway in the E.E.C. On the other hand, it is, and will beco9e 89911 more 
iapor~t that a coaprehf.nsive inventory and data base of LDC's material.a 
ava:i.1ability. properties. ·testing. p~ ·and specil'ications~· be bUilt up aver · 
the next Cew years •. s:inCe this is'a primary consideration to industry in IAC's and 
other LDC• s in terms of decisions to import and source aateriah- end CQllPOnents or 
invest in plant utilising local materials .. 

A basic problP.:a in building and accessing materials data base concerns standards 
and testing procedures employed across different industries, let alone countries. 
Very often there is a lack of compatibility in the properties and designation of 
er..gi.neering materials and the testing procedures under which they were obtained, as 
well as at the level or software, user interface,. data presentation,, terainology 
end data bank c~. The bpo~tance ot. upgrading. :or ereatiqg· national and 
regiona+ standards 8Dd tes~ institutes.- the rais.irig ot marenea 8C1"08S industry 
of the need for quality assurance, enci hmw>nisatioo or testing andspecftieations, 
and the coupling or this with the ongoing harllonisation ot -~~ ~t 

· IAC's must be a priority to lDC's,::at all stages·ot :~as-!nt, · ift ~·new 
·materials era of the 90•·s.; .'lhis·will plQ.a ·s:i.~C.t role~- ~~ti~-
: :tr.ie, tore1gn direet :l.DVest.ent ~: tran&ter ot tectmoi.ogy ·J,n ·tiw. ·,ean ·to ·c0.e. 

4.1 .. 4 Access to foreign technology and the role ot MNC's 

The aim must be to assist the developaent ot dollestic tecbnologi~al ~ity and 
skills in .a dynamic context. In this. tl"."ining ab~. ~ acqui~~tion of foJ."eign · 

. tedmology and regional collabOration iii'. reS'eardi, · tn.friing, · stmidaidS .. Md · · · 
education would play a central role •. De~ding on the level o~ development of the 
productive forces so.e economies,: Such a. llraZil. SoUtll. ~rea and smPPore may 
need and have opportunity to enter into.joint.ventures directly with. CQ1tPanies 
engaged in advanced materials production iii IAC's •. Other-.c:Ountri~ aay·aore 
usefully build upon their existi.ng.teclmological. and tradi~·iaateri8ls 
strengths by enter~ into collaboratiVe ~~tS-~thfiras·aiid i.Mtltutions in 
other developing countries 1.n their region. Even though large corporations 
dominate in bulk •aterialS· another feature ot ·the materials revolution is· ·the 
importance of the small company accounting for the evidenceot tlexible 
specialisetion end production for small market segments, too small for the larger 
~o'I:panfos. Co!J.t.rics need to clos.ely examine the potential benefits of engaging in 
joint ventures and licensing agreement with either large.MNC's or smaller 
specialised firms rrom IAC's in areas related to their existing resources end 
strengths. Such agreements could assist the efforts for forward integration and 
diversification of the export sector, enhance the skills. scientific capacity and 
managerial and technological know-how in a range of primary and manufacturing 
sectors, assist the per.etration of foreign markets, enable the economy to 
accumulate expe~ience in the use of new materials. and, where possible, facilitate 
the transition to advanced material production. For ell:811Ple, as part or a national 
scientific and industrial strategy, dollestic traditional glassware and cereaic 
producers could be assi•ted.to move to Jidvaneedcerailica production in.the long 
nm. with a prudent combination. o.t enhanc;ed .. domeati.c ~J,lls ·~ ..cquiaition or. 
foreign technology~. 'There ·are·i.portant J.euons ·here rim .. the evolution .or the 
Japanese and South Korean ceramics industf'ies in the 70's/8o's. In the space of a 
few years South Korea has emerged as a aejor force in electronic uNmics. wbile 
its universities pour out. ceraaica craduate and doctoral studenta every 
year. 

