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Dear Reader,

The Issue No. 16 of UNIDO publication “Advances in Materials Technology:
Monitor® is not devoted, as in the past, to a selected material, a material-related
technology or a group of materials. Instead we have tried to look into the
materials situation and institutional mechanisms of selected developed and
developing countries. The status and prospects of R&D programmes, applications and
development strategies of these countries are brought to your attention as well as
how the developing world can exploit the opportunities from the current revolution
in the field of new materials.

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

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

If any of our readers are interested in advertisements in the Monitor or would
like to have meetings or seminars included, Please do not hesitate to contact the
Editor.

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

Industrial Technology Development
Division
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report .

Role of materials in industry

Chapter 1 briefly discusses the significance
and developrent of materials science and engineering
as an interdisciplinary endeavour that profoundly
affects our quality of 1ife in many wvays.

Chapter 2 examines the role of materlals
science and engineering in eighc US industries that
collectively esploy more than 7 sillion people and
have sales in excess of $1.4 trillion, and it
susmmarizes the materiasls science and engineering
needs of each of those eight industries - aerospace,
automotive, biomaterials, chemical, electronics,
energy, metals and telecommunications. Several
important facts emerged from the industry surveys.
Wwithin each industry, several companies vere asked
to indicate their materials reeds; it proved to be
possible to describe the needs of those companies in
a given industry in generic terms. Purthermore, the
1iats of generic needs of the various industries had
8 wide overlap. Pinally, indusctrial materlals needs




and problems often led scientists and engineers to
the frontiers of research in search of solutions.
The committee corcludes:

- Materials science and engineering is crucial
to the success of industries that are
important to the strength of the US economy
and US Jdetence;

- There is considerable overlap in the generic
materials problems of the eight industrias
studied: solutions to many of these
problems lie at the forefront of research in
materials science and engineering.

TWO pervasive elements of materials science and
engineering that appeared throughout the industry
surveys were (1) synthesis and processing and
(2) performance of materials. The industry survey
participants saw opportunities to improve the
effectiveness of all the sectors invoived in
msterials science and engineering. They saw
industry as having the principal role in maintaining
competitiveness. Accordingly., the committee
concludes:

- The industry surveys revealed a serious
weakness in the US research effort in
synthesis and processing of materials.

There are opportunities for progress in
areas ranging from the basic science of
synthesis and processing to materials
msanufacturing that, if seized, vill markedly
increase US competitiveness;

- Increased emphasis on performance,
especially as it is affected by processing,
is also needed to improve US industrial
products for world markets:

- 1Irdustry has the major responsibility for
maintaining the competitiveness of its
products and production operations. Greater
emphasis on integration of saterials science
and engineering with the rest of their
business operations is necessary if US firms
are to improve their competitive positions
in domestic and international competition.
Incentives for top-quality people to becowme
involved in production will have to be
introduced to achieve such an emphasis.
Collaboration with research efforts in
universitlies and government laboratories can
enhance the effectiveness of R&D programmes
too large for any one cwmpany. The
objective of all of these steps would be
reneved emphasis on effective long-range ReD
in industry.

opportunities in materials science and engineering

The practitioners of materials science and
engineering have much to say about the challenges
and excitement of the field. More than
100 scientists and engineers from many different
disciplines and institutions (e.g9., universities and
industry and government laborator es) participated
in this study. Based on evaluation of their
contzibutions, this committee concludes the
following:

- The fiel! »f msterials science and
engrneering is entering 4 period of
unprecedented intellectual challenge and
productivity.

Various properties (or phenomena) that make
materials interesting are discussed in chapter 3.
The open intellectual terrain ahead is apparent in
each of the materials classes discussed. The
structure and properties of materials are understood
and are subject to control in ways that were unheard
of a decade ago. For example, artificially
structured raterials can be built up from selected
atoms one atomic layer at a time. This reality is
deepening and reshaning the concept of what
saterials science and engineering is. A common
element that links the great diversity of work in
materials science and engineering is the controlled
combining of atoms and molecules in large
aggoregations in ways that endov the resulting
materials with propertias that depend not only on
the chemical nature of the atomic and molecular
constituents but also on their interactions in the
bulk of the material and on its surfaces.
Calculation of materials properties froa first
principles is increasingly used by scientists and
engineers to understand the origin of properties and
to achieve desired characteristics.

The cosmittee concludes:

- Materials scientists and engineers have a
gtowing ability to tailor materials from the
atomic scale upwards to achieve desired
functional properties;

- In many industries, the span of time between
insight and application is shrinking, and
these processes are becoming increasingly
interactive and iterative. Scientists and
engineers must work together more cClosely in
the concurrent development of total
materials systems if industries depending on
materials are to remain competitive.

These conclusions surfaced in aiscussions of
research opportunities in structural, electromic,
magnetic, photonic, and superconductin~ materials.
From strip casting of metals through the synthesis
of new nonlinear optical media in photomic
materials, advances in techamologies that depend on
performance at the cutting edge to remain
competitive require the best co-operative
contributions of engineering and science.

Emerging unity and cohsrence of the elements of
materials science and enqineering

Materials and their applications are diverse,
anc materials problems involve many science and
engineering disciplines. None the less, as
discussed in chapter 4, this committee tecognizes an
emerging unit and coherence in the field, sterming
from the fact “hat materials scientists and
engineers all work on some aspect of materials with
the aim of understancing and controlling one or more
of the four basic elements of the field. These four
elements include:

1. The properties or phenomens that make a
saterial interesting or useful;

2. Performance, the measure of usefulness of
the material in ectual conditions of
application;

3. Structure and composition, which includes
the arrangement of 43 well as the type of
atoms that determine properties and
performance: and




4. Synthesis and processing, by which the
particular arrangesents of atoms are
achieved.

The scope ol materials science and engineering
includes not only ireas wvhose utility can be
identified today. but also those in which
researchers seek a fundamental understanding vhose
utility say be unforeseen. History has shown time
and again that such fundamental understanding leads,
often in unexpectad ways, to inaovations so profound
that they transfors society. The quantum Hall
effect and high-temperature suparconductivity are
two examples of phenomena invaol’ing the collective
behaviour of electrons in sclids that could not have
be:n envisioned a decade ago and whose full
implications for our understanding of materials are
still evolving. Science in the materials field must
include not only those areas vhose utility is clear
but also basic work that provides fundamental
understanding of the nature of materials. Achieving
such a fundamental understanding often leads
ultimately to important comntributions to practical
materials problems.

At the engineering end of the spectrum covered
by materials science and engineering, there is
currently such excitesent about the growing ability
to exploit the relationships among the four basic
elements of the field to develop and produce
.aterials that perform in nev or more effective
vays. Examples of recent successes extend from the
miniacurizacion of electronic compcnents to steadily
improving productivity and quality in the steel
industry. Examples of future challenges extend from
the practical realization of high-temperature
superconduccivity to the development of more
economical methods of fabricating automotive
components from polymers and polymer composites.
Thus the committee conclrdes:

- Materials science and engineering is
emerging as a coherent field;

- An effective national materials science and
engineering programme requires healthy,
balanced and interactive efforts spanning
basic science and technology, all materials
classes, and the four elements of the
field: properties, performance, structure
and composition, and synthesis and
processing.

Instrumentation and modelling

Without advanced instruments, it is impossible
to carry out research at the frontiers of science
and engineering. In chapter 4 also, the committee
develops the idea that reneved emphasis is needed on
research leading to advanced instrumentation and
also emphasizes that statz-of-the-art instruments
are needed to carry out research in the university
setting. Such instruments range in size from those
at the laboratory-bench scale serving a single
investigator %o synchrotron radiation facillities
serving larye numbers of scientists and engineers;
they are needed for analysis and for synthesis and
processing of materials.

Thy United States is a leader in the creative
use of computers to solve research and engineering
problems. Materials science and engineering can bw
advanced by exploiting this leadership in several
areas, from the calculation of elect:onic-based
struccures, through simulation of nonequilibrium
processes, to real-time monitoring and control of
processing. The committee concludes:

- Progress in the four elements of materials
science and engineer:ing can be enhanced
thtough increasec R&D on and use of advanced
instrumentation ranging from the
lasoratory-bench scale o major national
user facilities, and through increased
emphasis on computer modeling and analysis
of materials phenomena and properties based
on the underlying physical and chesical
principles.

Education

The practitioners in the field come from
materials science and engineering departments as
well as from various disciplinary backgrounds,
including physics, chemistry. and allied engineering
fields. Chapter 5 asserts that educating students
for careers in saterials science and engineering
requires a recognition of both the diversity and the
coherence of the field. The committee concludes:

- The total number of degrees granted by
materials-designated departments plus those
granted in solid-state physics aid chemistty
and in polymer physics and chemis-ry in the
field of materiais science and eng.neering
has remained essentially constant for more
than 20 years, vhile cpportunities in the
field have expanded. If they are
isplemented, the initiatives recommended in
this report will create an additional demand
for highly qualified personnel in materials
science and engineering;

- There is a critical need for curriculum
development and teaching materials for
educational programmes in materials science
and engineering to reflect the broadening
intellectual foundation of the field and the
increased avareness of the importance of
synthesis and processing.

Infrastructure and modes of research

Materials science and engineering is practised
at university, industry, and government
laboratories. Chapter 6 emphasizes that, although
the size of groups working on materials problems
varies, most of the effort is carried out on a small
scale by individuals or small teams who foliow their
line of research with modest resources, although
some work invoives major national facilities. Other
work invoives larger interdisciplinary teams, and
some is carried out by large multidisciplinary
groups addressing all four elements of a materials
problem (synthesis and processing, structure and
composition, properties, and performance). In the
long run, there will be 2 growing need for work on
small and large scales to meet the materials
challenges of a competitive international
marketplace.

Research in materials science and engineering
at universities typically is dominated by faculty
working independently or in small, sometimes
multidisciplinary teams. In contrast, msaterials
science and engineering in indust., involves larger,
usually mulcidiscipinary teams. These different
approaches will continue 0 be needed.

The surveys of eight industries referred to
above suggest that 1ndustry leaders generally
consider collaboration with universities desirable
and in some cases aven essential to addcess
materials problems that must be solved to mest
international competition. The commitee’'s survey of




materials science and engineering at national
laboratozias (chapter 6) suggests that they are also
an important resource that is only now beginning to
be tapped. Thus the cosmittee concludes:

- Saall-scale research carr:ed out by a
principal investigator, sometimes wvwith a
small team, i3 cost-effective and is a major
coantributor to innovation. The United
States has excelled in this aode of research;

- Larce multidisciplinary teams are an
effective node for addressing industrial
m3%erials science and engineering problems;

- At the national level, industry, university,
and government laboratories have the
tecanical strength to mount major efforts
and to exploit breakthroughs in the field.
All three have been found to be resceptive to
joint materials science and engineering
programmes that would dbe supportive of more
rapid commercial development.

Materials science and engineering in selected
countries

Por the last 40 years the Uni.ed States has led
world industry on the strength of its pre-eminence
in science and lechnology. As Western Burope and
Japan have built up their strengths in science and
technology, the gap between their status and tha:- of
the United States has begum to close. In some areas
these nations have caught up with or even overtaken
the Uniied States. Chapter 7 points out that the
governments of our trading partners have made strong
commitments to industrial grouth and to co-ordinated
ReD in three areas: biotechnology, computer and
information technology, «nd materials science and
engineering. The committee concludes:

- The governments of the major US commercial
trading partners and competitors, including
Japan and the Pedcral Republic of Germany,
have targeted materials science and
engineering as a growth area and as a result
have developed strong competencs in selected
materials science and engineering areas:

- These governments have taken a proactive
role in deciding which areas of materials
science and engineering vill dbe emphasized
on the basis of their contribution to
enhancing industrial competitiveness;

- The various governments use differing
mechanisms for achieving national
co-ordination of programmes in materials
science and sngineering, with varying
degrees of success.

RECOMMENDAT IONS

The recommendations of this committee are
divided into three parts. The first part concerns
strengthening the field; the second, maintaining
and improving the infrastructure for research in
materials science ind engineerings and the third,
recognizing and developing the unifying trend- in
the tield.

Strenqgthening materials sclence and engineering

rinding: Materials science and engineering is
a field that is both scientificaily and technically
exciting and important to mankind thrnugh the daily

impact ot materials on the Quality of life. Hence,
a strong national effort is justified. The
committee's first recommendation is as follows:

- The nationai prograsme should include strong
efforts in all four basic elements of
materials science and engineering -
synthesis and processing, structure and
cowposition, properties, and performance.
The prograsme should include work that
explores the relationships among the four
¢lesents and that spans the range froe basic
science to engineering;

~ The elements of synthesis and processing as
well as performance in relation to
processing are currently relatively weak and
should be emphasized within this national
progranme .

Finding: Pederal support for materials science
and engineering over the past decade shows a
downvard trend. As a result of the decline in
support, the national materials effort is not
exploiting new opportunities sufficiently rapidly.
In some areas, such as synthesis and processing,
there is a shortage of skills and resources.
Accordingly, the committes recommends:

- The federal materials science and
engineering programme should be restored
over the next severial years to the levels
that prevailed in previous decades in order
to exploit the renewed opportunity to make
accelerated progress.

Finding: The general magnitude of the
requirements for an adequate national effort in
synthesis and processing was discussed vith industry
representatives. It wvas apparent that several
hundred million dollars would be required to support
fully the needs of the a2lectronics and photonics
industries alone. Clearly, meeting the needs of all
the industries surveyed for this report would
require much more support.

Synthesis and processing together form a
critically important element of materials science
and engineering that has too often been neglected by
universities, industry, and government. It is the
activity that is responsible for boosting the
strength of advanced alloys and composites, for
increasing the number of components on integrated
circuits, and for prcducing new superconductors wich
higher transition temperatures and current-carrying
capacities. Work in this area ranges from synthesis
of artificially structured materials (with such
advanced techniques as molecula:r beam epitaxy) to
engineering of new alloys. Synthesis and
processing, which are central %o the production of
competitive high-quality, low-cost products, lead to
nev materials vith nev properties and performance.
Work in this area also leads to new and improved
production processes vwith resulting lower costs.

The element of synthesis and processing is thecrefore
a crucial determinant of industrial productivity
and, ultimately, international competitiveness. The
committee recommends:

- Nev federal funds should be allocated for
support of & national initiative in
synthesis and processing. The initiative
should provide support for facilities,
education, and the development of research
personnel. The strengths of universities,
industry, and government should be brought




into play. and the interactions of these
three groups should be directed towards
promoting the reduction of materials science
and engineerirnj results to commercial
practice in the most effective possible
manner .

FPinding: Another element of materials science
and en‘, ineering that needs attention is
performance. The properties of materials are put to
use by society to achieve desired performance in a
device, component, or machine. Some msasures of
performance include reliability, useful lifetime,
speed, energy efficiency, safety., and life cycle
costs. Performance is circumascribed by fundamental
properties of materials (such as carrier mobility,
vhich influences the switching speed of
high-performance transisctors, which in turn
determines the speed of computers in which such
transistors are used). Research to improve
performance has received little emphasis in
long-range programmes, especially in universities,
and there has been far too little linkage of this
research to the other three elements of materials
science and engineering. Some examples of areas
representing opportunities for research to isprove
performsance include prediction of the strength and
lifetime of complex components and devices,
development of improved nondestructive testing
techniques, and modelling of systeams for optimum
saterial and process se.ection. The cCommittee
recommends:

~ Research on performance (including quality
and reliability) should be increasei,
especially in relation to processiag, but
also in relation to the other elements of
the field of materials science and

engineering.
Pinding: Two additional areas of materials

science and engineering need greater emphasis:

(1) analysis and modelling and (2) instrumentation.
In analysis and modelling work, three factors are
leading to an explosion of activity, opgortunities,
and results. The first is the increasing speed,
capacity, and accessibility of computers and the
concomitant decreasing cost of computing. The
second is the growing complexity of materials
rescarch and manufacturing. The third is the need
in industry to speed the introduction of new designs
and nev processes into production and to improve
production processes and products. Progress in
these areas will serve to strengthen fundamental
understanding of materials science and engineering
and to integrate this understanding with
applications. The committee recommends:

- Increased emphasis should be given to
computer-based analysis and modelling in
research programmes in materials science and

engineering.
Pinding: The capability to measure and analyse

composition and structure at increasingly smaller
leveis is surely one of the great engines of
progress of modern materials science and
enginesring. Of equal importance to materials
science and engineering progress today is the
ability to conttol structure and composition in new
vays and at nev levels of precision. Instruments,
especially new and sophisticated instruments, will
continue to enhance progress {n materials science
and engineering. The committee notes that the level
of support allocated to development of new and
unigue instruments in universities is small and that

US industry is losing its ability to take basic
inventions in this area and convert them into
business opportunities. The effect of this
detericration in capability is that advanced
instruesentation does not diffuse rapidly throughout
the academic and industrial research communities.
National laboratories. through their large
facilities and capabilities in instruments and
facility development, may be able to make a unique
contribution to this activity. The committee
recosmends :

~ Government funding agencies should devote a
portion of their materials science and
engineering programme budgets specifically
to R¢D on and demonstration of new
instruments for analysis and synthesis and
processing of materials, including
instruments that aralyse processes in real
time.

Maintaining and improving the infrastructure for
research in materials science and engineering

Finding: The field of materials science and
engineering is broad. The products of research in
this field must meet the exacting standards of
intellectual pursuit in arn academic setting and of
international competition in commerce and defence.
The way research is funded and organized in
saterials science and engineering must reflect this
range of goals.

The principal investigator mode of research has
made the United States one of the strongest nations
in basic research. There is a wealth of good
experience with this approach, and the committee has
found no evidence to suggest a need to change it.
Accordingly, the committee recommends:

-~ The US nation?l asset of excellence in the
principal investigator mode of research
should be preserved and strengthened in the
field of materials science and engineering.

finding: In recommending preservation of
research headed by a principal investigator, the
committee recognizes that individuals may join to
form small groups co share resources or to attack
problems requiring different skills. The committee
also recognizes that many principal investigators
together may make use of a local resource, for
example, a materials laboratory with speclalized
equipment. On a national level, such investigations
can involve co-operative use of a synchrotron light
source or a new facllity for processing. The
committee therefore recommends:

- A balanced national programme of resources,
including major national user facilities for
materials science and engineering, materials
research laboratories, and other regional
facilities, should continue to be developed.

AS necessary as an ensemble of principal
investigators to carry out research for programses
with broad commercial or defence objectives is the
involvement of people who understand applications
based on nev materials or, more frequently, the
incremental improvement of existing materials and
processes. In order for materials science and
engineering to be appliel, the coupling between
needs and opportunities must be strong. Applied
programmes need more structure: mutual
understanding among those who generate knowledge and
those who apply it is essential. This cummittee has




carried out an assessment Of the field in this
spirit. But materials sc:i:ence and engineering 1is
evolving too rapidly for major decadal surveys such
as that done by the National Research Council's
Committee on Science and Materials Technology study
(COSMAT, Materials and Man's Needs. National
Acadeay Press, Washington, DC, 1975) and the present
study to be sufficient in themselves. The committee
therefore recommends:

- Researchers who produce knowledge and those
vho apply it should continue to work
together to identify the needs and
opportunities in materials science gnd
engineering, extending the work of this
study through periodic reappraisals in
selected areas. Such assessments should
involve people fros university, industry,
and government laboratories.

Pinding: The committee has concluded that
materials science and engineering is carried out
effectively at university and industry
laboratories. The committee has observed that
government laboratories, i1ncluding national
laboratories under the Department of Energy and the
National Institute of Standards and Technology under
the Department of Commerce, have considerable
strength in people, equipment, and i1nfrastricture to
do research in materials science and engineeting.
Governmsent laboratories have made notable
contributions to this field. The strength of all
three institutions - universities, industry., and
government - should be directed to solving materials
problems. Programmes developed jointly have several
advantages - they define goals, establish needs,
identify opportunities, and promote collaboration
and communication. The committee recommends:

~ Universities, industry, and government
laboratories should develop joint programmes
in areas of national importance. Government
laboratories should play a central role in
this effore.

Recognizing and developing unifying trends in the
field of materials scierce and engineering

Pinding: The broad conclusions of this study
are cthat the field of materials science and
engineering encompasses all materials classes; that
it spans the full spectrum from basic science to
engineering; and that its relation to industrial
and other societal needs is strong. The field
derives great strength from its relationships to
these various entities - the various aaterials
classes, both basic and applied research, and the
economic and strategic well-being of the nation.
The growing unity of macerials science and
engineer ing has implications for universities,
industry, ard government, as outlired below. The
committee recommends:

~ Universities, industty, government, and
professional societies should strive to
support and to accelerate the unifying
trends that already exist in materials
science and engineering.

Finding: The subject-matter in the msjority of
materials courses offered i1n US universities can De
taught 1n a manner thact is generic to all materials
classes. An adequate curriculum will stili contain
a few subjucts focusing on specific materials (e.g.,
semiconductors, glasses, metals, and polymers) or on
specific functional classes of materials (e.g..
optical materials, structursl materials, and

electronic marertials). Such a generic approach to
materials science® and engineering education depends
on exploiting the idea that the field is made up of
the elements of properties, performance, structure
and composition, and synthesis and processing; this
concept provides 2 unity of subject matter
irrespective of materials class or vhether a
materials probles is examined with the tools of
chemistry, physics, or engineering. However, there
is a dearth of teaching materials to support such an
approach. In some universities, reorganization or
new organizational entities may be needed.
especially at the graduate level. to achieve a
prograsme that will endow materials science and
engineering professionals with the breadth and
unified viewv of the field that is now beginning to
be expected.

Pinding: The most critical resource in any
field is well-educated, well-trained personnel.
There is a shortage of such individuals in materials
science and engineering. especially in the area of
synthesis ard processing, at all academic lev>ls.
The committee anticipates that the increased
emphasis on synthesis and processing urged by this
study will create an increase in demand for
personnel in this area. The ccamittee recommends:

- Academic programmes at the unde. jravuate
level should be oriented to the elements of
the field: synthesis and processing,
structure and composition, properties, and
performance:

- At both the wndergraduate and the graduate
level, increased emphasis should be given to
developing new courses and nev textbooks
that deal generically with all materials.
The bdbroadening intellectual foundation of
the field and the importance of synthesis
and processing should be reflected in these

efforts.
Pinding: A recurring theme in this study has

been the need for stronger vniversity-industry
interactions in the field of materials science anc
engineering. Industry has msuch to gain from rapid
access to advanced basic research activities, to
bright future graduates., and to advanced
instrumentation. Universities, if they are to
temain at the forefront of the field in the-
teaching and research, must have close and
continuing con%act with industrial researchers and
technoiogists, and they increasingly will need the
finencial support of industry. Many wvays exist to
achieve such a coupling betveen universities and
industry, including joint research activities, joint
teaching responsibilities, lifelong education,
adjunct professorships, personne] exchanges,
scholarship and fellowship support, and support of
junior faculty. The committee recommends:

- Industry and universities should each take
the initiative to work together in materials
science and engineering with or without
government as 3 partner.

finding: Given the unifying trends 1n the
field, it is desirable and appropriate that various
efforts within relevant agencies have already been
consolidated i1nto clearly recognizable units
dedicated to materials science and engineering.
Renewed etforts to co-ordinate programmes in
different federal agencies would be 4 valuable
extension of this accomplishment. Agencles carcying
out both extramural and intramural research in
materials science and engineering nave an




opportuaity to reinforce their efforts by organizing
programmes in a way that recognizes the increasingly
scrong link between the engineering and scientific
aspects of the field. A long-range
interdisciplinary appt.ach to the entire field is
the best appioach to capitalizing on the extensive
opportunities that it presents. Accoaplishing this
end is best achieved through formulation and
dissemination of broad, long-range goals that go
beyond prograsmatic and disciplinary boundaries.

The committee recommends:

= The government should recognize the
essential unity of materials science and
engineering in its planning, funding, and
co-ordinating activities.

Finding: The government plays a leadinqg :Iole
in advancing materials science and engineering by
supporting basic research at universities and at
national laboratories, constructing and operat.ng
major user facilities, supporting the enhancement of
generic technc.ogy in collaboration vith industry,
performing materials science and engineecing
germane to the specific missions of each goveriaent
agency, and developing test methods and reference
materials neceded for accuracy in characterization of
materials.

Finding: The government has additional
opportunities to advance materials scieice and
engineering by taking a more active role in the
following facilitative functions:

1. Building consensus. The government should
create mechanisms that will result in the
development of consensus among the many sectors that
are involved in particv.ar areas of materials
science and engineering. Consensus is needed on
such topics as evolving research opportunities, the
identification of barriers to davelopment that
demand broad efforts directed towards their removal,
and the understanding and proposing of actions to
attack deficiencies in personnel.

2. Promoting co-operative interactions. The
government should serve as an enabling organization

for bringing together various sectors to work on
common problems. Objectives could include
stimulating the creation of industry consortia,
encouraging joint industry-university programmes,
stimulating joint industry-nationai laboratory
co-operation, and identifying and removing barriers
to joint efforts.

3. Identifying industrial needs. The
government should encourage the various sectors of

industry to identify important materials problems
that they anticipate must be solved if they are to
improve their competitiveness in the international
marketplace. Such problems might include

(a) materials needs for products and processes and
(b) limitations on analytical capabilities and on
availability of data that create barriers to the
rapid design, testing, and use of new materials.

4. Communicating industry needs. The
government should communicate a continuing

assessment of the needs of industry that were
identified in the eight industry surveys described

in chapter I to all members of the materials science
and engineering community, including the agencies
responsible for supporting materials reseazch.

S. Balancing federal proqrasmes. The
government should establish an annual review procasss
for the federal programmes related to materials,
including those in research, development, and
procuremsnt, to ensure that they are balanced and
2re responsive to the needs of the nation and the
opportunities that are available for accelerating
progress.

The committee recosmends:

- The government should assume a more ac*ive
role in bringing together the various groups
involved in materials science and
enginee-ing and in enhancing communication,
interaction, and co-ordination among the
many ssctors affected by materials science
and engineering.

Finding: Many small businesses that are
involved in the materials field can benefit from thas
availabiliiy of new technology and a broader
interaction with the larger materials community.
State prograsmes that are being established to
accomplish these objectives ~re likely to be more
effective than federal ones. The involvement of the
State-supported universities, the creation by the
States of entities that can effectively experiment
with rew means of interacting with local businesses,
and “he willingness of States to invest resources in
local enterprises are important and useful
developments.

Finding: The hundreds of laboratories funded
by the federal government and sometimes by state
governments have many capable personne: and large
capital resources that could benefit industry. In
particular, the national laboratories funded by the
Department of Energy have many scientists and
engineers with special talents in materials science
and engineering. Reorientation of the missions of
the national laboratories towaris industrial
materials scicnce and engineering intarests could
have a salutary effect on US industrial
competitiveness.

- The committee endorses the goals adopted by
the Congress in setting up the National
Critical Materials Council, which should
vork with other agencies to ensure that the
government carries out the facilitative
functions as well as the more specific tasks
identified above:

- To accomplish the data collection and
analysis that are critical to carrying out
these tasks, the committee recommends that
the National Critical Macterials Council
co-operate vith other organizations such as
the Office of Science and Technology
Policy's Committes Oon Materials, the
National Science Foundation, the Department
of Energy., the National Institute of
Standards and Technology, the National
Research Council, and the professional
socleties.




2. CURRENT REVOLUTION 1N MEW MATERIALS: OPPFORTUMITIES POR THE DEVELOPINC WORLD

Pradeep Rohatgi
Department of Materials
University of Wisconsin - Milvaukee
P.0. Box 784
Milvaukee, Wisconsin 53201. USA

1. Introduction

The activity in materials technology is age-old
starting from the use Of 2agricultural materials,
stone, oronze, iron, clays and ceramics. However,
most of the developing countries have missed out on
the scientific and the industrial revolution of the
last 300 years to varying degrees, including the
revolution in materials technology. This has
resulted in the lack of availability of materials
per capita in developing countries both in quality
as well as in quantity, as compared to the
availability of materials in the advanced
co 1tries. The ueveloped world is undergoing yet
another revolution in materials an example of which
is high-temperature superconducting materials. It
is imperative that the developing world :s
adequately prepared to exploit the opportunities
opened up by these nev materials. The overall
question is of building capability in the developir-
world to exploit the opportunities from the new
tevolution in materials while warding off the
threats from the same revolution. Capacity building
in materials vill involve multidimensional activity
including building capacity for technology
forecasting, technology assessment, formulating
materials policy, education, training, research,
development, manufacturing, testing and
standardization.

Different developing countries are 1in different
stages of materials cycle and presently represent a
spectrum of capabilities to deal with the new
materials ravolution. In view of this, uniform
prescriptions cannot be given for all developing
countries. In this paper only broad directions are
dis.ussed, and imperatives for individual countries
will have to be derived through normative exercises.

The current average availability of
manufactured materials 6-19/ and energy 20/ per
capita in the developing world is often 100 times
less than the advanced countries (tables I, II). In
addition the present costs of materials in relation
to incomes in developing countries are very high,
and this results in further inequitable
distributions of even these small quantities of
materials. Much of the modern manufactured
materials are in the possession of the rich @lite in
these countries leaving the poor even more
impoverished in terms of availability of materials.
The abundant supply of materials, and the services
produced using materials, such as food, drinking
water, housing, energy, health and clothing cculd go
a long way in reducing human misery in the
developing world, and even in poorer sect.ons of
populations in advanced countries.

The equitable and abundant availability of
materials at low costs affordable by the people of
developing countries can eliminate intarnationa.
conflicts, national and local conflicts, For
developing countries, and even for the poorer
sections in advenced countries, the linkage between
materials and the basic human needs as mentioned
above are more important than the linxages betwesn
materials and veapon systems. materials and faster

aircrafts, and materials and other secondary desires.

The materials lield is undergoing a revolution
with the emergence of advance xaterials engineered
without the restraints of thermodynamic equilibrium
to meet specific needs; these materials can now be
tailored tc meet the property or performance
targets. Whkile the science—pushed basic advances in
materials science appear to be common o the whole
world, the directions in which materials science and
technology should be driven to meet the needs of
development for the third world countries, and the
poor in advanced countries, points to addicional
imperatives which will be the focus of this paper.
Monitoring and forecasting developments in materials
science and technology and taking preparatory steps
like identifying and establishing centres of
excellence are some of the imperatives of the acay.

2. Challenges for materials technoloqy for
developaent

The existing data on the per capita GDP in
different countries of the world shows a linear
log-log relationship 6/ vith the per capita
availability of different materials including steel,
copper, aluminium, cement, 2inc and tin in these
countries. This indicates that the process of
development reflected as well as it can be by
rapidly increasing per capita GDP in different
countries, will inevitably require production of,
and availability of 10 to a 100 times additional
quantities of materials in many of these countties,
as compared to production ievels today. Most of the
developing conntries are at a stage where the unit
inputs of materials and energy tc produce an
additional unmit of GDP are likely to coatinue to
increase for several years. Any reductions in
requirements of materials per capita due to
miniaturization and substitution by lighter weight
high-strength materials and parts consolidate, wovld
more than likely be otc¢set by increasing
requirements of materials due to rapidly increasing
populations, and the increasing materialism and
consumerism in most of thess countries. The
chailenge for mate ‘als technology for development,
Zor at least the .ext .C yoars will be to increase
the availability of materials required for housing,
wvater, food, enargy and heas(ih care, by as much as
10 to a 100 times in many of the devcioping
countries without pressures on resources, energy
requirements, environment and employment. The
populations in most of these countries would have
more than doubled :n S0 years and by that time these
countries would be trying to reach the standards
available in the advanced countries today
(table I). Even the basic advances in materials
science which could enable the materials technology
of the future to meet this challenge should be
derived in a normative way, and be accelerated in
time by increased inputs compared to basic advances
required for new materials for nev weapon systems.
The paradigm for materials technology for
development should lead o basic need~based
materials 21/ (table III) which are maller,
lighter, longer lasting, low cost, low energy and
recyclable based on abundant and renevabl. resources
which can be locally processed using simple cnd
employment generating non-polluting technologies.

Many of the xnowledge driven advances :n
materials science including rapidly solidified
structures, macro molecular mater:ials 22/ plasma
sprayed and vapour depcsited materials, mechanically
alloyed materials, materials which have
three-dimensional structure architecture at nano,




cicro and macro scales, materials with controlled
intertaces made from super ultra-fine powders wvhere
the bulk propeities do not remain valid, and surface
processed materials shouid be deliberataly steered
in directions to meet these developcental needs of
materials.

