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INTRODUCTION 

Introduction 

Here we report on progress at the Institute during 
the first year of the current three year JRC Program­
me. In the new Programme we respond to the evol­
ving materials needs of industry. The central theme 
within the Advanced Materials Programme is: the 
extension and reliable use of advanced materialsto 
the limits of their capabilities. That theme remains 
unchanged, but we have sharpened the focus by 
emphasising the importance of the pre-normative 
aspect and by reducing the number of research 
areas from ten to six. These areas are: 

Materials for extreme environments 
Reliability and life prediction 
Measurement and validation methodologies 
Surface modification technologies 
Fusion Materials 
Materials information and data management. 

This refocusing of effort on core activities allows us 
to exploit more effectively ourcentral areas of com­
petence in order to help to promote materials re­
search as an enabling technology for the benefit of 
European industry. 

Institute budget and manpower resources 

The budget and manpower available to implement 
this programme are: 

Programme 

1. Specific Programme 

Scientific Research 
Research Budget 

Staff (Kecu) 

2. 

3. 

4. 

Advanced Materials 
Fusion Materials 

Supporttothe 
Commission 

Exploratory research 

High flux Reactor: 
Complementary 
Common 

104 
15 

18 

7 

40 
1 

2800 
390 

1195 

250 

200 
30 

Totals 185 4865 

Notes 
1. In addition to the above resources, 12 research 

staff were engaged in contract work for third 
parties. Contracts to a value of more than 3.5 
Mecu were signed in 1992 for execution in 1992 
and later years. 

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

3. The above scientific staff were supported by 30 
technical and 39 administrative personnel. 

We note that whereas the current JRC Programme 
runs for three years until the end of 1994, the Sup­
plementary Programme for the HFR was approved 
for four years and will run until the end of 1995. Ger­
many and the Netherlands share costs of 75 million 
ECU on an equal basis, and a further 15 MECU 
should be generated from other sources such as 
contract research. 
The impact of the unfavourable economic climate 
on new third party research contracts was less in 
1992 than might have been feared. We remain con­
fident that the level of expected income from in­
dustrial sponsorship will be maintained. 

Adaptation of organigram to programme 
requirements 

The Institute organigram was adapted to the objec­
tives of the new Programme. The main change is 
that the six scientific Units - previously called Divi­
sions - are now subdivided into Sectors correspon­
ding to particular areas of research competence. 
Progressively, responsibilities and budgetary deci­
sion making are being devolved to the Sector level. 

Growth of research resources 

A number of developments have led collectively to 
a substantial growth in research capability, mostly 
in the Petten part of the Institute. 
Thus, the completion of a new building in Petten 
has provided additional resources of laboratory 
and office space and offers more flexibility to res­
pond smoothly to the challenges of the new Pro­
gramme. 

As part of the policy to increase the number of sta­
tutory staff at Petten towards a target level of 200, 
the decision was taken to transfer the NDE group 
from Ispra to Petten - including the transfer of a 

VIII 



INTRODUCTION 

L Institute Director 

E.D. Hondroi 

Directorate 
Support 

Mate 
Charact 

¡rials 
erization 

M. v.d. Voorde 

Materials 
Performance 

and Reliability 

P. Schiller 

Mate 
Engin 

¡rials 
eering 

H. Kröckel 

j 
5 

Non Destructive 
Evaluation 

S. Crutzen 

...... 

Institute Personnel 
and Administration 

Infrastructure Petten 

A. Bahbout 

High Flux 
Reactor 

J. Ahlf 

Fuctional 
Materials 
Cyclotron 

L. Manes 

High Energy X-ray Source for which a shielded buil­
ding will be constructed. 
The Advanced Coatings Centre was officially ope­
ned in November 1992. This Centre is constituted 
as a business unit and is a joint venture between the 
Netherlands Energy Research Foundation (ECN) 
and the Institute for Advanced Materials. It offers a 
wide range of coatings facilities and expertise to in­
dustry as well as support to ECN and IAM projects. 

The main new investment is in a second x-ray dif-
fractometer which will increase the throughput on 
phase analysis and extend our capabilities to the 
measurement of crystal orientation and residual 
stresses. 
During this period, the Commission introduced a 
Programme on Human Capital and Mobility inten­
ded to promote scientific cooperation through the 
exchange of young researchers. 

As a result, the Institute is benefitting from a consi­
derable influx of post-doctoral workers arriving 
from most of the Member States of the European 
Communities. 

Exploratory activities 

Among the exploratory projects under way which 
could form the basis of future mainline activities, we 
note advances in the following: 

-Laser spallation 

Recent investment in a wide range of coatings tech­
nologies has stimulated new ideas for characteri­
zing coatings. Laser-spallation is a generic method 
with potential for measuring the strength of adhe­
sion of thin films to substrates. This technique uses 
the shock wave induced by a laser pulse to detach 

IX 
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the coating from the substrate. The characteristics 
of the shock wave are measured by laser-Doppler 
¡nterferometry 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 
project is 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 Xll/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 

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 6th 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. Ourcontribution 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 intake of PhD students for training in the Institu­
te. We must 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
tegic lines: 
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 S¡3N4 - 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". 

ii) 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 Si3N4 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 TÌ5Si3/Ti3AI 
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. Furtherstudies should take a selective ap­
proach with respect to material and test conditions 
and the work should receive a European collabora­
tive dimension. 

¡ii) 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 
SÌ3N4 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 Europeannetwork. 

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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Engineering Materials 
in Industrial/Emission Atmospheres 

Specimen i l 
Thermocouple ™ 
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Above: Schematic Diagram of the Petten Low Velocity 
Burner Rig 

Below: Micrograph of a transverse section through Si3N4 

exposed for 50 hours at 1100°C in the burner rig 

The aim of this project is to establish the kinetics 
and underlying mechanisms responsible for the de­

gradation of advanced engineering alloys, cera­

mics and composites exposed to multi­reactant 
gaseous atmospheres. The synergistic influence of 
contaminants such as molten salts and acidic con­

densates is an important aspect of these studies. 
The project also seeks to establish the industrial ap­

plicability of such laboratory­derived data. 

A new burner rig facility (Figure above) was instal­

led and commissioned. Experimental work started 
on the influence of molten salts on corrosion. 

The test methodology adopted for running the 
low­velocity burner rig was based on one for gas 
turbine superalloys which is currently being asses­

sed within an international VAMAS programme. 
The test environment in the rig was created by bur­

ning a liquid fuel with an excess of airto producea 
mixture of N2, 02 , CO, C02, H20 and S02/S03, to 
which salt could be added to simulate certain in­

dustrial and marine engine environments. The salt 
was added as an aqueous solution, made to the 
ASTM standard for artificial ocean water. Na2SC>4 
formed, primarily by the reaction of NaCI with 
S02/S03, and at temperatures below its dew point 
(+/­950°C under these test conditions), it deposi­

ted on material surfaces and contributed signifi­

cantly to the corrosion process. 

Hot­salt corrosion of Si3N4 was investigated experi­

mentally using a commercial hotpressed grade 
containing 9% Y203 and a second high­strength 
grade containing 2% Al203 and 5% Y203, in colla­

boration with CNR­IRTEC, Faenza, Italy. On both 
materials, 50 hour tests in the temperature range 
900­1100°C resulted in the formation of very thin 
Sirich surface scales and depletion of Yfrom the im­

mediate sub­surface region of the base ceramic 
(Figure below). Even after a short­term exposure, 
corrosion resulted in a dramatic reduction in 
strength of the high­strength material (Figure on 
page 4 above). Higher temperature work is plan­

ned using a second thermal­cycling burner rig 
which was ordered in 1992. 

Parallel studies of the mechanisms of corrosion of 
engineering ceramics at high temperatures have 
also concentrated on non­oxide ceramics [Si3N4 

and SiC] with emphasis being given to gaseous cor­

rosion in simulated or model environments using a 
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combination of methodologies, i.e., discontinuous 
weight change measurements, thermogravimetry 
and hot­stage microscopy. 

The corrosion resistance of these materials is often 
critically dependent on the nature and amount of 
'secondary' phases, usually to be found in the grain 
boundaries and as inclusions. This is particularly 
true of silicon nitrides which cannot, in practice, be 
fully densified without the addition of oxide sinte­

ring aids [e.g. Y203, MgO]. These oxide additives 
form a liquid silicate phase which, after densifica­

tion, solidifies with the formation of one or more 
high melting point silicates. Yttrium has been one 
of the most important additive elements but the re­

sulting secondary phases oxidize preferentially at 
temperatures below 1000°C where the oxidation of 
silicon nitride itself is negligible. The resulting dis­

ruption of the microstructure can severely limit the 
use of the material. Alternatives to Y, e.g. Ce, Nd 
and other rare­earth elements, have been propo­

sed and materials fabricated. 

Little is known, however, about the behaviour of 
the secondary phases themselves, their corrosion 
products, rates of formation and corresponding 
morphological changes. 
In M­Si­O­N systems, two of the most common se­

condary phases are the so­called Η­phase [with 
Apatite structure] and K­phase [with a­wollastonite 
structure]. 
These materials were prepared for M = Y, Ce and 
Nd by hot­pressing, and their corrosion properties 
are being studied. 

Figure below compares the oxidation behaviour of 
these H and Κ phase materials in air obtained by 
continuous thermogravimetry using a 2°C.min"

1 

ramp to 1400°C after rapid heating to 500°C. 
In general, all materials show significant oxidation 
at temperatures <1000°C; both Nd­K­ and Ce­H­

phases are completely oxidized before this tempe­

rature is reached. 
The Nd­H­phase showed considerable spallation 
from 900°C caused by rapid internal oxidation, as il­
lustrated by the broken part of the curve. Oxidation 
was complete at 1400°C. 

Figure on page 5 illustrates a typical SEM micro­

graph in cross­section of Ce­K­phase after 2h iso­

thermal oxidation at 950°C. Internal cracking is 
clearly visible as well as cracking of the scale. 

200 400 600 800 1,000 1,200 1, 

Mechanical Test Temperature (°C) 

I 1,4Q0J 

Above: Graph comparing the flexural strength ofSi3N4 in 
the hot­pressed and burner rig corroded conditions 

Below: Oxidation of Ce­, Nd­ and Y­Η­ (top) and ­K­phases 
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The application of laboratory data to industrial si­

tuations is being considered from 2 points of view; 
firstly by a comparison of laboratory tests in both 
equilibrated and nonequilibrated gas mixtures, the 
latter being more typical of commercial processes 
and, secondly, by comparing these data with re­

sults from ¡η­plant exposures. 

Corrosion experiments using a CO­based non­

equilibrated gas mixture representative of the at­

mosphere found in a dry­feed entrained slagging 
gasifier started in collaboration with the Electric Po­

wer Research Institute in the USA. The performan­

ces of 5 candidate alloys, Table on page 7, are 
being studied and compared with results from simi­

lar tests carried out in an equivalent equilibrated 
gas mixture at 600°C. Exposures of 1000 hours 
were completed and the corrosion kinetics measu­

red intermittently by mass­change measurements 
as shown in Figure below. 

Above: SEM micrographs of a section through 
Ce­K­phases after 2h at 95CPC 

Below: Corrosion kinetics for the alloys exposed in 
0.2 H2S ­64 CO­3.8 C02 ­ H¡ bal, at 60CPC 
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a. MA 956 b. HR 160 

c. HR3C 

e. 26/37/3 

d. Cron¡fer45 

Some surface and cross-sectional microscopic exa­
minations were made and the initial results of the 
surface SEM study are summarized in Figures 
above. 
Comparisons with samples exposed in a pilot coal 
gasifier atmosphere .were completed and reported 
in a COST 501/11 action. 

Above: Scanning electron microscopy micrographs 
showing in plan the corrosion products formed on the 
alloys after exposure to 0.2% H2S -64% CO- 3.8% C02 - H2 

balat600°Cfor100h. 
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Table below: Alloy Composition (wt%). 

Element 

Fe 

Cr 

Ni 

Co 

Al 

Si 

Y 

V 

Nb 

Ν 

MA 956 

bal 

20 

-

-

4.5 

-

0.5 

-

-

-

HR 160 

bal 

28 

-

29 

-

2.75 

-

-

--

Alloy 

HR3C 

bal 

20 

20 

-

-

-

--

-

trace 

trace 

Cronifer45 

bal 

27 

45 

-

-

3 

--

-

-

-

26/37 

bal 

26 

37 

--

-

-

--

3 

-

--

High Temperature Corrosion Resistance 
of Alloys and Coatings 

The performance of high temperature corrosion re­

sistant coatings on superalloys depends on their 
chemical composition. At temperatures encounte­

red in the gas inlets in gas turbines, the Al content 
of MCrAlY coating is depleted by oxidation and by 
interaction with the base material. 
The aim of this study was to improve the lifetime of 
MCrAlY coatings by increasing the Al content. The 
vacuum plasma spray technique was used to depo­

sit an Al film on the surface of an existing CoNi­

CrAlY coating. Aluminides were then produced by 
thermal diffusion under vacuum or in a controlled 
atmosphere. 
Chemical and physical analysis of the aluminized 
MCrAlY coatings enabled the thickness of the Al 
film to be correlated with the temperature and time 
of thermal diffusion treatment, and enabled cha­

racterization of the structure and composition of 
the new phases produced. 

The beneficial effect of an Al addition on the oxida­

tion resistance was confirmed by high temperature 
oxidation tests. The effect of the Al enrichment of 
the MCrAlY plasma sprayed coatings was to: 
1) increase the amount of Al, the sacrificial ele­

ment, on the external surface of the coatings 
and; 

2) increase the density of the protective layers, 
thus sealing the existing pores by means of li­
quid Al diffusion. 

The coating chosen for this work was the NiCo­

CrAlY alloy, Amdry 995. The base materials em­

ployed were the superalloys UD 520, IN 739 and 
Nimonic 80A whose compositions are given in 
Table on page 8. Air plasma spray (APS) and va­

cuum plasma spray (VPS) techniques were em­

ployed to deposit the films on NiCoCrAlY and Al. 
These techniques are economically feasible for gas 
turbine inlet applications. 
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Table below: Chemical composition of base materials and coatings. 

Material Amount of element (wt.%) 

Ni Co Cr Al Ti Mo W Ta Y2O3 

UD 520 

IN 738 

Nimonic80A 

Amdry995 

balance 

balance 

balance 

balance 

12 

8.5 

-

39 

19 

16 

20 

21 

2.3 

3.4 

1.4 

8 

3.2 

3.4 

2.4 

-

6 

1.75 

-

-

1 

2.5 

-

-

-

1.75 

-

-

0.65 

0.17 

0.08 

0.8 •0.6 

Oxidation Testing in Air. 

Cylindrical samples of 10mm diameter and 50mm 
height with rounded heads were completely coa­

ted with Amdry 995 using a VPS process. The sam­

ples were vacuum heat treated at 1080°C for 1 
hour. Following this, the samples were covered 
with a homogeneous layer of Al. The surface al­

loying of AI on the substrate NiCoCrAlY was carried 
out under vacuum at 920°C for 3 hours. The corro­

sion tests were performed in air at temperatures of 
1100°C and 1300°C. The variation in weight of the 
samples was checked every twelve hours. The spe­

cimens were taken from the furnace (air quenched), 
allowed to cool, weighed and then returned to the 
furnace immediately. 

