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1. Introduction

The Consultative Group Meeting on Collaboration in Testing and Evaluation of New Materials
was organized by UNIDO in cooperation with the Korea Research Institute of Standards and Science
{KRISS) and held in Daejon, Republic of Korea, 22-24 March 1994.

The Meeting was attended by 11 participants from 8 countries . The list of participants is
attached as Annex I.

The objectives of the Meeting were:

- To exchange experiences among the participating countries in the area of testing
and evaluation of new materials.

- To identify the needs, potential and areas of cooperation in this field .

- To discuss a pilot activities phase of an International Centre for Materials Evaluation
Technology (ICMET) and sources of its funding.

- To work out recommendations and follow-up activities required for the
establishment of the ICMET and promotion of cooperation in the area of testing and
evaluation of new materials.

2. Opening of the Meeting

The meeting was opened on Tuesday, 22 March 1994 at 10:00 a.m. at the Korea Research
Institute of Standards and Science. in opening of cthe meeting, UNIDO representative welcomed all
the participants and thanked Dr. Park and his staff for their excellent work in preparing the meeting.
He pointed out that this meeting covered the issues raised in the Regional Workshop on Testing and
Evaluation of New Materials for Asia organized by UNIDO in cooperation with KRISS and held in
Daejon, the Republic of Korea, from 25-28 March 1991,

UNIDO representative outlined UNIDO's overall approach on the promotion of new
technologies in 7 ipport of industrialization process in developing countries and ir-rease of
competitiveness of their industries. He then introduced UNIDO’'s work in the area of new and
advanced materials, emphasizing the importance of regional and international cooperation and
establishment of centres of excellence. In this connection, he reported what resuits had been
achieved by UNIDO and the Republic of Korea in their joint preparatory work for the establishment
of an International Centre for Materials Evaluation Technology (ICMET). He also informed the
participants about the support expressed by other countries and individual institutions to this
initiative during the preparation of the feasibility study on that issue and expressed the hope that
further its promotion and establishment would lead to more cooperation in this vital area.

Dr. Park, the President of KRISS, welcomed the participants to the Republic of Korea and
KRISS. He highlighted the importance of new and advanced materials for industrialization and
economic development of a country and the role UNIDO was playing in promotion of design,
manufacturing, testing and evaluation of new materials and in their industrial application in
developing countries. Dr Park stressed the fact that new materials with added value and advanced
functions required more sophisticated and systematic techniques of testing and evaluation for their
practical application. He emphasized that the testing and evaluation technique for new materials
should be compatible and standardized at the regional and international level and thus the
internatinnal cooperation should be strengthened.




Dr. Park noted that strong cooperation in this area took place among the G-7 countries
within the frame of the VAMAS project. But there was a lack of concentrated activities among
developing countries and between them and industrialized countries. Therefore, KRISS and UNIDO
with the support of the Government of the Republic of Korea were working on the preparation for
establishing an International Centre for Materials Evaluation Technology. He expressed the hope
that ICMET would aim at eliminating of this gap and would lead to even more international
cooperation in this important field. Finally, Dr. Park called participants for fruitful discussions and
eiaboration of concrete plan for the establishment and further promotion of ICMET.

3. Administrative arrangements
Election of Officers

The Meeting unanimously elected D Hahngue Moon as Chairman of the Meeting. The other
participants chaired selected workirg sessions of the meeting.

Adoption of Agenda

After discussion, the Meeting adopted the following agenda:
(i) Opening of the Meeting

(ii) Administrative Arrangements

{ii.i) Election of Officers

(ii.ii)  Adoption of Agenda

{iii) Presentation of Issue Paper
(iv) Presentation of expert papers
(v) General Discussion on the subject

{vi) Review session and discussion on the mode and scope of

cooperation within the preparatory and pilot activity phase of ICMET
{vii) Discussion on possible sources of funding for the proposed work programme
(viii)  Discussion on and adoption of conclusions and recommendations/follow-up activities

{ix) Concluding session and summing up
(x) Closure of the Meeting
4. Conclusions and Recommendations

The Meeting stressed that materials technology is a key enabling technology for a wide
range of industrial sectors which have a major influence on the economic and industrial
competitiveness and reliable methods of testing and evaluation of new and advanced materials are
crucial for their successful development and efficient incorporation into competitive industrial
products.

The Meeting fully supported the initiative for the establishment of ICMET as an appropriate
institution for international cooperation in the area of materials evaluation.

The Meeting considered it essential to establish a network as ¢ compiement to ICMET and
participants agreed to undertake initially the role of national focal point.

After reviewing of the background documents for ICMET, the Meeting feit that the Feasibility
Study for ICMET was valid and provided the basic steps for its establishment.

The Meeting agreed that the preparatory and pilot activities for the establishment of ICMET
be carried out as a UNIDO project to facilitate an international character of the Centre.




The Meeting welcomed with appreciation, the timely offer of the Republic of Korea to host
the Centre and provide resources for its establishment.

The participant undertook to explore ways of supporting the centre including in-kind
contributions.

The Meeting recognized the efforts and the constructive role that UN'DO has played in
promotion of ICMET as wel! as the resources devoted by UNDP/UNIDO for this purpose.

Based on the Feasibility Report, the Meeting elaborated a detailed programme of activities
for the preparatory pilet phase of the Cent-e. These activities are specified below.

The Meeting thanked KRISS for the hospitality and support provided during organization and
holding the Meeting.

5. Activities for the Preparatory Phase of ICMET

A, Introduction Base

(i} To establish national focal points which would be responsible for developing primary
contacts within their countries.

(i) "o develop an ICMET roster, initially focusing on the Asian region of a. institutions, b. key
tacilities ‘or testing and characterization, ¢. individual experts.

{iii) To collect information on existing data bases relevant to the functions of ICMET.
B. Promotional Works

(i) To prepare a promotionai brochure on ICMET inciuding names of contact points at both
national and international levels.

(i) Within the UNIDO mon;tor on advances in materials technology, to pubiish a newsletter on
activities within the framework of ICMET.

(iii) To promote ICMET through informaticn in national scientific and technical journals.

(iv) To promote ICMET during participation at national/international meetings.

(o} Workshops and Seminars

{i) To hold a special sessicn and testing and eva'uation during the 8th International Conference
on Physics of Semiconductors to be held in India in December 1995,

(ii) To organize a workshop on absorption materials for pollution and environmental control.

{iii) To co-sponsor an international meeting on testing and evaluation of advanced polymer
composites planned to be organized in Singapore by SISIR in 1995-1996.

{iv) UNIDO was .equested to organize a workshop on problems and trends in materials
evaluation and cnaracterization.




D. Training Courses
{i) To consider the organization of two training courses on:

- surface and interface analysis;
- real struciure of materials

E. Collaborative Projects
1) To develop collaborative projects in the following areas:

- characterization and mechanical properties of structural ceramic;
- characterization of materials for microelectronics;

- surface composition analysis by electron/ion spectroscopies;

- degradation of polymer materials;

- tribology of polymers and ceramics; and

- near net shape technologv for metal injection moulding.
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TESTING AND EVALUATION OF ADVANCED MATERIALS
oy

) M K Hossain
National Physic~{ Laboratory, Teddington,
Middlesex, UK, TW11 OLW

INTRODUCTION

Industrial competitiveness, economic growth of nations, and the quality of modern life all
rely st'ongly upon innovations in materials technology and hence it is considered widely 1o be a
critical technology. Without new and improved materials and prccesses, recent advances in fields
such as computers, communications, transport, healthcare and leisure could not have been realised.
fy the turn of the century markets for advanced materials have been estimated to reach $400 billion
globally, "a,nd in the USA alone, *.5 million "high skill” jobs will depend upon hew developments in
this field'".

Materials evaluation and testing plays a central role in the successful development, but more
importantly, in the applications of rnew materials into products. In this paper, key issues related to
testing and a,alysis are discussed with particular reference to structural materials ie materials with
load bearing properties. The irmportance of standardisation of testing methods is considered in the
light of globalization of markets and of industrial manufacture. Much effort and resources are
needed to meet the chailenge and there are significant opportunities for co-operation amongst
countries in underpin:iing work to provide the technical base from which widely acceptable
standards can be developed. An analysis of the current situation with indications for future
developments is presented here.

VALUE OF TESTING AND EVALUATION TO INDUSTRY

Many of the important advantages of advancer materials may be attributed to their superior
performance. Market requirements tend to dictate their use in more severe operating cenditions,
in areas of greater added value and in products emphasising greater design efficiency than traditional
materials. All of these require reliabie information on materials behaviour and properties based on
sound materiais evaluation techniques. Thus, reliable testing and evaluation methodologies are
required for:

{a) material development,

(b) quality control and assurance,

(c) materials specification,

{d) engineering design,

{e) product development and assessment,
(f) determination of residual life, and

(g) system maintenance.

Req.iirements will vary in individual cases, but it follows from above that information or data
on a range of material parameters may be called for eg in the case of structural applications of
engineering matarials this could cover:
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Mechanical Properties Stiffness, strength, creep, toughness, impact, fatigue, wear

etc.

Envwronmental Properties Resistance to heat, light, humidity, corrosive medium (gaseous
or liquid)

Surface Properties Composition, structure, adhesion etc.

Process-refated Properties Viscosity, surface tension, cure, heat transfer etc.

in addition, measurements of electrical, optical, magnetic or a combination of these properties
may be required for certain applications and materiais.

In the industrial context, materials evaluation is relevant to all the key stages of manufacture.
Based on an identified market need, the designer prepares a design brief using which preliminary ideas
about a product (schematics) are developed. At this stage materials selection, selection of
manufacturing methods and first order cost estimate for the product are made. These are hased on
relatively straightforward test data or materials properties and often a family of matenals is chesen.

The next phase is concemed with detailed design and developing manufacturing specifications.
To undertake this work, the structural engineer must have reliable and high fuality materials property
data and appropriate design analysis methods. Standards and codes of practice are sometimes
available providing guidance on specific types of component design and the codes of practice may
specify standaidized test methods which must be used to obtain properties data. For detailed design,
particularly for critical applications, suitable materials data can often only be obtained by testing
materials made by the chosen manufacturina process and in the anticipated environment. Structural
testing of the component/product may also be required to fully vaiidate the design and production
method. Finally, in the manufacturing pnase, tests {2 comply with quality control and assurance are
carried out including non-destructive evaluation (NDE).

Evident frem above is the fact that material- property data are required at various stages, but
the nature and quality varies according in whether one is dealing with materials selection, design or
production.

in Europe, USA and Japan, the importance of testing and evaluation has been clearly
recognised. Thus, the Presidential Materials Initiative launched in the US in 1892 contains materials
characterisation including assessment of performance, properties and structural relationships as one
of the four key components®. In Japan a ‘arge industrial survey has concluded that priority in
standardization should be given {o testing and evaluation methods®. Similarly, a 1991 study of the
European Commission on Industrial and Materials Technologies: Research and Development Trends
and Needs, confirmed that perfoninance testing and standardization should be a priority theme for
medium term R&D¥.
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ISSUES IN MATERIALS EVALUATION

For high pedigree design data, advanced materials often require different approaches to
materials testing based on a sound understanding of their structure and behaviour. In many rases
validated measurement methods do not exist with the consequence that there are disagreements about
interpretation of resulis and unwillingness to accept others' results. Accuracy, meaning how close the
measured value of a property is 10 the real value, is a particula: problem because real values cannot
be calculated cr estabiished otherwise. Areas for particular concern are:

. anisotropic natute of many maternials and products;

. microstructure and behaviour 2an be complex relative to conventional materials;

. final properties depend upon processing route and conditions;

. demanding test conditions eg high temperatures, complex environments;

. absence of suitable design methodologies which dictate actual measurement

requirements;

. increasing need for extrapolation of data;

. requirement for wider range of data and data of much higher accuracy than previously;

. physical measurement techniques are being used near their current imits.
Testing of Composites  Some of the points may be best illustrated by considering, say, testing of

composite materials. Componer:ts made from composites are often complex and tailored to provide
strength and stiffness specifically where these are needed. Such anisoiropy and inhomogeneity give
rise to immediate complications for materials testing. Even for a relatively simple task as tensile
strength measurement, serious problems can arise from non-alignment of test pieces, means of stress
transfer and the effects of residual stress and stress concentrations.

For instance, smoot'i sitd hard surfaced composites cannot be clamped in the same way as
metals because conventional gripping can fracture the matrix and cause failure. End-tabs bonded to
the test piece are used, but these can themselves cause failure in some cases. Another method for
overcoming the problem is to drill holes in the testpiece and use pegs to transfer the stress but this can
lead to a non-uniform stress distribution. .

The shape and size 2f the testpiece also requires careful consideration to ensure that the
results are representative of the bulk materials as opposed to the testpiece. In tensile testing of
traditional materials, testpieces are waisted so that failure occurs in the thinner more highly stressed
part of the sample. Adoption nf this procedure, say, for a unidirectionally laid up composite with fibres
running along the length of the testpiece, means the testpiece has to be i-shaped. Much of the clamp
force on the short fibres terminating at the waist is transferred to the matrix so the testpiece fails by
cracking at the shoulders of the 1.

Creep Testing of Polymeric Materials and Modelling Measurement of creep in polymeric materials

cannot be treated in the same way as metallic materials due to the physical ageing effects in polymers.
After processing, centinuous increases in density are observed for most solid polymers due to molecular
rearrangements associated with the approach to structural equilibrium. This physical ageing process
leads to pronounced decreases in properties such as creep rate, impact strength, dielectric constant
and loss factor. Hence, for polymers, it is vital to take into account elapsed time after processing (t)
for measurement of creep properties.
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Figure 1 shows the vanation of compliance, D(t), at 23 °C with log(t) for polypropylene samples
of different age; Dft) is defined as the time dependent longitudinal strain divided by the constant
uniaxial applied stress. At long times, the experimental compliances, (shown as points), are
considerably lower than the values obtained by extrapolations (broken lines) of short-term data which
have neglected further ageing during the test period. However, if polymer ageing is taken into account
using a mode! developed at NPL™. the predicted compliances shown as continuous curves. are within
3% of the observed value. This agreement is vakd for 2-3 decades beyond the short-term region.
Thus, if a polymeric component is subjected to a constant load one month after processing, its
deformation may be confidently predicted for times greater than 10 years from tests of about 1 week's
duraticn. A model based on known physical principles associated with accurate traceable measure-
ments can indeed provide a cos: effective answer to the measurement problem. In fact, to characterise
the creep of a polymer, a minimum of some twenty five sets of measurement is required®. For data
covering a useful temperature range increases this to several hundred measurements. When one
considers that a single tasic polyimer can exist in the market in many hundreds of different grades the
magnitude of the testing task is formidable and models such as above can come to real rescue!

