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the coating from the substrate. The characteristics
of the shock wave are measured by laser-Doppler
interferometry and the stresses induced at the coa-
ting substrate interface are calculated by finite ele-
ment analysis. The aim is to develop a reference
test measurement technique for adhesion of coa-
tings, as part of the pre-normative research drive.

- Boron Neutron Capture Therapy

The ultimate goal of the Boron Neutron Capture
Therapy project is the treatment of brain tumour
patients at the HFR. The project entered a new
phase with tests on animals to establish the starting
dose for clinical trials on humans. The trials, which
were preceded by extensive irradiation calibration
work with cell cultures, will continue into next year
to establish the healthy tissue tolerance limits and
to optimize treatment procedures.

Cooperation Networks and Initiatives

- CEFIR

The Institute is coordinating the EUREKA-CEFIR
project with the initial objective of defining the
needs and targets for high temperature ceramic fi-
bres and of evaluating the technological and com-
mercial prospects for their production in Europe.
The participation of 22 industrial partners and 24
research institutes in this project is motivated by a
perceived strategic vulnerability of the European
aero-engine industry. The project achieved its ob-
jectives for the definition stage and a European
scale R&D work programme was prepared. The
projectis now ready to proceed to the implementa-
tion phase.

- CEASI

This concerted European Action on Structural In-
termetallics was catalysed by the Institute as a
means of integrating the growing, but diffuse
research activities in Europe. Support for the orga-
nisational aspects conducted by the Institute was
given by DG XII/C. Thorough study and assess-
ment by an ad-hoc group of scientists resulted in a
proposal being accepted by BRITE/EURAM for a
concerted Action, led by IRC at Birmingham Uni-
versity, UK. For this type of research, the BRITE pro-
gramme funds the “enabling” costs, the research
funding is the responsibility of the individual parti-
cipants. The Action covers a wide range of interme-
tallics for potential application in aero-space and
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engine construction, as well as in power enginee-
ring, transport and other industries. The participa-
ting organisations total 87 including 34 from indus-
try; they represent 8 E.C. countries and 5 other Eu-
ropean countries.

- European Pre-normative Research Association

The establishment of a European Pre-normative
Research Association (EPRA) was proposed and
this is still at the discussion stage. The aim is to pro-
mote pre-normative research on materials i.e. re-
search which is required for establishing European
standards. This proposal was formulated under the
guidance of IRDAC (Industrial Research and Deve-
lopment Advisory Committee) in association with
national standards organizations and CEN (Com-
mittee Europeen de Normalisation). The plan fore-
sees that the research work will be decentralized to
a group of participating laboratories. The Institute
for Advanced Materials will be one of these labora-
tories, but our primary role will be to act as Execu-
tive Agent for the daily management of EPRA and
to act as a Reference Laboratory.

Materials Events

The Royal Society organized a soirée in London on
May éth on “Science into Industry” to which the In-
stitute was invited to contribute. The broad aim was
to promulgate science and its applications to a
wide audience from industry, commerce, politics,
education and the media. Our contribution empha-
sized the European dimension of research on aero-
engine turbine materials. The Institute organized a
seminar in Aveiro, Portugal, jointly with the Univer-
sity of Aveiro on "The Role of Surfaces and Interfa-
ces in Materials”. Our objective in holding the se-
minar, and in supplying a large number of presen-
tations, was to help stimulate awareness of and in-
terest in the ubiquitous importance of interfaces in
advanced materials. For us, this was something of
an experiment in technology diffusion, and we
were very pleased with the response it generated.
The introduction of the HCM programme this year
has had the indirect effect of some what reducing
the inzake of PhD students for training in the Institu-
te. We miust acknowledge the value of the contri-
butions of these students to the Institute research
projects. The high quality of the research is particu-
larly evident in the field of high temperature me-
chanical properties of alloys where three succes-
sive students have won awards for their work.
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Assessment of Research Area Progress
and Achievement:
Materials for Extreme Environments

Materials operate at the limit of their capabilities
and efforts are necessary to develop new materials
for reliable use in demanding operating conditions
for example in aeroengines, power plants etc.

A valuable data base is to be generated for these
newly developed metallic materials, engineering
ceramics and composites in order to ensure safe
and economic design. It is therefore necessary to
investigate failure mechanisms which requires
knowledge of the relationship between materials
properties and microstructure.

The research work is elaborated through three stra-

tegiclines:

i) the development of modern test equipment,

ii) the evaluation of HT materials behaviour and
the understanding of degradation mechanisms
in industrial simulative environments,

iii) the improvement of high temperature mate-
rials. '

The high temperature (up to 1400°C) corrosion,

creep and fatigue properties are studied on new

metallic materials (ODS superalloys, intermetallics)
and Si3N, - SiC based ceramics and composites.

i) Development of modern test equipment

The installation of unique ultra high temperature
equipment for specimen and sub-critical compo-
nents testing {corrosion burner rig - multi purpose
modern HT corrosion/mechanical test machine)
was completed and set to work. This modern
equipment catalyses the setting up of networks of
European Laboratories around the development of
industrial materials standards. Future efforts will
concentrate on projects having good subsidiarity
such as "unique testing on modern ceramics/com-
posites”.

i) Study of materials degradation mechanisms

A final report on the H.T. mechanical behaviour of
typical iron and some nickel base ODS superalloys
was prepared; some boundary conditions for safe
operation were formulated with respect to compo-

nent life time, stress/strain ranges, corrosion etc.
These results are sufficiently conclusive to be extra-
polated to other alloys and test environments.
Failure modes in model type monolithic SisN, and
2D continuous fibre reinforced ceramic matrix
composites are being investigated and first at-
tempts made to determine the boundary condi-
tions for reliable industrial operation. The know-
ledge in this new but challenging field is rather
poor and may require a stronger European collabo-
ration between material producers, industrial
users and materials scientists. :

A data base of creep and damage behaviour on a
typical newly developed intermetallic TisSiy/Ti;Al
was generated. This material shows good creep
strength, but has poor creep ductility particularly at
lower temperatures and is severely oxidised at
800°C. The technical application of this materials is
in doubt. Further studies should take a selective ap-
proach with respect to material and test conditions
and the work should receive a European collabora-
tive dimension.

i) New improvements in high temperature
materials

Superalloys and engineering ceramics are severely
damaged by corrosion and mechanical stress at
very high temperatures. Exploratory data have re-
sulted in the development of corrosion resistant
SisN, model type ceramics and improved MeCrAlY
coated superalloys.

The relationship between properties and composi-
tion/microstructure and processing technique is
well under control and will form the basis for further
innovations. Because of the multi parameters invol-
ved in this R&D and the limited resources available,
the research should be well focussed and be inte-
grated into a European network.

This complex materials data base forms a good ba-
sis for Research Area 2 and the modern test equip-
ment is a useful tool for the development of test
methodologies in Research Area 3.
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Assessment of Research Area
Progress and Achievement:
Reliability and Life Extension

Modern installations use materials under very de-
manding conditions. It is therefore necessary to de-
velop a good understanding of the behaviour of
materials and structures under these conditions.
Existing installations which have been in service for
long times are frequently considered for an exten-
sion of their service life.

[n both cases it is necessary to assess how these
materials can fail, how the damage accumulated
can be measured, and how their residual lifetime
can be determined.

Four actions have been identified as the means of
further understanding the problem:

- Experimental installations in which the operation
conditions can be simulated, such installations
may be complicated, especially if it is necessary
to test components,

- Methods to measure and to quantify the dama-
ge, which develops during operation,

- Modelling of the defects generated by the ope-
ration and the influence of the defects on the me-
chanical properties,

- Evaluation of the models and the comparison of
the prediction of the models with the results of
the experiments.

The research area “Reliability and Life Extension”
includes activities in each of these activities.

The project has concentrated on a few materials,
some of which are relevant in other research areas
of the programme. Such crosslinks aflow a greater
depth of understanding, and are of considerable
bensfit.

At this stage simple geometries have been selec-
ted in order to avoid introducing fabrication tech-
nology as a parameter, which would add com-
plexity to the work. The facilities necessary for the
simulation of service conditions, for example high
temperature corrosion, creep, fatigue, thermome-
chanical cycling and cycling of fiber reinforced ce-
ramics are now available. The development of me-
thods to determine damage are being actively per-
sued.