Results and conclusions 

The results of this study can be summarized as fol­

lows: 
­ the surface roughness parameter was reduced by 

Al alloying, 
­ due to the Al diffusion process, pores in the Ni­

CoCrAlY layer were sealed, i.e. the porosity level 
was reduced, 

­ the Al deposit must not exceed 33% of the NiCo­

CrAlY layer in order to avoid the formation of 
brittle, intermetallic compounds, 

­ there appeared to be no difference between the 
results for Al deposition obtained by APS and by 
VPS, 

­ thermal treatment for bonding contributed to a 
low porosity level and hence resulted in increa­

sed oxidation resistance, 

­ Al additions were very effective in reducing the 
oxidation rates of the porous MCrAlY coatings 
deposited by APS, 

­ at temperatures above 1100°C, the coating effi­

ciency decreased rapidly. 

Below: Micrographic section of a coating consisting of 
Amdry 995 (APS) and Al (VPS) before being heat treated 

UD 520 40 μ 
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Above: Cumulative weight changes (mg/cm
2
) vs time (hours) produced by air oxidation tests at 1 lOCPC for NiCoCrAlY 

coatings and NiCoCrAlY with Al film VPS deposited. 

Protective effect of coatings on the 
corrosion behaviour of Ni based superalloys in 
gas turbine atmospheres 

The corrosion behaviour on Ni based superalloys 
was studied in highly oxidizing atmospheres con­

taining low amounts of SO2. This atmosphere simu­

lated the composition of combustion gases of tur­

bines at high temperature in the absence of con­

densed phases. These gases were highly oxidizing 
and were expected to promote the formation of 
protective oxides on the surface. 
However, they contained some pollutants such as 
sulphur that were expected to enhance corrosion 
problems. The Ni superalloys tested are intended 
for turbine blade applications in advanced gas tur­

bines. To avoid or reduce the corrosion phenome­

na, overlay coatings have been proposed. 

Most high temperature coatings rely on the forma­

tion of a protective oxide scale by interaction with 
the environment. The Ni based superalloys tested 
were: IN 738, IN 792, UD 720 and MA 6000 (ODS 
alloy). Corrosion tests were carried out on coated 
and uncoated samples. A protective coating of the 
NCrAlY type was used with the following composi­

tion (wt%): Ni 32, Cr 21, Al 8, Y 0.5, Co bal. 

The same coating was applied, by vacuum plasma 
spray, to all the tested alloys. A coating thickness of 
about 250 μιτι was used. 

The samples to be coated were cylindrical rods 
with a diameter of 10 mm and length of 50 mm. 
The ends of the rods were rounded to increase the 
adherence of the coating. The samples of the base 
materials were smaller rods with a diameter of 
5 mm and length of 20 mm. 
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The corrosion tests were carried out in a closed 
loop with three furnaces in parallel operating at 
three different temperatures: 800°C, 950°C, 
1100°C. The corrosive gas circulating in the loop 
was the same for the three furnaces. The layout of 
the installation is shown in Figure left below. 
A circulating pump maintained a total gas flow of 
~25l/min which corresponded to ~8l/min for each 
furnace. The corrosion tests lasted for 1000 hours 
with periodic interruptions to allow weight change 
measurements and microscope examinations. Two 
gaseous mixtures were used based on Ar as carrier 
gas + 10 vol% of 0 2 with an addition of S02 at the 
levels of 0,1 and 0.3 vol%. The concentration of 0.1 
vol% of S02 corresponded to the level present in a 
combustion gas resulting from burning residual oil 
with 2 wt% of sulphur. These mixtures were highly 
oxidizing and the partial pressure of sulphur was 
too low for the formation of sulphides on the surfa­
ce. This did not include the possibility of sulphide 
formation below the oxide scale at very long expo­
sure times. 
Figure right below shows the gravimetric results 
obtained on specimens exposed in a single experi­
ment. 

irculating pump 

Left below: Schematic layout of the loop used for the 
corrosion experiments 

Right below: Weight change measurements for alloys and 
coatings exposed to Ar, 10% 02,0.3% S02 gaseous mixture 

10 
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The corrosion undergone by the alloys tested was 
an oxidation process with the formation of friable 
mixed oxides on the surface which gave rise to 
spalling: 
- The Ni superalloys IN 738, UD 720, and IN 792 

showed the formation of a non-protective scale 
with precipitation of oxides in the alloy substrate. 
The corrosive attack increased with the tempera­
ture. 

The ODS alloy MA 6000 at 1100°C formed a cor­
rosion scale of mixed oxides during the initial pe­
riod of the test. Subsequently a thin AI2O3 layer 
appeared on the surface. 
The MCrAlY anticorrosive coating applied on the 
surface of the alloys showed good corrosion re­
sistance in all the conditions tested, apparently 
due to the formation of a thin layer of Al203 on 
the surface. 

Characterization of Intermetallics and Refractory Alloys 
The creep and creep damage behaviour of the ¡n-
termetallic alloy Ti5Si3/Ti3 Al has been investigated 
in the temperature range of 600-900°C. 
The material had been developed in the frame of a 
German high temperature material programme by 
the Max Planck Institute, Dusseldorf, who carried 
out a collaborative investigation into the RT pro­
perties and the microstructure. Although the mate­
rial seems to be very promising concerning the ex­
cellent creep strength, serious problems arise from 
its poor creep ductility, which strongly decreases at 
lower temperatures. This is illustrated in Figure left 
below which shows the dependence of creep duc­
tility on the test temperature for lifetimes of about 
100 h. 

The reason for the rather low ductility of intermetal­
lics, which is generally observed below about 
650°C, is not yet understood and there are certainly 
various mechanisms to be considered. In the pre­
sent case, a rather brittle behaviour of the eutectic 
phase has been observed as illustrated in Figure 
right below which shows that creep cracks propa­
gated preferentially through the eutectic areas. 
An additional problem for T¡5S¡3/T¡3 Al arises from 
the fact that above about 800°C, severe oxidation 
starts due to the preferential oxidation of Ti. Thus, 
in spite of the good creep strength, the technical 
application of this material will probably be impe­
ded by its inadequate ductility and oxidation resis­
tance. 

, ï-te^'.l.wi/' 

s-J. ·. 

Below left: Creep ductility versus temperature for 
775S/yT/'j Al. For all tests the lifetime was about 1 OOh. 

Below right: Creep damage mode for Ti¡S¡3/T¡3 Al 

11 
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Characterization of H.T. Alloys 

Investigation of the creep and creep damage beha­
viour of the newly developed nickelbase ODS su-
peralloy MA 760 was completed except for a few 
long term tests. Excellent creep strength has been 
observed at 1050°Cand 1150°C for samples orien­
ted with the long grain axis parallel to the stress 
axis. Material with this orientation clearly satisfies 
the industrial requirement for a life of 10.000 h at 
100 MPa and 1050°C which would enable it to be 
used for gas turbine blading applications. The ani­
sotropic behaviour however results in a much lower 
creep resistance in the transverse direction as 
shown in Figure above. This is due mainly to a much 
lower creep resistance but partially also because of 
a lower creep ductility which, for the transverse di­
rection, falls below 1% elongation to fracture. Mo­
reover, investigations carried out at 1150°C have 
revealed an inadequate oxidation resistance. Thus 
the highest possible application temperature of 
MA 760 seems to lie around 1050°C. The inferior 
mechanical properties in the transverse direction 
need to be improved to enable it to be used for bla­
ding in large gas turbines. 

Investigation of the corrosion resistance of the iron-
base ODS alloy MA 956 under deformation in a 
S-O-C bearing gas was completed for pre-oxidized 
samples. At 600°C the critical strain rate for oxide 
failure was about 0.6% total elongation indepen­
dent of the strain rate. Detailed structural analysis 

Above: Lifetime versus stress for MA 760 for different 
sample orientations. I-, It- and st- denote the longitudinal, 
long- and short transverse direction. 

revealed a clear picture of the damage mode and 
the corrosion resulting from scale fracture. Testing 
of the creep strength properties/corrosion interac­
tion on untreated MA 956 was started. 

Performance Improvement of Ceramics, 
Composites and Alloys· 

Alloys-Fatigue 

Low Cycle Fatigue and Thermo-Mechanical Fati­
gue testing programmes on MA 760 were comple­
ted. These programmes were part of working Pac­
kages 1 and 5 of COST 501/2. Material of different 
extrusion size was compared, the fatigue speci­
mens always being machined in the direction of ex­
trusion. TMF tests with different minimum cycle 
temperatures, which mimic the actual service con­

ditions of uncooled gas turbine vanes, showed no 
effect of Tmin on the fatigue life when plotted in 
terms of the strain range. The fatigue life of TMF 
tested material 0m¡n=300°C and 550°C, 
Tmax=1050°C) was compared with the LCF life at 
1050°C as a function of the applied strain range as 
shown in Figure on page 13. 

In the low strain range regime, typical of service 
conditions, the TMF life largely exceeded the LCF 

12 
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Above: Comparison ofLCF(at 1050°C) and TMF lives of 
MA 760 

studied: monolithic ceramics and continuous fibre 
reinforced ceramic matrix composites. Research 
concentrated on characterizing the mechanical 
properties and on studying the mechanisms of de­

formation, of damage and of failure, and of their re­

lationship to the microstructure. 
The monolithic ceramics investigated were a hot­

pressed and a hipped silicon nitride. Long term 
uniaxial tests were made on the hot­pressed mate­

rial. The residual strength, the toughness and the 
subcriticai crack growth behaviour after exposure 
to a simulated (sulphidizing) industrial coal gasifica­

tion environment at 1200°C and at 1300°C were 
characterized earlier by flexure testing under an 
inert atmosphere. In contrast to the flexure tests, 
the uniaxial tests on the as­received material 
(Figure below) showed a cleartransition from a sub­

critical crack growth failure regime to a diffusion 
creep­dominated regime with decreasing stresses 
and longer lifetimes for both the test temperatures. 

At 1200°C the transition occurred later than at 
1300°C. For the exposed material the transition be­

tween the two mechanisms could not be observed 

life, with much higher stress ranges being sustained 
in TMF. 
The development of advanced mechanical testing 
equipment continued in the reporting year,focus­

sing in particular on the commissioning of a multi­

purpose universal machine for the tensile, creep 
and fatigue testing of alloys and ceramics in the 
uniaxial mode under C­O­S type corrosive environ­

ments at high temperatures. The implementation 
of computerized testing continued with the deve­

lopment of software for the control of testing ma­

chines by means of dedicated computers. 

The management of Working Package 5 (Predic­

tion of life under simulated service loads) of COST 
501/2, which involves 25 Universities and Research 
Institutes in Europe, continued during 1992. 

Mechanical properties of monolithic ceramics 
and ceramic matrix composites. 

Engineering Ceramics 

Two classes of material with an application poten­

tial as high temperature structural materials were 

Below: Comparison of the uniaxial steady state creep rates 
in as­received andpre­exposed hot­pressed silicon nitride 

O 1300°C, as-recvd. 
φ 1300 C, exposed 
D 1200°C, as-recvd. 
■ 1200 C, exposed 

10 10 

Strainrate (8
A

'
1
) ] 
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in the experimentally covered range of stresses and 
strain rates. Microstructural investigations indica­
ted that the observed change in behaviourfrom the 
as-received to the pre-exposed state was gover­
ned by crystallization of the amorphous glassy 
phase at the grain boundaries. The crystallization 
depended on the time and temperature history du­
ring pre-exposure. 

Flexural creep tests in air and tensile creep tests in 
vacuum were performed on hipped silicon nitride 
at 1350°C and 1400°C with the aim of correlating 
the creep rate measured in the uniaxial tests with 
the deflection rate from the bend tests. 

Ceramic Matrix Composites 

The ceramic matrix composite consisted of a bidi­
rectional reinforcement of cross woven alumina fi­
bres in a silicon carbide matrix, obtained by chemi­
cal vapour infiltration. 
The aim was to study the intrinsic, long term creep 
behaviour of the composite in the uniaxial tensile 
mode. For this purpose testing was performed un­
der high vacuum with an oxygen partial pressure 
below 1.E-9mbar. 

Tests were made at temperatures in the range 
950°C to 1100°C at stress levels above the first 
matrix cracking stress. All creep curves exhibited 
primary, secondary and tertiary creep stages. 
A double stress and temperature dependence was 
observed for the stationary creep rate (Figure 
above). At high stresses these dependencies were 
identical to those measured on individual fibres. 

Above: Minimum creep rate versus applied stress for a 
bidirectionally reinforced ceramic matrix composite 
tested in the uniaxial mode 

At the lower stresses, the stress redistribution be­
tween the fibres and matrix, which occurred before 
saturation of the matrix cracking is attained, 
masked the true stress and temperature depen­
dence. The extent of the tertiary stage, as well as of 
the rupture strain increased with decreasing stress. 
This was attributed to the statistical distribution of 
the in-situ fibre strength. 

14 
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Assessment of Research Area 
Progress and Achievement: 
Reliability and Life Extension 

Modem 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. 
In 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 allow a greater 
depth of understanding, and are of considerable 
benefit. 
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 at an early stage and will be developed next year. 

. t 
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Structural Performance of Advanced Materials 

The overall aim of the project is to predict the me­
chanical performance of advanced materials for 
specific structural applications by means of experi­
ments, modelling and validation testing. Two clas­
ses of materials are considered i.e. single crystal 
nickel based alloys for aero gasturbine applica­
tions, and continuous fibre reinforced ceramic ma­
trix composites (CMC's) for aerospace applica­
tions. The project also involves the conception, 
design, construction and commissioning of new, 
advanced testing equipment. 

T(hermo)-M(echanical) F(atigue) tests are applied 
to mimic the in-service fatigue behaviour of various 
bare and coated, single crystal nickel based alloys 
in the framework of various third party contracts. 
The associated modelling activity, which started in 
1992 in the framework of the specific programme, 
attempts to predict the TMF stress response and 
the concurrent cyclic life. Existing knowledge in the 
field of the viscoplastic constitutive modelling of 
anisotropic materials has been reviewed and criti­
cally evaluated. 

Below left: Evolution of the length of the major crack 
measured in-situ on the surface of a coated, single crystal 
nickel-based alloy during TMF testing 

Below right: Axial stresses in matrix block at 1WCPC and 
applied stresses of190 and 100 MPa 

An FE code including a viscoplastic model for ani­
sotropic single crystal materials has been acquired, 
and a collaboration with the Ecole des Mines de 
Paris, which developed the model, has been 
initiated with the aim of extending and improving 
it. The information required for this extension and 
forthe lifetime modelling will be derived from three 
experimental projects defined in 1992 for execu­
tion in the framework of the specific programme. 

The projects relate to the evolution of the disloca­
tion microstructure during TMF cycling, to deter­
mining the residual stresses in the sub-surface 
layers caused by the coatings, and to the evolution 
of damage developing in the form of microcracks, 
respectively. 
Figure below left illustrates one level ofinformation 
on the microcrack initiation and growth process 
which is accessible experimentally by means of the 
computer vision system used for the in-situ obser­
vation of the sample surface during TMF testing. 

