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INTRODUCTION 

ntroduction 

Here we report on progress in the work of the Insti
tute covering the third year of this present four year 
JRC Programme. In the previous report, we descri
bed the reorganisation of the Joint Research Cen
tre into a set of Institutes, in which the present Insti
tute was structured to embrace most of the mate
rials R & D of the former Joint Research Centre, in 
particular that in Petten and in the Ispra sites. This 
bimodal structure confers the benefit of size and 
also of a wider range of expertise which can be ex
ploited in a complementary manner. Thus, close 
coordination across the two geographical sites has 
continued with increasing R&D cooperation even 
at the individual project level. 

The report emphasises essentially this continuing 
process of consolidation in research activities and 
in evolving a distinctive identity. We report on pro
gress in research in the individual projects, in new 
initiatives with the European materials community 
as well as in the planning of an Institute strategy. 

Programme Structure of the Institute 

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

- The Specific Programme on Advanced Materials 
- Contributions to other Specific Programmes 
- Projects in Support to Commission Services 
- Exploratory Research Programme 
- Third Party Contract Research 
- Complementary Programme of the High Flux 

Reactor. 

The Specific Programme on Advanced Materials 

Here, projects derive from the Specific Programme 
on Advanced Materials of the Framework Pro
gramme of the C.E.C. The main research areas and 
objectives are: 
- Properties, Performance, Characteristics and 

Improvements of Structural Materials 
Alloys 
To study the performance of alloys in simulated 
industrial environments with physically based 
modelling and experimental verification to pre
dict behaviour in service. 

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

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

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

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

Modulation of Surface Properties 
Wear& Corrosion Resistant Coatings 
To develop new procedures for the synthesis of 
protective (wear, corrosion resistant and ther
mally insulating) coatings by PVD, CVD, LPPS and 
by treatment with ¡on beams. 

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

Properties, Performance, Characteristics 
and Innovation of Functional Materials 

Composite Materials Properties Improvements 
To characterise selected composite materials 
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(phase dispersed alloys, particle dispersed alloys, 
fibre strengthened alloys) by microstructural and 
compositional analyses and mechanical testing. 

Chemical Sensors 
To develop or improve chemical film sensors for 
environmental as well as industrial gaseous at
mospheres (H2/OHx/NOx,SOx) with high perfor
mance. 

Data and Information Management for Advan
ced Materials 

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

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

Contributions to Other Specific Prog rammes 

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

- Reactor Safety 
Project for the Integrity of Steel Components 
(PISC) 
Assessment of the effectiveness of the inspection 
techniques and procedures and of their reliability 
when applied to structural components; empha
sis on the in-service inspection of the primary cir
cuit of nuclear reactors. 

- Radioactive Waste Management 
Materials Research Aspects 
To describe the interactions between con
ditioned waste (vitrified high level waste and al
pha-contaminated waste in concrete) and the 
surrounding materials in final storage conditions, 
essentially for the development of risk assess
ment models. 

Fusion Technology and Safety 
Materials Integrity 
To provide experimental information on proper
ties and on irradiation behaviour of AISI316 steel 
for NET first wall candidate material. 
Study of effects of plasma disruptions and deter
mination of thermal fatigue behaviour of first wall 
elements. 
To obtain data on Pb-Li properties and the com
patibility with structural materials. 

Projects in Support of Commission Services 

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

Standards for Advanced Ceramics (DG III) 
- Support to and stimulation of the development 

of European standards and pre-standards 
- Execution of R & D actions within European stan

dardisation activities. 

Standardization of Quality Control Protocols 
Produced Radio Pharmaceuticals (DG XI) 
- Support to the Council Directive on radiation 

protection of persons undergoing medical exa-
mication and treatment 

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

Technology Transfer and Utilization of Research 
Results (DG XIII) 
- Oxygen sensors 
- Passive Downward Heat Transport. 

Materials Databanks (DGXlll) 
Supportto DGXlll (Information Services Market)on: 

1) Organisation and evaluation of the Materials 
Databanks Demonstrator Programme 

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

3) Development of standards for materials data
banks. 
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Exploratory Research 

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

- Design and Construction of an Epithermal Neu
tron Beam fora Boron Neutron Capture Therapy 
Facility at the High Flux Reactor in Petten. 
To design and construct a BNCTfacility at Petten 
for the treatment of certain types of cancer by 
means of radiation. 

