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FOREWORD

This report is the outcome of a study initiated by the Advisory Committee on Medical
Research (ACMR) in 1982 on "The Contribution of Modern Scientific Concepts and Methods te
Human Health". The ACMR, at its 1983 session, accepted the report arising from the study and
considered that the topic merited further study, In that year it established a Subcommittee
to study and report on "Enhancement of Transfer of Technology to Developing Countries with
Special Reference to Health", After submitting an initial report to the ACMRE in 1984, the
Subcommittee recommended that it be allowed a period of three years to gather material and
adequately discuss the tople and to prepare its final report. This was granted and the final
report was presented to the Advisory Committee (then the Advisory Committee on Health
Resaarch (ACHR)} in October 1986. The ACHR commended the work of the Subcommittee and fully
endorsed its recommendations.

1t was recognized that the subject of technoleogy transfer was and continued to be a
major interest of WHO and other United Natious agencles for many years snd therefore the
contributions it might make to this general area would be limited, Nevertheless, the
mechanisms for technology transfer were discussed and the report contains a nuuber of
propossls for making this process, between provider and user countries, more efficienc. Tt
stressed that, optimally, this should be a collaborative process between two partners, both
of whom recognize and appreciate the interest of the other., WHO itself could facilitate the
process in many different ways,

The Subcommittee considered rhat it could make a special contribution if many of the
recent developments in concepts and techniques in the biclogical and the physical sciences
were reviewed and their application to the health needs of developlng countries discussed.
These form a major patt of both the review document itself and of the various annexes,

The Subcommittee concluded that the application of existing technologies could make a
significant impact at different levels of health care. In reaching this decision, it was
realized that many might take the view that if existing, well-trled technologies could be
utilized more fully in Third World countries, that by itself would be a major achievement and
should be the top priority. However, the recent advances in both sciences make obsolete so
many established technologies and open up such promises for future application that the
Subcommittee proceeded as planned but with specific ajims in mind, These included:

i, To inform scientists, administrators and health care workers in developing countries of
the new concepts, technigues and technologles so that when plans are formulated to establish
new ventures, there is a source of information of the new and potential developments in this
area so that ratienal and appropriate choices for their present and futute needs can be made.

2., To advise thace countries that the technologies based on the new concepts and techaiques
can be applied for disease prevention &s well as treatment and their application would, in
many cases, be highly cost—effective. Adoption of new technolegies may have a leap-frogging
effect in by-passing long periods of development.

3. To alert these countries to the fact that WHQ, through its collaborating centres and
expert advisory panels and committees, is a source of advice which is available to United
Nations Member countries.

4. To advise provider countries that projects for facllitating health care delivery were
particularly appropriate for bilateral aid programmes and that the subjects discussed in this
report should be closely scrutinized for their applicability in many situatioms,

The Subcommittee hoped that Member countries, through the regional offices of WHQ, would
respond to this report by seeking further information and advice.
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1. INTRODUCTION

At 1ts 25th session the ACHR considered the report on the Contribution of Modern
Scientific Concepts and Methods to Human Health {ACMR2?5/83,8) and decided that this topic
merits additjonal expansion and therefore appointed a subcommittee to deal with this and
related subjects. The subcommittee aimed to investigate possibilities and means of matching
health needs of developing countries to new or emerging technologies,

2. TERMS OF REFERENCE

- To identify modern scientific concepts which offer potential applications for majox
impact on health development;

- to determine the technological implicatlons of translating these concepts tnro
practical applications;

- to delineate relevant problem areas where specific technologles can be appropriately
developed and utilized;

- to propose ways and means of matching the new scientific and technological input
required with the endogemous possibilitles of the socioceconomic environment.

In following its terms of reference, the Subcommittee considered three different
aspects, These were the need for and implicatlions of rechmology tranmsfer to developing
countries, ways to facilitate technology transfer to developing countries, and appropriate
technologies for transfer, with specizl ewphasls on new and emerging technelogies,

The Subcommlttee was aware of the fact that while its assignment on the fdentificarion
and relevance of new scientific concepts is a relatively new fleld of endeavour for WHO, the
problem of transfer of health-oriented know-how and technelogy is one of the continuing
problems confronting WHO, 8till, the Subcommittee in its first part of this veport devoted
some time summing up the more general aspects of health-oriented transfar of technology while
in its second part 1t conceatrated specifically on identification of new modern sclentific
concepts and their application in developing countries.

The Subcommittee recognized that much relevant, established, industrial technology
exists which could be put to use with great potential benefit in developing countries.
However, past efforts to achleve this application have had variable success and accordingly
the Subcommittec felt instead that it needed to reexamine critically some of the basie
problems asgociated with health-oriented technologles.

The Subcommittee met twice in 1984 and in 1985 and presented interim reports to the ACHR

in those years, The major report of the Subcommittee was prepared at the fifth meeting
{7-10 April 1986).

3. GENERAL CONSIDERATIONS

The use of appropriate technolegy Is an important facter in the success of any health
care programme. The term health technology, according to a WHO definition, means an
association of methods, techniques and equipment which together with the people using them,
can gontribute significantly to solving a health problem. The term appropriate means that,
besides being scientifically sound, the technology is acceptable both to those who apply 1t
and to those for whom it is used.

The importance of technology transfer has been the subject of many meerings. Although
this 15 a complex problem, several factors which have an Influence on its success have been
{dentified and will be discussed here, The nature of the technology to be transferred is
also the subject of debate which reflects different philesophical outlooks, Unquestionably,
the transfer of simple technologies suitable for use at the primary health care level is very
appropriate, an example being oral rehydration procedures. The concept of transfer of
modern, "high” technologies might seem to be unrealistic, However, 1f technolegy tranafer is
to consist of only the simplest items, the recipient countries will continue to remain “"Third

World" countries and will not develop & capacity to deliver health care at a level which
would be acceptable fn a "first” world country.
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In its initial discussions, the Subcommittee developed certain philoscophical attitudes
in the consideration of the terms of reference, Conelusions reached included;

- the Subcommittee's report should recommend practical steps for the ACHR to adopt;

- the Subcommittee wished to benefitr from successful earlier experiences of techmeology
transfer as a puide to future activities;

- it is generally agreed that while the concepts of technology transfer may be
interpreted differently by different people, the Subcommittes would regard technology
transfer in terms of comprehensive totality, from a systems point of view, taking

account of the need for future utilization, continuous support and malntenance;

- technology transfer o a developing country should be a process that actively involves
the host country In assessing lts owa needs and aspirations, facilitating relevant
local Research and Development and as far as possible keeping the technology updated;

= the nature of the techuology transferred will vary asccording to the social, economic
and technelogical status of the host country., Ways of technology transfer may range
widely, from the use of information and expertise from abroad to aeccepting a complete
industrial package from outside,

4. THE NEED FOR AND IMPLICATIONS OF TECHNOLOGY TRANSFER

4,1 The notion of "develeoping countries”

Of the 159 Member States of the United Natiouns, some are placed in the category of
developing countries, and others in the category of least developed countries. This
judgement is based on a number of criteria which include social and econcmic indicaters. The
table in Annex 3 shows some of these indicators and illustrates the great differences thet
exist, Hven within a country which may be called developing, there can be great differences
in life-style between those in periurban or country areas or within urban environments.

The Subcommittes noted that the needs of a country for improved health care are not
necessarily directly reflected for improved health care in that ecountry's designation in the
United Nations nomenclature as a "developing” or "least develeoped” country, Indeed, esach
classification includes a wide variety of countries at very different stages of their
development. Therefore it is nearly Impossible o recommend any pelicy of transfer of
technology which would apply uniformly to all so-called "developing countries”. Some such
countries have the inbuilt capabllity to select, Introduce and use whatever new technologies
are available., Others have the machinery to judge what the need is, but need strengthening
of the institutions which can deal with absorption ot integration of such technologies.
Still other countries need help in establishing the infrastructure by which they could judge
their needs, and match them with available new technologies.

4,2 The health care needs of developing countries

From the experience of developed countries, the transformation of health between the
eighteenth and twentieth centuries was essentially due to decline of infectiocus diseases
brought about mainly by better nutrition, provision of clean food and water and Improvements
in hygiene.l In the tweantieth century, infectious diseases were reduced further by
immunization and therapy. Many of these diseases, due to "deficiencies and hazards" - the
diseases of poverty - are still predominant in the developing countries and can be dealt with
effectively by the determined spplication of wall—established technologies referred to
above, In addition, the developing countries have begun to experience the rising incidence
of so=-called diseases of affluence which are dominant in the developed countries today. They
too require interventiconal strategies Involving transfer of technolegy, but not at the
expense of programmes for removal of the basic problems of deficiencies and hazards.

The introduction of new technologies, particularly high technology, can have major cost
and manpowatr implications, even iIn developed countries, resulting in diversiom of resources
from other areas, This beromes an Issue of critical importance in developing countries with

1 gse document WHO/RPD/ACHR(HRS)/86: Health Research Strategy for Health for All by
the Year 2000 - Report of a Subcommittee of the ACHR, World Health Organization, Geneva, 1986,

i
|
|
i
i
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severely limlted resourcesz to match large unresolved problems. Although technelogy transfer
iz of great value in bringing about technology growth and development in developing
countries, it 15 essential to avoid uncritical acceptance and indiscriminate acquisition of
technologies without proper consideration of their sultability, usability and cost
effectiveness. The cholce of technologies and their proper use will depend upon the health
priorities and chosen health programmes of a countty. There are many aspects we do not yet

. fully understand which determine successful transfer of technology, but ways to minimize the
problems commonly experienced in developing countries are discussed in Sectflon 5.

4,3 Some factors affecting the acceptability and success of the transfer of rechnolegy

The Subcommittee recognized that a great variety of factors might affect the success of
transfer of technology. They include the following:

~- the priority given by the reciplent nation to improved health care;

- the awareness of the need for and possible benefitrs of 2 new technolozy by the
recipient nation;

- the economic evaluation of cost and investment vig-f-vis the benefit]

the belief in ite own ability fo successfully uze a rransferred techoolegy.
5. WAYS TO FACILITATE TECHNOLOCY TRANSFER

Technology transfer invelves a partnerchip between at least two countries - a provider
(transferrer) country and a user (transferee) country. Each has paxticular problems to be

faced and overcome for the partnership to be successful. These are discussed separately,

5,1 Requiremgnts for a user country

5,1.1 The need for polifical will

An overriding requirement is the determinacion of a government to accord high prioricy
to the proviaion of appropriate levels of health care facilities, even of these which are not
demanding in cost ot technology., Thus in a recent assessment of the causes of mortality
among young childrem in such countries, it was judged that the saving of such lives could
amount to about 30% (20 000 each day) if existing health measures were universally adopted.
These are the uses of oral rehydration therapy, breast instead of bottle feeding, growth
charts for the early detection of malnutritiom, and immunization, even with existing vacelnes
against the six common childhood diseases, measles, whooplng cough, tetanus, diphtheria,
tuberculosis and polio, For example, at presemnt, not more tham 30% of children born yearly
in the developing countries are fully immunized against the six common childhood diseases.
Changes in traditional l1ife-styles have led to an Increased impact of a variety of
noncommunicable diseases In communities which are not prepared to cope with the changes,
There iz a number of infectious diseases, particularly those caused by paragites which arxe
particularly debilitating for ¢ommunities in tropical countries. It is no acelidant that many
of the least developed countries are in this group. In many areas, the provision of such
basic facilities such as clean water and adequate sanitary arrangements are lacking.

5,1.2 The importance of the existence of an appropriate infrastructure for the transfer of
technolopy

The existence in a country of a body of sclentists and technologists familiar with the
“state—of-the-art” of a specific field of knowledge or technology is needed to evaluate both
the desirabllity to acquire such technology and its ability to harness it fox the benefir of
health, The availability of training facilities in appropriate flelds is desirable for
optimal absorption of a new technology. The utilization of new kinds of equipment, for
example, depends on the availability of facilities for maintenance and skilled personnel with
2 bhasic undergtanding of the functioning of the equipment,

A1l these elements within a country which are needed to judge, make technical decislens,
acquire new skills, train the necescary personnel, and have a system to maintain new
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equipment operational, are parts of the scientific and technological imfrastructure of that
country. The existence of such adequate Infrastructure is an egsential element in the

succassful transfer of new technologies.

3.1.3 The need for a national health technology policy

Effective transfer of technology to developing countries is greatly assicted if there
are appropriate mechanisws in place to receive such technology efficiently. Foremost among
these mechanisms is the development of a national health technology policy which should be
part of a broader policy covering other components as well as health. Such a policy would
determine priorities and establish mechanisms to facilitate the transfer. Among the former
would be & compilation of the major health problems in the country, together with an
assessment of the contribution rhat existing technologies would make towards solving these
health problems, Due care would need to be taken to ensure that the technology to be
introduced was not only effective and safe but was compatible with the culture of the country
and within economical reach.

Some countries have approached this task by developing & three dimeunsional matrix in
which the parameters are (a) the types of problems involved; ({b) the types of technologies
which ecould be applied, and {¢) the intervention level at which the technelogy could be
applied. TFor example, the Philippine Council for Health Research and Development is
producing a plan based on their healrh problems which they have grouped under five headings -
communicable diseases; degenerative, metabolic and mental disorders; malnutrition;
materpal and ¢hild health; and environmental health, safety and rehabiliration. It could be
that in some situations a simple listing of the health needs may suffice. A Resesrch and
Davelopment plan, however, allows a comprehensive examination of the various options
available to deal with the health problems, One such analysis which can conveniently be made
is the level at which intetvention can occur, and these form a sedquence - training,
prevention, detection, treatment and rehabilitatfion. Later in this report, the possible
application of the newer technologiles at these different levels will be discussed (section 8).

5.1,4 Training of personnel

Adequate trained professional scientists, engineers and managerial staff is an essential
requirement for the user country if technology transfer is to be successful. This inveolves
the provision of scholarships for junier staff and fellowshipe for senior staff to study in
appropriate institutes, universities etc. or teo gain experience in industry, wsually in
developed countries, WHO has been very effective in this area both through the Regional
Offices and the Special Programmes, but the Subcommittee also noted with satisfaction that
other organizatrions, e.g. the Rockefeller Foundation, also contributed in this way. In a
separate paper, Professor Assi Adou, Chairman of the African ACHR, commented on the deficit
of trained persommel at all levels in the African countrles.

The Subcommittee also noted the existence of regional centres for the training of
technicians. TFor example, a Higher Technical Institute (HTI) was established in Cyprus, and
offered courses in civil engineering, electrical engineering, mechanleal engineering and
marine engineering. WHO (EMRO) and the Government of Cyprus established a regiomal training
centre at the HTY in 1978 for the training of technical personnel for hospitals, Courses
offered vary from the training of general technicians (e.g. basic routine maintenance and
repairs) to specialist courses (e.g. E.C.G., intensive care and related equipment),
Suecegaful candidates for admission receive a stipend from EMRO to cover accommodarion and
living expenses., Other known centres providing similar training are (1) the DEpartement de
Génie hospitalier, Institut international supdrieur de Formation des Cadres de Sant&, Lyon,
France, {(2) the Haospital Estate Management and Engineering Centre, Falfield, Gloucestershire,
United Hingdom, and (3) the Central Institute of Technology, Upper Hutt, New Zealand.

Other mechanisms for the training of persoonsl inelude "twinning” between universities
or specialized medical centres, networks involving a number of centres, fellowships awarded
under bilateral agreements and the provision of re—entry grants, as occur in the Special
Programmes of WHO,

The Subcommittee was well aware of the risks of "brain drain" in these situations
because of the great opportunities that would exist in the developed world for successiuvl,
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well-trained scientists, englneers, managers and technielans, It is important that steps be
taken to maximize the likelihood thar trained personmnel rerurn to their original country.