Optical and electrical methods for the determina-
tion of the crack growth in metals have been tested.
High frequency ultra sound methods for the detec-
tion of cracks in ceramics are under development.
Ultrasonic velocity measurements have been suc-
cessfully applied to the determination of creep
damage in steels. For a reliable prediction of life
time it will be necessary to combine the results of
several methods. First attempts have been made
and they have delivered promising results. These
are valid only for certain materials and have to be
adopted for each new case. The work on modelling
is atan early stage and will be developed next year.
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It was apparent that the pretreatment of the speci-
men surface in order to obtain a sufficiently low re-
flectivity in the region of the laser wavelength had a
large influence on the fatigue properties. Sand-
blasting was used to produce a homogeneous sur-
face that absorbed the laser energy efficiently. By
the retention of a small number of corundum parti-
cles and subsequent remelting, however, nuclea-
tion sites for fatigue cracks were created resulting
in fatigue limits comparable to those of the as deli-
vered state (Figure on page 24 above right).
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A pretreatment by pickling and laser remelting
using slightly modified process parameters yielded
fatigue properties corresponding to those of the
electrolytically polished specimens (Figure on
page 24 above right).

The results so far suggest that changing the laser
processing parameters, such as the beam power,
the length of pulses, overlapping of melting paths,
may lead to a further improvement in the fatigue
properties.
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Assessment of Research Area
Progress and Achievement:
Measurement and Validation Methodologies

The development of new and improved measure-
ment and validation methodologies for Advanced
Materials is one of the principal tasks of the Advan-
ced Materials programme. This research area com-
bines activities which address a number of novel
measurement, testing and detection methods nee-
ded to characterize and quantify the features of ad-
vanced materials such as metaliic alloys, monolithic
ceramics, composites, coated materials and joints.
The objectives of validation imply the need to de-
velop quality and reference characteristics of these
methods, the establishment of which is an impor-
tant step towards standardization. The research
area indeed has a number of links with standardiza-
tion activities, so that it can be considered as essen-
tially pre-normative in character.

Pre-normative research is an objective for the Insti-
tute which is planned to increase inimportance and
scope. The forthcoming addption of the 4th Frame-
work Programme for Community R&D is expected
to define significant pre-normative tasks for the
JRC, and the IAM is preparing to act as the focal
point for the materials field which may have a pilot
function within the JRC. This research area “Measu-
rement and Validation Methodologies” is one of
the lines from which the future pre-normative re-
search activities of the Institute should grow.

Its assessment is particularly relevant with regard to
this involvement which has already reached a signi-
ficant level. The characterization of these activities
as pre-normative necessarily implies that the close-
ness to standardization can be variable.
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This is also anticipated for the future scope of work
which will be based in the Institute on a horizontal
concept in order to make all available competen-
ces and facilities useful for this objective.

Near-standardization work for the present pro-
gramme is particularly represented by the PISC and
PISC successor activities which include supporting
and advisory functions to codes and standard bo-
dies at national and international levels and which
have achieved the validation of procedures and
models of world recognition (ASME) in internatio-
nal cooperation. Pre-normative research on ther-
mal cycling and thermo-mechanical fatigue on the
other hand addresses test methods too complex to
standardize, where a world-wide (VAMAS, ASTM)
pragmatic agreement exists to use the non-stan-
dard methods in a quasi-standard manner, proving
a high interest in the presently unachievable stan-
dardization. A third group of methodologies, X-ray
spectroscopy, reflectometry and fluorescence me-
thods for residual stress and film thickness non-des-
tructive measurement, neutron scattering for resi-
dual stress measurement and positron annihilation
spectroscopy for thickness and defect determina-
tion, are at very early stages of pre-normative re-
search likely to require much more time to standar-
dization than the first twe.

Despite the variable pre-normative status of these
activities, their “research push” on standardization
remains significant and has a strong effect on the
research-standards interaction which is a current
concern of the Community.















perts to C/S organizations. Such a proposal has
been supported by all PISC members and involves
three aspects:

- 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, I1SO and IIW
technical groups which elaborate standards.

Conclusions

The PISC Il programme is proceeding as planned,
until its conclusion in December 1993. The final
PISC Symposium is planned to be organized at the
end of March 1994.

Along with the PISC cooperative exercise example,
proposals of new networks were made by IAM.
They address the three traditional components of
structural integrity: Materials properties, Fracture
Mechanics and NDT. The first one, dealing with as-
pects of aged materials expertises and studies was
called AMES:

AMES

Although great progress has been made in under-
standing irradiation and thermal degradation of
Reactor Pressure Vessel (RPV) steels, many aspects
are not yet fully understood.

In particular the question of the qualification of re-
medial measures such as annealing and re-welding
requires further work.

SCIENTIFIC - TECHNICAL ACHIEVEMENTS

33

The international effort of the IAEA Working Group
on Nuclear Plant Life Management provides con-
tacts between institutions working in the field. Also
the IGRDM (International Working Group on Radia-
tion Damage Mechanisms for Pressure Vessel
Steel) enables the exchange of information and col-
laboration for fundamental studies in this area.
There remains, however, the problem of develo-
ping and maintaining a set of complementary ca-
pabilities in Europe.

There is in Europe also the need to create a focus
for interaction with organizations in the former So-
viet Union in the field of RPV materials condition as-
sessment and annealing.

A network has been created to bring together the
organizations in Europe that have the main capabi-
lities on RPV materials assessment and research.

It has the following objectives:

. Validation and establishment of safe limits for mi-
tigation and amelioration measures (annealing,
etc.); . Formulation of a microstructurally based
model capable of predicting the effect of annea-
ling and re-irradiation;

. Validation of the applications of novel techni-
ques, including reconstructing specimens, minia-
ture and in-situ mechanical test procedures and
also advanced microstructural techniques for RPV
condition assessment for use in the longer term.

. Maintenance of a European expertise and resour-
ces for RPV condition assessment and remedial
action;

. Participation in collaborative programmes with
organizations of the former Soviet-Union and
Eastern Europe;

. Advice to regulatory bodies and provision of a
basis for the development of common European
Standards.






A versatile computer code (FluX) has been written
to simulate the intensity of fluorescence as a func-
tion of incident angle for any film/substrate combi-
nation, taking into account secondary enhance-
ment effects in both film and substrate. This will be
further developed in 1993, and will provide a me-
thod of non-destructively mapping the film thick-
ness over extended areas. Depending on the com-
position, the technique will be capable of assessing
films from a few to several hundred microns in
thickness.

The details of the surface phase changes and oxide
growth rates of Yttrium ion implanted Ni-20Cr, in
comparison to unimplanted or Krypton ion implan-
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ted material, and also to the oxide dispersoid
strengthened material MA 754, were elaborated.
The surfaces were examined in detail by both in-
plane and out-of-plane glancing angle X- ray dif-
fraction, and by RefEXAFS at Daresbury SRS at the
Yttrium and Chromium K-edges. The results, to be
published soon, shed new light on the oxidation
mechanisms of these materials.

Work was also performed on the possibility of
measurement of residual stresses, using X-ray me-
thods, in computer memory chips (“Gazzelle” type)
for IBM, in collaboration with the University of Bres-
cia, in order to identify the best resin for encapsula-
tion.

Characterization of Ceramic Surfaces by
Positron Annihilation

Methods of Positron Annihilation Doppler Spectro-
scopy have been developed further and applied to
studies of thin coatings and surface modification, in
particular, defects in TiN coatings and treated steel
substrates. Non-destructive methods based on
PADS, for the thickness measurements of thin films
on a base material have been undertaken.

Measurements and evaluations have provided a
preliminary data base of the Doppler spectroscopy
parameters and of the positron transmission in

different materials. A first version of this method,
tested in typical cases such as Al on Aluminiaand Al
on Cu, proved to be reliable for thickness measure-
ments in the range of some to several tens of micro-
meter, while the extension to thinner films is being
studied.

Favourable cases, according to the data base in-
clude combinations of various metals with ceramics
(Alumina, Zirconia, Silicon Nitride, Titanium
Nitride, etc.)

Pre-standard Activities

The project aims at developing and improving me-
thods for the testing and the measurement of me-
chanical properties, in the broadest sense, of me-
tallic, ceramic and composite materials, including
the validation of these methods. The deliverables
serve as the pre-normative input to the subsequent
development, improvement or optimization of co-
des and standards by European Standards Institu-
tions. The experimental activities focus on the des-
ign, the implementation and the optimization of
advanced mechanical testing equipment and of
the associated testing techniques, directed to-
wards non-standardized tests on advanced mate-
rials, as well as on the determination of allowable
tolerances on testing parameters. An example of
the former aspect is the characterization of a newly
developed radiant lamp furnace for the heating
and/or rapid thermal cycling of test specimens du-
ring mechanical testing to temperatures of up to
1800-1900°C in air. The results are used to optimize
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the furnace in close collaboration with the manu-
facturer. The continuous effort to optimize the pro-
cedures of the thermo-mechanical fatigue test,
which is frequently applied in our laboratory, to-
wards smaller tolerances on some specific test pa-
rameters illustrates the latter aspect of this activity.
Other testing activities with a pre-normative impact
rank under the umbrella of Round Robin testing. In
the reporting period there was involvement in two
Round Robin exercises. In the VAMAS round robin
on the measurement of the fracture toughness of
monolithic ceramics at high temperature the tes-
ting parameters have been defined, the specimen
material has been received and the test samples
are currently being machined. The other Round
Robin is on thermo-mechanical fatigue testing of a
nickel based alloy, involving several U.S. institutes
and companies (NASA, G.E., MarTest, Univ.lllinois,
Rockwell Science Centre, Textron Lycoming) and
JAM  under the coordination of ASTM.
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Assessment of Research Area
Progress and Achievement:
Surface Modification Technology

The production, modification and characterization
of surfaces and surface layers with controlled pro-
perties and functional behaviour are both scientifi-
cally fascinating and economically important.
Surface technologies are among the strong growth
areas in overall industrial turnover, and the fields of
application are expanding rapidly. These techni-
ques are accessible to small and medium enterpri-
ses and provide significant environmental and re-
source saving potentials.