High Temperature Testing There is considerable potential for applications of advanced ceramics in
structural applications such as gas turbines where higher operating temperatures are ne2ded to improve
fuel efficiency. The materials must be able to withstand stresses at temperatures as high as 1500-1600
°C in hostile environments for extended periods of time whilst maintaining a reasonable tolerance of
existing or newly created defects. The high stifiness and damage intolerant behaviour of ceramics,
coupled with the requirrment for testing at very high temperatures, poses specific problems such as

. measurement of uniaxial properties without introducing bending stresses;
. measurement of small strains at high temperatures;
. establishment of testpiece temperature; and
. development of furiiaces with a sufficiently uniform temperature distribution.
Low Cycle Fatique LCF can be a life limiting factor in critical components such as pressure vessels

and turbines, so testing for LCF is carried out extensively in industry to rcharacterise materials
performance and to provide design data for components operating under fluctuating loads and
temperatures. Although very similar procedures are now being used worldwide, the vanabiiity in LCF
data from different laboratories is rather large. This can be best illustrated by the results of an
intercomparison exercise by twenty six well known laboratories in Europe and Japan™. Materials used
were Nimonic 101 at 850 °C, and AISI 316L Stainless Steel, 9 Cr - 1 Mo Steel and IN 718 at 550 °C,
all materials being sourced and characterised centrally. Guidelines were provided to define the test
variables and each laboratory used its own procedure for conducting the tests.

Figure 2 is a typical example of lifetime dataset showing fatigue lfe for Nimonic 101 as a
function of the nominal total strain range. Data from individual laboratories are plotted in separate
segments to indicate repeatability (varniation within a single laboratory using the same operator) whereas
reproducibility (vanations between Iaboratories with different operators) is represented by the overall
spread in the "box plot”. Good repeatability but poor reproducibility are evident, the worst scatter in
reproducibility being a factor of about 50 - which is most unsatisfactory for the designer. Analyses of
these results identified the following sources of primary error:

(a) misalignment or bending of the testpieces;
(b) errors in temperature measurement and/or control;

{c) errors in strain measurement and control.
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Before the testing problem can be soived satisfactorily, itis necessary o establish the sensitivity
of each of the above parameters on the final result. Further work has shown that the effects of vanation
in strain measurement are quite small. As regards bending, a model has been developed which
provides a quantitative relationship between testpiece bending and fatigue hfe measurement. Prediction
made by the model compares well with experimental data® as shown in Figure 3 confirming that
bending is indeed a major contributory factor. Further work is required to develop a best practice
guideline for LCF testing that will be based on harmonised procedures for the measurement of load
misalignment and testpiece bending, design of testpieces and fixture, and assessment of the effects
of temperature variation.

Engineering Coatings Coatings are applied in many industrial systems where surfaces of bulk
materials suffer problems, particularly due to wear or corrosion. Industry often uses simple
specifications eg a coating of certain minimum thickness and known porosity, but there is a lack of
rekable evaluation methods and adequate standards even for the basic specification. Widely differing
methods are sometimes used where results are not easily comparabie and canrot be interpreted
unambiguously. A recent study of industrial requirements in Europe has identified the need for new or
improved test methods for measuring:

adhesion, corrosion resistance, porosity,
thickness, friction/wear resistance, internal stress,
surface finish, microhardness, and fracture toughness.

Fig 4 compares, for each property, its perceived intensity of need against our current level of
knowledge. Thus, coatings adhesion to the substrate is considered to be one of the most important
parameters to establish whilst accurate determination of adhesion is extremely difficult. For weaker
bonds (80-100 MPa), puil tests, lap shear, double cantiilever beam, napkin ring and moment methods
with adhesives give useful results, but care must be taken to align and establish the failure mode (ie
adhesive and not crhesive).

For stronger bonds, it is common practice to use the scratch test, but the analysis of results is by no
means straightforward and there is considerable debate about the value and validity of the test
method®. New techniques, including a four point bend test and nanoindentation, are being developed
for measurement of adhesion.

FUTURE TRENDS IN TESTING AND MEASUREMENT

Changes in materials testing and assessment are being dictated strongly by advances in design
methodologies and quality initiatives. Traceable data of greater precision and reliability are required by
industry, but since good quality cata are scarce and expensive, innovative materials models are
emerging that enable greater use of the data. Similarly methods for refiable extrapolation of short-term
test data to predict long-term service performance and techniques for correlation of simpler test results
to performances in complex conditions have increased in demand.

Mechanical testing equipment is becoming more complex - computers are used not only to
operate the machines but also to collect, evaluate and process the output data with the minimum of
operator intervention. This, however, means the operator must have good knowledge of the test
technique and data processing, particularly the limitations, to ensure the pedigree of results. Software
validation in this context has become a truly important issue.

More severe test environments and conditions are being required, eg very high test
temperatures approaching 1800 °C and above are increasingly needed for testing intermetalfics,
ceramics and composites. Environments which chemically interact with the material are aiso being
superimposed to predict behaviour in service conditions. In addition, there is a growing drive for more
bi-axial an1 tri-axial testing to simulate complex loading in components.
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As discussed earlier, specimen bending can give rise to iarge errors in mechanical testing such
as fatigue life assessment and modulus measurement. Therefore, test machine manufacturers are
placing greater emphasis on the design of frames with increased lateral stiffness. Seif-aligning grips
and sensors for the measurement of bending of testpieces are also available for advanced evaluations.

he demand for servo-hydraulic testing machines in which materials can be tested under high
rates of application of load or strain is increasing. Future trends for these machines are towards
advanced control strategies with adaptive control using feedback from measurement and sensing
devices. Improvements are being sought in the calibration of load cells and extensometers under
dynamic conditions.

Currently measurement uncertainties are not regularly quoted which can pose difficulties for the
users of test results. The situation is changing with pressure from the standards and accreditation
bodies. For instance, it is the declared policy of ISO and the European standardization authority that
all new standards concened with testing techniques shall contain "a statement of uncertainty” or a
method of calculating the accuracy of the test method based upon tolerances specified in the relevant
standard.

Determination of remanent fife of large industrial systems such as power generation and
petrochemical plants is now frequently sought in order to decide whether their operational ifetime can
be extended beyond the design lifetime which obviously has large financial implications. Generally,
fracture or component damage and distortion due to excessive deformation, wear or corrosion ieads
to loss of function and therefore, for predictive purposes a host of materials properties data such as
creep, low cycle fatigue and wear in the presence or absence of corrosive environments are needed.
Important to note here is the fact that the data precision level required is much greater than historically
demanded for design purposes and so more stringent testing is required.

improved techniques for quality control and non-destructive testing and evaluation (NDT) are
increasing in demand. Thus, indusiry requires improved methods for the evaluation of mechanical
properties (eg bonding of composites), higher-resolution defect detection, improved computer
tomography, sensing devices for physical and ch<.nical properties of materials.

Measurements related to materials processing There is a growing recognition that improvements in
the processing of advanced materials is of utmost importance. Test techniques that can be used for
process design and control are, therefore, in urgent demand. Major customers for engineefing
components are beginning to insist on process qualification rather than product inspection as a
philosophy for quality assurance. Sophisticated mathematical models are being increasingly used as
an important tool by industry to improve processes and to "achieve right first time” (see Figure 5) -
application of such modelling has advanced enormously due to the availability of computing power and
software packages that benefit even quite small producers.

However, these models require reliable data for the physical properties associated with the heat
and fluid flow of the processes which are not readily available. This is because appropriate
measurement techniques are not available. For example, a recent analysis has shown that for plastics,
important problem areas for measurements include:

(a) viscosity, (b) elasticity. and (c) fibre orientation and distribution.

Viscosity is perhaps the most important property with two aspects to be measured - shear
viscosity and extensional viscosity - each is a function of temperature and flow rate.
The most common method of measurement of shear viscosity for polymer melts is a capillary rheometer
with dies of various lengths and diameters. End corrections are made in analysing the data and
generally satisfactory results can be obtained. Difficulties arise in measurement of shear viscosity in
relation to high rates and high viscosity. Measurements for extensional viscosity, on the other hand,
is not as well developed. When it comes to measuring elasticity there is a great deal of confusion and
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much more work is needed before reliable measurements could be made and data incorporated in
models.

in the case of metallic materials and processes, new or improved nethods are required for
measurnng:

he * flow
heat capacities t~~mal conductivity
enthalpy *t transfer properties
melting range
fluic flow
density surface tension
viscosity thermal diffusivity

Many of the processes operate at high temperatures where interactions between the material and its
test container can cause serious problems. it is not surprising that data in the published Merature are
prone to large uncertainties and frequently there is no information available for commercial matenals.
At NPL a new programme of work has been initiated to provide the necessary data and methods
required for industrial applications of models used in casting, rolling, forging and moulding.

REQUIREMENTS FOR STANDARDIZED TEST METHODS

Testing requirements for an advanced material is dictated by its application. However, because
there is a lack of standardized methods, users often develop their own test methods to characterise and
qualify the material and establish design allowables. Thus, despite the fact that the need for basic
materials properties may be similar for a group of users, they use different methods for pragmatic
reasons and expediency. As a result, 2 major supplier of composite materials is known to urdertake
up to ten varations of essentially the same test to prove the integrity of its matenais to its various
customers, many of which are large companies in the Aerospace sector each imposing its own
individual specification where a common specification would suffice. Multiple test methods lead to
ambiguities and inefficiencies with consequent penalties for materials users, suppliers and test houses
ahike. .

From the market point of view, the principle disadvantages are:

unnecessary duplication of work by materials suppliers and users;
customised test facifities are expensive to build and operate;

test results cannot be compared easily;

databases for common use are difficult to develop.

Indeed, the lack of widely accepted test methods and data impedes the market use of these
materials in new areas. What industry needs is common or intemnational product standards
incorporating harmonised materials evaluation/specification methods since this will facilitate trade and
reduce the need for multiple testing.
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DEVELOPMENTS IN INTERNATIONAL STANDARDIZATION

Materials techirology is advancing rapidly making it difficult to set standards for measurements
and testing. Although continual progress is being made in relating materials characteristics to properties
and performance, the quantitative basis from which widely acceptable standardized methods can be
developed are not available in many areas.

International standardization is considered to be a relatively slow process and, traditionally. has
been active after the market for new products has been established to aliow fair competition.
Necessarily this has meant international standardization activities have concentrated on harmonisation
of existing national standards.

In 1890 the intemational standards bodies 1SO and IEC initiated a study by a team of top
industrialists and businessmen to review standardization needs for rapidly developing technologies such
as matenals, IT and biotechnology. Their report - A Vision fc. the Future -contains a stimulating
analysis of the potential contribution standards can make in the technological innovation process"®.

Different aspects of standardization relate to the different stages of innovation and product
development as follows:

State of lechnological development Type of standard necessary Main benefits

Early estabishment phase nomenclature and terminology mproved communication in the
market, collection of statistics.

Growth phase measurement and test methods | design, production and rekability of
products. enhance markets.

Well established product standardzation ratonalisation, interface capabili-
ties, market protection etc

For standards which enhance "market entry” of products based on new technologies, it was
recognised that intemational standards bodies needed to take new steps in addition to their traditional
consensus activities. These shoukl be

- flexible (ie direction setting agreements or provisional quasi-standards)
- fast (ie very simple procedures)
- open (ie to direct participation from companies and/or national organisations with

R&D progiammes).

Recommendations of the above report are being implemented with strong support from the
ISO/NEC councils. In fact, as a result, three new technical committees in the advanced matenals field
have been estaplished recently. A list ofimportant 1ISO committees currently active in the matenials field
is given in annex |.

STANDARDIZATION IN EUROPE, JAPAN & USA
Europe Dramatic changes are taking place in Europe where measures to develop a Single Market

and to open up public procurement amnngst the European Community members depend critically on
the availability of European standards. These standards are mainly deveioped by CEN (European
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Committee for Standardization), ECISS (European Community Iron and Steel Standards) and CENELEC
(European Committe2 for Electrotechnical standardization). CEN and CENELEC have concluded
agreements with ISO and IEC respectively for regutar discussion oi their work programmes with a view
to avuiding overiap and, furthermore, internationzs draft standards are considered for adoption by CEN
wherever possible (see Figure 6).

Membership o European Standards Committees is open to EC and EFTA (European Free
Trade Agreement) countries, currently 18 altogether. An important feature of European standardization
is that while agreement on technical contents is reached by consensus, adoption of the standard is by
weighted majority voting. European standards must be adopted as national standards, regardless of
the way the national member voted, and any conflicting national standards have to be withdrawn.

In matenials CEN's activities are divided into four areas:

(0} iron and steels products,
(i) non-ferrous metals,
@ii) non-metallic materials, and

(iv) other materials.

A kst of the standards committees'”, their scope of activity and standards already developed
is given in annex li. ECISS with a long history has the most extensive coverage. In the non-ferrous
metalic materials area six committees are active dealing with aluminium, copper, zinc, tin, lead and
nickel. Between 1988 and 1931 CEN created all the seven commitiees working on non-metallic
materials covering inter-alia textiles, refractories, plastics and advanced ceramics. in the final area, four
committees deal with non-destructive testing, foundry technology, corrosion and powder metallurgy.

Japan Amongst developed countries, Japan has one of the most rigorous standardization
programmes on advanced materials with strong industrial involvement and participation. An extensive
survey® of standardization needs and feasibility of standards development for industrial use covering
the fields of metals, polymers and ceramics was undertaken in 1988 by the Japanese industrial
Standards Committee (JISC). They concluded that nearly seven hundred standards should be
developed as a matter of urgency within the next 10-12 years. Of particular relevance here is the
recommendation of the Committee that terminology, testing and evaluation methords should be given

priority.