5.1.5 Equipment-related requirementsg

The Subcommittee recognized a number of issues that bear on the transfer of technology
requiring the introduction and use of advanced equipment. Some of these issues warrant
mention here,

A common problem in developing countries is the difficulty of maintalning new
technological equipment in good working order. The availability of trained technicians iz
therefore important. Amy substantial introductiom of new equipment in a developing country
should certainly be accompanied by arrangements for suitable technician training, which could
undoubtedly be facilitaced by WHO. Attention was alse drawn to the desirability of routinely
obraining, with the original equipment, documentation detailing the procedures for preventive
maintenance of the equipment, and listing the spare parts found to be most comnmonly needed —
preferably purchased with or shortly after the original equipment, Experience indicates that
the patterns of equipment failures may differ substantially between developed and developing
countries. Some experience is certainly available in at least some of the developing
countries, and it would be possible to draw upen indigenous workers previously trained 1n one
of the developed countries with subsequent experience in their home countrles. A data bank
could be assembled (perhaps in some WHQ collaborating centre as mentioned below) that
collects experience on equipment problems, or weak-link components likely to be met. This
data bank could be invaluable as a basis for the redesign of equipment for use in developing
countrles. Such a source of expertise could be used by intending manufacturers in both
developed and developing countries,

Given a techmnology that could be turned into locally fabricated products and some
elements of a servicing/maintenance infrastructure, the possibility exists to establish a
local industry: mejor advantapes are envigioned in encouraging any industrial interest to
achieve this result, gince this would have the additional advantage of simplifying the
maintenance problem,

Wherever it iz Feasible to manufacture or assemble components in local industry, an
industrial “spin~off” may also occur, Local fabrication of, say, medical instruments that
are widely used, may also occasion a redesign, leading to a cheaper product which 1 eagler
- to use, and easler to maintain. Two desirable design features can be identified for
equipment to be used in developing countries: reduced use of mechanical couponente (including
electrical connections) and the use of in-buillr self-checking procedures. These features
should hope to reduce the need for, or simplify, maintenance and service procedures.

The Subcommittee wished to comment on the potential industrial route for technology
transfer, This focuses on "technology push” ("product push”), on the grounds that, in
certain fields, the best prospects for techmology transfer may lie in the loeal fabrication
of usable blomedical appatatus. It was recognlzed that impertant health care "spin—off”
¢could follow the astablishment of technological industry, and vice versa.

It is possible that in some countries, the development of a new industey would be based
on the expansion of an existing state-owned industry or established as a new state-owned
facility. 1In other countries, a private development might be appropriate, but in both
circumstances, the quality of industrial managerfal leadexrship would be important. An
entreprensurial induastrialist would find a way of "pushing” his product whethar through
government or through the open market., The necessary ingredient is the industrialistc
himself - who can best be created through training and experience In management within
guccegsful industries, Approaches along these lines would not be appropriate for less
developed countries, but for the more advanced developing countries, industrial management
training programmes for sultable candidates would be essential if the industrial route for
technology transfer 48 to be adopted.

1 5ee also document RPD/RCS/85.5: Report of an Informal Consultation on the Promotion
of Research Career Structures in Developing Countries, Geneva, 28-31 May 1985.
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Put together the trained technological manager with the appropriate technolegy input and
the opportunity for sales of sultable products in the health sector, the conditions would
thereby exist for establishing an industry and manufacturing local preducts. Such a
development would then require the availability of recommended product proposals, outline
designs, advice on industrial development and factory design which would be reallzed by the
uze of standard technology {even lists of manufacturing equipment) which exisrs in developed
countties. Such information is invalvable in many developing countries and often quite
difficult and expensive to obtain through normal commercial routes. It may be possible to
obtain this advice and information through university departments (Production Engineering,
for instance) in the developed countries,

In collaboration with the FDA (USA), the Medical Devices Department, Canada, and the
DHSS (UK), WHO co-sponsored a meeting of medical-device regulatory authorities in June 1986
which brought together for the first time experts in this field., TIn addition to sessions on
quality assurance, manufacturing practices and standardization of equipment, the conference
was expected to Facllitate transfer of information about a range of equipment. It is
anticipated that similar meetings will be held biennially.

The Subcommittee specifically recommended that WHO should also select centres where
there was design and fabrication experience in medical equipment and instruments for
designation as WHO collaborating centres. They might undertake the following tasks:

- problemoriented research and advice on the development and evaluation of equipment
and on equipment design for specific tasks in the light of several special factors,
such as operation by petsonnel with limited skills, different environmental conditions
of operation and limited maintenance faciliries;

5

- praduction at a low volume for equipment evaluation.

The Subcommittee noted that the large—scale production of equipment and Instruments of a
simplified but proven design which a user country might fabricate offered special
gpportunities for technolopgy transfer. Some of WHO's units such as Health Laboratory
Technology (LAB) and Radiation Medicine (RAD) had produced specifications for equipment of
simplified but effective design and sturdy construction and incorporating features to allow
for the envirommental conditions where it might be used.

The Subcommittee noted and endorsed the action of WHO in establishing a list of medical,
surgical, anaesthetic, obstetric-gynascological and paediatvic equipment, which would be
aszential for maintenance of ¢linical services at a first level referral hospital (which by
definition is a hospital with about 50-100 bads, serving a population of 50 Q00 teo
100 000 inhabitants, This list would form part of a manual at present under preparation by
WHO. This coagpilation has been dome in conjunction with many clinical and scilentific bodies
who have official relations with WHO,

The Subcommittee also recognized a case for an Internatlional Engineering Re-design
Centre for equipment to be used in the figld, especially in less developed countries; this
centre would deal with both gysteams and components. (There are already some national efforcs
in the USA and elsewhere in this direction,)

5,2 Mechanlsms for a provider country

From a provider country standpoint, the technology might ¢riginate In academia,
government institutions, or from public owned ot private industry. Because of different
interests of the provider of the technology, the process of technolegy ttransfer would have to
be tailored to meet the objectives of both the donor and the recipient. Technology rransfer
could occur by means of a donation from one country to another, with or without a linked
agreement, by a straight commercial transactienm, by & bilateral agreement for joint
investment, or by some cowbination of these mechanisms, The success of the transfer depends
on many factors including social, economic, political and trade policies of each partner;
the process of technology transfer has to be tailored fox individual situations, The
Subcommittee recognized the complexity of the process and acknowledged that there is no sure
formula for success. There is a need for am independent third party which could help in the
formulation of the poliey of both partners zand in the planning and implewentation of the
programme as well as to arbitrate in conflicts which may arise; WHO can fill this role
(section ),
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5.3 Bridginp mechanisms; establishment of research and development units

The extent to which developing countries are able to obtain and absorb techpology
suceessfully from outside varles considerably and many have developed effective mechanisms
for achieving it. 7The Subcommittes congidered that in some countries technology transfer
could be facilitated by the egtablishment of a Research and Development Unit comprising a
~ group of resgource persomnel., Such a unit would evaluate the technology to be transferred In
relation to the needs of the country. It would advise on equipment te be obtalned, with
emphagis on factors such zg design simplieity, reliability, availability of spare parts, ease
of maintenance, etc. Such a unit will be based in the user country, not the provider
country; 1in consequence, the developing country would, visibly and in aetnality, have the
responsibility for the cholice and use of the transferred technology. The unit would be
staffed by trained personnel who could interact with the suppliers of technology at different
levels, such as design of equipment, engineering expertise, awareness of servicing
requitements, When necessary, staff might carry out limited studies to test equipment for
reliability, etc., Additional functions might be to engage in maintensnce services for
health-oriented equipment, possibly as part of a national equipment maintenance netwerk; to
have a training role, such as training future teachers; and an information feed-back to the
suppliers for further improvement,

The unit would be involved on a consultative basis in negotilations with outside
suppliers of technology ranging from simple equipment to a complex industrial package.

The Subcommittee recommendad that developing countries consider the establishment of one
or more such units in order to facilitate technology transfer.

0, TRANSFER OF APPROPRIATE TECHNOLOGIES BASED ON NEW SCIENTIFIC CONCEPTS

6,1 New techniques in the biolegleal seiances

In its deliberations, the Subecommittee considered the follewing documents: Activities of
the ACHR Subcommittees and Working Groups — ACHR Working Group on Contribution of Modern
Scientific Concepts and Methods to Human Wealth (ACMR25/83,8); Recombinant DNA and
Monoclonal Antibody Technologies: Benefits to Health Care by Prof, D. D. Pettijohn
(ICP/RPD103/6); a paper by G. €. Schild and F. Assaad entitled "Vaccines: the way shead”
{(World Wealth Faorum, vol, 4, 1983, pp. 353-357): and Report of WHO Advigory Group on
Hereditary Diseases (HMG/AG/82.4).

The Subcommittee alse received reference documents and/or had discussions with several
members of the WHO headquarters Secretariat.

The Subcommittee adopted the following items as being important for future health care
activities,

~ Analysis of the structure and function of genomes of infectious agents to understand
better the process of infection and the mechanisms of pathogenesis and fmmunity;

- preparation of monoclonal antibodies to identify constituents of Infectious agents and
the role of these constituents in pathogenesis;

= identification and analysis of those antlgens which elicit protective Iimmune
reactions, preparations of such antigens using trecomblnant DNA techmolegles or
chemical synthesis and exploration of their use as vaccines;

- development of reliable, comparable and easy to use procedures for the diagnosis of
communicable diseases using meonoclonal sutibodies and defined and purified antigens;

- the development of specific antiviral or antimicrobial compounds;

- production of therapeutically active polypeptides, e.g. hormones and enzymes, of high
purity;

- identification of disease-specific hereditary trafts providing a sound basle for
gpenetic advice and for the development of genetic approaches to health promotion;
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- control and/or modulation of gene expresslon in diseases due to malfunction during
differentiation;

- genetic modification of biwleglcal control agents impottsnt In vector control;

~ identification of the oncogenes which are responsible for neoplastle transformation of
cells, especially those which ate involved in human cancer which are common in the
developing world such as primary hepatomas; development of DNA probes for the
detection of activated oncogenes, and of monoclonal amtibodies against the
corresponding proteins. Identification of specific tumour markers and develepment of
Teliable immunclogical assays.

Of these, the Subcommittee considered that three new techniques had the potential for
early application, They were new approaches to vaccine development, improved techniques for
diagnosis and the early detection of hereditary disorders,

There are four programmes in WHO which have as a significant or main compenent the
development of new or improved vaccines. They are the Special Programme for Research and
Training in Tropical Diseases (TDR):; the Diarrhoeal Discases Conttol Programme (CPD); the
Special Programme of Research, Development and Research Training in Human Reproduction
(HRE): and the Vaccine Developuwent Programme.

WHO) has made considerable efforts to oxamine the potentlal of new diagnostic techniques,
particularly those based on monoclonal antibodies, for use at the primary healcth care level,
e.g. ACHR Working Group om Diagnestic Tests for Use at the Primary Health Care Level
(ACMR25/83.9). The Subcommittee also noted the potential of nuclelc probes for rapid,
sensitive diagnosis of Infectious diseases,

There have been advances recently In the use of biosensors - that i1s, devices which
integrate the recognitlon properties of biologicals such as enzymes or antibodies with
transducers which emit a signal, usually electrical or optical, which can be quantitated., 1In
the case of clinical biosensors, the metabolites such as glucose, cholesterol and some drugs
are measured, It seems likely that with further development, this technology could be used
at the primary health care level,

Hucleic acid probes had already been used in the early detection of hereditary
disorders, such as thalassaemia. If adopted universally snd practised continuously, this
approach might result in the eventual eradication of this and similar diseases. These
techniques and techmologies have been described in many articles both in scientific journals
and WHO documents and are not discussed further,

6.2 New concepts and techniques In the physical sciences

As a preliminary approach to what may prove to be an extensive range of potentially
applicable new technoleogies, the Subcommittee focused on possibilities in nicreelectreonics
and information technology, new materials and surface secience, and systems technology,

6.2.1 Microelectronics and information technelogy

Advantages ate perceived in the use of mlercelectronics, display and computing
rechnology. A place is seen for electronic instrumentation that is widely usable -
particularly if cheap fabrication can be arranged for the needs of developing countries,
allowing local manufacture. Display technology, especlally with solid state LCD and flat
panel displays, allows designers to capitalize on the simpler, wore direct and readily
accessible presentation of information, This may allew the use of a lowar level of expertise
in personnel concerned with measurements and procedures in the health care avea and could
slso offer improved means for instruction of health persomnel. As an example for diagnostic
use, there is scope for hand-held microelectronic devices that display likely diagnoses and
suggestions for action when particular (yes/no) answers are entered in response Lo
pre-defermined questlions,

Terning to information technology, it was noted that the emergence of sucgessful medical

“sxpert systems” offered especially interesting opportunities (see Ammnex 4}. When more
developed, such systems could have a significant role iIn the training of health perscnnel,
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especially when senior expert clinfcians are too busy to fulfil a major teaching function as
well as meeting clinical demands. A suitably chosen expert system can, in principle, not
only offer diagnoses and suggested courses of action in the face of given symptomstology, but
can propose clarifying tests and examinationsz; at the end of the process - and the
importance of this capability if emphasized — the expert system should bz able to explain the
logical basis for the recommendations it generates. The teaching value is self-evident.

These technologies should, in the Subcommittee's opinfen, be regardad as "enabling
technologies”, enabling a variety of applications rather than serving an individual health
care purpose. Nevertheless, thelr likely dimpact on the health care sector, as in education
and 1n varlous socioeconomic aspects, should not be underestimated.

Regarding the use of microprocessors, independent of the use of programmable logie chips
in specific instruments, attentiom was drawn to recent experlence In health information
systems, which illustrates the power and applicability of microprocessor networks im
facilitating the management of resoutrces to meet changing patterns of healrh problems {see
Annex 3),

The use of microprocessor networks for data acquisition and systematization as part of a
health information system can be supported by certain new technological developments, Inputs
from software engineering will permit the automatic verification of locally~produced or
custom programmes, in terms of the original specificatlon for the programme; it should scon
be possible also to assess the efficiency of the programme, at least in broad terms, Volce
recognition technology will, in due course, allow voice input systems for data entry, which
may simplify this task and reduce errors. Translation to and from the native language may be
necessary if software ia produced in English (an advantage in debugging, in programme sharing
and in the use of public~domaln software); this requirement could probably be met by a
ROM-based programme because of the permissible restriction of textual patterns in the typlcal
computer—operator interface, so no difficulties are foreseen in meeting this requirement,

Specific comments were made on one of the uses of a health information system based on a
microprocessor network, If the data can be obtained and made available ecentrally within a
few days, case occurrence patterns indicating the development of a local epidemic could be
recognized as it develops; interventions can then be made.

Also noted were the implications of display and imaging technology in the visualizatien
of anatomical structures im the body, for diagnostic purposes, WHO is already alert to the
possibilities of transferring recent developments in X-ray and ultrasonie imaging to suitable
centres in developing countries, The Secretariat has for example justiflably drawn attentlon
to developments in digital radiology, which utilizes modern advances in computet technology.

The Secretariat also reported to the Subcommittee on its hitherto unsatisfactory
experience with the use of solar energy conversion sources. The Subcommittee nevertheless
felt that the ultimate benefits of this solid-state technology (in the "cold chain” process,
for instance’} were considerable and performance of the industrial leaders in this fileld
should continue ro be monitored since further advances are anticipated.

6.2.2 Materials technology and surface science

A new technological thrust is developing in the field of materials. New treatments of
conventional materials are resulting in new textures, strength characteristics and surface
properties. These materials and the new smooth surface plasric materials offer possibilities
i the treatment and transport of water supplies for domestic purposes, for iastance; thus
the entire technology warrants close monitoring., New materials, ox new preparatory methods
of conventional materials used for imstance in house construction, may offer possibilities in
vector control technology. Cheap lens materials and other improved prosthetic materials, and
materials with spacial surface properties for laboratory equipment will also be of value.
Further, a new sclentific speciallity of "surface science” may also contribute in itg own
right.

As a first step, Dr Edmonds (University of Oxford) was commiscloned to prepare a review
of materials technology — new materials and new processes (Technical Paper No. 1). A study
of new developments in surface technology is able to be explored. From Dr Edmonds' review,
it has been immediarely recognized that a number of new developments are potentially very
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useful in health-related gctivities in developing countries, Simple exsuples are:
controlled-porosity macro defect—-free cement (possibly advantageous for filter beds and
filtration devices), solid-state electrolytes (for use in completely solid-state batteries
haviag excellent stored energy/weight ratios and good potential for use in solar energy
systems), metallic glass materials (for low-loss, low-weight electrical trangformers in
medical instruments), and carbon-coated stainless steels (far strong, inert bone—and—Joint
prostheses).

To amplify the first example wenticned, the use of’ macro-defect-free cement could allow
vety simple, graded-priority filter beds to be produced economically and to a standard
specification, This would be a2 significant contribution to the methodology for installing
safe water facilities. And the technique of adapting traditicnal: ptoceduras to realize a new
technology has other possibilities, For instance, it may be feasible fo vary the preparation
of traditional building materials and thereby make the fabric of domestic dwellings, say,
fnpenetrable to insect vectors that otherwise maintain close contact with human
susceptibles.