The innovative research of the IAM focuses on:

- advanced process analysis and product and per-
formance characterization methods ultimately
enabling approaches to intelligent processing
technology;

- optimization of surface modification and coating
processes and the comparison and combination
of different techniques to optimize the product
performance and quality;

- engineering the surface conditions at the interfa-
ces of dissimilar material combinations in fibre-
reinforced composites and joints and in sintering
and grain growth processes;

- engineering the surfaces of materials for electro-
catalytic and sensing functions.

Complementary activities, facilities and know-how
have been developed at the two sites of the IAM in
Petten and Ispra, and each of the two sites has in-
stalled and taken into operation a processing cen-
tre for its surface engineering R&D which has di-
verse links and crosslinks with the characterization
and performance testing facilities of either site.

- The Advanced Coating Centre at Petten is a joint
facility of the IAM and the neighbouring Dutch
Energy Research Foundation ECN.

Coating processes available are:
* atmospheric plasma spraying,

high velocity flame (detonation) spraying,

low pressure chemical vapour deposition,

plasma assisted chemical vapour deposition,

plasma ion nitriding,

electron beam/laser processing equipment.

* % o H A

- The Surface Modification Centre at Ispra opera-
tes facilities for the following processes:
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* physical vapour deposition (sputtering),

* jonimplantation,

* |asertreatment,

* electron beam alloying, hardening and melting,
* low pressure (vacuum) plasma spraying.

In the further development of this research area,
the refinement of the existing characterizaticn me-
thods and the introduction of new techniques will
play an important role.

The development of such techniques is in some ca-
ses the subject of separate research projects e.g.
the determination of the adhesion strength of coa-
tings by a laser pulse induced spallation test me-
thod and the application of neutron scattering to
residual stress determination in coated surfaces,
composites and joints.

An information base to correlate process and pro-
duct characterization information from these and
other techniques is being developed in the project
"Coatings Databank”, its goal is to provide a step
towards an intelligent plasma spray processing.

The themes of the single studies are strongly in-
fluenced by technological probiems.

The surface layers which are being investigated
range from protection layers with a thickness of
1 mm, to layers of some nanometres on small parti-
cles and fibres.

Thermal barrier coatings have been investigated
intensively. The production of zirconium-oxide
coatings has found a large interest and its proper-
ties as a function of the production parameters
have been studied.

This type of coating is of interest for advanced in-
dustrial applications, in particular the aerospace
and gas turbine industry.

In a collaboration with an external customer such
thermal barriers have undergone testing including
their resistance o shock by high power laser pul-
ses.

In the near future increasing attention will be ad-
dressed to enhancing the cross relations between
the different techniques and to elaborate the im-
provements which can be obtained by the combi-
nation of the existing techniques.






Improvements to coating microstructure by control
of gas phase kinetics are in train. Cold-wall deposi-
tion showed better quality coatings but with high
Cl contamination.

The influence of Cl on the formation of PACVD de-
posited films is the subject of further study by exa-
mination of plasma characteristics in typical precur-
SOr gas mixtures.

A radio frequency compensated plasma probe of
the Langmuir type was used to monitor the density
(me) and the energy (T,) of the electrons from the
plasma used in the PACVD of TiN coatings in
TiCla/No/Hy/Ar mixtures. (Figure on page 39
above).

The dependence of m, and T, on the N; gas flow
was measured in 2 cases:

(i) in the absence of TiCl, in the reactive gas
mixture,

(i) when this precursor is introduced in the reac-
tion chamber (TiCl, flow = 6 sccm) in the typical
deposition conditions used in the production of
TiN coatings.

The strong decrease in m, and the corresponding
increase in T, observed at a flow rate of TiCl, flow =
6 scem results from the capture of the low energy
electrons of the plasma by highly electronegative
chlorinated species.

The negative ions produced by electron attach-
ment play an important role in the dissociative pro-
cess leading to the deposition of TiN coatings.
The official status of the ACC was re-established in
1992, as a co-operative venture between the Insti-
tutes, rather than an independent foundation. The
Centre is business-oriented, and considerable ef-
forts in the last year have resulted in several propo-
sals for contracts, with EC and Dutch national ac-
tions, including 3 COST actions, 2 BRITE actions, 1
EUREKA action and 1 NOVEM (NL) project, notin-
cluding bilateral external contacts.

The Centre was formally opened in November by
the Director General of the JRC and the Deputy Mi-
nister of Economic Affairs of the Netherlands.

SCIENTIFIC - TECHNICAL ACHIEVEMENTS S
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Thermal Barrier Coatings

The objective of this study is to investigate how
plasma spray conditions and, in particular, subse-
quent HT-ageing treatments affect the develop-
ment and retention of the transformable tetragonal
{t) phase in plasma-sprayed YPS ZrO; thermal bar-
rier coatings and how this influences the fracture
toughness and the fatigue life of coated parts.

The following actions have been successfully com-

pleted during the reporting period:

- preparation of test pieces in Alloy C-263 inclu-
ding deposition of a NiCrAlY-bond coat by VPS-
technology and post-coating diffusion treat-
ment,

- optimization of APS-spray parameters for depo-
sition of relatively dense YPS ZrO,-coatings,

- establishment of appropriate metallographic
techniques for the preparation of cross sections
of coated specimens, which are essentially free of
any pull-out,

- selection of the post-coating ageing treatment
conditions to produce transformable t-phase in
YPS ZFOZ,

- implementation of a special XRD software pro-
gramme for the quantitative determination of the
different phases (t, t', ¢, m} in plasma-sprayed YPS
ZFOZ,

- establishment of an experimental procedure, ba-
sed upon the indentation method to determine
the fracture toughness values of sprayed ZrO,-
coatings,

- design and commissioning of a test facility by
which the interfacial crack growth in TBCs can be
measured under dynamic loading in the 4-point
bending mode.

Furthermore, in the frame of this project, a techni-
que has been developed to determine the flexural
and longitudinal elastic moduli, as well as the shear
modulus of coatings. The technique is based upon
the resonance vibration of freely suspended speci-
mens using a FORSTER-Elastomat. It has been suc-
cessfully applied to cylindrical bars and is presently
being expanded to beam-type specimens.









same order as the thickness of the Ti layer a nano-
hardness up to 39 MPa can be obtained.

CO, laser

The CO, laser, manufactured by Rofin Sinar Laser
GmbH, has been used for performing a surface
treatment on the austenitic steel AlSI 316, for coa-
ting stainless steel with a Hastelloy layer, and for
testing the thermal shock resistance of a ceramic
layer on MCrAlY.

Hastelloy coating of a stainless steel plate

Hastelloy alloys combine an excellent resistance to
corrosion with elevated temperature mechanical
properties. Their application, however, is limited by
their high cost. It appeared interesting, therefore,
to study the possibility of covering a base material
with a coating of Hastelloy of appropriate thick-
ness. An economic evaluation indicated that a cost
reduction factor of 0.5 to 0.6 would be expected by
the use of clad tubes rather than bulk tubes of
Hastelloy. The protective layer was deposited by
melting a Hastelloy C276 wire continuously fed to
the surface of the stainless steel by means ofa CO;
laser. Different power levels were used in order to
change the level of melting of the substrate and its
degree of mixing with the deposited layer. The
beam spot diameter was kept at 1.6 mm, slightly
higher than the wire diameter in order to insure a
good lateral mixing. The molten zone under the
beam was protected from oxidation using argon as
a cover gas. A coating three millimeters thick is
obtained using four successive passes. The first test
was conducted using the laser beam at a specific
power of 3.2 kW. The micrograph of the’section
showed that the deposited layer appeared to be
well anchored to the stainless steel substrate. No
porosity was apparent. However it appeared, parti-
cularly at the interface between the base material
and the coating, that some small fingers of the base
material had penetrated into the deposited layer.
In order to obtain a good adherence it is necessary
to have a good molten pool where the two metals
intermix and form a strong metallurgical bond.
However it appears that inside the molten pool
convective (Marangoni) flows are formed due to
gradients of surface tension. As a consequence a
small stream of the molten stainless steel enters
into the mass of the molten Hastelloy.
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The subsequent rapid cooling freezes the molten
pool. Other samples were prepared using the laser
beam at a lower power. [t can be seen that in this
case the anchoring of the deposited layer is rather
poor. A certain amount of porosity is present in the
layer; it is higher for the layer treated at a lower po-
wer.