3. Issues and options for developing countries
3.1 Housing

Housing remains 16-19/ one of the most
important problems of development due to lack of
ava.lability of materials, and this is an area vhere
miniaturization cannot be applied beyond a certain
point. One of the major challenges is reduction in
the cost of materials for housing and increase in
the performance of construction materials,
particularly those based on local renewable or
abundant resoutces. The high priorities here will
include a greater attention to materials science and
technology of alumino silicates, earth, stone.
laterite and clay-based products which can be
readily made everyvhere. There is need to improve
the performance of bricks from common clay and
develop biomass or solar energy sources to fire
them, or to develop lov-temperature binders and
sintering agents. The other area is application of
modern materials science and technology to rensvable
resources, particularly locally available
plant-based resources; some examples of these
resources for materials of construction include
basboo, Impoemea carnea, fibres from plants like
coconut, sisal, banana, sunhemp, grasses, and large
agricultural wastes like paddy straw, and wheat
straw.

A shortage of cement and its high price are
great barriers in increasing the supply of housing
in developing countries. It is necessary that
greater acttention be paid to using rice husk ash,
fly ash and mineral waste type materials to increase
the volume of cement and bring down the cost of new
high tech cements like zero defect cement, rapid
setting cement, chemically bonded cement, fibre
reinforced cement, the price of which is presently
beyond the reach of the poor. Millions of people in
the developing world use plant-based materials like
coconut thatch for roofing, which do not provide
adequate protection from nature and require
replacement every year. Inputs of modern materials
science and technology are required to increase the
life and performance of these plant-based materials
for housing and to make them more resistant to
elements of nature and fire.

3.2 Bio-processing of materials

A certain amount of advanced research in
genetic engineering would de in order to possibly
increase the strength of wood and fibres available
from fast growing trees, in addition to the present
focus on increasing the yield; the development of
plants which can get nitrogen from air will reduce
considerable pressure of manufacturing fertilizers
from minerals in developing countries.

Biological routas to production and
preservation 14/, 23/ of materials requires greater
attention in the context of development. Some of
the areas that require research include
microbiological process to extract metals from ores
and ocean nodules, and to remove sulphur and silica
from minerals like coal and bauxite. Newsr methods
of microbial degradation can be used to extract
fibres and ultra fine ceramic powders at lov energy
costs from agricultural products and wastes.

The problem of moisture absorption in these
natural fibres needs to be solved by techniques sucth
as acetylation. Greater attention needs to Lte paid
to make silico: carbide whisker type high-performance
materials from other agricultural resources in
addition to rice husk with reduced inputs of
energy. Modern microbiological techniques to
extract fibres and ultra-fine powders of silica and
other minerals from rice bL.sk and other similar
plant-based materials to make advanced ceramics, and
silicon for solar cells should have a high
priority. Attention should be given to possible
controlled production of high-strength ceramic
fibres for advanced composites by pyrolisis of
natural fibres. There are opportunities of
producing polymeric materials from large guantities
of agriculture resources and agricultural wastes.
Por instance an agricultural wvaste like cashew nut
shell liquid can be converted to very
high-performance polymers for composites.

3.3 Strategic materials

Many developing countries do not have resources
for strategic metals like nickel, cobalt, tungsten
and chromium and it is necessary to synthesize high-
perfornance materials with abundant elements like
aluminium, silicon, oxygen, nitrogen, and carbon.
The synthesis of structural ceramics like silicon
carbide and silicon nitride., and composites like
aluminium-silicon carbide and aluminium-graphite can
eliminate the need of special metals which are in
short supply in many countries. Greater emphasis is
needed on these kinds of ceramics and composites
particularly to decrease their costs of production
and increase their performance especially in regard
to toughness. In view of the use of coarse
ceramics, the developing world is still very much in
the stone age compared to the metals age in advanced
countries, and it should leapfrog into the world of
advanced ceramics and composites without necessarily
go.ng through the cycle of high-performance alloys
vhich will eventually be replaced anyway.

3.4 Utilities

The need to develop inexpensive membranes and
filters of ceramics, composites and polymers to
purify and desalinate water is an important
requirement of the developing world and this
deserves the attention of modern materials science
and technology.

In the context of development, the advances in
understanding the structure and processing of newly
emerging materials need to be applied to materials
required for food production, transport and
storage. Development of lighter, stronger and more
durable and inexpensive clothing material,
recyclable paper and other materials required for
increasing literacy in the developing world are
important imperativis of materials technology for
development. The dimand for rew inert and biocactive
materials for transplants and health care will be
much greater ir the highly populated developing
world. It is necessary that the cost of these
materials comes down by orders of magnitude to be
accessible to the poor. Some of the health-care
materials of the future will be smart structures in
the form of composites with embedded sensors,
actuators, microprocessors, and their costs need to
be reduced.

3.5 Recycling

In the context of development, advances in
materials science and technology related to




recyclable materials, 21/ and mrterials that do not
degrade or can be maintained by inputs of human
labour are extremely important. This is necessary
since the availability of resources of materials and
energy are going to be major coastraints;
regeneration of new saterial by recycling takes much
less material and energy than extracting it from its
source. Design of alloys and components vhich lend
themselves to recycling and multifunctional uses ard
vhich can be used in a series of cascading
progressively downgraded applications is necessary.
Increased understanding of surfaces and interfaces
from a basic atomic and electronic viewpoint, is
necessary to generate surfaces which resist
corrosion, oxidation, wear and fatigue, and extend
the life of materials.

3.5 Energy

Materials for energy generation 20/ and
transmission, and materials which can be made using
decreasing amounts of eaergy remain major
imperatives for development. In view of this,
ceramics and composites leading to higher
etficiencies in energy conversion systems, higher
performance, lower-cost materials for solar energy
and for fusion energy are important for
development. New optoelectronic materials for
transmitting energy and informatior will relieve the
constraints in these critical areas. Technologies
for direct reduction of iron and aluminium, or
technologies which can make use of solar and biomass
energies (e.g9., plant based reductants and fuel) are
very important. It is obvious that production of
these primary materials will increasingly shift to
the developing world to take advantage of mineral
resources, low labour costs and the present absence
of pollution problems and regulations. The science
and technology to produce these conventional
materials with low energy inputs. in small plants
with low-capital, high-labour inputs are important
imperatives for development. Materials with high-
temperature superconducting properties which have
been discovered recently could have large
implications for the developing world.

3.7 Materials processing

Materials processing needs to be driven in
ditections of near-net-shaped components and low
energy consuming processes vhich can generate
smployment needed in the developing world.
Computer-aided design and simulation should be used
to reduce redundant factors of safety in order that
smaller quantities of materials will suffice.
However, automation and robotization should be used
only selectively where absolutely necessary to
obtain quality and reliadility. The information
input that goes into materials processing should be
as high as possible but the actual process should be
as sinple a technolougy as possible which can be
maintained in the most primitive developing
environments. Materials in the context of
developsent should be made as far as possible using
local resources, 16-19/ local manpower, and simple
technologies which can be maintained and established
in the developing worid without vast inputs of
capital. It will be worth while to upgrade the
lazge numbers of tred tional materials and processes
which have been used in the developing world for
ages by inputs of modern materials science and
technology. A new trend in materials technology,
namely parts consolidation, leading to fewer parts
resulting from single step moulding of complex
shapes could be very important.

The economy of several developing countries is
very Yeavily linked 21/ to the export of a given
mineral. Por instance, the economies of several
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countries ir Africa are based on the export of
copper. In view of the development of glass
communicition cables it is necessary that materials
science and technology is directed to tind new uses
of resources like copper, othervise the economies of
these countries will collapse and a global advance
in materials science will be locally

counter- productive in terms of development.

4. Conclusions

In summary, materials scenarios in the
developing world. and in the poorer sections of
advanced countries, are typified by very poor
availability of materials per capita both in
quantity and quality. In the context of
development, materials which relate to basic human
needs like food, housing, clothing, energy and wate:z
are more important than smaterials which relate to
advanced weapon systems, faster aeroplanes and other
secondary desires. While some of the knowledge—
driven advances in rapidly solidifed materials,
plasma and vapour deposited materials, surface
procwssed and interface tailored metals, ceramics
and composites and nano-structured materials 22/
will indirectly contribute to development, they need
20 be selectively steered to accelerate the
availability of materials for development.

Materials technology leading to development in terms
of availability of increasing quantities and
qualities of materials per capita will require
smaller, lighter, stronger, longer-lasting
recyclable materials made from local renewable and
abundant resources using high information simple
processes requiring low energy., preferahly i:. the
form of solar biomass. low-capi:al bu: high-labour
ccntent. Materials based on plant based products
and abundant resocurces like clays, stones, rocks,
aluminium, silicon and oxygen snould receive
increasing attention a'ong with biological processes
to process and preserve materials. Materials for
solar energy and fusion energy should receive high
priority along with materials for food production
and storage, and cloth and paper, and materials for
purification of wvater, and health care.

5. Recommendations

The important question 13 what the developing
vorld should do in view of the new materials
revolution signalled by the arrival of materials
like high-temperature superconductors and optical
fibres for telecommunication. without adequate
timely response from the developing world, the
benefits of these nev materials will again flow
primarily to the developed world, further increasing
the gap in the quality and quantity of materials
available per capita in the developing and developed
worlds.

The tirst and foremost response of the
developing world should be to establish mechanisms
to monitor the most significant developmentcs (for
instance high-temperature superconducting materials)
at the earliest possible stages. These emerging
developments can be monitored through mechanisms of
formal technology forecasting, followed by
technology assessments from the viewpoint of
individual countries to arrive at the priorities
amongst several signals. The technology assessments
would be followed by action plans to derive maximum
benefits from a particular new development to the
country or region in question. One of the responses
could be setting up centres of excellence in
developing countries, and this has been discussed at
some length here.

Mechanisms for monitoring of advanced signals
of the future materials technologies in terms of




monitoring of scientific papers. patents, and
company reports wvill have to be established in
institutions doing teaching, research and
developmert or production of materials in developing
countries. Their activily vill require world class
scientists trained to pick up advanced signals of
future materials technologies from scienctific
literature.

In view of the recent advances in modern

materials setting up centres of excellence could

~~-e developing countries to denefit from the new
opporcunities that are opening up. In the advanced
countries, for example the United States, several
centres of exceilence in materials science have been
set up in the last 10 years. Asong the developing
countries, India has some experience in setting up
centres of excellence in universities in the a:2a of
materials. These have been set up in the fora of
materials research laboratories in universities
which already have strong programmes in matecials.
In addicion to these materials ressarch
laboratories, engineering research centres have been
funded, for instance centres £or composite materials
and ceramics have been established. It will be
difficult for developing countries to establish a
large numter of centres because they arte quite
expensive, requiring considerable eguipment. It is
necessary to pick up a few good academic teaching
departments and build excellence in research and
develcpment around these departments. This will be
the least expensive way to grow such centres in
developing countries.

In view of certain recent trends it will be
appropriate to develop centres on composite
materials and ceramics including new high-
temperature superconducting ceramic materials.
These centres shoulcd have scientists of world class
training, and they should be equipped witn modern
materials science equipment. The scientists in the
developing countries from these centres should
periodically visit the most advanced centres in the
developed world to bring back the knowledge that is
yet to be published. 1In addition, scientists from
developed countries should visit these centres and
train and upgrade the information base of the
scientists in developing countries. It will be
vorth vhile for the developing countries to look at
the pecrformance of the centres of excellence in
materials in advanced countries especially the
United States, and in developing countries like
India. In some cases it may be useful for several
developing countries to get together and put up one
common cenzre of excellence to reduce the cost to
each. A parallel example in agriculture is the
Iinternational Rice Research Institute. Here was an
example of a commodity of interest to several
developing countries and a single institute of
international stature serves a large part of the
developing world. For instance, in materials,
several doveloping countries could get together to
set up centres of excellence in solar energy
materials, room temperature superconductivity, fibre
optic materials for telecommunications, advanced
composites and ceramics.

In the area of materials, one type of centre of
excellence could concentrate on synthesis and
preparation of a large numbser of advanced
materials. These facilities could include
fabrication from solid, liquid and vapour states.
Another type of centre of excellerce could be on the
characterization of these material: including the
characterization of astomic arrangements, chemical
composition and properties both at microscopic and
macroscopic levels. These wo types of centres for
synthesis and charicterization could be join:ly set
up by several deve.oping countries in the form of
international institutes.

While setting up these centres of excsllence,
it aust be rsalized that these centres will at the
most develop an information base in the developing
countries. They will not necessarily lead to an
increase in the production and the coasumption of
these advanced materials. The p-oduction and use of
these advanced saterials would require setting up of
manufacturing facilities either with the know-how
generated in these centres or through transfer of
technology in terms of plant machinery and know—how
from the developing world.

The centres of excellence of materials in
developing countries coud be a basis for prosotion
of co-operation in research and development. For
instance in the area of high-temperature
superconductivity it will not be proper for the
centres of excellence in developing countries to
duplicate what has already happened in the developed
world or, for instance, to spend time in
understanding the basic structure of these high-
temperature superconductivity materials. It will be
most useful to concentrate on the processing aspects
of these high-temperature superconductors in the
ranufacturing facilities that are available in the
developing countries. Co-operative .seatch
agreements can be established vhere tre flow of
basic and non-proprietary information takes place
very quickly from devcloped countries to centres of
excellence in the developinj countries. The
developing country scientists and technologists
should try to then develop tae technology to produce
and chatacterize these materials in the
manufacturing environment in these countries. It is
in this location-specific rcle that the centres of
excellence in developing countries differ from those
in developed countries.

There are large resources of materials which
are location-specific in several developing
countries and have not received much attention in
the developed vworld. Some examples would be
materials based on local plant-based materials, for
instance the coconut tree-based resources. Since
knov-how on these materials will not be generated in
the developed world, they would be ideally suited
for centres of excellence. Likewise, there are
certain mineral resources, for instance copper,
which are important for the economies of several
developing countries. These materials could be
substituted by some of the new emerging materials
and can devastate the economies of some developing
countries. Optical fibres and high-temperature
superconductors both pose a threat to the copper
markets. Centres of excellence to counter such
threats in materials would also be in order.

The organizational structure of a centre of
excellence should be such that it has a greater
impact than equal investments made through the
conventional approaches without the centres. Higher
investments in centraes would deprive certain
institutions outside the centres and repercussions
of these should be taken care of in advance. As
mentioned earlier, one form of centres of excsllence
in materials technology can consist of
state-of-the-art facilities for the characterization
of materials, for instance including facilities for
electron microscopy vwith capabilities of directly
cbserving atoms in materials. Such a facility is
expensive, and only concentrated resoutces of a
centze allow the acquisition and maintenance of such
facilities. However, to be most effective, such a
facility should be accessible to materials
scientists physically present outside the centre. A
centre for materials technology should, therefore,
primarily act as a mechanism fOr large-scale team
effort in a given area, instead of merely physically
concentrating people and equipment in a given
location. A centre for excellence in materials




policy should be conceived. in addition to centres
tor physical research in specific saterials or
processes, or preparation aad characterization of
materials. Such centres should include
partic.pation of planners. economists and
forecasters.
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TABLE |

Per Capita Consumption of Metals in Selected Countries
(Average Valucs for 1967-69)

Per Capita Per Capity Consumption (kq)

. No. Country (GOP USS) Aluminum Copper Lead Zinc Tin Crude Steel

1. Argentina 853 1.16 1.73 1.610 1.102 0.076 91.0
2. Australia 2503 8.047 5.39 8.636 0.331 0.3 468.5
3. Austria 1604 9.10 4.465 3.151 3.306 — 283.5
4. Belgium-Lux 2174 16.52 11.465 §.028 13.361 0.283 401.0
5. Brazil* 326 0.90 0.512 0.301 0.482 0.02¢ 51.0
6. Canada 3234 10.02 10.354 2.959 4.9713 0.215 469.0
7. Chile 609 — 2.40 — — — 1.0
8. Denmark 2620 1.40 — 3.836 2.020 — 346.0
9. Finland 1861 2.62 6.00 — 1.312 — 281.0
10. France 2556 6.37 5.193 3.613 4.292 0.209 359.5
11. Greece 856 1.54 — — 0.640 — 95.5
12. India 88 0.23 0.083 0.090 0.151 0.008 12.0
13. Italy 1430 4.1 3.338 2.542 2.928 0.117 323.5
4. Japan 1413 6.4) 6.579 1.750 5.181 1.22¢ 501.0
15. Mexico® £57 0.53 0.969 = 1.45) 0.312 0.03¢ 13.5
16. New Zealand 1938 — — — 2.489 — 267.5
17. Netherlands 1968 12.67 2.729 4.039 2.703 0.35) 341.5
18. Norway 2398 12.89 3.710 — 5.39 — 3715.5
19. Portuga) 543 — 0.922 — 0.526 — 65.5
. 20. South Africa 738 1.44 1.549 0.746 2.350 0.085 187.0
21. Spain 8:3 .n 2.476 1.979 1.890 0.052 187.5
22. Sweden 3311 8.10 10.924 6.898 4.388 —_ 603.0
23. Switzerland 279 11.70 6.109 3.595 4.398 0.142 349.5
26, Turkey 382 0.37 _ _ 0.188 0.021  25.0
25. 1926 6.83 9.646 4.990 4.959 0.215 404.5
26. USA 4300 17.25 8.950 5.40N 5.900 0.288 560.5
27. West Germany 2275 8.84 9.761 4.779 5.883 0.193 523.5

“Average of 1967 and 1968 figures




TABLE 11
Per Capita Consumption of Metals by Regions
Extrapolated Yalues 2000 AD

Per Capita Consumption

Region Steel Aluminus Copper linc

Western Europe no 20.24 - 10.50 6.83
Japan 1450 45.86 21.40 13.19
Other developed countries 680 22.32 11.98 8.58
Usse 850 11.47 1.84 3.92
€astern Europe 610 13.87 5.4 5.92
Africa 20 0.24 0.16 0.07
India-Low growth 26 0.51 - 0.20 0.32
High growth 51 0.98 0.44 0.70

Asita 30 0.50 0.22 c.
Latin America 100 1.72 0.91 0.95
China 60 0.79 0.63 0.54
USA 890 52.25 14.83 9.41
wWorld 240 1.27 3.06 2.09

Source: Lahiri, A. Conservation of Mineral Resources in Commerce,
Annual Number, 1976, 47-49.
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TABLE 111
Some Important Targets for Materials Technology for Development

o Genetic engineering for plants to get nitrogen directly from air.

« Genetic engineering for plants with stronger timber and fiders which can
be pyrolized to form h';h performance fibers and carbon-carbon composites.

= Nicrobial processes to extract metals from ores and ocean nodules, and to
remove sulphur and si.ica frem coal, bauxite and other minerals.

= Microbial processes to extract fibers and ultrafine ceramic particles from
agricultural products and wastes.

e Solar photovoltaic materials with increasing efficiencies and decreasing
costs; solar furnaces for processing materials.

» Materfals for fusion energy.

e Nembranes made for polymers, ceramics and composites with decreasing costs
and increasing performances for purification of water.

» Improved and inexpensive materials for housing from abundant and renswable
resources like sand, clay, rock, stones, laterites, plant based materials.

e Composites and ceramics with improved performances based on abundant
elements like Al, Si, C, N and plant materials.

e Direct Reduction of iron and aluminum using low energy processes, using
solar and biomass energy.

» Recyclable materials with cascading downgraded application with longer
1ife and resistance to corrosion, oxidation, wear and fatigue.

e Rapidly solidified materials for reducing energy losses.

= Surface and interface processed materials with taflored structures and
properties to meet specific needs.

e High performance nano-structured materials, nonequilibrium and metastadle
structures.

= Room temperature superconductors.

e Insitu polymer composites.

e Tough ceramics.

* Net shaped materials fadbrication.

« Parts consolidation through single step molding of complex shapes.
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3. ADVANCED NATERIALS IN THAILAMD: STATUS AMD PROSPECTS

Following is an excerpt from Advanced Materials in
Thailand: Status and Prospects, vritten by

Panya Srichandr, School of Energy and Materials,
King Mougkuts Institute of Technology,

Bangkok 10140, Thailand.

Trends, policies and the roles of advanced saterials

As has been indicated, the trends of the
industrial scene in Thailand are of two opposite
directions. On the one hand. there is a pressure to
integrate bachwards to manufacture parts and
compoaents as wvell as basic rav materials and
production facilities so as to reduce imports and
increase value added of the “locally” made
manufactured products. On the other hand, thers is
also a tremenduus pressure for forwvard integration
of resource-based industries so that the finite
resources could be optimally utilized. Both of
these are in fact adopted as major industrial and
technological policies by the present Thai
Government. It is realized that the labour-
intensive, low technological content type industries
cannot be here in Thailand forever as they must
naturally move on to still less developed
countries. The future maufactured products must
have higher technology content and higher value
added in order to compensats for the rising labour
cost and more expensive rav materials. The
technology will play such more important roles in
the competitiveness of the Thai industry in the
future. Advanced materials and processes wvill
detinitely play a critical role in the production of
high-technology., high value-added items.

In preparing for such future scenario, various
step3 have been taken by the Thai Government,
including:

(i) The establishment of the Science and
Technology Development Board (STDB) in
1985. The major objective of the STDB is
to promote the technological development
in the three high priority areas of which
materials technology is one (the cther two
being biotechnology and slectronics). Its
function at present is mainly screening
and funding of research and develcpment
projects in the three areas.

(ii) The establishment of the National Centre
of Metals and Materials Technology (NCPVM)
in 1986 under the Ministry of Science,
Technoiogy and Energy (MOSTE) with the
same objective as the STDB (i.e. the
developwent of materials technology). Its
major activity at the present time is also
limited to screening and tumding of
research and development projects
including feasibility and survey type
projects which incidentally are not
supported by the STDB. The NCMM will have
its own specialized RsD centres in the
future.

As a result of such undertakings, funds
are now available for more RED projects.
Prior to the establishment of the two
vrganizations, there was very little R¢D
activity in materials technology. There
ate still further problems, however. The
absorptive capacity is limited due to the
lack of technical personnel in the field.

Further steps we-e theretore taken in order to
create the critical mass of materials scientists an
engineers for RsD as we.il as other functions.

(ii1) Four graduate programmes in materials
science and technology have recently been
established in various yniversities. The
objective is to train higher-level
technical personnel as well as building uj
the technological infrastructure. Several
difficulties are being faced including
understaffing problems and lack of
teaching tacilities and equipment. A
massive further investment in manpower
development and the creation of facilitie.
is necessary.

(iv) A numsber of Thai students (approximately
300) are to be sent overssas for further
education and training in the flelds of
astallurgy, materials science as well as
in other related fields (e.g. mechanical
and production engineering).

All these and other measures being taken by the
Thai Government illustrate the seriousness of the
country to support and promote materials-based
technologies. The importance of materials
technology to the development of the Thai industry
and economy is well recognized. The size of the
problems being faced is also well appreciated.

It is difficult to be specific about exactly
which advanced materials would play a prominent role
in the Thai economy in the near future as this
would, to a large extent, also depend upon the
changes in the world economic and technological
environment at large. From the availability of raw
material point of view, those derived from rare
earth seem to have great potential. Amorphous
alloys would play an important role in energy saving
of which Thailand is very conscious. Recent
mvasures by the Covernment to curb deforestation
would mean that substitutes for wvood as materials
for light constructiosn (e.g. in furniture industry,
transport equipment etc.) have to be found.
Polymer-based composites are promising. The rapid
growth of electronic and automotive industries
suggest that the demand for high-precision,
high-tech parts, e.g. powder metallurgy products,
would also be rising. Modern surface technologies,
e.9. glass coating for energy conservation, powder
spray coating for repair of vorn parts, would also
play some important roles.

The present status of advanced materials in Thailand

As has been mentioned, the majority of the Thai
industries are at present based on conventional
basic technologies. A good deal of the technology
importation is on the turnkey basis. A number of
small firms even prefer second-hand production
tacilities due to the low prices. The roles of
advanced materials in the industrial scene in
Thailand at present are therefore minimal. There
are a few firms which have started and plan to start
in the near future the manufacture of sintered
products such as tools materials, electronic
components (ferrites) and sintered bearings.

A number of research projects on advanced
materials and processes have, however, been
initiated and are being supported by relesvant




organizations. Examples of such projects are listed
in the following table. It should be noted that
these projects have been initizted very tecently and
significant results are being awvaited.

As for the future, due to the changes in the
structure of the Thai industry resulting naturally
from the development process, advanced materials
would certainly play a highly siynificant role in
the manufacturing sector of the Thai economy as has
already been indicated.

Major impediments

The recently completed 18-sonth project by
Thailand Development Research Institute (TDRI), a
sort of think-tank organizatioa for the Thai
Goverament, revealed that the major impediments for
technological capability development in Thailand
include:

(i) Manpower shortage. This is true for all
levels: skilled workers, techaicians,
scientists/engineers and specialists. 1In
the field of materials, let alone advanced
mpterials, the short supply of techanical
personnel is very serious indeed.

(ii) Inadequacies in technical and information
setvices. The availability of and
accessibility to such services are
absolutely essential in the development of
advanced saterials technologies. The
presertly available systems are much to be
desired quantitatively and qualitatively.

(iii) Lack of specialized centres. Bxisting
organizations often have a multiplicity ot
objectives leading to the attempt to do
too many things at a time »ith limited
personnel and financial resources. This
leads to inefficiency and ineffectiveness
in resource utilization.

(iv) Other problems include lack of supportive
industries (l.e. suppliers and buyers),
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inappropriate taxation systems, short-term
profit seeking of sowe managers und
intellectual property right issues.

Table

Some RiD prograsmes on advanced
saterials and processes

1. Rxtraction and utilization of rare earths froam
tin tailings

2. Amorphous alloys
3. Powder metallurgy
4. Perrites

S. Advanced surface technology (sputtering, ioa
implantation)

6. Supercoaductors

7. CAD/CAM/CAR

8. Composite materials (FPRP, foams)
9. Superplastic forming

10. Plezoelectric ceramics

11. Thermoplastic elastomers

12. Fabrication of prototype semiconductor pressure
transducer for biomedical application

13. Opto-electronics

14. Design and fabrication of the prototype of
silicon rectifier for mass production

15. Design, fabrication and development of DMOS
power NOSFET

Source: MNinistry of Science, Technoloy and Energy
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4. NBM MATERLALS AMD DEVELOPMENMY - MOW ASIA CAN MERT THR CEALLENGE

K.A. Shoaib, 5. Sikhandar Xhan, N.M. Butt,
Pakistan Inscitute of Nuclear Sciance and
Technology., P.O. Nilore, Islamabad, Fakistan

I. INTRODUCTION

The Asia-Pacific region is cosprised of
countries starting from Iran in the west to Japan in
the east and from Mongolia in the north to
Nev Zealand and Australia in the south. It has a
population of approximately 2.84 billion 1/ which is
about 57 per cent of the total world population
({1988). 2/ The population of these countries is in
the range of 0.3 aillion (Brunei) to 1,087 aillion
(China) and the per capita GDP ranges from $US 13S
(Bangladesh) to $US 20,830 (Japan). 1/

Economically, these countries can be grouped into
three categories:

(1) Advanced countries, comprising Japan,
Australia and New Zealand, which have a
per capita income in the range
s$Us 7,000-21,000;

{(2) Advanced developing countries, which
include the so-called °Four Dragons® of
South Korea, Hong Kong, Singapore and
Taiwan: with a per capita income of the
order of $US 3,000-7,000; and

(3) The developing countries, which consist of
the rest and have a per capita income less
than $US 2,000.

The literacy rate in countries of the region is
between 12 per cent (Afghanistan} and 99.7 per cent
(Japan). 1/ Except for the "advanced® countries and
the "advanced developing” countries of the area, the
total financial outlay for education is rather
small. The allocation of financial resources for
Re&D in science and technology in the developing
countries of this region is even smaller because of
more compelling and pressing desands of public
velfate on the meagre financial resources of these
countries, most of which belong to what is known as
the “"Real South".

Table I gives the population, total GNP and
expenditures on education and science and technology
in some of the countries of this region. 1/,3/,4/,5/
It is evident that, except for Japan, Australia,
Korea, New Zealand, India and Malaysia, the
expenditure on science and technology is very
small. Separate data for expenditure in the field
of materials research is not available. However,
since the economic impact of new materials is not
realized in “developing” countries, funding in R&D
in this sector is likely to be even smaller.

It may be assumed that the standard of living
of a country is directly proportional to the
procdiction of high technology new materials in the
same wvay as it is related to the per capita
consumption of energy. Thus, per capita income, or
GDP, and materials production are interrelated. It
is, therefore, useful to review the economic aspects
of the countries of the Asia-Pacific region as an
indicator of the status of new materials
technologies in these countries.

II. ECONOMIC STATUS OF THE COUNTRIES IN THE ASIA
AND PACIPIC REGION

(a) Agqricultural produce

The economy of most of the developing countries
of this region is basically agrarian. Table II
gives the contribution of agricultural,

menufacturing, mining and energy production sectors
to the GDP of selected countries of this

region. 16/ Figure 1 shows the contribution of the
agricultural sector to the economics of selected
countries. As could be expected, in the developing
countries with iow per capita income, the share of
ag:iculture in the GDP is large, while in the case
of advanced countries the situation is the reverse.

{(b) Output of the manufacturing secto:r

The details of manufacturing output based on
micerials of some of the selected countries in the
Asia-Pacific region is given in Table III. 6/ It is
clear that, while the advanced countries of the
region are mainly producing goods with a large
component of knowledge-based added value, such as
motor vehicles, electromics instruments,
machinery/military hardware, etc., the manufacturing
output of the developing countries is largely
comprised of consumer goods and traditional products
such as cement, textiles, sugar and other
agriculture-based commodities with high rav material
component and meagre technological value-addition.

Pigure 1 also 3shows the contribution of the
industrial activity, i.e. the sum of the
manufacturing, mining and energy sectccs, to the GDP
of these countries. The upward trend of per capita
income with industrial activity is not so obvious
since in many of the so-called "advanced” countries
of the region a large part of the GDP is derived
from economic activities such as business and
trading, community services, corstruction and
communication, etc., which are hallmarks of
prosperity.

(c) Energy resources

Generaily. the countries of the Asia and
Pacific region are poor in energy resources. Many
of them are dependent on imported oil from outside
to meet their energy requirements. Table IV gives
the production and consumption of electricity,
petroleum, coal and gas in selected countries of
this region. 7/ In the advanced countries of the
region the per capita energy consumption ls very
large, while poorer countries, such as India,
Pakistan and the Philippines, consume only a
fraction of the world average. PFigure 2 illustrates
the well-known phenomenon of increasing per capita
income as a function of increasing energy
consumption.

(d) #Minerals product.on and potential

Barring a few exceptions, such as tin and
tantalum, the estimated metallic reserves and the
mining production of Asia forms less than 10 per
cent of the total world reserves. 8/ The production
and consumption of refined metals such as aluminium,
copper, steel, nickel, etc., Is also 20 per cent of
the world figures or less. 8/ The mineral
production of the countries of this region is given
in Table V. Except for Australia, China and India,
the region is extremely poor in metallic resources.
Moreover, most of these countries lack the
infrastructure for the exploitation and processing
of these resources. The minerals are often exported
43 ravw materials or in semi-processed form.

II1. RAW MATERIALS

Historically, mankind has adopted the naturally
occurring materials such as clay, stone, wood,
animal tissue and the natural fibres for its use and
benefit. Later, it moved on to the smelting of
metals and the making of alloys. The trend has been




tovards an increase in the refining and processing
of the materials, to the understanding of the
properties of available materials, and to the
application of existing materials vwith desired
qualities and properties for the fulfilment of the
contemporary and future needs of mankind.

This vas the situation till the recent past.
But nov the availability of very sophisticated and
superior exper:msntal techniques and the advances in
the theoretical knowledge about the structure of
msatter has radically altered this situation.
Instead of the needs and requirements being alteres
and modified according to the properties of the
available materials, it is now becoming possible te
design and engineer materials with many of the
properties and characteristics aimed at specific
techaical applications. These are the so-called
“nev materials®. Many of thes: new materials are
improved and modified versions of the conventional
materials, while others are radically differsnt in
structure and composition.