4.1.5 Institutions and Government 

"nle etrectivenesa of the Ol!'gani•ational setting of government and ill8titutions 
needs to be strengthened it economies are to come to ariP• with the C011plexitiea 
and practical iapl;.cations of the matel"iala revolution. An illpOrtant: requirement 
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interd1.sciplinary engineering and scientific te• with the ability to aonitor 
scientific and tec::hnological developments. analyse thee and translate thea into 
concrete industrial.. educational and training domestic policies. Good exaaples 
here are the Secretariat on· Advanced· Materials· iii the· Bracilian ~-tET ·ot ·Sct.ence · 

· and Technology. which comes directly under the or.rice ---or. the F:."uident ... and the · 
Nucleus for the Study and Planning on Advanced Materials in the Brazilian Institute 
of Science aaid Technology. which is probably the first multi-disciplinary group to 
study advanced aaterials in a developing econoay. Such a council should have the 
power to horizontally coordinate various government departments. monitor progress 
and iaplementation. and coordinate materials research in pri·.rate industry. 
universities. research institutes and laboratories and government. All LDC's 
economies need to address the need for creating the appropriate institutions and 
mechanisms to effectively manage and respond to rapid change in the 199Qs. 

~. i. 6 Hui.an Resotirce Devel<>pEnt. 

In the age or advanced aaterials. highly .qualified professionals will be.as much in 
. . need as the acq\iisition of middle level skills ·arid .;echnici&QS for the unpackaging 

· · and Use of new -tedmology. Development econoaies· m!ust give· the bipest priority to .. . 
··the"acqW.siU.on .. of .. skilla at an ·levels'tlirOugh -~ doliestic eduCatiOD .·; ....... . 
expend;ltures and trmirl.ngprograiilies. the training or nationals abroed,·C:ooperative 
prograaaes across Africa,. Asia and Latin Aaerica and participation in international 
scientific societies. consortia and trade associations. Greater emphasis must be 
given to pure scientific training and research and mechanisms llUSt be sought tor 
~ater linkages between. the conduct or R&D and its c.1\.annelling towards Co.mercial 
application in iridustry~ The skills,- coai)etence and priorities ·or the banking· · 
sector is an area or crucial interest here, in mobilising financial resources for 
materials . ventures and training end educational programmes.· A. feature· of' the neW 
era is that scientists. engineers and managers must be constantly updated and 
retrained. 

4.2 Opportunities and tieeds for techno-economic and institutional cooperation. 

4.2.1 ~egional and international.cooperation 

or re!tnt. the implications of new materials for economic development have 
began to receive attention !n ~ number of regional and international meetings. A 
common theme that emerges is the strong need for regional and international 
cooperation and networking by developing countries institutions in the areas or 
uterie.ls intormadon and data gathering, testing.and s~d~. professional 
societies, experimental and laboratory facilities, and cooperation in research and 
development efforts across universities and industrial laboratories. 

UNIDO hes. appropriately and commendably. been especially active in this area. 
Apart from holding high level meetings on advanced materials, it is exploring 
possibilities ror the establishment of region~! centres of excellence and 
.networkijf of standuds._and ~sting institutes across developing regions. In 
. addition it i8 in the deti,n1t!on stage ot ~ ~stablishment or a new· in~rnationa1 . 

. . . · .. •. ·.. . ... ·, . '.. •·.·,.' : ·. ··' ,·; . . . . : . . . . · .. · ~. . : . . . . . ... ' ' . 

11 See Rep()rt of the Regional Workshop .on Advanced Materials Technology and 
Development in Asia and the Pacific, Minsk (USSR), 29th May - 2 June 1989. 
International Syaposium on Advanced Materials in Developing Cowitries, World 
Materials Congress 24·30 September 1988, Chicaco, USA. Pinal Report, Expet"t 
Group Meeting, UNIDO, Vienna, April 4-7, 1989, and Report, Diaeuaeion Meeting 
on Advanced Jlateriall tor Developing Countries, op.cit, UHIDO, VieMB, 7·10 
December 1987. 