In many urban water supply and waste disposal systems, the Sewage and ‘Water supplies are
run close together and both are subject te leakage, often at joints., On the supply slde,
this produces losses, which may be severe., Also, if the Supply is Iintermittent, negative
pressute gradients result in intermittent contamination'of the supplied water through leaking
Jolnts., Accordingly, the development of cheap, simply-applied "sleaving" components for the
sealing of laaking joints would be very useful, Shape memory effect waterials (which, when
heated, presume a predetermined shape) are being used already ("cryofit™) for this purpose,
and there are alternative possibilities for the use of: plastic material.

In passing, 1t can be noted that considerable aavings in stored water within reservoirs
can be achieved by covering the water surface with a modomolecular laver of a suitable
chemical, {(Iaterestingly, floating plastic beads on domestic water tank surfaces Inhibits
mosquito breeding - as has been shown with the species Aedes asgypti.)

Additionally, improved plastic materials should offer increasingly cheap supply,
fabrication and assembly of piping for urban water distribution systems. Composite materials
offer & combination of strength, impact resistance and lightness (and attractive appearance)
that is advantageous not only for domestic water supply and sanitation equipment, but alse
for external prostheses and other biomedical applications, More generally, howevey, it has
emerged from the study that many materials with unusual property combinations (surface,
techanical, electrical and magnetic characteristics) sre now being produced, and that such
materials can often be tailor-made,.

Materials science usually or frequently does not receive proper attention by 'developiag
countries though this represents a fast growing technological area of great importance to
health care related industry, The $ubcommittee urged the ACHR to draw the attention of
developing and developed countries to this lmportant svea of technology.

6.2.3 Prosthetics and orthotics

The Subcommittee discussed a working paper on technology transfer in prostherics and
orthotics by Br Sethi (Technical Paper No, 2) which pointed out the soclal issues of
disability problems in developing countries and the fact that services in prostheties and
arthotics are commonly available only to the top few percent of those who are in need of such
a service. In addition, the scientific and technical aspects of prosthetics and orthotics
could by themselves serve as a potent forece for the enhancement of technology transfer.
‘These two endeavours incorporate several disciplines such as clinical orchopaedics and
physical medicine and rehabilitarion, material scilences (some of the products such as carbon
filaments are derived from space sciences), engineering, both from the design related human
engineering as well a5 from the manufacturing standpoints, A seemlngly unconnected
discipline such as cultural anthropelogy may also play an ilmportant role in rehabilitacion
programmes because it gould make it easfer for the designer to imcorporate the relevant
lifestyle in the design.

The outeome of & technology transfer programme in prosthetics and orthotics in any
developing country would depend on a judicious mix of the best that science and techmology
could offer with the available lecal resburces in terms of manpower and material. In the
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discussion, comments were made about the importance of certain prosthetic devices such as
plastic heart valves which are needed by a large number of young adults in developing
countries who suffer from the consequences of rheumatic valvular diseases, The advent of
biomaterial scilence also offers new possibilities for developing countries because the
biomaterial 1g available ar low cost.

6.2.4 Systems technology and modelling

As mentioned in the report of the first meeting of the ACHR Subcommittee on Health
Research Strategy (ACMR26/84.5 page 10), computer modelling technology has ecertain
applications Iin health care systems and health development strategies. This is a
transferable technology that uses microprocessors and dravg upon computer sclence and
communications technology (Technical Paper No. 3). Two particular applicaticns can be
mentioned; the planning of therapeutic drug delivery systems and the evaluation of proposed
strategles for health development in terms of their costs and consequences outside the health
sector.

Modelling the drug distribution system should allow the identification of "bottlenecks”
and the reason for their occurrence; it should also allow experimentation on the computer
model to determine optimum procedures that, if implemented, would reduce wastage and Increace
the spead of reactlon in emergency situations.

Modelling the multisectoral relationships between health components and other sectoral
variahles (such as demography, nutrition, housing, employment, education and communicaticns)
would allow the health planner to investigate the implicatiocns and costs of different
strategies that could be adopted to meet particular predetetrmined goals of health
development. . Given adequate data,.the technology of data validatiom, cerrection and
interpolarion 1s now becoming available so that such models can be developed and implemented
in an interactive way on microcomputer equipment,

Recent advances will lead to much ifmproved realism in the descriptioun, modelling and so,
analygis, of large-scale behavourial and economic systems that include the health sector.
This will come about through recent developments in logic programming. The need for these
developments lies in the fact that the present generation of computer—based models of any
system require that variables and relationships between variables in such models must be
expressed in mathematical or numerical terms, On the other hand, many important
relationships in socioeconomic and health-related systems are expressed most directly in
qualitative terme and 1t is difficult, often unreasonable, to attempt to quantify these
relationships, But logic programming developments have opened up the possibility of using
gqualitative statements and observations as descriptioms of components (variables and
relationships) within sociceconomic systems. Furthermore, these qualitative statements can
be integrated into quantitative system models. Thereby more reallstic system descriptiong
can be implemented. These can provide the opportunity for planners to optimize the cholce of
strategles for health development — taking into account the time dependencies and dymamiecs of
the relevant part of the national socioeconomic health system.

7. FUTURE AND EMERGINC TECHNOLOGIES

The Subcommittee wished to point out that there are technologies beginning to emerge now
which most likely would have an increasing impact in the health area in the future. The
capability and interest of developing countries to moniter such emerging technologles on a
continuing basis need to he encouraged and prometed so that thege countries could select and
transfer the technology at appropriate times according te thelr needs, (Deciclons could be
made to Lnitiate training of technical staff in these technolegies in preparation for their
eventual transfer.,) The SubQOmmitteeltheréfore recommended that the ACHR wake arrangemeunts
to monitor new developments on a continuing basis, When g potentially fnteresting
development appears, the standing panel might encourage research to explore and exploit it
for health—care purposes, draw the attention of the researchers involved to (ts petential in
Wealth care, or facilitate, at a proper stage, information flow to developing countries about
jimportant new technologies.

Additionally, there are advanced technologies which have not yet been exploited in the

developing country context. These technologies Iinclude the use of lasers, particularly in
surgery but also 1n instrumentation; the use of fibre optics, 1n surgery and in ¢linteal
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practlces; the use of computer modelling for many purposes such ag visualizing active sites
of molecules varying In complexity from antibody molecules and enzymes to drugs: the use of
interactive computer simulation for the trraining of physiclans in techniques requiring the
development of manual dexterity, particularly in the use of new technlques such as fibre
optic endoscopy.

8. THE CONTRIBUTYIONS OF THE NEW TECHNOLOGIES TG NATTONAL HEALTH PROGRAMMES

In this section, the potentlal for application of the new technologies in National
Health Programmes is assesced., For convenjlence, the health care field is divided into five
sactors — training of persounal, prevention of dlsease, detection of disease, treatment of
disease and rehabilitation.

B.1 Training of personnel

Tt should be gquite obvipus that the recent advances in information technology can have a
very great impact at the training level, from the teaching of medical students, physjcians
and surgeons, to the training of para—-medical personnel working at the village level. In
some countries, primary school children ave taught to use computers. Personal computers have
characteristics such as user friendliness, graphic and communlication capability which enhance
their usefulness, Computers can be used to facilitate the efficient operation and management
of, for example, a hospital, and to make more efficient the distribution of medicalliy-related
information, Audiovisual technology, e.g. video cassettes, has a great potential for the
training of lower-level workers; those who cannot read can understand pietures,

8.1,2 Expert system — guided interscrive learning

A potentially valuable application of expert systems iz In education. But the
application of principles drawn from research in "Artificial Intelligence™ (AL} is itself the
vehicle for important developments now being made in “automated teaching” using interactive
methods, The Subcommittee saw the rapidly approaching development of Al-based interactive
learning, utilizing computer—controlled analogue/digital video disc technology and cheap
display technology, as the start of a profound transformation in the teaching-learning
process — a transformation that could affect both developing and developed countries, at all
possible levels of educational potential and achievement.

Tateractive methods Iinvolve two aspects, Tutorial material iz presented to the student
through frames of video pictures or text; brief teaching sessions are followed by test
frames that assess the student’s comprehension, The student responds by means of a keyboard,
or by a touch-pad, touch-ge¢reen or "mouse”, The nature of the student's response is analysed
by microcomputer which, depending on the results of its "interpretation” of the student's
progressz, then selects from laser disc storage an appropriate segment of tutorial material to
rectify, agsist, strengthen or advance the student's understanding.

Moderwn technology allows almost instant access (say, in less than one second)} to any
part of the data stored on the file of teaching material. The file would take the form of a
digitel laser dis¢ on which visual, textual or even auditery matetrial can be stored, up to
the equivalent perhaps of some million or so pages of text, Given the procedure for
interpreting the student's performance, and a protoecol for deciding cthe appropriate
educational response, this approach would offer the opportunity to generate a totally
individual pathway rhrough the material concerned, in 2 way that would make subsrantial use
of the characreristically individual skills and capability of the indlvidual student. This
is an exeliting possibility that should have a dramatlc effect on teaching at all levels.

The approach depends upon the facr that, using results of research in "artificial
intelligence”, it is possible to devise simple automatic tests of comprehension that allow a
clear picture of, not only the presence, but also the nature of a student's difficulty in
learning new material., This may reside in failed comprehension of a basic concept, or of a
telation betwesn concepts, inadequate practice in manipulating the relevant ideas being
taught, logical incapability, an incapacity to learn, or merely a psychological bleck., Given
the insight into a student's difficulties, the computer can select and present appropriate
material to remedy the problem. In this way, the Interaction between student and compuier
software can lead to a student "charting” a learning route which is individual and perhaps
optimum for him, (It should be emphasized that this advanced approach has almest nothing in
common with the trivially simplistic ideas of so—called "automated learning” that were tried
SOME Vears sgo.)
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The Subeommittee believed that this kind of technology is likely to assume major
importance and must be expected to impact significantly on the instructional process as this
is implemented in both developed and developing countries.

E.2 Preventlion of disease

Advanced bilotechnology has much to offer in this area, especlally in the provisien of
vaccines. There will be improved vaccines to replace some existing ones, e€.g. ROre heat
ttable and more immunogenle, and vaccines against major Infactious diseases, e.g. parasitic
infections, against which there are at present no vaccines, As a topical example, the
cutrrent blood plasma-derived hepatitis B vaccine may be replaced by a yeast-derived product
or a live recomblaant virus preparation, perhaps based on vaccinia virus, Advanced
blotechnology and information technology may join ferces; for example, there ig & proposal
before WHO to establish a pilot project on Expert Systems, initially on vaccine production.
Such a project eould be of great value to many developing countries.

As mentioned earlier, all the nominated physical technologies can be lmportant in
measures to prevent disease. Efficient data collection and processing can warn of incipient
epidemics of both communicable and noncommunicable diseases, depending on the diagnostic
tests in operation. Systems technology can be used to model specific control programmes and
the planning and implementation of programmes, e.g. vaccline delivery, New materials and
surfaces, as indiczated, could be important in water delivery systems, in Insect-resistant
houging materials, and so on.

8.3 Detection of disease

Advanced biotechnology is already making a great impact in diagnostics, from the use of
monoclenal antibodies to nuclele acid probes. However, few of these have yet reached the
stage of reliability and cheapness where they can be used regularly at the village level,

Though information processing may well malnly occur at central locations, there 1s scope
for hand-held microelectronic devices that display likely diagnoses and suggestions for
action when particular (yes/no) answers to predetermined questions are entered,

8.4 Treatment of disease

Application of the newer bietechnolegy is resulting in the production of a variety of
medium and low-molecular weight polypeptides, including hormones which were previously not
available in bulk. WNew antibioties may be gynthesized in the future using this approach.

The availability of techniques such as computer graphics will aid in the formulation of
drugs for specific purposes, e,g. anci-viral and anti-tumour agents. Systems modelling
chould allow better distributiom arrangements, e.z. of druge.

2.5 Rehabilitation

The use of newer materials for rahabilitation has already been mentioned.

In summary, application of many of the new technologles can have a major 1: -~ct at the
most cost-effective levels of health care - the training of personnel and the preveation and
detection of disease.

2. ROLES FOR WHO

During ite deliberations, the Subcommittee consulted widely with headgquarters
Secretariat (see Annex 2}, It is clear that technology transfer comstitutes a major facet of
WHO's activities.

The $pecial Programmes of WHO - TDR, HRF, CDD - have made particularly imporcant
contributions, as has been described in various reports, &.g. the Transfer to Natlonal Health
Services of Technology Developed with TDR Support (TOR/JCB 7/84.7); Transfer of Technology
in Relation to WHO Special Programmes (ACMR27/#5.7). Both TDR and HRP have made major
conttibutions to the straengthening of research capability in developing countries and all
thres Propgrammes have successfully sponsored specific projects. Thus, the preducticon and use
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of ORS imn developing countrlies is a major activity of CDD; phase 1 trials of a vaccine to
control human fertility are in progress (HRP); and test kits for the monitoring of
drug-resistant malaria and for the detection of African trypanosomiasis are in wide use (TDR).

In addition to the many mechanisms developed and Qéed by the Special Programmes, the
Subcommittee comsidered that WHO could facilitate technology transfer in the following ways:

1., to advise on the formulation of a national health technology policy;

2. to advise the country on the cholce of the technology to be transferred through
appropriate assessment by inhouse expertise or on advice fﬁoﬁ consultants;

i to promote the establishment of groups of re&ﬁurce persons in the country with
necessary expertise for the related technology;

4. to facilitate exchange of information and expertise necessary for the
implementation of the technology transfer;

5. to identify WO collaborating centres that could pfdvidé:apprOpriéte technical and
tanagerial advice; .

6. te further assist in the provision of training of technical staff, through
collaborating centres or through agreements with higher technical institutes, such
as the regional centre in Cyprus; ‘

7. to advise and assist, in an impartial manner, in negotiations between the supplier
of the technology and the host country,

9.1 Implementation of techmology transfer

This can oc¢cur at twe levels: by the establishment of pilet projects by the
Subcommittee working with headquarters Secretarlat; and by specific projects initiated by
the Regional Qffices,

After very serious consideration, the Subcommittee agreed to recommend that specificg
pilot projects be initiated based upon their findings after two years' work. The nature of
the proposed pllot projects 1s outiined in section 10.

9.1.1 Collaboration with regional ACHRs

The Subcommittes noted with satisfaction rhat the ACHR of two reglons, South~East Asia
and the Western Pacific, had held discussions on its work, as reported at the 26th Sesslon of
the global ACHR in Geneva in 1984, It noted that Professor Prawase Wasi, Chdirman of the
South~East Asia/ACHR (SEA/ACHR), had prepared a paper on technology transfer which was
presented to the llth session of the SEA/ACHR in New Delhi in April 1983, The Subcommittee
discussed this paper and noted with interest the very useful comments of Professor Wasi. The
Chairman, Professor Adaz, presented a paper on Technology Transfer at the 12th session of the
South-East Asia ACHR in April 1986.

The Western Pacific/ACHR had convened a Working Group on- International Cooperation in
Techuology Transfer in Tokyo from 30 July to 3 August 1985. This was attended by
representatives of three developed countries and four developing countries in the regiom.

The Working Group proposed a series of recommendations which stressed the value of technology
tranzfer as a ctucial step towards reaching WHO's goal of Health for All and clearly
illustrated the important contributions that the new technologies can make, Three needs were
readily identified. Ome was to inform officials in the higher echelons of government about
the new technologies, The second was to educate researchers and scientific administrators
about the contributions to health care the advances In microelectronics and information
technologies, systems technology and new materials could make, The third was to draw the
attention of developing countries to the many ways now available for increasing the

effectiveness of trechnology transfer,
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10. PROPOSED PILOT PROJECTS
10,1 TIntroduction

Considering the rate at which new concepte and technolegies sre advanclng today and in
view of the need to reduce the time gap between these advances and their practical
_application for health developments, the Subcommittee reiterated that the ACHR should devise
a suitable mechanism for continuous monitoring of developmemts in this field and initlate
appropriate action,

An important feature of the raport of the Subcommittee is the recommendation fo set up
Pilot Projects to catalyse action. The Pilot Projects, when established, will require to be
monitored closely, and for this purpose the Subcommittee recommended that a sultable
mechaniem in the form of an expert group be established.