The importance of the development and use of
nev materials is susmarized by a well-known
industrial scientist from the United States of
America, 9/ as follows:

®As a result of dramatic technological
developments over the past two decades, the
discovery and development of new materials has
becoms 2 national imperative, not only for the
United States but also for our major world
competitors and adversaries:

- As technologies in coanventional industries
are transferred tou developing countries, it
is inevitable that the US must change its
industrial structure, based on nev
technology, to maintain current standards of
living or to achieve further increases in
per capita added value.

- Puture energy developments cequire
technologies that create conditions far
beyond the conventiocnal, such as ultra-low
temperature, ultra-high temperature and
pressure, super-vacuum, ultra-high magnetic
fields, and ultza-intense and energetic
tadie>ion environments.

- Therte is a growing search for higher
accuracy at the atomic and molecular levels
for new machining, measuring, and processing
developments. This is especially being
sought after in the DoD progras in
ultra-small electronics research (USER),
which is attempting to extend slectronic
devices and ciccuit technologies to the
molecular scale of dimensions (that ls,
10-20 n@).

- MNew public needs and demands for new
lifestyles are growing out of expectations
from the information ravolution.

- Our future national security depends on new
technologies to conserve and substitute for
energy and other scatce resources.

- Technology is becoming increasingly
essential as a major force multiplier in the
development of new strategic and tactical
veapons and battle management systems.

"All of these emerging requirements are
based on higher technological dimensions, and
these higher dimensiong will not be realized
vithout new materjials.”

~19-

(a) world-wide trend in materials

Modern materials may be divided into five broac
categories: 10/

(i) Metals and alloys:

(ii) Semi-conductors and electronics materials;
(iii) Ceramics and refractories;

(iv) Composite materials; and

(v) Plastics and polymers.

Metals and alloys

Netals and alloys have been the mainstay of the
present-day advanceaent sincCe the Industrial
Revolution. Coansusption of these materials, and
especially of steels. is dirtectly related to the
industrial status and per capita income of the user
countries. This would be evident from
table IV, 6/.11/.12/ which gives the per capita
consumption of crude steel and of non-ferrous metals
for some of the countries of the world, while
figure 3 illustrates the per capita consumption of
steel as a function of per capita income of selected
developing nations. The alloys most commonly used
are ferrous zlloys like plain carbon steel, low
alloy steels Or stainless steels, non-ferrous alloys
based on nickel or copper and light alloys of
aluminium, magnesium or titanium. The typical
application of various aetals and alloys is
summarized in table VII. 13-16/ While traditioamal
metals and alloys would continue to form the
backbone of the conventional industry for yeatcs to
come, modified or new metallic materials and
processes would form the cutting edge of advanced
technology.

Advances in newv metallic materials have been
made on three fronts: 10/,11/,18/

(a) Modification in composition or
microstzucture of basic alloys to improve streagth
or corrosion resistance;

{(b) Development of nev materials of desired
properties; and

(c) Improvements in, nr development of, new
processing methods for materials.

In the case of conventional low alloy steels,
micro-alloying additions of Nb and Ti are being made
to provide strength and formability. There has been
a major development in stainless steels where duplex
alloys, consisting of a predetermined ratio of
austenitic and ferritic phases, are coming into
increasing use. The austenite provides good
veldability and general corrosion resistance wvhile
the ferrite increases strength and resists stress
corrosion cracking. High alloy superaustesitic
steels have been developed for good metal-to-metal
vear resistance and better formability and
weldability.

New alioy development is a continuous process.
A major effort is going on in three alloy systems.
A nev breed of nickel-base superalloys for high
temperature applications is being developed with
solute additions of Ta, 2z, C ani B using rapid
solidification techniques. Intermetallic materials
with good hot stre: ,th and oxidation resistance are
gradually coming out of infancy. Wh_le improvement
in ductility by B addition is being tried in the
most promising material, NijAl, intermetallics
containing Pe, Ni, Ti and Be are under




investigation. Significant advances have been made
in nev Al-Li alloys which are much lighter than the
traditional light alloys and have moderate to high
strength.

There have deen many improvements and advances
in the materials processing technigues. Vacuum
melting is producing ultra-low carbon steels vith
better toughness, ductility and weldability.
Conventional melting techniques such as electroslag
te-malting and vacuus arc melting are applicable in
case of intermetallics., while slectron beam and cold
hearth selting methods are required for h:igh purity
Ti alloys.

Casting techniques have been improved to
achieve near-net shape continuous casting of strip,
rod and thin slabs. These sethods are particuiarly
Coming in vogue for coavsntional and stainless
steels. Methods for surface protection againsc
corrosion or wear are becoming more superior.
Coating of ordinary steels with Zn-Ri alloys, or
cladding vith ferritic, martensitic or austesmitic
stainless steels, or wvith Cu and Cu-Ni alloys, has
produced materials with ideally balanced bulk and
surface properties.

Innovative processing based on powder
metallurgical techniques is being used in dispersion
hardened Al-alloys., superalloys and intermetallic
compounds. Novel methods, like rapid-directiomal or
single-crystal-solidification, plasama and electron
beams refinement hot isostatic pressing, superplastic
forming and injection moulding are being
investigated or increasingly used for advanced
aaterials like Al-alloys, superalloys or
intermetallic materials.

Pine ceramics

Pine ceramics are non-metallic inorganic
materials which have improved and sophisticated
characteristics. The compositions, particle sizes
and the purity levels of the starting materials for
these ceramics are rigidly monitored and
controlied. 1In recent years, there has been a
growing interest in fine ceramics because of their
great potential use in diverse sectors of industry,
in contributing to energy conservation., as well as
to better performance.

At present (in Japan) about two thirds of the
output of these fine ceramics materials is being
used as electromagnecic materials, about one fourth
as mechanical structural materials and a small
postion of the output is employed as optical
materials, but the growth rate is high for this last
application. 19/

The applications of fine ceramics for the
manufacture of cutting tools, in the manufacture of
mechanical seals and as high temperature
corrosion-resistant materials is growing at a fast
pace. Research for the use of ceramics in the
diesel and gas engine parts is also progressing
capidly. FPligure 4 shows the typical applications of
fine ceramics.

The industrial application of fine ceramics in
many fields, such as in gas turbines and diesel
engines, die-casts and metal claddings, tools and
heat-resistant fixtures, paper-making and chemical
equipment, is anticipated in future. These
applications can be realized only after ceramic
materials having high impact and wear resistance and
which are able to withstand corrosion and high
temperature have been developed. For this purpose.
special processing an} manufacturing tichnologies
and characterization and evaluation techniques will
have to be developed.

Composites of ceramics and metals have
isporiant electromagnetic applications. It is a
growing figld which is of much importance to the
countries of the Asian and Pacific region having
large skilled manpower resources.

Advanced composite materials

In composite materials such as carbon fibre
teinforced plastics, two or more than two materials
are mixed in order to obtain properties superior to
the individual compoanents. FPFor applications betwsen
100* to 200°C, a polymer is usually employed as a
matrix. Fibreglass is a typical composite which is
made by embedding glass fibres in polyester. Glass
fibre is videly used for reinforcing plastics
because of its high modulus of elasticity.

Table VIII 20/ gives the toughness of glass,
ceramics, and their composites.

For high temperature applications, metals such
as aluminium, titanium and nickel are used which are
reinforced vith single-crystal vhiskers, cosmonly
composed of alumina (Al,03) or silicon carbide
{SiC). Por use at still higher temperatures,
Caramic materials are employed as matrices. The
ceramics are reinforced by mixing the ceraamic
Jowder with short metal fibres, having matching
coefficients of thermal expansiorn, and
then hot-pressing the aaterial to near-net
shape. 21/

The plastic matrix composites are finding
growing applications in the automotive industry. It
is estimated that, with composite vehicles,
reductions of up to 50 per cent are possibie on
investment costs for facilities, capital and
tooling, as compared to steel. Although many
production problems remain to be solved, it can be
safely predicted that composites will be
increasingly used as industrial structural materi.ls
in future.

(b) New materials in the regional context

Increasing industrialization of the countries
of the Asis-Pacific region would result in an
increasing demand for advanced materials. To keep
pace vith this demand and to reduce dependence on
the western world, the countries of the region would
have to develop indigenous materials. It is evident
from Table V that thess countries are generally
poor in metallic mineral resources. The only metals
available in reasonadble quantity are tin, lron,
alumsinium and copper. Development of industrial
alloys based on these metals would, therefore, have
far-reaching industrial and economic impact.

Ultra-low carbon steels and duplex stainless
steels are fundamental industrial materials and can
be locally produced from the available ore.
Similarly, light alloys based on aluminium, for use
in the aircraft industry, can be developed using the
local reserves of the metal. High strength
intermetallics like Nij\l have been projected for
wide industrial applications. 1Indigenous resources
of aluminium can be combined vwith imported nickel to
produce these materials wi ich may be modified for
improved properties.

One of th¢ drawbacks of the existing alloy
productior sectcr, excupt in countries like Japan
and Australia, is its relative smallness. Anocher
is that it is all baced on outdated processing
methods. To sroduce any o’ the new alloys it 1s
crucial to mocirnize metalluigical practices. It is
most essential o convert to modern vacuum-based
melting technicues. Powder metallurgy mechods,
necessacry for the production of high temperature
materials, have vwide applications and should be
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introduced in the region. Newly deseloped near-net
shape casting techniques should also be adopted for
increased efficiency and reduced losses.

Countries of the region are also pcor in fossil
fuel reserves. It is, therefore., necessary to
develop materials for solar energy and nuclear
energy production. Pure silicon may be developed
from natural resources or from agricultural produce
like rice husk. Advanced methods required for
conversion of raw silicon into solar panels need to
be explored. Techniques connected with the
generation of nuclear power, which are based on
modern mater:ils, have to be sastered.

The countries of the Asia-Pacific region have
an age-old tradition of producing good pottery and
ceramics. Almost all countries of the region are
endoved with ceramic rav materials. Advanced
cezamics are projected to have immense economic and
technological impact in industry due to their
superior mechanical and chemical properties.
Development of improved ceramics and composite- is
undergoing rapid changes and advances. This is the
right time for the countries of the region to enter
this field which holds great potential for the
future.

In addition to the areas of those advanced
saterials which have vide and an almost immediate
application, fields of research in specialized
saterials should not be neglected. High temperature
superconducting materials promise a very rosy future
for power transmission, communications, switching,
etc. These materials can be fabricated easily but
their further development and technological
application still requires a great deal of
scientific input. Similarly, modification of
surface properties of materials by laser irradiation
or ion implantation could have specialized, but
significant, utilization in industry.

{(c) High Tc superconducting materials

Superconducting materials, which have to be
cooled a8 couple of hundred degrees Celcius below
2er0, allow a large amount of electric current
without energy loss during transmission. Their
applications have mostly been made in making very
strong electromagnets, in medicail diagnostic
instruments, high energy physics, nuclear
accelerators, stc. Several metals and alloys like
Nb, Pb, Nb3Sn, V45i, Nb3Ge, stc.., have been
the most cosmon superconducting materials in the
past.

Bednorz and Mueller 22/ startled the vhole
world in 1986 by their discovery of ceramic
compounds (normally insulators) of La-Ba-Cu-0 as
supercondycting matarials at a temperature of about
35¢* X. The discovery, a few months later, of
another ceramic Y-Ba-Cu-O by Chu 23/ which vas
supsrconducting at 90° K (i.e. above liquid nitrogen
temperature) vas even more important. The
applications of such superconductors are envisaged
in power transmission (losses will be almost 2ero in
transmission lines), in making levitating trains, in
making strong electromagnets, for fast switching in
computers, etc.

The current situation on high T. superconductors
is that a critical cemperature T. of about 125° K
has been achieved while the aim of the scientists is
to develop “new materials” which are superconductors
at room temperature Of above. Such materials are
expected to be develcped in the near future, and by
the year 2010 several applications have been
foreseen by Japanese scientists.

These high T. superconductors would heavily
influence the economy of the Jeveloping countries.
It is a research which can be well within the
resources of the third world countries.

(d) Cold nuclear fusion and materials technology

Nuclear fusion at room temperature was
announced by two scientists, Pons and Fleischaann,
at a press conference held on 23 March 1989. The
observation wvas sade during the electrolysis of
heavy water using palladium (Pd) as cathode and
platinua (Pt) as anode. 24/ The deuteriuam produced
during electrolysis reaches the cathode (Pd) and is
heavily packed into the lattice causing probably a
fusion of deuterium. The cla:m of Pons and
Pleischmann to have seasu-ed an energy output four
times that of input is urder strong doubt and
controversy. If, however, this process, called
“cold water fusion®", comes trye it will solve many
probleas of the energy-hungry world. Its
development will also be wvell within the reaca of
the third world countries. The RéD on Pd anu other
aaterials suitable for such a process may have to be
developed.

The involvement of the Third World countries in
the RED on Cold Nuclear Pusion is, therefore, of
great interest and a vigilant eye should be kept on
the outcome of the confused state of this
discovery. If the seemingly °world-shaking®
discovery is proved authentic, it would have great
economic and defence repercussions.

IV. OPTIONS POR ASIAN-PACIFPIC COUNTRIES

1. It is imperative to undertake a broad-based
information-dissemination programme on nev materials
both for the industry and for the general public,
encompassing the properties and the econoaic
benefjts of the large-scale use of these materials.
The introduction of advanced materials and products
in the existing industries would make them more
competitive in the world market. Since industry is,
in general, shy of accepting novel processes and
ideas, governments will hav:s to offer economic
incentives for adopting and incorporating machinery
and components basud on advanced caterisls in
existing production lines. Local entreprenqgurs
should be encouraged, through tax incentives, to set
up new industries nased on advanced materials and
technologies. Th: industry may also be required to
develop ReD facllities and to establish contacts
with national institutes of higher learning and
research.

2, In order to achieve self-reliance, a
twvo-pronged approach may be adopted by countries of
the Asia-Pacific region for the transfer of
techno. gy from advanced countries:

(a) Por the realization of quick short-term
goals, a policy for implantation of existing or
nevly cdeveloped technologies may be followed in the
initial stages. This, in fazt, is the approach
which has been adopted by most developing countries
of the region;

(b) A long-term policy for the development of
indigenous capability should be assiduously
pursued. The basic requirement for this, other than
material resources, is a reasonable number of good
research scientists and enginesrs.

], In the context of development of the
infrastructure for the growth of modern materials
and technologies, the major thrust at fundamental
level should be towards the grooming of scientific




and engineering manpower. Tabie IX 25/ gives the
number of scientists and engineers., and technicians,
engaged in research and experimental development in
some of the countries of the region, which i~ very
small in most of the cases. Pigure 5 illustrates
the large difference in the number of scientists and
engineers and in the RiD expenditure between the
developing and the advanced count-ies of the

region. A msajor effort is, therefore, required to
enhance the scientific and technical manpower in the
countries of the region. While higher intake and
output of universities and technical institutes is
desirable, ths standard of the imparted education,
knowledge and ptactical experience needs to be of
the highest order.

4. The countries of the region should allocate
adequate funds for the establishment of
infrastructural facilities for R¢D in materials
science and technology related to the needs of
agriculture, housing and construction, transport,
mineral processing, etc., in accordance with the
national requirements. Bach country has, of course,
to decide for itself its materials research
priorities but it can be said that, for the
developing countries, the aim should be:

(a) To process their raw materials in order to
add value to them for obtaining higher returns;

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

(¢) Purther investment of capital and
technology should be made in the sectors already
vell established such as agriculture, wood and
forestry, construction and housing, ceramics,
mining, mineral processing and basic metallurgical
infrastructure.

v. REGIONAL COLLABORATION AND CENTRE FOR ADVANCED
MATERIALS

R&D work on the nev materials is absolutely
essential but financial and scientific manpowver
resource constraints can limit the contribution and
participation of individual countries to a narrow
portion of the new materials spectium. Most
developing countries possess neithcr the critical
mass of research facilities nor do they have the
critical number of engineers and scientists for R¢D
in materials science and technology. It may be
advisable, therefore, to pinpoint areas of ccmmon
interest with other countries, both developing and
the advanced, in order to jointly undertake ReD work
in the defined areas.

An Asia-Pacific Materials Research Society may
be set up to promote regional co-operation. Members
of the society may identify fields of mutual
interest and select research centres which are keen
on bilateral or multilateral collaboration. The
interregional movemint of scientists should be
encouraged, for vhich the Society may tap adequate
funding. For the training of manpower in the
relevant fields, the "advanced countries” of the
region have an important role to play by providing
the required training facilities and, wherever
possibie, the funds for this purpose.

Since R6D is. materials science and technology
is cost-intensive, it may not be possible or
advisable to undertaka R&D work in all the fields of
national interest and it may be more cost-effective
for the developing countries to pool their rasources
and to establish regional centres £2r ReD in
materials science and technology, such as those for
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materials characterization, fcr product evaluation
or tor standardizacion. A centralized “Regional
Centre on Advanced Materials” may be set up in one
of the developing countries of the area.

The proposed Regional Centre for Advanced
Materials say have the followving objectives:

(1) The Centre may establish research groups
working on the developament or
investigation of advanced materials based
on indigenous resources. These materials
say be broadly classified as:

(a) Metallic materials and alloys:
{b) Ceramics and composites;
(c) Plastics and polymers; and

(d) Materials related to electronics and
pover generation;

(2) The Centre may provide on-site research
tacilities which are too specialized or
too expensive for most of the individual
countries of the region to establish;

(3) The Centre may establish research
facilities of a general nature and of wide
application, such as those for the
physical and chemical characterization of
materials;

(4) The Centre may co-ordinate research
efforts in various national centres and
stimulate collaboration among thems;

(S) The Centre may serve as a training
laboratory for manpower;

{(6) The Centre may act as a source of
information dissemination by holding
regional conferences and symposia and by
maintaining a comprehensive library for
the distribution of literature to national
centres.

Por the locaivion of the proposed Centre, a
country which has fairly developed infrastructural
facilities and trained manpower, such as Pakistan,
may be appropriate. The Centre may work under a
governing body consisting of vell-known saterials
scientists drawn from countries of the region. Some
members of the body may also be taken from
aid-giving agencies like the Asian Development Bank,
the United Nations, etc. The Centre may be run
under the umbrella of an international organization
such as the United Nations, UNCSTD, ESCAP, UNDP of
RCA.

The funding for the proposed Re«gional Centre
tor Advanced Materials could be forthcoming from
many sources. The land and the building may be
donated by the country in which the Centre is
located. Research equipment could be donated oy
advanced countries of the region, while some funds
could also be obt ined for this purpose from UNDP.
The running expenses of the Centre could come from
tegular contributions from the regional countries
and from the Asian Development Bank, etc.

VI. CONCLUSIONS
The - jority of the countries of the

Asia-Pacific region have agrarian-based economy, low
per capita income, low investment in industry ang




low priority for ReD in applied and materials
sciences. The countries of the area are generally
poor in energy and mineral resources. Whatever
materials and minerals these nations produce are
often exported in rav or semi-processed fora due to
the absence of scientific and technological
infrastructure for value-addition.

To remedy the situation in the field of
materials science and technology, the following
short- and long-terms mesasures are proposed.

A. Development of materials

(1) Advanced alloys based on the indigenous
resources of metallic minerals should be

developed.

Fine ceramics and composites should be
developed from the abundantly available
rav materials.

The study of revolutionary materials, such
as high tesperature superconductors,
should be given due emphasis.

Nev developments in energy resources like
the current hot but controversial topic of
*"Cold Nuclear Pusion” should not be left
untapped.

Involvement of local industry

Industiy should be encouraged to adopt new
materials technologies by giving suitable
incentives.

Transfer of technology from advanced to
developing nations should follow a
two-pronged approach. Por the achievement
of short-term results, advanced methods
may be “implanted”. 1In order to achieve
self-reliance, this must be complemented
vith the development of local capability
for the evolution of new processes and
techniques.

Development of R&D potential

A considerable increase in the number of
scientists and engineers engaged in R&D on
materials is required. Por this purpose
an increase in the output from
universities in the relevant fields is
imperative.

Materials science departments may be
opened or expanded in the existing
universities and research institutes.
Specialized national research centres may
also be established for -he investigation
and development of advanced materials and
processes.

The R&D organizations should maintain
close liaison with industry in order to
keep it abreast of new developments.
Pacilities may be offered by these
organizations for the training of
selective manpower from the industry in
the field of advanced materials.

Regional collaboration

Regional collaboration is most essential
for gradual transfer of technology from
advanced countcies of the region to the
developing countries,

Bilateral and multilateral co-operation
among ‘different RsD insctitutions is
recommended in order to compensate for
sanpover and f.nancial resource
limjtations.

Establishment of a Regional Centre on
Advanced Materials is proposed in order to
provide a central institute of advanced
research. It would play an iaportant role
in the dissemination of scientific
literature and data, as & meeting-place
for sclientists from various countries of
the region and for the provision of
sophisticated and expensive equipment for
research under one roof. Such a Centre
should act as a strong focal point for
interaction with national centres.

Piguie 6 summarizes the central role that
would be played by the Regional Centre in
this context.
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TABLES
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TABLE 1: EXPENDITURE TN ENUCATIAN, SCIENCE AND TECHNLNYY
Country Population GV G\P Per Capita Educational T r
(Millton)  (10%Us$) (USS) Expenditure (10 % of G
X of GWP)
Burta T 7.0 190 2.0 n.a n.a
Ingia 816.8 191.3 250 3.1 1,721 0.9
P.R. China  1087.0 322.7 310 2.8 n.a n.a.
Indonesia 177.4 86.0 530 3.4 258 0.3
Pakistan 103.8 36.1 380 1.8 72 0.2
Philippines  63.2 32.8 600 1.8 66 0.2
Malaysia 17.0 32.0 2,050 6.1 211 0.8
Rep. of Korea 42.6 88.6 2,180 4.8 886 1.1
New Zealand 3.3 23.7 7.310 4.4 214 0.9
Singapore 2.6 19.3 1,420 5.3 95 0.5
Australia 16.5 7.2 10,840 6.0 1,880 1.1
Japan 122.7 1.366.2 11,330 5.1 35,520 2.6
UK. 56.5 474.4 8,390 5.1 9,962 2.1
France 51.1 526.5 9,550 5.3 4,721 1.8
F.R. fermny  61.0 668.1 10,940 4.6 16,701 2.5
U.S.A. 238.0 3,916.0 16,400 5.0 101,818 2.6
Figures mostly for 1985 exceot for population which 1s for 1988
Figures based on Ref. (1,3.4

- 92 -
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VARLE il CWNIRIBLTIN F FRIGLTARR AL INVSWRIAL
SCTORS 76 TOTAL <@

Courttry e AP opr Capitz:  Aoncuiture®  bamtacY Mining? Energy"
(10%05s) (USS) wring

Burma 1.3 190 27.9 10.7 0.01 0.54
India 182.5 209 37.0 25.0 2.66 1.93
P.R. China 295.0 234 31.0 4.0 n.2 n.a
Indonesia 57.0 292 5.8 14.4 16.24 0.81
Pakistan 38.5 390 24.8 2.0 2.19 2.00
Philippines 3.9 460 25.5 5.3 1.95 1.37
Malaysia 34 1,953 21.0 5.0 1.1 5.77
Rep. of Korea 121.3 2,826 11.4 0 30.3 1.34 3.31
Taiwan 91.3 4,573 5.2 43.5 n.a rn.a
New Zealand 25.0 6,984 7.1 26.4 1.15 3.09
Australia 182.5 9,188 4.1 17.0 6.20 3.0
Japan 2545.6 20,833 3.0 33.8 0.47 2.96

Data mostly for 1987

¥ Figures for Agriculture, Manufacturing, Mining
and Energy given as percentage of TP,

Figures based on Ref.[1,6].




TABLE 111: MAR MATERIALS-BASED MINLFACTLRING QUTRUT

PROOLCT Burma Indva P.R. Indonesia  Pakistan Onilip- Malays'a Rep, of New Australia Japan
hina pines Korea  Z -—
FETROLELM PRONLETS 1,066 29,061 65.810 20,218 4,158 7,643 - 21,484 3,252 29.817 127,884
COMENT 429 310,903 145,950 9,940 4,698 3,072 3,128 20,424 663 5,680 12,84
ALATE RAR - 18,213 . - - - - . - - -
PLASTICS ¢ RESINS - 226 - - - . - - - . 7.04¢
STEELS
PIR IRON - 9,701 43,840 - - - - 8,032 - 5,3 81,958
STEEL INGQTS - 10,963 46,790 - - - - 4,85 - 6,311 98,275
mm qm - - - - - - - sy - - -
NON-FERROLS METALS
ALLNININ - 2% 410 - - - - - . - 1.098
LEAD - - 195 . - - - . - - 285
2INC - - 190 . - - - - - . 739
OPPER - - 00 - - - - - . . 936
TIN - - 18 21 . - 45 . . 3,483 |
MAGNESIUN - . 7 - . . - - - . .
LOW LEVEL FABRICATIMN
TV/RADIN (NSTRUMENTS - 1,209 . . . . - 6.392 - 398 30,723
BICYQLES - 5,646 . 463 - - - 943 . . -
SEMING MACHINES . 2 - . 67 - - () . . .
HIM LEVEL FABRICATIN - . . - . . - - . . .
MR VEHIQ£S - . - . - - - - 105 - .
MEROWNT VESSELS - - « - . - . . . " 8,906

.cenr =

Data apstly for 1:55106 - Data based on Ref. [6)
tonnes.

Al figures an
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Country Electricity Petroleym Coa) 51 Consympiion
Product ion Consumtion  Production Consutption Production Consumotion Production Consumption Total  Per capita
Burma 4 4 60 4 2 8 42 42 95 3
Inma 21 N 1.312 1,561 4,1 4,178 210 210 6,160 8
P.R.Cnna 360 364 5,468 3,001 17,973 17,858 547 547 2,7
Incones1a 26 26 2,973 1,023 51 66 1,120 an 1,392 8
Pakistan L} Sl 80 3 41 65 2 322 7% 7
Milpoines k| 38 14 n2 25 53 - . € 7
Malaysia 15 15 1,038 381 - 1e 369 82 a8 n
Rep.of Korea 16 16 - 966 487 912 - 3 1,998 48
New Zealand 83 83 LY 116 54 46 140 140 384 115
Australia 59 59 1.156 1.197 3,490 1,295 L1A] N 3,122 196
Japan 923 923 21 1,266 412 3,054 83 1,657 12,900 106
F .R.rerwany 450 509 235 4,569 3,354 3,29 465 1.724 10,097 166
U.K. 27 243 5,335 3,120 3,168 3,249 1,747 2,206 8,858 157
UGA 2,595 2,725 20,185 29,923 19,622 17,513 16,019 16,605 66,766 278
USSR 1,356 1.852 25.794 15.2N1 15,350 14,877 23,698 21,210 52,671 187

Data mostly for 1966

units 10‘5 Joules, except per capita consutotion which 1S 109 Joules

10'0 Jourese9.48x10° Bu«0.38 tce.
Data based on Ref. (7).
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TABLE Vi MAJR MINERAL RESTURCES
Country lron Cooper 2inc Bauxite Tungsten Tin  Manganese Leac *to1d  “<tiver ntrers”
Burma - 166 4 - 945 2 - 22 - 18 -
Inha 21831 S0 $3 2208 - - 482 - 1.85 26 Magnesite: 420, Cnramium; 175, Asbestos: ¥
P.R. Cna 69095 185 190 1650 15 18 480 160 - - Magnesite: 2,000, Mercury: 700, Asbestos: 1()
1noones 1a - 233 - 830 - 2 4 - 0.23 2 -
Pakistan - - - 2035 - - 138 - - - Atimony: 6, Chromium: 3, Magnesite: 3
Milpolines 2 26 - - - - - 33.06 52 Chramium: 100
Malaysia 182 - - 492 1 - - 0.22 - -
Rep. of Korea 542 - %0 - 4 - - 18 2.9 51 Asbestos: S
New Zealand - - - - - - - - 1.0 - -
Asstrala 63500 252 734 32400 1902 1 90 an 48.85 1038 -
Japan 338 43 2583 - 538 510 6 50 5.3 339 .

Mostly 1985 data
ANl Tigures 1n 10° tomes unless otherwise mentioned

* : Tonnes

Figures based on Ref, [6)




TA2E VI PER CAPITA COSMPTION OF STEEL AND NOY.-FZRROUS METALS

Country Q\P per capita Per Capita consumption Per capita consumtion
(US $) of steel (Kg) of non-ferrous metals(Kg)

Burma 190 n.a. -

India 250 18 1

P.R. China 310 54 7

Pakistan 380 7 n.a.

Indonesia 530 n.a. n.a.

Pnillippines 600 n.a.

Malaysia 2,050 4& n.a.

Rep. of Korea 2,180 247 13

Taiwan Province 3,690 238 1"

New Zealand 7,310 224 22

dustralia 10,840 363 35

Japan 11,330 607 35

U.K. 8,460 257 21

F.R. Rermany 10,940 504 44

U.S.A 16,690 440 36

Figures for 1985-86

Data based on Ref. [6,11,12]
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: TYPICAL A

CAT

S OF TRIAL ALLOYS

Alloy/Type {sgi}e Strength Typical Applications
APa
STEELS.
Plain Yow carbon 325-485 Nails and wire, pipes, low temperature
puressure vessels, automebiles, structural
applications.
High strength 3435-655 Truck frames and railway carriages
low alloy (HSLA) revetted structures, low temperature
uses.
Plain carton 605-1280 Crank;hafts. polts, hammers, knives
and hacksaw Dlades.
Alloy steels 186-2170Q Springs, hand tools, shafts, pistons
gears and aircraft tubing.
Tool steels - Dipe cutters, drills, punches, dies
and saws.
STAINLESS STEELS
Ferritic 448-452 Automotive exhaust, values (high temperature),
glass moulds.
Austenitic 552-586 Food processing, welding, construction
Martensitic 483-1790 Ammunition components, cutiery, surgica:
tools.
Precipitation 897-1480 Knives, springs.

Haraenable
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Cont'd ... TABLE VIl

COPPER ALLOYS

¥rought alloys

Cast alloys

ALUMINIUM ALLOYS

Wrought, Nonheat-Treatable
Alloys

Wrought, Heat-Treatable
Alloys.

Cast, Heat-Treatable
“Alloys

MAGNESTUM ALLOYS
wWrought Alloys

Cast Alloys

1ITANIUM ALLOYS

220-372

234-584

90-195

485-570

230-250

255-350

160-230

517-1220

Ammunition components, welding rods,
saltwater piping, rivets, springs
dgiaphragm, radiators.

Battery clamps, bearings, bushings,
gears and valve seats.

Cheet metal work, Cooking utensils,
Bus and truck uses.

feneral structures, aircraft
structural parts, trucks.

Crank cases, aircraft wheels,
water-colled cylinder blocks.

Missile and aircrraft use, highly
stressed extrusions, forgings of
maximum strenghth for aircraft.
Pressure-tight castings, parts for
cars, lawnmowers, 'luggage.

High strength fasteners, aircraft
parts, rocke' motor cases, chemica)
and marine uses.

NData based on Ref[13-16)
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TABLE VIII: TOUGHNESS OF GLASS,

CERAMICS AND THEIR COMPOSITES

Strength, Work of K,.
MPa fracture, MPa-mm™

J m2
Glass. 100 24 0.5
Alumina - 500 40
Silican carbide 500 40
Silicon nitride 600 100 S
Fully stabilized zirconia 180 - 2.4
Partially stabilized
zirconia 600-800 — 6-8
Zirconia toughened
ceramic 300-800 f— 10.
Tetragonal zirconia
polycrystalline 1,000-2,500 — 7-12
Whisker-reinforced
Si;N. 400-800 —_ 6-9
Short fiber-reinforced
glass 50-150 600-800 7

Continuous fiber-
reinforced ceramic/ .

glasses - 700-1,000 10°-10¢ 10-20

Source, “High-Temperatune Fibie Compuosites,” by 1.C. Phillips,
Materials Developiment Div.., Harwell Laboratory, UK.