12 See L. Kaounidea: .,'Ole establishaent ot an International Material• MnHment 
and Applicationa centre (IMAAC). A docUllent by an expert mission on the 

,deai,111 and,detinition phue of, the project, 8th Oetober-17 November 1989". 
I I 1111111111111111 I 11111111111111~1¥).I lll~tllibe,~11 1989.11 1PP11~~f 111111111111 11 1111111 11 I 1111 I 1111111111 1111111 11111 11111111 1111 111 1111111 1111111111111 11111111111 1111 111 111 Ill 111 11111 111111111 I 1111 111 1111 11111111 
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centre in Brazil. the purpose of which would be to provide centralised intol'llation 
and data serviCE'S and engage in studies of a techno-econoaic nature addressing the 
tnnsectoral coaplex and llul.ti-disciplinary aaterials issues of releYeDCe to 

. developlng ecoaomies in ·the· 90's .and beycod~ in the tr·•eeork or in~tional 
-cooperation. A comple.entary activity relates· to· the establislmeil~ ot an· 
Intemational Centre for High Technology and New Materials in Trieste. Italy. which 
will engage in exp~ri.llental and scientific work on semiconductors, superconductors 
and C011P09ites. 

. 
4.2.2 South-South trade in an open and dyneaic world economy. 

In addition. there is clearly an important role here for Sou.th-South trade as 
p~tion.capacity and infrastructural requireaents expand in countries at 
clitf~t levels of develop11ent. It is interesting to note the changing direction 

· of devel0ping country priuey cOl"IOdity exports in recent years, as Table 6,· shows: 

_ Table 6: Q'8ngiDg .destina··.;ion. ot exports of pr:l.aary n c!4f.ties froa ,developing 
.. countries 

-·. · _. -~ _.,-:<~ta&e ~bare or intra~loptng· c0untry: ~rts is\··totat ~ini Couiit:ey · 
·eXpe>ru) 

1973 1980 1986 
.. 

. FOocl. 17.9 23.5 19.9 
Raw aaterials 22.7 26.1 27.7 
Ores and minerals 6.7 11.5 18.2 
Non-ferrous metals 11.0 15.7 22.7 
~l, 18.06 22.2 ZT-9 

· Tote! . primary products 18.0 22.1 24.9 
· Bxcl.~ f'Ood and tuel 16.0 19.3 23.6 

Source: World F.conomic Survey, 1989, UN. ST/ESQ/211. 