The modelling activity in the area of CMC's aims at 
rationalizing the results from creep tests and at pro­
viding a basis for creep life prediction. 
A micromechanistic model for creep of 2D CMC's is 
under development, the starting point being an 
existing creep model for unidirectionally reinforced 
metallic matrix composites. The 1D MMC model is 
extended by taking account of the creep of the 
fibres, of the matrix cracking and of the ensuing 
load redistribution between the fibres and the 
matrix. 

100 200 | 

Distance from centre of block (*E-6 m) 
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The stress profiles along the fibres and in the matrix 
are calculated using an improved shear lag model 
which considers the existence of three different re­
gimes along the interface between matrix and fibre 
i.e. total detachment, slip, and total attachment. 
The model enables calculation of the axial stress 
distribution in both constituents of the composite 
for different nominal applied stress levels. An 
example is shown in Figure on page 17 below right 
for two applied stress levels. The results of the 
shear lag model are used as input to the uniaxial 
creep model of the cracked composite, yielding 
correct predictions of the primary and secondary 
creep rates, see Figure above. Work to extend the 
model to include the tertiary creep regime, and to 
creep in 2D CMC's continues. 
A rig for the tension/compression testing of CMC's 
under vacuum was commissioned. A multiaxial ten­
sion/compression-torsion machine was installed 
and was used to explore the possibility of measu­
ring crack growth along the interface of coated 
4-point bending specimens. Above: Creep curves at 1 WCPCand 190 MPa 

Component Integrity Testing and Evaluation 

The activities associated with modelling the multia-
xial creep behaviour of 2.25Cr1Mo ferritic steam 
pipe material (COST 501-11 WP5) were successfully 
concluded. A continuum damage mechanics 
(CDM) model incorporating an element of primary 
creep was employed, which required the develop­
ment of software routines to extract optimised ma­
terial constants from a series of either constant 
stress or constant load uniaxial creep tests. The mo­
del was extended to cover multiaxial loading by 
considering the continuity of the damage parame­
ter and by allowing the independent manipulation 
of the stress functions controlling creep deforma­
tion and rupture. The best correlation with results 
from the pressurised tubular component experi­
ments was found for the case of a von Mises defor­
mation and an MPS rupture failure criterion (Figure 
below). 

Below: Internal pressure tube resultand model predictions 
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Above: Diffusion bond between MA956 tube and Nimonic 
105 end cap 

In the study of the creep crack growth behaviour of 
2.25Cr1Mo, a number of internally and externally 
notched tubular component creep tests were per­

formed at temperatures of 550 and 600°C. The 
analysis of the creep crack growth behaviour was 
based on the limit load reference stress solution 
and the dependence of crack growth rate­on the C* 
integral was evaluated. 

Comparison of these crack growth results, and also 
of the stress rupture behaviour, with conventional 
compact tension (CT) specimen data showed good 
agreement in general, but has highlighted some 
potential limitations of the analysis. Work was star­

ted to investigate and overcome these limitations. 
Work on the creep crack growth behaviour of 
2.25Cr1 Mo ferritic steel in high pressure hydrogen 
environments was delayed due to problems with 
the pressurising system. A major upgrade of the ex­

perimental facility to handle explosive gases at 
pressures up to 300 bar was almost completed. 

A diffusion bonding technique for joining high tem­

perature alloy end caps to MA956 ODS alloy 
tubular sections was developed (Figure above). 
This techniques is important for the COST 501­11 
WP4 project where joints are required for the con­

struction of a prototype heat exchanger and also to 
enable the creep properties of the ODS tube to be 
determined under multiaxial loading conditions in 
the laboratory. Initial pressure tests on these tubu­

lar test pieces indicated a sharp reduction in creep 
rupture lifetime compared to the manufacturer's 
published data for this material. 
A Round Robin verification testing programme for 
the Internal Pressure Testing Code of Practice, 
covering some 12 laboratories, was initiated and 
preparations for the preliminary pressure testing 
phase were begun. The IAM part of this pro­

gramme forsees multiaxial creep tests on 9Cr1 Mo 
tubular material, which is the prime candidate ma­

terial for the next generation of steam superheater 
components in the power generation industry. 

Thermal Fatigue of Components 

The aim of the project is to numerically model the 
growth of a crack to failure in components exposed 
to cyclic thermal gradient fields and to experimen­

tally verify this model for the case of the conditions 
seen by the first wall of a first generation Tokamak 
fusion reactor. The project therefore includes an in­

pile rig in the HFR for the in­situ measurement of 
crack growth. 
Out­of­pile thermal cyclic testing was completed 
for the 80°/350°C cycle which simulated the NET 
reactor first wall temperature cycle. 

Under these conditions, stresses at the inside and 
outside walls reached similar levels at each half 
cycle, and it was found that the crack growth rates 
were apparently independent of the defect posi­

tion (internal/external) or geometry (longitudinal/ 
circumferential). For comparison of the thermal fati­

gue data with mechanical fatigue crack growth ra­

tes observed for conventional compact tension 
specimens, the stress intensity factors Κ were calcu­

lated using the superposition method applied to 
the finite element determined stress distributions. 
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The thermal fatigue crack grows into a decreasing 
stress field for most of the component life, but the 
crack growth rate dependence on ΔΚ was close to 
the compact tension data band forthe temperature 
range investigated as shown in Figure above. Nu­

merical modelling was performed with finite ele­

ment (FE) and analytic methods. The PREDI­N code 
was developed to analytically evaluate the stress 
intensity factors of semi­elliptical surface cracks in 
cylinders. It uses a combination of the line spring 
model and the weight function method. In compa­

rison to the FE method, PREDI­N offers flexibility 
and short calculation times. However, due to the 
assumptions and approximations made, its accu­

racy had to be verified by comparing its results with 
those from other sources. In Figure below the nor­

malized stress intensity factors for an internal semi­

elliptical surface crack in a pressurized cylinder 
were compared with the analyses by Tan and Fen­

ner [1] using the boundary integral equation me­

thod. The PREDI­N results were within 10% and, 
over part of the range, even within 5% of the full 
analysis. These results were well within the scatter 
band of the result of FE calculations. Because the 
calculation was made for a thick walled cylinder, 
and given the observation that even for large crack 
depths a good agreement is obtained, the perfor­

mance of the PREDI­N code was judged to be very 
satisfactory. Progress with respect to the irradiation 
aspect of the project is slow because of manpower 
shortage. The effort in 1992 concentrated on tes­

ting. The AC potential drop technique was selec­

ted for measuring of crack growth rate under irra­

diation. Testing revealed problems with respect to 
the shape of the spring loaded contacts­of the crack 
growth rate measuring probe. These problems 
were tackled and solved. Additionally a computer 
program to calculate the theoretical relationships 
between crack depth and potential drop values 
was implemented. 

Above: Comparing the growth rates of various cracks 
(see legend) in a tube subjected to thermal­fatigue cycling 
with the crack growth rates measured isothermally on CT 
specimens 

Below: Comparison of the normalized stress intensity factor 
frs crack depth

 a
/m as calculated by means of the computer 

code PREDI­N, with literature data (see text) 

¡11 Int. Journal of Fracture, 16 June 1980, pp.233­45 
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Flaw Sizing in Advanced Materials by Ultrasonics 

The objective of the Ultrasonic Development Labo­

ratory is to study and develop special ultrasonic 
techniques and procedures and to improve con­

ventional ones. Three specific cases of flaw charac­

terization, are reported. 

* A high­frequency C­scan system working at up to 
100 MHz was developed for the detection and si­

zing of small surface­breaking cracks in silicon ni­

tride by means of leaky Rayleigh waves. Pre­

viously the maximum frequency that could be 
used was only 30 MHz. The depth of the investi­

gated surface cracks, resulting from Vickers in­

dentations, varied between 40 and 270 μιη. Two 
focusing PVDF probes of 30 and 75 MHz were 
used. The C­scan images were complicated by 
the presence of the Vickers indentation but could 
be interpreted satisfactorily (Figure below left). 
The best results with respect to imaging and 
crack length measurement (see Table on page 
23) were obtained with the 75 MHz probe whe­

reas for crack depth estimation the best results 
were obtained with the 30 MHz probe (Figure 
belowright). 

Below left: Typical C­scan of a surface­breaking crack, 
resulting from a Vickers indentation, obtained by means of 
leaky Rayleigh waves (length of white line along Y­axis is 
crack length) 

Below right: Crack echo amplitude A normalized with 
respect to corner echo amplitude Al asa function of crack 
depth a normalized with respect to wave length ÀR 

Further increasing the frequency may improve 
the performance of the technique with respect to 
imaging and crack length estimation even more. 

This would require, however, very good surface 
finish as the signals due to surface irregularities 
increase significantly with frequency. 

Work was started, using a model developed in 
our laboratory, to optimize the design of the 
probe in order to increase the ultrasonic res­

ponds to surface cracks compared with that to 
surface irregularities (Figure on page 22 above 
left). 

One of the biggest problems in the field of non­

destructive testing of large forgings is the diffi­

culty of resolving clusters of small flaws. 
We showed that both the sensitivity and the re­

solving power of focusing probes are signifi­

cantly better than classical contact probes 
(Figure on page 22 above right). Focusing pro­

bes allowed us to detect flaws with an equivalent 
flat bottom hole diameter of less than 0.3mm at 
adepthof up to 100 mm in a large forging. 

The problem of detecting defects caused by im­

pacts on laminates of carbon fibre epoxy resin 
composites and on sandwich structures was in­

vestigated. Figure on page 22 below left shows a 
C­scan ¡mage of the impact damage fordifferent 
layers within a laminate whereas Figure on page 
22 below right shows a C­scan image of impact 
damage in a sandwich structure. The resolution 
obtained in the C­scan images was 1 mm, which 
can be considered to be very good for this type 
of material. 

LKTELS 
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Above left: Effect of probe diameter on ratio echo 
crack/echo surface irregularity (obtained by modelling) 

Above right: Number of flaw indications obtained with 
classical contact probes with respect to total number 
obtained with focusing probes in a large forging (%). 

Below left: C­scan of impact damage within a laminate of Belowright: C­scan image of impact damage in a sandwich 
carbon fibre ­ epoxy resin composite. structure. 
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Table below: Ulrasonically determined crack lengths compared with real crack lenghts 

rack 

1 

2 

3 

4 

5 

6 

Crack length measured by 

SEM (μη) 

540 

400 

260 

150 

110 

80 

Crack length determined using Crack length determined using 

30 MHz leaky Rayleigh waves (μιη) 60 MHz leaky Rayleigh waves (μιτι) 

470 
400 
280 
280 
400 
320 

530 
400 
270 
180 
140 
130 

Performance Improvement 
of Composite Materials 

This project aims to develop methods of identi­

fying and describing the lifetime determining de­

fect state in materials with a designed microstructu­

re. Microstructural damage was evaluated using 
metallography, the lifetimes of materials under 
creep were predicted using material models, the 
creep damage behaviour of the ODS­alloy MA 
6000 was investigated, and the fatigue properties 
of austenitic stainless steel AISI 316L were impro­

ved by laser surface treatment. 

DAMAGE EVALUATION AND UPTIME PREDICTION 

Quantitative Metallography 

The metallographic evaluation of microstructural 
damage (e.g. by the replica technique) for the re­

manent life assessment of components is widely 
accepted by the licensing authorities. However, 
quantitative results are required in order to use this 
method in combination with material models for li­
fetime prediction. By considering damage mecha­

nisms in different materials, distributions of inter­

granular microcracks turn out to be of particular im­

portance. We therefore investigated how mechani­

cally meaningful damage quantities can be derived 
from metallographically defined parameters such 
as the 'A'­parameter. The 'A'­parameter is defined 
as the number fraction of cracked grain boundary 
facets intersecting a straight line parallel to the ap­

plied stress. By mathematical modelling based on 
stereological considerations, a relationship be­

tween statistical measures of the microcrack distri­

bution and the mechanical damage parameter 
were derived. This relationship indicated which sta­

tistical parameters are relevant. In general, these 
parameters must be determined by ¡mage analysis. 
However, these results may serve as a starting point 
for developing and justifying simplified approa­

ches which are less t ime consuming. 

The results were applied to creep damage in 
AMCR 0033 and to low alloy ferritic steels in the 
framework of COST 501­11 WP5C in order to pro­

vide experimental evidence for the relationship be­

tween different methods for damage determina­

tion and for the use of metallographic results in life­

time prediction models. 
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Above left: Change of the ultrasonic wave velocity for a 
transverse wave travelling across the tube wall made of 
AMCR-0033, internal pressure: 43.2 MPa, inner radius 
12.5 mm, wall thickness 4.5 mm 

Above right: Fatigue behaviour of laser surface treated 
316L stainless steel. Smax: maximum stress, 
R=Smin/Smax = 0.01 

Models for Lifetime Prediction 

Creep testing and damage measurements in 
AMCR 0033 have produced a body of data suitable 
for modelling by viscoplastic constitutive equa­
tions. By including a Kachanov type damage varia­
ble which can be related to the microstructural da­
mage state (a low concentration of intergranular 
microcracks), the uniaxial creep behaviourcould be 
accurately modelled. Using a multiaxial version of 
the constitutive quations, the possible damage 
evolution in components could be calculated. With 
this it was possible, in addition, to simulate damage 
measurements: i.e. to determine theoretically the 
ultrasonic velocity change for a signal traversing 
the wall of a tube, for example, see Figure above 
left. This enables the effect of damage on NDE-
measurements to be assessed for idealised condi­
tions for a screening of possible areas of applica­
tion. It also illustrates how to use microstructurally 
based damage variables in constitutive equations 
for lifetime predictions. 

ODS Alloy MA 6000 

Creep tests on MA 6000 were performed at 750°C. 
The machines were upgraded to testing tempera­
tures of up to 1000°C. In collaboration with CNR-
ITM creep tests at 1050°C were initiated. Post-test 

inspection by metallography, ultrasonic measure­
ments and hardness measurements were begun. 
The stress to rupture curves obtained so fardo not 
show much scatter. 
It was observed that ultrasonic techniques such as 
C-scanning and time of flight measurements were 
strongly influenced by microstructural ¡nhomoge-
neities in the grain structure. 
This indicates that simple correlations such as are 
found in steels between ultrasonic velocity measu­
rements and the damage state are not possible for 
MA 6000. 

FATIGUE OF SURFACE TREATED MATERIALS 
The surface modification by laser remelting is a 
technique with potential to improve the high cycle 
fatigue properties in regions of components where 
stress concentrations occur. 
The fatigue behaviour of 316L stainless steel with 
and without laser surface treatment was investiga­
ted in order to optimize the surface modification 
process by determining the principal process para­
meters. 

The specimens were cut from a laminated, 2mm 
thick steel plate. Details of the subsequent laser 
surface treatment (C02-laser, wavelength 10.6pm) 
and of the microstructural aspects of the surface 
changes are described in the frame work of the sur­
face modification project. 
The fatigue tests were conducted under load con­
trol on a servohydraulic testing machine with a fre­
quency of 30Hz. Specimens that did not break after 
107 cycles were below the fatigue limit. 
The results were compared with those obtained 
from a set of electrolytically polished reference 
specimens. 
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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). 

