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[NTRODUCTION

Introduction

This report reviews the progress made at the
Institute during 1991. As 1991 was the final year of
a four year JRC programme, it is appropriate that
we should look back over the achievements of the
past four years, and look forward to the new chal-
lenges of the next JRC programme covering the
three years from 1992-1994.

In the new programme, our accumulated expertise
in the field of high temperature materials will be
carried forward, adapted, and expanded to meet
the evolving needs of the European materials com-
munity. Our awareness of current and future needs
derives from our many contacts, in both research
and industry, with a primary input coming from our
Institute Advisory Committee. The decision to set
up an Advanced Coating Centre was a major res-
ponse to ensure that the Institute will continue to
provide technologically relevant facilities. An influx
of new, younger staff, and a new building housing
both staff and laboratories is providing the Institute
with the resources required to meet these new
challenges smoothly and efficiently.

Programme Structure of the Institute

The Institute is conducting its work under several
Programme forms, which have individual natures
and separate budgets. As before, we report under
these headings:

- The Specific Programme on Advanced Materials

- Contributions to other Specific Programmes

- Projects in Support to Commission Services

- Exploratory Research Programme

- Third Party Contract Research

- Complementary Programme of the High Flux
Reactor.

The Specific Programme on Advanced Materials

Here, projects derive from the Specific Programme
on Advanced Materials of the Framework Pro-
gramme of the C.E.C. The main research areas and
objectives are:
- Properties, Performance, Characteristics and Im-
provements of Structural Materials
Alloys
To study the performance of alloys in simulated
industrial environments with physically based
modelling and experimental verification to pre-
dict behaviour in service.

Vil

Engineering Ceramics

The investigation of engineering ceramics beha-
viour in simulated industrial situations. The analy-
sis and engineering of microstructural and inter-
facial factors influencing materials properties.

Components and Thermal Fatigue
Measurement and modelling of crack propaga-
tion in cyclic thermal gradient fields with and wi-
thout simultaneous irradiation damage and
creep: to predict component behaviour for in-
dustrial applications where thermal fatigue is a
life limiting factor. -

Operational Defects in Materials

and Lifetime Prediction

Development of methodology to identify and
quantify the microstructural defect state in those
components which determine the lifetime and
performance of structures in industrial service,
leading to the formulation of codes for life-time
prediction and design.

Reliability

Development and application of diagnostic tech-
niques and non-intrusive methods (coherent light
and thermal emission) and acoustic emission for
materials and components. Numerical simulation
of creep and fatigue behaviour.

Modulation of Surface Properties

Wear & Corrosion Resistant Coatings

To develop new procedures for the synthesis of
protective (wear, corrosion resistant and ther-
mally insulating) coatings by PVD, CVD, LPPS and
by treatment with ion beams.

Surface Treatments for Improved Performance
Improvement of surface properties of metals and
ceramics by ion implantation, laser treatment,
electron beam melting, sputter coating and com-
bination of these methods, determination of
hardness, wear resistance, friction, corrosion re-
sistance.

Properties, Performance, Characteristics
and Innovation of Functional Materials

Composite Materials Properties /mprovemehts
To characterise selected composite materials



(phase dispersed alloys, particle dispersed alloys,
fibre strengthened alloys) by microstructural and
compositional analyses and mechanical testing.

Chemical Sensors

To develop or improve chemical film sensors for
environmental as well as industrial gaseous at-
mospheres (H,/OH,/NO,,SO,) with high perfor-

mance.

- Data and Information Management
for Advanced Materials

Data Banks

Provision of computerised databases for mate-
rials properties used for data management, data
evaluation and input to computer-aided engi-
neering, finite element methods, computer-ai-
ded processing and data information services.

Information Centre

To provide an information bureau, a meeting fo-
rum and a means for cooperation, the promotion
and dissemination of information on materials re-
search in the Community and to act as conti-
nuous interface to industry.

Contributions to Other Specific Programmes

The Institute is contributing to the following Speci-
fic Programmes in the research areas:

- Reactor Safety

Project for the Integrity of Steel Components
(PISC)

Assessment of the effectiveness of the inspection
techniques and procedures and of their reliability
when applied to structural components; empha-
sis on the in-service inspection of the primary cir-
cuit of nuclear reactors.

- Radioactive Waste Management
Materials Research Aspects
To describe the interactions between conditio-
ned waste (vitrified high level waste and alpha-
contaminated waste in concrete) and the sur-
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rounding materials in final storage conditions, es- -

sentially for the development of risk assessment
models.

- Fusion Technology and Safety

Materials Integrity

To provide experimental information on proper-
ties and on irradiation behaviour of AlSI 316 steel
for NET first wall candidate material. Study of ef-
fects of plasma disruptions and determination of
thermal fatigue behaviour of first wall elements.
To obtain data on Pb-Li properties and the com-
patibility with structural materials.

Projects in Support of Commission Services

A number of projects are directly sponsored by
other Services of the Commission in different Di-
rectorates Generales. These refer closely to the
specific interests and responsibilities of the Servi-
ces. These projects are:

Standards for Advanced Ceramics (DG Ili)

- Support to and stimulation of the development
of European standards and pre-standards

- Execution of R & D actions within European stan-
dardisation activities.

Standards and codes for Non Destructive Testing

of Pressure Vessels and Weldments (DG Ill)

- Support to the development of European (Pre-)
Standards and Codes.

- Stimulation and coordination of Round Robin ac-
tions.

Materials Science and Technology for Aeronautics

Applications (DG Ill)

- To produce an analysis of the European position
with respect to construction materials employed
in the aeronautic industries.

- To elaborate a strategic plan for Materials
Science and Technology to support European in-
dustrial competitivity.

Standardization of Quality Control Protocols Pro-

duced Radio-Pharmaceuticals (DG Xl

- Support to the Council Directive on radiation
protection of persons undergoing medical exa-
mination and treatment

- Pre-normative R & D for protocols for chemical,
radiochemical, radionuclidic and biological

purity.



Ceramic Catalyst Carrier (DG Xi)

- Assessment of all relevant factors (state of the
ant).

- |nvestigation of the degradation mechanism of
ceramic catalyst carriers.

- Studying the efficiency of ceramic soot filters.

- Development of methodologies for performance
ingpection.

The Role of materials in environmental Problems

arising from Power Stations (DG Xi)

- To evaluate the Materials Science and Techno-
logy contribution to reduce environmental pro-
blems, arising from fossil fuel fired power sta-
tions,

- To develop a strategic plan to realize this goal.

Technology Transfer and Utilization
of Research Results (DG Xiii}

- Oxygen sensors

- Passive Downward Heat Transport.
« Ultrasonic Reference Transducers.

Materials Databanks (DG Xil})

Support to DG Xlll (Information Services Market)

on

1) Organisation and evaluation of the Materials
Databanks Demonstrator Programme

2) Organisation of pilot demonstration projects for
the industrial integration of materials informa-
tion services

3) Development of standards for materials data-
banks.

Exploratory Research

Here, a small contribution from the value of all the
specific programmes of the Joint Research Centre
provide a budget for supporting research which is
aimed to stimulate originality and fresh directions
in the scope of the Institute. During the period un-
der review, the Institute has won a number of such

projects, as follows:

- Design and Construction of an Epithermal Neu-
trom Beam for a Boron Neutron Capture Therapy
Facility at the High Flux Reactor in Petten.

To design and construct a BNCT fadility at Petten
fior the treatment of certain types of cancer by
means of radiation.
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- Joining of Ceramics to Metals
To study experimentally the interfacial chemical
relations controlling the joining of ceramics to
metals and to explore the use of ion beam sur-
face preparation techniques for promoting joi-
ning in order to optimise joints for high tempera-
ture applications under stress.

Micro-Hydrodynamics of Laser Melted Pools

To model with computer techniques and study
experimentally the expected shapes of molten
pools produced by laser melting of engineering
alloys.