- Joining of Ceramics to Metals 
To study experimentally the interfacial chemical 
relations controlling the joining of ceramics to 
metals and to explore the use of ¡on beam sur
face preparation techniques for promoting 
joining in orderto optimise joints for high tempe
rature applications under stress. 

- Micro-Hydrodynamics of Laser Melted Pools 
To model with computer techniques and study 
experimentally the expected shapes of molten 
pools produced by laser melting of engineering 
alloys. 

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

- Cold Fusion 
To investigate the effect of deuteration on metal 
shavings. 

Above: Evolution of Third Party Contracts. 
" total earnings 

The_Programme of the High Flux Reactor 

To exploit effectively the High Flux Reactor in 
Petten, an outstanding European materials testing 
facility, for the benefit of member states' reactor 
technology programmes, for the programmes of 
the Commission and for other Third Party require
ments. 

Third Party Contract Research 

This is a new departure in the work of the Joint Re
search Centre. It is the most direct affirmation of 
the customer/contractor principle and represents a 
cultural adaptation in so far as the competences 
and facilities of the Institute are made available for 
research contracted by outside bodies. During this 
period, the Institute has progressed well in finding 
new contracts which reflect the range of interest of 
the Institute. The projects in general depend clo
sely on the scientific experience gained in the exe
cution of the Specific Programme. The evolution of 
this type of R & D is illustrated above. 
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Budget and Resources 1990 

The table below lists the budget appropriations 
and the manpower resources allocated to each of 
the research areas during the year 1990. 

Programme 

1. Specific Programme 
Materials 
Fusion Materials 
Reactor Safety (PISC) 
Other Specific 

2. Supporttothe 
Commission 

3. Exploratory 
4. High Flux Reactor 

Complementary 
Common 

Research 
Staff 

82 
22 
22 
5 

9 
8 

42 
3 

Research 
Budget 
(Kecu) 

2280 
329 
495 
70 

630 
384 

636 
330 

Totals 193 5154 

Notes 1. In addition to the above resources, 
8 research staff were engaged in 
contract work for third parties. The total 
revenue for contract research work 
performed in 1990 amounted to 
2.300 Kecu. 

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

European Materials Initiatives 

The Institute has been engaged in setting up a 
number of materials related initiatives, in a pan-Eu
ropean context and with the aim of stimulating new 
forms of cooperation foran effective European pre
sence in engineering materials. Progress has been 
made in the following initiatives: 

European Initiative on Structural Intermetallics 
In orderto help create a wider awareness of the po
tential of ¡ntermetallic materials for future enginee
ring applications, especially in high temperature si
tuations, the Institute has initiated discussions and 
set up a Committee of European experts, the Euro
pean Group for Structural Intermetallics (EGSI). 
Together with partners in DG XII from the BRITE/ 

EURAM Programme, Institute staff have organised 
a special Workshop in Brussels, attended by more 
than 50 participants, to ascertain the degree of in
terest of research bodies in Member States of the 
EC to enter into a collaboration on intermetallics. 
Following this, the Committee has drawn up plans 
with a view to setting up together with BRITE/EU-
RAM a Concerted Action on Intermetallics which 
will be launched in the course of 1991. 

European Long Ceramic Fibres Initiative 
In orderto encourage the development and appli
cation of ceramic and metal matrix composites 
strengthened by continuous ceramic fibres and to 
create a favourable climate for European industry 
to manufacture such fibres, the Institute has cataly
sed a number of meetings of European experts in 
this field. 
The general response and interest has been hear
tening, which has led to a number of actions. 
In the first instance, together with colleagues in 
BRITE/EURAM, an expert marketing investigation 
will be carried out to determine the potential usage 
of fibres in future products, ranging from high tem
perature composite materials to, possibly, mate
rials forthe first wall of a thermo-nuclear reactor. 
In addition, a EUREKA programme is being plan
ned in order to conduct research by concerted ac
tion on routes for the efficient production of cera
mic fibres and their properties characterisation. 