TABLE IX: NUMBER (F SCIENTISTS AND ENCINEERS, AND TECHNICIANS,
ENWIED IN RESEARCH AND EXPERIMENTAL NEVELNPMENT
Kienti inee Technicians
Country Year Total per 10,000 Total per 10,000
Burma 1975 1720 0.4 500 0.1
India 1984 100,136 1.3 72,233 0.9
P.R. China - n.a. - n.a. -
Indonesia 1986 29,621 1.7 n.a. -
Pakistan 1986 9,919 0.9 14,028 1.4
M11ppines 1982 5,919 1.0 2,51 0.4
Malaysia 1983 n.a. - n.a. -
Rep. of Korea 1986 47,042 1.6 30,465 1.5
New Zealand 1979 n.a. - n.a. -
Australia 1985 29,236 18.6 14,916 9.5
Japan 1986 575,292 49.3 101,861 8.7

Figures based on Ref. [25).
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FIGURE CAPTIONS

Agricultural and industrial out put vs. GDP per capita
income.

Energy consumption vs. per capita income.

Consumption of steel vs. per capita income.

Function and use of fine ceramics.

No. of R&D scientists and engineers, and R&D
expenditure, as a function of per capita income.

Regional co-operation scheme for new matecials

development.
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Fig. 4: Funclion and Use of Fine Ceramics (Examples)
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S. ADVANCED MATERIALS AMD DEVELOPWMENT - NOW ASIA CAM MEEY THRE CEALLENGE

by Or. P. Ramakrishnan, Professor, Department of
Metallurgical Engineering, Chief Co-ordimator, Power
Metallurgy and High Temperature Materials Centre,
Indian Institute of Technology. Powai, Boabay -

400 076, India.

Introduction

Materials have played a key role in our
development tight from the primitive stage, as is
evident from the evolution of the civilization from
stone age, broaze age, iron age and the current
multi-materials age. Modern techmolaogical
developments are increasingly interrelated with the
progress of the advanced materials and these are
further stimulating the growth of many sectors of
our econosy. The achievements made during the last
decades such as the harnessing of nuclear energy.
breakthrough into outer space, development of
computers, microelectronics, lasers. biotechmology
and commsaication systems are all indebted to the
ready availability of the right kind of materials
and these have made a profound impact on the overall
development of our socisty. The emserging
requirements are based on higher techmological
dimensions and have to be realized vith nev and
ispzoved materials. Hence materials scientists and
engineers are working not only on the traditional
challenges of increasing strength, modulus,
toughness, corrosion and high temperature resistance
of structural materials but also on innovative
aspects of a variety of materials ranging from alpha
alumina, silicon carbide, silicon nitride to
transformation toughened zirconia. They are also
creatively working on how to develop optical fibres
capable of transmitting laser light for hundreds of
kilometzres without the need for repaatars, on
heterostructure devices for laser diodes, on
superconducting oxides, on conductive or
self-reinforcing polymers, on composites containing
complex combinations of metals, ceramics, polymers
and glasses and on diamond thin films.

The distinction betwveen basic and applied
research is breaking down because of the increased
pace of development; the period of time between
discovery and application has reduced substantially,
as is evident from table 1.

In the field of microelectronics, the period
betwveen the conception of a device and its mass-
production can be reduced to less than two years.
The traditional discipline-oriented approach to
science and engineering is increasingly being
replaced by the use of interdisciplinary teams
focused on emerging technologies for manufacturing
and communications. The highly competitive
environment today is bringing science and practice
closer together than ever before, and materials
technology is enabling the concepts of theoreticians
and design engineers to become tomorrow's useful
products.

van rial develo ne

Materials are important inputs as wvell as
outputs, leading to industrialization and economic
development. Radical changes are taking place in
the development and usage of materials in the
industrialized countries. The general trend is to
use less material per unit of output or for a given
product. 1/ The degree of sophistication reduces
the amount of materials required as reported in
figure 1. Here the amount of materials per unit of
product is plotted against the amount of

sophistication attached to the use of a given
material. In this model the gravity centre of
several major materials-producing industries has
been indicated vith a vector, shown as an arrow to
indicate the future trends in the next decade or
so. As an illustration, industries like steel and
cement have limited possibilities to move the
gravity centre of their product mix towards more
sophisticated use.

The basic steel industry vill move ocaly slowly
out of its present position. However., specialized
steels such as high strength low alloy (HMSLA) steels
have a bright future as these and dual phase steels
are considered important materials for the
aytomotive industry. Opportunities for high
temperature materials, lightweight msaterials like
plastics, aluminium, titanium and magnesiua are more
dynamic. The automobile industry will move like
aost other materials-using industries to the upper
ileft of the model. Por the vectors indicating
innovative moves, ressarch and development and new
technologies will bave a considerable impact. The
microprocessor industry would be placed around
slectronic materials in the upper left of the
model. Similarly composite materials will
substitute the previously used materials in many
applications.

Advanced materials are mnot only meeting the
needs of the industries but are also providing new
technologies. These materials are assembled into
components critical to the successful performance
and operation of such large complex systeas as
aircraft or space vehicles, electronic davices,
automobiles and so on. Hence advanced materials are
essential for the growth of these and other related
industries. The strength-to-density ratios of
today's advanced composite materials are about
S0 times better than those of cast iron, an
important material of the pravious century. The
efficiency of an engine to convert heat into energy
is directly related to the operating temperatures.
Thus the engine operating temperatures have been
increasing steadily from the steam engine of the
year 1900 to more than 1,200°C for the modern
turbojet engines.

This is significant because each 150° increase
in temperature can result in a 20 per cent increase
in engine thrust and a substantial improvement in
fuel economy. These improvements have been possible
because of the development of advancud superalloys
including mechanical alloys, ceramics and
carbon-carbon composites. In order to achieve the
speed of Mach. 8 envisaged for an advanced aircraft
like the Orient Express that could fly from New York
to Tokyo in three hours, advanced materlials are to
be developed. Similarly developmsents are also
taking place in nuclear power generation as a result
of advanced nuclear fuel materials such as uranium
oxide, plutonium—bearing mixed oxide and carbide
fuels. Today's magnetic materials based on Nd-Fe-B
are 100 times stronger than the early steel magnets
of 1900. Systematic analysis can trace the
development of improved materials such as ferrites,
Al-Ni-Co alloys and rare sarth cobalt magnets. The
progress made in the tool materials from carbon
steels, with a cutting speed of 10 m/min during
1900; over a period through materials like high
speed steel, cemented carbides, coated tools, oxide
ceramics and silicon nitride could increase the
cutting speed to the current level of over 20C m/min
thereby increasing productivity. Other interesting
developments include shape memory alloys like




nitinol, a wide variety of biomaterials and
superconducting materials ranging from Nb-Sn, Nb-Ti
to high temperature superconducting oxides.

Materials processing by powder astallurqgy

In order to fulfil the potential of advanced
materials it is essential to develop appropriate
synthesis, processing and fabrication of these
materials into useful components and devices
reliably and economically. A large number of
processing technologies such as molecular beam
epitaxy (MBE) or metal organic chemical vapour
deposition (MOCVD), rapid solidification,
directional solidification, super plastic forming,
powder metallurgy, etc. are found to be very
promising. Several of the procsssing techmologies
wvhich are beirg investigated in laboratories today
are expected to reach a stage of application and
marketability in due course. In this ccatext powder
msetallurgy processes vill play a predominant role in
the development of advanced materials.

Powder metallurgy techniques are being
increasingly used for the production of traditional
engineering components advantageously as vell as for
the development of advanced and new materials for
the emerging technologies. 2/ Powder metallurgy
conserves energy and rawv material in the production
of precision engineering components with fewver steps
and sinimus machining along vith the capabilities of
producing high performance alioy systeas and
materials which are impossible by the conventional
methods. The latter category includes two phase
alloys vwith large differences in structure, melting
point and density. The most important of these
materials are the cemented carbides of the hard
metal industry. Others include electrical contact
materials such as tungsten-silver, copper-tungsten,
carbon-silver, etc. and high temperature materials
like ceramic—metal (cermet) materials. High melting
point metals such as tungsten, molybdenums, tantalum,
etc. and light metals such as beryllium are
proc: d by powder metallurgy because of the
attainment of the required struc:ure and properties
on the one hand and economy of the process on the
other. On account of these reasons, along with the
technical advantage of avoiding segregation, more
and more ferrous materials with high amounts of
alloying additions are increasingly being processed
by powder metallurgy. These include high speed
steels, superalloys and a variety of high
temperature materials. One of the main advantages
of powder metallurgy is the possibility of producing
complex shaped parts in large numbers with close
dimensional tolerances. Powder metallucgy is
compating with other manufacturing techniques such
as casting, machining, welding and more particularly
with rolling, extrusion and forging. The field of
powder metallurgy is constantly expanding because of
the development of new production tecnniques and
materials technology.

The global market for powder metallurgy
products is projected to grow from $US 5 billion to
$US 6 billion in 1987 to about $US 1S billion to
$US 18 billion by the year 2000, representing an
annual growth rate of 8 to 10 per cent. ERarly
espirical knowledge and technologicai experience of
the powder metallurgy industry is being replaced by
sound scientific and engineering knowledge supported
by sophisticated instrumentation, diagnostic
technology and press and furnace equipment. The
global market for metal powders is estimated at
655,000 tons as reported in table 2.

The automotive industry is the iLargest consumer
of international powder metallurgy industry for iron
and coppe. -base products. In North America the

automot ive powder metallurgy market is about 60 to
70 per cent of total output and in Japan it is about
75 per cent, in the UK about 70 per cent, in the
Federal Repudlic of Germany more than 60 per cent,
while in Italy around 60 per cent. Powler
metallurgy parts should see more usage in such
markets as computer peripheral equipment, power
tools and lock hardware. lawn and garden equipment
and appliances. The interest is very high in the
agtal injection moulding process, powder forging,
high tesperature sintering and in new materials.

The rapid changes in the high technology
industries and the increasing competition have
promoted the development of powder metallurgy net
and near-net-shape manufacturing processes that are
both saterials and energy efficient. Another
important tactor respoasible for ths rapid progress
of powder metallurgy is the innovations in powder
production and consolidation through coatinuocus
tesearch and development.

Advances in powder prepa-ation

Consider the most wvidely used metal powder,
namely iron powder. About 30 years ago there were
only a few grades of iron powder but today there are
more than 50 specialized grades on the market. The
range of powder grades available today include super
compressibility powder for high density garts, MnS
additions for improved machinability, special
powders for improved fatigue life for powder forged
gears and connecting rods for cars. Pe—Cr-No-Cu-P-C
alloy powders for higher vear resistance and to
reduce the weight of camshafts for automobiles,
stainless steel powders for high temperature and
corrosion resistant applications including
applications like filtration. Other developments
include tool steel powders for cutting and wear
parts; irregular iron powders with large surface
areas and low density for the high performance
required for friction applications such as heavy
duty brake pads and linings. The interest in the
carbonyl process which {s capable of producing fine
spherical iron powders of 3-4 um, 6-7 sm, 8-9 um,
etc. particle sizes with high purity has been
tevived recently because of the high interest in the
resesarch and development of metal injection moulding
process.

The estimated world wide consumption of iron
powder for powder metallurgy applications in 1987 is
reported in table 3. 3/

The important methods for iron powder
production are atomization, gaseous reducticn of
oxides, reduction with carbon, electrolysis and
carbonyl decomposition.

The atomization method of powder production
provides some of the best combinations of powder
chemistry, cleanliness, size and shape
chaczacteristics for reactive alloys. The constant
reseazch and development of commercial water and gas
stomization have led to the development of rotating
electrode processes vhich provide very clean
spherical powders with a high degree of
compositional and microstructural control.
Different melting procedures such as electron-beam
melting, plasma melting and laser melting have been
used in conjunccion with rotating electrode process
to produce reactive melting and alloy powders such
as titanium and zirconium suitable for net-shape
manufacturing by hot isostatic pressing. In the
traditional commercial gau atomization, the cooling
rates are low - of the order of 10 to 10¢ degrees
per second - and the particle sizes are relatively
coarse. Purther these powders suffer fLrom trapped
porosity and f'ne satellite formation resulting in




the lower packing density of the powder and
heterogeneity i» the microstructure of the compact.
The rotating electrode processes does not use a
crucible for mselting and thereby reduce the
contamination of reactive aetals and alloys. The
cooling rate in the rotating electrode process can
be increased by additional supply of gases for heat
extraction from the powders during atomization.

The cooling rate during atomization of molten
sstals can be increased to 102 to 104 dearees
per second by vater and steam atomization. But
these media are inexpensive and they will lead to
more oxidation of the powder. Hence the process is
used for low alloy steels vhere subsequent reduction
is possible. An laportant development to_increase
the cooling rate of gas atomization to 107 to
105 degrees per second is the ultrasonic gas
atomization. 1In this process a series of shock vave
nozzles impose pulsed ultrasonic gas on the liquid
astal stream. The gas jets are generated at high
pressure of the order of 5 MPa and high frequency of
the order of 100 K c/s with an exit velocity of the
order of 2 Mach. PFine powders with an average
particle size of the order of 20 um have been
produced by this method. Higher cooling rates of
10° degrees per second and above c>uld be achieved
by metallic substrate quenching such as melt
extraction and melt spinning. The high cooling
rates will enable production of alloys with
sstastable phases consisting of glassy or
microcrystalline materials in the fdtm of staple
tibres or filaments, vhich acre to be pulverized for
producing the powders.

Proqress in alloy development and saterials

The alloy systems produced by the usual
processing methods of selting, casting and working
have reached the limit of their performance
capabilities. This is the case vith aluminium
alloys, nickel and cobalt base superalloys developed
in the 1960s for gas turbine engines and other high
temperature applications;: high speed tool steels
developed in the 1970s and other alloys with large
amounts of alloying additions. The powder
metallurgy techniques offer a solution to the
limitations of conventional ingot processing thereby
providing materials with superior properties.
Through continuous research and development it has
been possible to produce by powder metallurgy new
aluminium alloys, titanium alloys, superalloys and
high speed tool steels with impsoved properties and
performance. The nev powder metallurgy techniques
make it possible to create nevw alloys and
combinations of materials such as non-equilibrium
compositions produced in rapidly solidified powders,
combinations produced by mechanical alloying and
composite materials. Another incentive tu use these
new technical advances in powder metallurgy is the
opportunity to realize significant cost savings in
the case of processing expensive materials by
reducing the scrap generated in fabricating the
finished components through near-net-shape
manufacturing capability of the process.

The powder metallurgy process takes full
advantage of alloying elements and allows for use of
large amounts of alloying elements. The superior
microstructure improves the hot hardnass and wvear
resistance in comparison with conventional high
speed steel. Powder metallurgy tool steels are used
for milling cutters, reamers, taps, drills,
broaching tools, gearhobs, punches, dies, blanking
tools, etc. and these tools provide substantial cost
reduction through improved performance and increased
productivity. Similarly superalloys such as IN-100,
Rene 95, Mar-M 509, etc., mechanical alloyed
INCONEL-MA7S3, INCONEL-MA-600, etc.. processed by
powder metallurgy have shown superior mechanical
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properties than the conventional supecalloys.
Powder metallurgy - rapid solidified aluminium
alloys (Al-Zn-Mg-Cu-2r-Ni) in the extruded condi:ior.
exhibited up to 30 per cent improvement in strength
and as much as 40 per cent advantage in toughness
compared to the coaventional high strength 7075
alloy. Sikilarly Al-Li alloys processed by powder
msstallurgy have shown substantial improvement in
properties. WNodified 7075 aluminium alloy with
1l per cent Ri and 0.8 per cent Zr processed by
experimental liquid dynamic compaction has provided
tensile strength of 816 MPa and elongation of
8.6 per cent. SiIC reinforced aluminius matrix
composite 6061-T6¢ have shown a2 tensile strength of
795 MPa and modulus of 140 GPa in comparison with
290 MPa strength and 70 GPa modulus of a
conventional 6061-T6 alloy. Titanium
(Ti-1A1-8V-5Fe) alloys processed by powder
metallurgy have provided a tensile strength of
1,480 MPa compared to 965 NP3 of a conventional
Ti-6Al-4V alloy: thereby the former alloys are
being considered as potential materials to replace
heavier steel in aircraft landing gears.
Devel nt in t_consolidation

While considering powder metallurgy we have at
one end of the spectrum the traditional and
long-standing pressing and sintering industry which
utilizes cold die pressing and elevated temperature
sintering to produce a wide range of products. At
the other end of the spectrum are special alloys and
materials which are not amenable to die compaction
and sintering. They are processed by isostatic
coapaction, mstal injection moulding and other
forming processes such as vire drawing, extrusionm,
rolling forqging, hot pressing, hot isostatic
pressing and spray ‘orming.

The near-net-shape technology using metal or
ceramic moulds persits complex configuration such as
multi-stage compressor spool, impeller, turbine
disk, valve body, etc. to be formed in single umit
components while retaining the properties equivalent
or superior to the conventionally processed parts.
In addition to hot isostatic pressing many
pseudo-hot isostatic pressing (HIP) processes have
been developed in order to reduce the capital cost
of the equipmeant and to reduce the production cycle
time from several hours. These include ceracon
process, rapid omnidirectional compaction and stamp
process. In the ceracon process, the porous preform
produced by cold consolidation is densified under
pssudo-hot isostatic condition using a hot granular
ceramic medius in a die by using a press. A variety
of alloy steels, stainless steels and superalloys
have been consolidated by using the soft tooling
process. The rapid omnidirectional compaction
involves the use of hermetically sealed mould-powder
assembly with the configuration of the component
such as a jet engine disk. The assembly is then
heated to the consolidation temperaturs in a furnace
and then transferred to a hot die and consolidated
using a conventional press. After consolidation the
mould is removed by machining, acid leaching or by
melting. A variety of materials such as mild steel
copper - 10 per cent nickel alloys and ceramics have
been used as moulds. In the stamp process the
powders produced by horizontal atomization are
tilled in a steel container and sealed
hermetically. The containers are then heated to a
temperature of the order of 1,100°C and transferred
to a hydraulic press for consolidation to the
desired density level wvhich will vary from 95 per
cent to full density, depending upon whether these
billets are subsequently processed by rolling or
forging. A variety of low alioy steels, tools,
steels, etc. have been processed by the stamp
process. Consolidation under atmospheric pressure -
CAP - is another development in which steel powders



are treated vith boric acid to promote sintering.
These powders are loaded into glass moulds, sealed
and then heated in crucibles in air atmosphere
furnaces. The sintered products with densities of
the order of 95 to 99 per cent are vorked to full
density billets.

Considerable research and developmsent has been
carried out on the roll compaction of metal powders
into strip. The materials investigated include
iron, copper, cobalt, stainless steel, aluminium
alloys, titanium alloys, mickel alloys, etc. There
are very few commercial production plants and these
are located in the UK, Canada, the USA and USSR.
Powder coansolidation to full density by bot
extrusion is another potential production process.
The different methods of powder extrusion include
extrusion of loose powder, extrusion of cold
compacted or hot pressed compact and ¢xtrusion of
powder sealed in an evacuated container. The latter
method is commonly used for aluminium alloys. tool
steels and superalloys. Currently considerable
research is going on dynamic compaction in which
shock waves pass through powder and generate very
high pressures of the order of 100 GPa in a fsw
microseconds. The shock wave includes interparticle
shearing and surface mslting of the metal powder
particles, resulting in high densities of the
compact. Dynamic cospaction offers the possibility
of retaining ths sstastability inherent in rapidly
solidified powders after consolidation. Spray
forming is a promising net-shape powder processing
in which the spray of liquid metal dzoplets iapinges
on a substrate, which build up a thick net-shape
prefora. The important spray forming processes are
the spray deposition, simultaneous spray peening,
spray rolling and spray forging. Spray forming is a
shorter route to the final product. Rapid
solidification plasma deposition is another recent
development to produce fine grained homogeneous
microstructures of several composites in addition to
superallo,s. Liquid dynamic compaction is another
promising process in which ultrasonic gas
atomization is used for spraying in order to achieve
attractive solidification rates, refined structures
and outstanding mechanical properties.

Emerging products, processes and materials

A recent international forum on "Design and
manufacturing of powder metallurygy components in the
automotive industry” at the International P/N-88
Conference, Orlando, USA, during 1988, indicated
that although the P/M industry had proved itseif
capable of producing a large number of complex
shapes for automotive applications the industry has
been slow to expand its technology base and to
Ccreate new opportunities for production of highly
stressed parts. For sxample in developing powder
forged connecting rods, priority must be given to
developing the optimum material composition,
microstructure and properties in order to meet the
endurance limits and fatigue testing and the
productinn process must at the same time lend itself
to consistent process control. Other products
having good prospects in the immediate future in the
automotive industry include differential gears and
other transmission parts, valve seat inserts,
cylinder liners, valve guide bushing and drive
sprockets.

Another powder metallurgy process development
is the metal injection moulding which has evolved
from the embryonic stage and entered into the growth
portion of the business life cycle with an estimated
sale of $US 15 million in the USA in 1987.

According to a forecast the market for metal
injection moulding will continue to expand over the
next 10 years, growing to between $US 200 million
and $US 300 million a year in domestic sales. A
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large number of organizatiosns all osver the world 2::
engaged in research and development of the process
to make it faster, cheaper and amsnable to large
components. MNev companies are also entering into
this field in the USA, Surope and Japan. The annual
growth rate in metal injection moulding and powder
forging is projected to be of the order of 25 per
cent.

On a commercial scale coansiderable successes
have been made in the coanservation of materials
through recycling of powder setallurgy products.
This is particularly true in the case of cemented
carbides. Peasibility studies have been established
in the recycling of certain iron., steel, brass,
titanium, heavy metal and superalloys scrap by
powder metallurgy processes. In our own laboratory
lov grade ferrous scrap such as cast iron and steel
machine turnings have been pr d by powd:
sstallurgy techaigues to advanced dual phase steels
and high strength steels vith a tensile strength of
950 MPa, resulting in better resource conservation
and utilization. &/

Research and development in the field of powder
metallurgy has led to the development of a large
number cf emerging technologies. Production of high
speed tool steels, stainless steel, alusinium,
titanium and superalloys of never composition have
already demonstrated their superior propezties along
with substantial cost reduction in the cosponent
manufacture Or economy of the overall process and
increased productivity. A large number of new and
impzoved special saterials have also been developed
for high performance applications. These include
isproved carbide, oxide, nitride, boride, composites
and polycrystalline diamond for cutting, forging and
wear parts; aixed uranium oxide and plutoniums oxide
and carbide fuel materials for nuclear reactors;
Sm-Co, Fe-Nd-B magnetic materials: MNi-T! base shape
semory alloys; riobius and ceramic base super-
conducting materials; Co-Cr-Mo, tantalua base
materials for orthopaedic joint/bone replacement; a
variety of oxide, carbide and nitride base
structural ceramics and particle, fibre and whisker
reinforced composite materials.

AMvanced structural ceramics

Advanced ceramics are unique engineering
materials for high performance applications. The
slower growth in the commercialization of these
materials is related to the technical problems
associated with production and fabrication. Howvever
several types of advanced ceramics have progressed
from laboratory or pilot plant production ‘o
commercial production. Rasearch is continuing in
acquiring the basic knowledge, characterization ot
these materials arnd developing the technology
required to ensure the production of rellable,
reproducible and cost-effective ceramics products.
Advanced ceramics are materials made up of
consolidated high purity oxides, nitrides, carbides,
borides, etc. of accurately defined composition and
particle size, shape and distribution. The
estimated world sales in 1985 of advanced ceramics
is nf the order of $US 5,000 million, currently
dominated hy the USA and Japan whose hold on the
electronic ceramics market gives them the commercia)
lead. These materials can be classified accordingly
to chemical composition and can be divided into
oxide ceramics which include alumina, z2irconia and
beryllia and non-oxide ceramics such as sllicon
carbide, silicon nitride, boron carbide and the
sialons which are based in varying degrees on
silicon, aluminium, nitrogen and oxygen.

The processing of these materials in general
consists of mixing the powdered ceramic with a
binder to enable compaction or shaped through one of




the routes such as extrusion, isostatic coapaction,
slip casting, injection moulding and finally heated
to a high temperature causing the material to
densify. The manufacturing processes are
continually being developed vith the main objective
of reducing the inherent brittleness of the
ceramics. In genetal, the smalier the particle size
of the starting material and the sacrower the size
distribution, the more reliable the end product.
Hence cheamical synthesis methods are being used for
preparing extremely fine powders in the solid state
and gas phase reactions, while methods like sol-gel
or inorganic polyssr technology are very promising.
The future of advanced ceramic materials appears to
be very favourable from the world-wide market
projections as reported in table 4. 5/

Mvanced structural ceramics offer numerous
performance advantages su-h as higher strength at
elevated temperatures, light weight, lower wear and
less need for lubrication. The abundance of raw
materials of ceramics offer the industry an
opportunity to conserve rare and expensive sstals by
developing appropriate structural ceramics for
demanding applications. Ceramics based on zircomia,
silicon nitride and silicon carbide have potential
structural applicatioa in advanced heat engines such
as gas turbines, diesel engines and many other heat
and wear resistant applicatioans. These cosponents
comprise rotor blades, statar vanes, cosbustion
chambers. piston caps, cylinder liners, etc. Higher
temperature operation leads to increased thermal
efficiency and decreased specific fuel consusption.
The lower weight results in lower stress in rotating
components. greater thrust-to-weight ratio, lower
potential life cycle cost and decreased cosplexity
due to the use of non-cooled components. PFinally
the use of ceramics also reduces dependency on the
use of strategic materials like cobalt, chromium,
refractory metals, etc.

The last LS years have seen major advances in
the development of ceramic tool materials achieving
high cutting speeds with long tool lives. <these
tools require rigid machine tools with higher power
motors and a change in tool design. 6/ Ceramic tool
materials may be classified as alumina or silicon
nitride based and these base compositions give rise
to families of materials with alloying additions.
Another development is the SiC whisker reinforced
composite ceramic tools. Ceramic tools exhibit very
high hardness and wear rusistance, high resistance
to plastic deformation, chemical stability, etc.
They presently constitute about 5 per cent of the
total estimated indexable insert market for metal
cutting and are used in the automotive industry
predominantly for high speed machining of grey cast
iron for producing brake drums, brake discs and
flywheels. They are also used for high speed
machining of superalloys, hard chill cast iron and
high strength steels.

The favourable properties of advanced
structural ceramics provide a significant advantage
for potential use in car and truck engines. Ceramic
coatings and ceramic parts are just being introduced
by the motor vehicle industry. Currently Japanese
auto-makers are using advanced ceramics turbochacrges
and other small engine components in autos. A
prototype diesel engine with ceramic pistons,
cylinders and heads and without cooling systems aiso
has been built whi:ch is claimed to be capable of
operating for 800,000 km. Engines with ceramic
blocks and small parts are being tested in both
Japan and the US but will not be considered
commerc:ally feasible until early in the next
ceniury. The projected ceramic engine component
mariet penetration is reported in table 5. 1/
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A recent US Department of Energy study for
ceramics in heat engines, based on the vorld Delphi
survey, provides a very interesting projection oa
the economy. 8/ The predicted world market share
tor ceramics in heat engines in the year 2000 is
shown in figure 2. The experts’ judgement on
leading nations in the year 2000 shov Japan in froat
wvith a 40 per cent share of the world market
followed by the US and the Pederal Republic of
Germany. World-wide competition is still open and
any of the leading nations could play a major role.
The economic benefits of leadership in producing
engine ceramics are significant, as shown in
tigure 3. In the medium scenario., the US GMP could
differ by $SUS 37 billion (in 1982) in the year 2000,
depending on vhether the US or another nation leads
in production. As indicated in figure 3, the US
economy could expand by $US 11 billioa of the US
leads or it could decline by $US 26 billion if
foreign marufacturers have the lead. Besides the
direct nomic benefits of ad d ceramic
technology, their cosmercializatiom can have an
effect on the use of other ceramics also.

Advanced composite materials

The search for nev satsrials with improved
properties has provided the impetus for the
development of composite materials. The use of
fibre reinforced polymer matrix coaposites during
the past two decades has revolutionized the
engineering materials vorld. The field of
application of glass tibre reinforced plastics has
spread over a vide spectrum of consuser goods,
construction, chemical plant, marine and road
transportation to aerospace compoaents. 9/, 10/ The
development of advanced composite materials wvith
fibres of carbon, boron, aramid, silicon carbide,
etc. having properties considerably superior to
those of earliir composites have extended their
applications o high performance components of
advanced aircraft and the space shuttle. The
down-to-earth applications of composites include
autosntive, orthopaedic, consumer type - luxury
leisure activities, electronic and energy generation
industries.

The purpose of reinforcement is to increase the
strength and stiffness and modify the failure
mechanism advantageously. Special cases fibres can
conduct or resist electricity or can conduct heat
and resist chemical corrosion. The reinforcing
saterials can be continuous or discontinuous.
Whiskers are single crystal fibres almost free from
defects vith polygonal cross-sections. The
diameters of whiskers may range from 0.l us to L um
and length of the order of 100 m to 1,000 am with
very high strength levels approaching theoretic 1,
in those cases which are finer and frae from
defects. Whiskers of metals, inter-setallics,
oxides, carbides and nitrides are frequently
produced and the latter are of particular interest
to composites. Typical properties of fibres and
whiskers are reported in table 6.

A large number of methods have been developed
for the fabrication of polymer, cerasic and metal
matrix composites. The understanding and tailoring
of the interface region is critical to the
development of all tipes of advanced composite
materials. PFor polymer matrix composites a bond
must develop at the interface, requiring that the
matrix in its liquid form must wet the fibre.
Molten metals can wet fibres of Al,0; and SiC.

In the case of ceramic composites the major
requirement for enhanced toughness necessitates
bonding which is weak during crack propagation but
still sctrong enocugh for load transfer under tensile



loading. In the case of C,/C composites a bond of
intermediate sctrength is desired. Prequently a
coating is required to facilitate the wetting and
subsequent development of intermolecular forces or
chemical reaction which establiskes a bond between
the fibre and matrix. Generally the excessive
reaction between the fibre and the matrix is of
limited concern with polymer matrix composites. But
the melting and consequent rapid reaction tates can
lead to an excessive reaction zone in metal satrix
composites which can lead to degradatioa in the
mechanical properties. PFor setal satrix composites
the matrix-tibre reaction zone is to be coatrolled
even during solid state processing like hot pressing
or diffusion bonding.

There is a visible change in the pattern of
usage of materials in the automotive and aircraft
industry. The projected auto—material trends from a
study by the University of Michigan show that the
use of plastics and composites ia an average size
car is steadily increasing while the usage of iron
and steel is declining as shown in figure 4. 11/
The use of plastic and composite body panels is
expected to increase from the curreat 5 per ceat
level to 70 per cent by the year 2000. Of course a
considerable amount of planning, development and
engineering is needed for a transition of this
magunitude to be accomplished economically.
Composites can provide some major benefits that can
lead to significant improvesments in performance and
productivity. The ability of compositcs to tailor
the properties is a special advantage for
transiating nev design concepts to reality.

Aircraft structures are predominantly sade by
aluminiua, steel and titanium. The bulk of the
altframe weight of a modern subsonic plane such as a
Boeing 757 consists of 78 per cent aluminiua
alloys. This percentage will drop to ll per cent
between 1990 and 2000 and the replacement will be
made by composites. However the development of new
aluminium alloys such as aluminium—-lithius alloys
can change the situation to some extent. The
military and aerospace market is currently the major
user of zdvanced composite materials. The material
wveight distribution of an advanced technology
aeroplane is shown in figure 5 and the projectad
materials requirement for a supersonic cosmercial
asroplane is shown in figure 6. 10/ The future
markets for advanced composite parts is shown in
table 7. 12/ Aerospace materials for the
twenty-first century vill be expensive, but with the
increase in market the price will decline in
conjunction with increased automation and a
full-life engineering approach. The advanced
structures vill be made out of more than one single
material. The supersonic space aeroplane may have s
fuselage made of heat-resistant metal alloys, wings
and fins of C/C composites, engine inlets, ducts and
noizle from ceramic matrix composites, landing gear
of metal matrix composites and fittings with
titanium.