- Development of Intelligent Processes for Sub-
Micron Ceramic Microstructure
To improve the quality of materials by actively
steering processing operations towards goals set
in terms of materials properties.

Development of ceramic fibres for high
temperature composites

To explore the potential of conferring an ade-
quate corrosion protection of carbon fibres to al-
low its exploitation in high temperature ceramic
compasites.

The Programme of the High Flux Reactor

To exploit effectively the High Flux Reactor in Pet-
ten, an outstanding European materials testing fa-
cility, for the benefit of member states’ reactor
technology programmes, for the programmes of
the Commission and for other Third Party require-
ments.

Achievement Highlights from the 1987/1991
Programme

The achievement highlights in materials research
are grouped here under three headings: irradiation
of materials, characterization of materials, and im-
provement of materials - particularly of surfaces
and interfaces. The work derived from the exploita-
tion of large facilities, from large projects, and from
smaller exploratory projects where ideas for future
projects are tested.



One achievement is not materials related; it
concerns the medical use of neutrons for cancer
therapy.

Irradiation of materials

The Institute possesses two large facilities for mate-
rials irradiation, the high flux reactor, HFR, at Petten
and the cyclotron at Ispra.

The HFR has performed many in-core irradiations
of fuels and structural materials for thermal, fast,
and fusion reactor types.

LWR fuel testing included experiments with MOX
fuel and high burn-up PWR and BWR fuel rods in
which power cycling behaviour, transient fission
gas release and iodine release during simulated
LOCA conditions were investigated. lrradiations
for wide-ranging studies of LMFBR fuel behaviour
were performed covering both oxide and nitride
fuels. The release of volatile fission products from
coated HTR spherical fuel particles was studied un-
der steady state and transient conditions. Exten-
sive irradiations to characterize graphite over a
wide range of temperature and neutron fluence
were also performed for the same HTR application.

A significant contribution was made to the mate-
rials programme within the European Fusion Tech-
nology programme concerning austenitic stainless
steels, vanadium alloys, refractory ceramics, lithium
ceramics, and Pb-Li liquid metals. The cyclotron
also contributed to radiation damage studies on fu-
sion materials.

The commercial production of radioisotopes in the
HFR for medical and industrial purposes was in-
creased to an annual turnover in excess of 1 MECU.
In addition, the cyclotron was used to develop an
efficient technique for producing medical Ga-68,
and production of |-123 was set up to serve as the
principle source in southern Europe of this very
short-lived isotope.

Activation analysis is carried outin the HFR as a ge-
neral service to industry and universities. The cyclo-
tron is also applied to activation analysis but spe-
cializes specifically on the analysis of the wear of
moving components and to spallation behaviourin
corrosion studies.

Neutron beams from the reactor are used for neu-
tron radiography and together with spectrometers,
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neutrons are also used as analytical tools in a wide
range of fundamental and applied research.

Characterization of material properties and
behaviours

Materials characterization encompasses alloys,
ceramics and composites.

Extensive investigations into the corrosion, creep
and fatigue properties of alloys for high tempera-
ture applications in gas turbines and corrosive envi-
ronments were pursued with the aims of predicting
and improving in-service behaviour. Liquid metal
embrittlement and corrosion studies on stainless
steels have contributed to the European Fusion
Programme and have lead to the development ofa
ternary oxide corrosion barrier. New techniques
were introduced such as in-situ computer vision
monitoring of fatigue crack growth, and improved
ultrasonic detection of creep induced intergranular
micro cracks. The PISC programme has comple-
mented this laboratory scale work by demonstra-
ting how NDI methods can be optimized on full
scale industrial components, resulting in the revi-
sion of several European industrial NDI procedu-
res.

The reliable measurement of long term behaviour,
e.g. creep and fatigue, is very expensive. Conse-
quently it is important to extract the maximum va-
lue from the data. The Institute operates a high
temperature materials data bank (HTM-DB) for al-
loys which features a highly developed set of data
evaluation programmes that maximizes the predic-
tive usefulness of the data.

On ceramics, the corrosion mechanism for SisNg
and SiCin sulphur containing atmospheres was elu-
cidated, and work on the uniaxial testing of engi-
neering ceramics contributed to European standar-
disation of testing procedures.

Creep and tensile testing of continuous fibre cera-
mic matrix composites (alumina fibres in SiN) has
lead to a model to predict primary and secondary
creep. Characterization of metal matrix Al-SiC com-
posites stimulated ideas for a new composite pro-
duced by vacuum plasma spraying.



Improvement of materials

The Institute invested heavily in a surface modifica-
tion centre equipped with ion-implantation, laser,
electron beam, plasma sputtering, and plasma
spraying equipment together with the necessary
complementary surface analysis equipment i.e.
AUGER, ESCA, SEM, TEM, XRD, nanoindentor etc.
This facility for improving materials surfaces has
been used both for the production of ultra hard
wear and corrosion resistant coatings and also in
experiments in more innovative applications such
as producing compact, cheap, and robust chemical
sensors for gases such as NO; and Cl,

Ceramics joining is another methodology which
uses surface engineering. New developments in-
volving ion beam amorphization of SisN4 and im-
plantation with Cr and Ni allows joining of Si3N,
parts with Ni-Cr interlayers: this yields strong and
reliable joints.

Exploratory research projects may provide unex-
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pected spin-off. Modelling of surface tension'dri-

ven flows (Marangoni effect) in laser-melted liquid
metal pools in laser surface treatment lead to the
realization that the model also has potential for sol-
ving flux line erosion of refractories in the steel and
glass making industries.

Outlook into 1992/1994: The new Programme

The Institute specific programme falls into six
research areas listed below:

Materials for extreme environments
Reliability and life prediction

Measurement and validation methodologies
Surface modification technology

Fusion materials

Materials information and data management

The focus is on advanced materials used to the
limits of their capabilities. While continuing to build
on past achievements, the new programme increa-
ses the emphasis on improving the performance of
existing materials through surface treatments and
coating. The industrial use of such materials in
terms of market size is growing rapidly; these

Xl

materials are part of a vital enabling technology of
strategic importance for European industry in
maintaining its position at the forefront of techno-
logy. We believe that this is one area where the
IAM, as a public-funded materials research institu-
te, can most efficiently contribute its effort for the
benefit of European industry.

Budget and Resources 1991

The table below lists the budget appropriations
and the manpower resources allocated to each of
the research areas during 1991.

Programme Research Research
Staff  Budget
(Kecu)
1. SpecificProgramme
Materials 77 1140
Fusion Materials 17 300
Reactor Safety {PISC) 21 320
Other Specific 3 40
2. Supporttothe
Commission 18 540
3. Exploratory 9 190
4. HighFluxReactor
Complementary 40 680
Common 2 100
Totals 187 3310

Notes 1. In addition to the above resources,
11 research staff were engaged in
contract work for third parties.
Contracts to a value of more than
3.5 Mecu were signed in 1991 for
execution in 1991 and later years.

2. The research budget for the HFR
excludes the reactor running costs.

Research Personnel

There was a significant influx of younger staff, some
recruits with mostly boursiers and visiting research
fellows, about half of them from the newer member
states: this is a vital element in the scientific spirit of
the Institute.



Coating Centre

The Advanced Coatings Centre (ACC) is a joint ven-
ture between the Netherlands Energy Research
Foundation (ECN) and the IAM. Installation of
equipment in this centre was completed and the
centre now offers research facilities and expertise
to industry for the development of coatings for se-
vere environments.

A very wide spectrum of techniques is available
which permits the optimum solution to be selected:
Thermal spraying, comprising: thermal spraying at
atmospheric and low pressure for ceramic and me-
tallic powders, high velocity spraying for carbides

Chemical vapour deposition: low pressure CVD for
temperatures of 600-1200°C, plasma assisted CVD
for 100-600°C, and plasma ion nitriding.

Physical vapour deposition: DC and radio fre-
quency sputtering for low temperature deposition
of metals and alloys, dual ion beam sputtering for
ceramics.