Following the recomrnendation of the committee, a five-year plan was launched in 1991 to promote
industrial standardization. Highlight of th2 plan is Japan's new policy for greater co-operation with
ISONMEC activities. In fact, Japan is taking new initiatives to advance international standardization at
the expense of national and regiona! standardization.

USA Most widely known is the work of ASTM, the American Society for Testing of Materials.
Individuals from any country can participate in ASTM committees which rely primarily on voluntary effort
by professionals in industry, academia and government. ASTM currently have 120 technical committees
covering tha following main areas:

A Ferrous metals B Non-ferrous metais

C Cementitious, ceramic, D Miscellaneous matenals
concrete and masonry materials

E Miscellaneous subjects F Materiails for specific applications

G Corrosion, Deterioration and
Degradation of Materials
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SOME iMPORTANT STANDARDIZATION ACTIVITIES

Advanced Ceramics Applications of advanced ceramics in high technology products require the
availability of test and measurement methods for powder properties as well as the properties cntical to
the design and manufacture of ceramic components. These materials have very diffarent properties
and applications compared with traditional ceramics, so the scope for adoption of existing test and
evaluation methods developed for, say, porcelain and refractories is rather imited. Since the majority
of potential users of advanced ceramics have little experience of how to apply them in products
effectively, it is widely acknowledged that reliable evaluation techniques would pave thz way for
increased appfication and market penetration.

As early as 1981 saw the frst publication of a standard for these new matenals by the
Japanese who continue to provide a major thrust in this area. The first standard was on "Testing
method for flexural strength (modulus of rupture) of high perfonnance ceramics™. Since then the
Japanese have published ten more standards in English concerned with the measurement of various
mechanical, thermal and corrosion properties. The Japanese Industrial Standards Committee has
identified™ some 47 items on test methods for priority action (annex Il).

In the USA, standardization work in this area commenced in 1985. ASTM and its committee
C-28 on advanced ceramics has a comprehensive work programme in the following key areas:

. Properties and perforrnance

. Design and evaluation

. Processing and characterisation
. Ceramic matrix composites, and
. Nomenclature.

In Europe, 4/5 years ago, the European Commission made a mandated request to both CEN
and CENELEC iur the establiskment of a comprehensive programme for setting up voluntary
Eurostandards (ENV) and European Standards (EN) in the field of advanced industrial ceramics.
Accordingly, in 1989 CEN estabiished a Committee, CEN/TC 184, with specific tasks to develop up to
forty standards on classificatior, terminology, samping and methods of test. The methods of test
include physical, chemical, mechanical, theninal and textural properties for ceramic powders, monolithic
ceramics, ceramic composites and ceramic coatings. The standards developed by CEN TC 184 and
its work programme are shown in annex IV\*?.

Internationaliy, research related to standardization is being carried out under VAMAS (described
later) and also under the International Energy Agency Programme by the USA, Sweden and Germany.
Based on the VAMAS programme standards have already been developed for wear test methods of
ceramics and further standardizafion can b= expected for testing dynamic fatigue, hardness, fracture
toughness at room and high temperature, fatiguz and grain-size measu;ements.

A very important development has . ome recently from ISO when a Japanese proposal to set
up a committee on technical ceramics was endorsed by five ISO member countries. The new
committee, TC 206, is being launched with participation from Australia, Indonesia, Jamaica, Japan
(Secretanat), Republic of Korea, Malaysia, Russian Federation and USA. A wide ranging programme
has been proposed, but the final scope has not been agreed, partly because of lack of participation from
Europe and the need to develop a progranime that will build upon existing work in Europe and USA.
The first meeting of the TC is expected tc be heid in 1994.
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Polymers and Polymer-Composites  Internationally the drive for harrnonisation of test methods for
polymers and polymer-composites has grown steadily over the past 6/7 yeais and a number of new
initiatives has been launched. A very important development relates to standards for the presentation
of comparabile data for plastics in 1ISO. Manufacturers of polymeric matenals supply property data but,
historically, different manufacturers have used different test procedures to obtain thei, data. As a result,
users of plastics are faced with the problem tiat the data available for nominalt similar matenals from
different supphiers are not readily comparable, making materials selection rather dificutt. Furthermore,
properties of plastic materials depend not only on the molecular structure, and onentation and
concentration of any fibres or reinforcements, but they also vary with the test conditions chaosen for the
measurement, such as time. temperature, loading rate and the stress level. Hence, an adequate
characterisation of materials and behaviour can be expensive.

In iecognition of these problems a senes of international stanuards is being developed that
specify test methods, specimen geometries and test conditions ic enable comparable data or plastics
to be meusured. These standards deal with single and multipoint data; the first group relates to a
limited range of common properties, each propenty being described by a single measurement value.
These single po:nt data are used for the initial stage of matenals selection and are shown on the next

page.

Propertes mcluded in the singie-point data presentation standard ISO 10350

Mechancal

Tensde modulus

Yield stress

Stress at break

Yield strain

Elongation at oreak
Tensile creep modulus
Flexural modulus
Flexural strength
Charpy impact strength
Tensile impact strength

Elecinicat

Permttivty and dissipation factor
Electnic strength

Volume and surface resistivity
Comparative tracking index

Thermal

Melting ‘2mperature

Glass transition temperature
Temperature of deflection under load
Vicat softening temperature

Linear thermal expansion
Flammability

Ignrtabiity

Rheological

Melt mass-flow rate
MeR volume-flow | ate
Moulding shrinkage
Other

Density
Water absorption




Properties in” luded in the multipoint data presentation standards 1SO 11403-1, 2 and 3
Part Property Status Standard Vanables
1 Mechanical properties Draft
mtemabonal
Dynamic medulus standard 6721-24 T
Ultimate values of stress and strain 527-2 T
Tensile stress/strain curves 527-2 eT
Tensie creep stran 899-1 atT
Charpy impact strength 179 T
2 Thermal and processing properties Draft
international
Enthalpy standard T
Linear expansion T
MeR viscosity 11443 Fal
3 Environmental sfluences Commiltee
draft
Liquid chemicals 175 LTI
Prolonged action of heat 2578 tT.l
Artificial weathering 4892-2 Htl
Environmentally assisted stress cracking 6252 LT

T - temperature a - stress
H - radiant exposure

v - shear stran rate

€ - strain

t - ime
i - indicative property
L - hquid chemical

The multipoint data standard ISO 11403, as described in the preceding table, has three parts.
It deals with more extensive data sets on property values as a function of variables such as time,
temperature and the environment, and the data, therefore, can be used for later stages of materiak.
selection. In fact, some of these data will be suitable for use in design calculations for predicting
performance in service and for selecting optimum process conditions.

The 1SO plastics committee (TC 61) has a broad range of activities on unreinforced and
reinforced materials, although many of the cusrrent test methods in composites are related glass-fibre
reinforced materials. Standardization of materials reinforced with carbon and aramid fibres has been
slow, but this is changing. Recently, methods for the determination of density and size, and definitions
and vocabulary for carbon fibres have been standardized. Furthermore, as existing standards are
updated, advanced composites are being included as is the case with ISO 527: Plastics: Determination
of Tensile Properties. Also, for example, the revised ISO 1268 - Test Panel Manufacture covers a
variety of fabrication routes such as autoclaving, filament winding, spray-up moulding, contact moulding
and compression moulding.

Further topics include kinear density and twist of fibres, strength of glass fibre yarns and mats,
tensile properties of carbon fibre impregnated yarns and single filaments, curing behaviour of pre-pegs
or compounds, and tensile strength of laminates. ISO/TC 61 has ten sub-committees with nearly 65
Working Groups:
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1SO TC-61 (Plastics) Sub-committees

Sub-committee number Area of activity

SC1 Terminology

SC2 Mechanical Properties

SC4 : Burning Behaviour

SC5 Physical-chemical properties

SC6 Ageing, chemical and environmental resistance

SCS Thermoplastic materiais

SC10 Cellular materials

SC11 Products

SCi2 Thermosetting materials

SC13 Composites and Reinforcements

Standardization for polymer composites has gathered momentum in CEN during the last 3
years. Since the pressure to produce standards is high, consideration is given to adopting ISO
standards wherever appropriate. Otherwise adoption or re-drafting of European Aerospace standards
or national standards is favoured as the next step. The CEN Committee on Plastics (TC 249) has five
sub-committees as follows

SC1  Plastics matenals and test methods
SC2 Composite reinforcements and pre-pegs
SC3 Semi-finished plastic products

SC4  Cellular materials

SC5 Plastics for packaging

Each sub-committee is served by Working Groups; SC2, for example, have five working
groups: WGH1 is responsible for all small diameter fibres (carbon, glass and aramid), WG24 are
responsible, respectively, for aligned reinforced thermosets, random reinforced thermosets and all
reinforced thermoplastics, except short fibre systems (covered by SC 1). Test methods applicable only
to specific materials are covered by WG2-4, but WG5S is responsible for test methods which are
applicable generally.

That standardization is needed badly in this area is demonstrated by annex V which contains
a list of differing standards currently used by various trade and industrial organisations.

Standards on Comosion  An adequate knowledge of the degradation behaviour of a material due to
its interaction with the operating medium is vital for the efficient utilisation of materials. Such
degradation can take different forms; the most well known in this category is corrosion of metaliic
matenials, the cost of which can be very high, 2-4% of GDP, with large impacts on industnal
competitiveness, environment and health and safety. Greater awareness and understanding of the
processes and effects of corosion have led to significant improvements in design and building of
corrosion-resistant products and systems as well as protective techniques. It is evident that reliable test
and evaluation methods to measure corrosion resistance and the effectiveness of corrosion protection
techniques play a very important part in this development.

Not surprisingly there is now quite an intensive activity in developing international standards in

this field. In ISO, the most relevant activity is being undertaken by TC 107: Metallic and other inorganic
coatings, and TC 158: Corroszion of metals and alloys.
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Eight sub-committees operate under TC 107, three of which zre concerned with terminclogy.
electrodeposited coatings, hot dip coatings, therma! spraying, vitreous and porcelain enamels and
chemical conversion coatings. Altogether nearly 70 standards have beenr prepzred se fai, the majority
covering defined preferred properties oi applied coatings. Methads for deiermination of their properties,
thickness and corrosion resistance are inclided. Sub-cnmmittee 7 has the responsibility for developing
standards mostly on test methods and procediires.

TC 156 "Corrosion of Metals and Alloys” is prmarily concerned with test metheds - 1 hes 19
participating countries and 27 observe:r countries””. There ate nine working groups working in the

following areas:
Actrties of ISO TC 158 {Commsion o Metats ard Ailoys)
Working Group No Sudject area Comments
WG1 Terminology 1ISO 8044 - defines terms relatmg to cormosien of
maeialke And aloys
WG2 Strcss-corrosion cracking . 1SO 6509 determmation of dezircifica-
tion resistance »f brass.

- SO 7533 3-part standard on stress
comosion testing (a standard for Stress
corrosion Cracking of alloys in prepara-
tion)

. a standard on coiros:on fatigue to be
published

wG3 # mosphene corrosion 130 7441 - imetatic cofras’'or, n outdoo: corro-
sion tesls

I1ISO 8565 - g=aesal regurements for field tests

WG4 Class'S2ation of conosivity of Four IS0 standards nearly completed (1ISO 8222-
atmos,.oeres 6) including one orn Methods of determination of
corTosion r2tes of standard specimens for the
evaluatiun ¢i cormosivity
WGS inteigranuiar corresion . 1SO 9400 - Determination of intergranu-
lar corrosion of nickel alioys

. a standaid on intergranular corresion of
aluminium alloys to follow

WG6 General Principles for conduc- | - ISO 8407 - Methods for the removal of
Jdng corrosion tests and crtena corrosion products from corrosion test
for evaluation and treatment of specimens
results

WG7 Accelerated corrosion tests 1SO 9227 - Salt spray tests

wG8s Co-ordination

WGS9 Corrosion testing of materials . A stardard on agueous corrosion of
for nuclear power generation zircor um alloys under discussion

. Work in progress on Electrochemical
Potentiokinetic Reactivation (EPR) t2si
for ineasuring susceptibility to intergra-
nuiar attack in stainless steels

New work programmes on electrochemical test methods and cathodic protection of underground

structures and marine corrosion test methods are under development.

23




In the USA, ASTM committee G-1 is principally responsible for standards related to corrosion
testing and evaluation. It has ‘welve sub-committees which have produced over sixty standards

covering = wide range of tests and ~orrosion conditions''*.

Over the last 2-3 years European activities on standardization in the corrosion area have
intensificd consicerabiy through the establishment of a committee, CEN TC262 entitied Corrosion
Protection: metaitic materials. However, collaboration between CEN and 1SO is close and indeed in
certain areas the work proceeds jointly with 1SO.

INTERNATIONAL CO-OPERATION IN PRE-STANDARDS RESEARCH

The world’s most industrialised countries recognised nearly a decade ago the importance of co-
operation in advanced technologies for the creation of employment and economic growth. Accordingly,
a new initiative known as the Versailles Project on Advanced Materials and Standards, VAMAS, was
yaunched in 1987 with the underlying aim of removing barriers to trade by encouraging the development
of standards from a commonly agreed technical base. VAMAS operates on a cost-sharing principle
without any central funds whereby project work is carried out by participants with support from their own
countries under existing programmes and schemes. In addition to the G7 countries, the CEC is a
member of VAMAS, but many organisations from non-member countries have also participated in
specific activities by special agreement.

Over sixty technical projects have been initiated so far covering all the key materials classes;
activities include the development and validation of test methods, guidelines, codes of practice,
terminology schemes and data handiing. Primarily YAMAS is active in pre-standards research
necessary for the drafting of standards for advanced materials. Close liaison is maintained with national
and international standards organisations to focus the pre-standards aclivities and also to assist in the
transfer of resuits to standards. As a follow-up to the recommendations made in the ISO/IEC report
"A Vision for the Future”, ISO has recently sighed a Memorandum of Understanding with VAMAS to
publish suitable VAMAS outputs as "Technology Trend Assessment” documents to accelerate standards
development and to disseminate rapidly methods and guidelines which industry can use in the absence
of a standarg.

Currently, VAMAS has seventeen Technical Working Areas (TWAs) under five main themes as
shown below. A full list of the TWAs are given in anrex Vi.