Having {dentified the technology of expert systems as & major potential for WHO
purposas, the Subcommittee proposed two pllet projects in additrion to their primary target
which would also serve to demonstrate and gain experience with expert system technology so
that its value could be assessed.

10.2 Proposal 1: Task Force on Measles Vaccine Production

This proposal 1s to establish a Task Force to develop & vaccine production capahlilitcy
using recent advances in both vaccine technology and computer-based expert systems
(Annex 6). This would be in response to a patceived need of developing countries.

The project would be restricted in scope in the first instance to & specific vaccine,
and for a number of cogent reasons, measles Ls an appropriate cholce. The wechanism proposed
involves the appolntment over two years of three consultante; a genior sclentist
(biologist), a technologist with expcrience of vacelne production, and a computer sclentist.

There are significant advantages for developing countrles if indigenous vaccing
manufacture could be developed. The manual produced would be of use to all developing
countries. The assoclated expert system would enable a significant number, perhaps as many
as 20, to establish and maintain an efficient production plant. The proposal and the steps
to be taken to achieve this are described in more detail im Annex 6.

Discugsions on this proposal were held with a representative of the Industrial
Development Office, Division of Industrial Operation, UNIDO. The Subcommittee was informed
of the activities and plans of UNIDO regarding vaccine production. An Advisory Beard which
had representatives of pharmaceutical companies and member nations provided both advice and
practical informariom to UNIDO. This included instruction on the manufacture of vacclnes,
particularly those in the Fxpanded Programme on Immunizatien. Tt was intended to initilate
production of two human vaccines in Cameroon, as a contribucrion to the Industrial Development
Doecade for Africa. The Institute concerned was already self-suffictient in the production of
some veberinary vacclnes.

In the subsequent discussion, it was pointed out that UNIDO activities and the proposad
WHO initiative were compleamentary. UNIDO transferved industrial know-how to countries} the
end result of the proposed WHO activity was not only to achieve this, possibly in
collaboration with UNIDO, but also simultanecusly to transfer these new techmologies, such as
computer expertise which would allow continual modernization and expansion of vaccine
technology and also facilitate the spin-off of these new technologies inte related areazs.
The Subcommittee welcomed UNIDO's interest and possible future collaboration and hoped thar
there would be an opportunity for this to be discussed by the heads of the two
organizations. It was also considered likely that other United Natlons bodies such as UNICEF
and UNDP would express interest in this WHO initlative. ' ‘

10,3 Proposal 2: A consultative expert system on health manpower planning

It was propoded that a pilot project be undertaken to galn experlence with expert
systems for WHO purposes, An expert system for planaing the provision of manpower ~ for
haalth system uneeds, and later, for health-related regsearch needs - would be inherently
valuable, and would serve as an appropriate vehlele for gulding planning in the public sector
genetally.
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Considerable expertise already exists within WHO on manpower planning; it is proposed
to utilize this expertise fully, supplemented by that existing elsewhere, The Subcommittee
anticipated consulting the United Warions, the Science Policy Research Unit (University of
Sussex, United ¥ingdem) and relevant institutions in developing countries, Health
Planning/Development Institutes, such as the Marga Institute in Sri Lanka, ¢culd make
valuable contributions,

In making this proposal, the Subcommittee had in mind the needs of the BFA/2000 sovement
and its requirements for manpower at various levels., The proposed expert system could be
consulted on projections of time-dependent manpower requirement profiles from village level
up to specialist personnel, The aim would be to link numbers and functional requirements,
year by year, in the light of needs and available resources, to meet the developing demands
of primary health care, This might include the identification of job descriptions for
varlous grades of health persconnel in relation toe training requivements and costs,

The type of recommendations sought from rhe system will certainly require the Input of
socioeconomic and health-~related variables and of information about the dynamic behaviour of
national economic systems. Accordingly, the expert system must be linked to a model of the
system concerned, in order that the evolving resource implications of any chosen strategy for
meeting primary health care needs {due to the HFA/2000 movement, for instance) can be
assessed. This is g vital practical extension ¢f the expert system structure and an
indication of the importence of systems analysis procedures, on which the necessary modelling
depends,

The long—term aim of this pilotr project is to provide an expert system which can be
consulted, not only in respect of the manpower plauning process, but also to demonstrate how
to proceed in the planning process. It would alse Indicate the elements and factors that
need to be taken Into account, and with what weight. As such, this expert system would
address fundamental issues of great general sipgnificance,

Since there is a substantial body of expertise within WHO on manpower planning, the
basic input would be provided in-house. But & consultative group of other experts would also
he needed to extend the expertise into wider aspects of public sector planning, Further,
external computer sclence expertise would need to be accessed to develop the expert system
itself: it seems probable that the computer industry would be interested to help the project
by contributing consultant manpower,

For WHO jftcelf, the successful completion of the expert systew would systematize a
substantial body of in-house know-how and experience and serve as a demonsetrator of the
capability of expert systems, Furthermore, by the operation of the "inference engine”
working on the assembly of expert knowledge, at least some explicit clarification of the
impliciy bub unrevealed knowledge of the experts themselves can be expected.

11, SUMMARY OF RECOMMENDATIONS

The Subcommittee's recommendatlons are included in the body of the report. A summary
follows:

1, WHO should select centres where there is design and fabrication experience of medieal
equipment and instruments for designation as WHO Collaborating Centres (section 5.1.5,
page 3).

2, Peveloping countries, in order to facilitate technology transfer, should consider the
establishment of one or more Research and Development units to evaluate technology to be
transferred in relatiom to the needs of the country {section 5,3, page 10)

3. The ACHR should make arranpements to monitor new and emerging technelogies on a
continuing basis (section 7, page 14).

4,  WHO should establish pllot projects to catalyse action in and demonstrate the wajor

potential of the new technologles for its programmes. The pilot project proposals relate the
use of expert systems to (a) measles vaccine production (sectiom 10,2 and Annex 6), and (b)
health manpower planning (section 10.3).
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Table of comparison of health-related indicaters according to
levels of development

Health budget

Infant mortality Life span Safe Cannot per capita

Countries

(per 103 birchs) (years) water supply read (Usk)

Tleveloped 100% 2%
Peveloping 417

Least developed 31%
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EXPERT SYSTEMS

An "expert system" {5 3 computer programme (which in some cases can be sccommodated on a
microecomputer) by which a computer can be instructed to perform "intelligent™ tasks that
hitherto would be considered to need the exercise of human intelligence, It ¢ontains three
essential componeats: @ “knowledge source”, am "inference engine” and a data base, usually
togethey with an ewplanatery facility. The "knowledge source" contains the necessary
information to solve the problem to be tackled; this information is obtained from human
experts who describe thelr performance of tasks by identifying their operating "rules of
practice”, perhaps interrogated by the "expert” programme irself. The data base contains the
current totality of facts and iaformation which is to be the subject of inference leading to
higher—lavel information., The "inference engine” is employed to formalize and systematize
the logieal relationships between the facts and rules currently contained in the data base,
and to wpdate the data base, The explanatory facility is part of the programme that can be
interrogated to "explain" its deductions and suggestions. The computer programme is likely
to be written using a speclal predicate-loglc computer language such as PROLOG,

A number of highly successful commercial and medigal "expert systems" have already been
developed, MYCIN, for instance, is & aystem for microbial diagnosis and antimicrobial
selection which iy said to outperform the experts from which its informarion was obtained
(J. Am, Med. Ass., 242, 1279-1282, 1979).
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MICROPROCESSOR NETWORKS

As part of its 1979-83 Health Plan, the Ministry of Health 4in Egypt began reorienting
its approach to the health problems in Egypt by strengthening the management of its national
health programmes. An integral part of this national health plan was the introduction of a
new national health information system (NHIS) to support national health programme managemnent
by introducing improvements in the wmethods and procedures for information cellection,
storage, processing, use, dissemination and foadback.

Health data From over 3500 heslrh units will be collected, validated and partially
processed and summarized on a mierocomputer at aach of the 274 districts in 25 governorates
in Egypt, with subsequent feedback of results to the originating units. The new NHIS now
covers and is fully operational in two governorates and it is planned to cover gradually all
governorates, Seven makes of low-cost computels have been selected and procured by the
Ministry of Health for trial testing {on actual health data forms, validation procedures and
processing Tequirements) and those most appropriate to the needs of the health programmes
have been szelected.

The assembly, publication and distribution of heaith information will require a vast
network of communications, extensive computerization and publication facilities, But such
facilities (because of cost and complicated logistics) will probably mot be available in most
developing countries in the near future, and certainly not if they are to be developed for
the specific purpose of Health Infermation Systems.

The gsecond best alternative, if act the only one at present, is the use of the newer and
more sppropriate microcumputer technolopy for the intermediate level of optimal populatlon
and geographic working size. It can be made compatible with the envirommental, technical and
logistic needs of most developing countries. The cost of such technology is alveady within
the available resources.

The usec of microcomputer technology on the intermediate level not only solves the
problems of processing the large volume of data and of providing timely information, it also
enlarges the base of users, enhancing the probability ¢f a suceessful transfer of
technology. It diseciplines and trains people on planning, logistics and objective
measurements and allows for the large diffusion of health information among medical and
health-related persommel., It actually addresses the primary health care level, whers
asslstance is necessary and ¢an be most effective.
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TASK FORCE ON VACCINE PRORUCTION

The propesal is to sstablish a Task Force to develop 2 vaccine production capability
using recent advances in both vaccine technology and computer—based expert systems, This
would be in response to a perceived need of developing countries.

To maximize the chances of success, the project would be restricted in scope 1o the
first instance to a specific vaccine, It would serve also as a feasibility study for more
advanced expert systems (to deal, for instance, with vaccine production 1la general). The
project would be linked to the planned preparation of a manual on vaccine production for
developing countries. This has already begun and Anuexz 1 is an initial lisf of aspects to be
cavered by the manual,

There are several reasons why it is appropriate for WHO to undertake this task, There
are now four in-house programmes which have a major interest in vaccine development. They
are the Special Programme for Research and Training in Tropical Diseases, the Special
Programme of Research, Development and Research Training in Human Reproduction, the
Diarrhoeal Diseases Control Programme and the new Vaccine Development Programme. The
Fxpanded Programme on Immunization is concerned with the delivery of vaccines in developing
countries and the Biologicals Unit is respomsible for preparing quality coatrol requirements
and standards. There would ba available much in-house expertise to facilitare the work of
the Task Force, ‘

Measles vaccine is thoughr to be the best choice for the project for a number of
reasons, (1) Measles is still a major cause of death of children under five years in
developing countries (estimated deaths in 1985, 2x10%y; (2) it is in the EPI programme;

{3) under appropriate conditions it is a highly successful vaceine, as witpessed by the
dramatic reduction of endemic measles in the United Stares of America following the adoption
of a pre-school ilmmunizarion programme; (4) some developing countries have been unable to
produce this vaccine in the past; (5) a production facility for a live, atteunuated viral
vaccine iz appropriate becsause of the present indication that live, attenuated recombinant
viruses may be used in the future to control z number of other diseases, including viral and
parasitic diseases, A plant to produce measles vaceine could be readily adapted to produce
othet viral vegccines or protective antigens secreted by transfected mammalian cell lines,
e.g. HbsAg by transfected Chinese hamster ovary cells; (6) in general, live, attenuated
vaccines are cheap (cost/dose) and several have been very successful.

Specific aspects

The mechanism proposed involves the appointment over two years of three consultants.
The team leader would be a senior sclentist {(biologist) with detailed knowledge of vaccine
technology and some experience with computer technology (full time, two years). A second,
inirially part-time consultant, would have industrial experience of vaccine production. A
third, initially part—-time consultant, would be a computer scientist who would work in
association with a group in the Department of Computing at Imperial College, London, This
department, under Professor B. Sayers, has extensive links with other computer scientists in
many parts of the world. Part-time secretarial assistance would be tequired.

The computer scientlst would work with the other twe comsultants during the preparation
of the manual to ensure that information is ascertalned in a sequeénce and in a form that can
be used by computer scientists to establish the "rules" for constructing the expert system,
{Annex 2 iz a brief degcription of an expert system.)} As the manual and expert system are
developed, there would be a “feadback” arrangement between the Task Force and collaborators
in some developing countries (possibly in India, Thailand and China) to ensure that factors
which are eritical in developing country situarion are incorporated. Provision would be made
for a regular up-dating of the "knowledge" base. Close relationship would be maintained with
relevant in-house activities in Geneva.

It is anticipated that a period of two years from the appointment ¢f the Task Force
leader would be required. There would be significant travel costs imvelved, particularly for
the leader of the group.
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If apprepriate In-house facilities are used, the estimated extra cost of the project for

the anticipated two-year period is U3$ 5-600 000. This comprises consultants' costs,
part=time assistance, travel.

Ferceived advantapes

There are significant advantages for developing countries 1f indigencus vaccine
manufacture could be developed, These included a reduced dependence on outside supplies,
savinge in foreign exchange, and creation of employment. Most importantly, it would
contribute to the development of a pool of technically skilled personnel and would enable the
country to assume a greater responsibility for the health of the population. Furthermore,
indigenous vaccine production might well provide a significant incentive to extend and
improve immunization programmes in a developing country. Vaccine delivery is a ecritical
component of primary health care,

The manual produced would be of use to all developing countries. The assoclated expert
system would enable a significant number, perhaps as many as 20, to establish and maintain an
efficient production plant.

Procedural steps to initlate the project

1. Preparation of the manuzl vequires agreement by a number of pharmaceutical fiwme to
collaborate by providing requested information on measles vaccine productien. It is
anticipated that these firms would have access to the manual and expert system when prepared.

2. Firm interest from highly placed officials in 3~4 developing countries that (a) these
countries would collaborate during the two-year period by providing information about
technical needs, professional expertise etc. available in their country; (b) when the system
was prepared, they would be interested im having production faciliries for the vaecine
establighed in their country, possibly with UNIDO or bilateral {or some other form of)
assistance,

3. Explore the possibility of agreement with UNIDO to ¢ollaborate at an appropriate stage.
If collaboration in principle could be agreed to by senior administrators of WHO and UNIDO,
this should facilitate the raising of funds for the projeect,

4, Decide on possible sources of funds for the project, e.g. Foundatlons, bilateral
agreements, goveraments, ete.

Aspects for consideration in the development of a Vaccine Production Manual

1. Vaccines

~ What are the necds of the country with regard to vaccines (and other biologicals)?

- What ate the country's immunization policies and how much vaccine Is required?

- How complex would the production and control of the vaccine be, and how much would it
cost to produce?

What 15 the world market price and the local (imported} price?

2, Production Policy

- Would the vaecine be produced independently (would be under patent or completely
free), or under licence? '

- Would it be produced in stages starting om a small scale, or would there be
larga-scale production from the outset?

3, Market for tha Product

— Will the product be marketed within the public/private sectors of the country?

- If marketed putside the country, will this be directly by producing labeoratories or
through a specialized agency(ies)?

= Will marketing studies be carried out by local or external firme?
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Will there be publicity, sales promotilon campailgns, etec.?

What name will be given to the product?

Will the produet be lahelled in the local language?

Who will be responsible for distriburion within the country and how?

Laboratory Site

-~ Is a laboratory already available? If not, does an appropriate site exist (preferably
near an international airport) and what would be the cost of procuring thieg?

- If there is an existing laboratotry, is there room for any necessary expausion?

- Is the laboratory well sited {in terms of envircnment comtrol)?

Building Requirements

Does the building meet the WHO requirements for a production and control laboratory?
Is it in need of rencovatilon?

Are speclalized architects, construction experts and necessary material readily
available?

If advice needs to be sought externally how much will this cost?

Vaccine Zeed Strain

Does the vaccine seed strain (bacterlal or viral) meetr the WHO requiremeunts?

If there ate no WHO requirements available to consult does the strailn agree with
generally accepted practice?

Will the strain be provided as a seed lot or will that be produced locally?
Where will the strain come from?

Substrate

— Does the substrate meet WHQ requirements?

- If there are no WHO requirements available to consult does the substrate agree with
locally gocepted practice?

=~ Where will the substrate come from and what will it cost?

Manufacturing Process

Doas the manufacturing process meet WHO requirements?

If there are no requirements available, does it agree with generally accepted practice?
Are there appropriate safety requirements?