The EMARC Contract Research Consortium 
In order to provide a framework for pursuing and 
executing large industrial contracts on materials 
projects, the Institute together with CISE in Italy, 
has organised a Consortium of four leading Euro
pean research organisations. 

In addition to the above, this includes TNO in The 
Netherlands and National Engineering Laboratory 
(NEL) in the U.K. - the aim being to pool materials 
research capabilities and experience and to offerto 
carry out research contracts in this highly coordina
ted manner. 

For this, a legal charter has been prepared and the 
means for conducting this type of activity has been 
agreed among all the parties. The intention is to 
provide a legal framework for conducting business 
within the system of a European Economic Interest 
Grouping. 
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Advanced Coating Centre 
The Institute has ascertained that there is high 
growth potential in the individual application of 
protective coatings for the integrity of engineering 
components operating under extreme conditions 
of service in, for example, aerospace and petroche
mical industries. The Institute here is planning to 
enter into a Joint Venture with a neighbouring 
Dutch Energy Research Foundation (ECN), to pool 
manpower resources, expertise, and facilities, in or
der to provide an Advanced Coating Service. The 
aim is to develop advanced coating techniques 
using processes such as chemical vapour deposi
tion and plasma vapour deposition and to make 
available on a contract basis a central facility for re
search and innovation. 

Institute Strategy for the year 2000 

Together with the other Institutes of the Joint Re
search Centre, this Institute has entered into exten
sive studies and discussions with the aim of setting 
up a strategy up to the year 2000. The Institute has 
undertaken a lengthy internal study aimed at defi
ning the research fields in which it can best contri
bute, given the likely materials associated require
ments. Public and industrial sectors which on the 
basis of experience should have a high require
ment for advanced materials related research inclu
de: energy; transport; manufacturing; environ
ment; information technology; safety; construction; 
medical; R& D training. 

The outcome of different individual studies on pu
blic and industrial sector materials R & D require
ments were evaluated according to a set of criteria, 
namely; (a) requirement in terms of market pull and 
the perception of the future importance of the sub
ject; (b) the customer aspect - institutional custo
mers or industrial contract customers; and (c) the 
suitability of the work taking into account the ad
vantages and constraints of the EC, such as the re
quirement of a high level of subsidiarity and the 
existence of available facilities and S & T expertise. 
All the studies were taken rigidly through the eva
luation criteria and those retained were given high 
priority for future Institute activities. 
Expressed in terms of materials themes, the follo
wing are considered to be the priority future orien
tations of the work of the Institute: 

MATERIALS THEMATICS APPROACH 

SYNTHESIS 

CHARACTERISATION 

PROCESSING 

TESTING/VALIDATION 

MANUFACTURING 

- sub-micron structured materials 
innovations 

- ceramics coating innovations 
- composite fibre engineering 
- joiningofdissimilarmaterials 

- mechanisms of behaviour 
- life enhancement technologies 
- life prediction and reliability 

- computeraided intelligent 
processing, 

- sub-micron processing 
- quality control during 

fabrication 
- protection technologies 

NDEandNDT.forconventional 
and new materials 
pre-normative R&D leading to 
codes, standards, reference 
materials 
techniquesfortesting new 
materials and in complex 
operational conditions 

computer integrated 
manufacturing 
(materials aspects) 

INDUSTRIALTRANSFER-dissemination 
- specialist training. 

The analysis shows that the R & D will contribute 
preferentially to the sectors: Power Engineering, 
Transport and Safety. In addition to these areas, 
there are themes suggested by the presence of uni
que central facilities: 

- Boron Neutron Capture Therapy, 
based on the HFR 

- Positron Emission Tomography, 
based on the Cyclotron. 
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Overall, this will require a gradual shift in the ba
lance of the work throughout the Institute and in 
the type of materials R&D being conducted, with a 
growth in aspects of materials synthesis, materials 
processing (in particular through interfacial engi
neering), and test methodologies, in particular 
non-destructive testing. (See figure below). 