VAMAS THEMES

Theme 1 Metals and Metal-matrix composites
Theme 2 Polymers and Polymer-matrix composites
Theme 3 Ceramics and Ceramics-matric composites
Theme 4 Test Techniques
Theme 5 Materials classification and Data
Surface Chemical Analysis  Technical Woiking Area 2 in VAMAS is dealing with surface chemical

analysis techniques: Auger Electron Spectroscopy (AES), X-ray Photoelectron Spectroscopy (XPS) and
Secondary lon Mass Spectroscopy (SIMS), all extensively used in many industrial sectors for the
development of high technology products and materials. VAMAS became active because of a need to
produce widely acceptable reference procedures, reference data and reference materials as a basis for
standards for surface chemical analysis. in fact VAMAS took the lead in bridging on-going activities
in the USA, Japan and Europe all aimed to overcome similar problems.
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In this area of VAMAS, nearly 100 laboratories have been participating from about ten countries.
Accuracy of measurements of chemical compositions and concentrations are two key issues in AES
and XPS. Figure 7 shows that for XPS, the intensity/energy response function of even one instrument
cannot be defined uniquely and are different for two operating conditions'’™. Complications arise
because spectra from commercial instruments are distorted from the true spectrum by the instrument
transmission function which depends on the electron energy and the instrument settings. To calibrate
these functions NPL has established a reference spectrometer with traceability to primary Measurement
Standa:;ds so that true spectra and hence true chemical compositions and concentrations can be
found™®,

As a result of this pioneering work, one can now obtain cnnsistent and mutually recognisable
analysis of the same specimen in different instruments throughout the world. Furthermore, it is now
possible to produce reference databanks for international use. To this end the VAMAS group has
already developed a standard data transfer format to aid the process of transferring data from one
laboratory to another”'”.

Success of the VAMAS programme has led to wider international interest and, in fact, recently
ISO have set up a new Technical Committee, TC 201 on Surface Chemical Analysis, with Japan
providing the Secretariat and the USA the Chairman. That there is wide interest in this area is
demonstrated by the fact that ten national standards bodies have become participating members (P-
members) and fifteen others have become observer members (O-inembers). VAMAS has liaison
category A with ISO/TC 201 that will ensure full communication between the two activities and the
results of VAMAS work will have rapid access to ISO. The sub-committees of TC 201 and their
proposed areas of work are given in the annexes VII and Vill.

It is of interest to note here that ISO at the same time has set up a new Committee on
Microbeam analysis (TC 202), in which China has taken on the important role of the Secretarnat.

Testing of Advanced Ceramics  In this area VAMAS has been active on a number of fronts. Under
TWA1, co-operative work involving nearty 40 laboratories examined wear testing of alumina and silicon
nitride which showed the importance of controlling machine dynamics and humidity of the testing
environment; the latter was found to have a particularly large influence as a humid atmosphere
encourages the formation of lubricating films of hydrated debris thereby reducing wear rates. DIN and
ASTM have developed two new standards (DIN 50234 and ASTM G-99) based on the VAMAS work;
in addition an Austrian draft standard (ONORM M 8125) and a UK guideline have been produced
recently. Currently, the TWA is working on the development of (i) a uniform format for presentation of
wear data, (i) quantitative methods of assessment of wear volumes to obtain more accurate wear rates,
(iii) a directory of standard wear test methods and (iv) harmonised wear testing method for inorganic
coatings.

Other important areas in ceramics are covered in TWA3 and TWA14. TWA23 has been concerned witn
mechanical properties and microstructural characterisation, and examined {i) dynamic fatigue testing,
(ii) hardness measurement, (jii) fracture toughness testing, and (iv) measurement of average grain size
in alumina. For the last activity VAMAS initiated a round-robin exercise at the request of the CEN
Committee TC184 and within a year produced robust information on the use of line and circle methods
for grain size and porosity measurements on the basis of work by twenty five laboratories in USA,
Europe and Japan. The results have directly led to a European standard"'®.

Hardness is often considered to be a useful materials property by industry. Although there are a
number of well established techniques for hardness measurement of conventional metallurgical
materials, it is not clear whether these techniques are suitable for advanced ceramics. Indentation sizes
can be very small and the material around the indentation can crack and spall leading to serious
measurement difficulties. Indeed a VAMAS exercise!"® on two high-alumina ceramics using Brinell HR
45N, Vickers HV 1.0 and 0.2, and Knoop HK 0.2 tests showed that when indentation sizes are as small
as 15 ym and the position of the corners on the indentation cannot be specified to lower than 1 ym, the
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mean hardness value can vary by as much as 20% between observers. Therefore VAMAS
recommended that hardness values, especially microhardness, should not be used for materials
specification purposes. A guideline for hardness measurement of advanced ceramics has been
produced and is being considered for standardization by CEN and other international standards
organisations. Similarly, VAMAS work on fracture toughness has led to advancement of the technical
knowledge necessary for standardization and further work is in progress.

A classification scheme for advanced ceramics  As a relatively new category of materials, advanced
ceramics has no formal classification scheme with the exception of IEC 672 covering electrical
insulators. Conflicting schemes can impede efficient functioning of intemational trade and markets in
advanced ceramic materials and products. Accordingly VAMAS initiated an activity in TWA14 with the
aim of developing the technical basis for a unified classification scheme which will enable

. unambiguous materials specification;

. unique specification for entries in databases;

. a link between matenals and application;

. unambiguous collection of statistical information on trade and markets.

Based on the findings of an extensive intermnational survey of producers and users of advanced
ceramics, a matrix coding system with the following four key elements has been developed™:

. Application (A)

. Chemical character and product form (C)
. Processing (P)

. Property data (D)

Such a system is very flexible and can meet simple to fairly complex requirements. For
example, if only chemical composition is of interest only one element of the matrix is required. If a
breakdown of markets by materials composition and application is needed, then two elements are used
whereas all the elements may be necessary for materials specification. Such a system can be used
by industry in the design of databases, product promoticn, inventory purposes and analysis of market
trends. Governments can use the scheme to gather economic statistics or to handle {rade matters.
ASTM and CEN are using the results of VAMAS as a basis for new classification standards, and it is
expected that ISO will also adopt the scheme in the future.

LABORATORY ACCREDITATION

Industry increasingly recognises that in today's demanding and competitive markets, good
product design and efficient manufacturing must be underpinned by properly authenticated
measurement and testing to ensure quality, performance and reliability of products. Laboratory
accreditation plays an important part in this context because it signifies recognition by a third party of
a Laboratory's competence to perform test and evaluation in specific fields. It provides confidence in
the overall quality of operation and competence of a laboratory (although it does not guarantee that an
individual test result or data is correct or valid). Accordingly many countries have set up in recent years
national accreditation schemes which avoids multiple assessment of testing laboratories and provides
uniformity in accreditation criteria and rules. On the international scene an increasing number of
agreements are being reached for mutual recognition of test results across national boundaries.
industrialising countries are also examining accreditation schemes because of the realisation that it has
an important role in developing industrial capability and international trade.

To perform tests consistently from one day to the next, accredited laboratories should use
standardized methods whenever available. From a user's point of view, the same test carried out in
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different accredited laboratories, even across national boundaries, to a standard specification stouid
produce similar results.

Certified Reference Mate-ials (CRM) serve a very useful purpose for interiaboratory
comparisons and proficiency checks and are regularly used by accredited laboratories. A CRM has
been defined by 1SO as a material or a substance, one or more physical or chemical properties of which
are sufficiently well established to be used for the calibration of an apparatus or for the verification of
a measurement method. The material is accompanied by, or traceable to, a certificate stating the
property value of concern and is issued by a nationally or internationally recognised and competent
organisation. Although there are various sources of supply for CRMs. both in the developed and the
developing countries, CRMs for advanced structural materials have imited availability.

STRATEGY FOR THE FUTURE

Standards are of strategic itrportance for stimulating new applications necessary to realise the
market potential of advanced materials with consequent economic benefits as well as improvements
in heaith, safety and the environment. In this respect the traditional view that standards are only
needed to establish the basis for fair trading after a market has been established must be discarded.

In the early stages of market development in a rapidly advancing technological area as
materials, there is a strong demand for standardized terminology for effective technical communication
and technology transfer. To suppoit innovation and indeed technological progress, rekable information
about the behaviour, properties and performance is required to give users the necessary confidence
for incorporating new materials intu their products thereby providing competitive advantages. With
standardized test methods both producers and users of materials can have a common basis for
maternials evaluation and increased confidence in the properties data.

Throughout the world much R&D is being carried out in the field of advanced materials and
significant benefits can be derived if the standardization and R&D activities are well integrated. This
may be achieved by establishing pruper co-ordination and channels between R&D and standardization
for which both government and industry need to act in a cohesive fashion.

Appropriate capability in materials evaluation technology has to be built with partnership
between the public and the private sectors. Generally, government can be expected to take the lead
in the development of an infrastructure that wifl adequately support a wide range of industrial test and
measurement activiies. Understandably, industry is reluctant to invest in the underpinning work on
developments of techniques and methods which are generic and have wide applicability. On the other
hand, testing and generation of data on specific matenals or for specific applications have more
immediate commercial value such that industry can be expected to bear the costs. However, even in
the infrastructural area, very close consultation and collaboration with industry is essential to ensure that
the results are directly relevant and applicable in industry.

Quite commonly, in the standards area, the materials supply industries tend to dominate whilst
users are not adequately involved. This is perhaps inevitable as user industries concentrate more on
short-term problems facing the business rather than long-term issues. However, it is essential that user
industries become involved from =n early stage in the standardization process so that the most
appropriate and useful standards are developed to maximise benefits to industry.

Trade in materials and their products is international in character and so it is vital that
specification, codes of practice and standards are developed on an international basis whenever
possible. This is now widely accejted. As a result we have seen Europe, USA and Japan are all
putting greater emphasis on international standards to facilitate the removai of technical barriers to trade
and to increase industrial efficiency.
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in the developing countries consumers accept lower quality goods due to econoinic pressures.
This necessarily means that the standards do not have to be as rigorous. However, as economic
ambitions of these countnies increase and markets are globalized, their industries will need to employ
higher standards in order to become more competitive on an international scale. Hence, standards work
cannot be merely left to others. To have an efiective voice in the intemational standardization forum,
developing countries need to participate with a good technical base. It is interesting to note here that
in the recently set up ISO committee TC 202 on Microbeam Analysis, China has the Secretariat; also
in TC 206 on advanced ceramucs, several less developed countries are participating members. Only
from a position of strength industrialising nations will be able to command respect and influence
standards in the international arena.

It will be evident from eartier discussions that testing and evaluation of advanced materials can
be highly complex, so a sound technical base is required before effective standards can be developed.
Often this means much pre-standards research, validation of methods and interconiparisons amongst
laboratories are needed. International collaboration in this type of pre-standards and pre-competitive
research can be beneficial on two grounds:

0] cost of this type of work, which is quite significant, can be shared between countries;

(i) any standard developed as a result is fikely to be readily accepted by all partners
because of the common technical base.

Not surprisingly the G7 nations use VAMAS as a mechanism for cost-shared action in pre-
standards research on advanced matenals. There is certainly scope for developing countries/regions
to use similar models.

Good co-operation amongst developed countries could ensure that the leading laboratories
including the facilities and expertise could be used to tackle priority problems in testing and evaluation
in a way that brings considerable synergistic benefits. Co-operation could also be effective in
developing certified reference materials.

industrial design and manufacturing require increasingly sophisticated and high pedigree data
in a form that can be integrated readily with advanced IT systems. Although many databases of
materials properties are available throughout the world, their scope and quality vary widely and, not
surprisingly, there is a strong demand for good quality data for advanced materials. The cost of
producing and evaluating data can be very high, so data have commercial value. Nevertheless, there
is scope for international co-operation in developing standards and accreditation procedures for
databases which should enhance data utilisation. Developing countries couid benefit significantly from
cost-sharing and co-operation in building databases of common interest.

Many of the developing countries have significant skills and expertise in materials characterisa-
tion and testing. UNIDO have carried out consultations with several countries about their perception
of the current situation and future needs in this important area. Generally, the effort and resources are
dispersed in these countries and it was commonly acknowledged that improved co-ordination and co-
operation across national boundaries would be highty beneficial. UNIDO are exploring mechanisms for
establishing a suitable framework that would enable improvements in technological capabilities of
individual countries through co-operative work and at the same time enhance links with the activities
of industrialised nations. Training, sharing of facilities, awareness of developments in testing and
evaluation as well as establishment of information networks for standards, could be an integral part of
the overall plan in this context.
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CAPTIONS FOR FIGURES

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5§

Figure 6

Figure 7

Long-term prediction of creep in polypropylene from short-term results.

Results of aﬁ intercomparison exercise on the measurement of low cycle fatigue.

Comparison of a model predicting testpiece bending in LCF and experimental results.

Curmrent status and importance of various property measurements for engineerfing
coatings.

Use of Material data in process models and production.

Key stages of standards development in CEN.

MG XPS spectra of Silver taken for two different analytical areas and pass energies
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ANNEXES

Annex |

Annex |l

Annex il

Annex IV

Annex V

Annex Vi

Annex V!