AS_ industry has been growing in the more industrialised LDCs, this has provided 
exi>anding markets for primary exports fI"Oll other LDCs. Most or the increase has 
been due to imports by Asian LDCs. In ract, exports of primacy non-fuel 
commodities from Asian economies to other Asian economies as a percentage or their 
total exports went up t"rom 22.5 per cent during 1966-70 to 34 per cent during 1983-
85. while exports from African and Latin American LDCs to other LDCs also 
registered large increases in the same period. There may well .be turtber scope tor 
South-South pl'imary tl"ade, especially it trade barriet"S coiie down.. But .. it llUSt be 
~~~ that. ~e; industrialisation p~ess, ~~-lf.. :in-~ '.fil:"St_ ~er NI~a,. ·., 
will al.SO be~_aceo.panied by the application. of sOphisticated .11anuf'acturing 
technologies, and this will have repercussions on the type and quality of 
materials, including advanced materials, required. 

The lf2 least developed ec~es (UNCTAO, Trade and Development Report 1989), 
co.prise ot a population Ot3o •illion, and are distincuJ.•hed from ot!Mlr 
developing economies, becBUBe ot even lower level& ot per capita income, lower 
levels of adult litel'acy, smaller share or manufacturinc in total GDP, lower 
savings and investment rates, very large percentage ot labour in priaar)', aainly 
subsistence sector, and high export concentration on tew, Ila.inly pd11&17, 
cOMOdit:le• (65% or total e.xport earninp in 1986). At the .... tiae tbe)' eutrer' 

. '· 

ill Ill 11fJ1011 a 11very111"'911k 11,in1tru1tl"UCture11tfilth IPoOrl networlc9 lor· ~catlton landl ltt-anlPOrtl~ll 111111 II II 111111 111• 111111 
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During the 1980's they experienced enol'llOUS cutbac:ks in education. and teacher 
training progru.es. while investaent to aaintain a deteriorating i.Qdustrial and 
infrastructural base bas been lac!cing. These. econoai.es have effectively- been 
aarg:lnalised in the wor.ld ~. with their .CXJllbined -orld export ar;:..--ket &hare in 
1987 being A quarter or its value two decades earlier, while the share of other 
developing cotmtries retaained constant during this period. Their export 11arkets 
are heavily concentrated, 1181.nly to the EEC, while their markets in other 
c!eveloping countries are genu'&lly low. Clearly. the changing aaterials and 
!!lanufacturing conditions in the world economy pose a relll threat to further 
aarginalisation of these econom.es in the 1990's. unless action is talten now to 
upgrade their educational, training, engineering, standards and quality control, 
and institutional capabilities consistent with ed.sting resources and strength. 
South-south trade end regional collaboration in R&D, training, i.nf'onation and 
data, end standards institutes networking "°°1.d play an· important role in the 
effort to target and selecti.wily acquire dynamic ctmpar&tive advantage 
opportwrities. It must be noted that several of these ec~es. especially in 
sub-Saharan Af"rica_are actually ric;h in_~· · 

If' we now l~ at the RIC' s, _ancJ. the. tour in aouth.--ea&.t Asia .in p8rticular, we see · 
that their industrial struetures·are·.Dving toWards hiib-val.ue 8dcJecl, sophisticated 
products end are ri.ndlllg themsehes in need to enter into joint ventures ot 
conc';.ude liceru:.ing agreements with foreign cOllP8fti'98 in order to upgrade their 
technological capabilities. While wages have been rising in these econoaies, 
domes tic firms have been looking to neighbOUring eccnomes for cheap J . .:.&Oour and 
for-eign firms, especially Japanese,· ~:.either,relocatf.Dg labour inten.sive 
activities rrom Ta1.wan 8nd South ·Korea to other econolli.es or ha<ile been avoiding 
these relatively high ·wage econaaies altogether in recentryears. Oli ,the other 
hand, higher wages, adeveloPE!d intrastructure and higher workforce skills, have 
altered the attractiveness of the four econOllli.es to foreign tit'llS. Foreign direct 
investment r10w flows in highly skilled. 30Phisticated activities, while higher 
wages i11tply larger marke~ encouraging the inflCMiirof foreign firms. Moreover, 
foreign firms now locate there to produce·sophisticated COllpOnents and advanced 
materials for domestic use or re..:export to Japanese inclwJtries. 

Therefore. there is a dynamic process under way in est Asia whereby the move to 
higher-value added industrial activities by the rapidly indu.~trialising NIC's, has 
created vacancies or opportunities to other countries in the region to enter into 
relatively more labour intensive industries and segments or the productiGn process. 
Lower wage economies such as Thailand, Malaysia. the Philippines and Indonesia can 
thereby expand their industrial base and expertise by building on existing 
st~engths and competitive advantages, without neglecting the need to build their 
educa.tiontL.1, scientific and technology skills. These second tier economies also 
possess consid~rable natural resources ente~ing world trade, in Cl)llparison to the 
four first tier NIC's mentioned above. On the other hand they ha·.,e serious 
infrastl'Uctural constraints, as in the unreliability of the electricity system. 

5- CONCLUSIONS 
' {r ~ • :. . •:. 

In this paper, we first identified the central.characteristics 81'\d trends of the 
revolution in M.Se, in section 2. We then integrated these elements with the 
restruct.uring process underway in IAC's aince the early 1970's, under the auspices 
of the production and generalised application ot intol'lllltion technologies. We 
point to the fact that great changes a.re occurring at the early stage.I ot 