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 metallic 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 in importance and 
scope. The forthcoming ado'ption of the 4th Frame­
work Programme for Community R&D is expected 
to define significant pre-normative tasks for the 
JRC, and the 1AM 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. 

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 two. 

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. 
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Materials Ageing and Degradation Monitoring, 
Completion of PISC 

Introduction 
The PISC Programme (Programme for the Inspec­

tion of Steel Components) has the general objec­

tive of assessing procedures and techniques in use 
for the inspection of pressure components such as 
vessels and piping using Non Destructive Examina­

tion (N DE) techniques. The series of projects forthe 
Inspection of Steel Components carried out since 
1974 under the auspices of the CEC/JRC and the 
OECD/ΝΕΑ is a major international effort to better 
assess the capability and reliability of Non­Destruc­

tive Inspection procedures for structural compo­

nents. Three projects are centred on the Joint 
Research Centre which, in its roles of Operating 
Agent and Reference Laboratory, manages the 
programme and provides with the participants of 
EC countries approximately 60% of the pro­

gramme funding; the other 40% comes via contri­

butions in kind from the non­EC participating coun­

tries. OECD/ΝΕΑ provides the Secretariat of the 
PISC Managing Board, consisting of representati­

ves of 14 countries (8 EC and 6 non­EC countries). 
The programme is now at the end of its third phase 
(PISC III). The experience and expertise developed 
in the PISC exercises contribute significantly to the 
development of inspection qualification concepts 
and in particular to performance demonstration 
standards. 

Below: Trepanned sections extracted from the full scale 
vessel at MP A Stuttgart for full certification of the flaws 
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PISC III Programme Status 
The present stage of PISC III work is that Round Ro­

bin Testing activities have been, or are presently 
being, performed in several of the PISC III Actions. 
The uncertainties that prevailed during 1986/87 
concerning the level of budgetary support have 
partly been resolved by accepting delays for the 
AST (Austenitic Steel Testing) and for the SGT 
(Steam Generators Tubes Testing) actions. Resour­

ces from the CEC and from participating organiza­

tions (participation to inspection, and contribution 
in kind) were made available to carry out the essen­

tial elements of most of the planned actions. The 
PISC III programme will close in December 1993. 
The status of work and the first trends shown by re­

sults of the major actions are given here under. 
Action No. 2 (Full Scale Vessel Tests) validates the 
results obtained by procedures in the PISC II exer­

cise but using more realistic inspection conditions: 
the installation available at the Staatliche Material­

prüfungsanstalt (MPA), Universität Stuttgart, Ger­

many was used. Phase 1 results, concerning the si­

zing of selected defects in the full scale vessel com­

ponents are being evaluated; sizing capability 
exists on simple planarflaws such as fatigue cracks. 
Eight organizations participated in Phase 2. This 
phase was aimed at the validation of ASME type 
procedures by an international team using an ISI 
automatic scanner offered by RWE and MAN to 
PISC for the period of the exercise (Sept. '89 to 
April '90). Destructive examination is performed by 
trepanning flawed areas of the vessel (Fig. below). 

PISC ΠΙ - FSV 
FLAW No. 8 

1 2 3 4 5 6 7 8 » H i 1 2 « 4 Β β 7 β » R ' l 1 3 3 4 Β 
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Left above: Nozzle and Safe-end of a BWR pressure vessel 
as used in PISC for the Round Robin Test on Safe-ends in­
spection. Inspection by a Japanese team at the JRC Ispra 
Establishment 

Right above: Inspection performance as a function of flaw 
size and flaw family (four safe-ends areas) 

LEGEND 

1. Branched artificial cracks in the ferritic steel. 
2. Flaws in the weld material. 
3. Flaws in the wrought material. 
4. Flaws (cracks) in the transition: weld-wrought austenitic 

steel. 
5. Flaws (cracks) in the transition: weld (or buttering) 

- ferritic steel (or primary piping). 
6. Flaws (cracks) in the buttering or clad material. 
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The large data base assembled during the exercise 
is being evaluated. A large amount of support was 
given by Germany to enable the work on Action 2. 

Action No. 3 (Nozzles and Dissimilar Metal Welds) 
completed in March 1991 the round robin tests of 
4 safe­ ends representing some of the most difficult 
technical aspects of In­Service­lnspection. In this 
work a Japanese­ Italian BWR assembly of nozzle 
plus safe­end; an American BWR assembly with two 
nozzles and safe­ends and a Spanish PWR safe­end 
were inspected in 13 countries (Figure left above 
on page 30). 

The results evaluated show that capability exists for 
safe inspection of the configurations considered. 
The major conclusions on the inspection of the safe 
ends are summarised below: 

­ In general, the performance in detection and in 
correct sentencing of flaws in these safe­end in­

spections was somewhat disappointing overall, 
however it was possible to identify some proce­

dures that did show the required levels of effecti­

veness (Figure right above on page 30). 
­ There ¡s a general difficulty in detecting and eva­

luating flaws in the fused material of the weld or 
buttering (Figure above). 

­ For effective results recording must be made at a 
low recording level. 

­ Mechanised inspection at high sensitivity and 
low recording levels appears to give the most ef­

fective results under industrial conditions. 
­ Detection is uncertain for flaws less than 5% of 

the thickness. 
­ The good performance of the immersion focu­

sing probes was noted. 

Action No. 4 (Austenitic Steel Testing) applies the 
PISC II methodology to the primary circuit piping of 
LWRs. Round robin tests for the capability assess­

ment and parametric studies started in 1990. 
Twenty five teams have participated in one or more 
phases that will extend up to mid 1993. 

The wrought­to­wrought pipe sections are pre­

sently being destructively examined in Japan. The 
circulation of Assembly 51 (wrought­to­cast, Figure 
on page 32 above) is well advanced as is the cast­

to­cast RRT (Assemblies 41, 42 and 43, Figure on 
page 32 below). 

; CODE 

A 

Β 

C 

D 

E 

F 

G 

H 

MFCRD 

0.27 

0.39 

0.30 

0.44 

0.17 

0.06 

0.43 

0.20 

MFCRR 

0.15 

0.33 

0.23 

0.34 

0.03 

0.00 

0.36 

0.00 

MFDF 

0.57 

0.57 

0.64 

0.59 

0.37 

0.69 

0.61 

0.89 

MCRF 

0.56 

0.70 

0.73 

0.63 

0.34 

0.75 

0.72 

0.71 

PROCEDURES 

Manual Scan 

Automatic Scan 

Recording at Noise level 

Recording at 10 to 25% DAC 

Recording at 50% DAC 

Manual and Noise level 

Automatic and Noise level 

Focussing Probes 
(high sensitivity and 
Scanning from inside) 

Above: Average correct rejection rate of each procedure 
family as a function of the average false call rate in rejection 
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Above: PISC III Assembly No. 51: full scale mock­up of a 
PWR primary circuit section 

Below: Modular assemblies 41 and 42 used fortheRRT on 
austenitic primary piping inspection 

A reliability exercise has been organized in the USA 
and will be repeated in Europe in 1993 on pipe sec­

tions coming from nuclear plants. Parametric study 
blocks have been made for study of the influence of 
metallurgical structure and of flaw characteristics 
whilst the studies on the influence of the counter­

bore has been concluded. 

Action No. 5 (Steam Generator Tubes Testing) in­

volves, in its present phase, round robin tests of in­

dividual tubes of steam generators containing rea­

listic and artificial defects. Thirty teams from 11 
countries participate in the RRT planned to last until 
June 1993. 

Action No. 6 (Mathematical Modelling on NDE) has 
the objective to validate experimental mathemati­

cal models and perform parametric studies in order 
to assess the importance of defect characteristics. 
The results of the first validation exercise on three 
models have been published and further models 
are now being studied. 
A new call for participation is aimed at the predic­

tion and explanation of the Safe­End inspection re­

sults (Action 3 here above). 

Action No. 7 (Human Reliability Studies) seeks to 
evaluate the influence of human interpretation of 
inspection results, equipment malfunctions and hu­

man interaction on the overall inspection procedu­

re. A first assessment of the results has been pre­

sented which showed that these tests could iden­

tify and demonstrate various aspects of unreliabi­

lity such as the importance of the calibration stage, 
the personality of the operator, the duration of his 
involvement in a particular series of trials, and the 
ambient conditions. 

Action No. 8 (Support to Code and Standard (C/S) 
Organizations) proposed by the Management 
Board and approved by OECD­ΝΕΑ and CEC­JRC 
gives direct support through the PISC group of ex­
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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, ISO and IIW 
technical groups which elaborate standards. 

Conclusions 

The PISC III 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. 

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. 
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Application of Neutrons for CMC 
and Coatings Characterization 

The project aims at exploring the potential of 
neutron scattering techniques for investigating 
localized residual stress fields within relatively thin 
surface and interface layers in advanced materials, 
such as joints between dissimilar materials, coated 
materials and ceramic matrix composites. A brief, 
preliminary experimental campaign was conduc­
ted in 1992 in close collaboration with Dr. A. Ezeillo 
and Prof. G. Webster of Imperial College (London), 
in order to verify the feasibility of the HB4 neutron 
scattering set-up at the HFRforthe purpose of resi­
dual stress measurements in components. Three 
different components were investigated to deter­
mine stresses induced by autofrettage in a ferritic 
steel ring by shot peening in a nickel base alloy 
plate and by fabrication of a composite compo­
nent. Several encouraging conclusions are drawn 
from these preliminary measurements. The hoop 
strain measurements on the autofrettaged ring 
(7RDMA) are in very good agreement with similar 
results obtained using instrument D1A at the ILL 
Grenoble and at Polaris at the Rutherford Appleton 
Laboratory as illustrated by Figure above. The mea­
surements on the shot peened plate show that the 
facility provides the necessary instrumentation cha­
racteristics to allow for accurate and reliable near 
surface work. Due to the local near surface nature of 
the residual stress field associated with shot pee­
ning, it is necessary for the sampling volume to be 
only partially immersed in the sample in order to 
obtain near surface data. 

Above: Measurements of Hoop Strains on 7RDMA using 
different Diffractometers 

A close agreement of the measured strains was es­
tablished with similar data obtained with instru­
ment D1A at ILL Grenoble. Measurements perfor­
med on the composite component revealed that 
although stresses could not be resolved across a 
single fibre or in between fibres, it is possible to 
measure bulk strains in both matrix and fibres using 
long count times. 

Physical Properties of Coatings 

Much effort was spent during 1992 on the further 
development of the capabilities of the glancing-
angle X-ray spectroscopy laboratory, as well as on 
a continuation of the work on the improvement of 
the corrosion resistance of industrial alloys through 
the detailed study of the initial stages of high tem­
perature oxidation. Many thin film samples from 
other research projects were also examined for 
phase, crystallite size and microstrain determina­
tion. 
The X-ray reflectometer was uprated by the addi­
tion of both input and analysing monochromators, 
allowing a comparison of the geometry with 

those applying more stringent experimental condi­
tions. It was found that in many cases one or both 
monochromators could be left out without causing 
any great deterioration in the quality of the results. 
This allows the simultaneous monitoring of both K-
alpha and K-beta radiation (thereby eliminating 
zero point errors), as well as a simpler alignment 
procedure. The final version of the X-ray reflectivity 
analysis program (ReX) was also completed, and 
has been accepted for publication. The technique 
of monitoring X-ray fluorescence in order to de­
duce the thickness of thin films was also investiga­
ted during the past year. 
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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 ¡on implanted Ni-20Cr, in 
comparison to unimplanted or Krypton ¡on implan­

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 ReflEXAFS 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 Aluminia and Al 
on Cu, proved to be reliable forthickness 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 

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. 
Othertesting 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 
IAM 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 1AM 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 1AM 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 1AM 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 ¡on nitriding, 
* electron beam/laser processing equipment. 

- The Surface Modification Centre at Ispra opera­
tes facilities for the following processes: 

* physical vapour deposition (sputtering), 
* ¡on implantation, 
* laser treatment, 
* electron beam alloying, hardening and melting, 
* low pressure (vacuum) plasma spraying. 
In the further development of this research area, 
the refinement of the existing characterization 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 problems. 
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 to 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. 
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Wear and Corrosion Resistant Coatings 

Above: Variation of electron density and energy with N2 

flow rate in PACVD ­ TiN gas mixtures with and without T1CI4 

The installation of the major coating machinery and 
the associated infrastructural support of the Advan­

ced Coating Centre was largely completed during 
the first half of 1992, and a series of commissioning 
and setting­up trials set in action for all of the facili­

ties. The year has been devoted to the modification 
and tuning of machines to their specific coating 
tasks, to development of equipment for new appli­

cations and to trouble­shooting problems on pro­

totype instrumentation. 

For the project to develop Thermal Spraying Tech­

nology: Air Plasma Spraying (APS) and High Velo­

city Oxygen Flame Spraying (HVOF), proving trials 
on the robot and the turning table were finished in 
the first quarter, and the two spraying techniques 
were compared for the spraying of Cr2C>3 coatings. 
The energy yield of HVOF was found to be margi­

nally higher than APS (11 % against 8%) but the de­

position rate of HVOF was 50% lower. The Q2O3 
sprayed coatings have an emissivity of 0.8 to 0.95. 
Hardness measurements show that APS coatings 
are harder (HV0.2 = 1750 to 2100 (APS); 1650 to 
1850 (HVOF)). The selection of optimal spraying 
distances has been made on the basis of coating 
hardness and porosity measurements. Surface 
temperatures of sprayed layers were measured 
using in­situ optical pyrometry. A new high speed 
pyrometer is installed, allowing 1 με resolution ti­
mes on 0.5 χ 0.5 mm surface areas, which will form 
the basis for the investigations into process diag­

nostics in the next years. 

The first free standing bodies in Al203 and in 
Zr02/Y2C>3 have been made, highlighting the diffi­

culties of fabricating angular shapes with uniform 
stressand thickness. 

Chemical Vapour Deposition (CVD) and Plasma As­

sisted Chemical Vapour Deposition (PACVD) stu­

dies are focused on the development of TiN hard 
surfacing on steel. Commissioning of prototype 
mass flow control systems by the manufacturers has 
led to many delays, despite which, near­stoichio­

metric TiN coatings have been deposited both by 
hot­wall and cold­wall (Rydberg type) reactors. 

From the hot­wall equipment, analysis of coatings 
showed that a low level of CI contamination could 
be obtained at 600°C, but that upon reducing tem­

peratures to 500°C, the contamination increased 
rapidly. 
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Improvements to coating microstructure by control 
of gas phase kinetics are in train. Cold­wall deposi­

tion showed better quality coatings but with high 
CI contamination. 

The influence of CI 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 Langmuirtype was used to monitorthe density 
(me) and the energy (Te) of the electrons from the 
plasma used in the PACVD of ΤΊΝ coatings in 
TiCl4/N2/H2/Ar mixtures. (Figure on page 39 
above). 