Will quality be assured by keeplng records, protocols, ete.?

Will there be in—production testing?

Will lgboratory animals be available?

Equipment and Machinery

= Will equipment and machinery be available locally or will this have to be sought from
outside the country?
If supplied from outside, will it be similar to the equipment of the partner
laboratory?
Will it be procured from one or several sources?
Will it be purchased direct from the manufacturer, through the partner laboratery or
through other agency(ies)?
Who will have the responsibiliry for installing and testing the equipment?
Who will ensure maintenance and repair?
Will spare parts be resdily available?
Iz there an adequate and reliable supply of electricity?
What will be the expected life-span of the equipment/machinexry?
Are provisioms for replacement items foreseen?
Are documentation and opevational manuvals readily available on the machinery,
preferably in the local language?
What would be the 4nitlal costs and running costs in local and foreign currency?
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10. HManagement
10.1 — With regard to overall management, has a managerial system been adopted?
- 1Ig there an appropriate accounting and inveatory system?
- Has a management information system been set up?
— Will lecal and international management consultants be appointed?
10.2 - With regard to persomnel, 45 qualified expertise available leocally?
- Are training schemes foreseen?
~ Will there be an exchange of workers between the local laboratery and the external
"partner”?
- What are the plans for career development?
- What will be the approximate staff turnover?
11, Wational (Qualiry) Control Authoricy

- Does a fully functional national control authority exist?

- Have provisions been made for testing for immunegenicity in bumans?

- Is support to the conttol authority needed?

-~ What is the relationship betwean the control authority and the manufacturing
laboratory?

- I3 there a linkage hetween the national contrel authority and WHO?

Research and Development

- Will research and development components be establisghed, and if so, will they be
integrated from the beginning?

= What will be the scope of the research and development?

— Will there be linkages with university/research institutes locally and outside the
country, and WHO?
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INTRODUCTION

Modern technology makes use of a vast range of materials, and creates a continuing aced
for the development of new materials or the improvement of traditional ones. The periocd
gince World War LT has witnessed the amecgence of a number of new materials, significant
amongst them being the plastics, but the last decade has been particularly active in
matzrials techoology and so it is appropriate to review the current position at the present
time. It would not be a wild exaggeration to suggest that we are in the midst of a small
"revalution" in materials: many “"new' materials have recently emerged, many in response to
enginearing demands, and so rapidly that the properties of these materials are often not yet
completely understood; one of the most difficult to measure is the long-term stabirlity of
the material and its properties. Furthermore, with some of the novel materials produced, not
all of the poteatial applications will yet have sugzested themselves, nor indeed, have any
problems of large-scale commercial production been solved.

New materials are emphasized in the following text, but whare appropriate, menticon 13
atso made of some established materials which may have unique properties, but which are only
just fiading commercial applications in modern kechnological developments. Attention is also
given Lo improvements of traditiomal materials, which iz an important area, especially in
recent years when there hae been tremendous competition created by new emerging materials
sesking markets traditionally served by established (metallic) marerials. This climate has
zenerated considerable research and davelopment directed not just at improvements in the
performance of traditional metals and alloys, but alsc at the creation of new product
applications. The steel and aluminium industries are good examphles, and they are competing
not just against new non-metallic materials, but alse againet each other.

This competition is sharpened against a background of rising energy costs as fossil
tuels are depleted, and the "resource lives" of materials themselves are shortened. Although
this must be translated through a complex economic calculation invelving many factors such as
plant and labour costs, transportation costs, processing costs, ete., it has focused more
attention on the cheaper materials, or on those whigch offer the greatest potential for
Yaconomy in use" (for example, should a motor car engine block be made from relat vsely cheap
cast iron, or more expensive aluminium because the latter will resalt im a weight raeductian
and fuel economy in service?).

A section on fevrous and non-ferrous metals is iuncluded, essentially highlighting some
of the improvements to these traditional materials which have kept their modern versions to
the forefront of materials usage. These same avguments are true for some of the non-metallic
materials, particularly the ceramics., The desire to achieve ever higher operating
temperatures in engines to improve performance and efficiency has initiated some recent
dramatic developments in ceramics traditionally used for pottery or refractories - a section
dealing with these materials is included.

The remaining matervials sections deal specifically with new cement-based materials,
plastics, composite materials and metallic glasses, all subjects of current regsearch and
development. A section is also included on materials which have been developed for a
wali-defined need or specific process, for example, new battery technology.

It is sometimes difficult to separate the advances made in materials, either with
traditional materials or new materials, from developments made in the precessing of these
materials (perhaps this in itself "creating" the new material, for example, metallic glasses
produced by rapid solidification techniques). Consequently, a final sectiom is included
documenting briefly some of the major new processing techniques currently emerging.

L. RECENT ADVANCES IN TRADITIONAL METALS AND ALLOYS

.1 Ferrous allays

Steels used for structural and constructienal purposes have changed remarkably in the
last decade from traditional mild steel, achieving higher strengths and toughnesses, znd
better weldability and formability. MHigher strengths have been obtained through grain
reFinement, achieved by minor alleying element additions (for exampls, Nb, V and Ti) coupled
with control of the rolling schedules to lower finish-rolling temperaturas. This has allowed
carbon levels to be reduced, which has also improved weldablility. These modern,
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controlled-rolled microalloyed steels (alsc referrad to @ high-strength low-alloy {HSLA)
steels) now form the majerity of steels used for pipelines (oil and natural gas), drilling
rigs, general off-shore applicatioms, ship building, bridges, constructional sund container
applications, pressure vessels, etec,

The technology has morve recently developed further to produce specific HSLA steels with
improved properties for c¢ertain applications. The conventional HSLA steels described above
have tefined ferrite/pearlite microstructures {i.e. essentially refined mild steel
microstructures), but microalloying and controlled heat treatment have developed different
microstructurss resulting in better properties for certain applications. Acicular ferrite
steels form an important group of HSLA steels used for line-pipe and engineering
applications, The steels are more heavily alloyed than conventional HSLA steels, some
containing up to 4Mn, 4Cr ox 0.4Mo (wt#}, with Nb or other microalloying additiens, and very
low carbon contents (=0,03-0,06), which results in a fine interlocking Widmanstatten ferrite
structure and minimum smount of carbide precipitation; good strength and toughness results.
This acicular microstructure is also much favoured for weld metals.

Conventional HSLA steels are deficient in (press) formabiliey, for which mild steel has
traditionally been used, However, by careful control of steel ecomposition, and the
introduction of new heat treatments, it has proved possible to exchange the conventional mild
steel/HSLA steel microstructure of ferrite/pearlite for one of férrite/martensite, to produce
the so-called dual phase (HSLA) steels which have the improved strength levels (in the formed
component) of microalloyed HSLA steels and the formability of traditional wmild steel. There
iz considerable interest in the application of these new formable HSLA steels in
transportation {e.g. motor cars, Lorries, railway rolling stock) where they might enable
weight reductions and therefore greater fuel economy. :

A& very recent application of microalleying technology has been to higher carbon staels,
particularly medium—carbon (»0.4-0.8) ferrite/pearlite forging steels, and fully pearliric
rail steels {and rod stock for wire drawing). Improved strength levels through pracipitation
strengthening, and hence improved wear resistance can be achieved, even with some gain im
toughness resulting from grain refinement; the modified conventie¢nal migrostructures thus
become commensurate with those produced in quenched and tempered low-alloy stesls, but at an
gconomic advantage.

It is also worth mentioning that all the above-mentioned steels, including general mild
steel, and also other special steels not dealr with here, benefit from the considerable
developments in steel-making processes made over recent years, including the ineveasing
introduction of continuwous casting methods, and particularly, in the control of unitra-low
carbon contents, minor alloying element additions, segregation, porosity, and especially
non-metallic imelusions, All these process improvements have led to better guaranteed
service performance.

Structural steels must normally be protected from environmental ¢orrosion, and this is
most frequently dome by ccatings, On site, or occasionally in the factory, this is most
commonly done by painting, either with familiar paints, or the more recently developed highly
adherent organic coatings such as alkyds, scrylies, silicone or epoxy-resin-based systems.

In the factory, alternative protective coatings can be applied, based on nen—ferrous metallic
systems (for example, traditiomal tin plate ov zine galvanizing, and the developing aluminium
coatings, which with modern industrial processes can withstand considerable subsequent
forming of the steel sheet), vitreous enamelling, and the application of plastic coatings,
for example, bonded PVC (which with the relatively recent expansion in the commercial
availability of a wide range of polymers, many not yet applied to protective coatings, should
lead to further future developments in this area of coating technology).

An alternative approach to corrosion protection is to use more c¢orrosion-resistant
alloys. This approach led to the highly alloyed and consequently expensive, yet nonatheless
extremaly successful group of stainless steels., However, some success has also been achieved
by alloying low-carbon structural steels (similar to mild steel) with small quantities of 54,
Cu, Cr and Ni. These steels do not form a powderly, non-adherent rust as does mild steel,
but instead develop a strong protective oxide £ilm (having an attractive appearance, although
this may be enviroumentally dependent}, and no other treatment or coating of the structure is
needed., "Corten'" is one brand-name of such a "paturally-weathering" structural steel.
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The basic alloy chemistry and properties of stainless steels has been understood for
some time. Briefly, the main requirement is for a minimum &f adbout 10.5wtiCr to form &
passive oxide film; the protective properties of the film are improved by increasing the
chromium futthar, bub at the expense of the mechanical properties of the steel, Except in
martensitic grades carbon is also detrimental to mechanical propertiss and alse indirectly to
corrosion resistance through carbide formation, Kickel may be used to stabilize the more
ductile austenitic condition, which also has & higher solubility level for carbon.

Molybdenum can be added to increase the stability of the passive film. Other minor additions
are commonly made to enhance particular properties, for example, Cu to improve sulfuric acld
resistance, Ti or Nb to neutralize the effect of carbon, etc.

Recent developments in stainless steels have been concerned with the adoption of new
stezl-making technology in the 1970s, particularly new refining techniques such as
"argon-oxygen decarburization' (involving different gas imjection or partial pressure
systems} which facilitates the removal of carbon without excessive loss of chromium, and the
use of vacuum melting and refining. These developments have allowed better control of
alloying element concentrations and have also expanded the range of stainless steels
commercially available.

Austenitie stainless steels cam now be produced with wolybdenum contents as high as 6%,
Nitrogen has become &n important, controlliable alloy addition in austenitic and duplex
stainless steels, providing significant improvements in corrosion resistance, The gbility to
control carbon and nitrogem to very low levels has permitted commercial development of a very
wide range of ferritic stainless steels, from 12%Cr te 294Cr-4%Mo, having improved toughness
and weldability and achieving corrosion resistance with a highly efficient use of alloying
glements. These new grades of stainless steel offer levels of corresion resistance not
previgusly achieved by stainless steels, including resistance to corrosilon by sea water.

1.2 Non—ferrcus alloys

There are some 80 nen-ferrous elements in the Periedie Table. They form over
3000 binary, over 80 000 ternary and over 1.5 million quaternary alleys. If we include both
squilibrium and non-equilibrium structures (produced, for example, by "rapid
solidification" - see Section 2) the potential numbers are multiplied further. A minutely
small fraction of these alloys have been studied and even less are readily available
commercially. Most attentionm is focused, quite naturally, om the velatively few non-ferrous
metals that are of major industrial importance (and thevefore with reasonable commercial
availability), probably copper and aluminium mainly, and then nicksl and more recently
titanium. (It must be remembered that mueh of the world's production of non-ferrous metals
also provides the evitical alleying additions in modern steels, for example, Cr, Ni and Me in
stainless steels,) However, the less common non-ferrous metals have in recent years found
many mew uses in their own right, to exploit, perhaps, a specific property (in addition, in
some cases, to their continuing importance as a major alloying elemeut). For example,
tungsten (with the highest melting point of any metal, 3410°¢C) is an important alloying
element in high-speed tool steels wsed for metal cutting, or a3 a constituent in tungsten
carbide-cobalt materials alse developed for metal cutting and metal werking tools and dies,
but alse provides alloy systems for electrical purposes, e.g. tungaten-based filaments, or
so-called heavy alloy (based om 90W-5Ni-5Fe or 90W-7Ni-3Cu) which can be used for heavy duty
electrical contacts, radiation shielding, mess-balancing or inertial systems, or in ordrance.

It is not possible to detail all the non—ferrous metallic systems that are, ox may
become, commercially available for specific applications. A flavour for some of the
potential may be obtained, however, by highlighting & few of the more unusual examples.

Rbenium is a very dense (atomic welght 183.85) group VIIE refractory metal (welring
point =3200°C crystallizing in the hexagonal system, 1t is virtually unworkable because of
its axtremely high rate of work hardening - the highest of any material known. Another dense
refractory metal, tungsten (already referred to above) is also virtually unworkable — but for
different reasons, because it is very brittle - and yet tungsten-thenium alloys, over 2 broad
range of compositions, exhibit very high ductility, even at room temperatura.
Molybdenum-rhenium alloys show similar behaviour. The alloys may thus be used in wire, strip
and sheet form for electron emitters, [ilaments and for very high-temperature thermocouples.
Furthermore, thenium greatly improves the performance of platiaum on alumina-reforming
catalysts used for the production of high-octane petroleum, rhe fuel upon which the internal
combustion engine depends for its efficient performance.
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Platinum may serve as a further example, with almost unique uses in modern technology.
Its ecatalytie properties have already been mentioned; cthey may be extended to
platinum-rnodium gauze used for the catalytic oxidation of ammonia on a vast scale to produce
nitric acid, nitrates and nitrogeneous fertilizers, and the newest and largest industrial use
of platinum in the catalytic treatment of motor vehicle exhaust fumes.

Platinum is one of a series of metals commonly referred to as the "platinum group" or,
inclusive of gold and silver, as the "pracious metals", amongst which there are further
elements with special, if not yer commercially exploited, properties. This group, often
surprisingly, can supply room temperature Lensile stremgths as high as steels, and better
than nickel or titanium alloys, and elastic moduli surpassing all other metals and even the
high modulus ceramic materials. Iridium, whilst having a very high tensile strength
(+100 MN m~¢ im the fully annealed condition) is also the most corrosion-zggigtant element
known. Osmium can be made extremely hard, with a Vickers Hardness Number «330 (equivalent,
$a3y, Lo a case-hardened carbon steel or quenched and tempered low-alloy steel) in the wrought
and annealed conditiom, rising to »i000 afrer 72 cold-work.

At the other end of the temperature scale from W, Re and Pt, could be chosen Indium,
with 2 melting point of 156°C, and a softness to match. It i3 widely used for solders in
electronic devices, im the plating of electrical coutacts and wires, and in dental amalgams.

A final unusual example might be the group of metals known as ''the rare earth” metals, a
series of 14 metals between Lanthanum and Hafnium in the Periodic Table. 1In the last decade
or so a number of specialized applications have arisen for them, although they are expensive
to produce. A decade ago Samarium nad no significant application but is now widely uwsed in
the form of samarium—cobalt permanent magnets for the modern electronic watch or high-powered
DC motor. Gadolinium has a very high thermal neutron captive cross-section and $o iz used
for nuclear reactor rapid core-control rods and as thin foils for neutron radiography in the
aerospace, nuclear and engineering industries. Scaondium is now widely used in metal halide
lamps as it gives 50% greater efficiency than rhe conventional mercury lamp. There are
various miscellaneous examples of other uses for other rare earth metals.

Consequently, it is illustrated by specific examplés that there are a vast number of
less common, even “rare", non-ferrous metals commercially available for certain techneolegical
applications., Ir is possible to illustrate this point further by selecting a required
property and seeing how this need might be satisfied,

For c¢hemical inertness - tantalum and platinum; for strength-to-weight ratio -
magnesium, beryllium (incidentally, also with a very high stiffness (elastic) modulus) and
titanium; for nuclear properties -~ hafnium, zirconium, thorium, gadoliniuvm and sodium; for
radipactivity - plutonium and uranium (in depeleted form now being developed for
non-radivsctive purposes as a heavy metal, c.f. tungsten); for reactivity — <aleium and
sodium: for high density =~ tungsten; for magnetic properties - cobalt and samarium; forw
catalytic activity - platinum, palladinm, molybdenum, vanadium and cobalrt.

Of the better known commercizlly available "teonnage" non-ferrous alloys, probably only
Copper has not received much recent development. But this does not undermine its valuable
traditional position in providing a wide range of industrially importaat alloys {(for example,
the brasses and bronzes) with good casting, working and machining properties, and important
paysical and mechanical properties, of prime importance amongst which must of course be high
electrical and thermal conductivity.