High energy beams: lon-implantation, electron
beams for surface alloying and hardening, CO,
laser for post-coating treatment {densification) of
coatings.

For characterizing the coatings, the ACC can call on
the established resources of the Institute.

IAM Advisory Committee

The Institute Advisory Committee met for the se-
cond time in 1991. This committee has the remit to
advise on scientific and technical matters relating
to the work of the Institute.

I[NTRODUCTION
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The advice of the committee was sought on various
materials initiatives stimulated by the Institute and
on future strategy. The advice of the committee
was useful in formulating the new multi-annual pro-
gramme, and the emphasis on high temperature
materials, fusion materials, life prediction and sur-
face engineering was welcomed.

The Members of the Committee are:
Prof. H. Czichos, Dr. C. Djololian,

Dr. A. Garcia-Arroyo, Dr. G.W. Meetham,
Prof. C. Rizzuto and Prof. G. Sarensen.

BNCT

The HFR is one of the few neutron sources in
Europe with the potential for use in cancer therapy
by the technique of boron neutron capture thera-
py, BNCT. The basis of this technique is to adminis-
ter boron to patients in a chemical form that accu-
mulates preferentially in tumourtissue. Exposure to
a beam of epithermal neutrons then results in a hig-
her damage rate to tumour tissue than to surroun-
ding healthy tissue. The Institute BNCT project,
which forms part of a coordinated European effort,
advanced to the stage where tissue damage stu-
dies were begunin order to estimate dosage requi-
red for the treatment of brain tumours.

Third Party Contract Research

Commitments for third party contract in 1991
amounted to 3.5 Mecu. This included a contract for
2 Mecu for the production of isotopes in the cyclo-
tron in Ispra. The total volume of contract work is
approaching the target of 4 Mecu/year set for the
1992-1994 programme. This comprises a large
number of individual contracts covering a range of
industrial sectors.
































































SCIENTIFIC - TECHNICAL ACHIEVEMENTS

Composite Materials
Properties Improvements

The tensile properties of the plasma sprayed depo-
sits of aluminium containing ceramic particulate
dispersions (see Annual Report 1990, p.35) are
summarized in Table 1. The results indicate that the
strength level attained by the VPS materials in the
as-sprayed condition is fairly low when compared
with that of similar hot-compacted composites.
However, the possibility of achieving medium-level
strength with a lower number of thermomechanical
processes might be attractive for several kinds of
non-structural materials as well as for coatings,
where other properties such as wear resistance and
frictional properties may become dominant.

With the aim of widening the applications of VPS
particulate composites, an evaluation of the tensile
strength of the above composites in the hot-com-
pacted condition has been carried out in the JRC-
Ispra laboratories.

The Al+33%SiC composites were studied in both
the as-sprayed condition and the annealed condi-
tion (400°C for 30 min) with the purpose of enhan-
cing the bonding between the splatted droplets
which form the deposit. By considering the tensile
data, it is observed that the treatment did not alter
significantly the tensile behaviour of the material,
suggesting that there was already a sufficient che-
mical bonding between the particles.

Table below: Tensile data of the VPS composites in the
as-sprayed condition

Material Treatment
Al+33%SiC as-sprayed
annealed
Al-4.5Cu control alloy TS
Al-4.5Cu+33%SiC Té
N202+SiC T6

A comparison between the Al-4.5Cu+33%SiC
composite and the corresponding control alloy re-
veals that the former material shows an increase in
the UTS value and in the stiffness properties, quali-
tatively assessed by the slope of the stress-strain
curve, figure on page 29. Since the uniform elonga-
tion values of both are low, in spite of the higher va-
lue that could have been expected for the unrein-
forced alloy, it is believed that an additional
embrittling factor arise during the heat treatment.
Microstructural observations of the two materials
showed a clear increase in the presence of blisters
after heat treatment. The fact that the elongation of
the unreinforced alloy elongation is as low as that of
the composite shows that the effect of the blisters
is more significant than the notch effect introduced
by the SiC particles, in reducing the ductility of the
VPS deposits. As far as the N202+SiC composite is
concemed, it attains a remarkably high strength le-
vel though still maintaining low uniform elongation
values. In addition, it is worth noting that the tensile
data for the three age-hardened materials were af-
fected by a relatively large scatter of values which
again highlights the important role played by the
defects in these composites.

On fracture surfaces of the broken specimens little
secondary cracking or any other form of damage
could be observed behind the fracture line apart
from some small defects originally present in the
material. The separation path was roughly perpen-
dicular to the loading direction and only occasio-
nally were the SiC particles exposed on the fracture
surface.

Number of UTS (MPa) um(%)
specimens
2 ves %54 299
7 104.9 0.36
7 1184 0.26
5 175.6 0.34

Notes: Treatment Té = The heat treatment Té consisted of 8 hours at 535°C plus 10 hours at 540°C, water quenching and

artificial ageing at 160°C for a period of 8 hours.
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Sample material and treatment

SS{a) as received (mirror polished}

SS(b) asreceived (miror polished

SS(a) annealed

SS(b) annealed

SS(a) annealed, sputtered, chem. cleaned
SS(b) annealed, sputtered, chem. cleaned
TiN,(a),x=1 asdeposited, onSS (a}-5
TiNJb),x=1 asdeposited, onSS (b)-6
TiNa),x=1 annealed

TiNgb),x=1 annealed

TiNga),x=1 annealed, aged

TiNgb),x=1 annealed, aged

O 00 N O BN =

—_ e s
N = O

Table above: PAS Parameters measured with TiN, coatings
and 5§ substrates

6. High temperature turbine blades are protected
against gas corrosion by coatings of M CrAlY.
Such coatings of different composition have been

SCIENTIFIC - TECHNICAL ACHIEVEMENTS

$x 105

50707+ 7
49843 + 12
49531 +13
49578 +20
49422 +10

. 49419+16

52355+10
52570+ 11
52194+ 11
52491+ 10
50795+18
51951+13

produced by low pressure plasma spray on a num-

Wx 108

23502+ 7
24414+12
24711415
24671+ 21
24845+ 9
24853+ 11
21493+ 9
21470+ 8
21661+10
21429+ 9
23250+20

22307+ 10

(W/s)x10°

46349+ 22
48982+ 32
49891+ 36
49763 + 61
50272 +27
50290+ 33
41052+23
40840 + 22
41504 +27
40824 +24
45772 + 51
42938 +28

ber of materials used for turbine blades.

Methods have been developed to improve the ad-
herence, the density and their shock resistance.
The coatings have been tested in a high tempera-
ture corrosion loop at temperatures around

1000°C.

These studies are related to work executed for a

third party contract.















SCIENTIFIC - TECHNICAL ACHIEVEMENTS

Information Centre

The objective of the Information Centre is to
provide an information bureau, a meeting forum
and an instrument for cooperation, the promotion
and dissemination of information on materials
research in the Community and to act as conti-
nuous interface to industry.

In 1991, efforts have been focused on the following
activities:

Within the frame of the Institute initiative for stan-
dardisation and pre-normative R&D of advanced
ceramics a meeting of the CEN working group on
standardisation of Ceramic Matrix Composites was
organised.

The International Workshop: Towards Clinical
Trials of Glioma with BNCT (September 1991) was
co-organised with the CEC Concerted Action on
Born Neutron Capture Therapy. The Workshop re-
viewed all available data required for starting clini-
cal trials on patients and derived at a consensus for
a strategy for clinical tests. 100 experts attended
the Workshop (see also under Exploratory
Research: BNCT, on page 64).
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The second European Colloguium on Designing
Ceramic Interfaces: Understanding and Tailoring
Interfaces for Coating, Composite and Joining
Applications was held in November 1991.

It focused on:

* identification of coating, composite, and joining

developments where attainment of specified in-
terfacial properties is vital,

establishing the relevance and need for interfa-
cial design in applications of advanced enginee-
ring ceramics,

understanding the principles of interface fabrica-
tion and how these can be exploited to optimise
properties and design,

development of interface design principles by
theoretical modelling and systematic experi-
mentation,

identification and initiation of technical inter-
actions needed for the development of optimi-
sed interfaces.