The dependence of me and Te on the N2 gas flow 
was measured in 2 cases: 

(i) in the absence of TiCI4 in the reactive gas 
mixture, 

(ii) when this precursor is introduced in the reac­

tion chamber (TiCU flow = 6 seem) in the typical 
deposition conditions used in the production of 
TiN coatings. 

The strong decrease in me and the corresponding 
increase in Te observed at a flow rate of TiCI4flow = 
6 seem 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 re­established in 
1992, as a co­operative venture between the Insti­

tutes, rather than an independent foundation. The 
Centre is business­oriented, 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, not in­

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. 

Thermal Barrier Coatings 

The objective of this study is to investigate how 
plasma spray conditions and, in particular, subse­

quent HT­ageing treatments affect the develop­

ment and retention of the transformable tetragonal 
(t) phase in plasma­sprayed YPS Zr02 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 NiCrAIY­bond coat by VPS­

technology and post­coating diffusion treat­

ment, 
­ optimization of APS­spray parameters for depo­

sition of relatively dense YPS Zr02­coatings, 
­ establishment of appropriate metallographic 

techniques for the preparation of cross sections 
of coated specimens, which are essentially free of 
any pull­out, 

­ selection of the post­coating ageing treatment 
conditions to produce transformable t­phase in 
YPS Zr02, 

­ implementation of a special XRD software pro­

gramme forthe quantitative determination of the 
different phases (t, t', c, m) in plasma­sprayed YPS 
Zr02, 

­ establishment of an experimental procedure, ba­

sed upon the indentation method to determine 
the fracture toughness values of sprayed Zr02­

coatings, 
­ design and commissioning of a test facility by 

which the interfacial crack growth in TBCs can be 
measured under dynamic loading in the 4­point 
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 FÖRSTER­Elastomat. It has been suc­

cessfully applied to cylindrical bars and is presently 
being expanded to beam­type specimens. 
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Wear and Corrosion Resistant Coatings 
based on Nanodispersive Systems 

The development of new ultra­high strength coa­

tings is presently the subject of intensive R&D acti­

vities. The most promising appears to be their ex­

ploitation in systems which are far from thermody­

namic equilibrium. This is the case for the so­called 
nanodispersive or nanophased materials characte­

rised by an ultra­fine microstructure down to the 
nanometer range. 

Results 

1. TiBxNy and HfBxNy films were deposited by reac­

tive co­sputtering with and without bias voltage 
from a Ti and Hf target, respectively, and a BN 
target. As substrate material 316 steel was used. 
Crystallite sizes in the 10 nm range were obtai­

ned. The chemical composition of the films was 
varied by positioning the substrates at different 
locations between the Ti (Hf) and the BN target. 

Below: Hardness H (a), Concentration (b), and Ratio 
Hardness/Young's Modulus, H/E (c) of Ti­B­N and Hf­B­N 
films of various composition 

The films were characterised by ESCA ­ Auger 
spectroscopy, nanoindentation and glancing 
angle X­ray diffractometry. 

Results are shown in Figure below as a function 
of the relative position χ of the substrate to the 
metal target. As can be seen extremely high 
hardness values, up to 60 GPa, were reached. 

Cubic boron nitride (c­BN) displays similar out­

standing material properties to diamond but 
has a better high temperature resistance. It can 
be deposited by dual ¡on beam techniques, 
however, the reported conditions under which 
c­BN is formed are contradictory. We investiga­

ted the deposition conditions by a new techni­

que: films were prepared by assisting the gro­

wing BN film with a highly focused Ar
+ and N2

+ 

¡on beam of constant beam voltage. In this way 
zones of varying phase composition were for­

med (large c­ BN amounts in the centre of the 
beam decreasing continuously towards peri­

pheral zones). Analysis was performed by FTIR 
spectroscopy with about 2 mm spatial resolu­

tion. The results show that the critical variable is 
the momentum transfer with a threshold at 
about 250 (eV amu)"

2
, below which, however, a 

small amount of c­ BN (10­20%) is still formed. 
These findings can explain some discrepancies 
encountered in the past. 
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Surface/Bulk Structura 
Properties Modification 

The main tools which have been used for obtaining 
modifications to the properties of the materials are 
a 5 kW CO2 power laser and an ion beam implanter. 

The ion beam implanter, produced by Dan Physik, 
allows the use of a gaseous ¡on source and a sputter 
source used with a thick sputter target. Originally, 
the existing system didn't allow the use of low mel­

ting points materials such as aluminium and mag­

nesium due to insufficient cooling. 
An improved model has been set up using the dif­

ference in the thermal expansion coefficient of cop­

per and aluminium to ameliorate the thermal con­

tact resistance. 
Moreover, in order to reduce the implantation cost 
of precious metals, such as platinum, a sputter tar­

get obtained by brazing thin foil on an aluminium 
support has been developed. 
In Table belo.w the main applications of the ion im­

planter ¡η 1992 are shown. The installation of an 
IBAD (Ion Beam Assisted Deposition) system is un­

der way. An electron gun heats a metal pool which 
evaporates metal vapour directly on to the ¡on 
bombarded sample, vapour deposited layers enter 
into the target surfaces by ¡on beam mixing. 

Surface hardening of aluminium with TiN 

The surface hardness of aluminium has been im­

proved by a factor of about 20 by covering the sur­

face with a titanium layer of about 100 nm and by 
implanting nitrogen ions (N+

) of 50 KeV, at different 
fluences. 
Surface analyses by means of the ESCA method 
showed that up to 30 nm from the surface of the ti­
tanium layer, carbon and oxygen were present and 
that their concentrations decreased with increasing 
distance from the surface. On the other hand those 
of titanium and nitrogen increased. 
By means of RBS spectra the surface concentra­

tions of titanium and nitrogen could be determined 
and, in some cases, the ratio N/Ti could be 
obtained, as well as the thickness of the remaining 
Ti­layers. Comparing the analysis results with the 
prediction of the nitrogen distribution obtained by 
means of the PROFILE code it appears that there 
were no sputtering losses in forming the titanium 
layer. 

The hardness of the implanted layer was measured 
by means of a nanoindenter. It appears that when 
the mean projected range of N+ in titanium is of the 
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same order as the thickness of the Ti layer a nano-
hardness up to 39 MPa can be obtained. 

C02 laser 

The C02 laser, manufactured by Rofin Sinar Laser 
GmbH, has been used for performing a surface 
treatment on the austenitic steel AISI 316, for coa­
ting stainless steel with a Hastelloy layer, and for 
testing the thermal shock resistance of a ceramic 
layer on MCrAIY. 

Hastelloy coating of a stainless steel plate 

Hastelloy alloys combine an excellent resistance to 
corrosion with elevated temperature mechanical 
properties. Theirapplication, 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 of a CO2 
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. 

The subsequent rapid cooling freezes the molten 
pool. Other samples were prepared using the laser 
beam at a lower power. It 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 ata 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 MCrAIY covered with a layer of stabilized Zr02 

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 
a duration of 10 ms at incident power densities of 2, 
4 and 6 kW/cm2 respectively. Moreover on each 
sample a series of 100 shots at a power density of 2 
kW/cm2 have been performed in order to evaluate 
the resistance of the thermal barherto thermal fati­
gue. The fourth plate has been subjected to pulses 
of the same duration and power density but obtai­
ned with a high voltage 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/cm2 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/cm2. 
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/cm2) 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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Sub-Microstructural Engineering 

Progress in the development of advanced ceramic 
materials depends increasingly on the control of 
the chemical composition of ceramic powders at a 
sub-micron scale. If additives are used, for exam­
ple, to promote sintering or control grain growth, 
then the ¡deal configuration for them is as a uniform 
coating on the ceramic particles. We report here on 
the use of a solution chemistry technique, i.e. ho­
mogeneous precipitation, to produce such coated 
ceramic powders. 

Homogeneous precipitation is a technique in 
which an acidic solution of metal salt + urea (Table 
on page 45) is slowly heated to release ammonium 
and carbonate ions into the solution thereby gra­
dually and uniformly increasing the pH until colloi­
dal basic carbonate is precipitated. 

An ageing process is then used to accrete this na-
noscale precipitate. In the absence of a substrate, 
ageing produces spherical particles. However, if 
particles are already present in the solution at the 
start of ageing, the precipitate will accrete on them 
as a uniform layer. 

Below: SEM micrographs showing particle size and shape: 
(a) Zirconia stabilized with 12 mol% Ceria, 
(b) Zirconia stabilized with 12 mol% 

Ceria coated with Yttria 
TEM micrographs showing 
(c) thin layer of coated material (bright field), 
(d) thin layer of coated material partly crystallized in the 

electron beam (dark field) 
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PARTICLE 

UNCOATED 

YTTRIA COATED 

ALUMINA COATED 

ZlfSCtø 
.4H20 

8.8x103 

CONCENTRATION IN SOLUTION, mol/i 

Ce(N03)2 

.6H20 

1.2x10-3 

UNCOATED PARTICLES* 

UNCOATED PARTICLES* 

YCI3 
.6H20 

-
4x10-" 

. 

AI2(S04)3 

.18H20 

-

-
1.45x10·3 

UREA 

2 

1 

1 

PVP** 
wt% 

0.3 

-
-

AGEING 

TEMP TIME 
°C min 

85 180 

85 60 

85 120 

concentration of particles corresponded to the concentration of reactants used to make the particles. 

polyvinylpirrolidone 

Table above: Precipitation conditions 

The homogeneous precipitation technique can 
therefore be used both to produce spherical cera­
mic particles and to coat them with a layer of a diffe­
rent material. The precipitate must be calcined in 
air at about 500°C to convert the amorphous basic 
carbonate to a crystalline oxide ceramic. In this 
work the core particles were Ceria-stabilized Zirco-
nia, and the coated layers were either Yttha or Alu­
mina. 

The SEM pictures in Figure on page 44 below show 
that the uncoated Ceria-stabilized Zirconia parti­
cles were smooth spheres with a rather narrow size 
distribution in the range 400 - 700 nm. Except for a 
reduction in diameter, the appearance of the parti­
cles was unchanged by the calcination process. The 
TEM pictures of Yttria coated particles show that 
the whole surface of the particles was coated with a 
uniform layer about 10 nm thick. From the known 
chemistry of the system, the composition of the 

coating could be deduced to be Yttrium basic car­
bonate, Y(OH)C03 .H20 which is known to trans­
form to cubic Y2O3 on calcining at 500°C. Layers of 
Alumina 25 nm thick were also produced by the 
same technique. 

These results show that homogeneous precipita­
tion can be used both to produce spherical parti­
cles of Ceria-stabilized Zirconia in the size range 
400 - 700 nm, and to coat those particles uniformly 
with Yttria or Alumina. However, the chemical pro­
cesses involved are applicable to a wider range of 
chemical compositions. Calcining the core parti­
cles under different conditions prior to coating 
creates possibilities for producing coated particles 
with a variety of internal structures. The homoge­
neous distribution of a sintering additive such as 
Yttria should, for example, improve microstructural 
homogeneity in materials derived from coated par­
ticles compared with microstructures derived from 
powders without such additives. These results may 
also be regarded as illustrative of other possibili­
ties, e.g. the coating of ceramic fibres and thereby 
the improvement of the properties of the fibre/ma­
trix interface in ceramic matrix composites. 
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Development and Coating of Ceramic Fibres 
for H.T. Composites 

Interfaces in Fibre Composites 

The objective of this new area of activity is to esta­

blish an understanding of the ability of entrained 
long ceramic fibres to confer toughness by resis­

ting crack propagation through engineering cera­

mic materials, and to tailor fibre matrix interfacesto 
optimise the composite properties. The project 
builds on earlier experience gained with SiC whis­

ker­Si3N4 composites, by incorporating carbon fi­
bres in a Si3N4 matrix. Fibre­matrix interfaces will be 
systematically varied by application of surface coa­

ting to the fibres prior to composite fabrication. 

The first year of the project has focused on the fa­

brication of a viable composite, necessitating a 
coordinated approach on several fronts. 

Development of fibre architecture: Since early 
experiments demonstrated the impracticability of 
infiltration of pre­woven fabrics by micro­fine cera­

mic powder dispersions, the project has addressed 
the fabrication of ceramic composites from 1D and 
2D fibre lay­ups i.e. laminar arrays of unidirectio­

nally wound fibre tapes (width ca. 50 mm). The ab­

sence of commercially wound tapes of adequate 
uniformity or thinness has necessitated much effort 
to establish, in­house, the required fibre­winding 
quality to allow complete infiltration of the fibre lay­

ups, while retaining uniform distribution of fibres 
throughout the ceramic­matrix and avoiding signi­

ficant monolithic ceramic inclusions. 

Selection of a suitable fibre: Carbon fibres fabri­

cated from pitch precursors offer superior proper­

ties of high elastic modulus/stiffness, coupled with 
low chemical reactivity, but are intrinsically brittle. 
Evaluation of several commercial fibres during fi­
bre­winding experiments led to the selection of 
one particular grade (Tonen 500 FT) for continued 
study in the present programme. 

Rheology of silicon nitride powder dispersions: 
An aqueous dispersion of microfine (mean particle 
diameter = 0.7 μπη) Si3N4 powder, with 5 at % each 
of AI2O3 and Y2O3, has been optimised for fibre 
wetting behaviour and slip viscosity and stability, 
following an extensive study of the influence of dis­

persants, wetting and anti­foaming agents, solids 
content and chemistry and processing routes. 

The importance of solid­liquid surface interactions 
is emphasized by a high sensitivity of wetting and 

slip stability and viscosity to dispersion pH, requi­

ring the individual tailoring of pH for every material 
combination (Figure below). 

Infiltration-composite forming: Forming of com­

posite green bodies is investigated by two princi­

pal techniques: 
a) slip­infiltration of pre­wound fibre tapes, by im­

mersion, stacking and press­drying, 
b) pre­infiltration of fibre tows followed by sprea­

ding and winding to tape dimensions or directly 
to green­body geometry. 

Composites, densified by hot­pressing at 1750°C 
have shown progressively well­infiltrated micro­

structure and uniform distribution of fibres (up to 
40%) and concomitant reduction in macrodefect 
population (Figure on page 47). 

Below: Plots of viscosity vs shear rate for suspension 
(65 vol.% solid content) with pH values indicated 
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With the near completion of optimisation of com­
posite fabrication, the project will proceed to syste­
matic characterisation of composites and interfa­
ces, and to the introduction of fibres, coated with 
SiC, SiC-C(pyr) and C(py,)-SiC-C(Pyr) coatings. 

This R&D activity is integrated within the JRC-IAM 
launched EUREKA-CEFIR project, which is a multi-
disciplinary industrial collaboration including the 
major potential users and producers of HT ceramic 
fibres and composites in Europe. 

Above: Cross-section of CP/9CP-ply lay up C-fibres within a 
S13N4 matrix 

Advances in Ceramic Joining 

The activities of the ceramic joining project have 
progressed further towards its goal of understan­
ding the principles that govern ceramic bonding so 
that ceramic joints could be reliably designed. 