This position contrasts with that of Aluminium. The history of developments in
aluminium and its alloys (and subsequently in nickel and titanium alleys) has been
inextricably linked with that of the ajrcraft industry. This is enly partly true today.
Further aluminiuvm aliloy development for aerospace technology is currently in progress wikth
aluminium-lithium alloys, but aluminium is currently also making strides as a "substitute"
material. Apart from the aircraft industry there are bulk wsers of aluminium ia building,
packaging, land and sea transportation, and electrical power Lramsmission, and these areas
are expanding, partly as a result of marketing from the aluminium producers but alsoc from a
greater rvealization of the benefits of substituting aluminium for more traditional
materials. As an example, aluminium has successfully penetrated the market for pressurized
two-piece beverage cans; the Al-Mg work-hardenable alloys have met the stringent
requitements for formability, high strength of formed component, and resistance to the
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lacquer staving process. It is now most likely that similar formable alloys will penetrate
the motor industry as a replacemeat (in part) for structural steel sheet; comparable
performance must be achievable, the outcome will test upen future aluminium prices and other
economic questions related to weight savings and hence fuel economy.

_ In terms of the customary impartance of aluminium in the airevaft industry, there is

currently a great deal of research and development being focused on Al-Li alloys. Compared
with ronventional precipitation hardened high-strength aluminium alloys used in airecraft
constructionm (a.g. the 2000 and 7000 sevies based on Al-Zn-Mg~Cu) Al-Li offers the promise of
substantial weight savings in structural applications by virtue of reduced density
(+~0.08g/ml per wt%Li) and incveased elastic modulus (~~3GPa per wtili). A realistie target
is predicted to be weight savings =+13%Z, which is competitive with levels currently claimed
for carbon-fibre composites in primary aircraft structures, with the additional attraction of
relatively conventional production and forming routes.

Titanium is a relative newcomer amongst commercially available metals. Production has
increased steadily since the sarly 1940s to an estimated global level (excluding the US5R) of
about 60 000 tonnes in 1980, The two principal markets have been serospace, primarily for
its nigh specific strength, and chemical and general engineering, for its excellent corrosion
resistance. 1ts "het" strength is superiov Lo that of aluminium; for example, Al-alloys are
limited to operaling temperatures £150°C whereas Ti-alloys may be used up to 350°C.

Ti-alloys also exhibit good ductility, creep and fatigue resistance, and weldability (with
suitable precautions), It is claimed that the United States Air Force SE-71, which is the
fastest (Mach LTI} and highest {80 000 ft) flying productiom plane in the world, is only
pogsible by making it "almost entirely of titanium”.

Ti~alloys can overcome problems of general corrosion, crevice or sCtress corrosion,
corrosion fatigue and erosion, and are resistant to metallic chlorides (they are particularly
good in salt water), organic acids and oxidizing inorganic acids over a wide range of
concentration and temperarure. A number of alloys have been developed, but probably about
half of those in use are based on Ti-6Al-4V, which provides a particularly atfractive
combination of high astrength, Formability and weldabilicy.

A number of alloys based on Nickel have been developed, stimulated by the need for
better materials capable of operating at higher temperatures in the aircraft gas turbine
engine, Since the efficiency of the engine is directly velated to the gperating temperature,
evolution in design since che eatly 1940s has pushed the operating temperature very close to
the melting point of the nickel-based alloys employed. These alloye have correspondingly
improved, progressing from simple solid solution hardemed structures to complex precipication
hardened structures, with very complex compositioms (e.g. 20Cr, 10Ce, 5Mo, 5W, 3Al, 1Fe, and
others, bal.Ni) but in which each alloying element has a specified role to play. It has alse
been necessary to modify processing of the components, chiefly turbine blades, and thare has
been & progression from forged or wrought products to precision cast products, enabling the
use of higher strangth alloys wmore difficult to mechsnical form. Further improvements have
employed directional solidification of precision castings, firstly to produce unidirectional
grain structures with improved creep resistance, and currently £o refine the precision
casting technology to produce single crystal turbine blades, with better elevared tempsrature
properties than polyecrystaliline blades., Current research is involved with modifications of
the alloy chemistry to achieve the optimum compositiens for single crystal blade preduction
and service performance.

Two more non—ferrous metals arc worthy of specific mentien: Chromium and Beryllium.
Roth could have a bright future in many applications, especizlly aerospace; chromium because
of its high-temperaturs characteristics (perbaps 2s a superior replacement for niekel), and
peryllium hecause of its extreme lightness and high elastic modulus. However, producing
chromium and beryllium alloys in a strong, tough, ductile form remains an intractable problam
in non-ferrous metallurgy, although many of the new processing techniques being developed for
other alloys may give some hope for a future breakthrough.

2. METALLIC GLASSES
Metals are normally crystalline. Howsver, some metallic alloys can display a

non-crystalline, or amorphous, or glassy state, if crystallization is prevented by cooling
them very rapidly from the liquid (or gasecus) phase, normally at vates w109 deg 571,
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such that the atoms are frozen in their liquid configurations (essentially producing a new
state of matter). Rapid cooling from the melt is normally achieved by "splatting" a ligquid
droplet, or continuous stream (melt-spinning), onte a ¢old metallic substrate (see

Section 9.1{d)). These metallic glasses show some unique magnetic, electrical, mechanical
and corrosion behaviour due to theixr amorphous structures, and offer some intriguing (but not
yat fully exploited) possibilities for engineering.

The easiest alloy to turn imto & glass is Pd-Cu-5i; probably a cocling rate
w102 deg 8% will be gufficient: the most difficult material is nickel, requiring
1010 deg s~%, The cooling rate required will determine the maximum thickness of glassy
ribbon that can be produced, therefora, glassy nickel is restricred to very thin fabricated
forms, for example:

Pdy7.50u48115.5 at 102 deg 57l gives ml mm thicknesses;
AuygGe,5ig at 10° deg 57! gives 0.0l mm thicknesses.

The large number of metallic glasses now known fall substantially into two lavrge
families:

(i} Metal-metalloid alloys, of approximate composibion (MjMg....)lag
(mjmp....)70 where the M are metals (generally transition metals) and the m are
metalloids. 80/20 appears to ba the idesl ratio but there is a good deal of latitude in the
proportions. Examples are:

FegpBag-

{ii} Metal-metal alloys, of which examples are:

Nigglbsns
CugpZrgy-

Of the various alloys which have been investigated, the most studied is
Fe,oNigoP14Bs, code—named 2826 by its commercial producers, Allied Chemicals (USA).

Of the material properties, the most valuable is ferromagnetism. Generally, metallic
glasses (e,g. FeysPsCoyp, Co7gPpz) are extremely "soft" magnetically, with very
high initial permeabilitieca. However, a small group (e.g. a rare-earth glass ThasFegsy,
produced by sputtering} are magnetically "hard" permanent wmagnet alloy glasses.

A hope that a magnetic glass with zero magnetostriction might have virtually infinite
permeability ha#s mot been attainable. Nevertheless, glasses such as "2826" have a very high
permeability, comparable with the best "permalloys", and the further advantage that being
extremely strong they do not lose their high permeability by plastic deformation during
handling as do erystalline permalloys. Applications include miniature transformer
laminations, magnetic cores, magnetic shielding sheet (woven from 2826 ribbon boumd with a
polymer undar "Metshisld" trade name). Metallic glasses can offer some considerable
advantages over silicon-iron, and it is ¢laimed that they offer the unique opportunity to
decrease future AC power distribution (50-60Hz) transformer cotre losses by as much as 75%,
and should find future wide-scale use in a variety of large and small transformer core
applicatious. .

Metallic glasses exhibit some remarkable mechanical prepezties. They are all very
strong and stiff, the strongest known, FeggBag, is stronger than the best carbon fibre
and zlmost as stiff:

FeggBpg: yield strength 3.6GPa elastic modulus 187 GPa;
NiggFesnFiaBe (Metglsss 2826): yield strength 2.3GPa elastic modulus 125GPaj

TigpBeypirig (Metglass 2204): yield strength 2.3GPa elastic modulus 105GPa.




WHO/ RPD/ACHR(TT) /87
T.F.1
page B

(Metglass 2204 has the highest available specific yield strength, because of its low
denaity.) Metallic glasses are also exceptionally hard and have a high registance to sliding
wear. However, they have very limited ductility (plastie elongation te fracture in tension
r1%) but enough to render them less sensitive to surface defects than ordinary oxide glasses
(particularly important when comparing the materials as (veinforcing) fibres).

These interesting mechanical properties de not gseem to have been exploited, although it
is expected rhat TispBegzplZrip glass, with its high specific strength may well find uses
in aerospace, perhaps in metallic glass fibre/ribbon strengthened epoxy-based composites (see
Section 6), which is an area vwhere the high mechanical strengths and stiffnesses of metallie
glagsses might prove particularly fruitful.

The corrosion resistance of merallic glasses is very promising, although to date there
are thought to be no commercial applicatiens. The glass must centain Cr and P Lo gzive the
best corrosion behaviour, although it is also thought that the homogeneity of composition and
absence of grain boundaries, which results in an oxide film with no chemical and structural
variations, is an important contributien. To utilize this property, and also probably that
of superior wear resistance, it will be necessary to produce "glassy"! coatings on metals
{usually steel) and it is possible that the new technique of "laser-glazing", in which a
focused, intense laser beam is made to scan a raster across a large area of metal surface,
may lend itself to such a manufacturing operation.

The electrical resistivities of metallic glasses are three to four times higher than
conventional Fe or Fe-Ni alloys, and are almost independent of temparature over wide ranges
(decreasing sharply on crystallization). Although this property has not yet found a direct
commercial use, it is useful for certain potential magnetic applications by reducing
high-frequency (eddy current) losses.

Tt is also worth reporting that some alloys display 2 zero thermal expansicn coefficient.

Rapid solidification techniques can give not only glassy "amorphous' alloys, but also
(metastable) microcrystalline structures with extended solute solubilities, fine dispersions
of multiphase particles and vastly reduced gegregation.

3. PLASTICS

The commercial availability of a wide range of plastic materials has occurred relatively
recently and although plastics have already been found to be improved or cost-effective
substitutes for other materials in certain applications it is likely that this trend still
has 2 long way to go before a final equilibrium is reached. Moreover, the scientific
understanding of their malecular structure and its control and modi fication i3 continuing
apace, and so new and improved polymeric materials are continuing to eanter the market.

The major plastics can broadly be divided into the Thermosets which are formed to shape
with heat and polymerize at Cemperature to give permanent hardness, and the Thermoplastics
which undergo no chemical change during moulding (roughly softening on heating and hardening
on cooling) and can be made either hard or soft. (The division between the two cannot
strictly be made bacause, for example, thermoplastic materials may become therm atting by
making certain additions.,)} The potential of this major group of materials can he realized by
profiling a selection, and mentioning their main properties and some examples from v de
range of uses for which they are already being employed,

Well known amongst the Thermosets are:

Phenolics - good combination of mechanicgl, elactrical, thermal and chemical-resistance
properties, dark colour, low cost, the first fully artificial polymer (e.g. Bakelite trade
name). Various uees, many domestic, e.g. simulated wood effects on furniture.

Amines (melamines) - hardest plastic available, excellent insulator, range of colours
(e.g. Formica trade name). Various domestic uses, e.g. kitchen surfaces, electrical switch
housings, plugs.

Polyester resin — variable stiffness and easily fabricated, good liquid resistance,
translugent or pigmented, wide g¢olour range. Various domestic uses, e.g. bathroom fittings.

S
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Commonly reinforced with glass fibre for structural uses, e.g, small boat hulls, trueck
bodies, furniture, luggage.

Epaxies - versatile; solid or liquid, transparent or pigmented, variable stiffness,
good adhesive properties (e.g., Araldite trade name). Can be reinforeed with glass fibre for
structural use (but more eéxpensive than polyester resin), Used for the nose of the Concorde
aircrafe.

Alkyds - good dimensional stability, non-burning, opaque colours, sase of moulding.
Used extensively in coatings, in encapsulation, for high—grade electrical insulationm,
€.z, power line coatings.

Elastomers (i,e. rubbers with a Thermoset-type structurs) which can withstand repeated
elongation up to ~200% and yet exhibit complete strain recovery upon removal of the applied
load, for example:

Silicones = good environmental resistance, and available as pastes. Various uses
ay seals, gaskets, vibration mountings, encapsulation, wire and cable insulation.

Urethane elastomer - ex¢ellent abrasion resistance, high hardness, resilience and
load-bearing capacity. Used for shoe soles and heels, seals, gaskets, gears, vibrarion
mountings, belts, (Urethanes also usad as rigid "foams" to give reinforcement (and
insulation) to hollow shapes.)

Well known amongst the Thermoplastics are:

Polyethylene (polythens) - flexible (low density) or rigid ¢high density), good chemical
resistance, opaque colours, low cost., No solvent resistance. Various uses, e.g. pipes and
pipelines, bottles, "plastic bags", ete.

Polypropylene — Lightest plastic, excellent electrical insulator, good heat and chemieal
resistance, good abyasion resistance. Various uses ineluding hospital equipment needing
sterilization (because of hot water resistance), luggage, chairs., It can be "flexed" several
times (many millions) without bresking and so can be used for "plastic hinges",

Vinyls (polyvinyl chloride, PVC) - good strength and abrasion zesistance, chemicsl,
water and flame cvesistant, excellent electrical propecties, wide colour range, clear or
opaque, The largest "tonnage" polymer, used widely in building materials, e.g. flooring,
pipes, electrical insulation, in footwear and in elothing.

Polystyrene - dimensionally stable, rigid and brittle, attacked by solvents, wide colour
rhnge, c¢lear or opaque, low cost processing. Used in large volumes for food containers,
vending «ups, etc. Can be toughened by 5-20% rubber additions, usually polybutadiene,
dispersed in the polystyrene matrix, to give "high-impact polystyrene (HiPS) for structural
uses. (Styrene used also in copolymer blends {e.g. ABS)).

Nylen {Polyamides} = high tensile aud impact strength, variable stiffness, wear and
abrasion tesistant, dimensionally stable, self-lubricating. Used in engineering for small
(unlubricated) bearings, gears and cams, in fibre form for brushes, rope and clothing, etc.

Polyester - good strength and toughness, solvent resistance, low coefficient of
friction, low moisture absorption. Similar engineering uses to nylon, alse used as fibres
{e.g. Terylene trade name for clothing).

Polycarhonate - excellent impact streugth, good rigidity, dimensional stability and hear
resistance, non-burning and aoa-toxic, Cransparent with good colourability., Various uses,
e.g. blow-moulded plastic bottles, light diffusion panels, marine propellers, sunglass lenses
and frames, etc.

Acrylics =~ axcellgnt optical transparency, resistance to weathering, esase of forming
(e.g. Perspex, Plexiglass trade names). Usad for sky-lights, light fittings {street
lighting), leases, etc,
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Many two-phase systems have been developed: high-impact polystyrene, menticoned already,
is one example of a rubber—toughened plastic. Another is:

ABS (Acyylonitrile Butadigne Styreme) in which an clastomeric phase (e.g. polybutadiene
or a random copolymer of styreme and butadiene) is finely disparsed in a glassy matrix of
, styrene-acrylenitrile. Tt has good impact resistance, tensile streagth, scratch resistance,
and is opaque. It has found many domestic uges, e.g. vacuum cleaners, telephones, and zlso
used in safety helmets. Interestingly, it can be chromium plated for use as car trim = a
modern weight-saviang trend.

Polymeric materials are iacreasingly being usad as raplacements for metals in existing
industries and for completely new products in emerging industries. Where they can meet the
specified properties their attractiveness is largely the ease with which they can be formed
to complex shapes at only modestly high temparatures by injection moulding (see also
Section 0.9). However, it will be noticed that most of the uses of plastic materials
documented above (apart from building applications) have been for {cheap) consumer goods.
For general engineering use plastics have Etwo major deficiencies: one is their lack of
stiffness, although to 3 certain degree this may be successfully overcome by design. The
other is their poor elevated temperature properties when compared with mectals; the best
heat—fesistant thermoplastics have so far only reached a maximum operating temperature
~300°C.