Options for the future

For a new material to reach the producticn
level certain criteria have to be fulfilled. These
include necessity, maturity, opportunity,
availability and cost. The necessity concerns the
limitations of the existing materials while maturity
relates to the risks involved in the new material.
In the implementation process 1f the costs are
exorbitantly high then the opportunities for
introducing the nev material are limited. But if
the situation demands, then it is sasy for a nev
material to be introduced. Similarliy in certain
circumstances a high cost may be tolerated if the
increased performance warrants the additional

expense. It may take about 10 to 30 years for a new
technology to reach full saturity. Part of this
gestation period is involved in the initial basic
research, applied ressarch, development, data
gathering, scale-up and validation following the
go-ahead.

The videspread technological changes are
creating major nev opportunities for advanced
saterials. Obviously these emerging trends will
lead to a declining intensity of traditional
materials. The estimated current relative market
maturity of major metals and other materials are
shown in figure 7. 13/ This concept is helpful in
explaining hov as an economy grows and matures the
growth in consumption of tonnage metals first
exceeds, eventually parallels and finally trails
that of the economy as a vhole. This illustrates
the broader concept of market maturity in general.
The figure is helpful in demonstrating the general
life cycle atter market saturation and as the
inexorable evol_tion of technology proceeds there
will be eventual displacement and decline. The
curve provides an estimate as to vhers several
materials including advanced materials are deployed
in rela%ion to one another on a collective materials
market maturity curve. The figure also reveals the
contraction of toanage metals like carbon steel
which should be offset at least partially by
opportunities and expansion of more specialized
materials. The telationship between material
supplier and saterial user is fundamentally
changing. Prom a commodity predominated supplier -
ve have a metal, how much do you need - to a
customer oriented perspective - how to synthesize a
nev material to solve your problem. Thus, one can
sxpect a transition from metals economay to materials
economy as shown in figure €. 13/ The recent
contraction in metal industries is expected to be
followed by 2 much milder decline while most of the
firms in these industries will gradually Jdiversify
into other areas and a fev vwill concentrate their
efforts in specialized sstals. Advanced materials
will encounter many obstacles and stiff resistance
along the vay from research laboratory to widespread
commercial usage, but the expansion of advanced
materials is inevitable. In all the developed
countries co-ordinated efforts are being made for
overall materials development, every part of the
cyclic procsss of innovation. The broad view of
product-process development includes research and
development, design, manufacturing, markecing and
distribution.

In the United States the federal Government is
not only providing funding and facilities of
research and development but also playing a
leadership role in helping industries to develop new
strategies for international competitiveness, in
helping bring industries and universities together
and to lead in the re-orientation of missions of
national laboratories more effectively. Studies
like the economic implications of leadership in
producing engine ceramics have provided the
necessary incentive for significantly increasing
support for new materials. Many countries have
centralized planning, co-ordinated research and
development and specific goals such as the Buropean
Research on Advanced Materials (EURAM) and Buropean
Reseatch Co-ordinating Agency (EUREKA). In Japan
the Ministry for International Trade and Industry
(MITI) is co-ordinating the efforts. HNew
competition is also emerging in the world
markatplace and more countries are participating in
it., The international trend is towards more applied
research in solving the materials problem. Advanced
macerials have become the vehicle through which
high technology advances and thereby overall
development - the choice is obvious.




How Asia can meet the challenge

Most of the advanced materials developments are
taking place in the industrialized countries. There
are developing countries and countries not so
fortunate. In Asia ve have a heterogeneous
assemblage of nations with several cultural, ethnic
and historic backgrounds. There are countries
developed socially and culturally but not so
technologically and economically. The patterns of
technological growth are not at all uniforam. There
are nations like the USSR and Japan technologically
well developed and developing countries like India,
China, the Republic of Korea, etc., and not so
developed countries like Iran. Iraqg, Turkey,
Pakistan, Malaysia, Singapore. Indonesia, the
Philippines, Sri Lanka, etc. In these countries the
discribution of natural resources varies. Countries
like the USSR, India, China, Indonesia, Malaysia and
the Philippines have varying degrees of selected
metallic ores, vhile there are countries like Japan
and many of the developing countries with very
limited reserves of minerals.

A country like Japan with limited natural
resources could become a highly industrialized
country today. Pirst of all the socio—economic
traits and national traits of the people along with
the procurement of an educated population sufficient
in quantity and superior in quality through the
implomentation of widespread education have played a
critical role. 14/ During the FPirst and Second
wWorld War, Japan vas able to achieve a fast rate of
growth because of the right internal atmosphere as
well as monopolizing the vast rav material resources
and market of the Asian continent, while becoming
the first and only nation in Asia at that time to
experience an industrial revolution. The post-war
period vas the time wvhen the Japanese economy
undervent reorientation towards the liberalization
of war-time control systems. Business accelerated
the development of technology providing the
opportunity to facilitate post-war technological
innovation. The accumulation of domestic
technological capacity through imicative
manufacturing and their readiness for taking in
toreign technologies, cultivated from the
accumulation, was the main cause Japan could succeed
in vast technological importation and adaptation.
They were able to assimilate and absorb these
technologies and went one step further to modify and
improve them to an extent that domestic reserves
could enable the nation to facilitate technological
innovation. As a consequence Japan was able to
succeed in its industrial growth efforts through the
use of imported technology. Thus the country
overcame the dependency of foreign technology which
is faced by many Asian countries today. This does
not mean that the experience of Japan can be
directly applied to other Asian countries.

Countries like the USSR, India, China, the
Republic of Korea, Taiwan, etc. have evolved their
own patterns for development. But the experience of
these nations can provide some guidelines to the
nations who want to make some pProgress and to come
out of their technological backwardness. Again it
is difficult to devise a common development approach
which would be appropriate to all the weaker and
developing countries of Asia. Acquiring the needed
technology through transfers and local adaptations
is not an easy job. Hence the amount of technology
a country possesses and the extent of its capacity
to adopt technologies to its particular needs become
crucial factors in the industrialization process.
But the technological development policies will play
a prominent role in the outcome of economic
development. Purther, an essential precondition for
economic and social development in the cultivacior
of a capacity to absorb and develop technological
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know-how and skills which must be transferred f:iom
the more advanced countries.

In spite of the differences in the socio-
economic conditions, naturai. resource pcsition and
level of industrialization, the Asian countries
should co-operate for the common goal of development.

The advanced materials, processes and
technologies will alter the global industrial scene
thereby widening the economic gap between the
industrialized and less developed and developing
countries. Because of prevailing conditions of a
country and the requirement of a large variety of
advanced materials, a selective approach is to be
adopted. BRach country will have to identify
specific materials based on a materials policy,
guided by such factors as the country's natural
resources, import and export, possible use of local
substitute materials, energy implications, local
conditions, skills and facilities to use them. Even
though sach country can have its own material policy
the outcome of the co-operation will play a central
role that materials play in the industrial and
economic development in such a way that all
countries could benefit from the formulation and
adoption of a comprehensive saterials policy.

In this context it will be interesting to note
the successful outcome of a recent ESCAP seminar
with the support and co-operation of the Department
of Scientific and Industrial Research (DSIR) of the
Ministry of Science and Technology of the Government
of India on "Technical, economic and social aspects
of powder metallurgy and its application®, in
Bombay, India, during February 1989. The seminar
vas attended by the ESCAP member countries like
India, Islamic Republic of Iran, Republic of Korea,
Malaysia, Philippines and Thailand. The main
objective of the seminar wvas to promote the
development and application of the technology of
powder metallurgy in member countries by
facilitating not only the exchange of national and
international experience and information in this
field but also by assessing the possible
technological and other implications in a regional
context. Several important recommendations were
made 15/ including the exchange of experiences and
knovledge between and among the developing countries
within and outside the region in the field of P/M
technology vwill continue to play a significant role
in the promotion and awvareness and development of
indigenous technological capabilities.

Asia can meet the challenge of advanced
materials through co-operation among the countries
by utilizing schemes such as training programmes,
joint ventures, establishment of required processing
and production facilities, the conduct of market
surveys and technology assessment, feasibility
studies, prepasration of technology profiles and
other consultancy services. The financial
institutions such as ADB and UNDB, UNIDO and ESCAP
as well as other relevant agencies may provide
appropriate resources for implementation. Because
of the importance of keeping abreast of developments
in the field of advanced materials in Asia as wvell
as the need for common facilities for the training
and retaining of personnel and for facilitating the
exchange of information and data, establishment of
regionil design engineering and consulting
faciiities or advanced materials promotion
insticutes or associations with the assistance of
suitable United Nitions bodies is highly
recommended. Since the advanced matesials and
technologies are related to the national economies
there is a need for materials development. On

2 of rhe large investment required for tnis
pr: ... 4 co-operative effort (mong the Asian
co. =: i3 necessary and desi.able. The




monopolies on ideas will not last long. We should
be willing to experiment and find new ways to
co-operate vith the educational institutions, R&D
organizations, industries and even nations.
Advanced materials promise major contributions

tc the national prosperity and better quality of
life.
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Table 1 : The time between discovery and application

Discovery Aoolication Time elavsed

Electric motor 1821 1886 65
Radio 1885 1922 335
X-ray 1895 1913 18
Atomic Reactor 1932 1942 10
Radar 1935 . 1940 S
Transistor 1948 1951 3
Solar Cell 1953 1955 2

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

Material Tons

Iron and Steel - 470,CcCC
Copper and Copper alloys - 45,000
Aluminium - 5C, GO0
Stainless steel , - 15,0¢0
Nickel - 4C,0CC
High speed tool steel - 1¢,CCO
Tungsten arnd Tungsten carbide 25,000

Total shipments - 655,0C0
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Tacle 3 : Estimated worla wide consumption
of iron powders

hegion Consumption in tons
North America, U.3.A and Canada (5.7T) 18%,CCC
#estern Europe 65,00C
£astern Europe (Soviet Union included) 45,CCC
Japan ) 77,C00

South America (Argentina, Brazil, Mexico) 9,CCC
China 20,C00

Australia, South Africa, South hores, 15,C0C0
Tiwan and India

Total 416,0CC

Table 4 : Wcrldwide Advanced Ceramic Market Projections

Industry 1985 (4M) 199G (9::)  2¢CC ($m)
Automotive 33 634 $70C
Electronic 17C8 374C 113€C
Integrated optics 1 111
Advanced energy systems 26C
Cutting tools 14 92 300
Cther industrial 80 225 €90
Other aerospace 2C 3¢ 6%
Bioceramics 1C 30

Total 187% 4732 laels
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S : Projected ceramic engine component

market penetration

"~ Interquartile

Component Development staqe uodian2 :anq.3
Turbocharger Introduction to the market 1990 19891990
rotor 3 X of market share 1995 199322000
Cost equality with metals 2000 1998-201C

Rocker arm/cam Introduction to the market 1990 1989-1991
follower S X of market share 1993 1995-1997
Cost equality with metals 2C00 1998-200%

Valve Introduction to the market 1995 199% -
5% of market share 2000 1998-2C0C

Cost equality with metals 2C1C 2003-201C

Valve guide Introduction to the market 1992 1960-199%
5% of market share 20C0 1995-2000

Cost equality with metals 2603 200C~2C09

Valve seat Introduction to the market 1993 1991-199%
5 % of market share 20C0 1995-2CC0

Cost equality with metals 2C0% 2000=-2CCS

Piston cap Introduction to the market 1993 1993-199%
S % of market share 2CCC 1998<2CCS

Cost equality with metals 2CCS 20CC=2C1C

Piston Introduction to the market 2CCC 1999-2GC0
S % of market shaze 2CC5 2C05=2C10

Cost equality with metals 2020 2C1C=2020

Piston pin Introduction to the market 199% 1994-1997
S # of market share 2C¢Ce 1998-2CCS

Cost equality with metals 201C 2005-2C1C

Cylinderx Introduction to the market 169% 19632000
liner S % of market share 2Cc2 2C00=-2C10
Cost equality with metals . 2Clo 2005-201%

Piston rings Introduction to the market 190% 1692-20CC
5 %4 of market share 2CCC 1999-2CCYS

Cost equality with metals 2CC5 2(0;-201C

Exhaust port Intrccuction to the market 199C 1989-199C
liner 5 5 of market share 196% 1994-199%
Cost ecuality with metals 2Cce 1998-=200C

1

Cars/light-duty trucks,

2Median opinion of respondents, ;Intorquartilc

range represents midrange of data (from 25th to 75th percentiles) and
provides an idea of consensus.



TABLE -~ 6 + Jyplcal properties of fibres

Materisl Form Diameter Density E U.T.S. Melting/Sof tening/

filament 3 Doconpouglon

pm gm/cm G.Pa G.Pa o~ C
E.glasse Tow 9 2,6 72 3,4 700
S.glase Tow 9 2,49 87 4,6 840
Quertz Tow 10 2,2 , 69 0.9 1u30
Kevlar-49(Aremid) Tow 16 1,44 124 4.1 259"
Spectra-900 Tow 38 0.97 117 3.0 120"
(goéyolofln)
High strength Tow 7-8 1.7 - 1.8 220 - 2% 2,9 - 3,9 36%0 ,
High modulus Tow 7-8 1.8 = 1.9 340 - 380 2.2 - 2,4 3650 <
Ultra-high modulus Tow 6-9 1.9 = 2,1 320 - 3% 1.8 = 1,9 3650 '
Alumipa (AL04)
1Cl Tow k 3.3 300 2 22000
Dupont Tow 20 3.9% k) i) 1.4 2045
Sumitomo - 17 2,3 =« 2,9 200 1.9 -
Boron onw-
Wire(12.%5um) Mono 100-140 2,9 400 3,49 2300
filament
SiCon C Mono 14C 3 430 2,4 2700
filament

SiC fibre Tow 10 - 20 2,25 ke ¢ 0] 2,0 2700
S{C Whisker 0.1 - 1,0 3.19 ; = T00 3 - 14 2700
Steel Wire 1% S P 4 200 4,1 1400

® . useful temperature




Table 7 : Future markets for advanced composite parts ($m.)

Matrix 1982 1987 1980 1993 2000, AARG (%)
Polymers
Defence~related 1,100.0 1,716.0 1,889,.4 3,1%3,0 . 4,29%,0 10.8
Commercial 6%2,0 1,062,0 " 1,167,6 2,278.3 4,777.0 16,3
Metals
Defence-related - A 16,9 93,6 180,% 21,8 *
Commercial - NA I | 19.2 48,3 25,7 '
CerTamicse
Defence related - - 26,8 3.0 81.0 9,9
Commercial - 39,1 30,4 167.9% 576.0 22.%
Total
Polymers 1,792.0 2,7718.C 3,057.0 5,431,3 9,072.0 9.5
“.t‘l‘ - - 20.‘ 6808 228.8 22.5
Ceramics - 39,1 T7.2 202,% 627,0 19.1
Grand Total 1,7%2,0 2,817.1 3,1%4,2 $,702,6 9,927,.8 10,0

NA = Not Available, Sourcet Bus.ness Communications Company,
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FIG.1- A MODEL PROVIDING CORRELATION BETWEEN THE
QUANTITY OF MATERIAL PER UNIT OF PRODUCT AND
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6. Status and Prospects of New Haterials Technology in Forea

- Applications and Devclopment Strategies -

Chunghi Rhee
President, Korea Standards Research Institute
P.0. Box 3, Taedok Science Town, Taejon 305-606
Republic of Korea

ABSTRACT

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

Korean economy has grown rapidly through six successive five-year economic
development plans since 1962, and now, Korea has become one of the ten biggest trading
countries in the world wvith the annual exports of 60 billion U.S. dollars and the GNP
per capita of 4000 dollars. In the sixth five-year economic development plan in the
years of 1587-1991, Korea aims at attaining 80 billion dollars in export and GNP per
capita of 5500 dollars. The economic stiategy of the Korean Government was to achieve
export expan_ion by promoting heavy and chemical industries. Korea, which is poor ia
natural resources but has skilled labor, has only way to facilitate economic growth
by increasing exports of high additive-value products. '

The industrial structure has changed from labor-intensive light industries such as
textiles in the 1960s, to technology - intensive precision machinery and beavy
industries such as automobiles, ships, and steels in the 1970s, and to high-technology
electronics and information industries such as computers, communication equipments and
4 M DRAM VLSI in the 1980s.

The de2lopment of these high-technology industries has resulted in the increased
demand for new materials. While most of the conventional materials such as steels and
polymers are supplied domestically, most of the new materials are imported from abroad
or produced domestically under technical license agreements. Because of technology
protective policies of developed countries, however, secured supply of new materials
becomes increasingly costly and difficult. And so the importance of domestic
development and production of new materials is increasing.

In this paper, I am going to present the definition and importance of nev
materials, the status and prospects of demand/supply of new materials in Korea, new
‘materials development strategy of the Korean Government, and fihally propose

international cooperations on standardization of new materials evaluation.
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2. Definition and Impor*ance of New Materials

Nev materials or advanced materials are defined as innovative materials with new or
advanced functions such as advanced metal, composites, fine ceramics, polymers, and
semiconductor materials. New materials often have high additive values, and the
examples of such materials are shown in Table 1. Figure 1 shows how new materials
technology provides the base for promoting future high-technology industries such as
aerospace, precision machinery/mechatronics, ncw energy, information/comsunication,
semiconductor/electronics, velfare/environments/medicare. The roles and applications

of mew materials are described in Table 2.

3. Status and Prospects of Demand/Supply of New Mate-ials in Korea
3-1. Haterials Industries in Korea

As the heavy and chemical industries have been developed in the 1970s, the base
materials such as steel and some nonferrous metals, were produced extensively. As
shown in Fig. 2, steel production in Korea has increased rapidly since Pohang Iron and
Steel Company (POSCO) began operation in 1973, and total steel production in 1983
reached to 20 million tons equivalc.t to 2.4 T of the world production. In cuse of
nonferrous metals, productions of copper and zinc reached substantial level.

However, in general, Korean industries focused heavily on the export of final pro-
ducts, and materials and component industries were underdeveloped. Consequently Korean
industries import substantial amounts of materials and parts from foreign countries
including U.S., Japan, and ECC. The amount of imported materials reached 4.25 billion
dollars in 1986, and increased to 5.7 billion dollars in 1987, corresponding to 34 %

annual increase. The 80 Z of the imports is from Japan, and such trend is expec:ed to

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

Classification New Materials Applications

New Metals Ferrite single crystals, VCR Head,
Rare earth magnets, Solar cell,
Amorphous silicon, Biomedical alloy,
Lead frame alloy VLSI

Composites Carbon fiber, Glass FRP pressure vessel,

fiber, Aramid fiber,
GFRP, CFRP, MIC, CMC

Sporting goods,
Aerospace materials

Fine Ceramics

Si N, SiC, Zr02,
Al,0s, WC, TiN, PZT,
Dielectrics, Ferrites

Gas turbine, Sensor,
Bearing, Cutting tool,
Artificial tooth and
joint,

Piezoelectric lighter,
Condenser, Substrate

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

Semiconductor I11-V compound, Si, VLSI, ULSI, Sensor,

Materia's SiC single crystal, Copier

Diamond film
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New Materials

J Technology k

New Metals Semiconductor /5~

Fins Ceramics

Fig. 1. Relations between new materials technology and high-technology industries.
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Table 2. Roles and applications of new materials in industries
Industry Roles of New Related Ne:. Applications
Materials Materials
Energy - Light weight « Superconductor « Solar cell
*Better *Ceramic fiber  Fusion reactor
efficiency reinforced metal - Rirplane
- Superalloys « Automobile
» Structural
ceramics
Information *Higher density - Amorphous Si - VLSI chips
- Faster speed - Optical fiber - Magnets
-Smaller size + 111-V compound - Optical
semiconductor comsunication
- Sensor
_ Aerospace + Higher strength -Al-Li alloy - Light weight-
«Lighter weight - Superalloy high strength
«Better -Diffusion bonded structure
anticorrosive materials +Jet engine
property Ceramic steel
Precision »Artificial =Thin film - Robot sensor
Mechinery, - Intelligence +High purity +NC machine
Mechatronics | -Smaller size semiconductor * Home electronics
- VLSI sensor »Medical
» Al sensor equipments
» Environment
monitoring
equipments
Medical «Better precision « Bioengineering -Artificial
Ervipments «Better reliability materials organs
- SQUID *Medical

equipments
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Fig2. Yearly trend of steel production in Korea.

3-2. Status and Prospects of Demand/Supply of New Materials
As Korea becomes industrialized, high-technology industries such as
semiconductor, computer and electronics have been developed in the 1980s. This .
resulted in the expansion of the domestic market of the high-technology products and
accordingly new materials, which were necessary for manufacturing the products, were in
great demand, and market size of new materials has been increased rapidly.
As shown in Table 3, the market size of new materials in Korea was at the level of

0.7 billion dollars in 1984, and it is éxpected to be around 2 billion dollars in 1990 |

and around 6.7 billion dollars by the year of 2000.
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Table 3. Market size of new materials in Korea

(Upit : million U.S.$)

Year
19834 1990 2000
Classification

Fine ceramics n 510 1,710
Composites 15 107 LY

New metals 191 957 1,79
Others 217 766 2,630
Total 700 2,000 6,700

Since the new materials technology in Korea is just in the beginning stage except
for a few areas, Korea imports major new materials from Japan and the United States.
For the case of fine ceramics, demand/production are compared in Table 4. In 1987, the
demand of fine ceramics was 510 million dollars and only 30 Z of the demand was
supplied by Korean industries. Thus 70 % of the demand has to be met by imports. In
2000, the demand is expected to increase to 1.48 billion dollars, about three fold of
that in 1987.

There are now 62 manufacturers in Korea participating in the production of fine
ceramics: 4 in structural ceramics, 15 in insulators, 6 in capacitors, 9 in
piezoelectrics, 10 in seuiconductor.and sensors, and 18 in ferrites. These manufacturers
.are now in the early stage of research and development for the commercialization of
fine ceramics. Except a few products such as ferrite resistor, they can only make

tinal pru'icts from imported semimanufactured goods. Therefore, it is urgently needed

to undertake systematic R & D on new materials.




Table 4. Demand and production of fine ceramics in Kor=a

(Unit : million U.S $)

Year 1984 1987 1995 | 2000
Applications
Items Demand | Prod. |Demand | Prod. | Demand | Demand
Structural, Ball mill linmers,
wear resisting 5.5 1.2 | 15.8 4.4 | 26.4 | 35.5 | Thread guides,
ceramics Tool-bits, etc.
IC package,
Insulators 62.5 1.2 1103.3 40 | 178 253 Substrates,
Metallized
ceramics
Ceramic 2.3 1255 |82 ; 416 | 190 349 Disk, MLCC, B-L.
capacitors F-T, etc.
Filters, Quartz.
Piezoelectrics 23.7 - 46 8 105 193 Buzzer, Ignitms,
etc. ’
Softferrit.s.
Hardferrites.
Ferrites 785 | 38 221.7 | 94.2 |[387.1 [542.1 | Hagnetic heads,
Recording media,
Calculator, etc.
Semiconducting 10.8 - K’ 2.8 | 68.5 | 107 Themmistor,
ceramics Sensor,
Varistors, etc.
Total 213.3 | 65.9 | 510 155 9% [1,479.6
(Prod./Demand %) (30.1) (30.4)
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4. Development Strategies of New Materials in Korea
4-1. Development Status of Hew Materials

The total amount of the investment for research and developments in Korea is 3
billion dollars equivalent to 2.1 2 of GNP in 1987 and will increase to 5 Z of GNP in
the 2000s. The government initiated the national R & D projects and increased R & D
investments in public sector every year for developing high technology. R & D invest-
in private sector is also increased to about 70 Z of total R & D investments. About
11 7 of the Govermment funded R & D are carred out through the national R & D projects
started from 1982.

The national R & D projects supported by the Ministry of Science and Technology
(MOST) include five research areas such as information science, materials related
technology, industrial infra-technologv, energy/resources technology, technologies for
public welfare and large-scale integrated engineering. Among those, the highest
investment is given to the materials-related technology, for which 26.8 Z of the
national R & D project funds are allocated. Materials-related technology is again
divided inrto four groups: fine chemicals, biotechnology, new materials, and
manufacturing processes. Table 5 shows that the investments on new materials are about
7 7 of those on national R & D projects.

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

(Unit : million U.S.$)

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

National R & D 19 31 3 43 74 79 93 228
Projects ‘A)
New Materials 1.3 1.6 1.4 2.3 4.7 5.9 6.7 15.1

Project (B)
B/A (%) 7 5 5 5 6 7 7 7
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Many of the developed new materials have aiready been commercialized wilh patents,
Some of the successful cases conducted by the autonomous research institutes/industries

under national R & D projects on nev materials are given in Table 6.

Table 6. Examples of succ ssful development of new materials supported
by national R & D projects.

Item Investigator Accomplishments
Araaid pulp KAIST and - High strength, high modulus material
Kolon Co. - U.S. Patent ('85)
- Substitutes asbestos
- Commercialized by Kolon Co.
Cu-alloys for KAIST and - Conductors for tra~sistor and IC
lead frame Poongsan - U.S. Patent ('85)
Metals Co. - West German Patent ('86)
- $30 million market share in 1990
Thin gold wire KIM4 and - High purity Au wire for IC
Mikyongsa Co. | - Domestic supply since ‘86
- $45 million substitution in 1990
Si polycrystals KRICT - New technigue by fluidized bed reaction
- Pending U.S. and other patents
Biomedical alloys | KAIST and - Strong and anti-corrosive fixtures for
Sesin Ind. fractured bone
- $10 million import substitution per year
Fiber reinforced | KIMM and - Various port goods
plastics Hankook - $25 million substitution por year
Fiber Co.
Ceramic cutting KAIST and - Wear and heat resistant tool
tool Ssangyong - U.S. Patent ('86)
Cement Co.
Coated films for | KAIST and - High effciency, high precision condensor
condensers Seongmoonjon - $5 million substitution per year
Chemicals Co.
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Development pattern of new materials in Korea include two types. Ome is
development of new materials by our own original technology, and the other is
development of new materials by technical joint venture or technical licence agreement
vith foreign countries. The latter cases is adopted for nev materials which need imme-
diate commercialization, have good market share and require lots of time and investment
to develop. Productions of new materials by technical licence is expected to increase
for a vhile with the progress of new smaterials-related industries. Table 7 shows
typical examples of new materials developed by technical joint venture with

foreign countries.

Table 7. Examples of new materials developed by the iechnical

joint-venture with foreign countries.

Fe-42 Ni alloy
sheet

Sintered
friction
element

Optical lenses

Cu-alloys for
lead frame

Poongsan Metals Co.
Dongyang Haeraus Co.

Daewoo Heavy Ind. Co.
KAIST and KIMM

KAIST, Dongwon Optics,
Samsung Minolta,
and Gold Star

Poongsan Metals Co.
Gold Star Comm. Corp.
Dongyang Haeraus Co.

West Germany

Ferrodo Co. UK

Japan

West Germany

Nev Materials Investigators/Company Countepart Applications
Anisotropic POSCO Alsco, USA Transformer,
Si-steel Turbine generator
Sa-plat.d Poongsan Metals Co. Fuji Plant Co. Connectors,

brass Japan switches, Relays

Lead frame for IC

Airplane brake disk,
Automobile clutch
disk

Camera lens,
Microscope,
Telescope

Transistor and IC
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4-2. Development Strateics of New Materials
The major goal of the long-range national development plan on new materials is
to develop importing materials and to develop future advanced wmaterials by new
materials technology which is essential for a highly industrialized society.

MAJOR GOAL

Development of nev' materials technology for highly industrialized society

- Development of materials technology for information industiies

- Development of materials technology for energy saving

- Development of importing mew materials for promoting industrial infrastructure
- Development of materials technology for public welfare

To achieve the major goal, the research and development plan will be carried out
in three stages by the year of 2001. In the first stage (1987-1991) the goal will be
to develop importing new materials to la- down the foundation for R & D, in the second
stage (1992-1996) to perform full scale R & D on the essential new materials, and in
the third stage (1997-2001) to create future new materials and to promote new mate-
rials industries. These plans are summarized in Table 8.

New materials development areas include high Tc superconductors, new metals, fine
ceramics, composites, materials for aerospace and their applications to sensors and
thin films. These were selected by the long-term national research and development
plan for the advancement of science and technology in the 2000s and by the
recomrendations of related working groups and advisory committees. The committee
members are from industries, univerities and research institutes. Selection criteria
are technological and economic impacts, high additive values, trade balance and import
substitution. National R & D projects  and research institutes participating in

developments o aew materials are given in Table 9.




Tuble S.

Goals by stages in the long-range national devclepment plan on new materials.

First stage
{1987 - 1991)

Second stage
(1992 - 1996)

Thard stage
(1997 - 2000)

-Development of importing
new materials

- Ferrite single crystals

- GaAs semiconductors

- High coercivity
permanent magnets

- Engineering plastics

-R & D for advanced
processing tcchnologies

- Thin films
- Fine powders

« Development of essential
new materials

- Optomagnetic recording
media

- Multilayered ceramic
substrates

*R & D for advanced
processing technologies

- Multilayered thin films

- Ultra-fine powders

- Materials processing at
atomic level

- Processing under
extreme environments

*Development of future
new materials

- Optoelcctronic materials
- Superlattice
- High performance

polymers

*R & D for new materials
design technology

- ...omic structure contr,l

Table 9. National R & D projects on new materials and participating rescarch institutes.

Project Principal Collaborating
investigator investigator
New metals technology KAIST KM
Fine ceramics technology KAIST KIMM
Composite materials technology KIMM KAIST
New polymers technology KAIST KRICT
Semiconductors technology ETRI KAIST
High Tc superconductor KSRI KAIST
Sensor technology KAIST KSRI
Aerospace materials technology KIMM KAIST
Thin film technology KAIST KIMY
Analysis and evaluation technology KSR KAIST

KAIST
KIMY
KRICT
KSRI
ETRI

» » ¥ » »

Korea Advanced Institute of Science and Technology
Korea Institute of Machinery and Metals
Korea Research Institute of Chemistry and Technology
Korea Standards Research Institute

Electronics Technology Research Institute




4-3. Coumon/Ba_2 Technologies for New Materials Development
Major common/base technologies for new mater:als development are technologies

for bean generation, extreme environment generation and analysis/evaluation.
Development of these common/base technologies is important for successful creation and
application of new materials.

Beams arc used for microlithography, annealing, milling, elimination of defects of -
ceramics, surface quality improvem-nt of organic conducting materials, etc. Types of
beams include electromagnetic waves such as r-rays, X-rays, ultraviolet rays, etc.,
and particle beams such as electrons, positrons, neutrons, protons, atoms, ions, etc.
Extreme environments generation technology is indispensable for studying new phenomena
and creating new mat_rials, applicable to precision mseasurements under extreme
environments, and essential for analysis/evaluation of new materials. Also analysis/
evaluation technology for new materials is essential for creation, application and
assurance of new materials. The status of new materials analysis/evaluation technology
in several countries is shown in Table 10.

In Korea, basic researches on amalysis/evaluation technology of new materials are
undertaken as a part of national R & D project by Korea Standards Research Institute
(KSRI) as the principal investigator. KSRI was established in 1975 as a central author- -
ity of the national standards system and have established the national measurement
standards in 80 measurement fields, and have conducted researches and deve! jments
on precision measurement technology, advanced precision instruments, extreme environ-
ment generation technologies such as ultra low temperature, ultra high temperature,
ultra high pressure, ultra high vacuum and u!'ra clean room environments, and beam

generation technology for new materials analysis.

5. Standardization of New Materials Evaluation Methods and Intermational Cooperations

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

the evaluation criteria vary from country to country, effective applications and trade
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Table 10. Status of nmew materials analysis/evaluation technology in

-Jrea and other countries.

Korea

Other Countries

» KSRI is undertaking basic research
on analysis/evaluation technology

- Evaluation of materials strength
at 4.2 K

- Characterization of piezoelectric
materials

- Characterization of Si-steel

- Analysis of inorganic materials
at ppb level with GD-MS

» Increasing demand from research
institutes and industries for
evaluation technology.
Development of new materials
evaluation technologies by KSRI
as a national project.

+ NIST(USA) plays a leading role in

research of characterization echnologies

- Has developed ion microscope and
can analyze chemical composition
of surface layer in atomic scale

- Standardization of wear and strength
testing methods of fine ceramics

NPL(UK) is developing new materials
evaluation technology for fine ceramics

Japan is developing new materials
related technologies, i.e., process,
evaluation, and application technologies

- Has established new materials
evaluation centers

of new matersils among countries would be very difficult. Therefore, the cooperation on
standardization of evaluaton methods and criteria among countries is more important
than any other cooperation concerning new materials. That is why the leaders of the
West’s seven developed countries, when they met for the Economic Summit at Versailles
in 1982, endorsed the Versailles Project on Advanced Materials an¢ Standards, known as
VAMAS.