Thermal shock tests

On request of the firm Aermacchi a series of ther-
mal shock tests have been performed on samples
of MCrAlY covered with a layer of stabilized ZrO,
0.5 mm thick to act, as a thermal barrier. The sam-
ples were formed by 4 plates plus three complex
pieces and in particular a winglet, a flap and a little
window. The thermal shock test consisted of sub-
jecting each of the three plates to laser pulses with
aduration of 10 ms at incident power densities of 2,
4 and 6 kW/cm? respectively. Moreover on each
sample a series of 100 shots at a power density of 2
kW/cm? have been performed in order to evaluate
the resistance of the thermal barrier to thermal fati-
gue. The fourth plate has been subjected to pulses
of the same duration and power density but obtai-
ned with a high voitage electron beam. The elec-
tron beam presents the advantage that the incident
power is equal to the adsorbed power. The sample
was treated with the electron beam at power densi-
ties of 2, 4 and 6 kW/cm? but no thermal fatigue
tests were attempted. The three complex pieces
have been subjected to a series of 100 shots at a
power density of 2 kW/cm?.

The work has been completed by a metallographic
examination of the effects of the pulses on the dif-
ferent plates. The results obtained show that both
the plain sample and the more complex one have
resisted successfully the tests even at a power level
(6 kW/cm?) which exceeds the possible working
load. Two main mechanisms are apparent. On one
side at low power there is a coalescence of the
small porosity giving rise to a more coarse pore
structure and, particularly in the thermal cycling
tests, to formation of large fissures. At the higher
power level a recrystallization of the zirconia is ad-
ded to this phenomena which increases the dimen-
sions of the grains. No difference is apparent be-
tween the samples treated with the laser beam and
those treated with the electron beam. The repea-
ted thermal shocks on the complex pieces did not
produce any spalling of the ceramic coatings.
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Chemical Sensors and
Electrocatalytic Materials

The study of sensing systems for chlorine and nitro-
gen oxide has continued. For chlorine gas electro-
metric sensors the departure from the theoretical
{(Nernstian) values and in particular the influence of
an auxiliary layer interposed between the gas elec-
trode and the solid 3-Alumina electrolyte has been
measured and the results have been critically analy-
zed. Also the factors influencing the rate of res-
ponse have been investigated.

For nitrogen dioxide the interpretation of the first
results of the electrometric sensors appears to be
much more complicated. For the environmental
NO; pollution the use of sensing systems based on
the modulation of the electrical conductivity of se-
miconductors looks convenient.

Microcrystalline tin oxide layers of thickness ran-
ging from 500 to 4000 A were deposited by sputte-
ring on to polished alumina sheets. This was done
at CSIC in Madrid. The layers were then placedin a
stainless steel cell and the system broughtto atem-
perature in the range 120 to 300°C.

The layers were characterized in our laboratories
for thickness, crystallographic structure, morpho-
logy and composition by ellipsometry, Auger sput-

tering, ESCA and glancing angle X-ray spectrosco-
py. Ultrathin (60 A) aluminium films were deposited
on to the tin surface of some samples in order to ca-
talyze the ionosorption process. The layers have
grains of extremely small size, generally lower than
100 A.

The results look excellent as some samples show a
remarkable variation of conductivity at concentra-
tions lower than 100 ppb, i.e. below the first alarm
threshold (which is legally imposed in NO, control
of towns). Such sensitivities, as far as we know, have
not yet been reached elsewhere.

Sensors of an other type have been designed,
developed and tested. They consist in a multilayer
assembly of SnO,/SiO,/Si(n)/Si(p). Such hetero-
junctions are directly polarized by applying a li-
nearly increasing current from O to 3 mA at a rate of
2.5 pA/sec. The Si(n) layer undergoes depletion,
then inversion and finally the “punchthrough” and/
or "avalanche multiplication” negative resistance
conditions. The voltage breakdown forward (Vgr)
depends on the bending of the conduction bands
in SnO,. The results will be presented at the Euro-
sensors Congress in Budapest.

Surface Scaling

Cracking and spallation of protective oxide scales
and coatings due to thermal cycling is a subject of
considerable concern in a wide range of technolo-
gical applications. Since the understanding of the
phenomena of spallation is poor and insufficient to
predict the material behaviour in a reliable way, a
programme to study the possibility of using Thin
Layer Activation (TLA) to measure material loss du-
ring thermal cyclic oxidation was started. Due to its
specific properties, TLA is expected to contribute
to a better understanding of the phenomena of
spallation. Feasibility activation studies were car-
ried out on various high temperature materials, in-
cluding coated alloys. One of the most important
conclusions was that material loss with a sensitivity
of less than 1ug is easily detectable. Multi speci-
men test facilities for scaling and spallation under
cyclic oxidation, including the possibility for forced
gas cooling were designed and partially tested.
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To obtain some preliminary experience with the
use of TLA for spallation studies, a simple experi-
mental set- up was also constructed and tested.
This facility became operational at the end of sep-
tember 1992. It was successfully used for the tes-
ting of thermal barrier coated superalloys, supplied
by ONERA, France and Cr sheet material produced
by a powder metallurgical route. The collaborative
action with BCR-Brussels and the Complutense
University of Madrid on the production and charac-
terisation of reference oxides in the frame of the
VAMAS Surface Chemical Analysis Activity, was
continued. Various surface analytical techniques
were investigated to accurately characterise these
layers, especially in terms of thickness and compo-
sition. Activation analysis using proton and alfa par-
ticles, nuclear reaction analysis and grazing inci-
dence X-ray reflection were selected to be the
most suitable techniques.






Research Area:
Materials Information
and Data Management
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Assessment of Research Area
Progress and Achievement:
Materials Information and Data Management

During recent years much awareness has develo-
ped of the high commercial and strategic value of
materials information. Industry has begun to consi-
der it as animportant resource that needs manage-
ment provisions. In parallel to this development,
the research sector as the principal producer of ma-
terials information has become more sensitive to
the requirements of information management and
allows for it in most of the new research program-
mes (in the past such provisions were usually
neglected).

The Institute for Advanced Materials has been ad-
dressing this subject for many years and has inclu-
ded a specific activity on Materials Information and
Data Management in its materials research pro-
grammes.

This activity has always proceeded on the basis of
minimum resources and developed limited effect
as long as the perception of the value of material in-
formation was low.
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Within the research activities of the Institute, this
area has its own importance, however it is too small
to organize management functions for the informa-
tion output of the large European R&D program-
mes which are funded, organized and supported
by the Commission. Some contributions to the
COST 501 project and the Fusion Technology Pro-
gramme could nevertheless be effected by the
HTM Databank.

The scope of activities has had an impact in a small
number of relevant fields: pilot concepts such as an
advanced user interface, standard data input, the
association of data and models and advanced data
evaluation, standardization efforts on advanced ce-
ramics and high temperature mechanical testing.
Some results of the activities are marketed for third
party use. Nearly all activities have a strong stan-
dards relationship, and a major effort is addressed
to the planning for a new multinational scheme for
institutionalizing European pre-normative research.
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Information Centre

The objective of the Information Centre is to pro-
vide 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 continuous inter-
face to industry.

In 1992, efforts have been directed to the following
activities:

Within the frame of the Institute initiative for Stan-
dardization and Pre-normative R&D of Advanced
Ceramics the following meetings were organized:

- CEN Technical Committee on Standards for Ad-
vanced Technical Ceramics (184),

- Six CEN Working Group meetings addressing
Standards for ceramic classification, powders,
monolithics and composites,

- VAMAS, Technical Working Area 3; Pre-norma-
tive R&D of Advanced Ceramics.
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An International Symposium on Ultra High Tempe-
rature Mechanical Testing was held in September
1992, at Petten.

The Symposium was conceived in response to the
increasing demands of industry for stronger, lighter
structural materials to endure repeated exposure
to extreme environmental conditions. The deve-
lopment of ceramic matrix composites and the
quality control of components has created a need
for new testing facilities and procedures.

The scope of the meeting was specifically focused
on test methods and procedures for ultra high tem-
perature mechanical testing above 1500°C. The
principal subject materials were ceramic matrix
composites including C-C, intermetallics, refrac-
tory metals, and monolithic ceramics.