However, the development of new grades of plastics, especially thermoplastics, with good
“engineering” performance has been an active area, and polymer chemists have learned how to
combine materials, polymer with polymer, polymer with elagtomer, polymer with inert fillers
and rteinfurcements, to produce new materials with a new price/performance ratio, and have the
ability to "tailor-make' materials for particular applications. Consequently, at least for
low-temparature service applications ( £7300°C) a number of engineering components,
particulatly in aevospace applications, are manufactured from "emgineering thermoplasties",
the largest market share being taken by the polyamides (aylon).

An exciting development 1s cusrent reports that some of the engineering thermeplastics
with the best heat resistance (for example, polyamide-based materials and polyether sulfone)
are undergoing trials inside the internal combustion engine, with the long-term goal of large
weight reductions.

The tensile strength and elastic modulus of crystalline and glassy polymers i3
comparahle with wood. The specific strength (i.e. strenzth/density), however, is comparable
with steel, although aluminiuwm alloys, perhaps a motre realistic competiter, would still show
better all-round specific properties. Both the tensile strength and the elastic modulus may
be incveased by drawing crystalline polymers into fibres, whergupon their mechanical
properties, specific or otherwises, become comparable to aluminium alloye. The drawing
process unfelds the melesular chains, which become aligned to a certain degree in the drawing
direction: and the fibre reflects the superior properties along the axis of the melecular
chains comparcd with transverse to the chain axis.

fslymers can only be made strong and stiff by exploiting the anisotropy of the molecule
in this way. The major challenge at the moment is o realize these properties
macroscopically, that is, to make bulk engineering materials utilizing the drawn polymer
fibres. Developments in this area will be reviewed in Section 6 on composite materials. At

this point it is relevant to discuss specific examples of the new polymeric materials that
are being produced in the form of specialized high streagth fibres.

Polyethyliene fibre may be drawa to give a strength ~3.5-7.0GPz and elastic modulus
~150"2500Fa. To all watents and purposes this process can therefore achieve in the drawn
fibre the theoretical modulus caleulated along the molecular chain axis. {However,
polyethyleae, even when in the foram of very high modulus fibres, wiil still melt well below
150°G and this limitation must be borne in mind.) Tt is appropriate to mention at this poiar
that attempts ars zlse being made to achieve a degree of molecular orientation and hence
impr ved streagths, by mechanically working plastics during forming; Celanese (UsA) is
reputedly working on extruding (oriented) polyethylene inte plpes and tubes,

Kevlar fibre has been developed and marketed by DuPont (USA). It is a polyaramid ia
which the melecules consist of amide and carbonyl groups separated by rigid phenylene rings.
The fibres are ~7pm diameter and have "as—spun” strengths ~2.5GPa and elastic modulus
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~30GPa (which may be increased to 70GPa by annealing at 400°C). Ilmportantly, it is able to
maintain these properties up to several hundred degrees Centigrade. Apart from fibre
reinforced composites, Kevlar iz used in cables where its stiffness, "corrosion' resistance
and light weight make it superior to steel in many cases.

Carbon fibre may be produced by heating and carbonizing drawn polyacrylonitrile, and has
as—carbonized strength »L..5GPs and elastic modulus ~200GPa., Treatment in argon at 1700°¢C
increasses the strength to ~3GPa, and annealing at 2600°C can put the modulus up to
400=600GPa. These high strength carbon fibres have probably created most excitement amongst
engineers, scientists and the media by their potential use as a reinforcement in composite
materilals for structural purposes.

The paucity of engineering applications for plastics is in contrast to the wide-scale
adaption of plastic materials by the building industry. This can best be illustrated by
various examples.

The chemical resistance of polyethylene and PVC (and polypropylene) make it useful for
domestic piping, drainage, vain-water goods, ete,

(Polyethylene is now the preferred material for underground natural gas distribution
maing and gservice pipe, with the obvious advantage of not suffering from soil corrosion; it
is Tapidly teplacing steel pipe in the UK and USA, Inside buildings '"plastic" gas pipes are
not permitted because of their low softening tempsratures. It is possible, however, that Lhe
newer grades of ¢rogs—-linked polyethylene (e.g. Pesalex trade name) emerging will have
sufficiently good mechanical properties up to ~4130°C to gain eventual acceptance for use in
domestic hot water and heating systems, therveby lactgely veplacing modern copper pipe. It is
projected that these changes in domestic piping will come about in the next decade or two.)

The clarity and toughness vf transparent glassy plasties like the acrylics and
polycarbonates make them attractive for glaszing purposes and light fittings.

Filled thermoset resins have aroused considerable interest. Resins like polyesters and
vinyl esters, which are established polymers of recognized stability in the marine and
chemical industries, sre now finding a variety of uses, both structural and decorative, in
building., Mixed with waste slate powder, or similar mineral fillers, they provide attractive
simulated stone cladding materials claimed to have excellent weathering characreristics.

Plastic foams (from thermossts or thermoplastics) for structural purposes; these
fine—celled foams are sufficiently rigld and strong to bear modest loads (e.g. panels,
furaiture) or even tough and flexible for shock absorption (e.g. they have even been
developad for car bumpers),

With the increasing use of bulk plastics or plastic-based materials in buildings, it
should probably be cautioned that there is no reliable data on their long—term stabilicy;
there is also anxiety over prediction of long-~life properties from "accelerated" test methods.

4, CERAMICS

Tonnage quantities of ceramics have long been manufactured as building materials (e.s.
beicks, zoof tiles, sanitary ware, underground drain pipes, ete.), pettery, refractories
(mainly for furnace linings) and electrical insulators (e.g. spark plugs}, but much current
ragearch, concerned with wmore closely controlled microstructures and composition, 1s aimed at
producing special (technical) ceramics for wider use in enginearing. Most of this work 1is
directed towards sustaining loads at very high temperatures. Traditionally, ceramics have
won their reputation for remaining inert under exacting chemical and environmental conditions
{as the coustituents of porous refractory bricks in steel making furnaces for example), for
their aesthetic qualities (texture, hardness and colour in tableware), or, more recently, for
their diverse range of electrical and magnetic properties.

Their main properties include high hardness, high stiffness, excellent wear and
corrosion resistance, and relatively low demsity. A major cutrrent ambition is to employ this
usaful combination of properties im heat engines. However, ceramic materials are britcle
compared with metals; they fail #asily when impacted and are also susceptible to thermal
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shock (i.e. they fracture when suddenly cooled). These latter properties may be improved by
reducing the "flaw" size (essentially small cracks introduced during raw material handling
and manufscture), and quite a lot of progress has already been made by introducing
"clean-room" processing conditions (move familiar in the semiceonduetor industry) to give flaw
slzes (lQPm and correspondingly improved "toughness™. Ceramic components are produced by
sintering previously prepared powders, and the "clean room" processing of the powders has
been important, but improvements to sintating processes have also provided reduced porosity
{less internal processing flaws); hot pressing, hot isostatic pressing (HIP'ing - see
Section 9 on process improvements) and liquid-phase sintering (induced by additives) are all
now commonly employed techniques.

The new special engineering ceramics of current interest are silicon carbide (8ic),
siticon nitride (8isN4), alumina (Al»03), zirconia (Zr0s) and the Sialons (a new
range of materials related to SigNg).

Alumina (A4150%) is a medium strength ceramic which has already found some success in
engineering applications as a cutting tool material, particularly in the more efficient
machining of hard metallic alloys, for example, the nickel-based alloys, although its use hay
been limited by its brittleness. Recent studies have shown, however, thar the toughness of
Al,03 may be more tham doubled by the addition of 13vel.ZZx0 {which undergoes a
stress-induced phase change to veduce the emergy available for "flaw' propagation and hence
fracture). Such "transformation-toughened” alumina has reached "bend strengtha” of 2GPa,
aquivalent to a high-tensile engineering steel. These new Al;04 ceramics are already
commercially available as tool materials.

$ilicon Carbide (5iC) and Silicon Nitride {5i4N,) both have a higzh meltiag point and
can he fabricated as dense materials. Both are hard and erosion resistant. Both have good
corrosion resistance and good mechanical properties up to 1300-1400° ¢, approximately 300°C
higher than the best nickel-based superalloys currently used for turbine blades. Both
maintain bead strength values of 500-700MPa up to ~w1200°C. Beth are brittle, but for
ceramics have relatively low coefficiants of thermal expansion and therefore come resistance
to thermal shock. Because of its lower coefficient of thermal expansion 5igNy 1s perhaps
the most promising 4s an engine ceramic and Rolls-Royce (UK) has tested SisNy turbine
blades in a helicoptar sngine requiring 40 000rpm at 1100°C, and SisN, air bearings, and
Associated Engineering (UK) has produced piston crowns made of Sisly for insulation

apainst small heat losses, and also monolithie pistons of $igN, (which aveids altegether
the joining problems).

zireonia (Zr0y) possesses a wide range of useful properties but to produce dense
crack—free ceramics requires stabilizing the Zr(s with small quantities of other oxides
such as MgO, Cad or Y;03. These ZrOp-based "ceramic alloys" have high fracture .
strengths {B00~1200MPa) and have achieved fracture toughness values of &-12MPa m+2 yith
in-exeess of 20 being claimed as a distinct future possibility. Thess toughaess values
reflact the snerpy absorbed near propagating flaws by the localized stress-induced phase
change of (metastable) tetragonal=Zr0O; to monoclinic-=Zr0j, already referrved to for

Aly03 "alloyed" with zr0;. (Both types of ceramic "alloy' are referred to as
"transformation toughened".}

An advantage of ZrQs over other ceramics, e¢specially Si3Ny, is that its

coefficient of thermal expansion is equal te that of cast iron, which is imporcant i
applications raquiring ceramic and metal combinations where & good-fit joint must be r 2,
for example, piston crowns in diesel engines, which is one application of current inte .5L.
Apart from this latter example, fully stabilized ZrQ; ceramics have also beea introduced

into experimental diesel engincs as tappets, and cylindex and exhaust manifold linings. It
is claimed that an improvement in efficiency of the conventional diesel engine (~s36%
efFicient) to about 48% efficiency will eventually be obtained, with the eventual goal of
producing an adiabatic diesel, that is, one that is uncooled and has no parasitic heat
losses., It is likely that engineering ceramics will also soon be introduced as wear
resistant parts to petrol engines., It 1s also thought that ZrOp is the special ceramic

being tested im trials for complets turbine and housing for tubochargers {the latter ziving a
40% weight saving and therefore more efficlent operation).
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Sialon or silicon aluminium oxynitrides (8yalen trade name) is a solid solution of
Aly05 in p-8i3N; where up to 75% of the N may be replaced by 0, with corresponding
raplacement of 81 by Al. They have propertiss similar to those of Si3N4 but may be more
sasily fabricated to high demsity by couventional methods. These makterials have emerged
relatively recently and much development work to optimize their properties remains to be
done, However, they are already being used commercially as cutting tool materials because of
their excellent wear propertiss at high cutting speeds. They are particularly designed for
machining cast iron and difficult materials such &8 Ni- and Ti-alloys. They are also being
evaluated for roller, steel and ball bearings, diesel and gas turbine engine components, and
other uses where wear resistance, heat vesistance, chemical inertness and thermal shock
resistance are required.

Beryilia is worthy of memtion in thls section. It is a high strength, low density
ceramic, but is not being studied with a view to its mechanical performance; it 1s very
expensive. However, it displays the interesting property for a non-metallic material of
having a high thermal conductivity surpassed only by Cu, Ag and Au. It is used for
high-temperature refractory ware, but also performs well as & tvamsistor heat sink in
microelectronics.

Plasma-sprayed ceramic laysers

In many of the applications being tested, or envisaged for ceramics, particularly to
increase wear resistance of certain reciprocating parts or bearing surfaces in engimes, the
ceramic may more effectively Be used as a coating on a more conventional metallic alloy.
Other reasons for coabing might be to provide oxidation or corrosion resistance, or thermal
or electrical insulation. Such coatings, with thicknesses in the range 0.1 to l.0mm, can
successfully be applied by Arc Plasma Spraying. This technique involves feeding the seramic
in powder form to the plasma gun (which strikes an arc in & suitable inert gas such as avgom)
where it is projected at a high velocity and in a molten or semi-molten state onta the
substrate, gradually building up the required solid coherent laver.

5. CEMENTS

Cement is a familiar traditional material, mest frequently used to bind togefher the
sand particles and/or aggregate to produce mortar and concrete for building purpeses, in
which form several million tonnes are uged each year. However, under the stimulus of recent
scientific studies, cement is currvently undergeing an appraisal to see whether it can be
exploited for more general building and engineéring purposes.

Cement is chemically very complex, but broadly is composed of varying proportions of
calcium silicates, calcium aluminats and caleium aluminoferrite. On mixing with water it
hydrates zapidly to form a microcrystalline solid. Cement has a number of atiractive
properties; apart from being readily available, the raw coustituents of silicates and
aluninates being the most abundant constitusuts of the earth's crust and therefore readily
extracted, it is also easily processed, and by a low-temperature technology compared with
metzls; it is also rveadily moulded, without heat, by simply mixing with water; it does not
burn, dissolve or rot, and it displays a moderate compressive streagth. However, it 15 very
wedak In tension or bending, particularly under impact loads, for example:

PVC Al Cement
Bending streungth (MPa} 130 1530 3
Fracture Energy (Jn™2) 102 107 20

For acceptance as a more general eénginesring material it has been necessary to ifmprove the
"eoughness" of cement, and some considarable steps have recently been taken in this
objective. Basically, these stem from an experimentally verified recognition that cement,
like all brittle solids, obeys the Griffith's fracture criterion, which, practically stated,
says that the fracture streagth is dependent on the maximem flaw size in the material, and
congequantly, that the fracture strength should incresse if this flaw size can be reduced.




WHO/RPD/ACHR{TT) /87
T.PL L
page L4

In cements, this flaw size has been related to the porosity that occurs naturally during
hydration, and by zeducing this porosity and the pore size, to produce so—called Macwo Defect
Free (MDF) cement, the mechanical properties have besn improved, for example, to an unnotched
bend strength of 150MPa,

MDF cement has been produced by barter mixing techniques, by rolling, and in some cases
by polymer additions. There have also been even more tecent developments involving filling
up the pores with inert additives, for example, micrasilicas particles obtained from silica
fume, which produces high~density cement with an impressive compression strength »270MFa
{which is only half that of structural steel). Future developments may incorporate the
similar utilization of fly-ash and Blast Furnace slag of which millions of tonnes are
produced annually, Several techniques of reinforcement, on a microscale, rather than with
the on—site insertion of tensioned steel rods, have alsoc been investigated, but will be dealt
with in Section & on compesite materials.

It is pessible that the new MDF cements may in some cased provide cheap substitute
materials for metals and polymers, rather than c¢reate new products by virtue of their
properties, and initial marketing exercises seem to be directed in this way. Posgsible
building applications claimed include:; partitions, cladding, lvad-bearing floors, ceilings,
decorative tiles, ete., which make use aot only of improved tensile strength, but also low
density (4 2,5g/cc), stiffness (elastic modulus ~~50GPa), corrosion and heat resistance, low
thermal conduchivity, good acoustic damping, and gaze of moulding (and colouring). Low
permeability and good resistance to acids, alkalis and solvents should enable its eventual
gafe use for pipes and waste containers, and controlled poresity may allew its application in
filter beds and filtration devices.

Complex moulding is possible with MDF cements which can flow and fill a mould to
reproduce its fine detail accurately. Accelerated setting is also possible by heating (to
~100°C), and it is claimed that such a process becomes competitive with the injectien
moulding of plastics, for example, thermosetting resins such a melamine or thermoplastics
such as polyethlene. WMDF cement ig also twice as stiff as the best reinforced plastic and
does uot melt or burn, As wall as its heat resistance (melting point ~~2500°C) it is also
more resilstant to thermal shock than alumina ceramics. However, some of these initial claims
may have been over—optimistic, because the production rates of experimental products (e.z.
tubes, tiles) made from these new cements are very much slower than is currently achieved
with traditional materials. 1Tr is mosc likely thac this (unacceptable) factor will rule out
MOT cement as a serious substitute for the manufacture of cheap mass-produced articles,
although 1t may eventually be able to compete in the small-scale production of high added
value products; for example, Hi-Fi speaker cabinets, which make use of its good acoustic
damping properties, are already being manufactuved.