12 invited lecturers and 25 poster papers were pre-
sented. 70 experts attended the Colloquium.
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Project on the Inspection
of Steel Components (PISC)

Introduction

The Programme for the Inspection of Steel
Components carried out since 1974 under the aus-
pices of the CEC/JRC and the OECD/NEA is a ma-
jor international effort (14 countries and 80 institu-
tions) to better assess the capability and reliability
of Non Destructive Inspection procedures on struc-
tural components.

Three phases were centred on the Ispra Joint Re-
search Centre which, inits roles of Operating Agent
and Reference Laboratory, managed the other pro-
gramme and provided, with the other participants
of EC countries, approximately half of the pro-
gramme funding; the other half came via contribu-
tions in kind from the non-EC participating coun-
tries. OECD/NEA provided the Secretariat of the
PISC Managing Board, consisting of representati-
ves of the participating countries.

The programme is now in its third phase (PISC Il
project) and presently the activities concentrate on
the validation of the PISC Il results and on the ex-
tension of the PISC methodology to various impor-
tant structural components made from a range of
materials.

Although in the new JRC programme from 1992 to
1994 PISC has not been considered a high priority
area in the Reactor Safety Programme of the JRC,
its completion will nevertheless be supported in
1992-1993. The JRC management believes
strongly that the output of PISC, principally its me-
thodology, should be extended into broader fields,
involving critical facilities in Europe in which struc-
tural integrity is of paramount importance. Mo-
reover, the interest shown, directly and indirectly,
by other EC Directorates-General, for example
those responsible for Energy, Industrial Affairs, and
External Relations, has led to the initiation of new
actions which will be in support of Commission Ser-
vices with the aim of extending the PISC approach
to a broader industrial field.

Thus, in order to complete the PISC programme,
the JRC will contribute an effort, during the period
1992-1993, of 1,5 MECU from a total budget of 4
MECU estimated for PISC during this period. It is
strongly believed that this total effort will be neces-
sary and sufficient to bring PISC to a successful con-
clusion, but all partners must commit themselves to
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provide the expected support for the testing of
structural assemblies, destructive examination and
the evaluation of results as proposed at the start-up
of the programme and reiterated by some CSNI
members on specific request of the PISC Manage-
ment Board.

In the application of strict rules of quality verifica-
tion of the PISC Il results evaluation, the Manage-
ment Board of the programme will not authorize
publication of any PISC results before the end of
1992, even for the programme actions terminated
in 1990 and for which the evaluation of results is
nearly concluded. PISC reports in 1992 are thus
only general status reports not containing dia-
grams of results or specific conclusions.

PISC Il results will be published as they become
available in 1993 and 1994.

PISC and Performance Demonstration

There are two main types of engineering codes and
standards, those which detail the methods and pro-
cedures to be used (prescriptive) and those that de-
fine the results which must be achieved (perfor-
mance standards).

Intemational organisations concerned with stan-
dardisation and codification now tend to prefer the
performance type of standard to the prescriptive
type for several reasons. First, the standard prescri-
bing the means may put up technical barriers to tra-
de; secondly it may impede later technological
progress by freezing technology at a given level.
On the other hand, performance standards avoid
the problems that can arise when a prescriptive-
standard prescribes a suitable methodology but
which will, not necessarily, achieve the required
performance.

It is therefore believed that the standards concer-
ning results (performance standards), will grow in
importance; they allow competition between com-
panies which use their well established technolo-
gies. They will render easier harmonization at the
international level. Nevertheless it must be empha-
sised that performance standards must involve per-
formance demonstration.

An important question is whether one can propose
appropriate and affordable test pieces to be used
in the procedural demonstration of the inspection















- Informing the relevant Codes and Standards
Technical Committees of PISC results and PISC
related programme results.

- Critical review by PISC members of technical do-
cuments on request from national and internatio-
nal technical groups.

- Preparation of technical reports by PISC mem-
bers related to Codes and Standards problems,
for the benefit of National, CEN, ISO and IIW
technical groups which elaborate standards.

The organization and support of Action 8, involves

mainly the Operating Agent.

Ageing of Plants

Many studies are under way in the energy produc-
tion industry to maintain high plant capability and
availability factors in face of ageing phenomena of
most of the plant structural, mechanical and electri-
cal components. Due to the difficulty of identifying
new sites in several countries and costs of building
new plants, replacement of aged components be-
comes a growing technology in nuclear and non-
nuclear plants. When such replacements are diffi-
cult orimpossible (e.g. of a pressure vessel) annea-
ling and repair programmes are to be considered in
view of the extension of the life of some compo-
nents. Replacement or special treatment of com-
ponents are thus motivated by economic reasons
but together with the need to permit safe opera-
tion up to the end of the projected life time and
beyond. Many different ageing phenomena can
contribute to failures that lead to extended plant
outage oreven threaten to shortenthe projected fi-
fetime of the plant. Typical failure mechanisms in-
clude:
corrosion, e.g. stress corrosion cracking;
- embrittlement (plastic, rubber);
vibration, thermal cycling, fatigue;
wear, erosion;
- deposit effects;
- creep in fast breeder reactors and in non-nuclear
plant components.
These phenomena have to be studied and under-
stood. In several cases, adequate understanding of
the mechanisms can only be gained in the course of
supporting laboratory test research programmes
and inspection campaigns.

A plant life management programme includes the
following tasks:
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. |dentification of components of importance to
plant life;

. Identification of life threatening factors;

. Understanding and description of ageing pheno-
mena;

. Evaluation of the replaceability of components;

. Study of annealing and repair methods for non-
replaceable components;

. Evaluation of residual life of repaired compo-
nents.

R and D institutions are obviously capable of impor-

tant contributions to the understanding of ageing/

degradation mechanisms of structural materials.

However, related to most of the points above two

priority items are often not clearly identified.

a. The research and development of monitoring
techniques for online monitoring of the degra-
dations mentioned above in order to verify the
fitness for purpose of the structural material:

- irradiation and thermal embrittlement,
- corrosion cracking, fatigue cracking, deposit
induced degradation....

b. The improvement and better use of periodic
inspection procedures.

Besides these essential activities for which IAM has

specific expertise and capabilities, studies of verifi-

cation or simulation are also necessary as well as
methods for restoration of materials properties
such as annealing of embrittled material.

This requires detailed trials on the effectiveness

and stability of such methods already in use for the

most critical plant components like pressure ves-
sels.

Concerning inspection techniques, PISC and rela-

ted studies have quantified the performance of

vessel weld inspections, particularly as part of the

PISC Il programme, covering the effectiveness of

austenitic weld inspection (safe-end and pipe work)

as well as the inspection of steam generator tubes.

Several challenging inspection problems have still

to be solved and, to complement the results of

PISC, two other study groups are necessary:

- The identification of all the RPV regions and com-
ponents which are to be inspected for safety as-
sessment purposes, and the ranking of these
components in safety relevance (New Manage-
ment of ISI).

- The identification of an inspection procedure sui-
table for each region or component of the pri-
mary circuit (Challenging Inspection Problems).
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Safety of Final Storage

in Geological Formation

Materials Research Aspects

Tests have been conducted on the corrosion of
mild steel to be used as a container for highly active
wastes in connection with their disposal in sea bed
sediments. In most cases these sediments are rich
in calcium carbonate. It was realized that, due to
the thermal gradient caused by the heat released
by the wastes, a thick layer of calcium carbonate
would by formed around the mild steel samples. As
a consequence, the corrosion is strongly reduced.