14 Invited papers and 10 posters were presented.
100 Experts attended the Symposium, which also
included an exhibition of High Temperature
Testing Equipment and Materials.



2. Contribution to the
Specific Programme:
Controlled
Thermonuclear Fusion

Research Area: Fusion Materials
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Assessment of Research Area
Progress and Achievement:
Fusion Materials

The study of materials for fusion reactors and their
behaviour in fusion typical environments, is an esta-
blished research area in the IAM. Emphasis of the
work has evolved with changes in fusion rector des-
igns and is now concentrated on two main lines:

- the development and study of low activation

materials, and
- the materials behaviour in components under
thermal fatigue conditions.

In addition, at the request of the European Fusion
Programm, the IAM is devoting a limited effort to
the characterisation of stainless steels during and
after neutron irradiation in the HFR. The |IAM activi-
ties are fully integrated in the EC programme and
are monitored by the corresponding groups. Most
of the planned activities have made good progress
during 1992. Two activities, the AMCR data collec-
tion, and the disruption studies, will be concluded
in the near future. The irradiation experiments in
the HFR, which are requested by the NET team, re-
quire fongterm planning. These studies are produ-
cing important information for the characterisation
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and the engineering data base of the European re-
ference steel of the type AISI 316. Connected to
the work on stainless steel is the installation of a
data bank on this material.

The informatics part of the data bank is now deve-
loped and in future the efforts will be devoted to
the introduction of the available data.

The studies on the fiber reinforced SiC are delive-
ring encouraging results. The producers of the ma-
terial are showing increasing interest and are colla-
borating by delivering the material in the desired
form. The IAM is the driving laboratory in this field,
and the contacts with other laboratories are streng-
thening.

The experimental and theoretical activities on ther-
mal fatigue have been a central point in a world
wide programme. They are part of a network under
the guidance of the IAEA. The results obtained so
far are valuable but demonstrate that considerable
further effort will be needed.

During 1992 the |IAM has maintained its recognised
position in the field of fusion materials.
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Low Activation Materials

Ceramic matrix composites {CMC) with continuous
ceramic fibre reinforcement are under study as po-
tential low activation structural material for fusion
reactors. A cooperative research programme on
this subject has been established with CEA (Com-
missariat a I'Energie Atomique), ENEA (Ente Nazio-
nale Energie Alternative) and SEP (Société Euro-
péenne de Propulsion). Collaborations have also
been established with a number of Universities in
France, Italy and Germany for aspects like measu-
rements of thermal conductivity and joining/machi-
ning of CMCs.

Commercial SiC/SiC composites, obtained from
European manufacturers, were evaluated by dose-
rate calculations (ANITA code and REAC-ECN 5 Ii-
brary). These materials, though not elementally tai-
lored, had already the potential to fulfill all current
low-activation limits of interest in Europe. At this
point, the analysis of the impurities, however, was
based only on normal chemical/spectroscopic me-
thods. The study was then extended to quantitative
analysis of scarse but critical trace-elements by
charged-particle activation-analysis (CPAA) on dif-
ferent types of materials. The results have shown
clearly that a higher grade of purity is obtained in
material produced by Chemical Vapour Infiltration
{CVI) in comparison to other batches produced by
liquid infiltration and subsequent pyrolysis.
Moreover, irradiation of CVI-type material in the
HFR Petten gave complementary results from neu-
tron activation analysis (NAA).

After quantitative analysis of the content of 32 dif-
ferent crucial trace elements, it can be concluded
that European industrial 2D reinforced SiC/SiC ma-
terials will not cause any problem interms of low ac-
tivation criteria. This is of particular importance af-
ter the work by Cierjacks [1], where the low-activa-
tion advantayes of Cr- and/or V-based alloys were
critically reviewed from the aspect of fusion spec-
trum induced sequential nuclear reactions.

These complications in calculating the neutron in-
duced radioactivity of future fusion reactor mate-
rials are not expected to cause comparable restric-
tions for SiC based materials. The important se-
quential reactions [(p,n}; (d,n); (a,n)] do not lead to
critical or long-lived radioisotopes.

The results of three-point-bending experiments on
unirradiated CMC suggest that mechanical testing
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can be performed outside of the interlaminar fai-
lure regime. Parametric studies varying the ratio of
lower span length to specimen thickness produced
results comparable to those in the literature on
CFC (Carbon Fibre Reinforced Carbon Composi-
tes). A three-point/four-point bending stage for
high temperature application and different span
length positions was designed and is under con-
struction.

The formation of He in SiC/SiC by transmutation
reactions due to fast neutrons is currently being si-
mulated by irradiations at the Ispra Cyclotron. Un-
der helium jet cooling, 39 MeV a-particles were im-
planted in CMC specimens to high fluences
{2500 appm). First results show no macroscopic
swelling of specimens irradiated at 700°C. Analysis
to determine whether the inherent residual poro-
sity of this type of material is an advantage is under-
way. loninduced radioactivity was identified by de-
cay analysis to originate from the 3P isotope via the
reaction *%Si(a,pn)32P, Ea>14.08 MeV. This should
allow bending tests and microscopic analysis of the
implanted specimens within the next months.
Meanwhile, 2D SiC/SiC specimens were sent to
HFR Petten for neutron irradiation to different
fluences at 700°C. Mechanical tests afterirradiation
are foreseen and will be facilitated by radiation pro-
tection techniques developed for the ion irradiated
samples. Larger batches of SiC/SiC specimens
have been ordered in order to perform thermal
conductivity and permeation measurements on as-
received and coated materials.

A feasibility study was performed concerning the
possible application of low-activation chromium-
alloys in a fusion reactor. It was found that chro-
mium and chromium-alloys with either vanadium or
iron are much more corrosion resistant than stain-
less steels. In addition the mechanical properties of
chromium and chromium alloys are superior to
those of stainless steels apart from ductility. The
ductile-brittle transition temperature in well annea-
led pure chromium and chromium alloys which do
not contain carbon in amounts larger than 100 ppm
is between room temperature and 300°C. It be-
came evident that the brittle-ductile transition tem-
perature depends not only on the carbon content
but also on the structure of the materials, namely
dislocation density, grain size, surface preparation,
etc.






Itis found that carbide formation in solution annea-
led steels during irradiation causes an increase in
the volume of the materials; i.e. a large increase of
the creep elongation is found in the primary creep
stage. a-ferrite is formed on irradiating AMCR and
type 316 steels below 400°C causing a decrease of
the specimen volume,; i.e. a negative creep elonga-
tion is observed.

All the steels are unstable below T;, = 400°C. a-fer-
rite formation in AMCR type materials can cause
such large volume changes that they may frag-
ment. If the matrix of AMCR becomes slightly enri-
ched in chromium during irradiation the very brittle
a-Mn-phase is formed and the materials are no lon-
gerductile.

Behaviour of Mechanical Properties
under Irradiation

Samples of electron beam and submerged meltarc
weld joints in solution annealed 316L plate were ta-
ken from the heat affected zone and molten zone.

The samples were irradiated in the HFR, at damage
production rates and helium production ratio mat-
ching NET operating conditions; respectively
3.3x107 dpa/s and 10 appm/dpa. The irradiation
dose of 15 dpa corresponds to a 14 MeV neutron
fluence of 1,5 MWyr/m?2.
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The extensive data on electron beam and submer-
ged melt arc welds in 30 mm SA 316 NET reference
plate material provided a valid statistical basis to
determine the limits of variation of postirradiation
tensile properties in heat affected and molten
zones.

Empirical relations were obtained for the tempera-
ture dependence of irradiation hardening at
15 dpain SA316L, which are used as a reference for
reduction in YS and UE to account for presence of
welds, YS has a level of 810 MPa up to 300°C, follo-
wed by a gradual decline to 590 MPa at 425°C. En-
gineering UE falls below 1% at 250-300°C, fcllo-
wed by recovery to about 7% at 425°C.

There was no difference between the welds in va-
riation of tensile properties for the heat affected
and molten zone (Figure on page 58 A and B).

For both types we suggest applying a reduction of
atleast 110 MPa in YS and 4% in UE. Below a 380°C
irradiation temperature, values of UE below 1% are
to be expected.

Radiation hardening is known to saturate at about 6
dpain the 250-300°C range. Although sufficient ex-
perimental data are lacking, indications are found
of saturation at 425°C below 15 dpa. Itis suggested
to extend application of the empirical relations for
temperature dependence of radiation hardening
and margins for welds, from 15 dpa to 6 dpa.

Thermal Fatigue

Thermal Fatigue of First Wall Mock-ups

The testing of two prototype first wall mock-ups
was started and completed during the reference
period. The mock-ups are the same width as a to-
roidally sub-divided blanket box but very much
shorter in poloidal length. They consist of a sand-
wich construction of austenitic 316L stainless steel
plate and tubing.