production, leading to a tranaror11ation ot the traditional •tall and c:helltcals 
i~put industries into aaterials producing branches peraeated b7 the in81gbta, 
practices and philosophy of the evolving MSe. Further, ~ pinpoint the inseparable 
links which have emersed between the desip, procusing llnd use of new aaterials 
and the changing needs ot market demand, consumer tutes, and usc.ciated flexible 

11111 11111111Pl'Ci>duct!lon11 1tecl\nol1op .. 11,111 81 11 1lAC1~181111\Jftde~go11118 1slow 1md 11'Uft8Wll1 &rm19t11~:l0111 toward.Ill 1111111111 1111111 I 
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impact on demand for traditional industrial raw aateria.ls, the global resource base, 
corporate strategies and global location patterns. as wel.l as the necessery large 
role played by the state in IAC's in promoting national coepetence in materials 
produetioo and-use. dee9ed necessary ~or current and future dollestic 
cmapetitiveness- . We then ceystali~e the insights obtained -froe these sections into• 
brief outline of the potential impact CIM the implications for developing economies 
in the 1990's and beyond (section 4), and identify those policy areas that such 
econoaai.es llUSt begin to of"fer strategic responses to. 

The diffusion of microelectronics and tel~ommunications.end, increasingly. of new 
materials technologies is clearly having en impact throughout aanufacturing in both 
large-scale and small-scale industries end in traditional. labour intensive as well 
as newer, technologically progressive activities. What is, therefore, the Third 
World tO_produce 1n the 1990's. with what technologies and aaterials. at what 
scale •. 'ancf.where? - Clearly SOiie econoai.es would do well concentt-ating OD saall 
scale, -nmble specialisati.on type ot industrial activities aiaed at niclie marketS 
in speeific. designer dominated sectol'S. But this cannot be the case for all 

· developi.rJg economies. Others. suCh -as the NIC' s end second tier NIC' s. could end 
would.profitably engage i.ri·bigh-v81~ added. knowledge llitensive production, 
---~uding .d1.versitieation:i_nio clvanCed -~s. · ~eut wtiere:dOes that leaw. t:hb 
-a8jority ot LDC's~ --1nde_ed. the ·l.ow-incolle LDCts? ·There is therefore an urgent need 
for an identification of-the appropriate scientific. technological and 
institutional responses required across the whole spectrum of LDC's, such that such 
econOl!lies can negotiate and survive the major discontinuities ushered in by the 
information and materials revolution. 

Commodity.policy muSt at .last move away from an obsessive con~entration on market 
prices and red:i.stribUtion and·concentrate on the need for primary producers in sub
Saharan Africa, the least developed economies, lower-middle income and second-tier 
NIC's to build and acquire the necessary competences in M.Se and parallel 
educational, engineel'ing, testing and quality control, standards and institutional 
sk,ills and struct\ires that will enable them to use domestic resources to meet basic 
needs.-and participate in the world economy. For a primary objective of 
international ecoDOlllie policy in the 1990's, must be avoidance of the further 
margil\alisation of that large.number or economies which least afford to be cut· off 
from the fruits of the materials information and biotechnology revolutions and fr-:>m 
world economic ~ctivity, trade and paycents. 

Therefore. the issues that would loom large in policy discussions in the 90's will 
include the following: Institutions which can acquire, assimilate and use 
materials data and information; testing and standards institutes; proce.sing and 
engineering capabilities e.s a central concern of industrial strategy giving access 
to MS6 insights and research, and ability to transmit them to commercial 
application; the concerted eff~rt by universities, goverr.111ent and ind·1stry 
regionally and internationallv to diw~rt'. t'.hP VAd f"ll"\t-~ntial of'f'or-od. b;,• HSIO to meet 
basic needs utilising local resources while meeting environmental and energy 
constraints; end, technical cooperation between professional societies, 
universities. institutes. research centres and industry in developing cowitries on 

... a i;:eg:t~ a.rid international· basis -to aieet the challenges posed by new J1Sterials · · · · 
and the environment. 

.· . 
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In this. of central concern .•ill be the point or entry and selectivity in building 
up scientific and materials and manufacturing engineering skills. utilising 
existing strengths while entering into joint ventures and teduwlogy licensing 
agreements, in the context of a dynamic and cohe:r:ent industrial strategy. in which 
governments will play a role in setting priorities in a targeted approach. There 
are many oppor:u.~ities for developing economies to enter into various stages of the 
materials ~.nd ~anufacturing cycles while judiciously building on existing strengt:hs 
in domestic materials, manufacturing technology end human skills. 
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APPENDIX 

Advanced ~teri.als cl.uses,· chemi.~••positim, processing path, 
.. · - ·:- . ~ .. ·. = . -' · · properties· and tional. use_ · 

. - . . .. 

. . · .. ·:._ 

I. Metals 

_ II;. · Structural. Ceraaics • 

III. Engineering Polyaers 

_, . 

IV. Functional Devices: Electronics • Optical and Magnetic 

V. Medical and Dental Ma~erials 

§ource: Office of Advanced Materials· Coordination, U.S. Bureau of Mines. Open File 
Report, OPR 4887. December 1987. 
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