High—density cements with high compressive strengths and improved tensile stvengths may
wall find some engineering uses as dies and forming rtools, especially as cement can also have
good wear resistance., Expendable cement dies are already used in high-energy explosive
Eotming; in future it may be possible to use ¢ement dies repaatedly and more
cost=cffectively 1n the press Forming of sheet metals.

There ig little doubr that cement will eventually be usced on 2z wider secale than it is at
present, It already serves as a chesp substitute material where the need exists, for
example, owing to the lack of timber, about 50% of all river barges and boats in China are
now made of ferrocement, As the properties, particularly the mechanical strength in tension,
and production techniques, ave improved, cement-based systems may become cost-effective
substitutes for some plastics and metals in certain applications.

6. COMPOSITES

Composites are {usually) syanthetically made systems combining two oc more dissimilar
materials to optimize the propeurties of each. For structural purposes the objective is to
increase strength and rigidity, perhaps simultaneously reducing density. Since adding fibwres
ta beittle solids, even when the fibres themselves are brittle, inereases the complexity of
crack paths, additicnal toughness 1s often conferred as well.
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Class-reinforced plastic (GRE) is a weaker polymer resin strengthened in one— or
two-dimensions by the incorporation of stronger glass fibres. 1t has been used for some time
but never seviously considered as an engineering material because of insufficient rigidity,
although this problem has sometimes been circumvented in design, for example, by cladding an
already rigid structure, or using double—curvature (as in small beat building). Recent
intevest in reinforced plastic composites has been awakened by the development of carbon
Fibres which have excellent properties and can be produced relatively economically by
straightforwazd industrial processes. However, potential composite materials have expanded
Further thae carbon Ffibre reinforced plastics (CFRP) as the ability to produce "reinforcing
fibres" commerecially from a range of materials has subsequently been developed. These
includea:

Carbon fibres (~v0.0lmm diameter) have been dealt with briefly in Section 3 on
polymers., Most interest has focused on their reinforcement of resin-based systems.

Boron fibres (~ 0.lmm diameter) have been incorporated in resin-based composites
{e.z. epoxy) wnere their greater thickness than carbonm fibres imparts generally higher
compressive strength to the system, They have also been incocvporated into metallic matrices
{e¢.g. aluminium) by coating with silicon carbide or boron carbide to give a diffusion barrier
to imhibit surface degradation of the fibre by reaction with the matrix or oxidation at high
temperatures.

Glass fibres are as strong as the new inorganic fibres but lack rigidity on account of
their molecular structure. However, there is some interest im the newer alkali-resistanl
glasses, derived from Na0-5i0y glasses containing ZrOp, as a reinforcement for cement.

Rapidly selidified fibres with amorphous or microerystalline structures are promising
new "Fibre materials™., As mentioned in Section 2 on metallic glasses, Cthey have
exceptionally high strengths and are very corrosion resistant. Moreover, because they can
undergo some limited plastic deformation, they are not as brictrle as ordinary gplasses. They
are ideal for reinforcement of polymers, metals or even cement, but are uniikely to arnjoy
widespread use because of their very high cost.

Metal or Ceramic single crystal "whiskers", grown specifically to contain very low
{mobile) dislocation densities, nave very high yield strengths, but their cost, manufacturing
difficulties and thermal instahility combine te prohibit their use.

Alumina fibres have been produced by DuPont (USA) and although their cost is unkmown it
is possible that they may be cheaper than Boren fibres and competitive with Carbon fibres.
Essentially ¥99% @-Al;03, the fibres have an elastic modulus of about 380GPa,
comparable with those of carbon and borom fibres, and z minimum tensile strength of about
1.48Pa. Lt is claimed that strength and modulus remain substantially unchanged at
temperatures up to L000°¢. Alumina (and Zixcenia) fibres have also been devaloped by ICI
{UK) - trade name S5affil - and are resistant Lo temperabures up to 1600°C and give no
biological ill-effects. Consequéutly, they are of iuterest in high—temperature insulation as
2 substitute for asbestos, which has an upper-temperature limit of 650°C and is Etoxic.

Silicon carbide fibres have been produced which appear inert in a wide range of metallic
matrices, although little development of ¢omposites has yeb been achieved.

Organic fibres cold-drawa from spun polymer fibres have sufficient molecular orientatiom
to achieve substantial improvements in strength aud rigidity, and have the unique advantage
over non-metsllie inorganic fibres im not being brittle, The best known example is Kevlar
which has been mentioned briefly in Section 3 on polymers. Despite encouraging properties
intermediate between glass and carbon fibres, Kevlar does have two disadvantages as a
reinforcement fibre. It is nydrophilic aud therefore must be dry before incorporation into
the composite matrix, and its long-term stability in wet atmospheres may be unsatisfactory.
It also has poor shear and compression propexties which means that composites based on Kevlar
reinforcement are weaker under non-teasile loads.

It is reported that drawn polyethylene fibre, also previcusly mentrioned in Section 3,
has been used by Celanese (USA) as the reinforcing fibre in protsctive helmets, aireraft

parts and dental plates.




WHO/RPD/ACHR(TT) /87
T.P.1
page 16

Compogite systems include;
Fibre-reinforced ceramics, which have had lirrle success, primarily because of

fabrication difficulties involving chemical incompatibility during firing, and also craeking
due to thermal contraction mismatch.

A number of systems have been evaluated, however, and show promise if fabrication
difficulties could be overcome. For example:

5iC fibres/8igN, matrix: fracture strengths of 55-127MPa, and work of fractura
~r200-900 J w~2 have been reported. The system has 2 low fibre/matrix bond strength, which
gives higher toughness values at the expense of fracture strengths, & not unusual combination
in composites.

Carbon fibre/lithium alumino-silicate matrixi: fracture strengths ~~1000MPa, and work of
fracture ~10% J m 2 have beea obtained, along with excellent shock resistance.

Fibre-reinforced cements are currently receiving a lot of attention, partly because of
the recent developments of the stronger low-porosity MDF cements which would provide improved
cement matrices, but probably also partly bacause of a desire to veplace for health and
safety reasons the asbestos filled cement traditionally used in building for roofing,
gutters, pipes, ete, The addition of fibres derived from glass, polypropylene, celluloss
{e.g. wood pulp), amorphous metal ribbon and stainless steel wires are being tried.
Asbestos-free insulation boards using wood pulp have been manufactured although thelir
long-term stability remains questionable., Conerete reinforced with steel fibres has been
uwsed for pavements. Metalklic glass fibres have been demonstrated a superior cement
reinforcement, a 2000-fold inerease in the specific fracture werk being achieved by
incorperalbion of only lvplZ fibres, but the cost penalty may inhibit use in more than very
special applications.

Rarly preparations of glass reinforced cements (GRC) based on ordimary Portland cement,
ather than the high alumina variety, and using silicate glasses, suffered from the highly
corrosive alkaline environment causing rapid strength loss. Consequently, alkali-resistant
glasses were developed (and are marketed for reinforcing Portland cement under the trade nawme
"Cemiil"), although even these are not totally unaffected by the alkaline envizonment, and
may lose some 60% of their original strength. However, GRC does allow considerable
flexibility of built form which permits its successful use for non-structural applications
such as cladding.

Fibre-reinforced metals were the subject of much early work in attempts to improve the
high-temperature performance of nickel and titanium matrices by incorporation of tungsten and
Carbon or Bovon Fibres, regpectively, but problems such sz inter-diffusion and oxidatien
damage were mot overcome. Thermal stability of the composite system at high temperatures was
eventually achieved by fabricating the compesite by non-synthetic methods. Dirasctiomal
solidification of eutectics based on Ni-TaC and Co-TaC im which the crystalline fibrous phase
iy grown from the melt in thermodynamic equilibrium with the matrix gave aligned structures
equivalent to those produced by syntnetic incorporation of fibres into metailic matrices but
in which the rods of the aligned eutectic phase were more compatible with the e, 2cbie matrix
phase at temperatures up to the eutectie melting point. These systems offered some hope~ for
use as turbine blades in engines oparating at temperatures 7 1000°C, but have met some
problems, including their thermal fatigue resistance. It is claimed that promising
experimental work is also being carried out on $iC fibres in metal matrices including .., Co,
Fe, Cr and Mo, but it is too soon to judge the likely outcome of these studies.

Much of the development work on metal matrix composites 1s now concentrated on
low-temperature systems, mainly based on Cathon ar Boron fibres in aluminium as competitors
for resin matrix composites. Apart from the cost, and possibly surface damage to boron
fibres during composite manufacture, and interfacial corrosion problems in carbon/alumirnium
systems Ln dqueous environments, there seem few disadvantages, whereas the merits of these
systems are good teasile strength and elastic modulus, even in the transverse direction,
excellant (in the case of boronfzluminium) compréessive streagth both parallel and normal to
fibres, relatively high impact strength and fracture toughness, high specific strength
(boronfaluminium system has highest strength/density ratio of all commen structural
composites), high sottening temperatures and esse of joiniag by welding, brazing or diffusion
bonding. Despite these attractions the onaly known applications are:
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(i) Boron/aluminium tubular struts and stabilizers for mid-fuselape section of space
shuttle orbiter.

(1i) Boronfaluminium tapes for selective reinforcement of tennis vackets.

However, two experimental developments are known to be under way, One is by British
Rail {(UK) and the aim is to produce carben fibre reinforcement of aluminium (or magnesium)
for successful application as structural members in rolling stoeck, onme example being to
reduce the weight of the wheel set (axle plus wheels) by manufacturing axles from such
composites. The other potential development is by Toray (Japan) who are working to produce
carbon fibre reinforced aluminium windmill blades. Both companies are also activaely engaged
with other metal matrix composite systems. UBritish Reil is also attempting to improve the
properties of tim—based "white metal” axle bearings by the incorporation of carbon fibres,
whilst Toray have already manufactured a carbon fibre reinforced copper thyristor support to
replace tungsten-molybdenum alloy, in which the thermal expansion coefficient is adjusted to
that of silicon,

The only other new development work on coanventional metal matrix composites appears to
be that of DuPont (USA) on the reinforcement of aluminium and magnesium with their
exparimental alumina fibre, and similarly, that by ICI (UK) on the reinforcement of aluminium
piston crowns by their {Saffil) alumins fibre. (-Aly03 is likely to be well suited to
such matrix reinforcement on account of its chemical inertness, high-temperature stability,
and ability to form a good band with thege metals,

A different, slightly less conventional development, is the production of ultra-fine
filamentary metal/metal composite systems by mechanical working. A two-phase alloy is first
prepared by casting or powder metallurgy techniques im which both phases are sufficiently
ductile to withstand large reductions by swaging and drawing. For example, a Cu-18volZNb
alloy coutains Nb pacrticles in the ag-cast condition ~1-10pm in size, but can be reduced in
cross-section by 99.999% to give long Wb filaments »~v100-200& thick. The copper matrix is
highly work-hardened whilst the Nb filaments are virtually dislocation—frees (equivalent to
metal whiskers and with streagths to match, i.e. 2.2GPa). These experimental systems exhibit
good mechanical properties when compared with conventional composites., Additlonally, the
electrical conductivity of the Cu-Nb system is higher than any known high strength
high-conductivity material.

Fibre reinforced plasti¢s have, perhaps, been the most successful area of composite
development, with & number of systems commercially available to give a wide range of
optimized strength, zvigidity, toughness and cost. These have initially been based on the
thermoset plastic moulding mataerials, polyester, epoxy, phenolie or silicone resins, with
varions reinforcements, although of principal interest are the polyester and epoxy-based
systems, reinforced with glasa, carbon or Kevlar fibres. Probably epoxy/glass composites have
been most widely used for structural purposes, but they have a maximum working temperature
~+180°C, As with bulk polymers, high operating temperaturs is a majer limitation on the use
of reinforced plastic composites in competition with low—density metals guch as aluminiam or
titanium, At low operating temperatures, however, they can provide a strong, low density and
easily fabricated material for structural purpoges,

Glass-reinforced plastics (GRP) have found many applications in the building industry,
an example being double-walled structural panels of GRP, stiffened and simultaneously
thermally insulated with rigid plastic foam, for use as curtaim wall materials., Decorative
effacts can be produced by filling (e.g. with bronze powder) or by moulding against a
sculpted surface, Modern GRP materials can now be formulated for many specific building
requivements, for example, weather resistance or light stability (claimed to be good for
25 years exposure), chemical resistance {(to acid or alkaline solutions), and fire-retardant
additions can be made to give self-extinguishing properties.

Thermoplastics are also being used as matrix materials, and an expanding area is their
reinforcement by short carbon fibres {CFRTP} for general engineering use. Almost any
injection-moulding grade thermoplastie can be reinforced by carbon fibres, although the
choice will be determined by compatibility with the general engineering desiagn needs. 1In
load-bearing applications a Nylon matrix gives the best overall mechanical performance inm
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terms of streagth and modulus over a faily wide temperature rangs. Compounds bassd on
polyethersulfone (PES) and polyetheretherketone (PEEK) are being used in applications where
higher temperature performance is required. Specific applications have been found in the
military and aervospace fields and engimeering thermoplastic matrix composites ghould be an
area of future growth.

Carbon-fibre reimforced plastics (CFRP) are beginning to appear in engineeving, in
applications where weight saving is at a premium, for example, Brirish Rail are evaluating
hollow axies made out of CFRP to reduce the overall weight of the wheel set (axle and
wheels). An increased toughness over conventional CFRP will be needed and experiments on
toughening the resin matrix with elastomeric additions (e.g. pelyurethane rubber) are being
made, Similar experiments are also being carried out te evaluate long hellow propshafts for
lorries. Weight saving oppertunities are also being expleited in the serospace industry, for
example, the fuselage and wing construction of the prototype Lear Fan Jet, the horizontal
tail of the Boeing 737-200 Twin Jet civilian passenger aircraft (giving a weipght saving of
i 22% over aluminium) and approximately 25% of the Harrier Jump Jet military aircraft.
Several applications have already been found for high-value products in the leisure industry,
for example, golf club shafts, fishing rods, temnis and squash rackets, snow skiz and poles,
yacht masts and booms, rowing shells and cars, cances and "hi-fi'" audio equipment.

Finally mention might be made of composites of & different nature; plastic coated
fabrics, These are finding increasing use for inflatable structures, for example,
air-houses, where temporary, but rapidly-erectable accommodation is needed. Typical systems
inglude PVC=-coated terylene cloth, and PTFE (polytetrafluoroethylene)-coated glass-fabric.
7. NOVEL MATERIALS OR PROPERTIES

7.1. Buperelasticity (giving the Shape Memory Effect)

Some alleys exhibit an anomalously high, fully reversible, apparently elastic strain,
effectively a rubber-like behaviour in metals, known 23 superelasticity. This phernomencn is
connected with the martensitic transformation exhibited by the alloys, which may be thermally
or strain-induced. It has been found that a reversible elastic strain may be stored in the
matarial and recoversd by simple heating. This capability has become known as the Shape
Memory Effect {5ME}, and is the most commercialized property relatred to superelascicity,
although other potential applications such as high damping capacity are beginning to emerge.

SME has been identified in about 18 alloy systems but the only commercially available
magerial is a NiTi alloy. The most significant exploitation has been achieved by fhe Raychem
Corporation (USA) who have developed a heat-shriok pipe coupling in NiTi (trade name
"Cryofit"”). The coupling is made initially of smaller internal diameter than the pipe to bhe
joined and is subsequently expanded at liguid nitrogen temperature to greater internal
diameter than the pipe, thus allowing easy fitting. The coupling recovers its original shape
on warming to room temperature, shrinking to provide a very stromg joint. There are a number
of other ways in which SME could be used, but many could equally well be achiaved using
bimetallic strip, which is already a highly developed technolozy.

7.2 Bolid-state electrolytes

The ability to store electrical energy is increasingly attractive and so much recent
cesearch has been directed at improving or developing new secondary battery systems (that is,
those in which the cell reaction is reversible allowing regeneration). Electrolytes, as well
as electrodes, have been the subject of some of this work, An electrolyte must be a good
ionic conductor but a peor electronic conductor (otherwise an appreciable electromic
transport would short cireuit the cell) and are conventionally regarded as either ionic
substances in aguacus solutions, or molten salts. However, a number of solids exhibit
anasually high ionic mobility, and sedium f-alumina ceramic (Nag0.11A1903) has been
shown to have considerable potential as a solid-state electrolyte in an advanced battery
system of the form:

Na B-AlaD3 Nap53

(lignid electrode) {solid ceramic electrolyte {liquid electrode)