The same design, which is conceived to lead to a
"double containment” of the coolant water from
the plasma chamber to fulfill the stringent limita-
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tions for total water leakage into the plasma cham-
ber of 10 g/s, is fabricated either by electron
beam plate-to-plate welding and tube brazing (Fra-
matome component), either by throughout brazing
{(Ansaldo component). A non-destructive testing
exercise involving the mock-ups manufacturers,
the NET Team and the NDT unit of our Institute has
been started to determine the size of manufactu-
ring flaws and their growth during testing. Braze
flaws of greater than 1 mm diameter can be detec-
ted and accurately sized. After 5000 thermal cycles
at a frequency of 18 cycles per hour, with a peak












3. Supplementary
Programme:

- lIrradiation Experiments in the
High Flux Reactor Petten

- Operation of the High Flux Reactor
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Irradiation Experiments in the
High Flux Reactor Petten

In recent years, as part of the programme of the
Institute for Transuranium Elements of the Joint
Research Centre in Karlsruhe on the development
and improvement of Advanced Fast Breeder Reac-
tor fuels, a series of experiments have been perfor-
med in the High Flux Reactor, under the pro-
gramme “"Optimisation of Dense Fuels”. Last year,
3 experiments were prepared for irradiation.

The first two experiments NILOC 3 and 4 (consis-
ting of 5 fresh, mixed nitride fuel pins and 1 fresh,
mixed oxide fuel containing nitride breeder pellets)
are extensions of the irradiation series NILOC
(Nltride fuel, Low in Oxygen and Carbon) first pro-
posed in 1987. The 6 irradiation capsules were
manufactured and the fuel pins encapsulated at
Petten. The irradiations (2 HFR cycles for NILOC 3,

Operation of the

The High Flux Reactor (HFR) in Petten is operated
and exploited under a supplementary programme
which is predominantly funded by the Federal Re-
public of Germany and The Netherlands; a small
complement of the programme budget is provided
by JRC specific programmes, and an increasing
share is earned by services for third-parties. In this
chapter only the projects for German and Dutch In-
stitutions are addressed, whereas the other activi-
ties are covered in other chapters of this report.

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

The irradiation programmes on light water reactor
fuel were continued with power cycling tests of
high burn-up PWR fuel rods which had been pre-ir-
radiated in commercial reactors. These tests are
performed in a new irradiation capsule which provi-
des representative LWR operation conditions al-
ready at linear heat generation rates of as low as
150 W/cm. For a number of earlierirradiation expe-
riments on PWR as well as BWR fuel rods the post-
irradiation examinations were completed and the
projects were finished.

and 1 HFR cycle for NILOC 4) were performed and
completed before the end of the year. Maximum li-
near fissile powers up to 950 W/cm were achieved
with no apparent detrimental effect on fuel pin per-
formance and stability.

The fuel pin in the third experiment, POMPEI (Pel-
lets Oxyde MixtePEtten Irradiation), which has the
principal aim to study the behaviour of mixed
nitride fuel at high burn-up arrived in Petten at the
end of the year. As part of a recent programme at
Karisruhe to study transmutation of longlived ra-
dioisotopes, the POMPEI fuel pin was altered to
contain 3 fuel pellets containing varying amounts
of ¥Tec.

The irradiation is planned to begin in early 1993.

High Flux Reactor

A new test programme on the transient behaviour
of high burn-up MOX containing PWR fuel rods is
under preparation. Assistance was provided for an
important upgrading project at the Petten hot cells
to refabricate short test fuel rods from full length
commercial fuel rods. The project on iodine solubi-
lity and degassing from a PWR fuel rod after a
LOCA scenario was terminated after the 5th in-pile
test. This programme confirmed earlier observa-
tions during the TMI-2 accident and hot cell investi-
gations, that the iodine release to the biosphere is
more than a factor 1000 smaller than assumed in
present safety codes.

The irradiation programmes related to the high
temperature gas cooled reactor, comprising gra-
phite and fuel irradiations, are phasing out.
Ongoing projects have, however, been continued
to schedule. Presently still five individual irradia-
tions within the “fundamental properties graphite
orogramme” are either under evaluation, being ir-
radiated, or being ready for irradiation.

In the graphite creep programme one irradiation
was performed with intermittent measurement of
dimensional changes of the samples and with tem-
perature changes during irradiation. Past irradia-
tion experiments have been finally evaluated and
reported.
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as contributions to the European Fast Reactor
{EFR), fusion research programmes, use of the
beam tubes for solid state and materials research,
and extensive utilization of the radioisotope servi-
ces for radioisotope production and neutron acti-
vation analysis. All the Netherlands projects are
managed via Energieonderzoek Centrum Neder-
land (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. The
objective of this work is to provide data on creep-
fatigue properties of irradiated stainless steel type
316 L(N)for the EFR design data base, and to verify
creep fatigue interaction models.

Within the fusion programme, martensitic steels
and vanadium alloys have been irradiated at diffe-
rent temperature and fluence levels. A new project
has been launched to study the particular effects of
the neutron spectrum on irradiation induced pro-
perty changes of martensitic and austenitic steels
including electron beam welds. Main emphasis is
on fracture toughness. The programme on irradia-
tion testing of tritium breeding ceramic blanket
materials, where ECN is cooperating with a number
of European research centres, has made good pro-
gress. Tritium release under irradiation is studied
for different zirconates, aluminates and silicates as
a function of irradiation temperature and lithium
burn-up. In addition, the influence of purge gas
chemistry on tritium release is studied. The sixth ex-
periment in the EXOTIC series has been success-
fully terminated at a maximum lithium burn-up of
3%. The irradiation campaign EXOTIC-7 was star-
ted where irradiation damage phenomena will be
investigated in a long term experiment with lithium
burn-ups of up to 10%.

Five beam tubes, HB 1, 3, 4, 5, and 9 at which dedi-
cated neutron spectrometers are installed, are in
permanent use for condensed state physics and
materials science applications. Another beam tu-
be, HB 7, is applied for ECN's contribution to the
BNCT programme. The equipment installed at this
beam tube is successfully applied for prompt
gamma determination of boron concentrations in
the blood which is an important pharmacological
parameter in BNCT.
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Recently, ECN has started a programme on the
transmutation of the long half life fission products
Tc99 and 1129, in which the physical and chemical
aspects of the transmutation concepts are being
studied and, in co-operation with IAM Petten, a fa-
cility for irradiation experiments at the HFR is being
designed. The tests are aimed at investigating the
transmutation efficiencies of technetium and io-
dine samples and to test inert matrices for future ir-
radiation of americium containing samples in the
HFR.

JRC has continued its efforts to prepare the HFR for
future neutron applications in science and techno-
logy. In neutron radiography, a preparative study
on the detection of corrosion in aircraft compo-
nents and structures of ageing aircraft was underta-
ken which yielded promising resuits.

Furthermore, a sensitivity study on the detection
capabilities on the ingress of hydrogen in zircaloy
tubes was successfully performed. A feasibility and
design study for a facility to perform neuron trans-
mutation doping of silicon at large scale has been
completed; however, investments into such a faci-
lity will only be made if justified by market demand.
Efforts towards a device for studying thermal fati-
gue of fusion materials under irradiation have con-
centrated on testing various types of potential drop
probes for measuring crack propagation. For the
BNCT facility at HB 11, an extensive programme of
preparatory and qualifying investigations has been
performed throughout the year. The facility is ex-
ploited under the supplementary programme {see
above), with additional support form the JRC ex-
ploratory research fund. The reactor itself was ope-
rating smoothly with a very high availability of 280
operation days which was in fact more than schedu-
led, with only very few unscheduled interruptions
of regular operation.

More detailed information on the HFR programme,
operation as well as utilization, is given in the An-
nual Report 1992: Operation of the High Flux Reac-
tor. EUR 15219 EN.
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Standards for Advanced Ceramics

The general objectives of this activity are support
to and stimulation of European standards and pre-
standards and the execution of research and deve-
lopment within European standardization activi-
ties. The project supports the Directorate General
“Internal Market and Industrial Affairs” section:
“Standardization and Certification”. The following
results were achieved during the reporting period.

Standardization Activities:

The European Standard Organization CEN execu-
tes under mandate of the Commission a pro-
gramme for the development of 44 standards and
prestandards. The technical committee (TC) 184
“Standards for Advanced Technical Ceramics” set-
up to coordinate the activities operates five wor-
king groups (WG) to which Institute Scientists acti-
vely contributed in four cases.

The standardization programme for the period
1990/92 was concluded and 44 standards (EN) and
pre-standards (ENV) submitted to CEN. For the pe-
riod 1993/95 continuation of the activities of the
CEN TC184 is envisaged. The new standardization
programme comprises items, addressing advan-
ced technical ceramic test methodologies for pow-
ders, monolitics, fibre reinforced composites and
coatings.