Annex VIl

1SO Technical Committees in the Materials Field

CEN Committees in the Materials Field

Standardization Needs on Advanced Ceramics in Japan

Standards and Programme of CEN TC 184

Review of potential for test method harmonisation

VAMAS Technical Working Areas

Proposed subcommittees of ISO/TC 201 on Surface Chemical Analysis

Prcposed areas of work to be considered by the subcommittees (shown in
parentheses) of ISO/TC 2C1 on Surface Chemical Analysis
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Annex |

ISO Technical Commiittees in the Materials Field

TC 33 Refractories

TC 35 Paints and Varnishes

TC 38 Cinematography

TC 45 Rubber and Rubber Products

TC 47 Chemistry

TC 61 Plastics

TC 76 Transfusion, Infusion and Injection Equipment for Medical Use
TC 79 Light Metals and their Alloys

TC 84 Syringes for Medical Use and Needles for Injections

TC 106 Dentistry

TC 119 Powder Metallurgy

TC 150 Implants for Surgery

TC 156 Corrosion of Metals and Alioys

TC 164 Mechanical Testing of Materials

TC 173 Technical Systems and Aids for Disabled or Handicapped Persons
TC 189 Ceramic Tile

TC 194 Biological Evaluation of Medical and Dental Materials and Devices
TC 20t Surface Chemical Analysis

TC 202 Microbeam Analysis

TC 206 Advanced Technical Ceramics
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Annex I

CEN Committees in the Materials Fisld

CEN/TC (or other)

Title

EN.ENV,HD,CR

Comments

|

Metallic - ferrous, general

ECISS/TC 1A Mechanical and physical tests EN 10002-1, EN 10002-2, Testing methods for metallic materials
EN 10002-5, EN 10045-1,
EN 10046-2
ECISS/ITC S EN 10001 Definition, classification, conventionsl designation of
pig iron and ferro alloys
ECISS/TC 6A €N 10020 Terminology
ECISS/TC 6B EN 10079 Terminology

ECISS/TC 7 Conventional designation of steel EN 10027-1, EN 10027-2 Definition of steal names and stesl numbers
ECISS,TC 9 Tachnical conditions of delivery and quality con- EN 10204 General technical delivery conditions for stes! prod-
trol ucts -
Inapection documents for metallic materials - Confor-
mity asseasment for stael products
ECISS/TC 20 Methods of chemical analysis EN 10036, EN 10071, EN 10136 Defining methods of chamical analysis for iron and
EN 10177, EN 10178, EN 10179, steel
EN 10181, EN 10184, EN 10188,
EN 10200, EN 24159, EN 24829-1,
EN 24829-2, EN 24934, EN 24935,
EN 24937, EN 24938, EN 24943,
EN 249486, EN 24947, EN 298538
ECISS/TC 21 Vocabulary of haat treatment terms Terminology

Matallic - ferrous, products

ECISS/TC 11 Sections - dimensions and tolerances Definition of dimensions and tolesrances for structural
. steel sactions and bars
ECISS/TC 12 EN 10029, EN 10061 Definition of dimensions and tolerances for stee! fiat
products for structurs! and pressurs applications
ECISS/TC 13 Flat products for cold working - Qualities, dimen- EN 10130, EN 10131 Detinitions of qualities, dimensions, tolerances and

siong, tolerances and specific (ests

specific tests for steel flat products for cold working
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CEN/TC (or ather)

Yitle

EN,ENV.HD,CR

Comments

ECISS/TC 15 Wire-rod - Qualities, dimensions, tolerances and Definition of qualities, dimenglons, tolarances and
specific tests specific tests for steel rods for drawing or cold rolling
ECISS/TC 27 Surface coated flat products - Qualities, dimen- EN 10142, EN 10143, EN 10147 Definition of qualitiss, dimensiong, tolarances and
sicns, tolerances and spacitic tests specific tests for coated flat products
ECISS/TC 28 Steel torgings Technical delivery raquiremanta for all types of stes!
forgings
ECISS/TC 29 Steal tubes and fittings for atesl tubea Technical delivary raquirementa for steal tubes and
fittings for steal ti:bes for ali applications
EC!SS/TC 30 Steesl wires Technical delivery raquirements for steal wirs and
wi e g yducts
TCISS/TC N Steel castings Technical delivery requiremants for all types of steel

castings

Steels - other uses

o

ECISS/TC 10 Structural steesis - Qualities EN 10025, EN 10163.1, Definition of qualities of staels for structural applica:
EN 101632-2 tiona
EN 10183-3
ECISS/TC 19 Concrete reinforcing steet - Qualities, dimensions Definition ot qualities, dimensions, tolersnces and
and tolerances specific tests for concrete reinforcing and
prestrassing steels
ECISS/TC 22 Steels for prassure purposes - Qualities EN 10028-1, EN 10028-2, Tachnical delivery raquiraments for steel bars and flat
EN 10028-3, EN 10207, products
ENV 22605-1, ENV 22608-2,
ENV 22608-3
ECISS/TC 23 Steels for heat treatment, alloy ateels and free- EN 1C0B3-1, EN 10083-2 Tachnical delivery requirements
cutting steels - Qualities
ECISS/TC 24 Electrical steel and strip qualities - Qualities, di- Daetinition of qualities, dimensions, tolerances and
mensions, tolerances and spacific tasts spacific tests for wlectrical steeis
ECISS/TC 26 Tinplate and blackplate - Qualities, dimensions, EN 10202, EN 10203, EN 10208 Definition of qualitier, dimensions, tolerances and

tolerances and specific tests

specific tests for steal products (< 0.8 mm thick) in-
tended for packaging

Meteltic - non ferrous




(A

CEN/TC {or other)

Tite

EN.ENV,HD,CR

Comments

CEN/TC 132 Aluminium and aluminium alloys EN 23134-1, EN 23134-2, Product standards - Wrought and unwrought products
EN 23134.3, EN 231344
CEN/TC 133 Copper and copper alloys Copper and copper atloys for general, slactronic ma-
chining, building, electrical purposes; for heat
exchangers, refrigeration etc
CEN/TC 209 Zinc and zinc alloys Primary zinc and zinc alloys - Flat rolled products -
Testing rrethods
CEN/TC 220 Tin and tin alloys Pawter, pewterware and ingot tin - Methods of analy-
sis
CEN/TC 306 Lead end lead alloys and oxides (provisional title) Lead, alloys and oxides in unwrought or finishad
products and oxides. Committes created in 1992
CEN/CS M14 EN 28352, EN 28501, EN 27520, Chemical analysis
EN 27528, EN 27527, EN 28049,
EN 29080, EN 28343
Non-metallic
CEN/TC 66 EN B9, EN 60, EN 61, EN 62, Tents for glass reinforced piastics.
EN 63 Committes disbanded in 1987
CEN/TC 172 Pulp, paper and board EN 20216 Work mainly based on ISO work
CEN/TC 184 Advanced technical ceramics ENV 820-2, ENV 888-3, Classification, terminology, sampling, tast methods
ENV 6858-4, ENV 858-8,
ENV 858-8, ENV 820-2
CEN/TC 18?7 Refractory products and materials Analysis and test methods

CEM/TC 248

Textiles and textile products

EN 20104-A01, EN 20105-A02
EN 20108-A03, EN 20105-802
EN 20105-CO1, EN 201056-C02
EN 20106-C03, EN201056-C04,
EN 201056-COS, EN 20105-C08
EN 20139, EN 20811, EN 22313
EN 2490, EN 280731,

EN 29073.2, EN 29073-3,

EN 29073-4, EN 29092

Mainly based on ISO work

CEN/TC 249

Plastics

Specitications and test methods

CEN/TC 289

Test methods for leather {provisional title)

Committee created in 1991




£y

T
| Comments

CEN/TC (or uther) Title EN,ENV.HD,CR

Others

CEN/TC 138 Non-destructive testing EN 473, EN 25580, EN 27963 Terminology, equipments, principles, mathods, acous-
tics, ionization, liquid penetrant, magnetic, optical,
leakage - Teating, qualification of NDT personnel.
Part of the programme of work linked to the directive
for simple pressure vessels

CEN/TC 190 Foundry technology Technical delivery conditions, material specifications
and testing methods for casting

CEN/TC 262 Protection of metallic materials against corrosion Terminology, methods of test and evaluation of corro-
sion probability - Performance standards for corrosion
protection by coatings, electro chemical protection,
Inhibitors. Partly based on ISO work

CEN/CS M11 Methods of test, chemical analysis. Based on ISO
work

EN = European standard ENV = European prestandard HD = Harmonised Document CR = CEN Report
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Annex Il

Standardization Needs on Advanced Ceramics in Japan

- k. .
Standardization Achievable in a Short Period of Standardization Requiring a Somewhat Longer Standardization Requiring » Long Period of Totals
Time Period of Time Time
Standardization Coetticient ot Thermal Expansion Thermat Conductivity Design Standards
Especially Neces- Tensile Strength {Room Temperature) Tensile Strength (High Temp) Assurance Testing
sary Fracture Toughness (Room Temperature) Fracture Toughness (High Tenp) Particle Size Distribution (0.1 ym or less)
Thermal Shock Resistance Static Fatigue (Creep) Secondary Particie and Aggregation Proper-
Hardness Mechanical Shock Resistance ties
Sampling and Samples Preparation Methods Friction Resistance Powder Forming Characteristics
Oxidation Resistance (Room Temperature} Non-Destructive Inspections Extrusion and Forming Properties
Particle Size Distribution (0.1 ym or greater) Non-Metallic tmpurities Analytical Methods Surface Phase Evaluation
Particle Absolute Specific Gravity Corrosion Resistance (acid. alkall, salt sol- Grinding Characteristics
Particle Tap Density ution) Grindabitity
Fitling Characteristics Maximum Particle Diameter Cutting Characteristics
Creep Strength Particle Shape (Aspect Ratio) Friction Resistance
Sintering Coefficient of Contraction Fluid Properties (Angle of Repose) Fatigue
Electromechanice Binding Coefficient Particla Diameter (Powder, Organizer Struc- Crystal Volume Determinatinn
Piezoelectric Stress Coefficient ture) Form Determination
Transmission Factor Granular Body Properties Shapeability (Forming Characteriatics)
Chemical Component Analysis Adhesion and 8onding Properties Companents Granular Body Particle Size
Cutting Characteristics Shock Resistance Granular Body Density
Thermal Conductivity Critical Temperature (Tc) Granular Body Strength
Critical Current Density (Jc) Sintering Characteristics
Critical Magnetic Field {He) Bending Strength
Moeissner Effect Tensile Strength
Absorption Coefficient Compreasive Strength
Existing State Analysis Torsional Strength
Crystal Phase and Crvatalline Characteristics Shearing Strength
Fluidity Multiaxis Strangth
Modulus of Elasticity Thermal Shock Fatigus
Poisson's Ratio Erosion Resistance
Bonding Strength
Total k]:]
Total 1]
Total 47 124
Other needs 22 82 1" 96
Totals 89 101 49 219
_ _ -




Annex IV Standards snd Progremme of CEN TC 184

Standerds compieted by TC 184 EN(VY No Future standerds programme (1993-95)
GENERAL GENERAL
1 Classification 1 Terminology
POWDERS POWDERS
2 Impurities in Al,O, EN 725-1 2 knpuritres in ziwcona
3 impurities in BuTiO, 725-2 3 Crystalkne phases in zircconia
4 0, m non-oxides (thermal ext} 725-3 4 Impurities in silicon nitride
83 O, in non-oxides (XRF) 7254 5 Rowability of powders
5 Particle size distribution EN 725-5
S Specific area EN 725-6
7 Absok:te density EN 725-7
84 Tap density EN 725-8
85 Untamped density EN 725-9
8 Compacoon EN 725-10
9 Sintering curve 725-11
MONOUTHIC CERAMICS MONOLITHIC CERAMICS
10 Samping and testing - 6 Statistical evaluation of fracture testing
11 Cracks by dye penetration EN 623-1 7 Micostructural analysis
12 Density and porosity EN 623-2 8 Oxidation testing, method
13 Grain size 623-3 9 Fiexural creep
14 Surface roughness 6234 10 Fractography, standard practice
15 Fexural strength EN 843-1 11 Elastic moduli, high temp
16 Elastic moduli 843-2 12 Fracture toughness {preliminary}
17 Sub-critical crack growth 843-3 13 Chem corrosion testing, laboratory proceduras
18 Hardness 8434
19 Flexural strength, high temp 820-1
20 Deformation 820-2
21  Therma! shock 820-3
22 Thermal expansion EN 821-1
23 Thermal diffusivity EN 821-2
24 Specific heat 821-3
LONG-FIBRE COMPOSITES LONG-FIBRE COMPOSITES
25 Tensile strength 658-1 14 Notations and symbols (under discussion)
26 Compressive strength 658-2 15 Tensile properties {(inert atmosphere, 2000 °C)
27 Fiexural strength 658-3 16 Tensile properties (ar 1700 °C)
28 Shear strength (Compression) 6584 17 Sheat strength, in-plane
86 Shear strength (3-point) 658-5 18 Interlaminar shear strength, high temp (inert atmosphere, 3-point)
87 Shear strength (double punch) 658-6 19 Tensile properties of a dry fibre tow
29 Thermal expansion Y | 20 Tensile strength, single filament at high temp
30 Thermal diffusivity o ] 21 Flexural strength {inert atmosphere, 2000 °C)
31 {Deleted) 22 Filexural strength (air, 1700 °C)
32 Specific heat -3 23 Thermal conductivity
33 Density 24 Compression properties {neutral atmosphere, 2000 °C}
25 Compression properties, high temp (air)
26 Resistance to crack propagation
27 Elastic properties of NDT
28 Resistance to creep
FIBRE PROPERTIES
34 Size content -1
35 Linear mass o2
36 Filament diameter P }
37 Filament strength ..-4
COATINGS COATINGS
69 Chenmucal comp (EPMA) .4 29 Chemical comp (GDOS)
70 Thickness (step and cap grinding) RS 30 Chemical comp (XRF}
88 Thickness (grinding) Y 31 Chemical comp (AAS)
71 Topography (SEM) ...-6 32 Chemical comp (ESCA}
72 Porosity (metallography) ...:5 33 Coasting hardness
73 Adhes.on iscratch) ..-3 34 Residual stress distribution

-~ —
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Annex V

Review of potential for test method harmonisation

[C = carbon fibre, G = glass fibre, A = all fibres, P = plastics, * = drafts,
SRM = SACMA, AITM = Airbus industries, ACO = ACOTEG.,
CRAG = Composites Ressarch Advisory Group {for Asrospace). UK