The principal aim of VAMAS is to stimulate the introduction of new materials into
high-technol.gy products and to encourage international trade by collaborating on the
developments of data base, test methods, design methods and other new materials

technologies, and also on the standardization of new materials evaluation. The




technical working areas of VAIAS and participating countries are given in Table 11. It
is interesting to note that most of the participating research agencies in this project
are the national standard researchk institutes such as BAM, NISI, NPL, etc. This
implies that the role of a standard research inmstitute is .ery important in the
development and application of new materials.

One of the characteristics of this project is that the participating countries
carry out the researches with their own fund without any intermational finmancial
support. Nevertheless, the project has been found out to be quite successful because
it was borr out of the common feeling of the necessity. However, VAMAS is aot open to

other countries besides the seven listed in Table 11.

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

Countries Aims ' ] Technical werking areas
- Canada » Collaborations on » Wear test methods
- U.S.A. - Data base « Surface chemical analysis
- Test methods
« France - Design methods + feramics
- Materials technology
» W, Germany » Polymer blends
» [taly - Standardization of new « Superconducting and cryc.enic
materials characterization structural materials
» Japan
- - Bioengineering materials
» Hot salt corrosion resistance
« CEC»

» Weld characteristics
- Materials lata banks
» Creep crack growth

- Efficient test procedures for
polymer properties

+ Council of the European Communities.
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Then, would it be possible and desirable for the developing ¢\ *t~ies to collabo-

rate on standardization of new materials evaluation? VAMAS may be working because of
the uniformity of the technological levels and the similarity of the needs among the
seven participating countries. However, it may not be so easy for all the countries in
Asia-Pacific region to participate in a certain project at the same time as in VAMAS
because of the large difference in the level of economic development as well as in the
fields of interest and the degree of necessity for the standardization. Therefore, to
promote participation of Asia-Pacific countries in regional cooperations on standardi-
zation of new materials evalvation, it is desirable to select working areas of common

interests and to operate the cooperational body on voluntary basis.

6. Conclusions

New materials industry does not rejuire large investment, because new materials are
produced in small amount. On the other hand, they are high value additive and their
technological impacts to the future high technologies are very large. Developments of
even a few new materials, therefore, can contribute a Iat tn the economic development
of a developing country. However, R & D in new materials can not be accomplished by the
development of new materials alone. New materials evaluation technology is essential
to produce final products and to make their practical applications possible.

Research and development on new materials have been actively carried ou} in Korea,
and KSRI is providing comron/base technologies and alse analysis/evalu;;ion tech-
nologies. However, the R & D on standardization of new materials evaluation, which
should be intermationally applicable, can not be carried out effectively by one country
alone. Terefore, I would like to propose to organize a cooperational body to promote

collaborations on standardization of new materials evaluation among the Asia-Pacific

countries.
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1-Introduction

The rhythm of exXpansion experienced by the worid-wide economy
after I1 World War started to show signs of cooling off in the late 1960s. In
the main this basi¢ condition has forced advanced countries and institutions
to move from a state in which incremental innovations, rationalization and
opumization of production processes prevailed to a radically new situation
where the emphasis ts placed on the search for different patterns of growth
and development.

The most impressive features resulting from efforts made during the
subsequent decades can be summarized by the advance and progressive
consofidation of the so-called high-tech areas (such as information
technology, biotechnotogy, advanced materials), by the attempts at
traneforming and reorganizing the production process (with its increasing
llexbility and growing scientific and knowledge content); and by the strong
possibility of ailterations 1n the international diviston of labour and
international techaological and economic leadership. Evidently all these
aspects are linked and much attention has already been focused on them and
on their interconnections.

The central objective of this paper is to discuss the importance of the
development and introduction of advanced materials into this scenario of
global transformation, their diffusion throughout the world economy and the
impact they are already producing and are expected % produce on
developing countries.

The advent of advanced materials. in close association with the spread
of information technology, is considered capable of playing an important role
in the process of industrial restructuring, affecting patterns of investment,
crganization, employment and trade. Developments in most sectors that are
now promoting and using high technology rely and depend upon
improvements 1n the materials {ront.

Many attempts have been made to define and characterize advanced
materials (AMs) Given the elementary and fundamental importance of a
correct understanding of this notion, the different approaches are discussed
in section 2. As indicated there, one can find extremely precarious and biased
the usual interpretations of the concept of AMs. Probably the main reason for
thiz i3 the fact that this term has grown up in an environment of national and
international policy making. It has, then, to be understood in this precise
~ONtALL.

It 15 recognized, nowadays, that a major step forward in the ways of
analysing and understanding the structure and properties of matter has
been achieved. This is considered a crucial aspect that set the basis for an
inversion in the logic of production. A given product no longer relies on a
given material nor on given inputs. Instead, several materials compete to
azzume 2 given function. In section 2 it 1 emphasized that these recent
changes can neither be considered simply as a spontareous and neutral
movement, nor as only the resuit of incremental innovations In addition o
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the analysis of the tendency to open up a wider avaijlability of raw materials
for the production of AMs, the importance of the information-intensive
character of their production is examined. The fact that AMs can play an
important rote in terms of contributing to changing the present patterns of
economic and technological leadership is also discussed in this section.

The revolutionary advances in materials science and technology have
been produced by policies (some of which implicit) implemeated mainly by
governmrents and firms in the most advanced countries. As indicated 1n
section «. during the 80s, specific policies aimed at the development of
advanced materials were pursued. This period was marked by different
attempts to aiter the pattern of consumption and production of materiais. The
main objective was obviously to explore the possibility of establishing
leadership in this strategic area.

In section 5, the analysis concentrates on the discussion of the main
characteristics of Japan’s long term policies for the development of advanced
materials The intense Japanese effort to build up a capability aimed at
changing the materiais base of future industrial development from metals to
advanced ceramics is discussed.

In section 6, Impacts of the Introduction of AMs, the declining trend in
traditional” materials consumption and production is analysed. The
consequences of such a movement are discussed. The central focus falls on
the impact of such changes on those developing countries which are major
producers of basic metals. Most of all, the fact that these recent changes lead
o far more complex industrialization processes - where comparative
advantages depend increasingly on innovation (both technical and
organizational), rather than on purely physical factor endowment - is
stressed.

2 _Definiti $ teristics of AdY { Material

Despite the growing importance att” “uted to the development,
production and impact of advanced or nev crials in the world economy,
one could argue that the relatively | smprehensive studies yet
undertaken probably fail to give an exact de. .ition ¢f these terms. Moreover,
it can be pointed out that at least two aspects contribute to making the
definition of advanced materials a difficult task.

Firstly, 1t can be considered that the terms employed to define these
materials 41spiay rather stati: features compared with the dynamism of the
area This 15 not an exclusive characteristic of this specific area. The adoption
of sorme adjectives (such as for instance: new, advanced, high technolegy, fine,
el J W qualify the development of new economic activities could be most
riticized for lacking rigour.
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However, most of those who try to define new or advanced materials
do not usually go further than the definition [p<is Ltarss that those adjectives
permit. Ths kind of “keeping to the strict sense of the adjective”
comprehension produces many sorts of difficulty. The first is the apparent
paradox that relates to the fact that the "age” of each specific materiai (i e,
when it was discovered or formulated) does not really matter. Some of the
so-called AMs consist of recently developed substances, as is mainly the case
with the new ceramic superconductors. Some were deveioped two or even
more decades ago (as with the cases of silicon, optical fibres and composites)
and still others are establisned materials submitted to new technological
improvements (as some advanced metals and alioys).

The second aspect to be considered is that if one pays attention to how
many and what materials are being considered by the related literature as
advanced, it will be conclude that they do not form what is traditionally
called 2 homogeneous category, and also that there is no cabalistic quantity
used to identify the so-called new or advanced materials.

The understanding one has about advanced materials will vary in
accordance with many factors. As a result, the materials considered as
advanced sometimes differ greatly from country to country or from
institution to institution within the same country.

It would not be unfair to say that those who write about such a subject
usually avoid confronting these problems. One could also argue that the
greater part of the bibliography on advanced materials is much influenced by
S & T evolution. This is quite understandable given the novelty of the subject
ang also its strong S & T basis.

As the majority of the authors who write about the issue have a strong
technical background, it can be said that most of the attempts to define these
materials tend to result in descriptions of: their impressive physical or
chemical characteristics, properties and functions; their potential fields of
application, the sophisticated processes used for their production,; the purity
required of their inputs, etc. Despite the high quality and importance of these
studies, there 1s also the necessity to respond to, at the least, questions such
as the following:

-What makes these advanced materials so important for the recent
development of the world economy? What makes them so special?

-When were they developed and why are they being introduced into
the market at this particular moment?

-Is 1t really necessary to establish a different category to distinguish
these materials {rom others?

-What can actually be considered as advanced materials? [n other
words, where ought the boundary between advanced and traditional
materials to be drawn?
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In trying to answer such questions some authors define advanced
materials as those developed to satisfy sophisticated and specific needs in
response to the new requirements of market evolution or eise as the result of
scientific and technological advances. !

Regarding such definitions, the most important argument (which will
be developed later on) refers to the fact that the recent changes cannot be
considered simply as another incremental innovation in terms of materials
evolution. And, most of all, what should be stressed here is that thic is a
movement guided by the perspectives of gains in competitiveness rather
than considered as any natural or neutral kind of evolution.

Indeed, such a movement seems to be the very result of a vigorous
effort towards the goal of opening up new areas of economic growth and
gaining competitive advantages in national and international markets. With
the development and diffusion of AMs, those countries and institutions (who
have the necessary potential to understand and take advantage of the recent
changes) are paving their way to increasing their competitiveness in both
scenarnos.

Advanced materials have been developed and (most importantly) are
being introduced into the market in accordance with the main objectives
emphasized by the new mode of world production introduced in the late 70s
that is of saving raw-materials, energy and fabour inputs and also of adding
flexibility to the production processes.

In this sense, 1 would argue that the genesis, implications and impact
of AMs are directly related to the long term changes in the techno-economic
paradigm, as defined by Freeman, Perez, Soete, Dosi and others.2 And in this
precise context, | would suggest, advanced materials should be understood.
The recent advances and changes in terms of materials evolution cannot be
coasidered any more as the result of mere incremental innovations. Some of
them consist in fact of radical innovations, which combined with incremental
innovations, result in far reaching changes (either technical and
organizadonal) needed to support the current techno-economic restructuring.

As the literature concerning long waves indicates, each period has
been associated with the development of some industrial sectors and also

! Among meny others, Ray(1986), for instance, points out that: "Maay ef the ‘aew’
materials were discevered or developed as the eontcome of 3 specilic aeced wader
wartime or market pressure. Others were the ressit of spestansesns and raadenm
scieatific/ techaelegical advaace’ (p. 58). Flemings (1988 a) stresses that: ‘The
combination of “market pull” aad “techaeiogy push” is driviag structural materials
ferward at a faster rate thaa ever befere in histery’ !p. 31). Forney (1988) also agrees
that: ‘Twe restes of research fead to immevative advaaced materials: discevery-
drivea or market drives’ (p. 178).

2 for instance in one of their work, Ereemar: and Soete (1987) found that in ail sectors
(despite the great variety of specific increm.ental and radical innovations in almost
every industry) there was evidence of a change of ‘peradigm’ from the capital-
intensive energy-intensive inflexidble, mass-and flow-production technology of the
13305 and 1960s to an information-intensive flexidle, computerized technology in the
{9705 and 1980s
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some groups of materials. The age of steam power was associated with the
development of the coal and iron industries. Th2 spread of the railways’
systems was closely linked to the steel industry. Throughout the 20th.
century the period of prosperity connected to the upsurge and consolidation
of the car and electricity industries was strongly linked to the birth and
development of the oil, chemical and metal industries.

In the same way, the development of advanced materials has been
assoctated with the world's new production cycle led by information
technology and, together with biotechnology, is seen as one of the three major
areas that are now affecting and reorganizing the whole industrial basis as
well as opening up new perspectives on development.3

Advanced materials can therefore be understood as those technoiogy-
intensive materials developed to fulfil increasingly sophisticated product
specifications in order to satisfy the necessary conditions required for the
establishment of this new economic cycle. In this sense, they reproduce, (and
largely because of their pervasive role in the economy) consolidate and
expand the main characteristics of the dynamics which are shaping the new
pattern of international development, in other words, the new techno-
economic paradigm.

Thus, the improvement of advanced materials is seen nowadays as one
of the keys to th~ expansion and consolidation of new areas (such as
information technology) as well as to the maintenance and restructuring of
those sectors which are willing to strengthen their competitive power (as is
main}y the case in the automobile industry). In this sense, the development
of these so-called advanced materials (AMs) is seon as a vehicle for the
transmission and diffusion of new styles of production. In these terms their
evolution can be considered strategic.

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

Figure 1 shows different types of materials, within these four groups.
It also shows the different functions that such materials can assume and
gives examples of their main applications.

Among other fediures, should be pointed out the great diversity of
functions (mechanical, thermal, electrical, magnetic, optical, chemical,
biological and other special functions) displayed oy the different types of
materials.

As one result of the recent advances, nowadays, new polymers and
composites with sophisticated mechanical functions are competing more and
more with metals in structural applications. Advanced ceramics and new
polymers can also compete with metais 1n terms of different applications
which require thermal, magnetic, electrical and electronic functions.

3 Lastres et 1 (1988 a)
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Figure 1.1: Functions and Applications of Fine Ceramics

Functions
Mechenical Functions
High temp. strength
Cuttability

Ludricity
Vearproof property

Thermal Functions
Heet resistance

Thermal insulation
Heat transfer chars.
Optical Functions

Light transmitung
Light inducing
Lignt deflecung
Fluorescence

Photo sensiuwvity
Elecrrical Functions
Superconductivity
Semiconductivity
Piezoelectricity
Insulation chers.
Inducivity

lon /10n1¢ conductivity

Electron radiation

Magnetsm

Eiological Funct

Hiztocompability

Chemical function
Absordbing property

Catalysing property

Corrnsion resistance

Examples of Materials

Silicon nitride, silicon carbdide
Titanium cardbide, tit. nitride,

tungsten c¢arbdide, boron carbdide

Boron aitride. molytd. disulfide

Alumina, boron ¢arbdide

Alumine, silicon nitride, silicon
cardide, magnesium oxide
Potassium oxide-titanium oxide,
aluminium nitride, zirconia
Boron oxide, silicon nitride,
aluminium nitride, alumina

Alumina ytirium oxide,
parium oxide
Silicon oxide

(2irconium, titanium) acid
(lead, lanthenum)

GeAs-rare earth ceramics,
neodymium-ytirium series glass
Silver halide containing glass

Yurium-barium-copper oxide,

bismuth- strontium-cal¢ium-
copper oxide
Zinc¢ oxide, barium titanate

Quartz crystal, lead zirconate
titanate, lithium niodate
Alumina, silicon cardide,
bervilium oxide

Barium titanate,

strontium titanate

Zirconia, 3 slumina

Lanthanum bromate

Iron oxide-manganese, iron
oxide-barium oxide

Alumina, apatite

Porous silics, alumina,
porous glass

Zeolite

Zirconia, stlicon oxide, alumina

Examples of Applications

Ges turbine, diesel engine,
Cutting tools

Solid {ubricant
Bearing. mechanical seal
dboring drill

Electrode for MND generator
heat resistant bearing

Heet insulators for high temp
furnece. niclesr reactor
Electrical and efectronics
parts, radiator

Sodium vapour lamp. hig*
temperature optical fens
Optical communication fore,
gastro-camers, photo sensor
Photo-memory device
(reversidie)

Semiconductor laser,

light emitting diode
Sunglasses, imsge memory
materials, vindow glass

Power generator, magnet,
supercomputer, maglev
train, linear motor car
Varistor, heater, solar cell,
gas sensor

Ignition device, piezoelectric
osc¢illator

Multilayer wiring dboerd,

IC package. IC printed board
IC microcondenser, high
voltage service condenser
Enzyme sensor, solid
electroiyte

Cahode material

for electron gun

Ferrite magnet, magnetic
tape, memory device

Artificial teeth, artificial
bone

Absorbent, catalyst carrier,
bioreactor

Catalyst for environment
protection

Electrode for MHD generator
high temp. reactor materials
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Pigure 1.2: Functions and Applications of Nevw Polymers

Fuactions

Mechanical functions

High strength and durability
Elasticity

Shock and sound absording
Surface protection

Adhesiveness

Thermal Functions

Heat resistance

Low temperature resistance
Thermal siisulation
Electrical Functions
Electric conductivity
Insulation characteristics
Energy convertidility

Optical Funet
Light transmitting

Photo-active property
Double refraction property

Biological E .
Compatibility to blood

Histocompability

sepereting Function
lon exchangeabilsty

Separation of mixtures

Chemical Function

Corsasion resistance

Chemical resistence

Examples of Materials

Polyester, polyamide
Synthetic rubber,
foamed plastics

Foamed plastics
Coating films, electron
beam hardened plastics
Polychloroprene

Polyimide, silicone resin
fluororudbber
Foamed plastics

Polyacetylene
Polyimide, polyethylene,
terephthalate
Polyvinylidene fluoride,
doped polyscetylene

Polymethyl methacryiate
acid polycardbonate
Photo-setting plastics

Liquid crystal

Polyethylene
terephthalate
Silicone poiymer

Styrene group,

acryl group

Cellulose acetate group,
aromatics,

polyamide group

Polybutane-1, polyamide,
neoprene
Polychloroprene,
butadien acrylonitrile

Examples of Applications

Various structural materials
Various structural materials

Various structural materials
Coating materials, various
peints

Various adhesives

Heat resistant structural matc
Low temp._resistant rubber

Heat insulation materials

Battery, electric vire

Printed circuit board,
condenser conductor

Sensor, eletroacoustic
ransducer device

Optical fibre, plastic
fens

Copying materials,
photo meask

Display device

Artificial blood vessel,
artificial heart

Artificial orgen, artificial
done

lon exchange resins

Reverse osmosis membranes,
air/ges separation and
biological separation
membranes

Roofing materials, offshore
Structural materials
Flexible structuse storege
tank, fertilizer tenk
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Figure 1.3: Functions and Applications of New Metal Materials

Functions
Mechenical E )
High strength
Superplasticity
Yidbration absorption
Thermal Functions
Thermal resistance
Blectrical F .
Superconductivity
Semiconductivity

High megnetism

Examples of Materials

Fine ¢rystal alloy,
single crystal alloy
Superplastic aluminium alloy

Megnesium series, manganese-

copper series

Nickel base alloy.
cobealt base alloy

Niobium-titanium, niobium-
-3 tin, vanadium-3 gallium
Amorphous silicon

Samarium, ¢cobalt

High meg. permeadility Amorphous alioys

Others
Hydrogen absording

Super-high-speed
electron mobility
Shape-memory

Fe-titanium series,
meagnesium-nickel series
Gallium arsenide

Nickel-titanium series,
COpper-2ing¢ series

Examples of Applications

Aircraft and space
equipment

Aircran

Equipment members
(vibration proof materials)

Ges turbdine, heat pipe

Nuclear fusion reactor
linesr motor car
Solar cell, sensor

Megnetic recording. motor
Transformer core,
megnetic head

Transfer of hydrogen,
hydrogen car, heat media
Super-high -speed IC
(Josephson devices)

Pipe joint, artificial joint
artificial muscle

Figure 1.4: Functions and Applications of New Composites

Functions

' ot
High strength +
light weight

Thermal Functions
Heat resistance +
high strength

Examples of Materials

Polymer based composite
(Matrices: epoxy resins,
fluorocarbon, engineering

and superengineering plastics.
Reinforcements: cardbon fidre,

boron fidbre, aramid fidre,
ceramic fibre)

Metal based composite

(Matrices: aluminium, copper,

magnesium, titanium, nicket.

Reinforcements: ceramic fidre,

boron fibre, metal fitre)

Ceramic based composite
(Matrices: alumina, silicon
nitride, silicon cardide.

Reinforcements: ceramic fibre,

metal fidre)

Source: JETRO (1986), Lastres (1968 a)

Examples of Applications

Aircraft and space equipment
automobile and railwvay cars,
ships, leisure and sports goods

Nuclear power equipment,
gas turdine, sircraft and space
equipment, heat exchanger

Nuclear power equipment,
g8 turbine, aircraft and
space equipment, rockets
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Regarding their different sectors of application, it should be pointed
out, in Figure 1, those which are currently the most consumed AMs:

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

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

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

- leisure - composites (for fishing rods, tennis rackets and golf clubs),

- defence - composites and special alloys;

- biomedical - advanced ceramics, new metals and composites (for
artificial teeth and bones) and new polymers (for artificial organms, blood
vessels and skin).

Figure 2 shows the world consumption structure for advanced
materials in 1986. From it, we can see that more than 30% of the total sales of
AMs in that year (US$ 8.4 billion) refer to three sectors: electronics, capital
goods and aerospace, the first being responsible for almost half of the
consumption of advanced materials.

Figure 2: World Market for Advanced Materials by Iadustry
1986 Total Sales = US$ 8.4 billion

6z 3%

1}

Aytomgtive
Otners
Electronics
~301tal 20003
Aerospace
Lesure

EONEEe

1732

Source: Tasth et al. (1988)
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3 - Discontinuity in Materials Evoluts

The development and introduction of advanced materials and the
gradual substitution ¢f them for so-called traditional materials consist in a
process the consequences of which are being considered by many authors as
a real "materials revolution”. In this section, will be discussed the idea that a
major discontinuity in materials evolution is taking place.

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

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

3.1 - The recent changes are not incremental and originate from strategjes
I | outside the traditional material :

The analysis of AMs shows that the development and introduction of
these materials have nothing to do with any strategy defined by the so-called
traditional materials sector. On the contrary, the very development of the
most important AMs seems to be a resuit of the attempts made to avoid the
main constraints produced in and by the “traditional materials” sector mainly
in the 70s and 80s.

The rapid increase in the price of raw materials, after the so-called oil
crisis, the deregulated increase of production (with the strong entrance of
very competitive developing country producers), the oversupplied markets
and consequent losses experienced by this sector are the most discussed
components of such a constraint.4 Such a difficult situation contributed to an
increase in the rigidity of the industries in this "mature” sector. The lack of
new investment and the very low rate of R & D expenditure could probably
be considered t be crucially important in terms of the low modernization
that this sector experienced during this period. The exceptions were few.

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

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

- information technology and electric-electronics (AT&T, IBM, ITT,
Texas Instruments, GE, Westinghouse, NTT, Toshiba, NEC, Matsushita,
Mitsubishi, TDK, Sanyo, Sony, Sumitomo, British Telecom, Thompson, Philips,
Eriizon, ACEA- Brown Boveri and Siemens, among others),

1 Sme for instance: Souza (1988), US Bureau of Mines (1985), Gonzalez-Vigil (1985)




- aerospace and aeronautics (Boeing, Mac Donnei Aircraft,
Aérospatiale); automobile (Isuzu, Honda, Nissan, Toyota, Ford, GM, Renauit,
Scania, Volvo and Fiat); and

- capital goods (Hertel, Krupps-Widia).

They are interested in all kinds of AMs and particularly, as indicated
by Table |, in the development of advanced ceramics.

Tabliel: Consumers of Advanced Materials - Diversification into Production
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Tablel: Consumers of Advanced Materials - Diversification into Pro«:ucuon
cont.)

Source: Yano Research Institute (19684). Long Term Credit Bank of
(1964), Cohendet et al. (1968). High Technology Business (1968), S& (1989)
and Lastres et al. (1988).

In fact, we have to consider that there are also some traditional metal
producers who have entered the AMs sector. Table 2 shows some examples.
Nevertheless, very few metal producers in the US and Europe have shown
the interest or capability of entering such a new and high-tech sector.5

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

3 Cohendet et al. (1988), for instence, regerding the mas producers, ergue thet the
Eurepeas situstion is marked by s relatively poer mebilily of industirial
structures, and the (silure to switch to fuactional materiais which in eversll terms,
after s period of adaptation, have takes over ... (There is &) masifest sirategic
sluggishaess on the part of s ccasiderabie proportion of Evropens compssies vhea
it comos (o identifying Iuture spportuaities sad te diversilyiag, the archetypal
example being the stesl industry. (p. 34C)
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Yable 2: Metal Industries Diversification into Advanced Materials

Source: Yano Research Institute (1984). Long Term Credit Bank of Jepan
(1984), Cohender et al. {1988), High Technology Business (1968). JETRO
(1986). S& (1989) and Lastres et al. (1968)

One important feature that should be stressed here is the fact that the
diversification pursued by metal firms concerns also the production of
substitutes for metals. These firms are pursuing the production of materials
which are very different from their traditivnal productive and technological
basis. The target seems t0 be the maintenance of their market share,
threatened by the development of such advanced substitutes. As shown in
Table 2, the Japanese steel companies are entering not only the field of
production of new metals, but also that of advanced ceramics, new polymers
and composites. The same is happening in the case of the French (Pechiney)
and the North-American (Alcoa) aluminium companies and in the case of the
Canadian (Noranda) copper company.

The metal industry's attempt to diversify into AMs faces strong
competition from other traditional sectors which are also trying
restructure and diversify their activities. Among them the most important
sectirs  are. cement, textiles, traditional ceramics, chemicals and
petrechemicals. The petrochemical and chemical sector is, without doubt, the
one which is most heavily investing in AMs and which has the best financial
and technical conditions for doing so.¢

In fact, the biggest petrochemical and chemical firms in the world
(suzh as Du Pont, Dow Chemical, Excton, Monsanto, Union Carbide, 3M, Basf,
Bayer. Hoechst, Elf, Rhone-Poulenc, British Petroleum, ICI, Shell and Ciba
Geigy) now include AMs in their strategy of diversification.

6 Idid
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Table 3: Petrochemical and Chemical Industries Diverasisication into
Advanced Materials

AKZ0 (NL) carbon fibre and new polymers

Ciba beigy (CH) composites and new polymers

Source: Yano Research Iastitute (1984). Long Term Credit Bank of Japan
(1984). Cohendet et al. (1988), Bigb Technolcgy Business (1988), JETRO
{1986). S& (1969) and Lasires et al. (1988).

As Table 3 shows, these firms are mainly pursuing the production of
new polymers, composites (and/or carbon fibre) and advanced ceramics.
Elsewhere | emphasize that the Japanese efforts in this direction (even if
recognized as relatively weak for the time .#ing) cannot be ignored.”

7 See for ins1ance the recent attempts in Japan 10 strengthen this sector and 1o estadlish
the concept of "New Chemistry” (linking the developmen! of chemistry %ith, for
instence, electronics). Lastres (1989 ¢)
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This second argument refers to the fact that nowadays a major
advance in the means of analysing and understanding the structure and
properties of matter has been obtained. The cross-fertilized effects and fusion
of materials science with other disciplines such as chemistry, metallurgy,
physics, electronics, bjology, computer science and engineering, etc have led
to significant improvements and developments in materials anaiysis, design,
processing and testing (such as powder technology, hot isostatic pressing,
rapid solidification process, coating and surface modification, bonding
techniques and non-destructive testing methods).

It is possible now to intervene at the molecular and atomic level of
matter and rearrange the microstructure of materials in order to obtain the
required proper.des and performance. This has been comsidered a crucial
development that set the basis for the beginning of an inversion in the logic
of production. The focus of the new production systems tends to concentrate
m.re and more on specifications to be met and capabilities o be realized,
instead of type of materials (or mineral input) to be vsed. In other words, &
given product no longer relies on a given material or on a given input,
instead, several materials compete to assume a given function (concept of
“hyperchoix des matériaux").8

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

It is unportant to stxess not only the recent changes in terms of the
use of inputs, but aiso the agility and flexibility brought about by the use of
information-intensive techniques in the new materials production systems.
The use of computationial methods in the research, development, design,
production, testing and commercialization of AMs permits a systemic
approach, speedirg up and augmenting the efficiency of the whole process. A
significant example here relates to the utilization of CAD/CAM in order to
obtain a “first best” mix among various materials and calculate systemic
relations between shape and structure ?

It also seems important to emphasize that the use of these
information-intensive techniques has been accompanied by new patterns of
work organization and industrial organization. Inflexible mass production
which characterizes tiaditional materials production systems has become

B Cohendet et &l. (1988).
9 See Lastres & Cassiolato (1989)




increasingly unsuitable in conditions of product differentiation, consumer
sophistication and fast technological changes. The new plants designed to
produce AMs are suppcsed 10 be flexible enough to allow the production of
“tailor-made” and use-specific materials. Such plants are operated by
"mujtiskilled” labour forces and are frequently designed to produce
"muitimaterials”.

The concept of t.ransmatenalmhon of productlon refers to the
recurring industrial transformation in the way that societies use materials,
which is a regular and cyclical process. Dematerialization of production, in its
turn, refers to a constant decline in the use of materials as a percentage of
total production. This latter concept relates to three main aspects. Firstly, the
bold degree of miniaturization achieved by industrial production is seen as an
important factor in decreasing the requirements of materials needed by
industrial processes. Secondly, the increasing use of information technology in
the production of materials and products has also been responsible for a
considerable saving of materials. Thirdly, there is the fact that the material
itself is visibly tending to gain in complexity by ‘integrating™ several
functions.

Data showing the declining trend of the consumption and production of
traditional materials has beea produced in order to support the idea of
transmaterialization and dematerialization of production. Such a trend is
already clear especially in advanced countries’ markets. Figure 3, for
instance, shows the declining trend in intensity of basic metals consumption
(Kg per unit of GNP) in Japan, which started 16 years ago, just after the oil
crisis. Accordingly to this figure, such an inversion is most marked in the
cases of steel, zinc and aluminium. !0

Figure 4 shows the declining trend in the intensity of metal usage
(metric tons per million US$ of GDP) in the US and in the world. The data,
produced by the US Bureau of Mines, refer to the cases of steel, aluminium
and copper. In the same way, the inversion of the consumption trend seems
to be associated with the oil crisis.

Data relating to metals production in the US show that this declining
trend in consumption reinforced the same trend in the production of the five
major basic metals (Figure 5).

One strong argument produced by some analysts of such movements
refers to the link of these trends to the generalized and temporary difficulties
the US economy faced at the beginning of the 80s. However, as Figure 6

10 Dyfrerent sources show the same trend. The originality of those data used in Figure 3
refers 10 the fact that its primary source is the dig Irench producer of aluminium,
Pechiney
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FIGURE 3: Metals Consumption per unit of GNP in Japan (1955/84)

Aluminium
Copper
\/\/\ Zine
N Lead
100
Tin
1.l 2 1 ¢t & & 1 ¢ L 1 t 4.t &t 1 J_LIJLILILJI’
ss 60 (1] 70 s 8o Years

source Cohendet et al (1984)




FIGURE 4. TRENDS IN THE INTE'NSITY OF.METAL USAGE
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THE DECLINING TRENDS IN COMMODITY METALS PRODUCTION
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One strong argument produced by some analysts of such movements
refers to the link of these trends to the generalized and temporary difficulties
the US economy faced at the beginning of the 80s. However, as Figure 6
indicates, such trends, at least in the case of the US, cannot any more be
considered simply as a conjunctural shi.'t.

As Figure 6 shows that the general recovety experienced by the US
economy after 1982 was not followed in the primary metals sector and the

metal mining sector, suggesting that the possibility of a structural change
should be further investigated.

Figure 6: Industrial Versus Metal Production Index
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There is indeed a well defined tendency towards the process of AMs
being substituted for basic metals, as 1s mainly the case with some polymers
and composttes displacing steel in the car industry or optical {ibres displacing
copper wires in telecommunications. Another aspect that relates to the fourth
argument is that the advent of AMs goes beyond the process of materials
competition and substitution. Opportunities are open for the development of
entirely new materials displaying new properties.

As | have already mentioned, most of these AMs have been developed
to fulfil completely new and sophisticated functions and applications,
especially those associated with the advance in the high-tech areas. In this
sense, they do not have to compete with existing materials in order % get
into the market Examples in this case include the developmont of
semiconductor materials, photoresists and memory shape alloys, among
others. The decrecse 1n cost and price of such new materials will then be




crucial in terms of permitting and accelerating their rate of diffusion
throughout the eConomy as well 3s making possible the consolidation of these
high-tech areas.