Research 
Effort (%) 

1988 1992 1995 1999 
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SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

Alloys 

This project aims to study the performance and de
terioration of materials in simulated industrial envi
ronments by means of physically based modelling 
and experimental verification to predict behaviour 
in service. A further important requirement is to de
velop test and assessment methodologies suitable 
for industrial needs. 

Much of the scientific activity of the project has con
tinued to be carried out in cooperation with indus
trial and research institutes throughout Europe, 
particularly in the frame of COST 501 Round II but 
including also Joule, BRITE-I and BCR. In addition 
to the scientific involvement in three of the Work 
Packages of COST 501, two scientists (from com
ponent and fatigue areas) have the responsibility to 
manage WP5 which involves the coordination of 
the testing and modelling of over 30 European re
search projects aimed at the assessment of the (re
sidual) lifetime of specific power engineering com
ponents under simulated service conditions. 

The test and assessment methodologies activity 
continued to feature as a major effort since, in addi
tion to the original objective of improving the tech
niques required for the scientific activities, it is in
creasingly required for the tailoring or develop
ment of systems to be used at a later stage in third 
party contracts. The project activities are described 
in terms of the principal type of degredation invol
ved. 

a. Corrosion 

In comparison with the previous year a greater pro
portion of the Group's efforts have concentrated 
on research contracts conducted on a payment ba
sis for third parties. This trend is illustrated by the 
increasing number of joint papers. 

The major objective of the study within the COST 
501/11, WP4, framework is to relate the corrosion 
behaviour established under carefully controlled 
laboratory conditions with those observed in com
mercial gasification plant for 4 alloys, i.e. AISI 310, 
Alloy 800H, Fecralloy, and MA 956. After first cha
racterising the atmosphere of a pilot coal gasifier 
operated by one of the collaborating partners (Bri
tish Coal), specimens of each alloy were exposed in 
the plant in various temperature regions and also in 
laboratory autoclaves in gaseous environments 
covering the range found in the gasifier. Specimens 
extracted from the top (~870°C) and middle 
(~690°C) regions of the gasifier were examined 
using X-Ray diffraction. The corrosion products 
which had formed during the 940h. exposure were 
mainly oxides, e.g. M304, Fe203, AI2O3 and Cr203 

(see table below). 

Tabel below: X-Ray Diffraction Analyses of Specimens 
Exposed in British Coal Gasifier for 940 hours 

Material 

AISI 310 

Alloy 800H 

Fecralloy 

MA 956 

1x 
2x 
3x 
4x 
5x 
6x 

MA 956 

Temp. Surface 
{°Q 

690 

870 

Condition 

Ground 
Electropolished 

Ground 
Electropolished 

Ground 
Electropolished 

Ground 
Electropolished 

Ground 
Electropolished 

Y 

224/3.58 
25/3.59 

266/3.59 
-
-
-
-
-
-
-
-
-

37/3.59 
13/3.58 

-
-

a-CrFe 

-
-
-
-

315/2.88 
515/2.89-

494/2.88 
23/2.88 

35/2.89 
-
-
-
-
-

56/2.88 
35/2.88 

Phases Identified (Intensity/Parameter) 
M3CV 

19/8.38 
45/8.34 

21/8.39 
42/8.32 

-
-
-

11/8.38 

21/8.34 
35/8.34 
29/8.39 
32/8.37 
39/8.36 
37/8.41 

13/8.33 
42/8.34 

Cr203 

5/4.79-13.62 
-

4/4.97-13.61 
-
-
-
-
-
-
-
-
-
-
-
-
-

Fe203 

-
36/5.03-13.78 

-
40/5.03-13.74 

-
-
-
-

16/5.03-13.72 
16/5.03-13.72 
12/5.03-13.76 
20/5.03-17.75 
25/5.04-13.74 
13/5.04-13.76 

12/5.03-13.74 
36/5.03-13.73 

Al203 

. 
-
. 
-
. 
-
. 
-

9/4.75-13.02 
-
-
-
-
-

5/4.76-13.00 
22/4.76-13.03 

Other: 

NiS(15) 



Samples which were exposed in the laboratory for 
1000h at 600°C to H2-CO-H20-H2S gas mixtures 
containing 0.6% and 2% H2S were covered by sul
phides. The MA 956 and Fecralloy specimens ap
peared more corrosion- resistant in the simulated 
atmospheres due to the initial formation of thin Cr-
rich sulphides. 