A Round Table to review the situation of standardi-
zation of advanced ceramics worldwide is under
preparation. The requirements of producer and
user industries for standards will be addressed.

Pre-Normative R&D:
- Ceramic Corrosion

Following analysis of the results of the worldwide
survey of ceramic corrosion activities and attitudes
towards standards, attention was focussed on two
main themes:

1. Establishing the real level of practical support
that could be expected from the European-ba-
sed ceramics corrosion community and attemp-
ting to assemble a working group for prestan-
dards research and development.

. Initiating a laboratory study on methodology
development and assessment, focussing in the
first instance on a methodology for hot-salt cor-
rosion.
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There is large majority agreement that standards
should be approached by formulating guideline
methodologies, preferably based on existing, well
established laboratory test techniques. Efforts to
assemble a small working group have been made
and the first workshop is planned to take place in
1993.

In laboratory studies, the potential of a methodo-
logy already developed for testing metailic gas tur-
bine materials in a burner rig has been evaluated
for testing engineering ceramics. Obviously, if the
metals test procedure could be adopted for cera-
mics, substantial effort could be saved. Unfortuna-
tely, modifications to the metals test procedure
need to be made, mainly in the areas of specimen
preparation and assessment of the degree of cor-
rosive degradation. The need for a mechanical test
to be incorporated into the guidelinesis being eva-
luated. When the first stage of the laboratory study
is complete, draft guidelines will be issued for dis-
cussion within the working group.

- Mechanical Testing of Advanced Ceramics

The project aims at stimulating and effectively sup-
porting the development of European {pre)-stan-
dards in the area of mechanical testing, both
through experimental research and Committee
work directed at the drafting of prestandards and
codes of practice.

Experimental work in the reporting period focus-
sed on the problem of the gripping of uniaxial test
specimens of ceramic materials, in particular on the
associated requirement of limiting of the bending
component to a sub-critical level during mechani-
cal testing.

In that framework the performance of a novel type
of hydraulic wedge clamping grip system for the
uniaxial testing of ceramic composite specimens
with variable thickness along their length has been
explored. Findings up to now are summarized in Fi-
gure above on page 69, indicating that upon incor-
poration of these grips in a rigid load train the ben-
ding induced misalignment of the specimen is only
slightly larger than when a hydraulic collet type
clamping system for constant thickness specimens
is used.

The desk activities cover the participation in a num-
ber of Committees involved in pre-normative re-
search or in the drafting of pre-standards.
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Standards NDT for Pressure Vessels

and Performance Demonstration
of NDE Techniques

The achievements and results from 1992 concern
both support activities, which are built on the expe-
rience gained from the execution of the PISC pro-
gramme, i.e.:

The activity on “standards NDT for Pressure Ves-
sels” is executed in support of DG lII: “Internal mar-
ket and Industrial Affairs”. The establishment of in-
spection Standards for pressure vessels is a critical
requirement for process economy and industrial
safety spanning many major technologies and di-
rectly influencing industrial trade.

The objective of the work is to contribute to the har-
monization of NDT procedures for pressure ves-
sels.

“Performance Demonstration of NDE Techniques”
supports DG XVII: “Energy”.

The objective being to harmonize in-service In-
spection practices in the nuclear industry, through
NDE performance demonstration procedures.
Such procedures, to be accepted and established,
require demonstration exercises.

During 1992, efforts of the IAM/NDE service con-
centrated on the development of PISC type net-
works with European institutions involved in techni-
cal and scientific studies related to heavy duty in-
dustrial structures subject to non-destructive in-
spection.

Two major directions are supported at a European

level:

- Qualification of inspection {(NDE) procedures of
structural components;

- Structural Integrity assessment exercises invol-
ving the information provided by inspections,
material testing and fracture assessment me-

thods.

Each of these directions led to the organization of a

network:

- ENIQ: European Network for Inspection Qualifi-
cation,

- NESC: European Network for Evaluating Steel
Components.

These networks are organized along the PISC sche-
me.
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ENIQ: European Network for Inspection Qualifi-
cation

The general objective is to set up a European Net-
work for the coordination and management of ex-
pertise and resources for the assessment and quali-
fication of NDE inspection techniques and proce-
dures primarily for nuclear components.

The primary focus is on the capabilities and limita-
tions of the NDE techniques and procedures used
as well as on qualification of In Service Inspection
(IS1) trough performance demonstration and other
processes.

The ultimate goal will be the supporting of interna-
tional codes and standards bodies by making avai-
lable the results (state-of- the-art), technical tools,
expertises and performance/capabilities demon-
stration exercises that can be sponsored and mana-
ged at a European leve!. As a consequence, ENIQ
should help in establishing a European attitude to-
wards inspection qualification in general.

Investigated actions are:

- management at a European level of materials to
be used for qualification of inspection procedu-
res and for training of inspection personnel,

- organization and management of qualification
exercises forinspection techniques and procedu-
res on appropriate mock-ups with the possible:
creation of a central bank of specimens,

- fabrication and commissioning of test assem-
blies,

- providing support to codes and standards orga-
nizations,

- providing support to regulatory bodies such as
technical help for usual and unexpected pro-
blems that may arise in power plants, e.g. due to
ageing of components,

- studying the various national attitudes in Europe
with respect to inspection qualification in view of
identifying possible common bases for harmoni-
zation.

NESC: European Network for Evaluating Steel
Components

The assessment of integrity of a cracked structure is
an interdisciplinary activity with inputs from NDE,
material testing, stress and fracture analyses. Prac-
tices used in different countries to inspect and



assess the fitness for purpose of damaged structu-
res such as pressure vessels and piping vary.
Benefit will be obtained through international ex-
change of information and experience on common
problems.

In the past there have been several collaborative
programmes designed to evaluate and exchange
knowledge and capability in specific disciplines of
integrity assessment; PISC and FALSIRE are recent
examples in the NDE and fracture mechanics areas,
respectively.

However, it is the interaction between the discipli-
nes and the actual ways by which technical deci-
sions and judgments are made which are crucial in
determining the outcome of the total structural as-
sessment process.

The concept of NESC is to explore international
practice in the entire process of structural integrity
assessment.
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The major objectives of NESC will be to organize
and manage an experimental programme that will:
- create an international forum in which informa-
tion about the processes of structural integrity as-
sessment can be exchanged,
- create an organization to undertake specific col-
laborative studies,
- work towards the use of best practice and the
harmonization of international standards.
A proposal was made by HSE (Health and Safety
Executive, UK) for a project on the Pressurized
Thermal Shock (PTS) transient. This project will
serve to initiate NESC by providing a focused pro-
blem for study and participation. The project is des-
igned to be of interest to a wide number of organi-
zations involved in the safety of PWR pressure ves-
sels. The PTS transient is considered to be the
event which poses the greatest challenge to the in-
tegrity of the vessel of pressurized water reactors. It
has a significant influence on the safety. The PTS
event is of most concern when the vessel has been
aged by the effects of irradiation.

Materials Science and Technology
for Aeronautics Applications

This work is a support to DG Il “Internal Market and
Industrial Affairs” whose policy is to improve the
competitivity position of European aeronautics in-
dustry in respect to the US and Japan and other up-
coming industrial nations. The 1AM contribution
was focussed on the role of Materials Sciences and
Technologies.

During 1992 technical assistance was given in the
preparation of DG !l guidelines.

n

Studies have been made to evaluate the role of ad-
vanced materials in future modern aircraft design
and the European position for Materials Research
and Technology in air frames and aero-engines ac-
tualized.

Assistance was given in defining the European
needs for materials technology to compete with
other industrial nations.
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Standardization of Radiopharmaceutics

Within the frame of this Project supporting DG XI
"Environment”, the Ispra Cyclotron laboratory or-
ganized, in cooperation with the Eurocourse Ser-
vice and under the sponsorship of DG-XI, a three-
days Course {30.6 to 2.7.1992) on: " Cyclotron Pro-
duction, Quality Control and Utilization of Medical
Radioisotopes”. Lecturers of the course were ex-
perts form E.C. Countries as well as Cyclotron Staff.
The Course, addressed Paramedical Staff and Nu-
clear Technicians, with the aim of providing up-to-
date information on cyclotron produced radioiso-
topes for medical use.

The Course included three visits:

i) to the Laboratories of a Radiopharmaceutical
Firm,

i) to an Hospital using Radioisotopes Positron
Emission Tomography (PET),

i) tothe Cyclotron itself (production line of -123).

The positive resonance from the participants and

the demand expressed by medical quarters for the

future led us to establish on annual Summer School

event, sponsored by DG XI.