For aland based repository a backfilling composed
by pressed bentonite is usually foreseen. A series of
tests has been conducted in order to verify whether
an addition of powdered calcium carbonate to the
bentonite allows a protective layer to form. Around
the sample two conditions were chosen. In the first,
tests were performed at constant temperature,
80°C, and in the second under a thermal gradient
of 19C/cm. Two different compositions of the ben-
tonite-calcite mixture was chosen.
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In both cases, it appeared that a thick layer was for-
med at the surface of the sample, containing a
large proportion of magnetite. In the test perfor-
med under a thermal gradient, the surface layer ap-
pears to be more compact.

Using the data obtained previously, a final analysis
of the penetration of hydrogen into the glass has
been performed. In fact hydrogen can enter into
the glass by three different mechanisms. Firstly, it
can enter by ionic exchange with alkali ions, diffu-
sing then into the glass body. It can be present at
the surface due to the formation of silicon hydro-
xide and finally can diffuse into the solid body as a
water molecule. The data obtained by nuclear reac-
tion has clarified that water diffusion is found
mainly at high temperature, while around room
temperature, the hydrogen present in the glass in-
terior has to be attributed to ion exchange and sub-
sequent diffusion as H*.












No reduction of Nf was observed for Ay = 2.45%
(Ae = 3.2%); the stress strain curve stayed symme-
tric for the duration of the test.

The experiments further show that the influence of
irradiation creep on the fatigue behaviour of the
specimen depends essentially on three parame-
ters: the total strain range, the mean strain and the
load time relation.

When the results are applied to the wall loading cy-
cle, which is not symmetric but contains a mean
strain, one can exclude an increase of the absolute
stress values in the loading cycle such that a reduc-
tion in Nf will occur.

Radiation Creep of AlISI 316L

Irradiation creep data were obtained for stainless
steel alloys in the HFR at Petten during the last ten
years.

The main important technological result is that the
creep rates are almost temperature independent
and so small that stainless steel of the 316 and the
AMCR-type could be used for the first wall in a fu-
sion device from the point of irradiation creep.

The following results were obtained:

- The stress exponent is about 1 for deformed ma-
terials and about 1.8 for annealed materials.

- The secondary creep rates are almost tempera-
ture independent.

- The total elongations obtained in the HFR at Pet-
ten for 5 dpa correspond approximately to those
obtained for 316 at ORR- and at EBRIl-reactors.
For USPCA (316) and AMCR 0033 the creep elon-
gations at 5 dpa are about a factor two smaller
than those observed for US 316 though the creep
rates are about equal for all steels at 5 dpa.

The smaller creep elongation is due to negative
creep at the beginning of the irradiation due to mi-
crostructural changes.

In cold worked USPCA and AMCR 003 the negative
creep elongation observed at the beginning of an
irradiation is only seen for stresses below 100 MPa
and increases with decreasing applied stress and ir-
radiation temperature.

The critical temperature for negative creep elonga-
tion corresponds to the transition temperature T,
for interstitial cluster formation in stainless steels.

SCIENTIFIC - TECHNICAL ACHIEVEMENTS

Radiation Damage Studies in Ni Alloys

Radiation damage rate measurements were perfor-
med in nickel between -90 and +30°C. Precipitates
are formed even at temperatures as low as -90°C.
The build up of interstitials and vacancies followed
the formation of precipitates. The activation migra-
tion energy of interstitials decreased to 0.90 eV for
a radiation flux corresponding to 10-'%pass-.

Nickel-10% chromium alloys were irradiated be-
tween 150 and 500°C with high energy protons.
The radiation enhanced diffusion rate is much lar-
ger between 150 and 250°C than between 300 and
400°C. It is assumed that the diffusion rate is deter-
mined by an interstitial diffusion mechanism in the
low temperature regime and that with increasingir-
radiation temperature the concentration of intersti-
tials decreases through recombination with ther-
mally activated vacancies. At higher irradiation
temperatures, where vacancies determine the
diffusion rate, their concentration decreases with
respect to that in thermodynamic equilibrium so
that at 500°C the thermal diffusion coefficient is
much larger than the radiation enhanced diffusion
coefficient.

Influence of Pb-17Li on the Properties of
Blanket Materials

Production of Corrosion Barriers -

Production of a LiMn,O, type oxide layer [by prefe-
rential oxidation of the steel in a controlled Hy/H,O
atmosphere (ratio 1000:1) prior to reaction in _
Pb-17Li] on the surface of 314L stainless steel has
been completed. Tests in a Pb-17Li filled thermal
convection loop have shown that after 500h at
600°C the effect of the coating is to reduce, by a
factor of 4, the rate of corrosion of the steel by li-
quid Pb-17Li. Optimization of the coating thick-
ness, together with hydrogen permeation measu-
rements, will be carried out in the near future.

Mechanical Properties

Tensile tests at 1.1x10%s™ and 2.8x107s! strain ra-
tes have been carried out on DIN 1.4914 martensi-
tic steel under vacuum, Pb-17Li, hydrogen and a
combination of hydrogen and Pb-17Li.
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Operation of the
High Flux Reactor

The Supplementary Programme on the operation
of the High Flux Reactor (HFR) is funded by the Fe-
deral Republic of Germany and The Netherlands.
Under the terms of the programme, German and
Dutch institutions are offered irradiation space and
staff services free of charge.

The German contribution is mainly managed via
Forschungszentrum Jillich (KFA) and Kernfor-
schungszentrum Karlsruhe (KfK). Most of the pro-
jects are related to the German nuclear energy pro-
grammes.

Light water reactor fuel testing programmes focu-
sed at pre-irradiated fuel rod segments from com-
mercial reactors, were continued. A pre-irradiated
BWR fuel rod which had been re-instrumented with
pressure transducers at the Petten hot cells, was
successfully irradiated for an additional burnup of
10.5 GWd/t{U). This project is part of a study on fis-
sion gas release. In support of an investigation of
iodine solubility and degassing from a fuel rod after
a LOCA scenario, two more tests were successfully
performed with pre-irradiated PWR fuel rods. For
testing of high burnup PWR fuel rods in the range
150-350 W/cm linear heat generation rate, a new ir-
radiation device providing typical fuel rod surface
temperatures already at the lower power level, was
developed and commissioned. A power cycling
programme using high burnup PWR fuel rods using
this new device has been started. A performance
test on a new type of fuel for a pressurized heavy
water reactor was completed with a power tran-
sient test after reaching 15 GWd/t{M) burnup.

The irradiation programmes related to the high
temperature gas cooled reactor, comprising gra-
phite and fuel irradiations, is being re-oriented be-
cause of declining industrial interest in this deve-
lopment. On-going projects have however been
continued to schedule. The “fundamental proper-
ties graphite programme” which contributes to the
data base on irradiation effects on graphite was
continued; 8 individual irradiations are either under
evaluation, in the reactor or under preparation. In
the graphite creep programme only 1 irradiation
was performed with intermittent measurement of
dimensional changes of the samples. A second ex-
periment was started, a third is under preparation.

The reference tests of spherical HTR fuel elements
for the German HTR programme were continued in
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1991. In these tests the operating conditions of the
so-called “HTR module” are simulated. The objec-
tives are the confirmation of low coated particle fai-
lure at operating conditions and the confirmation
of low free heavy metal contamination of the fuel
element. The essential information is mainly obtai-
ned from on-line measurement of short, medium
and long lived volatile fission products.

Fast breeder reactor fuel irradiations in support of
the European Fast Reactor project were continued
with a short transient test and the continuation of
the two long term irradiation tests for fuel and clad-
ding axial displacement investigations.
Development of future SUPER-KAKADU and
HYPER-KAKADU experiments was continued. The
objective of these ambitious tests is to study fuel
performance under power cycling conditions with
amongst others, application of noise analysis tech-
niques.

Further progress was made on the redesign of the
alpha-tight EUROS cell, which will be used for en-
capsulating longer fuel pins.

Fusion related investigations comprised the irra-
diation of prospective constituent materials for fu-
sion devices with particular emphasis on first wall
materials including damage studies on metals as
well as welded metal joints and brazings, graphite
base first wall coating materials, and molybdenum
and molybdenum alloys to be used as divertor ma-
terials, materials for super conducting magnets,
and the investigation of tritium release kinetics
from different ceramic lithium compounds under ir-
radiation.