In a separate investigation, Alloy 800H surfaces 
were exposed to simulated coal gasification atmos
pheres. 
The aim was to determine the effect of Ce ion im
plantation on corrosion resistance. 
Less corrosion was found on surfaces implanted 
with 10E17 ions/cm2 than on untreated surfaces: 
the scale was thinner, the development of isolated 
fast-growing sulphides was retarded, and the oc
currence of localized internal corrosion products 
was considerably delayed. 

In addition, the corrosion products on the implan
ted alloy had a higher Cr:Fe ratio than on unimplan-
ted surfaces. Figure above shows the difference in 
morphology of the scale on a region of the alloy 
surface implanted with Ce compared with a region 
outside the implanted area. Figure below shows 
how such surfaces appear in cross-section. 

Above: Surface-scale morphology near the boundary of 
unimplanted (left) and 10'7 Ce ions/cm2 implanted (right) 
Alloy 800H after exposure for 15 min (a) and 5 hr (b) in the 
S-O-Cgasat700°C. 

Below: Cross-sectional SEM micrographs of Alloy 800H 
(a,b,i and Alloy 800H implanted with 10'7 Ce ions/cm2 (c,dj 
after exposure for 5 hr (a,c) and 200 hr (b,d) in the S-O-C- gas 
at 700°C. 
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b. Creep 

Most of the effort available for the Alloys project 
has been devoted to collaborative work within 
COST 501 /Il where Work Packages 1 and 4 are con

cerned respectively with heat exchanger and ad

vanced gas turbine alloys. 
Heat exchanger alloys: Experiments on the creep/ 
corrosion behaviour of the ironbase ODS material 
MA 956 have been started. 

The main interest concerns the behaviour of pre

oxidized samples compared to untreated material. 
In order to improve the corrosion resistance of MA 
956, the supplier has proposed a preoxidation 
treatment. However, the extent to which this pre

formed oxide layer (Al203 scale) can withstand the 
mechanical deformation which must be expected 
in service is not yet known. As shown by figure 
above, material degradation occurs in an H2S bea

ring atmosphere for creep tested samples. The 
sample surface can be seen to be characterized by 
striations of small particles of corrosion product 
which were identified as Crrich sulphides. 
Larger amounts of corrosion product, typically Fe

rich particles, which were found to be rather homo

geneously distributed on the surface, overgrow the 
smaller Crsulphides. The striationlike geometry of 
the attack obviously marks places of fissure and 
crack formation in the oxide scale. Severe spalla

tion of the scale could also be observed at various 
places as illustrated by figure above. Further inves

tigations have been started to analyse the influence 
of the strain value and the strain rate on oxide scale 
deterioration for MA 956. 

Gas turbine vane alloys: Creep investigations have 
been performed on the newly developed nickel

base ODS alloy MA 760 have been performed at 
1050°C in air and tests up to about 6000 h have 
been finished. Some results on this topic are pre

sented in figure below. As would be expected the 
main problem arises from the low strength and 
ductility if the samples are taken transversely to the 
orientation of elongated grains. Preliminary metal

lographic examinations have revealed that the 
creep samples exhibit severe grain boundary da

mage after only a few hours. Further work will be 
concentrated on structural analysis in order to cha

racterize more completely the relationship be

tween mechanical properties and microstructure. 

Above: MA 956 after2.4% strain in an S-O-C bearing 
atmosphere at 600°C. Corrosion products on the oxide 
which has partially spalled. 