Joining of Silicon Nitride Ceramics 

(i). Diffusion Bonding 

S¡3N4 ceramics have been bonded utilizing Fe or 
Fe-Cr alloy ¡nterlayers as a joining agent. The joint 
microstructure and mechanical properties have 
been determined for a wide range of bonding tem­
peratures, 1100°-1300°C, and ¡nterlayer composi­
tions, Fe-(0-15wt%)Cr. Depending on the proce­
dures and ¡nterlayer chemistry the ceramic/me-
tal(C/M) bond can be direct or via reaction pro­
ducts such as Cr-nitrides, Fe-silicides in M-Si and/or 
-N solid solutions. The interfacial reactivity is en­
hanced by higher joining temperatures and Cr-
contents. Joint strengths approaching 100% of the 
ceramic fracture strength have been achieved as 
shown in Figure on page 48. 

Furthermore, the strength for the Si3N4/Fe15Cr 
joints at 800-900°C in air is more than 50% of its 
room temperature value. 

Given the high strength and relatively simple 
microstructure of the joints realized in the Si3N4/ 
Fe-Cr system, work is now in progress to evaluate 
the interface fracture characteristics, such as inter-
facial fracture resistance, in order to further opti­
mize joint performance and provide information for 
predicting interface failure. 

(ii). Brazing 

The brazing of Si3N4 to itself or to metallic alloys 
(e.g. AISI 316, MA754) has been investigated using 
Ni-Cr-Si, Ni-Cr-P and Ti-based active commercial 
brazes. The Ni-base brazes were selected for their 
high temperature capabilities. Although they may 
wet the ceramic, because of their as-cooled micro-
structural complexity and, in general, their brittle 
character they were not shown to be efficient bon­
ding agents. 
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Above: The effects of joining temperature and Cr-content 
in the FeCr interlayer on the strength of SIsNj/FeCr/SijNj 
joints bonded in Ar (joining pressure 50 MPa) 

New compositions are being sought that would re­
lieve some of the problems encountered. This ne­
cessitated the experimental determination of the 
high temperature (900-1200°C) Ni-Cr-Si-(N) phase 
diagram (in cooperation with CTK/TU Eindhoven 
under partial funding from IOP ceramics). 
The Ti-base active brazes, although of limited high 
temperature capability, are known to be able to 
join Si3N4, provided that an "appropriate" inter­
layer is also used in the case of Si3N4/metal joining. 
The goal of this ongoing study is to assess the ef­
fects of the mechanical and physical properties of 
the interlayer on the performance of Si3N4/steel 
joints. These results are related with those from 
computational tools as discussed below. 

(iii). Modeling of Joint Stress Distribution 

Testing experience has indicated that, fracture in 
ceramic/metal joints often originates in the ceramic 
near the interface rather than at the interface, and 
that the joint strength can vary considerably within 
a bonded block. These observations point out the 
effects on the joint integrity of thermal and elastic 
mismatch between the bonded materials and the 
metal interlayer plasticity, as manifested by post-
joining residual stresses. Stress field characteristics 
in the joint, taking into account the metal interlayer 
olasticity, are calculated by finite elements using 
the ABAQUS code (IAM internal cooperation with 
the Laser Spallation project). 
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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 
(Nemstian) values and in particular the influence of 
an auxiliary layer interposed between the gas elec­

trode and the solid β''­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 electrometrie sensors appears to be 
much more complicated. For the environmental 
NO2 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 Å were deposited by sputte­

ring on to polished alumina sheets. This was done 
at CSIC in Madrid. The layers were then placed in a 
stainless steel cell and the system broughtto a tem­

perature in the range 120 to 300°C. 
The layers were characterized in our laboratories 
for thickness, crystallography structure, morpho­

logy and composition by ellipsometry, Auger sput­

tering, ESCA and glancing angle X­ray spectrosco­

py. Ultrathin (60 Å) aluminium films were deposited 
on to the tin surface of some samples in orderto ca­

talyze the ionosorption process. The layers have 
grains of extremely small size, generally lowerthan 
100Å. 
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 N02 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 Sn02/Si02/Si(n)/Si(p). Such hetero­

junctions are directly polarized by applying a li­
nearly increasing current from 0 to 3 mA at a rate of 
2.5 μΑ/sec. The Si(n) layer undergoes depletion, 
then inversion and finally the "punchthrough" and/ 
or "avalanche multiplication" negative resistance 
conditions. The voltage breakdown forward (VBF) 
depends on the bending of the conduction bands 
in Sn02. 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 ^ g 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. 

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 BCR­Brussels 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 X­ray reflection were selected to be the 
most suitable techniques. 
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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 an important 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 thé perception of the value of material in­
formation was low. 

Within the research activities of the Institute, this 
area has its own importance, however it is too small 
to organize management functions forthe 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 forthird 
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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Coatings Processes Data Banks 

A Computerized Relational Plasma Spray Coatings 
Properties and Processes Data Management and 
Manufacturing system (CPP-DB) is underdevelop­
ment. Its objective is to assist coatings users and 
manufacturers to optimally manage their data and 
to give support to the coatings producers in order 
to achieve optimum product quality and to tailor 
coating properties. 
The system includes the following general content: 
coatings industries, processes/properties, publica­
tions, experimental data, manufacturing recipes, 
mechanical tests, post processing and powder 
thermo-physical-mechanical data. The properties 
involved include: adhesion, residual stress, 

porosity, electrical conductivity and other layer 
properties. The CPP-DB provides other facilities 
such as: on-line process data acquisition and sto­
rage in the data bank, process mathematical mo­
dels (stress/strain, particles speed/temperature, 
etc.), data analysis/evaluation and graphics, power­
ful multi(combined)-search with assist mode as well 
as data export (process set-points) to coating pro­
cess control devices. 
The system is a multi-user network system for data 
management which also can run as a stand-alone 
process local system in order to assist the manufac­
turing or production system (a first step towards an 
Intelligent Processing System). 

HTM Data Banks 
High Temperature Materials Databank 

The High Temperature Materials Databank (HTM-
DB) supports the Data and Information Manage­
ment for Advanced Materials Projects by providing 
computerised information on materials properties 
through the storage of mechanical and physical 
test data in combination with a sophisticated mo­
delling and evaluation system. It aims to cope with 
requirements for data management, evaluation 
and input for computer aided processing and infor­
mation services. It further serves the dissemination 
of data between collaborating parties in joint pro­
jects. The databank is designed as a relational data 
system and is implemented with the commercially 
available ORACLE Database Management System 
(DBMS) on a workstation. The PC-based user inter­
face is installed on the PC-side under Microsoft 
Windows and is therefore compatible with other 
Microsoft Windows software such as spreadsheets 
or help compilers. The user interface interacts with 
the workstation via a network connection. ORACLE 
provides facilities for Ethernet and/or asynchro­
nous local and/or wide area network connections 
so that the online service to project partners 
(COST, BRITE, FUSION, etc.) can still be maintai­
ned. 

In 1992 work has continued on: 
- the transfer of the evaluation programme library 

from the Amdahl mainframe to the PC/MS-DOS 
environment and, 

- the user friendly data entry and data retrieval 
interface, 

- data entry for COST and FUSION programmes. 

Help files for online help and data output options 
such as data listings, graphics (Figure below) and 
reports are installed into the user interface. A bro­
chure which describes the new HTM-DB is desig­
ned and printed. 
Emphasis is given to implement intelligent user 
guidance. Therefore a cooperation with the Univer­
sity Regensburg is initiated to improve the HTM-
DB under ergonomicai aspects to create a profes­
sional software which can be commercialized. 

Below: Chart of a creep crack growth data as a predefined 
Microsoft Excel for Windows macro 
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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. 

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, ¡ntermetallics, 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. 
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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 1AM. 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 1AM is devoting a limited effort to 
the characterisation of stainless steels during and 
after neutron irradiation in the HFR. The 1AM 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 Ν ET team, re­

quire longterm planning. These studies are produ­

cing important information for the characterisation 

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 à l'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 REAC­ECN 5 li­
brary). These materials, though not elementally tai­

lored, had already the potential to fulfill all current 
low­activation 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 trace­elements by 
charged­particle activation­analysis (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 CVI­type 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 in terms of low ac­

tivation criteria. This is of particular importance af­

ter the work by Cierjacks [1 ], where the low­activa­

tion advantages of Cr­ and/or V­based 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); (α,η)] do not lead to 
critical or long­lived radioisotopes. 

The results of three­point­bending experiments on 
unirradiated CMC suggest that mechanical testing 

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 three­point/four­point 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 α­particles 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. Ion induced radioactivity was identified by de­

cay analysis to originate from the
 32

P isotope via the 
reaction

 30
Si(a,pn)

32
P, 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 after irradiation 
are foreseen and will be facilitated by radiation pro­

tection techniques developed forthe 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 low­activation chromium­

alloys in a fusion reactor. It was found that chro­

mium and chromium­alloys 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 
ductile­brittle transition temperature in well annea­

led pure chromium and chromium alloys which do 
not contain carbon in amounts largerthan 100 ppm 
is between room temperature and 300°C. It be­

came evident that the brittle­ductile 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. 

57 



SCIENTIFIC ­ TECHNICAL ACHIEVEMENTS 

Pure chromium and chromium with various 
amounts of vanadium, iron, and manganese were 
ordered. 
A cost estimate feasibility study for the develop­

ment of low ductile­brittle transition temperature 
chromium alloys has been asked from European in­

dustry. 

[1 ] S. Cierjacks, 
Fus. Eng. & Design, 13(1990), 229­238. 

Radiation Creep in Stainless Steels 

Irradiation creep elongation was measured in the 
HFR at Petten on AMCR steels, on type 316 EC re­

ference steels, on US­316 and PCS­steels, varying 
the irradiation temperature between 300 and 
500°C and the stress between 25 to 300 MPa. 

Depending on the alloying additions to the steel 
and on the thermomechanical pre­treatment a 
positive or negative creep elongation is found at 
the beginning of the irradiation depending on the 
irradiation temperature and the applied stress. 
The phenomena of primary creep elongation is at­

tributed to the formation of radiation­induced pre­

cipitates and compounds and not to irradiation 
creep. 

After an irradiation of about 2 to 5 dpa secondary 
steady state creep is observed. It is assumed that 
this secondary creep phenomenon is mainly due to 
irradiation creep rather than volume changes from 
precipitate and compound formation or to align­

ment of previously formed precipitates or com­

pounds under the applied stress. 

The stress exponent of the secondary irradiation 
creep rate in annealed and cold­worked steel alloys 
is η = 1.0. The creep rates of cold­worked materials 
are almost independent of the irradiation tempera­

ture (Qirr= 0.132 eV). 

The results obtained in the HFR at Petten for cold­

worked AMCR steels, for EC­316, and for the US 
steels are compared with those obtained in ORR 
andin EBRII. 
The creep rates per unit displacement rate are 
equal in all three reactors except for cold­worked 
AMCR and US PCA steels, which are a factor of two 
smaller in HFR than in ORR. 
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Above: Variation of irradiation hardening over heat affec­

ted zone and molten zone of the SMA weld (A) and of the EB 
weld (B). Square points are for Phénix irradiation. 
Dotted lines are for suggested design margins 
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It is 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, α­ferrite 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 Tirr = 400°C. α­fer­

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 
α­Mn­phase is formed and the materials are no lon­

ger ductile. 

Behaviour of Mechanical Properties 
under Irradiation 

Samples of electron beam and submerged melt arc 
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 
3.3x10'

7 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
. 

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 dpa in SA 316L, 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 250­300°C, follo­

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 
at least 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 
dpa in the 250­300°C range. Although sufficient ex­

perimental data are lacking, indications are found 
of saturation at 425°C below 15 dpa. It is 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 mock­ups 
was started and completed during the reference 
period. The mock­ups are the same width as a to­

roidally sub­divided 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

tions for total water leakage into the plasma cham­

ber of 10"
8 g/s, is fabricated either by electron 

beam plate­to­plate welding and tube brazing (Fra­

matome component), either by throughout brazing 
(Ansaldo component). A non­destructive testing 
exercise involving the mock­ups manufacturers, 
the NETTeamandthe 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 

59 



SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

heat flux of 600 KW/m2, the testing programme 
was suspended for the first non-destructive evalua­
tion. Visual observation with a video-microscope 
andan endoscope revealed the presence of cracks 
on both components. In the fully brazed mock-up 
the crack was initiated at one of the external cor­
ners of the plate-to-plate braze. The crack propa­
gated through the braze towards the cooling tube 
and continued along the lower temperature braze 
around the tube itself. Eventually the crack pene­
trated the tube wall at a depth of about 50 mm, 
causing a water leak. 

In the welded and brazed mock-up a longitudinal 
crack is clearly visible on the surface opposite the 
one exposed to the heat flux; it propagates along 
the EB weld joining the two panels each of which 
contains four coolant channels. The presence of a 
crack in the EB weld is surprising, as Low Cycle 
Fatigue tests carried out at ECN Petten show that 
the EB joint has equivalent or even better fatigue 
properties than the base material. The crack is 
more than 200 mm long and it is not clear whether 
it was initiated on the back surface or at the root of 
the groove for the tile rail. NDE is in progress to get 
a better insight into the component structural inte­
grity. Figure above shows the cross section of the 
two components indicating the location where fai­
lure occurred. From these experimental results and 
from those previously obtained on specimens wi­
thout metallurgical modifications the following 
conclusions can be drawn: 

1 ) the braze does not act as crack-arrester; 

Above: Location of the thermal fatigue failures on the 
Ansaldo (A) and Framatome (F) components 

2) double containment of the cooling water is not 
effective; 

3) extrapolation of mechanical fatigue data to 
thermal fatigue leads to conservative lifetime 
estimate for the base materials; 

4) extrapolation of mechanical fatigue data to 
thermal fatigue leads to unconservative life­
time estimate of welded joints; 

5) neither welded and brazed joints will sustain 
the peak heat flux anticipated for ITERfirst wall. 

Blanket Studies 

INFLUENCE OF Pb-17Li ON THE PROPERTIES OF 
BLANKET MATERIALS 

Mechanical Properties 

Tensile tests on MANET specimens under vacuum, 
Pb-17Li. H22 and H2/Pb-17Li have been completed, 
Liquid Metal Embrittlement (LME) was exhibited 
only by untempered Heat Affected Zone (HAZ) 
specimens. No severe hydrogen embrittlement 
was observed. 

Initial constant load tests on MANET have indica­
ted a small decrease in the time to failure for tests 
in H2 compared with tests in vacuum. Initial tests on 
welded MANET II specimens have been carried 
out. 

Due to the late delivery of the MANET II material 
from KfK, an interim Liquid Metal Embrittlement 
study was carried out on four Low Activation mar-
tensitic steels supplied by AEA Culham. The four 
low activation steels exhibited similar behaviour to 
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LA12TaLN (250°C) 

4 8 12 16 
Engineering strain (%) 

Above: Liquid metal embrittlement of Low Activation 
Martensitic Steels. Typical stress strain curve: 
A) Normal Heat Treatment 
B) Heat Affected Zone 
C) Heat Affected Zone + Post-Weld Heat Treatment 

that shown by the MAN ET steel. In the normal heat 
treated state no Liquid Metal Embritlement (LME) 
is observed. 
However, severe LME is exhibited by all the steels 
following heat treatment to simulate a welding 
operation. A post-weld heat treatment of 1 h at 
750°C was sufficient to avoid LME in all of the steels 
except LA13Ta (Figure above). In terms of suscepti­
bility to LME the steels LA7TaLN, LA12TaLN and 
LA12TaLC were similar to MANET, whereas LA13T 
exhibited greater susceptibility. 