Ceramic Catalyst Support

This work is carried out in collaboration with DG XI
(Environment); DG !lI {Internal Market and Industrial
Affairs) and DG VIl (Transport). The purpose of this
study is to evaluate the failure mechanisms of cera-
mic catalyst support carriers in exhaust systems in
automobiles.

A "state-of-the-art” study has been finalized and
resulted in pinpointing the needs for future re-
search. The experimental work is jointly carried out
with European Industries: materials manufacturers,
which provide the test materials, and the automo-
tive industry.

The results can be summarized as follows: the in-
fluence of gaseous corrosion at temperatures up to
1200°C has been investigated; no effect of impor-
tance has been noticed. First tests show that hot
corrosion affects the materials performance and
this is aggravated by thermal shocks. The creep
and fatigue behaviour are under thorough investi-
gations and it appears that the mechanical stresses
determine the failure mechanisms. The boundaries
for safe operation are being determined and the la-
boratory test results compared with real operation
test conditions.

The Réle of Materials
in Environmental Problems
arising from Power Stations

The work assists DG XI {Environment) in defining its
strategy with respect to their industrial environ-
ment policy. Support was given in the preparation
of guidelines for the development of modern
energy efficient and environment friendly fossil fuel
conversion and utilization plants.

-

The 1AM contribution was focussed on

i) materials studies for high efficient gas turbines
and

ii) materials investigations for use in power station
exhaust systems (catalytic conversion or indus-
trial high temperature filters).
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Materials Databanks

Materials Data Systems and Standards

The cooperation between DG XIII “Telecommuni-
cations, Information Industries and Innovation”
and JRC Petten on factual materials data systems
and standards which began in 1984 was proposed
to continue within the new IMPACT Il Programme
of DG Xilt for 1992-1995 with new objectives. The
design of the future activities was adapted to allow
for the global changes that have taken place in this
area, in particular:

- the replacement of centralized systems by distri-
buted systems as a consequence of progress in
information technology and telematics,

- the increasing interaction/integration of mate-
rials information with the CIM/CAE environment,

- the progress in the development of regional and
international standards both for communications
and the information content of a transmission.

An important consequence of this evolution was

the need to expand the scope from pure materials

database technology to its interaction with CIM/

CAE and standardization.

Two 1992 activities made the relevance of these
changes visible:

- the joint organization of the "CEC-CODATA
Workshop on Materials Data for Computer Aided
Engineering” (Feb. 1993 at Frankfurt am Main,
Germany) by CODATA and JRC Petten,

- the interaction of JRC Petten with the STEP
activities (STEP = Standard for the Exchange of
Product Data) in ISO, CEN, BSI| and VAMAS and
within the Commission (ESPRIT-CIME, DG XIlI).

The natural development towards priorities out-
side the IMPACT Il principal objectives made arevi-
sion of this project desirable.

Relevant pre-normative activities addressing the
interaction of materials data systems with advan-
ced manufacturing technology (CIM/CAE) and the
associated standardization continued within a new
framework, while the general support to the deve-
lopment of materials information systems closed
down at the end of 1992.

Technology Transfer and Utilization
of Research Results

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

Passive Down Heat Transport

Object of the activity is to demonstrate to industry
that this innovative heat transport system is relia-
ble, efficient and safe.

Durability tests on the double-control float-valve
have been continued for few months with full satis-
faction. A new container for the float-valve was pre-
pared, allowing tests with the new working fluids,
including the fluid Meforex 124.
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Other fluids, Meforex 123 and R142b will also be
tested. One thermosiphon unit of greek construc-
tion has been modified by the implementation of
our heat transport system, for doing comparison
tests with an original thermosiphon unit.

The operation of the sewage treatment plant instal-
led in a mountain refuge and heated by the innova-
tive solar system was continuously monitored. The
minimum design temperature of 25°C was always
exceeded, allowing a fast decomposition reaction
in the anaerobic digestor. The plant, in stand-by
conditions, is telemonitored during the out-of-sea-
son period. Assistance was given to a licensee for
the design of a much larger size plant and for new
applications.
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C/S
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CEN
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DB
DBMS
DG
DYNA2D
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ECU
EFR

EN
ENEA
ENIQ
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EPRA
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EURAM
EUREKA
EUROS

Glossary

Finite Element Code

Advanced Coatings Centre

Aged Materials Expertises and Studies
Atmospheric Plasma Spraying

American Society for Mechanical Engineers
Austenitic Steel Testing

American Society for Testing and Materials
Bureau Communautaire de Référence -

Boron Neutron Capture Therapy

Basic Researchin Industrial Technologies for Europe
Boiling Water Reactor
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Computer Aided Engineering

Continuum Damage Mechanics

Commissariat a {'Energie Atomique

Concerted European Action on Structural Intermetallics
Commission of the European Communities
Ceramic Fibre Research (EUREKA project)
Comité Europeen de Normalisation

Carbon Fibre Reinforced Carbon Composites
Computer Integrated Manufacturing
Ceramic/Metal

Ceramic Matrix Composite

European Cooperation in the Field of Science and Technical Research
Advanced Materials for Power Engineering
Coatings Properties and Processes

Charged Particle Activation Analysis

Conseil Superior d'Investigaciones Cientifiques
Compact Tension

Centrumvoor Technisch Keramiek

Chemical Vapour Infiltration

Data Bank

Databank Management System

Directorate General

Hydrodynamic finite element code

Electron Beam

Experimental Breeding Reactor ||

European Communities

Energieonderzoek Centrum Nederland”
European Currency Unit

European Fast Reactor

European Standard

Ente Nazionale Energia Alternative

European Network for Inspection Qualification
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European Research on Advanced Materials
European Research Coordination Agency
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102



EXQOTIC
FALSIRE
FE

FTIR
GE

GM
HAZ
HCM
HFR
HSE
HTM
HTR
HVOF
IBAD
IAM
IGRDM

ILL

w
10D
IRDAC
ISl

ISO
ITER
JRC
KECU
KFA
KFK
LCF
LME
LOCA
LWR
MAN
MCNP
MEcu
MOX
MPA
MPS
MS-DQOS
NAA
NDE
NDT
NEA
NESC
NET
NILOC
NOVEM
OoDS
OECD
ORR

GrossarY

Extraction of Tritium in Ceramics

Fracture Analysis of Large Scale International Reference Experiments
Finite Element
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General Electric

Geiger-Miller

Heat Affected Zone

Human Capital and Mobility

High Flux Reactor

Health and Safety Executive

High Temperature Materials

High Temperature Reactor
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International Institute of Welding
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International Thermonuclear Experimental Reactor
Joint Research Centre
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Low Cycle Fatigue
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Loss of Cooling Accident

Light Water Reactor

Machienenfabriek Augsburg-Niirnberg

Monte Carlo Neutron and Photon code

Million European Currency Units

Mixed Oxide

Staatlich Materialprifungsanstalt (Stuttgart)
Maximum Principal Stress

Micro Soft Operating System

Neutron Activation Analysis

Non Destructive Evaluation

Non Destructive Testing

Nuclear Energy Agency

European Network for Evaluating Steel Components
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Nitride Fuel, Low Oxygen and Carbon
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Oxide Dispersion Strengthened
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Oak Ridge Research
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PACVD
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PC

PET
PISC
POMPEI
PTS
PVDF
PWR
R&D
RBE
RBS
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RPV
RRT
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SAS
SEM
SEP
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Vbf
VPS
WG
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Plasma Assisted Chemical Vapour Deposition
Positron Annihilation Doppler Spectroscopy
Personal Computer

Positron Emission Tomography
Project for the Integrity of Steel Components
Pellets Oxide Mixte, Petten Irradiation
Pressurised Thermal Shock

Polyvinylidene Fluoride N
Pressurized Water Reactor

Research and Development

Relative Biological Effectiveness

Rutherford Backscatting

Extended X-ray Absorption Fine Structure in Reflexion Mode
Reactor Pressure Vessel

Round Robin Test

Radiographic Technicues
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Standard Acoustic Source

Scanning Electron Microscopy

Société Européene de Propulsion
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Science and Technology for Environmental Protection
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Transmission Electron Microscopy

Thin Layer Activation

Thermoluminescence Detectors
Thermo-Mechanical Fatigue

Three Mile Istand

Technical University

Ultimate Elongation

Versailles Agreement on Advanced Materials and Standards
Voltage Breakdown Forward

Vacuum Plasma Spray

Working Group

Work Package

Yield Strength
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Abstract

The Annual Report 1992 of the Institute for Advanced Materials of the JRC highlights the Scientific Tech-
nical Achievements, resulting from the execution of

- the specific R&D programme on "Advanced Materials”,

- the contribution to the specific programme “Controlled Thermonuclear Fusion”

- S/T Support to the Services of the Commission,

- Exploratory 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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