As a new project under the German contributionto
the supplementary programme, a "Healthy Tissue
Tolerance Study” in preparation of patient treat-
ments with boron neutron capture therapy (BNCT)
has been started in co-operation with the University
of Bremen at the Petten-BNCT facility atbeam tube
1.

The Netherlands contribution to the HFR supple-
mentary programme addresses two different areas,
namely contributions to the European Fast Reactor
(EFR) and fusion research programmes on the one
hand, and use of the beam tubes for solid state and
materials research on the other.

All the Netherlands projects are managed via
Energieonderzoek Centrum Nederland (ECN).



For the EFR programme, radiation damage studies
on structural materials are performed. The studies
comprise crack propagation investigations on
compact tension specimens and irradiation of sam-
ples for post-irradiation creep fatigue testing.
Different stainless steels are under study.

Within the fusion programme, martensitic steels
and vanadium alloys are irradiated at different tem-
perature and fluence levels. Special attention is gi-
ven to irradiation induced changes of fracture me-
chanics properties. This programme includes
amongst others electron beam and plasma welds.
The programme on irradiation testing of tritium
breeding ceramic blanket materials, where ECN is
co-operating with a number of European research
centres, has made good progress. The main objec-
tive is to obtain data on tritium residence timesin a
variety of different zirconates, aluminates and sili-
cates at different irradiation temperatures and li-
thium burnups. Special attention is given to the de-
pendence of tritium release kinetics on purge gas
chemistry.

Five beam tubes, HB1, 3, 4, 5 and 9 at which dedi-
cated neutrons spectrometers are installed, are in
permanent use for condensed state physics and
materials science applications. The topics addres-
sed by the present programmes are the following,
with the method applied indicated in parentheses:

- crystal and magnetic structures of organic and in-

organic substances {neutron diffraction);

magnetic and structural phase transitions, phase

diagrams (neutron diffraction and critical scatte-

ring);

structure, order and disorder in solid, liquid and

amorphous alloys (neutron diffraction and diffuse

scattering);

- phonons, magnons, crystal-field excitations in
crystals (neutron inelastic scattering);

- residual stresses in materials (high resolution
neutron diffraction);

- texture determinations (neutron diffraction);

- disperse systems, colloids, polymers, precipita-
tions, void formation, porosity (small-angle neu-
tron scattering).

In the course of modifying and upgrading the neu-
tron scattering facilities, a new spectrometer, dedi-
cated to residual stress measurements, was taken
into operation; first tests demonstrated its high
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potential in this technically highly relevant applica-
tion.

Another beam tube, HB7, is applied for ECN's con-
tribution to the BNCT programme. The equipment
installed at this beam tube has successfully been
applied for prompt gamma determination of boron
concentrations in the blood which is one of the
most important pharmacological parameters in
BNCT.

As in preceding years, JRC has made efforts to pre-
pare the HFR for future neutron applications. At the
neutron radiography installation, in co-operation
with ECN, images from aircraft and space compo-
nents were taken, and the potential for the detec-
tion of corrosion in components and structures of
aging aircrafts were investigated. Again in co-ope-
ration with ECN, neutron transmutation doping of
silicon was performed on an experimental level,
and a feasibility study started on a large scale pro-
duction facility. Progress was made on the deve-
lopment of an in-pile rig to study the influence of
reactor irradiation on thermal fatigue of fusion ma-
terials. With the BNCT facility at HB11, first full po-
wer tests were achieved, and the facility was used
for phantom, cell culture and large animal model
studies. This facility is now ready for being exploi-
ted under the supplementary programme (see
above);

it is mentioned that the BNCT project was suppor-
ted from the JRC exploratory research fund.

The reactor itself was operated smoothly with the
high availability of 266 operation days correspon-
ding to about 100% of the scheduled operation ti-
me; the high reliability of the facility is demonstra-
ted by the fact that only five unscheduled reactor
shut-downs occurred. The regular three annual in-
service inspection of the reactor vessel gave no in-
dication of any unexpected detrimental effect.

More detailed information on the HFR programme,
operation as well as utilization, is given in the An-
nual Report, ref. /1/.

Reference

1. Annual Report 1991
Operation of the High Flux Reactor,
EUR 14416 EN












Flaw Sizing in Ceramics,
by means of Ultrasonics

Sizing of surface breaking-cracks in
reaction-bonded silicon nitride.

Radial cracks resulting from Vickers indentations in
reaction bonded silicon nitride have been exami-
ned by means of ultrasonics at a frequency of
30 MHz.

The sizes of the radial cracks varied between 100
and 600 microns.

Surface waves allowed to detect all radial cracks
whereas 459 shear waves did not allow to detect the
smallest radial cracks of 100 microns.

The limits mentioned above are determined by the
frequency of 30 MHz used.

Further investigations will examined whether in-
creasing the frequency will allow to detect and size
smaller cracks.
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Development of a mathematical model to optimize
sizing and detection procedures of
surface-breaking cracks.

Surface waves generated by a focalised ultrasonic
beam are a means to detect and size small surface-
breaking cracks. A model has been developed
which allows to calculate the normalised amplitude
of the echo of these surface waves by a surface-
breaking crack as a function of the position of the
probe (the echo dynamics curve).

The shape of the echo-dynamics curve is well re-
produced, especially the shift of the maximum am-
plitude of the echo on the crack (due to surfacewa-
ves) with respect to the position of the crack as well
as the exponential increase. The model will be used
to optimise the detection and sizing of surface
breaking cracks by designing special transducers.
Future activities will be focused on the calculation
of the influence of the orientation and the finite di-
mensions of the surface-breaking cracks on the de-
tection and sizing procedures.
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Standards and Codes
for Non-Destructive Testing
of Pressure Vessels and Weldments

The objective of this new activity is to support the
development of European (pre)-standards and
codes mandated by the Directorate General:
Internal Market and Industrial Affairs (DG lll) and to
stimulate and coordinate Round Robin Actions.

At the end of 1990, the NDE Unit has taken the co-
leadership with Siemens and KWU of a PISC Wor-
king Group for direct support to Codes and Stan-
dards (C/S). This action has the following objecti-
ves:

- Informing the relevant C/S Technical Commit-
tees of PISC results and PISC related programme
results.

- Ciritically reviewing by PISC members of technical
documents made by national, intemational tech-
nical groups on request.

- Preparation of technical reports related to Codes
and Standards problems, for the benefit of Natio-
nal, CEN, ISO, IIW technical groups which elabo-
rate standards.

Present support is given to pre-normative docu-

ments:

- handbook on the inspection of cladded pressure
components,

- handbook on the validation of welds inspection
techniques.

These documents are elaborated by groups of ex-

perts now managed by the NDE Unitin view of their

use by the CEN Technical Committees, in particular

TC 121 (Welding) and TC 138 (NDT).

During the reporting period the NDE Unit contribu-
ted to the following committees:

- CEN TC 121, coordinating and discussing the
work of all the working groups and the elabora-
tion of a general document involving all main
NDE techniques: Design and Non-Destructive
Examination of Welds.

- CEN TC 121 WG2, (Ultrasonic NDE) elaborating
the following documents:

- Ultrasonic Examination of Welded Joints,

- Acceptance Levels for Ultrasonics Examination
of Welds.

- CEN TC 138, coordinating and discussing the
work of all the working groups and the elabora-
tion of the document “Certification of NDT per-
sonnel”.

- CEN TC 138 WG2, (Ultrasonics) elaborating of
the following documents:

- "General document” subdivided in: General
principles; Sensitivity and Range setting;
Transmission technique; Transfer correction;
Geometrical conditions; Tandem examination;
Characterization and Sizing of discontinuities.

- "Characterization of the UT Equipment”

Specific actions are prepared and to be sponsored
by the PISC programme in Support to Codes and
Standards which will aim at Performance Demon-
stration Exercises for the support of Perform ance
Standards for the inspection of pressure compo-
nents welds.