Below: Creep test results for MA 760 at 1050°C 
L = longitudinal direction, LT = long transverse direction. 
Large deterioration for the LT-type samples. 
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Axial strain 

20 

Hoop strain 
■■■■■ Experimental data 
— CDM prediction 

40 60 80 100 120 140 
Time (hrs) 

Above: Comparison of Biaxial creep deformation 
behaviour with theoretical predictions based on the 
CDM method 

Below: 2Vt CHIMO minature compact tension specimen 
(Post test) 

c. Component behaviour 

The purpose of the final phase of the BRITE1 pro

gramme was to carry out specific benchmark tests 
by loading tubular components under multiaxial 
creep loads to verify predictions made from 
uniaxial creep data based on empirical and conti

nuum damage mechanic models. The multiaxial 
creep behaviour of Alloy 800H tubes tested under 
internal pressure was found to be predictable using 
empirical 9projection method adopted for multia

xial conditions. In contrast, creep deformation of 
2

1
/4Cr1Mo steels tested under internal pressure 

and axial loading met the predictions of a physi

cally based continuum damage model as shown for 
example in figure above for a biaxial test. 

The activities on 2
1
ACr1Mo steel within COST 

50111 WP5 continued in the multiaxial creep area, 
resulting in an important further development of 
the component creep crack growth method for the 
same alloy. Longitudinally and circumferentially 
notched tubes have been tested under internal 
pressure or axial load and the influence of notch 
geometry on creep strength and crack growth rate 
was elucidated. 

Two new activities were begun. First, in preparation 
for a study of the creep crack growth behaviour of 
ferritic steels in high pressure hydrogen environ

ments some preliminary creep crack growth experi

ments have been successfully made using minia

ture compact tension specimens (figure below). In 
parallel, a facility for uniaxial creep testing in 200 
bar H2 environments was developed in connection 
with a third party contract. This facility will enable 
the rapid transfer of the CCG experiments to the 
conditions of potential hydrogen attack in various 
industrial processes. 

The second new activity is a study of the multiaxial 
creep behaviour of oxide dispersion strengthened 
tubes for heat exchanger applications above 
1000°C. This study is being made in cooperation 
with partners within COST 50111 WP4. Preliminary 
experiments have shown that the hoop strength of 
this anisotropic material is at least a factor of five 
lower than the manufacturer's data for longitudinal 
strength and further investigations are required to 
establish the importance of such results for plant 
design. 

16 
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11 

d. Fatigue 

Experimental work in the COST 501-11 programme 
is geared towards generating a data base on the 
nickel-base ODS alloy MA 760, in collaboration 
with outside laboratories participating in the work 
packages WP1 and WP5. The companion objective 
is the identification and analysis of the damage ac
cumulation and failure mechanisms. Figure above 
compares preliminary results of the low cycle fati
gue lives at 1050°C with thermomechanical fatigue 
lives using a 550°C-1050°C TMF cycle defined on 
the basis of the temperature/strain history in a gas 
turbine vane. 

The development of the computer vision system 
for the in-situ monitoring of the initiation and 
growth of microcracks on the surface of samples 
while being mechanically deformed continued. 
Several hardware extensions were made in order to 
achieve a separate handling of the command files 
and of the ¡mage and data files. Software updates 
concerned the implementation of the scan ¡mage 
acquisition mode and improvements of the analyti
cal tools. 
The system's capability was tested by the in-situ 
measurement of the growth of microcracks during 
the fatigue testing of a nickel-based alloy at high 
temperature. An example of a microcrack growth 
curve is shown in the figure below. 
A major task with regard to equipment and test 
technique updating is the implementation of a di
gital data acquisition, analysis and presentation 
system. Decentralized data acquisition (DAQ) was 
selected as best suiting the group's testing envi
ronment. To promote data mobility all DAQ sta
tions are interconnected to form a distributed file 
server communication network. The implementa
tion of the DAQ concept started in 1990 in the 
E.T.L./S fatigue laboratory. 
The development of the Expert System ARTIC for 
the assessment and management of the residual li
fetime of steam headers in collaboration with ISE 
(JRC Ispra) continued with the definition of Phase II 
aimed at turning the prototype of ARTIC into a wor
kable system. However, the activity in this area had 
to be temporarily stopped in the middle of 1990 
because of lack of manpower. 
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Above: Low cycle fatigue and thermomechanical fatigue 
lives of MA 760 

Below: Growth curve of a microcrack on the surface of a 
fatigue specimen measured in-situ during the test by means 
of the computer vision system 
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Engineering Ceramics 

In recent years, the technology of processing 
engineering ceramics has made considerable pro

gress, to the extent that ceramic materials are now 
seriously considered for thermomechanical appli

cations and attempts are being made to design 
with ceramics. Such ceramic materials have to 
operate under severe conditions of temperature, 
corrosion and mechanical stress. 