Test

Methods

Assessment

1 Longitudinal Tension {0°)

IS0 527(P), 1SO 3268(G),

Normally straight tabbed specimen. Tab

EN 2561(C)°, design and material different. 1 or 2 mm
EN 2747(G)", thick and between 10 and 20 mm wide.
ASTM D3039(F). Different moduli measurement methods.
JIS 7073(C), Harmonisation started. 1SO draft
CRAG 300{F)
2 Transverse Tension (90°) EN 2597(C)°*, As above but 2 mm thick and 10-25 mm
ASTM D3039(F), wide.
JIS 7073(C), Harmonisation started. 1ISO draft
CRAG 301(F)
3 Muttidirectional Tension ASTM D3039(F), Similar methods except that CRAG inclu-
CRAG 302(F}, des any +0.
ACOMPN14 ISO 527 Pant 4 may cover
4 Longitudinal Compression ISO 8515(G), Similar philosophy (except D695) but dif-
{0°) ISO 604({P), ferences in gauge area and support jig.
EN 285C{C)*, 6.35-12.5 mm wide and
ASTM D34101(F), 2-4 mm wide. More difficuit area to har-
ASTM D695(M), monise because of many support jigs.
CRAG 400(F) CEN new draft
5 Transverse Compression ASTM D3410{F), Both compression options as for Test {4).
{90°) ACO/TP/8 CEN new draft
6 Muitidirectional Compres- CRAG 401(F), Similar specimen geometries as Test (3}
sion ACO/TP/14

7 Flexure

ISO 178{P), EN 63(G),

ASTM and JIS include 4 pt. Older stan-

EN 2562(C)°, vards (eg ASTM) have a range of thick-
EN 2746(G)*, nesses, later 2 mm but EN(G) is
ASTM D790(P), 3mm.
CRAG 2004{F) CEN new draft

8 Interlaminar Shear 1SO 4585(G), Normally 5/1 span/depth. ASTM range of
EN 2563(C)°*, thicknesses, EN(C) is 2 mm but EN(G) is
EN 2377(G)°, J mm thick.
ASTM D2344(F), CEN new draft. CRAG 2 mm
CRAG 100(F)

9 in-plane Shear

ASTM D3518F),

Nor nally 2 mm thick. ASTM and CRAG

CRAG 101{F), 25 nm wide and ACO is 16 mm. AITM
ACO/TP/9, 25 mm x 1 mm.
AITM 10002 CEN preparing new draft

10 Open Hole Tension CRAG 303(F), Same specimen width/hole diameter (6/1)
ACO/TP/12, for metric and non-metric versions except
SACMA SRMS(F}, AITM 5/1, Hole diameter 6 or 6.35 mm
AITM 10007, CRAG has a range for both values
DIN 65559

11 Holed Compression CRAG 492(F), As above for tension
ACO/TP/11,

SACMA SRM3(F,;,
AITM 10008, DIN 65580
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12 Compression After Impact

CRAG 4Q3I(F), DIN 65561
AITM 10019,
SACMA(ASTM)(F)

Boeing test method (ASTM R-R) gaining
acceptance, in DIN draft
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Annax VI  VAMAS Technical Working Aress

Arez %o Title Materials under study Chair
TWA1 Wear Test Methods Alumina, Silicon nitride, USA, Germany
. AISI 52100 steel
TWA2 Surface Chemucal Wide ranging reference UK
Analysis matenals, mezallic and
non-metallic
TWA3 Ceramics Alumina, zirconia-alumina USA
TWA4 Polymer Blends Polycarbonate/ Canada
Polyethylene blend,
Orgalloy R-6000
commercial blend
TWAS Polymer Composites Glass and cwbon fibre France
reinforced resins
TWAG Superconducting and Niobium-tin and niobium-titanium Japan
Cryogenic Structural filaments, cryogenic steels
Materials
TWA7 Bioengineering Hydroxyapatite, Japan
Materials alumina, zirconia
TWAS Hot-Salt Corrosion Rene 80 and IN738, UK
Resistance Nickel-base superalloys,

protective coatings

TWA9 Weld Characteristics 304 and 316 stainless UK
{completed) steels
TWA10 Material Databanks Creep and fatigue data EC,USA
from low and high alloy
steels
TWA11 Creep Crack Growth Chromium/molybdenum/ UK
vanadium ferritic steels
TWA12 Efficient Test Wide range of polymers UK
Procedures for Polymer Prop-
erties
TWAI13 Low-cycle Fatigue IN718 and Nimonic 101 EC

nickel-base alloys,
316L and 9Cr/1Mo steel

TWA14 The Technical Basis for 3 Engineering Ceramics USA
Unified Classitication System
TWA15 Metal-Matrix Composites Discontinuous SiC reinforced alu- USA
minium
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Annex Vi Proposed subcommittess of ISO/TC 201
on Surface Chemical Analysis

Termir logy

General Procedures

Data Management and Treatment

Depth Profiling

Auger Electron Spectroscopy (AES)

Secondary lon Mass Spectrometry (SIMS) (includes Sput-
tered Neutra! Mass Spectrometry and Fast Atom Bom-
bardment Mass Spectrometry)

7 X-Ray Photoelectron Spectroscopy (XPS)

DL WN -

Annex VKI  Proposed arsas of work to be considered by the subcommittees
(shown in parentheses) of ISO/TC 201 on Surface Chemical Analysis

A Instrument Specifications {AES, GDOS, SIMS, TXRF and XPS)

B Instrument Operations (AES, GDOS, SIMS, TXRF, XPS, Depth Profil-
ing, and General Procedures)

c Specimen Preparation (General Procedures)

D Data Acquisition (AES, GDOS, SIMS, TXRF and Depth Profiling)

Data Processing for Qualitative Analysis (AES, GDOS, SIMS, TXRF, XPS, and
Data Management and Treatment)

F Data Processing for Quantitative Analysis (AES, GDOS, SIMS, TXRF,
XPS, and Data Management and Treatment)

G Reporting Results (AES, GDOS, SIMS, TXRF, XPS, Depth Profiling,
General Procedures, and Data Management and Treatment)

H Terminology (Terminology)

i Reference Mat.rials (General Procedures)

GDOS Glow discharge optical spectroscopy
TXRF Totat reflection x-ray fluorescence spectroscopy
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Annex C

SUMMARY OF PRESENTATION

Testing and Evaluation of New Materials: Thaiand

L. Chotimongkol
D:redor of Metal and Matenial Technology Department, TISTR

N. Pankurdee
Director of Material Properties Analysis and Development Centre, TISTR

New and advanced materials may be defined as materials which are composed of new
composition, new of improved processes for new applications. The terminology of advanced or new
materiaks in this paper refers to advanced ceramics than other materials. The main requirement
of these materials is that they should withstand higher properties in mechanical, thermal, chemical
resistant, etc. Furthermore, new materials will perform their functional properties better or newer
than classical or traditional materials, such as Engineering Ceramics, Electronic Ceramics,
Composite Products. Since the private sector is responsible for most of the presen’; economic
growth, many companies are changing their attitude from traditional rekability in cheaper labour to
more utilization of automation technology. This leads some maiot companies to start to put more
investment in their own R+D units. In Thailand, the development of new materials has only recently
started. Testing cf their properties a:.d its performances are difficutt to characterize and evaluate.
Due to a lack of expertise on testing methods in both public and private sectors, the need of
expertise and standaid method of testing of evaluation service of rew material is critical for the
success factor of new material development.

Testing and Evaluation of New and Advanced Materials in China

Prof. Wu Min-da
Shanghai Research Institute of Materials

Reliable methods for testing and evaluation of new and advanced matenals play a very
important role in the rapid industrial development of China.

Projects of R+D in this respect are provided through three approaches in China. Those of
basic research of new methodologies and techniques are categorized as national projects and
funded by National Natural Scierce Foundation. Those of applied research are brought into the
projects of relevant industrial ministries or regional (provincial or municipal) economy ~ommittees
and funded by their respective foundations. Conftracts of those projects for specific purposes are
made between the demander enterprise cr factory and certain materials research or testing
laboratory. There are many institutes in a ministry, as for instance, the Ministry of Machinery
Industry involves many institutes, such as Institute of Automobile, Bearing Research Institute,
Institute of Electric Power Plant Equipments, etc. In each institute, a materials research and testing
division or group is in charge of investigating the materials for its respective product services.

As the characterization method for new and advanced materials would be much more
complicated than for the routine engineering materials, testing machines and apparatus would be
more expensive than what developing countries could afford. Therefore, it is a very good idea to
establish an International Centre ‘nr Materials Evaluation Technology (ICMET), in order to organize
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the collaboration in testing and evaluation of new matenals in Asia. and it will surely be with
synzrgistic benefits for developing countries.

We zre glad to do our best to support this meaningful task. All the activites of this Centre
would be on 2 voluntary basis. It seems worthwhiie to initiate even a bilateral programme at its first
stage. The possible areas of cooperative R+D will be very wide. I}t woud seem highly
recommended firstly to edit a newsletter (probably in English), fcr exchange of ideas, infeimation
and expenience. The editorial board should consist ¢t representatives of all member countries.
Round Rob in Test of some CRM (Certified Reference miaterials) among member countnes wouid
seem also recommendable. For the time being their funding, however is a problem to be settled.

Testing and Evaluation of Materials: Indian Experience

Krishnan Lal
Nalional Physical Leboratory

Research and development in the area of materials science is being pursued in a variety
of institutions all over the country. These R+D gioups are part of national laboratosies of Indian
Institutes of Technology and Universities. Premier institutions iike Indian Institute of Science,
Bangalore and Tata Institute for Fundamental Research, Bombay are also active in this area. In
industrial sector also there is activity on a limited number of materials. Both for understanding of
the behaviour of materials on fundamental level as well as for control of properties sc that these
can be employed in different devices, a strict control is required over besic materials’ characterstics
and properties. There is considerable infrastructure in the country for chararterizaton of materiais
regarding all aspects, namely: cuainosition, puiity, crystellographic structure and latt.ce
imperfections. Also a number of ;. >rties ~an be ineasured at a level o accuracy. Advanced
techniques for elemental analysis inc.. .2 ata..uc absorplion spectroiretry (with graptiite furnace and
background suppressing facility}; ICP emission spactrometry; ICP mass spectrometry and a variety
of usual spectrochemical techniques. X-ray fluorescence spectrometry is alsc widely utilized. For
specialized situations, magnetic resonance techniques are emplcyed. For charactzrization of
surfaces, the following analytical techniques are being used: (i) Auger ei~ctron spectrometiy;
secondary ion mass spectrometry (SIMS) and elecison spectroscopy for chemical analysis (ESCA).

This infraztrecture is being used to prepare Indian Reference Mateiials to ensure quaiity
of measurement in testing laboratonies all over the ccuntry. Some of these reference materiais
have been exported. Also, we are participating in a few international activities in this area.

Testing and Evaluation of New Materials in Indonesic

Niiyardi Kahar
Heacd
Research and Development Centre for Applied Physics

Industrialization nas been growing ver. fa~t in the last 2% yeirs of indonesia national
develcpment effort. The contribution of manufecturing industry to the national GDP was
cunsistently increasing. Cemand tor new material to sus'zin the op=eration of the industries is also
increasing.

Testing and evaluation of materials are becoming one ot the important issues it conjunction
with the issue of sustainable growth and develogment of Indenesian manufacturing indusiry. The
needs of testing cover the area of metals, ceramics, polymers, compesites ang furictional meterials,




The avaiiabiiity of facilities is still in the early stage of development and they are scattered in various
institutions and industrial estatlishmen:

Recognizing the complicated issues of testing and evaluation of materials as well as the
high cost investment to develop reliable faciiities, there is an urgent need for evolving policies,
procedure and mechanisms to enhance the materials evaluation techno.ogy capacity in Indonesia.
The existing groups and facilities will be the valuable assets to develop such an important
technological infrastructure. The initiative undertaken by UNIDO and the Republic of Korea to
establish an Intematinnal Centre for Matenals Fvaluation Technology (ICMET) will be relevant and
could help de*~'oping countries, such as indonesia, in strengthening their technological based
development engeavour.

R+D Activities of New and Advanced Materials in Malaysia

Dr. Joo Fai Tung
Standard and Industrial Research Institute of Malaysia

Vision 2020 is the road for Malaysia to become a fully industrialized nation by the year
2020. To achieve this goal, Malaysia must aspired to be a highly competitive manufacturing nation
trading in the world markets and with full understanding of issues such as market knowiedge,
industrial and engineering design, as well as leading technologica! edge in both materials and
manufacturing technologies.

The Malaysian Government Technology Action Plan recognized these important aspects
of technologica! development and accordingly focuses on building up a body of competence in new
and emerging technologies. These technologies, with careful guidance and appropriate selectivity,
will point to niche areas and can possibly provide opportunities in an increasingly competitive global
trading environment.

Towards this objective, the National Plan of Action has designated six prioiity areas,
namely: Automated Manufacturing Technology, Advanced Materials Technology, Electronics
Technology, Energy, Biotechnology and Information Technology for R+D initiatives. When
considering these five areas of technology, it is obvious that a high degree of interdependence may
be noted, but possibly not so great as the role of advanced matenals.

"Advanced Matenais” is a collective term that is convenient to use, and that has a wide
range of meanings depending on the topic under discussion. For this purpose, the term refers to
the following materiais categories:

- Ceramics

- Metals

- Polymers

- Composites

The opportunities and potential for materials falling under these classification will aiways
depend on the products into which they are emhedded and the world market for these products.
The sale of a "high tech” raw material, or the technology associated to produce it, may bring
revenue to the country, but the real benefits are to be generated by using the qualities of those
materials to promote Malaysian "high value added” products in the world arena.

New mechanisms will certainly be needed for coordinated planning and implementation of
mutti-agency prograsmes in Malaysia for the development of new and advanced maternials. This
multi-linkage synergism will certainly increase the effectiveness of this technical agenda. The long
range goal is to allow government agencies and the private sector to develop coordinated R+D
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programmes that will be both technology-driven and goal-oriented. This is more important in view
of the fact that Malaysia is committed to developing business and technological capacity in
advanced materials and composite products manufacturing for both the aerospace and non-
aerospace applications.

Testing and Evaluation of New Materials at
Singapore Instiite of Standards and Industrial Research (SISIR)

Dr. Danvel Yip
Materiais Technology Division
SISIR

The Singapore Institute of Standards and industrial Research (SISIR) is a Singapore
govermnment statutory board and a national testing laboratory. Our mission is "to excel as the
national standards authority and to lead Singapore industry towards greater international
competitiveness through quality and industrial technology”.

SISIR currently has a staff strength of some 600, of which 25 per cent are graduate
professionals. in addition to product and materials testing activities, SISIR offers a highly integrated
package of multidiscipiinary services which include contract R+D, product design and development,
failure analysis and consultancy, calibraticn, ISO 9000 and other technical services.