Materials Science and Technology -
for Aeronautics Application

The objection of this new activity is to produce an
analysis of the European position with respect to
construction materials employed in the aeronautic
industries and to elaborate a strategic plan for ma-
terials science and technology in support of Euro-
pean industrial competitivity.

In the frame of the Directorate General: Intematio-
nal Market and Industnial affairs (DG Ill), the Insti-
tute contributes actively in the field of technology
and advanced materials to the development of the
‘European Competitive Strategy in the Aeronautics
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Field'. During the year, our role was focused on
providing expertise and advice to DG Il on Aero-
nautics technology and materials implications. An
important aspect of the work was related to the
preparation of state of the art reports on materials
in the Aeronautics Technology and in pinpointing
future materials needs. The Institute participated in
various meetings with European Aeronautics In-
dustrialists to evaluate the future strategic techno-
logy lines. Actions are being taken to prepare the
“materials strategic programmes”.



SCIENTIFIC - TECHNICAL ACHIEVEMENTS

Standardization of Quality Control
Protocols for Radio-Pharmaceutics

At the cyclotron laboratory further studies on the
development of a Ge®8-Ga®® generator in support
of DG Xl have been performed. This work relates to
the Council Directives on the radiation protection
of the general public and workers and of persons
undergoing medical examination and treatment.
The separation method for Ge%® by liquid-liquid ex-
traction as described in the literature has an effi-
ciency of only 70%, involving several repetitive
steps and the risk of evaporation of the highly vola-
tile GeCl, from concentrated HCl solution. A new
separation method, based on cation exchange, has
been developed. The efficiency is better than 90%,
repetitive steps are not required and GeCl, evapo-
ration omitted.

As aresult, alower initial activity is needed for a cer-
tain generator (reducing the irradiation time, the
costs and the radiation danger for the workers), and
the risks of ionizing radiation is reduced.

The commercially available generators showed a
reduced elution efficiency due to entry of air into
the generator. A better design of the generator
and of the loading and elution process has facilita-
ted stable elution efficiency over a much longer

period (until now 4 months), leading to an decrease
of the required activity loaded onto the generator.
This work, to be finished in 1992, has an important
social as well as commercial value, since it may lead
to a widespread adoption of the Ga®® radioisotope
in medical diagnostics.

In support to the same Council Directives a course
in collaboration with and sponsored by DG Xlinthe
framework of the EUROCOURSES is prepared. The
three day course addressing cyclotron production,
quality control and utilization of medical radionucli-
des is scheduled for July 1992 and intended for
technicians and paramedics working in this field.
The underlying idea is that a better understanding
of all the different steps involved in the production
of radionuclides and radioactive pharmaceutical
and in the use in nuclear medicine, reduces the
hazards of ionizing radiation.

The course comprises theoretical lessons with em-
phasis on radiation protection, practical participa-
tion in isotope production at the cyclotron, visits to
a hospital, using new diagnostic instruments and to
a pharmaceutical firm, committed to the produc-
tion of radioactive pharmaceutical.

~ The Rdle of Materials
in Enwronmental Problems
Arising from Power Station

This wide subject was reviewed and presented in a
report to the Directorate General: Environment
(DG XI).

The effects on materials of limiting pollution from
power engineering plant were described and re-
quirements for new materials delineated. In line
with the priorities of DG XI/A/3 the report concen-
trated on the gas turbine cycle but also introduced
the analogue developments in the steam cycle and
in the growing “Clean Coal” technology.

In the gas turbine cycle, the use of “rich burn” plus
quench or lean bum technology leads to a reduc-
tion in air availability for cooling purposes in the
combustion chamber, static and rotating blades.
Thus the demands for higher temperature capabi-
lity are increased.
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To meet these demands new materials and pro-
duction processes will be required. As an example
large blades produced by advanced single crystal
blade technology will be needed as will thick ther-
mal barrier coatings of assured quality.

Such coatings will also become design features in
combustion chambers.

This report was presented to Gas Turbine emission
specialists, representing producers and many uti-
lity users in Europe and was included in their discus-
sion which centred on draft proposals for limits in
NO,, SO, and CO.

Attention in 1992 will move towards “Clean Coal”
technology for gas and steam turbine power pro-
duction and similar assistance with materials conse-
quences will be given.
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Ceramic Catalyst Carrier

This project supports the Directorate-General
“Environment”, and has as its general objective to
investigate the degradation mechanism of ceramic
catalyst carriers, applied in exhaust systems of
automotives.

These catalyst supports are manufactured as highly
porous, thin-walled honeycomb structures to give
the large surface area required for efficient catalytic
operation. Ageing of this material leads to failure at
higher mileages and occurs by:

* corrosion during thermal overloading in the ag-
gressive exhaust gas;

* poisoning by Pb, Zn, P, S from fuel and additives;

* dynamic fatigue from thermo-mechanical stres-
ses including temperature gradients under non-
stationary operating conditions.

A state-of-the-art review concerning the applica-
tion and integrity of automotive catalysts systems
has been prepared, along with a corresponding
test programme, which includes both, steady-state
corrosion tests as well as burner rig tests in simula-
ted exhaustgas atmospheres. The mechanical inte-
grity of the catalyst carrier will be tested by thermal
shock and dynamic fatigue measurements.

Microstructural examination after pre-determined
exposure times will be used for the material charac-
terization.

The material chosen is cordierite, a magnesium
aluminasilicate (2MgO+2Al,03+55i0,), currently
the only ceramic catalyst support in use.

The preparation of specimens is underway and the
first tests will commence early in 1992.

Materials Data Systems
and Standards

The increasing computerization of engineering ac-
tivities had in the early 1980's stimulated the emer-
gence of advanced factual data systems on mate-
rials property data. Although a considerable num-
ber of such systems were in operation in the EC,
they were far from being mature and adequate for
integration with engineering software such as
CAD/CAM and CIM systems. The Commission has
therefore taken initiatives to advance the integra-
tion of operational European data systems into a
pilot network for materials information services.
This “Materials Databanks Demonstrator Program-
me" was implemented by DG XIII/B in close coope-
ration with JRC Petten, thus combining information
market expertise with appropriate materials
science competences.

The evaluation of the Demonstrator Programme in

1990 has shown that there are still problems due to

inadequacies of hardware, operating systems and

their standardization, but that these are of minor

importance compared with two main deficiencies:

- the lack of establishment and perception of the
value of materials information,
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- the lack of harmonized intemational standards
for materials information.

Considerable effort has therefore been expended
in devising a new programme for materials infor-
mation for the proposed IMPACT 2 programme of
DG Xlll for 1992-1995 which has taken off with the
following new objectives for the materials field:

- to make European information on engineering
materials more accessible to more sectors of the
manufacturing economy and the research
community;

to establish a European identity for that informa-
tion by improvements to quality assurance, har-
monisation and standardization in order to in-
crease the impact of the world market;

to create an industrial structure for the materials
information sector;

to enable large manufacturers to use materials in-
formation more efficiently;

to encourage small-to-medium enterprises
(SMEs) to make better use of the information
which is already available.



The main method of realising these objectives will
be by establishing demonstration-type and co-
operative projects between producers of informa-
tion, producers of computerized information sys-
tems and users of information in the manufacturing
sector.

There have been several actions in support of the
forthcoming IMPACT 2 Programme to the effect
that scientific and technical information receives
more recognition as a strategic industrial resource
forthe EC.

Most effort has been expended to assist the deve-
lopment of the materials resource model within the
ISO development of a Standard for the Exchange
of Product Data (STEP).

This is a major international effort involving many
hundreds of engineers and computer specialists,
strongly supported by major manufacturing com-
panies.