Therefore, perhaps the most important aspect relating to the
development of these AMs is the fact that they have been seen as a
necessary and strategic issue in terms of opening new paths of growth and
strengthening future industrial competitiveness Probably the best example
of such a situation i1s the intense Japanese effort in respect of advanced
ceramics. The long term policies adopted in that country towards the
development of these materials seem to reflect the aim of building up
capabiliies aiming at establishing of a new pattern of production and
consumption of inaterials.

So the development and introduction of AMs indeed seems to
constitute a discontinuity 1n terms of materials evolution. Not only are the
producers of traditional and advanced materials completely different, but
also their inputs, technological processes, industrial structures, work
organization, product characteristics (and {requently even their markets) are
entirely distinct The very group of materials which will form the basis for
future 1ndustrial development is now being defitied. A new sector 1s taking
shape. In this sense, the current iime presents an opportunity to estabiish a
new technological and economic leadership in such a pervasive area.

4- National and jonal Policies on Advanced Materials

The major advances in materials science until the mia-seventies were
mostly as the result of a spin-off from the huge US programmes in the areas
¢f defence, aerospace and energy technology

The decade cf the 30s 1s marked by the generalized increase in R & D
expenditure and, particularly in the case of AMs, by the formulation of
private and nattonal R & D projects concentrating attention on specific
improvement of those materials.

i 1 - 12

In Japan, the long term R & D policies on advanced materials have been
coordinated by MITI and STA. Having started almost 20 years ago, from 2
rather modest basis and within the programmes on the conservation and the
development of new sources of energy, materials projects have had the
support of several industries.

Much more than in other countries, 1n Japan the development of
advanced materials seems to have been pursued within a pationai framework
of vbrectives Firstly (and just after the oil crisis), the central target was
related Lo the possibility of attenuating the impact of the increase in the price
! 011 and other raw materials on the Japanese economy Nowadays, the hope
¢f taking advantage of a promsing structural change seems W be getung
stronger in that country The general 1dea 13 W establish a new pattern of
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materials production and consumption more adequate to the Japanese
perspeciives of growth. One attempt in this direction is the intention of
changing e basis of {uture industrial development from metals to advanced
ceramics. Such a possitility has teen pursued by exploring the advantages
created by the sound Japanese microelectronics sector, linking the
development of AMs with the requirements of this sector.

Table 4 shows the Japanese R & D programmes on AMs in 1988 and
1989 In 1988, ¥ 16,070 mullion were deployed 1n this area, within the three
main important goveramental programmes in terms of materials (BFTI -
Basic Technology for Future Industries, Large-Scale Project and Multi-Core
Froject!!). From this total, 70% referred to R & D in superconductors.

In terms of the nature of AMs, the Japanese efforts in R & D
concentrated on advanced ceramics. This family of materials in 1988 was
responsible for almost 70% of that total, mostly because of the high priority
given to R & D in high temperature ceramic superconductors (HTSCs).!2

Tabte 4: R & D on idvanced Materials in Japan 1988/89 (million ¥)

Targets Period Budget Budget
(EY) (FY88) (EY89)
MITI (BTF1
Superconductors 1988/97 1061 1872
i 9
New Polymers 1981 /90 532 530
Synthetic Membranes 1981. -0 1357 356
New Metals 1981/88 380 -
Composites 1981/88 548 -
Photoacyve Materials  {9685/93  23¢ 318
Large-Scaje
AMs Proc_Systems 1986/93 1679 2329
Fige C} . 1988/95 20 e
ubtotal 5960
STA(Multi-Cors) 111
(-BETD) (-1061)
Toral 16070

Note: AMs are also developed wathin other MITI and STA projects. such as Human
Eronuer Program, Moonlight (Superconducting Generator) Sunshine, Large-Scale
(High-Speed Computng System-GaaAs), and also other ministries programmes Education.
Pozt and Telec., Health etc).

Source: AIST/MITI (1988 and 1989) and STA (1968 a and 1988 b)

1} The latter inctudes R & D prorects coordinated by STA, MITI Min. of Educetion. Min of
Transport end Min of Post and Telecommunications

le considering thatanly 8% of the superconductors programmes refer to metallic
Taterials and also considering the efforts towards the development of Jrructural
ceragmics (6%




It is worthwhile mentioning that until 1987 (i.e. before the discovery
of the HTSCs), the attention of the Japanese gevernment was coacentrated on
the development of structural advanced ceramics. MITI, for instance,
dedicated 208 of its BFTI total budget for 1987 (which in addition to AMs,
included aiso electronics and biotechnology R & D) to these materials.!3 MITI
budget regarding the research in structural ceramics (aiming at the
development of gas turbine components) continues to increase year by year.
From 1988 to 1989 it increased by 45R8. Nevertheless, superconductors
funding increased by 768 in the same period.

The most important result of these long term Japanese efforts is the
leadership achieved by its industry in terms of the world hierarchy in the
production of advanced ceramics (both electronic ard structural), carbon
fibre and semiconductors. In addition, Japanese capability in compound
semiconductors (such as gallium arsenide), integrated optical materials,
superconductors and biomaterials are being recognized as the most promising
1n the world 1+

2 - Upited States of Ameri

In the US, the emphasis on the development of AMs has concentrated
on composites and new polymers (and, recently, also on superconductors).
Currently, government sponsored R & D is diffused throughout the multitude
of government programmes and there is no single agency having the sole
mandate for materials R & D. This has been criticized by the US Congress and
the scientific community, who attribute the recent Japanese leadership in
strategic advanced materials to the US' 1ack of planning and coordination.

In fact, a recent survey on advanced materials produced under the
auspices of the US National Research Council reinforces such conclusions.!5
The study comprises an analysis of advanced materials commitments in
countries such as the US, UK, FRG, France, Spain, Canada, Japan and South
Korea. The main conclusions are that:

- materials research and development seems tc be less coordinated 1n
the US than in other advanced countries. In the US no major agency is in
charge of planning, setting priorities or evaluating materials (or industrial)
policy and there is low cooperation {or no refationship at all) between various
agencies and various sectors (especially between the generation of new
knowledge and its utilization);

- most other nations support the development of materials science
through carefully targeted government programmes;

- between 1976/87, the Federal government, reduced materials
funding by 11% and by 233 for nondefence spending;

13 See Lastres (1989 b)
14 30e Morse (1989)
15 Cohen (1989) and High-Tech Materials Alert (Dec. 1989)




- while the government gives defence and energy research that same
type of national push, it leaves materials development for electronics,
telecommunications, nonmilitary aerospace, and other fields in the hands of
individual corporations.

- such a tendency has dangerous consequences for US competitiveness.
The recent negative performance of 7 major industries, in terms of the
balance of trade, has been attributed to the lack of sufficient progress in
advanced materials.

The final recommendation of the report is that advanced materials
offer a special opportunity to start urgent coordination in science and
technology in general, which is lacking in the US nowadays. But, probably, the
strongest argument used to attract better support for this area reiates to the
possible threat in terms of national security that the underdevelopment of
these materials and their corresponding technologies could imply!é.

As one result of such pressures a recent change in the US is taking
place. AMs are now seen as "an enabling technology inextricably linked to
technological advancement and competitiveness as well as to national
security”.17

The North-American expenditure in AMs are estimated to be over
tenfold the Japanese funding. The US has had the capacity to advance on a
wide materials research front, which indeed requires a large budget. Then,
and despite all criticism, the US still holds a comfortable international
position in composites, new metals and new polymers and also in
infrastructure and human resources capabilities in general.

Figure 7 shows that the Federal government spends US$ 1 billion every
year in materials science and engineering in the US. This total includes
AMs 18

As we have already seen, R & D responsibility in materials R & D
programmes fall under the ambit of a number of agencies with specific
mission targets. These include: Department of Energy, Department of Defence,
National Aeronautics and Space Administration, Department of Commerce
(National Bureau of Standards), Department of Interior (Bureau of Mines)
and the National Science Foundation.

According to this Figure 7, DOE has been the most important ¢ romoter
of materials X & D, responsible for almost 608 of the total expenditure in
1985.

16 See, for instaace, Morse (1989): ‘Whes Japss was idesntiflied recently te be
sigailicsatly ahead of the US in six of 22 critical techaslegies (micreelectresics,
compouand semiceaductors, machine intelligence, istegrated eptics,
supercenductivity and biestechselegy materisis) all critical te long term qualitative
superiority is vespess systems, Americaas sav this as s threat.’

1~ OECD (1988).

13 Retiable data for this area are not routinely avasiable and, as 0ECD (1988) reports,
prodably are not separately tabulated. See note 8.
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In 1986, DOE budget decreased from US$ 647 million to US$ 609
miflion. In the same year, all the other agencies increased their funding. DOD
(from US$ 155 million to US$ 164 million), NSF (from US$ 135 million to US$
137 million), NASA {from US$ 107 million to US$ 121 million), BOM (from
US$ 32 million to US$ 41 million), NBS (from US$ 23 million w US$ 25
million ).

Tigure 7: R & D Materials Science and Engineering in the US by Agency
EY 85 = FY 66 = US$ 1.1B*

O W
28
xR an

(] |
Y
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* It is estimated that private investment represents an equivalent amount.
Sewrce: OECD (1988)

It ic estimated that, in the US, private investment represents an
amount at least equivalent to the government investment. Among the main
firme 1nvesting in AMs are: IBM, AT & T, Du Pont, Exxon, 3M, GE, Boeing and
oM.

Specific data about R & D programmes on AMs 1n the US, shows 2
different picture. As Figure 8, indicates, 1n 1983, DOD was responsible for 65%
of the total government funding. DOE for 178, NASA for 10% , NSF for 4% and
toth NBS and BOM for 28.19

19 Data hers refer 10 the survey the General Accounting 0ffice made for £Y 1983, based
on Jata provided by the six ©ein agencies in charge vith AMs programmes, vhich
1otalied simost US$ 200 million. See OECD (1986 b)
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Figure 8: R & D in Advanced Materials in the US by Agency
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Table S shows the R & D priorities in the US for materials in 1986. The
most outstanding difference from other national policies relates to the
emphasic on composites. Such an emphasis has been very strong there, where
materials science has been much improved mainly because of the huge R & D
T rogrammes in defence technology.

Table 5: Government R & D Priorities in the US (1988)
Materials Goals

New Metais
Amorphous Metals Dev of mats for electromagnetic equipment

Source: OECD (1948 a and 1968 »)
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As we can see from Table 6, in 1983, composites were responsible for
more than half the government funding for AMs. Such a fact reflects the
impcrtance of DOD and NASA funding and their priorities for the
development of such a family of materials.

Advanced. ceramics with 238 of the total funding in that year, was the
first prierity in DOE, BOM, KBS and NSF programmes.

New polymers, second priority for DOE, NSF and NBS, were considered
at the time (as they are still considered nowadays) the most important area
1n terms of private capabilities. Governmental support in this area (expected
W be supplementary to private investment) concentrated on new polymers
with optical functions (mainly liquid crystal) and separation membranes.

Table 6: R & D on Advanced Materials in the US by Agencies (1983)

DOD DOE NASA NST NBS BOM TOTAL

compozites 682 72 752 12 62 - 832

adv. ceramics 132 6% 12 348 49% 538 23R
emorphousallovs 158 O 138 31% 21% 4783 IS%
gevpolymers 43 248 23 2 333 242 - 9%

Source: OECD (1988 a and 1988 d)

4.3 - Europe

Since the early 80s the EEC has included the development of AMs in
strategic research programmes such as Sprit (VLSI integrated circuits), Race
(optical fibres), Biotechnologie (biomaterials), Brite (separation membranes,
new polymers, composites and amorphous alloys) and Eureka.

Eureka includes, among others (see Table 7) the project "Car Structure
Using New Materials - CARMAT 2000). This project has a 5-year budget of 60
million ECUs and European firms such as Basf, Bayer, Elf, ICI, Pechiney,
Peugeot and Saint Gobain participate 1n it.
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In 1986, a special programme on AMs was established - the European
Research for Advanced Materials (EURAM). The basic document of this
programme explicitly recognizes the significant results achieved by Japanese
and North-American firms as an outcome of R & D expenditure in AMs and
the consequent inferiority of European firms in facing such increasingly
difficult competition 20

This 1s a four-year programme with a budget of 30 million ECUs. Its
main target is the development of those AMs in which Europe is reiatively
less competitive: advanced ceramics, new metals and composites (see Table
3) It aims at the improvement of materials, linking basic research with
engineering work and it i1s designed to create, develop and apply new
materials and t secure the evolution of exsting materials to a higher level
of improvement and % be competitive in terms of costs.

Tadie 68: European Research for Advanced Materials - EURAM Programme

Source: EURAM (1986)

=) Pesr sertir de ce cercle vicieux de velaérapilité et de dependance, et aussi powr
regoaner sa compétitivité sur le plas meadial, |’ industrie esropéeane doit investir
massivement daans I inaevation lechaoisgique des matériany. Lo project FURAM, eo
regreupant les estreprises matérianx de Iz CEE eo ua easembie cobhérent, pent jover
le réle de catalysesr peur premesveir use vérilable sciesce et ©a genie des

matériavx euwropéess CEE, Programme dacuon de Recherche - Materiaux
1936/89 (Brussels, 1986) p V-9




concomitantly with these regional eiforts, national programmes
(mainly those in FRG and France) have been strengthened, aiming at
modernizing industrial structures and creating capabilities in advanced
materials R & D.

In general, the European posture regarding AMs then has been
defensive and aimed at "making up for lost time™. Cohendet et al, recognizing
such a need and trying to analyse the reasons, conclude: “For a very long
time Europe played a leading role in materials research... It vould de going
100 far to say today that Europe has dbeen overtaken, dut there is no doudt
that it has allowed the US and Japen t0 steal a march on it in research into
most of the materials vith the highest expected growth rates betveen now
and the end of the century...There are perhaps many reasons vhy Europe
lags dehind (such as dispersion of activities, lack of foresight, divide
detween research and industry etc), dut it is clear that inertia due to
tradition is one that merits emphasis™.*!

In terms of AMs the European industrial strategy concentrates mainly
on the development of polymers and new lght metals and alloys.>® It
recognizes the need to link research, production and consumption, aiming at
taking advantage of the strongest capabilities of the region. In this sense, the
European formula to stimulate this area seems to concentrate on the strategy
of linking the most promising European family of AMs (new polymers, given
the competitive strength of its chemical industry and its research
capabilities) with one of the most promising European industrial consumers
of AMs (automobile industry)

Other measures and countermeasures regarding the development and
introduction of AMs, have been adopted by countries such as Canada,
Australia, China, Branil, South Korea and some other developing countries.
Such policies were developed mainly after the second half of the 80s. Most of
them are related to the need for a protective policy (mainly in the case of big
traditional materials producers who feel threatened by the new advances) or

W the perspective of taking advantages of ag important transition period.

4 - Japanese Strategy Towards the Development of Advanced
Materials

Since [apanese industry can be considered as more vilnerable than
others to potential energy and materials supply curtailments and more
sensitive to economies with these inputs (because of its almost total refiance
90 imports), the development of advanced materials has been among its
highest R & D priorities, mainly from the 1970s onwards. In the §0s the
development of AMs has become one of the three cornerstones of the
Japanese industrial strategy, along with microelectronics and biotechnology.

2l Cohendet et a1 (1988) p 371
22 Lastres et al (1988 b}




The most important featute of the Japanese policy towards the
Jdevelopment of AMs seems to be that the measures adopted in that country
are geared towards radicaily changing the patterus of preduction and
consumption of materials. In other words, Japan is pursuing policies
concentrating on discontinuity of traditional production of materials and
emphasizing the linkages between materials production and new sectors such
as information technology.

As we have seen, one of the major characteristics of Japanese strategy
on AMs has been the national concern with the development of these
materials and the promotion and improvement of technological strengths
through long-term R & D programmes with very high rates of industrial
participation. The long term policies adopted in Japan for the development of
these materials and their precocious commercialization (with the purpose of
changing traditional consumption habits and aiming at acquiring leadership
in the area) reflect calcuiated objectives such as to build up capabilities
regarding the establishment of 2 new pattern of international competition.

The main targets of the policies regarding the development of
advanced materials in Japan have been:

. the inauguration of a new pattern of productiori and consumption of
materials, minimizing national disadvantages (innovative activities to
substitute for high-priced factor inputs) and, at the same time, maxiraizing
internal advantages (innovative activities to explore capabilities built up in
electronics, for instance);

. the aim of building completely synthetic materials, controlled at
molecular and atomic level, to cater for a more and more specific and
sophisticated demand (utilization-oriented research),

. the strong emphasis on fusion of materials science with other
disciplines such as physics, electronics, chemistry and, mainly, biology;

. the objective of developing advar.ced materials related to IT sectors;

. the promotion of internal and international interactions;

. the attention to R & D, production, marketing and consumption of
advanced materials within a conception of a system.

In general terms, the Japanese policy for the development of AMs can
be divided into 2 phases. The first (adopted in the 70s), when advanced
ceramics were chosen to be the basis of future industries. This choice was
made according to two related factors. Firstly, the development of advanced
ceramice, in the way it has been pursued, represents a major attempt to
~onciderably reduce mineral and energy inputs (in terms of volume and
price) 1n both production and utilization of materials. Secondly, it represents
3 very technology-intensive production and a more fleble production
organization in a completely new area.

Many advanced ceramics are superior to traditional materials in
various industrial applications, resulung in economies in materials and
energy (zuch as applications in automotive engines, meaning lighter and
more fuel efficient motor vehicles) ac well as in products that cannot be
made of conventional materials.




Ceramic materials are also generally more abundant and evenly
distributed throughout the earth’s crust than conventional metals. Alumina
and silicon ceramic materials are plentful even in Japan. Their refinement
and downstream fabrication processes tend to require refatively less energy
than metals, need not be located in congested areas and are more pollution-
Iree.

On the ¢ther hand, one has to consider that the selection of ceramics to
be the core of AMs plays an important role in terms of producing a
discontinuity in materials production and consumption. The emphasis on new
plastics, for instance, (and as pursued in the US and Europe) could be seen in
Japan as a desired but much more difficult target, because of the strong
international competition in chemical industry.

As we have seen, Japan has been emphasizing the improvement of
advanced ceramics since the mid-70s. This issue did not lose priority within
the main national targets, despite the expected technical/economic results in
terms of structural ceramics until the mid-80s not having been entirely
{ulfilled. Due to this patient and long term public policy, Japan can now count
on a large base of skill and experience in the field of ceramics, which is
fundamental for the development of the programmes on high temperature
ceramic superconductors. Such experience relates to previous activities in
research, development, production, commercialization and use of ceramic
materials.

Regarding this issue concerning superconductivity it has also to be
mentioned the Japanese long term investments ir the field of metallic
superconductors. After the discovery of the new ceramic superconductors, in
1986/87, Japan had the advantage of having placed ceramics and
superconductivity among the top priorities in its R & D programmes years
before. Then, rapidly, these two priorities were linked to form a new
programme oriented to exploit and augment the capabilities built up in both
areas. In fact, one the most impressive Japanese features seems to be the
agility with which public policy can be reoriented to the new discoveries and
new perspectives of growth. Now, the concrete possibility of Japanese
supremacy in the field of ceramic superconductors is so high that US
measures under Reagan's administration concerning this subject have been
considered as a response to this situation.23

The second phase is consistent with the new strategy, conceived in the
late §0s, of creating new paths for the development of science and technology
(and which relies on “Japanese creativity” and the development of
international programmes for basic and fundamental research, such as the
Human Frontier Programme).

In this new phase the intention emerges of developing advanced
materials beyond the traditional concept of materials. For example, intelligent
materials {a new substance or material which surpasses single-function

23 3ee, for instance, Committee on Science, Ingineering and Public Policy (1988) and
IINIDO (1987).




materials and those which change function in response to changes in
environmental conditions), which f<ssess key functions such as self-recovery,
self-adjustment or control, self-liagnosis, stand-by capabilities, self-
reproducibility and ability to be externally tuned.’s

6 - Impact of Advanced Materials

We saw in the previous sections that with the development and
introduction of advanced materials, some important changes are expected to
influence the way science and technology are developed and materials are
produced and consumed. The policies adopted by different countries and
firms (be they the most aggressive or the most complacent one<) reflect the
intention te build up capabilities conforming to a new international pattern

In the later two secuons, [ briefly discussed the advanced countries’
posture toward AMs, for such countries are the ones which have better
conditions for influencing and shaping this new pattern. Despite recognizing
the importance of discussing the foreseen global impacts of the introduction
< these materials in the international scenario, ia this section 1 will focus on
the impacts for the so-called Third World countries, for they seem to be the
most dramatic. [ will also use some examples from the Brazilian experience
on advanced materials which [ believe to be very interesting and which is
the situaton | know best

As we saw, the introduction of AMs 1n the market has been
accompanied by a decreasing trend in terms of the advanced countries
consumption of raw and traditional materials. In global terms, the same sort
of declining trend can be identified. The analysis of the world consumption. of
the 3even majer metals shows that their yearly rate of growth turned
negative after 1979 (see Figure 9). The crisis that started in the early 70s put
2n 2nd to the high rates of demand growth experienced by most major metals
Auring the perind of the 50s and H0s This slowdown was further deepened
by the recession which took place in the early 80s

Such a change has various consequences for the less developed
wwuntries (LDCs), especially those which are important producers of
‘raditivnal materials and crez The most visibie one refers to the expected
negative impact on the talance of trade of these countries. According to
oncalez-Vigil (1345) ‘The significance of this fail is paramount indeed, as
the seven metals (analysed in Figure 9) represent around three quarters of
more or the value of all metals minerals in the world econoay and. in
particular, they accounted for three quarters of developing countries’
exporis of all non-fuel minerais in the mid-70s and together with
aanganese ore, for 53% of the total non-fuel mineral export earnings
received by developing countries in 1980.'-°

;‘* Yanagida (1987) and Saito (1989)
3 Gonzeles-Vigl 196%) p 12




Figure 9: Declining Trend in World Consumption of Major Metals
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it 15 worth menticning that such a declining trend does not necessarily
impl7 an absclute decline mn the volume of raw material and metals exports
irom Seveloping countries Eut it does mean that the consumption of such
rrodusts 1€ no langer increasing at the same rate as 1t used t 10 the past. On
s ather hand 1t is s¥pected not 10 1ncrease as much as the total increase in
manuiacriring ontput i the future <¢

1t is aisv edpected that the metals industry’s current international
division of labour will continue for some time, but not for long Developing
COuRtTIEs ars expeited to be the fastest growing market for the major metal
ry meterial: produced by themselves Then, while in the past a greater
rate i ConSUMPption of major metals used to express a greater level of
:ndustrial development within the different countries, today 1t has turned to
be the opposile Low consumption growth of metals 15 now considered 3
SnaractersTie Of matre deveioped «Uonormies

< Sas 13C Burass of Mines (19337 and Wortd Bank estimates




At the same time, figures about the estimated worlc market for AMs
are eloquent showing growth rates around 208 per year. And if the
traditional materials sector is losing its importance and separating more and
more from the dynamic axs of industrial growth, worse than this 1s the
depressing trend experienced by the prices of those traditional materials
and raw materials .

In fact, as the World Bank has demonstrated, such a declining trend
can be seen as the general tendency of commodity prices (excluding
petroleum) in the last decades. Figure 10 shows the weighted index of prices
for 33 non-fuel commodities in the period 1950/2000. This group of
commodities includes agricultural products (677 %), minerals and metals
(27 13) and timber (5.2%).27 It is clear from the figure that the price index
of these commodities is experiencing a remarkable decline in the analysed
period It 1s worth emphasizing that these data also indicate that, after the
305, short run price increases were always followed by greater price
decreases

As the price forecast reveals, non-fuel commodity prices are expected
to decline even more from their 1938 level over this and the next year and
are expected to make only 2 modest improvement over the 1900/2000
period, increasing only 5% with the price forecast for 2000 representing only
45% of the price at the beginning of the period.

Figure 10: Weighted Index of Commodity Prices
(Constant 1985 US Doflar's)
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27 £or the methodology used to produce these data see World Bank (1989)
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Figure 11 shows the weighted index of metal and mineral prices for
the same peried. From it we notice the consistent decline in the prices of
these produsts Such a decline became sharper after the 70s.

The decline in minerals/metals prices expected between 1983 and
1990 1 about 162 An improvement of 10® is expected over the
1990/2000 period As 2 result, the average metal and mineral prices index
esumated by the World Bank for thic decade (1990/2000) 1s less than half
of the 50s and b0s averages

Figure 11: Weighted Index of Metal and Mineral Prices
(Constant 1985 US Dollars)
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In terms of the analysis of specific price behaviour, the next figures
precent the trend for 4 selected ores and metals 1n the last decade

Figure 12 shows the declining trend in the prices of tron ore We can
see [rom 1t that, the prices of this ore fell from 256 US$/MT 10 1980 to 166
33/MT in 19654 and are esumated t reach 169 this year It should be
stuphiasized Watin 1970 the price of wron ore was 41.8 US3/MT, 1 ¢ 2,5 umss
thie present price.
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Figure 12: Declining Trend in Iron Ore Prices
(in 1985 constant US dollars)

L PR 4

oss/nT
/

Source: Vorld Bank (1989)

Fizurs 135 shows a strmlar trend for the prices of bauxite in the same
pertad In this case. the price of bauxite. which reached 39.2 in 1982,
expertenced a fall of almost 50% Juring the following 6 vears, reaching 21.9
123MT in 1932 The estimate of the World Bank shows that a continuing
decline 1s sxpected this year, with the price falling to 19 8 USS/MT.

Figure 13: Declining Trend in Bauxite Prices
(in 1985 constant dollars)
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Among the metals, tin and lead were the ones that experienced the
most dramatic price fall in the last decade, as Figure 14 and 15 show. From
1930 to 1938 tin price fell more than 3008 and lead price almost 200%. In
the latter case, a major decline is still expected. The estimated price of lead
for this year represents almost one third of the price of 1980.

Figure 14: Declining Trend in Tin Prices
(in 1985 constant US dollars)
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Figure 15: Declining Trend in Lead Prices
(in 1985 constant US Jdoliars)
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The impact of these changes on the metallurgy of developing countries
will of course depend on the degree and pace of the dissemination of AMs.
For most metal producers, even in advanced countries, their attempts to
remain in the market and make profits in such a difficult scenario involve
some very difficult options. But the discussion of the foreseen impacts of the
intreduction of AMs on LDCs, as well as the alternatives which can be open to
these countries, transcends the limits of a sumple change in the maternals
basis of the economy. The range of aspects that have to be discussed varies
from the difficult financial situation of most the LDCs (and, in specific terms.
of the metals producers in these countries <3) to the specificity of AMs
development and production (such as their sophisticated technological
requirements and their interaction with and dependence on consumers).

Attempting to discuss some of such aspects, I would stress the fact
that with the advent of advanced materials the tendency in materials
production seems to be a complete change from production based on physical
factors endowments, leading to an increasing dependence on sophisticated
processes and resulting in an era of strong savings in energy and natural
resources. As one result, the introduction of advanced materials is already
changing (and is expected to lead to a dramatic major change) the structure
¢f the so-called traditional comparative advantages and the present
international division of labour.

Then, from some developing countries’ point of view, these recent
changes pose 3 perhaps unprecedented challenge and render much of the
currently practised development strategies obsolete, mainly those based on
production geared to exports of Ores and basic metals. As we saw. a
significant number of developing countries have had exports of minerals and
basic metals as the core of their growth strategies. In 1985, among the LDCs
which had more than 508 of their exports originating in the mineral sector,
the cases of Zambia (94%), Bolivia (82%), Zaire (74R%), Peru (70%), Jamaica
(67%), Chile (64%), Togo (52%) and Papua New Guinea (51%) should be
emphasized<? Even bigger countries which have implemented more
sophisticated economic structures like Brazil and Australia have a significant
share of their export revenues derived from mineral production 30

In this new situation, the importance of large and high grade national
mineral reserves, relatively cheap and abundant energy inputs and non-
qualified work (even with extremely low levels of wages) is tending to
diminish. The consequences of such changes have to be analysed not only in
terms of the threat to developing countries’ international market share and
eXport earnings, but also in terms of the loss of attractiveness this new
situation exerts on foreign investments.

28 such a situation 1s vorsened by the 1ack of agility that governmen! buresucracy and
raditional materials producers mey dJisplay when fecing the challenge of
restructuring.

29 yor1d Benk (1987)

30 See Lastres & Cassiolato ;1989).



The best example in this case is perhaps that which relates to the
Caraias Project in Brazil. It was designed in the early eighties to attract
foreign capital via exploitation of Latin America’s most important rnineral
prevince in the Amazon. The Brazilian Government provided the necessary
infrastructure for the project, including ports, railroads, energy supplies and
various subsidies (ten year exemption of federal and regional taxes, energy
prices below cost, etc.). Even with such subsidies the project failed as far as
1ts main objective 1s concerned. Only the iron subproject led by a State
company - CYRD - was implemented with the external participation of the
World Bank and other minor foreign partners, leaving aside original
subprojects for other minerals. The Tailure” was due to lack of interest by
foreign investors (both financial and productive firms) in investing in Brazil
in minerais and basic metals. It is interesting to point out that the same
madel had been very succeseful throughout the sixties and the seventies.

One related implication here is the expected change in the iocation of
materials production. Given the relatively lesser importance of the
availability of inputs and the greater importance of the linkages with their
consumers, the processing plants of advanced materials tend to be located
near the consuming and end-using industrial markets. On the other hand, as
most of these AMs are high in value and low in volume and weight, they are
mostly economicaily transported by air. Hence, the emerging geographical
pattern of advanced materials production is expected to de centred in those
countries with better technologicai capabilities and strong markets for high-
tech products. Given such expectations, some analysts of the area have
concluded that the plants located in LDCs will tend to serve local and regional
markets only.3!

Apart from all the other macroeconomic prodblems faced by the
developing countries (high external debt, accelerating inflation and political
and nstitutional instability), and together with the uncertainty surrounding
mainly minerals and basic metals (regarding the serious decliné in demand,
problems of supply overcapacity and depressed prices of orés and primary
metals experienced during the 80s), it has to be considered that the
traditional means of articuiation between LDCs and the advanced countries
are experiencing major changes.

Then, the main argument here is that these recent changes have lead
to far more complex industrialization processes, where comparative
advantages depend increasingly o¢n innovation (both technical and
srganizational), rather than on purely physical factor endowment.

The high requirements of sophisticated scientific znd technological
knowledge the production of AMs implies can be seen as a handicap for
those LDCs who intend to produce such materials. Brazil, for instance, has (in
a very advantageous condition) all the important mineral resources needed
to produce advanced ceramics, but, until 1988, there was no production of
high purity ceramic oxides in Brazil. Even the most consumed ceramic oxide

31 see Gregory (1968)
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in the world. alumina, was not produced in that country with the purity
required for its utilization in electronic devices3> (even despite Brazil being
one of the major world producers of alumina and aluminium for years). As a
result Brazil exports the ores and oxides which are submitted to further
purification and imports back the necessary inputs to produce those
advanced ceramic which are processed in the country. The reasons for such a
situauon relate to the internal lack of sufficient technological capability to
produce such pure oxides and the still small Brazilian advanced ceramics
market 33

On the other hand, it is not only the fact of suddenly finding
themselves producing “traditional materials™ with “inputs and technology of
the past” that matters in the case of LDCs. The shift to the production of AMs
would also require a new industrial and sectoral organization, as we saw in
section 3. Among all these requirements, | would particularly stress the
more {lexible and agile style of production and the linkage between
research, production and consumption of matenials. Many authors have
emphasized such characteristics when discussing the new techno-econoraic
paradigm and the new high-tech areas, much have expanded the
understanding of the problem.3* Regarding the latter, I would only repeat
that the very genesis of such a new category of materijals is a result of those
linkages. In other words and as suggested in section 2 and 3, the advent of
AMs is a result of the huge research and development programmes,
parucularly those 1n high-tech areas, pursued by governments and firms 1n
the most advanced countries.