Production of Corrosion Barriers 
The production of oxide layers on 316 stainless 
steel appears to be a promising way to reduce the 
permeation of hydrogen while increasing the cor­
rosion resistance of the steel exposed to Pb-17Li. 
However, due to the high temperatures used in the 
oxidation of the steel this process can not be used 
for the MANET steel (which needs a specific heat 
treatment to produce an optimised martensitic 
structure). Therefore some initial tests were made 
to produce an aluminide layer on the surface of 
MANET by a low temperature thermal treatment 
following the plasma spraying of pure aluminium. 
This has allowed to the production of aluminide 
layers on MANET while still retaining the mechani­
cal properties of the steel. Hydrogen permeation 
tests are currently being carried out on this coating 
within the ETHEL laboratory. 

Fusion Materials Databank 

The development of a fusion candidate structural 
materials data base (FUSION-DB) has been incor­
porated in the 1992-94 European Fusion Techno­
logy Programme and it is now a contractual obliga­
tion of all Associated Laboratories participating in 
the NET/ITER Materials Research Programme to 
make available their raw experimental data, in digi­
tized form and preferably in ASCII files,to IAM-Pet-
ten for direct input to this data base. 

Several Laboratories have submitted such data to 
us and these have been inserted into the FUSION-
DB. The Associated Laboratories will have ON­
LINE access to the data base early next year. This is 
because the HTM-DB, on which the FUSION-DB is 
based, has just been transferred from JRCIspra to 
IAM-Petten. The new data base is now operating in 
an ORACLE environment installed on a UNIX Work­
station. 
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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 ΝI LOC 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 
(Nitride 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, 

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 MixterPEtten Irradiation), which has the 
principal aim to study the behaviour of mixed 
nitride fuel at high burn­up arrived in Petten at the 
end of the year. As part of a recent programme at 
Karlsruhe to study transmutation of longlived ra­

dioisotopes, the POMPEI fuel pin was altered to 
contain 3 fuel pellets containing varying amounts 
o f T c . 
The irradiation is planned to begin in early 1993. 

Operation of the High Flux Reactor 

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 third­parties. 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 Jülich (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 burn­up PWR fuel rods which had been pre­ir­

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. Fora number of earlier irradiation expe­

riments on PWR as well as BWR fuel rods the post­

irradiation examinations were completed and the 
projects were finished. 

A new test programme on the transient behaviour 
of high burn­up 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 in­pile 
test. This programme confirmed earlier observa­

tions during the TMI­2 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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Above: The HFR Building at Petten 

The HTR fuel irradiation programme was continued 
with two proof tests of spherical fuel elements. In 
these tests the operating and safety related condi­
tions of the "HTR-MODUL" are simulated. The ob­
jective is to confirm low coated particle failure and 
low free heavy metal contamination of the fuel ele­
ment. Eight fuel elements are tested simultaneous­
ly. The essential information is obtained from on­
line surveillance of the release of volatile fission 
products (Kr, Xe and I). The fuel elements exhibited 
excellent irradiation behaviour with fractional fis­
sion gas releases of < 106, even during tempera­
ture transients of up to 1200°C fuel element tempe­
rature. 

Fast breeder reactor fuel irradiations in support of 
the European fast reactor project were continued 
with short transient tests and long term irradiation 
tests for fuel and cladding axial displacement in­
vestigations. Future experiments with the ambi­
tious objective to study the performance of high 
burn-up, pre-irradiated fuel pins under power cyc­
ling and power-to-melt conditions are under pre­
paration and the necessary development work is 
underway. 

The redesign of the alpha-tight EUROS cell for en­
capsulating longer fuel pins has made further pro­
gress. Although towards the end of the year dimi­
nishing support of the EFR from the UK has brought 
this project into jeopardy. 

Fusion related investigations comprised irradiation 
projects for prospective constituent materials for 
fusion devices, in particular for first wall materials. 
The various experiments launched during the year 
have involved damage studies on metals, welded 
metal joints and brazings, and first wall coating ma­
terials. Irradiation, on small scale, of super-conduc­
ting materials will continue in the future. 
The investigations of irradiation damage and tri­
tium release kinetics from different ceramic lithium 
compounds under irradiation have been continued 
too. Under the German contribution to the supple­
mentary programme, the project on "healthy tissue 
tolerance study" in preparation of patient treat­
ments with Boron Neutron Capture Therapy 
(BNCT) was continued and extended in co-opera­
tion with the University of Bremen at the Petten-
BNCT facility at beam tube 11 of the HFR. It encom­
passes a large animal model study supported by 
cell culture and phantom experiments*. 

The Netherlands' contribution to the HFR supple­
mentary programme addresses several areas, such 

* See also BNCT contribution on page 76) 
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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 
bum-upsof 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. 

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 results. 

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. Forthe 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. 

2. Initiating a laboratory study on methodology 
development and assessment, focussing in the 
first instance on a methodology for hot-salt cor­
rosion. 

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 metallic 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 guidelines is 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 coverthe participation in a num­
ber of Committees involved in pre-normative re­
search or in the drafting of pre-standards. 
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Currently 1AM ¡s representing the CEC and its smal­
ler Member States in VAMAS Technical Working 
Area 3 Ceramics. The Institute also provides the 
Chairman and the Secretary to a Working Party 
created in 1992 in the framework of the High Tem­
perature Materials Testing Committee (UK), invol­
ving members from Europe and the USA, which is 
set up to draft a code of practice for the measure­
ment of alignment in mechanical testing. 

- Flaw Sizing in Advanced Ceramics by means of 
Ultrasonics 

1992 activities concentrated mainly on: 
* Review of on-going standardization activities on 

NDT of ceramics, 
* R&D in the field of non-destructive testing: 

determination of physical characteristics (elastic 
constants, porosity, ...) of ceramics (monolithic 
and composites) using ultrasonic methods. 

From the review it became clearthat there are rela­
tively few standardization activities in the field of 
NDT of ceramics. 
A feasibility study was conducted to assess the pos­
sibilities of ultrasonics to determine the physical 
characteristics of two ceramic composites, an 
AI2O3/S1C and a SiC/SiC material. Only ultrasonic 
techniques in through-transmission can be used to 
characterize and inspect these composite mate­
rials. The conventional ultrasonic methods used to 
measure absolute values of attenuation and propa­
gation velocity yield results with an error margin of 
50% for the considered specimen thickness and 
used frequencies. It is nevertheless possible, des­
pite this large error margin, to deduce from these 
results some guidelines for the development of an 
ultrasonic system working in through-transmission. 
Relative measurements may be very useful. 

Above: Comparison of resulting bending strains on three 
locations along the gauge length when using two types of 
hydraulic grips 

We have shown the possibilities of an ultrasonic 
technique to assess in a qualitative way the homo­
geneity of these ceramic composites and give indi­
cations about the presence of material damage. It 
is clear that further work is needed to establish the 
link between these results and the intrinsical cha­
racteristics (porosity, lay-up of the fibre cloths,....) 
of the composites considered. 
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Standards NDTfor 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 III: "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 isto 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. 

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 forthe 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 
(ISI) 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 level. 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 for inspection 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 
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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. 

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 III "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 III guidelines. 

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 airframes 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, 

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

iii) to the Cyclotron itself (production line of 1-123). 

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 III (Internal Marketand Industrial 
Affairs) and DG VII (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 Rôle 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 IAM 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 II Programme 
of DG XIII 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 XIII). 

The natural development towards priorities out­
side the IMPACT II principal objectives made a revi­
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 Industriesand Innovation" (DG XIII) 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. 

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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REFERENCE TRANSDUCER 
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contact to the 
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Above: Reference Transducer (Standard Acoustic Source) 

Ultrasonic Reference Transducers 

The reference transducer was invented as a result 
of a collaboration with INSA (Lyon) and DASSAULT 
AVIATION (St. Cloud). The system generates a 
pressure step whose characteristics are determi­
ned by laser interferometry. 
It allows the calibration of ultrasonic transducers in 
a wide band of frequencies. The co-inventors en­
trusted the firm IMASONIC from Besançon (F) with 
the commercialization of the Reference Transducer 
which changed name to Standard Acoustic Source 
(S.A.S). 
The license agreement N° CEINB 234 was given in 
July by DG XIII. The NDE laboratory provided the li­
censee with the software "SASCAL" to be used on 
a PC for the calculation of the sensitivity of hydrop­
hones to be calibrated. 

The first two prototypes were built by IMASONIC 
and calibrated at the NDE laboratory. Some imper­
fections due to the difficulties in applying the pro­
cedure for the fabrication of the transducer head 
were discovered. Another defect was found in the 
generator of the electrical current pulse. 
The various sources of errors were investigated 
with a prototype manufactured by the NDE labora­
tory in order to determine the margines of errors 
and the measurement accuracy for frequencies up 
to 20 MHz were performed. 

Oxygen Sensors 

Activities performed under this heading are repor­
ted in the Specific Programme section, Research 
Area Surface Modification Technology Project: 
"Chemical Sensors and Electrocatalytic Materials". 
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Boron Neutron Capture Therapy (BNCT) 

During 1992, the BNCT project made significant 
progress towards its ultimate goal: the treatment of 
glioma patients at the High Flux Reactor in Petten. 
Throughout the year, a very extensive programme 
of experiments were performed. This included: 

Free­beam measurements 

to assess and confirm that the flux intensity and 
neutron energy spectrum remain constant, four 
measurements were performed using thermolumi­

nescence detectors (TLDs) and sets of 12 stacked, 
activation foils. The results show that the beam pa­

rameters vary by just ±4 %. 

Comparison of measurements performed show 
variations of no more than ±4 %. 

Cell culture experiments 

to observe the effect of the boron capture reaction 
at depth inside a phantom and to determine the 
RBE values of the various beam components, over 
100 irradiations were conducted on various cell 
lines at different depths in phantoms, containing 
different concentrations of

 10
B. Participating 

groups included JRC and ECN Petten, AEA Har­

well, University of Bremen and the Netherlands 
Cancer Institute, Amsterdam. 

Phantom measurements 

to determine the thermal neutron flux distribution 
within the target volume, phantom irradiations 
were performed using tissue­equivalent or plastic, 
cylindrical and beagle head like phantoms contai­

ning activation foils or wires, and TLDs. 
Comparison with similar measurements performed 
in July 1991 showed that the present thermal 
neutron flux is some 20% less than before, thus 
confirming the previously reported uncertainties 
on the condition and stability of the beam. 

Healthy tissue tolerance studies 

prior to patient treatment, it is mandatory that for 
different concentrations of boron and different 
radiation doses (Figure below), the tolerance limits 
of the healthy (brain) tissue tolerance study conti­

nued with a further 24 in vivo irradiations of the ca­

nine brain. 
The study will be completed in 1993, whereby it 
should then be possible to specify the starting dose 
at which clinical trials on human glioma patients 
may begin. 

Current Irradiation Programme for the 
Healthy Tissue Tolerance Studies (end 1992) 
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Above: Computer-aided drawing of the enlarged 
irradiation room at the HB 11/BNCT facility: showing part of 
the structure (4 steel beams) that form part of the complete 
ceiling 

On-line dosimetry 

to assess the beam parameters during treatment, a 
reliable and dependable on-line monitoring sys­
tem must be available. As such, a twinned system of 
GM tubes and fission chambers were installed be­
hind the gamma shutter in the beam port and is cur­
rently being tested. 

Treatment planning 

to determine the radiation dose distribution in the 
human head during BNCT, a treatment planning 
scheme is being developed based on the Monte 
Carlo code MCNP. The code has been used 
throughout the year to validate and compare with 
results from the phantom experiments. 

Patient treatment room 

It will be necessary to substantially enlarge the 
room in order to be able to treat patients. 
As such, a new room has been designed using a 3D 
computer aided programme, see Figure above. 
The present set-up will be dismantled in summer 
1993, with the new set-up ready towards the end of 
the year. 

Beam optimisation studies 

to improve current beam performance, ¡e. increase 
the neutron fluence rates and "soften" the neutron 
energy spectrum, some complementary computa­
tional studies were carried out by JRC Ispra. Whilst 
minor improvements were indicated, they are cur­
rently considered not to be cost effective. 

The BNCT project at Petten is entering into a criti­
cal stage, with most of the experimental pro­
gramme nearing completion. 
During 1993, the initial experimental work will be 
over and the patient treatment room ready to 
receive patients. 
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Adhesion in Film and Coatings 
by a Laser Pulse Induced 

Spallation Technique 

The ability to measure strength of adhesion is a 
central requirement in contemporary thin film tech­

nology as well as in protective coatings technology. 
This project aims at the development of a generic 
technique for measuring the strength of adhesion 
of a thin film to a substrate, using a laser pulse indu­

ced spallation method and a Laser­Doppler­lnter­

ferometry device. The successful completion of this 
project should yield a reference test measurement 
technique suitable for calibrating practical techni­

ques. 

The experimental facility consists of a Nd­YAG pul­

sed laser with pulse duration of 8 nsec and 300 mJ 
energy capacity per pulse at λ = 1.064 μιτι and 
beam diameter of 6 mm. The generated flux can be 
adjusted by means of a beam expander and beam 
splitter. The generated pulses are monitored using 
a digital storage oscilloscope of 1 GHz resolving 
capacity. 
Two such oscilloscopes are used to record the sig­

nals from a Laser­Doppler­lnterferometer (VISAR), 
which measures the velocity of the vibrating speci­

men surface, from which the stress experienced at 
the interface at the moment of spallation can be 
calculated. As shown in Figure above the laser 
beam impinges on the gold film with which the sub­

strate is coated. 

Spallation experiments have been performed on 
Al203 specimens 25 mm in diameter and 1 mm 
thick coated with a 2 μιη thick SiC film on top of a 50 
nm ¡nterlayer of evaporated carbon which has been 
deposited in orderto reduce the interface strength. 

Spallation has been achieved several times on each 
specimen and the spall size (0.5 to 1.0 mm diame­

ter) was found to be energy level dependent. 
Upon careful examination by Optical Microscopy it 
was concluded that all spalls had taken place within 
the substrate about 30 to 40 μιη below the coating 
outside surface. 

Using the present laser pulse characteristics and 
the specimen physical properties, the reflected 
tensile stress waves that cause spallation have a 
width of about 80 Mm and the peak stress is achie­

ved at a distance of about 30 μιτι from the free sur­

face, while the film thickness is only 2 μηχ 
This means that the tensile wave magnitude at the 
interface is at least one order of magnitude lower 
than that where spallation occurs. 

Confining fused 
quartz plate Substrate: 

Α
Ά 

Pressure 
wave 

Wave length = 1 .Οβμπτι 
Max. energy 300 mJ 

Normal pulse duration = 8ns 

Surface s 
accelerations 
measured 

Energy absorbing 
gold film/ 

SiC 
Coating 

Test 
interface 

Above: Schematic of Laser Spallation Experiment 

The numerical models required for the simulation 
of the phenomenon associated with the experi­

ment are rather complex due to the material 
(energy absorbing film) and geometric (gap 
between specimen and the confining crystal) non­

linearities. In addition to the thermal conductivity, 
specific heat, coefficient of thermal expansion, 
mass density and modulus of elasticity depen­

dence on temperature and phase (as the gold film 
undergoes melting), the material non­linearities of 
gold include wave length and temperature depen­

dence of its absorptivity. 