Organizationally, SISIR has seven divisions, each headed by a Director. it is guided by a
Board comprising members frem industry, the Ministry of Trade and Industry ot which SISIR
reporting t» and other government members. The Board is directed by a non-executive Chairman.
The day to day operation is managed by the Chief Executive, and assisted by the Assistant Chief
Executive of SiISir.

Materials Technoiogy Division is one of the three divisions classified as the "Hard
Technology” division. Within the same category are the Product and Process Technology Division
and the Electronics and Computer Applications Division. In contrast, our Standards and Quality and
Technology Transfer division are classified as the "Soft Technology" division. The hard technology
divisions are mainly responsible for the implerentation of testing activities and applied R+D
contracts whereas supporting services such as laboratory accreditation, ISO 9000 certification as
well as technology market programine are done by the soft technology division.

Current Activities of Materials Evaluation Centre

Dr. Hahngue Moon
Materials Evaluation Centre
Korea Research Institute of Standards and Science

The National Research Project funded through Ministry of Science and Technology is to
develop or improve materials evaluation techniques required in industries. The long term
development plan covers the following areas:

- evaluation of forming process and durability of structural fine ceramics
- nanostructure analysis of ultra thin fiims

- surface/interface composition analysis

- evaluation of materials used in extreme environment, and

- real-time/in-process evaluation
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This project starts this year and US$810.00C was allocated for 1994.

There are so many kinds of materials. properties. and many kinds of evaluation methods
that institutes or even one country cannot cover all of them. That is why we need intemational
coliaborations, especially among developing countries. KRISS is willing to share its manpower,
facilities, and experiences with any oiganization in the region for cokaboration in testing and
evaluation of new materials.

UNIDO and Korea Research Institute of Standards and Science (KRISS), following the
conclusions of Regional Workshop on Testing and Evaluation of New Matenals for Asia held on 25-
28 March 1991 at KRISS, have been preparing for the estabishment of International Centre for
Materials Evaluation Technology (ICMET). Altrough ICMET was not established yet. the possibility
is increasing now. If ICMET is located here at KRISS, Materials Evaluation Centre (MEC) of KRISS
will play an important role in varous activities of ICMET.




AnnexD

Feasibility Study on

The Establishment of an
Intemnational Centre for Materials Evaluation Technology

EXECUTIVE SUMMARY

Materials Technology is a key enabling technology for a wide range of industrial sectors.
It is commonly acknowledged that refiable methods of testing and evaluation of new and advanced
materials are crucial for their successful development and efficient incorporation into competitive
industrial products. However, activities associated with the development of widely recognized
evaluation methods are slow and dispersed in the developing countries and there is a genuine need
to develop a concerted activity. Therefore, it is proposed that an International Centre for Materials
Evaluation Technoiogy ICMET) is set up to provide a framework under which developing countries
can co-operate with synergistic benefits.

A mission of experts organized by UNIDO, has consulted leading institutes and experts in
nine countries in Asia and America, and found considerable interest in the concept. Based on the
findings of the mission, it is recommended that a pilot phase activity over two years should start as
soon as possible to lay the basis for the establishment of ICMET and the development of a longer
ferm ptan. Since the work of the Centre is novel and complex in nature, some pump-priming funds
are required before it can be expected to become stable. For the pilot phase it 1s estimated that
US$674,750 over 3 years will be required.

The present document contains proposals for the pilot phase activities which cover training,
information exchange, advisory services and co-operative R&D. Countries consulted warmly
supported the idea that the Centre should be based at the Korean Research Institute for Standards
and Science (KRISS) and operated as a UNIDO project to benefit from UNIDO's wide experience
in promoting international co-operation in new technologies.
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L INTRODUCTION

Duning the past five years, a number of meetings on advanced materials for developing
countries have identified the common need for regional and international co-operations in the field
of evaluation, testing and standards on new materials’"™. To facilitate an effective co-operation
amongst the developing countries, t has been proposed that an Intemational Centre for Materials
Evaluation Technology (ICMET) be established in the Republic of Korea at the Korean Research
Institute for Standards and Science (KRISS). Accordingly, in March 1992, UNIDO sent an expert
mission to consult leading institutes and experts in nine countries in order to determine the strength
of intemational interest in such a Centre and to develop a proposal covering its scope, functions
and the operational framework.

The mission was co-ordinated by Dr M K Hossain of the National Physical Laboratory, UK
and included Drs H Moon and G Bahng from KRISS and UNIDO staff member. Drs Hossain and
Bahng visitec People’s Repubiic of China, Thaitand, Malaysia, Singapore and india, whilst Dr Moon
and UNIDO staff member visited North America, Brazil, Mexico and Argentina. Very valuable inputs
to the analysis have been made by UNIDO's delegation, through wider consuitations, both in the
developing and the developed countries, and also by Dr Park, President of KRISS.

The mission met top govermment officials, senior scientists and technologists in key
research institutes as well as standards and industnal organizations in the nine countries.
ARogether it is estimated that face-to-face consuiltations with over 100 persons have been carried
out. A meeting was then held in London between Dr Hossain and UNIDO staff member to discuss
the overall findings and conclusions based upon which the following proposal for ICMET has been
prepared.

i. BACKGROUND

innovation in engineering materials has been responsible for major technological advances
in recent years and the trend is set to continue into the next century. As we enter 1990s, the world
economy will increasingly be driven and shaped by the development and application of three major
technology families, namely: new, improved and advanced matenals, microelectronics and
biotechnology.

Worldwide demand for advanced materials production has been increasing rapidly within
the last decade and it tends to rise by 2000 and beyond that period. Only between 19€5 and 1988,
the number of companies involved with advanced matenals grew more than 1800, from 302,
worldwide. It expects the global market to reach US$72 bitlion to US$95 billion by 2000, almost
an order of magnitude growth from 1987. Inorganics, such as semiconductors, powder metals,
amorphous alloys, and magnetic materials, will comprise between 36% and 52% of the total market
by 2000; composites, a US$12 biflion market in 2000, up from US$4 billion in 1987. Folymers are
projected to approach US$17 bilion, from US$ 6,3 billion in 1987. The demand for advanced
ceramics will increase 8.5% a year worlkdwide between 1990 and 2000 to reach US$25 billion
market in 2000, up from US$11 billion in 1990.

it is the materials sector, emerging as a new high technology sector in itself, upon which
technological change across industry is increasingly coming to depend. Further, new and advanced
materiais techinologies are becoming more and more linked in the diffusion process across high-
technology and traditional branches of industry. Economics in possession of a critical mass of
materials scientific and technological capabilities, associated infrastructure will be able to gain global
competitive advantage in the 1990s and beyond that period. Given the pressures of the world
market and the user industries for higher quaiity, durability and reliability, no economy or industry
can afford to ignore this in the years to come, at any stage of the materials cycle.
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With the realization that matenais technology is a prime enabling tecixnology which will have
a major influence on the economic and industrial competitiveness, the industriahzed countries have
made substantial investments in R&D. Efforts are being directed towards developing new and
improved maternals along with their processing technologies. Major improvements in the industrial
production cycle - from the processing of raw materials to the manutacture of finished products -
are envisaged affecting many industnial sectors (eg electronics, mechatronics, energy, aerospace,
automobile and biomedical). The variety of advanced matenals stretches from existing modem
materials which are being improved to extend their performance and appiications, to those that are
being developed with unique properties.

Quite significantly, various developing countries have also recognized now the cruciai
importance of advanced matenals and are embarking on new programmes to build and strengthen
national activities with the aim of increasing industriai competitiveness. In this context, it is most
important to appreciate that the greatest benefit of advanced materials will arise from the wider
diffusion of the technology into industrial products. indeed, the impact of the technology on user
industries will be a relatively more important consideration than simply the market size of the
materials themselves.

. JUSTIFICATION FOR iCMET

To transform advanced materials into competitive industrial products successfully, it is
widely acknowledged that the evaluation technology is important. Materials evaluation technology
is known as the methods of measurement, testing or analysis used to determine the physical,
mechanical or chemical characteristics and properties of materials. Reliable and appropnate
methods of materials evaluation and specification are, in fact, vital for the development of new
materials, materials selection, product design, process selection, quality control and assurance, and
the prediction and assessment of in-service performance. However, advanced materials often
require a new approach and more sophisticated and systematized techniques for characterization,
testing and evaluation which are not generally available. This acts as a serious barrier to the wider
diffusion of the technology and poses significant problems for the developing countries. For
example, testing needs for advanced composites are driven by user requirements - each user tries
to develop its own set of test methods to characterize and qualify a material, and to establish
design allowables. Thus, while the need to know basic materials properties is essentially the same
for all users, methods used to determine these properties are different. Thus, to assess composites
performance under compression, one can find 15-20 different test configurations. Multiple test
methods is clearly inefficient, not just for the matenals suppliers but also for the materials users and
test houses. Key factors are: .

- it is costly to purchase and maintain different test facilities;
- training to develop expertise for each method can be expensive;
- it is difficult or even impossible to combine test results into a database.

in fact, what industry requires is a set of consistent and widely recognized evaluation
techniques for common use by both the producers and users of new and advanced materiais.
Ideally, these techniques should be standardized, but the technical bases from which reliable
standards can be developed are lacking in many areas with the consequence that often there are
large disagreements on evaiuation techniques and even on results obtained from the same
technique. Much underpinning work is required to resolve basic but complex issues.

Trade in advanced materials and products made from them is global in character and

therefore there is a genuine requirement for international co-operation in the development of
characterization and evaluation techniques which can be accepted across national boundaries. The

57



seven most industriakzed countries of the world had already recognized this anrd initiated a
multilateral programme in the 1980’s on Advanced Materials known as VAMAS™. This p.ogramme
provides a focus for co-operation amongst the industriaized nations in developing common
technical bases from which harmonized standards can be produced with consideraole benefits.

In the developing countries, progress on matenals measurement and evaluation technology
is slow because of the heterogeneity of the activiies concerned, the amount of necessary work
compared with the available resources, and the diverse bodies involved (industial federaticrs.
users, test laboratories, government authorities, individual firms, inteinational organizatiens etc).
Often in the developing countries there Is no focus for matenals evaluation work and some lack a
critical mass at present making it difficult for them to undertake this work efficiently. The materials
base, and the technological capabilities and needs of developing countries, are somewhat different
from those of the developed countries so that the case for co-operation amongst developing
countries is vital if their nceds are to be met properly.

It must be stressed that now the acquisition and development of high-tech competence in
measurement and materials performance evaluation to faciktate both large scale preduction and
trade of materials has become an absolute necessity for the development of economics of these
countries in the 1990. Hence, the concept of an Intemnational Centre for Materials Evatuation
Technology is both timely and necessary in order to meet the pressing needs for a new approach
to promoting internationa! co-operation in the fields of matenals testing and evaiuation. Such a
Centre should assist co-operation amongst the developing countries and between them and
developed countries through the use of bi- and preferably multilateral R&D programmes, training,
and the exchange of information, ideas and expenences. The Centre should enabie the Eimited
resources available for this type of work to be utiized more effectively.

Three options were considered for this international Centre:

® establish an international Centre which would physically house a set of key
measurement and testing facilities and be staffed intemation::lly;

(i) estabfish a simple network of laboratories involved in evaluation work in the
developing countries; and

(i) set up an International Centre which would provide the basic organizational support
to develop and maintain multilateral co-operation on a cosi-shared basis.
Necessanly, this will include an element of networking of laboratories with
overlapping interests.

For the first ¢tion, funding from participating countries has to be sought and this was
considered difficult to secure at least in the short term. It might be possible to obtain some funding
from the developed countries, but this requires further investigations and a long-term plan. Only
selected developing countries can afford to establish and maintain such type of a sophisticated
centre. Also, quite importantly, each country requires its own local capability and an infrastructure
in testing and evaluation to support its industry. in some countries like india and People’s Republic
of China, national institutes are well equipped so that it is important that national centres are utilized
in a complementary way to develop ICMET and its activities.

The second option is considered to be effective for utilizing all resources involved optimally.
But simple networking assumes that there are strong nodal points which are in a position to
cooperate without additional support and assistance and this is not the case of developug
countries.

There is a need to go beyond the networking of existing institutions and centres of

excellence, and to set up an international nodal point which can assist developing economics in
both frontier scientific and engineering research and in information gathering monitoring and
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dissemination. the generation of matenals properties data bases which would provide the basis for
national industrial and economic development and strategic planning. The speed of change. the
enormous complexity and multidiscipinary, transectoral aspects of materials issues mean that all
opportunities for technicai, economic and industrial cooperation between developing countries be
grasped. and that collective approaches may be necessary. including the setting up of appropriate
international nodal point. The nodal point would also have an advantage of providing access to
instrumentation to those research institutions in developing countries that can not afford such
instrumentation. This brings us to the third option which was widely accepted as the most attractive
route for initiating an effective intemational co-operation which can be steadily built over the next
few years. During this time some pump priming funds are essential. However, in the longer term,
much of the research work on test and measurement methods, vailidation, etc. leading to the
development of guidelines. codes of practice and standards, could be carried out under a cost-
sharing basis when each participating member agrees to cany out a specific complementary
component of a larger Programme and in return gain access to the total research output.

The suggestion that KRISS should provide the focus and host the proposed International
Centre was almost universally welcomed. The mission found that KRISS enjoys a high reputation
amongst scientists and technologists in the developing worlkd and is seen as a credible organization
to lead the initiative. The people appreciate that the Republic of Korea has made a Lig progress
in economic develooment and .t would be very useful for other countries to learn its experience
gained. Its resources and grcwing capabilities were seen as vital for the success of the
International Centre, particularly in the formative stages when a strong driving force and momentum
s needed.

Several of the developing countries visited by the mission are preparing plans for increasing
their efforts including the creation of national centres on matenals R&D which will include testing
and evaluation work. However, resources are limited and there is a shortage, with the exception
perhaps of India, People’s Republic of China and one or two Latin American countries, of trained
materials scientists and technologists. The countries are keen and consider it essential to have
avenues for international exchange and co-operation to combat part of this deficiency. Althcugh
some countries have biiateral arrangements with one or two developed countries these are far from
adequate. Co-operation amongst developing countries who share common problems and whose
perspectives are similar, are believed to be of significant importance. Indeed, similar technoiogical
capabilities and requirements can provide an excellent basis for fruitful and effective partnership
amongst developing countnes.