The materials resource model is being developed
on the principle that an engineering material is a
product of a process and its numerical " properties”
are the outcome of a particular measurement pro-
cedure in a specific set of circumstances. The com-
bination of the measurement procedure and the
circumstances is the data environment. The pro-
cess of development involves identifying the rela-
tionships between the entities and their attributes
which derive from these combinations of concepts
and writing the relationships in EXPRESS. The rela-
tionships are also described in a diagrammatical
form.

It has become clear in the last few months that the
international cooperation on the materials model
has not led to the adequate representation of Euro-
pean concepts, despite the fact that much of the in-
tellectual basis is European in origin.

A recommendation has therefore been made to
CEN to establish a development of the materials
model as a work item for a draft European Standard
derived from the ISO document.
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This will all be combined with the development of
Application Protocols within areas of specific inte-
rest to European industry which would have the ef-
fects of refining the basic resource model and iden-
tifying further requirements and so increasing the
European influence of the resource model. Further-
more there is a need to have the materials model
regarded as part of the considerable CEC effort to
support research into CIM through the ESPRIT pro-
gramme. The testing of the model by populating it
with high temperature materials test data is well wi-
thin the scope of the Institute and possibly within
the scopé of a contribution to VAMAS.

Both information market policy and marketing pro-
motion of materials data systems require the accu-
rate and meaningful description of databanks
which has turned out to be an essentially unsolved
task. This problem was studied with the aim to de-
velop a standard recommendation. The results of
the research showed that a new approach to this
problem could be adopted based on the mathe-
matics of sets. A practical demonstration of this ap-
proach was devised by using hypertext methods
and demonstrated.

The activities of this sector have produced a signifi-
cant basis of prenormative achievements in coope-
ration with national standards institutions and inter-
national bodies, in particular VAMAS and CODA-
TA. In cooperation with industry they have produ-
ced analysis of the requirements to develop stan-
dards interfaces for systems integrating materials
information into computer aided engineering sys-
tems where the main objective is data interchange.
De-facto standards for sectorial material informa-
tion are expected to-result from industrial associa-
tions such as ALUSELECT and CAMPUS. In order to
strengthen the prenormative R&D support to the
European standards organizations in all sectors
relevant to industrial technology and the integra-
tion of the European market in 1992, the creation of
a new European organization for the coordination
of prenormative research is under special investi-
gation.
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Valorisation of Research Results

The objective of this activity aims to support the
Directorate General: Telecommunications, Infor-
mation Industries and Innovation (DGXIII) with the
licensing of JRC patents.

Spontaneous Downward Heat Transport

The objective of the activity is to demonstrate to in-
dustry that the new heat transport system is effi-
cient and reliable under the severest conditions,
and that new applications of solar thermal energy
become possible.

After the completion of the campaign of compari-
son tests, the spontaneous system has been keptin
operation for the whole year, exhibiting conti-
nuously full reliability.

The prototypes for snow melting and hot water
production installed by two mountain refuges, at
3650 and 2100 m, were always in operation and
have been continuously monitored.

They operated throughout the winter season wi-
thout any trouble. In spite of a mean ambient tem-
perature during the winter of -99C and a
minimum of —30°C, liquid water was always availa-
ble, with a mean temperature of 22°C.

Another plant has been designed, built and instal-
led in a refuge at 2500 m. In this case solar thermal
energy is used for heating the digester of a plant
treating the sewage of the refuge.

In this way the temperature of a anaerobic digester
will be kept between 20 and 30°C, facilitating a re-
latively fast biological decomposition processes.

An ltalian company has signed the second licen-
sing contract for the commercialisation of this sys-
tem in Italy. Contacts have been strengthened with
Greek Industry.

Ultrasonic Reference Transducer

The Reference Transducer {now called Standard
Acoustic Source SAS 01) is a high precision, stable
transducer, equipped with its own electrical excita-
tion source, for the creation of standardized ultra-
sonic waves for transducers and hydrophones cali-
bration.
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The development of the system and the realisation
of the first prototype are the results of the collabo-
ration between INSA (Lyon), DASSAULT Aviation
(St. Cloud) and our NDE laboratories.

During 1991, the information required for the licen-
sing of the SAS 01 was prepared and communica-
ted to the firm IMASONIC.

The main conditions of the contract were defined
together with the DGXIII Direction C, the NDE la-
boratories were charged to prepare the technical
annex.

Such an annex will contain drawings, electronics
schemes, description of the software part and in-
structions for the fabrication and mounting of the
SAS01.

Two industrial prototypes are to be constructed
and delivered in 1992: the first one to the “Centro
Italiano per la Validazione delle Apparecchiature
Biomediche” (Trieste, Italy); the second one is re-
quested by the firm DORNIER (Germany).

Oxygen Sensor

The CeO,x/Pt, cermet electrode for an electro-
chemical oxygen or lambda-type sensor has been
proven to yield correct thermodynamical response
in a reducing as well as in an oxidizing atmosphere.

In a reducing atmosphere, in fact, the CeO,.x/Pt
component of the cermet is prevalently acting as
the measuring compound, by its fast equilibration
process; in an oxidizing atmosphere, on the other
hand, Pt is the acting electrode whereas stoichio-
metric CeO; is inert.

The advantage is the coverage of an oxygen partial
pressure interval ranging from 10-% atm to 1 atm by

asingle electrode.

The problems arising in reducing atmospheres for
the classical porous Pt electrode of conventional
lambda probes is, due to the stability of CeO,.,and
the dispersion of Pt in the cermet, not met in this
case.

The cermet electrode shows therefore a very long
lifetime.



In addition to the CeQ,x/Pt cermet, a cermet
CeO,.x/Pt/PrO,,, has been investigated as an elec-
trode, where both Pt and PrO,,, equilibrate in oxi-
dizing mixtures. PrO,. shows a very fast
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response. Pt, in this case, acts as the measuring ele-
ment in the rather difficult regime of oxygen partial
pressures, ranging from highly reducing to highly
oxidizing atmospheres.
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Ceramic Fibres
for High Temperature Composites

An exploratory project has been launched to study
the problems of stabilisation of high strength cera-
mic fibres in ceramic- matrix composites, (currently
the most promising next-generation materials for
structural applications at extreme high temperatu-
res). In-house competence for ceramic composite
fabrication by slip casting and hot (1900°C) densifi-
cation directed the choice of composite and pro-
cessing route to slurry-infiltrated carbon fibre.

A literature review combined with surveys of indus-
trial needs has led to the selection of PAN or pitch-
based carbon fibres in asilicon nitride matrix, as the
system to be investigated.

The fibres need to be coated in order to protect
them from chemical attack by matrix and environ-
ment and to accommodate interphase mechanical
stresses induced by differences in thermal expan-
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sion co-efficient. Development of fibre coatings,
therefore, forms an important part of the project.

A study of the thermodynamic relationships of the
composite materials with a number of candidate
coatings led to the selection of the following coa-
ting materials: SiC-C(pyr), C(pyr)-SiC-C(pyr) multi-
layers and BN for first investigations.

Initial experimental studies have concentrated on
matrix slurry rheology and fibre wetting, and on the
development of fibre array geometry.

This R&D activity is coupled with the JRC-|IAM-laun-
ched EUREKA-CEFIR project, which is a multi-disci-
plinary industrial collaboration, including the major
potential users and producers of HT ceramic fibres
and composites in Europe.
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EUR 14492 EN — Institute for Advanced Materials, Annual Report 1991
M. Merz, editor

Luxembourg: Office for Oficial Publications of the European Communities
1992 - 104 pages - 21.0x 29.7 cm

Series: Physical Sciences

EN

Catalogue number: CD-NA-14492-EN-C

Abstract

The Annual Report 1991 of the Institute for Advanced Materials of the JRC highlights the Scientific Techni-
cal Achievements,

The Institute executed in 1991 the R & D programme on advanced materials of the JRC and contributed to
the programmes: reactor safety, radio-active waste management, fusion technology and safety,
nuclear fuel and actinide research.

The supplementary programme: Operation of the High Flux Reactor is presented in condensed form.
A full report is published separately.
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