Furthermore, as the gold undergoes rapid volume­

tric expansion during melting, at the early stages of 
the experiment, the induced strain rate is extremely 
high and consequently strain­rate dependent ma­

terial models are required. Finally the melted gold 
undergoes radial diffusion and the accurate esti­

mation of the induced shock wave magnitudes de­

pends on the adequate evaluation of its flow. 
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Linear and non­linear numerical simulations of the 
above mentioned experimental work have been 
performed using ABAQUS and DYNA2D. First the 
thermal transient problem is solved which yields 
the temperature time­history over the specimen 
domain used as an input for the stress wave propa­

gation problem. 
Figure below shows the induced temperature time 
histories at the outer layer of the gold film which un­

dergoes melting. 

Assuming that the overall gold absorptivity is as 
low as 2.5% and neglecting all material nonlineari­

ties, it was concluded that the peak value of the ten­

sile wave is about 30 MPa, while the maximum ten­

sile stress experienced at the interface is only 
2.5 MPa. Furthermore, the peak value of the stress 
wave occurs within the substrate and at a distance 
of at least 30 μιη from the interface. 
This is expected as the stress wave width is the pro­

duct of the material sonic velocity and the laser 
pulse duration (11.5 μιη/sec * 8 nsec = 90 μιη). 

In a first effort to account for the gold non­lineari­

ties, the experiment has been further simulated 
again with a linear model where however the pulse 
duration is shorter by one order of magnitude 
(from 8 nsec to 0.8 nsec), thus leading to a more ra­

pid shock. Figure on page 80 above shows the evo­

lution of the stress wave at different locations 
throughout the gold and the substrate/coating do­

main. 
It is now observed that the maximum stress expe­

rienced at the interface is about 105 MPa while the 
peak value of the reflected stress wave is about 
210 MPa and occurs at a distance of only 2 μπι from 
the interface. 

Below: Temperature time­histories across the outer layer of 
the gold film 

♦ 1. 00*400 
«l.OOHOO 
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The development of a fully non-linear model of this 
experiment is one of the primary objectives of this 
project. On the other hand the accurate measure­
ment of the velocity of the specimen vibrating sur­
face by a VISAR is very important as it will lead to a 
direct estimate of the interface strength. Finally, 
based on these experimental results the fine tuning 
and complete calibration of the mathematical/nu­
merical model isto be achieved. 

Above: Evolution of the stress wave propagation through 
gold and specimen 

The Use of NDE Techniques 
for the Characterization 

of Thin Coatings 

Application of NDE to thin coatings 

Surface engineering, and coating technology in 
particular, is playing an increasingly important role 
in the research activities of the Institute. 
Full exploitation of the potential uses of coating for 
industrial applications requires the development of 
NDE techniques to characterize coating properties 
including porosity, homogeneity and adherence. 
The work is devoted to the development of a mo­
dular acoustic microscope with adequate penetra­
tion and resolution. 

Two problems have to be addressed: the measure­
ment of the physical characteristics of the coatings 
and the detection and sizing of typical flaws. Taking 
into account the peculiar characteristics of such 
materials, a preliminary study was carried out in or­
der to assess the possibilities of the various inspec­
tion techniques (Figure on page 81 above). 

The thickness and physical characteristics such as 
elastic constants, porosity and thermal conductivity 
can be obtained by using non destructive techni­
ques based upon comparative measurements for 
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which reference samples are needed. Besides, the 
calibration of the equipment requires the use of 
artificial defects. The ultrasonic techniques have a 
good probability of being applied with the comple­

mentary contribution of eddy currents and laser 
thermography. Other techniques (also destructive) 
will be used to define and to select the reference 
samples. 

For the inspection of coated samples, the specifica­

tions of a C­Scan system working in the range of 20 
to 300 MHz. were developed. The system will be 
built by BIOSONIC and be available early 1993. 

Proposed activities for 1993 include the inspection 
of turbine blades coated with an anticorrosion layer 
of MeCrAlY and a thermal barrier of zirconium 
oxide deposited by plasma spraying. 

COATINGS 
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Above: Potential ofNDE inspection techniques for coatings B E _ . 

Modelling the Erosion of 
Ceramic Crucibles 

A well known, costly phenomenon ­flux line ero­

sion­, has for years bedevilled the pyrometallurgi­

cal and glass making industries. It consists of the 
scouring or erosion of the refractory crucibles in zo­

nes adjacent to the interface where the metal and 
the slag (or the glass and its layer of flux) meet the 
refractory. 

A mathematical model has been developed on the 
assumption that the wall erosion profile can be ex­

plained by the disruption of the dissolution con­

centration gradients by buoyancy and Marangoni 
convective flows. 
The physical system studied here consists essen­

tially of a vertical crucible wall in contact with the 

81 



SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

melt, shown schematically in Figure above. It is a 
characteristic of the furnaces used in the glass and 
steel making industries that heat is fed into the cen­
tre of the melt, e.g. by flame or electric arc, and that 
heat is lost from the melt by conduction through 
the walls of the crucible. This heat flux results in a 
temperature gradient in which the melt adjacent to 
the crucible wall is cooler, and therefore denser, 
than in the centre. 
This temperature induced density gradient drives 
convection currents downwards at vertical crucible 
walls. This temperature driven buoyancy flow is the 
basic flow pattern common to all furnaces of this 
type. 

Other flow patterns may be superimposed on this 
basic flow pattern if the crucible material is soluble 
in the melt. Dissolution of the crucible wall in the 
melt is a diffusion controlled process. 
A concentration gradient of the solute in the melt is 
set up near the wall. The solute in the melt adjacent 
to the vertical wall changes the properties of the 
melt in two important respects and each of these 
changes generates a separate type of flow. 

First, the melt density may either increase, in which 
case the basic flow pattern will be enhanced, (this 
case was not considered here), or the melt density 
may be reduced, in which case the flow pattern will 
be counteracted. 
This is the concentration buoyancy flow. 

Second, the change in the free energy of the melt 
due to the presence of solute will be manifest at 
free surface as a gradient in surface tension. 
A gradient in surface tension will result in a surface 
flow pattern that reduces interfacial energy. 
Therefore, solute which lowers the surface tension 
will direct fluid away from the crucible wall, and vice 
versa. This type of interfacial tension flow is known 
as Marangoni flow. 

The relative magnitude and the interaction be­
tween the two types of buoyancy flow and the sur­
face tension flow determines the rate of erosion 
and the shape of the erosion profile. The thermal 
and chemical energy which drives these flows is dis­
sipated by the viscosity of the melt. The erosion 
phenomenon is therefore analyzed primarily in 
terms of the Grashof number (ratio of buoyancy to 

Above: Schematic representation of mathematical model 

viscous forces) and the Marangoni number (ratio of 
surface tension to viscous forces). 

In the present system the separate driving forces 
which are considered are shown as: 

Figure a on page 83 pure buoyancy flows due to 
temperature gradients GrT#0 and Grc = Ma=0; 

Figure b pure buoyancy due to concentration gra­
dients Grc#0 and GrT = Ma = 0; 

Figure c due to positive capillary gradient, Maran­
goni Ma > 0 and GrT = Grc = 0; 

Figure d due to negative capillary gradient, Maran­
goni Ma < 0 and GrT = Grc = 0; 

Here, we present only the contributions due to 
Marangoni forces. 
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Erosion 
profile 

Crucible 
wall 
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Above: Computed solute distributions and flow patterns, in 
the boundary layer close to the refractory wall, for different 
cases. Concentration ranges from that of the refractory wall 
(rose), to that of the bulk (blue) 
a) pure buoyancy flows due to temperature gradients; 

GrT1x1
0 7 and Grc = Ma = 0; 

b) pure buoyancy due to concentration gradients; 
Crc = 0.5x 10

7
andGrc = Ma = 0; 

c) due to positive capillarity gradient, 
Ma = 0.25 χ 10

5 and GrT = Crc = 0; 
d) due to negative capillarity gradient, 

Ma = ­0.25 x10
s and GrT = Grc = 0. 

Classical Marangoni flow arises from differences in 
local surface tension as a result of thermal, chemical 
or concentration gradients (as in this case) appea­

ring at the surface or interface of fluids, the direc­

tion of flow being from low to high surface tension. 
Positive Marangoni values correspond to systems 
where the presence of surface active species in­

creases the interfacial tension of the medium, so 
that where such a species are diffusing from the 
wall the interfacial tension increases as it approa­

ches the wall Figure c, where Ma=0.25 χ 10
5 and 

GrT = Grc = 0. 
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It is seen that in the vicinity of the top surface, posi­

tive Ma values tend to drive the surface fluid to­

wards the wall. Since Marangoni convective cur­

rents are a surface phenomenon, they create a 
steep velocity gradient in the liquid subsurface 
layers by the viscous shear effect of the fluid. The 
steep velocity gradients on the other hand create 
strong variations in the concentration gradients of 
the diffused wall material and since the currents 
sweep it away and replenish it continuously with 
new bulk molten material. 
The erosion is enhanced at this point. In the rest of 
the bulk, the convection flows are negligibly small 
and the region is dominated by diffusion flux, crea­

ting rather homogeneous distributions, resulting in 
the absence of erosion profiles. This behaviour is 
clearly reflected in the distribution of the dissolved 
wall material. The erosion profile, in turn, shows re­

latively slow dissolution rates throughout, with the 
exception of a relatively narrow region in the vici­

nity of the top surface which erodes very rapidly. 
This erosion depth is a direct consequence of the 
surface driven flow. 

Negative Marangoni values (Ma= ­ 0.25 χ 10
5 and 

GrT=Grc=0) correspond to a system, where the pre­

sence of diffusing species decreases the interfacial 
tension of the solution. 
In this case, the horizontal velocity component has 
the same direction as the diffusing flux. In Figure d, 
the corresponding flow patterns with the distribu­

tion of the diffused wall species are presented, indi­

cating clock­wise currents at regions close to the 
surface. 
Thus, "fresh" melt material is supplied from the 
bulk to the surface. 

Therefore, in this case, it is observed that although 
the Marangoni convection is a surface effect, nega­

tive surface tension gradients create flows occu­

pying nearly the whole volume of the molten fluid, 
which results in erosion profiles with maximum 
depths occurring just below the top surface. 

However, this flow pattern creates relatively steep 
concentration gradients over a greater area of the 
refractory wall, creating rather different shapes of 
erosion profiles to those with Ma >0. 
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CAE 
CDM 
CEA 
CEASI 
CEC 
CEFIR 
CEN 
CFC 
CIM 
C/M 
CMC 
COST 
COST 501 
CPP 
CPAA 
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CTK 
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DBMS 
DG 
DYNA2D 
EB 
EBRII 
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ECN 
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EFR 
EN 
ENEA 
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EPRA 
ESCA 
EURAM 
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Advanced Coatings Centre 
Aged Materials Expertises and Studies 
Atmospheric Plasma Spraying 
American Society for Mechanical Engineers 
Austenitic Steel Testing 
American Society forTesting and Materials 
Bureau Communautaire de Référence -
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Ceramic Matrix Composite 
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Databank Management System 
Directorate General 
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European Communities 
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European Fast Reactor 
European Standard 
Ente Nazionale Energia Alternative 
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European Pre-Standard 
European Pre-normative Research Association 
Electron Spectroscopy for Chemical Analysis 
European Research on Advanced Materials 
European Research Coordination Agency 
European Remote encapsulation Operating System 
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EXOTIC 
FALSIRE 
FE 
FTIR 
GE 
GM 
HAZ 
HCM 
HFR 
HSE 
HTM 
HTR 
HVOF 
I BAD 
1AM 
IGRDM 

ILL 
IIW 
IOD 
IRDAC 
ISI 
ISO 
ITER 
JRC 
KECU 
KFA 
KFK 
LCF 
LME 
LOCA 
LWR 
MAN 
MCNP 
MEcu 
MOX 
M PA 
MPS 
MS-DOS 
NAA 
NDE 
NDT 
NEA 
Ν ESC 
NET 
ΝI LOC 
NOVEM 
ODS 
OECD 
ORR 

Extraction of Tritium in Ceramics 
Fracture Analysis of Large Scale International Reference Experiments 
Finite Element 
FourierTransformed Infra-Red 
General Electric 
Geiger-Müller 
Heat Affected Zone 
Human Capital and Mobility 
High Flux Reactor 
Health and Safety Executive 
High Temperature Materials 
High Temperature Reactor 
High Velocity Flame Spraying 
Ion Beam Assisted Deposition 
Institute for Advanced Materials 
International Working Group on Radiation Damage Mechanisms for 
Pressure Vessel Steel 
Institut Laue Langevin, Grenoble 
International Institute of Welding 
Innovatief Onderzoeks Project 
Industrial Research and Advisory Committee 
In-Service Inspection 
International Organization for Standardization 
International Thermonuclear Experimental Reactor 
Joint Research Centre 
Kilo European Currency Units 
Kernforschungsanlage Jülich 
Kernforschungsanlage Karlsruhe 
Low Cycle Fatigue 
Liquid Metal Embrittlement 
Loss of Cooling Accident 
Light Water Reactor 
Machienenfabriek Augsburg-Nürnberg 
Monte Carlo Neutron and Photon code 
Million European Currency Units 
Mixed Oxide 
Staatlich Materialprüfungsanstalt (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 
Next European Torus 
Nitride Fuel, Low Oxygen and Carbon 
Nederlandse Organisatie voor Energie en Milieu 
Oxide Dispersion Strengthened 
Organization for Economic Cooperation and Development 
Oak Ridge Research 
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PACVD 
PADS 
PC 
PET 
PISC 
POMPEI 
PTS 
PVDF 
PWR 
R&D 
RBE 
RBS 
REFLEXAFS 
RPV 
RRT 
RT 
RWE 
SAS 
SEM 
SEP 
SGT 
SOC 
STEP 
TC 
TEM 
TLA 
TLD 
TMF 
TMI 
TU 
UE 
VAMAS 
Vbf 
VPS 
WG 
WP 
YS 

Plasma Assisted Chemical Vapour Deposition 
Positron Annihilation Doppler Spectroscopy 
Personalcomputer 
Positron Emission Tomography 
Project for the I nteg rity of Steel Components 
Pellets Oxide Mixte, Petten Irradiation 
Pressurised Thermal Shock 
Polyvinylidene Fluoride 
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 
Rheinisch Westphälische Elektrizitätswerke 
Standard Acoustic Source 
Scanning Electron Microscopy 
Société Européene de Propulsion 
Steam Generators Tubes Testing 
Sulphidizing/Oxidizing/Carburizing 
Science and Technology for Environmental Protection 
Technical Committee 
Transmission Electron Microscopy 
Thin Layer Activation 
Thermoluminescence Detectors 
Thermo-Mechanical Fatigue 
Three Mile Island 
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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