Having seen this, one could conclude that previous capabilities in
traditional materials production has very little contribution to offer to those
who aim at starting the production of advanced materiails. In fact, as we saw
in section 3, the international trend in terms of the production of AMs
shows that the research-production-consumption relationship has prevailed
over the traditional input-production linkages of the previous paradigm

In the Brazilian case, which certainly follows the international trend,
for instance, traditional materials producers have made very little effort to

32 Lastres (19688 b). See specifically the section on advanced ceramics produced by Meria
Thereza Garcia Duaste: "Assim, apesar de dispermes de recurses miserais se Brasil
em situscls extiremamentie vastsjess, 3inds afe preduzimes insumes a3 pures ¢
graaviemetria exigidas . mesme ¢ éxide muis smplamente utilizade a sivel muadial
- s sleming - sisds afie ¢ preduzids ne pais an purezs que permite sus utizagio ¢o
componentes eletrdnices” (p. 49)

33 The rurvey produced on the Brezilian sdvenced mrierials sector, during 1987/88,
showed that some big multinatonals firms which were tiready invesung in the country
in other aress (end which started 10 produce advance’ materials in their countries of
origin) stated that they would wast for the Brazilian advanced materials market ¢ grow
before investing in this new area. One interesting discussion here would de thet rejated
10 the applicadility of the traditional coacept of economies of scale 10 define & sirategy
related to the production of advanced materials.

% Among them see verious works by Ereeman, Perez end Keplinsky. On the importance
of user/producer relatons in shaping technical developments of new technologies see
Lundwvall (1965) and specifically in a developing country context, see Cassiotato (1990).




produce AMs. The most successful attemptis to produce AMs refer to the
cases of those firms which had the support of and have strong linkages with
high-tech consumers (especially those in the information technology ,
aeronautics and defense sectors). It should also be emphasized that most of
these cases relate to the constitution of a new firm formed by researchers
and prefessors, mainly from physics and electronics institutes 35

A great commitment to the production of traditional materials by big
firms and governments of LDCs can even retard the restructuring that the
recent changes are forcing. In this sense, I would emphasize the necessity of
a Jeep understanding of the present changes and the importance of
sufficient agility and creativity by the public and private sectors to make
the best of the opportunities that the beginning phase of a new paradigm
presents.

In thic aspe<t I fully agree with Perez, who argues that much of the
knowledge required to enter a technology system 1n its early phase 1s 1n Jact
pubiic knowledge available in umversities, and that many of the skills
required do not y=" exist. Her conclusion is that, given the availability of
well-qualified university personnel, a window of opportunity opens for the
refatively autonomous entry of jagging countries into new products in a new
technology system in these early phases.”}¢

One example which shows the empirical validity of such theoretical
contributions refers to the case of optical fibres in Brazil. The project was
designed by the state company 1n charge of telecommunications - Telebras -
and matured into one the strongest university institutes which, since 1975,
has beer developing a research program on optical {ibres together with
Telebréas' research centre. in 1984 the technology developed earlier was
transferred to a private national firm instituted to produce the fibres
required for the development and renewal of the _razilian
telecommunications network. At that time an agreement was signed granting
a S-year market reserve by Telebras (0% of the Brazilian market for optical
fibre) 3~

One result of such measures is that Brazil is today one of the few
countries in the world that holds an autonomous research program on optical
fibres. In this case, I note that a modern and agile governmental institution
could take the opportunity to articulate internal political interest in
designing 2 strategic planning, promoting research-production-utilization
linkages and making effective use of its activ2 market procurement policy to
build up capabilities 1n a high-tech area, which was new even in advanced
countries

Without any doubt the emstence of a political and institutional
framework was then (and continues to be) fundamental for the
accomplishment of such a strategy. That seems to be of particular importance

35 Lastres (1986 b)
36 perez (p 92) Small countries
37 Lastres (1968 a), see especially the ,2ction on quart2 and silicon by Cristine Lemos.




especially in moments when a new technological trajectory is taking place.
Freeman (1988) has strongly emphacized this aspect and has developed the
idea of pervasive changes in technology associated with ‘national systems of
innovation’ (the network of institutions in the public and private sectors
whose activities and interactions initiate, import, modify and diffuse aew
technologies).38

Regarding the importance of designing specific polictes which could
exploit the temporary opportunities opened up oy the new technologies, the
Ministry of Science and Technology was created in Brazil in 1985. One of the
main objectives of this Ministry was precisely to define aad implement
policies for high-tech areas.

In the specific case of advanced materials, a National Commission, 2
Centre for Studies and Planning and a Secretary were established in 1986
and 19879

As the main political and institutional alliances of the new government
which took over in 1985 were not sustained, the measures regarding high-
tech areas were gradually cast off. The friction with more conservative areas
was so great that in S5 vears the area had 4 ministers and in early 1989 the
Ministry was dissolved and reestablished at the end of the year.

It should be recognized that the implementation of such policies
(which require agility and deal with the renovation of the whole concept of
national development) is a very difficult task, especially for LDCs that are
facing great macroeconomic problems associated with political and
institutional instability. But a definition of a new form of development can
be considered fundamental, particularly for these LDCs, as they are now
facing a crucial challenge related to their future chances of growth. Entering
this new paradigm in its early phase and defining a national strategy to
exploil the opportunities opened by the development of the new areas
seems to present the best conditions for doing so.

In this sense, | emphasize again the primary importance of a better
understanding of the specfic characteristics of the development and
introduction of AMs, particularly by the policy makers of LDCs. Some of the
AMs. which are being introduced in these countries (mainly in sectors led by
big multinational companies) contrast sharply with traditional policies
pursued, particularly those which only emphasize the export of minerals and

35 <One of the most netable features of the Japaasse sysiem bas been the speed vwith
which japaaese lirms and japasese pelicy-makers _. ideatified the imporiaace of
infermation sad commusnication techaology (ICT) and embarked os measures to
dilfuse the aev techaolegy very rapidly to mere iraditional industries, such as
mschisery and vehicies. The Japanese system of techaological forecasting is
particularly vell-suited to the ideatification. prometion snd dilfusion of major
changes in ‘techaological paradigm’ - pervasive techaologies which can be applied
throsghout Lhe econemy.” (pg4/5)

39 Yor a review of the Brazilian policy for advanced materials see artcie by J. L.
Cassiolato, former Planning Secretery of the Ministry of Science and Technology and
?tggem of the National Commission for New Materiais, pudlished in the ATAS Bulletin
{1




metais which, as we have seen. are experiencing a world-wide decrease in
their consumption levels.

There is a strong tendency in these countries to follow the same steps
as the most developed countries and accept high-tech advances as neutral
and, 1n any circumstance, progressive ones. As a result, some of the LDCs are
promoting the use of imported new materials which are displacing
traditional materials they can produce (and for which they have inputs and
technologies) In most cases this kind of betaviour consists in isolated
attempts te reproduce some of the successful steps made abroad. There is no
consideration of which kind of material would provide better resuits,
regarding national conditions, and rarely is there any connection with
policies adopted in other industrial sectors or those related toR & D.

Then, each country will have to use its best powers of creativity to
define the most suitable policy and group of materials to which to give
priority This should be done regarding national conditions and constraints
and selecting the most important policy tools and markets niches. Obviously
the degree of agility and efficiency with which such measures are taken will
eventually determine the level of success obtained.
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8. PUBLICATIONS

Silicon nitride and the sialons is a
comprehensive state-of-the—art reference work
covering the different forms of the materials,
methods of production of powders, coaponents,
coatings, tibres and various composites, world
production, world consumption and the numerous end
uses - both current and potential - not oaly of
components but also of the many composites, films
and coatings.

Prices are also given together with silicon
nitride and sialon activities of some 400 companies
and organizations in 32 countries.

Silicon nitride and the sialons wvas published
in September 1989 and is now available
at 600.00 pounds sterling or $US 1,050.00 from:

Mitchel Market Reports on Advanced Materials
(MMR), 24 Donnington Road, Harrow,
Middlesex HA3 OMA, England
Phone: 01-907 8423 Fax:
Telex: 297761

01-908 5083

High-temperature materials

Pour-page reference guide from Cotromics Corp.,
Brocklyn, N.Y., USA, lists melting point,
temperature limit, hardness, density, specific heat.
thermal expansion, thermal conductivity, and
electrical resistivity of high-temperature alloys,
ceramic materials, and intermetallic compounds. A
list of metric to Baglish conversion factors and a
nomograph for Capidly calculating heat loss and
ingsulation thickness also are included.

s 8 & 8

Plastic coatings

Series of four data sheets from Panelgraphic
Corp., W. Caldwell, N.J., USA, detail performance
characteris®ics of proprietary coatings for
engineering plastics. Coating formulations for
tesistance to vear, abrasion, and chemical attack
aze among those described.

LR B BN B

Composite materials

Brochure details specifications of new
thermoplastic powder prepregs and commingled yarns
from Thermoplastic Composites Div., BASF Structural
Materials Corp., Charlotte, N.C., USA. The document
2180 (Jives an overview of thermoplastic powder
prepreg technology, and gives complete
specifications for several commercially available
products.

* 2 0 o0

Enqineering thermoplastics

» l2-page selection guide from Engineering
Plastics Div., Hoechst Celanese Corp., Chatham,
N.J., USA, includes comparative mechanical and
physical property data on nine families of
30 per cent glass-reinforced and unreinforced
engineering thermoplastics.

Polymer characterization

Rheometrics Inc., Piscatavay, N.J., USA, has
published a bulletin describing the use of dynamic
mechanical spectroscopy to characterize
interpenetrating polymer network (IPN) materials.
IPNs are mixed crosslinked polymers partially or
completely combined in their monoseric stages and
polymerized in-situ.

* & 8 8 ®

Composites design

A video tape that gives technical details on
designing with composite materials is available fros
PPG Industries Glass Group, Pittaburg, PA, USA.
Produced by PPG and the Society of the Plastics
Industry Composites Institute, the 20-minute tape
looks at coaputer-aided design techniques for
composite structures. Available on a loan basis
from PPG Industries, One PPG Place, Pittsburg,

PA 15272, USA.

* * & s &

Materials Research Society Symposia Proceedings.
Voluse 31, Rlectron microscopy of materials

William Krakow, David A. Saith and

Linn. W. Hobbs, ed. New York, B.Y.:
Blsevier Science Publishing Co., Inc., 1984.
xi + 373 pp.

In_situ experiments with high voltage electron
microscopes. H. Pujita, ed. Osaka, Japan:
Research Centre for Ultra-High Voltage

Blectron Microscopy, Osaka University
(Distributed by ISBS, Inc., Portland, OR), 1985.
xzvi + S07 pp.

Two proceedings on electron microscopy of
materials have recently bsen published. One is
Electron Microscopy of Materials, a collection of
papers from a symposium held in November 1983 in
Boston, MA, USA, and published as Vol. 31 of the
Materials Research Society Symposis Proceedings.
The 373-page book is divided into four sect.ons:
current trends in electron microscope
characterization technigues, sesiconducting
materials, surfaces and interfaces, and cerasic
asaterials.

The second book, In_situ experiments with
high voltage electron microscopes, published by
the Research Center for Ultra-High Voltage

Electron Microscopy., Osaka University,

Osaka, Japan, is the proceedings of the
International Sysposium on °Behavior of Lattice
Isperfections in Materials - In situ experiments
wvith HVEM", held in November 1985 at Ozaka
University.

. 08 0

Environmental hnologies

A six-part study, covering waste disposal,
materials recovery, water purification, sewage
treatment and snergy conservation.

Helmut Kaiser Consulting, Philosopherveg 2,
D-7400 Tubingen, Pederal Republic of Germany.




Plastics statistics

The 1989 edition of the Bri-ish Plastics
Pederation's statistics handbook, containing
information on materials, semi-finished products and
tinished products, is availadle froa the BPP,

S Belgrave Square. London SW1X SPD, United Kkingdom.

Plastics research & development in Canada:
A cospendiua Inclvrdes the names of 75 organizations

conducting plastics research, sore than

200 scientists and other personnel associated vith
plastics research, 40 research subject areas,

S0 institutions that offer courses and trainirng, and
30 testing facilities. 85 pp. Canadian Plastics
Institute, 1262 Don Mills Rd., Suite 48, Don Mills,
Cil, N3B 2W7, Canada.

LR BN BB BN

Mvanced materials for severe service applications

K. Lida and A. J. McEvily, ed. MNew York, N.Y.,
USA, and London, UK: Rlsevier Applied Science,
1987. =xii + 416 pp.

Advanced materials for severe service
applications is the proceedings of the Japan-US
Joint Seminar on Materials for Severe Service
Conditions, held in way 1986 in Tokyo, Japan. The
seminar wvas sponsored by the US National Science
Foundation and by the Japan{ese] Society for the
Promotion of Science.

Pour papers in the proceedings are devoted o
fracture behaviour of ceramics. One of -ham is an
extensive review by Bvans and Dalgleish entitled
*Some aspects of high temperature performance of
ceramics and ceramic composites®, which discusses
mechanisms of ceramic failure at high “emperatures.

Several papers are devoted to corrosion and
stress corrosion of msetals at high temperatures, and
there is one by Itoh et al. on "Corrosion of welds
in steels for ice-breaking ships®. A significant
number of papers in the proceedings deal with
fatigue resistance in different environmental
conditions at cryogenic and elevated temperatures.
Thiee papers are devoted to lifetime analysis: one,
by Miya et al., directed to the nuclear industry;
the second, "Life~time prediction of power plant
components” by T. Endo; and the third, by
Kitagava et al., dealing with the material
charactezization of the high-temperature gas-cooled
reactor.

* 8 N RN

Reference book for composites technology

S. M. Lee (ed.), Vols. 1 and 2; 1989,
Lancaster, PA., USA, Technomic Publishing
Company. Vol. l: 1334 pp., ISBN
0-87762-564-6; Vol. 2: 206 pp., ISBN
0-87762-565-4.

The first volume contains 11 sections, each of
which targets a particular class of composite
material; for polymer matrix composites individual
sections concentrate on particular resin types (e.g.
opoxis3, thermoplastics) and fibre types (e.g.
aramids and ultra-high modulus polyethylenes), while
metal matrix composites and ceramic matrix and glass
matrix composites are treated as a complete class.
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Volume two is more varied in its range ot
topics covering technological aspects of composites
and downstream properties, together with
modelling and predictive techniques and testing
methods.

Polysers, laminations, and coatings are
covered in TAPPI's 1988 coaference proceedings,

which are available in bond-volume form. Topics
include fils extrusion technology and equipment,
extrusion coating and flexible packaging, adhesives
and coatings technology, high-barrier packaging
materials for health care, microwvaveable substrates,
polymer processing, additives and sodifiers,
pressure sensitive adhesives and label stock,
coextrusion technology, sodified or coatrolled
atmosphere packaging, film testing and analysis,
both aslt technology, and radiation curing.

TAFPI Press, Technology Park/Atlanta,

P.0. Box 105113, Atlanta, GA 30348-5113, USA.

L 2 BN BN BN 4

Recycling directories

TWO nevw volumes are available - one from
SPI's Plastic Bottle Institute, the other from
the publisher of Plastics cli
nevsletter.

SPI's 8th annual Plastics Recycling Directory
lists 172 companies involved in recycling. Other
sections list companies by state and by resins
handled and a description of the voluntary container
coding system. 36 pp. SPI Literature Sales,

1275 K St. N.W., Suite 400, Washington, DC 20005,
USA.

The nevsletter's 1989 Directory of US and
Canadian Scrap Plastics Buyers and Processors
includes nearly 100 North American firms that
purchase and process scrap plastics. The
directory lists the following for each firm: name,
location, contact, phons, fax, telex, company
description, grades of scrap purchased, form
desired, preferred supply sources, and desired
shipping methods. Cross listings are provided
according to grades handled and location of
processing plants. Resource Rscycling,

P.0. Box 10540, Portland, OR 977.0, USA.

LB B B AN J

Electronic ceramics: properties, devices and
applications

Edited by Lionel M. Levinson, New York:
Marcel Dekker Inc., 1988, ISBN 0-8247-7761-1,
(vi) + 525 pp., index.

Ceramics have besn part of the electronics
industry for a long time, starting vith their use as
insulators and now exploited for their
superconducting properties.

The electrical resistivity of metals and alloys

By Paul L. Rossiter. Cambridge: Cambridge
University Press, 1987, ISBN 0521-249473,
xvi + 434 pp.

[ N B B A




Computer applications in applied polymer
science II. Automstior, modelling, and simulation.
Theodore Provder. Bditor, The Glidden Company.

This nev volume is an extensive guide 2o the
practical applications of computers in today's
polymer laboratory.

T™his book focuses on specific topics such as
robotics, mathematical modelling for
plastics, modelling for bulk and solution
polymerization, simulation for chemical processes,
co-polymerization and netvork formation, and
emulsion polymerization.

Developed from a symposium sponsored by the
Division of Polymsric Materials: Science and
Bngineering of the Amsrican Cheamical sSociety.

ACS Symposium Series Mo. 404, 551 pages (1989)
Clothbound, ISBN 0-8412-1662-2 LC €9-17602
Amsrican Chesical Socliety Distributioan Office,
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Dept. 40, 1155 Sixteenth St., N.W.,
Washington, D.C. 20036, USA.

Mvanced materials in the manufacturing revolution

Nichael V. Nevitt, Norman D. Peterson, editors.
v + 85 pages. Mational Technical Information
Service, NTIS Energy Distribution Center.,

P.0. Box 1300, Oak Ridge, Tenn. 37831, USA.
1989.

Analysis of 3 rs: an introduction
T. R. Crompton. viil ¢+ 362 pages. Pergamon
Press, Naxwell House, Pairviev Park, Elmsford,
N.Y. 10523, USA. 1989.




1989

6-8 November
Houston,
Texas

14-16 Movember

14-19 Moveaber

Kuala Lumspur,
Malaysia

22-24 November

4-7 December
Zidrich,
Switzerland

6 December

1990

10-14 January
Bangalor,
India

15-18 January
Bombay,
India

4-7 Pebruary
San Diego,
ChA, USA

4-8 February
Bendigo
Victoria,
Australia

Materials Technology Transfer Course
(The transfer of technology from
national labocatories to industry.
organized by ASN Internatiomal.
Metals Park, OH 44073, USA)

Industrial Sensing, Birasingham.
Rxhibition devoted to semsors,
tzansducers and associated
signal-conditioning systeas. Total
Solutions, Bvan Steadman (Services)
Ltd., The BMudb, Emson Close, Satfon
Walden, Essex C310 1lHL.
Tel.: 0799 2669%. Telex:
Pax: 01-337-8943

21383

International Pair with special
focus on rubber and wood-based
industries (Malaysia Internatiomal
Palr. Pederation of Malaysian
Manufacturers, 17th Floor P.0O. Box
12194, 50770 Kuala Lumpur., Malaysia)

Ruromat ‘69, Aachen. Pirst Ruropean
Coanference on Advanced Materials and
Processes, organized by the Deutsche
Gesellschaft fir Metallkunde EV,
AMenaueralles 21, D-6370 Oberusel,
FRG. Tel.: 06171 4081.

Pax: 06171 52554

SP'89. International conference

on speciality plastics, applications
and markets, coacentrating on the
subject of polyolefins im food and
technical packaging. (Maack
Business Services, CH-0804 Au/near
Zirich, Switzerland)

7th Seminar "Characterization of
High-Tesp. Materials®. (The
Institute of Metals, 1 Carlton Housse
Terrace, London SW1Y 5D08B)

* o6 o0

Intl. Conf. on Supercoaductivity
(ICSC, Dept. of Physics, Indian
Inst. of Science, Bangalore 560 012,
India)

International Confesrence on Advances
in Composite Materials (ASM
International India Chapter).

Prot. P. Ramakrishnan, Department of
Metalluzgical Bngineering, Indian
Institute of Technology, Powai,
Bombay 409 076, India

Third International Conference on
Ceramic Powder Processing Science.
(Pennsylvania State Univ.,
University Park, PA 16802, USA)

18cth Australian Polymer Symposium
(Bendigo College of Advanced
Zducation, Bendigo, Victoria 13550,
Australia)
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$-7 Pebruary
Boston, WA,
usa

7 Pedruary
London, UK

12-15 rebruary
Washington
D.C., USA

19-23 Mazch
Veatura,
California,
USA

21-22 March
Rosemont ,
Illimols,
USA

2-6 April
WASA Goddard
Space Plight
Center,
Greenbelt,
Maryland, USA

3 April
Buffalo,
Nev York,
USA

3-6 April
Petten,
The Metherlands

4-5 April
Szistol,
Bngland

4-6 April
Palals des
Congrés,
Paris, Prance

4-6 April
Warwick,

England

NOVE

Workshop on assessment of plastics
processing/coaversioa techmologies,
innovations, sarkets and business
activities

(Maack Business Services, CR-8804
An/near Zirick, Switzerland)

International Nigh Performance
Plastics Conference

(PIRA, Packaging Div., Randalls Road,
Leatherhead, Surrey KT22 7RV, tK)

45th Amaval Confereace and Bxpo.
(Composites Imstitute SPI,

35S Lexington Ave., New York,
N.Y. 10017, USA)

Gordon Research Conference om
Sunarconductivity.

(Gordon Research Center, University
of Rhode Island, Kingstoa,

RI 02681-0801.

Phone: (401) 783-4011 or 3372.
PAX: (401) 783-7644)

SPE Thermoset Retec.

(Society of Plastics Engineers,
Chicago Sectiom, 7761 ¥W. Thorndale.
Chicago, IL 60631.

Phone: (312) 774-4558)

Advances in Material Science and
Applications of High Temperature
Superconductors (AMSAHTS °*90).
(Westover Consultants,

6303 Ivy Land, Suite 416, Greenbelt,
MD 20770. Phone: (301) 220-0685S)

Third Annual Buffalo Materials
Symposius and Bxhibition.

(Wilson Greatbatch Ltd.,

10,000 wehrle Drive., Clarence,

NY 14031. Phone: (716) 759-6901)

Designing With Structural Cerzamics.
(Ruropsan Physical Society, Main
Secretacriat, P.O. Box 69,

CH-1213 Petit-Lancy 2, Svitzerland)

Advanced Composites, from Inception
to inspection Symposium.

(British Institute of NDT, 1 Spencer
Parade, Northampton, WML SAA, UK.
Phone: (44) 604 30124,

rax: (44) 604 231489)

25¢ Journées Ruropéennes des
Composites.

(Le Centre de Promotion des

Composites, 65 rue de Prony,
75017 Pasis, France.

Phone: (33) (1) 47 63 12 59.
Pax: (33) (1) 47 63 $7 39)

Pine Ceramic Powdesrs: Processes,
Properties and Applications.
(Institute of Ceramics, Shelton
House, Stoke-on-Trent, Staffs.,
ST4 2DR, UK.

Phones (44) 702-202116.

Fax: (44) 702-20242))




9-11 April
Sheftield,
Bagland

10-12 April
University of
Warwick,
Warwick,
Bngland

16-20 april
San Prascisco,
California,
USA

22-26 April
Dallas.
Texas,

23-25 April

Brugge,
Belgiuva

23-26 April
Berkeley,
California,
UsSA

23-27 April
Las Vegas,
Wevada.
uUsa

24-27 april
Academy of
$ciences of the
GOR, Dresden,
Dems. Rep. of
Germany

30 april -
4 May
Denver,
Colorado,
USA

2-5 May
Oakridge, ™,
USA

6-8 May
Montreal.,
Canada
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International Conference on Ceramics
in Energy Applications: Mev
Opportuaities.

(Institute of Energy. 18 Devoashire
Street, Loandon W1M 2AU, UK.

Phone: (44) 1-580-7124)

Mev Matarials anmd Their Applicatioms.
(The Iasti:ite of Physics,

47 BDelgrave 3Square. London SW1X BQX.
Phome: (44) 1-235 6111).

Pax: (44) 1-259 §002)

Materials Research Society Spring
Noeting.

(Materials Research Soclety,

9800 Ncknight Road, Suite 327,
Pictsburgh, PA 15237.

Phome: (412) 367-3001.

Pax: (412) 367-4373)

92nd Annual Neetiang of the
Amsrican Ceramic Soclety.
(American Ceramic Society,
757 Brooksedge Plaza Dr.,
Westerville, OH 43081-61136.
Phone: (614) 090-4700.
Pax: (614) 899-6109)

Material Aspects of Machining.
(Ingenieurshuis VIw,
Desguinlei 214, D-20168, Antverpesn,

Belgium.
Phone: (32) 03 216 09 96.
P.x: (32) 03 216 06 89)

International Conference on Low-
Temperature Rlectromics:
Seaiconducting - Supercoanducting.
(Buttervorth Scieatific Ltd.,

P.0. Box 63, Westbury House, Bury
Street, Guildford, Surrey GU2 SBH.
UK. Phone: (44) 483 13009%6.

Pax: (44) 483 301563)

Corrosion °90.

(Mational Association of Corrosion
Engineers, P.0. Box 218340, Houston,
TX 77218. Phone: (713) 492-0535.
Pax: (713) 492-8254)

MASHTEC '90: International
Conference on Materials Science for
High Technologies.

(Academy of Sciences of the GDR,
Central Institute of Solid State
Physics and Materials Rasearch,
Helmholtastrasse 20, Dresden,
DOR-8027 GDR. Phone: 4 65 93 40.
Telex: 2131 2fw dd)

Conference on the Science and
Technology of Thin Plls
Superconductors.

(Solar Bnergy Research Instituts,
1617 Cole Boulevard, Golden,

CO 60401-3393.

Phone: (303) 231-1158.

Paxs (303) 231-1199)

Tribology of Composite Materials
(ASH International, Metals Park,
OH 44073, USA)

Symposius on High Tc Superconductors
Technologies - 177th Electrochemical
Society Meeting

(IBM, Research Centre, P.C. Box 218,
Yorktown Heights, N.Y. 10598)

9-11 Nay
Garaisch

Partenkicchen,

ns

16-17 may

17-18 Ray
Neidelberg,
mc

21-24 Nay
m ml
CA, USA

21-25 May

28 May - 1 June

29-31 may

5-6 June
Lucerns.,
Swvitzerland

10-16 June
Melsinki-
Espoo.,
Pinland

11-16 June

Paris, Prance

25-27 June
Petten, The
Netheriands

Righ-Temperature Supeccoaductors -
Naterials Aspects

{Desutsche Gesellschaft fir Netall-
kusde EV, Adensureallees 21,

D-€370 Oberursel, FRG)

Reinforced Plastic Coafeceace,

So Paulo, Braszil.

(ASPLAR, Avenida Ipiransa Mo. 318,
Bloco A, 11° Amdar, 01046 Sio Paslo,
Brasil)

Nommatallic Materials and Composites
at Low Tesperatures
(Keraforschungszeatrum, Isnstitet fir
Naterials— and Pesthicpecrtosachang,
PP 3640, D-7500 Rarlsrube, FRG)

AscoNst *90 - The Advamced Asrospacs
Naterials/Zrocesses Conf. and
Rxposition

(ASN Interaatiomal, Wetals Park,

QR 44073, USA)

21st Iastitute for Blectromic and
Blectrical Engissers Photovoltaic
Specialists Conference, Kissimmee.,
Pla. (Iastitute for Energy
Conversion, University of Delaware,
Nevark, Del. 19716, USA)

Tiozence World Energy Research
Symposium, Florence, Italy.
(Amsrican S~ciety of Nechaaical
Engineers, 545 B. 47th St.,
Wewv York, MY 10017, USA)

SAMPR Conference and Bxhibitiom,
Basel, Switzerland. (Buropean
Chapter of the Society for the
Advancesent of Materials and Process
Engineering, P.0. Box 141,

4007 Basel, Svitzerland)

Conference on Polymer Blends and
Alloys. (Institute in Materials
Science, State University of New
York, Mew Paltz, M.Y. 12561)

MAT TECH °‘90. lst European-Bast-
West Symposius on Materials and
with High Industrial Potential.
(Mz. Penttl Attila, Teknolink Oy,
Finland, Hietalabdesiatu 28,
87-00180 Helsinki, Pinland.

Pax: 358-0-6901599)

Suroplast '90, Internatiomal Plastics
Exhibition. (ADSM, S9 rue Boissiére,
75116 Paris)

User aspects of phase diagrams.

A conference organized by the
Institute of Metals and the
Commission of the Buropsan
Communities, Joint Research Centre,
Petten Bstablishment in
collaboration vith a number of other
internationsal organizations. The
meeting will focus on all aspects of
the application of phase diagramse in
the extraction, production,
processing, and the use of materlals
tanging from advanced ceramics
superconductors, cosposites. and
electronic materials to the
conventional metallic ferrous and
non-ferrous alloys.

(The Institute of Metals, 1 Carlton
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Readers’ comments

Ve should spprecisce it If resders could tske the time to tell ue in this
space vhat they thiak of the 16th gesue of Advances {n Materisle Technology:
Monitor. Comments on the usefulness of the information snd the vay 1t hss been
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

Price List for Advertisements in the Publication

Advancesin
Materials Technology:

MONITOR

General provisions

1. UNIDO activities in the field of advertising are non-profit-making and are carried out to
cover the cost of preparing, publishing and mailing its publications, which are sent to
readers all over the world free of charge.

2. Requests for placing advertisements in the UNIDO Advances in Materials Technology:
Monitor should be made in writing. They shoulq be accompanied by a layout,
illustrations and a text containing all necessary-information. -

3. Advertisements are printed in black and whité and in English only.

4. UNIDO reserves the right to reject advertisements without giving reasons, to suggest
amendments or to hold advertisements if space is not available.

5. UNIDO cannot guarantee to print advertisements on specific pages of the Monitor.
Page proofs will not be provided to advertisers.

6. Payment of invoices is due immediately after receipt and should be made within 30 days
in United States dollars or Austrian schillings to the UNIDO bank account (see below)
or to the Treasurer, UNIDQO, Vienna International Centre, P.O. Box 300, A-1400 Vienna,
Austria (telegrams: UNIDO Vienna Austria: telex: 135612). Upon payment, please
advise the Head, Development and Transfer of Technology Division, at the same

address.
Bank accounts
For dollar payments: For schilling payments:
"UNIDO dollar account” No. 29-05115 “UNIDO schilling account” No. 29-05107
Creditanstait Bankverein Creditanstait Bankverein
Schottengasse 6, A-1010 Vienna, Austria Schottengasse 6, A-1010 Vienna, Austria

“UNIDO general account” No. 949-2-416434

The Chase Manhattan Bank

International Agencies Banking

380 Madison Avenue, New York, New York 10017
United States of America
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Prices
Prices in Austrian schillings (AS)
Size {or aquivaient in USS)
Full page (255 mm X 178 mm) AS 5,000
¥, page (125 mm X 178 mm or 255 mm X 86 mm) " AS3.70C
%, page (178 mm X 60 mm or 125 mm X 86 mm) AS 2,500

The price for the publication of announcements of ub to ﬁve lines under the rubric
“Resources available™ is AS 1,000. The text is subject to editing.

Resources available

Know-how, designs and licences offered to manufacture drilling machines for water weils
of up to 2.5-m-diameter and 80-m depth and for concrete-injected piles of up to 2-m
diameter and 45-m depth. Claude Bourg, Drill-France, B.P. 15, Le Haillan 33160, France.

Know-how available to manufaéture synthetic cerémic from mineral wastes, sand and a
binding synthetic resin for use as sanitary ware, material for furniture, decorative items etc.
L Valette, Administrateur Gerant, Science, 98 avenue de Tervueren, 1040 Brussels,
Belgium.

Manufacturers of various metal powders offer know-how for the production of electrolytic
copper and iron powder, atomized aluminium powder and synthetic iron oxide. R. Devroy,
Radar International, Post box No. 2014, Calcutta 700 001, India.

Technical know-how and complete turnkey plants available for the production of mono-
crystalline and poiy-crystalline solar photovoltaic cells and modules and integration of
systems, such as photovoltaic powered pumping, refrigeration, communication and water
purification systems. N. R. Jayaraman, Vice-President, TPK International Inc., 36 Bentley
Avenue, Nepean, Ontario K2E 678, Canada.

Technology and licensing available for manufacturing polyurethane from saturated
polyester polyols, polyether polyols, isocyanate intermediates. one- and two-component
polyurethane systems. Capacity tailored to requirements, from 2,000 tonnes upwards.
Application: flexible, semi-rigid polyurethane foams, industrial and domestic appliance
insulation, shoe soling, coating and sealants. Synthesia Inter AG, Tigerbergstr. 2, CH-3000
St. Gallen, Switzerland.
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