Development, processing ar«d applications of materials are near-market activities which
means considerations of commercial confidentizity can impede free exchanges and collaboration.
However, work on materials evaluation and testing methods is pre-competitive in nature making it
relatively easy to collaborate bringing common benefits to all participants. Thus the concept of
ICMET found immediate support from all countries alike.

The mission found that the initiative of UNIDC to estabksh ICMET was overwhelmingly
suppcrted. Undoubtedly UNIDO will have a key part to play by acting as the catalyst and
enhancing international collaboration. Over many years UNIDO has built up expertise to promote
the establishment of international centres of excellence in new technology areas. Of special note
is the International Centre for Genetic Engineering and Biotechnology (ICGEB). and the more recent
International Centre for Science and High Technology (ICS) both in Trieste, italy. Within the ICS
there is a specific programme on new materials and it is foreseen that ICMET will have strong
linkages and be complementary to it. UNIDO is also promoting regional co-operation in the area
of new materials in general and has links with groups working on new materials in developed
countries such as ASM International.

In the view of the mission, the establishment of an International Centre on Materials
Evaluation Technology for the developing countries will have a number of important wider benefits:
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(a) It will provide a basis for developing countries’ gainii.q access to engineering and
processing of new materials and their characterization. That would assist the
development and strengthening of general technological capabilities in the materials
evaluation technology area vita! for future competitiveness of industry. [t would
also raise the level of understandirg throughout the materials related industry of
the importance of specifics in test methods

(b) Cc-operative intemational prcgrammes will enable the developing countries to
address materials evaluation issues within their own national institutions in a more
co-ordinated and effective manner.

{c) Collaborative work on matenais evaluation should provide a strong piatform for the
materials research communities in the developing countnies to build closer contacts
on wider topics.

(d) The Centre should have better scope for interactions and lkinking up with
established centres and other related initialives of the developed countiies than
individual institutes or even countries of the developing world would on their own.

(e) International stendards are of cnicial importance to industry ard business, ard
through ICMET's work, the developing countries will be in a good position to
contribute and influence the standard development in a positive manner.

() ICMET will assist accredited laboratories to perform to a higher standard and would
ease the laboratory accreditation process as a whole in the developing countries.

In fact, it might be said that without ICMET, there woukl be a lack of co-ordination, co-
operation and exchange of information amongst the developing countries and they would lose an
opportunity to reduce the gap between them and developed countries in a technological area of
major industrial significance and continue to have to follow these countries.

. INDICATIONS OF INTERNATIONAL INTEREST AND SUPPORT

The vast majority of government representatives in developing countries responded most
positively to the concept of ICMET and considered that the multilateral action s very timely and
should assist vital strengthening of national and regional activities. At the same time, some
expressed the view that effective links with the activities in the developed world are essential to
ensure that work is not done in isolation and that developing countries should contribute to the
development of global standards wherever appropriate. There was very enthusiastic support for
ICMET from scientists and technologists. Annex | contains a kst of the organizations and people
visited by the mission.

Most countries are keen and willing to provide support for their own establishments wishing
to participate in co-operative R&D work on materials evaluation. Some offered to host workshops,
training events etc. in their country with some financial support to meet local costs of delegates.
Commonly it was acknowledged that there has to be a two-way process for participating countries
in which they both give and take although the exact levels will vary and not always match.

For advanced materials, the mission noted a spectrum of capabilities in the different
countries dependent upon the strengths of specific industries, the portfoko of current activities and
the availability of manpower and financial resources. However, it was evident that most countries
are developing policies and plans to strengthen their technological capabilities in advanced
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matenals so that significant growth in R&D activities and funding can be expected during the coming
years. Detailed interests varied although some commonr areas such as engineering ceramics
(functional and structural), composites {polymer- and metal-based), surface chemical analysis,
corrosion, and construction materials were identified as possible areas from which some initial
activities in the pilot phase can be deveioped.

Certain countries stressed the need to ensure that ICMET's activities do not simply try to
follow the same pattern as in developed nations; proper account must be taken of the industrial
potential of specific classes of materials and also the availability of raw matenals. For exampile,
People’s Republic of China is developing technical ceramics (SiN, SiC) from rice husks which is an
abundant resource in many developing countries and such an area can provide good scope for
transnational coilaboration.

However, it was felt that any delay in launching the Centre would be damaging and that
contnibution prospects would be much higher if there were a pilot phase during which some
successful demonstration activities could be developed; funding options could be explored more
fully during such a pilot phase. In this respect, suggestions were made that industry, industry
associations as well as funding organizations in the developed countries could be approached.

A substantial measure of support was shown for the organization of training courses to
improve manpower skifis of developing countries in the materials field. Various centres of
excellence exist in the different countries and would be prepared to host courses.

An important point which came up frequently in the discussions is the role of industry and
the desirability of its involvement in the ICMET programme. Even in the developed countries, with
one or two exceptions, industry is reluctant to become involved in pre-standards or underpinning
work on measurement and evaluation technology. There is no simple recipe for success, but itis
essential that identification of work programmes for ICMET are carried out in close consultation with
industry and that continuous effort is made in all countries to attract industnal laboratories and test
houses to co-nperate in intercomparison exercises on test methods and data. Other forms of in-
kind support, such as contribution of maternials, should also be sought.

Overall, the conclusion of the mission was that leading experts of the deveioping and
developed countries are very keen to co-operate on ICMET and took the view that the initiative is
very timely. They all recognized the need to secure some core funding to launch pilot phase
activities through which the feasibility and value of such a co-operative programme can be
demonstrated. The immediate objective of the pilot phase is to lay the basis for the establishment
and effective operation of ICMET through the development of an appropriate organizational and
operational structure which will enable the formulation of an initial work programme based upon
which a detailed longer term plan can be developed.

The aim should then be to develop the work steadily through an operational phase over a
period of years during which the Centre couid be expected to forge good relations with industry and
Government on the strength of its iecord and future programme. However, because of the nature
of the work and the international dimension, it would be vital to have funding from a central source
which will help the nucleus to grow to a stable size. Once this is achieved, the Centre should be
expected to raise sufficiently additional amounts from other sources for carrying out its activities.
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V.

FUNCTIONS OF THE CENTRE

Objective

The overall objective of the international Centre for Matenals Evaluation Technology is to

estabish and strengthen the capabilities of developing countries in matenals evaluation and act as
the focus for promoting internationa! co-operation in this field.

Functions

As regards the functions of the Centre, the mission has established support for the following

activities to meet current needs; however, it must be stressed that these should be reviewed and
tuned regularly to take account of changing requirements of the participating countries:

@@

(b)

()

)

Awareness

The Centre should gather, monitor and disseminate information from both developing and
developed countries in the field of testing and evaluation of advanced materials, including
on-going work of important standards committees and standards issues. Given the large
scale of activity, the Centre has to adopt a selective approach.

Co-operative R&D

The Centre should identify industrially important areas for developing or improving new
materials evalua®ion and characterization techniques through co-operative R&D programm-
es. The aim shouid be to generate vakidated and widely acceptable techniques which can
form the basis for the development of regional and intemational standards. It is envisaged
that laboratory intercomparisons and the development of key reference materials will also
be included in the programme.

Advisory Services

The services should be organized by the Centre in co-operation with national centres to
help industry and R&D institutions in the developing countries. Delivery of the service
should be provided by a network of organizations and locally wherever possible. However,
the Centre must be able to direct enquirers to appropnate sources of advice.

Part of the remit of the Centre should be to encourage the development of leading edge
services in @ co-ordinated manner and reducing unnecessary duplication. Advice could
also be provided to assist in the establishment of new facilities and laboratories drawing
upon knowledge and experience from existing facilities.

Traming

Shortage of skilled manpower is a serious problem for developing countries and in this area
the Centre can make a valuable and sought-after contribution by organizing training
programmes which offer practical experience to participcnts in key and developing fields
of materials characterization and evaluation. Training courses should provide the scientists
and technologists access to state-of-the-art instrumentation and testing facilities which are
relevant and important {o industry. Emphasis should be placed in seeking industrial views
in the design of the courses and making them attractive to participants from industry in the
developing countries.

Intensive training courses should be held at centres of excelience bringing international

experts, not exclusively from the developing countries but also from the developed
countries, to ensure that up-to-date training is provided to meet the skills gap. At the same
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time, it is crucial to design courses which fully take into account the specia! needs of
developing countries. Training could also be arranged through guest worker and visiting
scientist schemes which can be developed and promoted by the Centre.

Vi IMPLEMENTATION AND WORK PROGRAMME

Estabkshment of ICMET should be executed as a UNIDO project under a Trust Fund
. Agreement with the Government of the Republic of Korea to secure the international character
without complicated procedures. To provide stability to the Centre there is a need for core funding

over a period of years.

Taking into consideration the novel nature of the Centre and the complexities of
amrangements for international coliaboration, it is recommended that the task should be tackled in
two phases.

(a) Pilot Activity Phase: It is proposed that this should start from 1995. Prior to this a Project
Co-ordinator, as a national expert, should be appeinted with the agreement of the Korean
Authorities. A Technical Advisory Group of high level international experts should be
formed to provide guidance in the detailed development of the Centre and the formulation
of a work programme. It is envisaged that, in addition to the Co-ordinator and some local
secretarial support, national and international experts will be appointed to undertake the
activities of the pilot phase with UNIDO playing a supervisory role.

The Project Co-ordinator will have the following functions:

- to serve as the focal point for co-ordination of all activities in the country leading
to the establishment of the Centre;

- to ensure the necessary co-ordination with relevant national institutions and
international organizations;

- to develop a long-term plan in liaison with the Technical Advisory Group.

During the pilot phase, the following key activities and targets are proposed:

0] Form a Technical Advisory Group - end 1995

it is proposed that the Advisory Group will contain 8-10 leading experts from the
developing and developed countries.

(i)  Hold two meetings of the Tecknical Advisory Group - Spring 1996, Spring 1997

The Advisory Group will provide guidance for the establishment of ICMET, advise
on the selection of work programmes and assist in formulating a long-term pian for
the major second phase of the project.

@ii) Establish a st of contact points and identify key institutions in the developing
countries who will be actively invoived in the work of ICMET - Jan. - March 1995

Information about the area of interest and key capabilities of institutes should be
obtained through a questionnaire if necessary. Surveys will also be done on
materials usage in the developing countries in key sectors of industry and also their
future requirements.
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(b)

)

v)

(vi)

(vii)

(viii)

Promote the concept and work of ICMET - continuous

o publish a newsletter - 2 per year
o visits to developing countries
o attendance at key regional/international conferences relevant to

testing and evaluation of materials.

Desbnéfappmpliah data base facilities and networking activities in relation to the
provision of the databases and information system - June 1995

The Technical Advisory Group will appoint a consultant and two specialists who will
design the information systems of ICMET including the selection of computer
nardware, specification of software capabilities and database. Desirability and
requirements of networking of existing databases in the field of testing and
evaluation and giobal accessing should also be reviewed. This activity will be
undertaken in close collaboration with institutions such as ASM International in
order to minimize waste and duplication of efforts, ensure the complementarity,
comprehensiveness of coverage, compatibility and standardization of data between
the institutions from an early stage, and increase the efficiency and usefulness of
the information services offered by ICMET during its operation.

To organize 2-3 Workshops, on "Problems and Trends in New Materials
Evaluation”

Meetings held regionally are fikely to be more successful in attracting wider
participation and therefore at least one in Asia and another in Latin America are
proposed. Three experts from developed and developing countries should be
invited at each meeting to give authoritative papers critically reviewing the current
status and future directions. Topics should be selected carefully and the aim
should be to attract about 25 selected participants who can contribute to the
discussion and help to identify areas for future work of ICMET. Some assistance
towards travel costs will be needed to ensure adequate participation, whereas local
costs may be met by the Govemment of the country.

To organize two training courses on materials charact2rization and evaluation - Mid
1996, Mid 1997

About 10-15 participants should be aimed for each course. Two experts from
developing and developed countries should be invited with support fiom the Centre
hosting the events.

Fommulate and launch at least three collaborative projects nvolving intercomparison
and validation exercises - from Spring 1996

This will be an important part of the pilot phase since it will demonstrate the basis
on which future R&D programmes can be developed and suppoited. Success in
this area will help to demonstrate the value of such an initiative to developing
countries, and attract further support for the next phase.

Operational Phase (1998-2002). Based on the experience of the pilot activity phase, a fully
fledged work-programme for the Centre will be put into operation. This is expected to cover
all the important categories of materials and an extensive range of activities described
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earlier. The long-term structure and administrative arrangements for ICMET will be
completed and it is expected that ICMET will require core funding over this period after
which the Centre should be self-supporting. These proposals are based on current thinking
and would be subject to revision during the pilot activity phase according to experience.

VII. FUNDING REQUIREMENTS

On the basis of the tentative work programme for the pilot activilies phase as outhned
above, a three-year budget is presented in Annex Il. It is estimated at about US$674,750 and the
first installment will be US$109,000.

In the nature of things, estimates of this type c.nnot be completely precise but the figures
above represent the order of resources that are needed. The mission emphasizes that the figures
mentioned in the budget represent the minimum requirement if the pilot activities should make an
impact and iead to the establishment of the Centre on a regular basis.
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Annex H
COST ESTIMATES

for the duration of three years
for the pilat activities phase of an

international Cenire for Materials
Evaluation Technology ICMET)

Operational Activities 1994 Prices

US Dollars

Short-term consultants (fee, travel, DSA) 270,000

(30 m/m)

Secretarial and technicai support 32720

(18 m/m)

UNIDO staff mission (travel, DSA) 40,000

(2-3 missions)

National Project Coordinator 75,000

(18 nvm)

Group Training 137,000

(20 m/m)

National consultants 30,000

{5 man/month)

Non-expandable equipment 20,000

Sundries 17,124

Proiect Total 597,124

Project Total, incl. 13% Programme 674,750

Support Cost ’

First Instaliment of US$100,000

Short-tenn copsuhnb 80,000
UNIDO siaf .iission (travel + DSA) 12,000
Sundries 8,000
Project Total 100,000