In the light of this industrial/technological relevan

ce, the JRC ceramic materials effort is directed to 
studying the corrosion and mechanical properties 
of nonoxide ceramics at high temperatures (up to 
1600°C). Special attention is devoted to the under

standing of the degradation mechanisms by in 
depth microstructural investigations, particularly 
for failure analysis and component lifetime predic

tion. The engineering properties relating to cera

mic/ceramic joining, ceramics machining and non

destructive evaluation are also studied. 

Highlights of the year have been: 

 Subcriticai crack growth of monolithic and SiC

whisker reinforced silicon nitride: SiCwhiskers 
lead to a slight increase in fracture toughness 
over the temperature range 20°C1400°C; the 
crack growth mechanism is not changed by the 
presence of the whiskers. 

 The high temperature mechanical properties of 
monolithic silicon nitride were evaluated in ag

gressive environments. 

 Test equipment for testing the mechanical beha

viour in tension and in creep of a 2D continuous 
fibre reinforced, ceramic matrix composite has 
been developed and an evaluation of test me

thodologies for studying the mechanical proper

ties of ceramic composites was started. 

 Progress in mechanistic studies of gaseous corro

sion of engineering ceramics was marked by con

firmation of the volatility map model for oxisul

phidation developed from earlier experimental 
and thermodynamic data. 

■ The reliability of SÌ3N4SÌ3N4 joints with high tem

perature strength (400500 MPa) has been signi

ficantly improved by using metallic NiCr inter

layers. Tailoring of ¡nterlayer chemistry leads to 
optimum properties. 

 Reaction pattern studies for the formation of 
strong reliable bonds show that the formation of 
Cr2N and ON species leading to stable suicide 
formation gives, strong bonding. Atmospheric 
control to minimise Si3N4 decomposition is extre

mely important. 

 Implantation of ceramic surfaces with Ar, Cr, Si of 
N ions to modify both microstructure and micro

chemistry can improve the surface and bulk me

chanical properties of silicon nitride. 
 The fabrication of a fully dense SiC (whisker) 

SÌ3N4 composite containing up to 20% whiskers 
by low cost slip casting/low pressure sintering 
shows mechanical strength and toughness equi

valent to high cost hot pressed material. 
 The increase in whisker size from diameter 

0.20.3 urn to 12 (Jm gives an increase in toughe

ning. 
 The addition of CeC>2 as a grain boundary addi

tive phase greatly enhances the sinterability of 
Si3N4Zr02 composites. 

 A methodology for measuring residual stress 
profiles in machined ceramic materials by Xray 
diffraction techniques has been developed. 

Research on mechanical properties has been focus

sed on the cyclic fatigue behaviour of SÌ3N4 and the 
subcriticai crack growth of whisker reinforced cera

mics in order to generate cyclic fatigue life curves 
and to elucidate toughening mechanisms of the 
reinforcement. 

The gaseous and hot corrosion behaviour of a 
range of newly developed monoxide ceramics is 
being studied, to elucidate the fundamental corro

sion mechanisms at very high temperatures. 

Much progress has been made in understanding 
the relation between high temperature mechanical 
properties and ceramics machining techniques. 
Techniques have been developed for the prepara

tion of reliable ceramic composite test specimens. 

High quality ceramic joints have been developed 
showing good performance under conditions of 
high temperature corrosion and mechanical stress, 
which simulate industrial environments. 

A state of the art study has been made in the field 
of non destructive testing for ceramics and cera

mics composites. 
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Density vs. temperature and time 

The research activities are well integrated in the 
CECceramics programmes e.g. Science, or in di

rect collaboration with Universities, Research Cen

tres and Industry. 
The unique test facilities and the expertise availa

ble formed the nucleus of 

 industrial contract research; 
 support to the Commission Services; 
 exploratory research activities. 

The research and development work has spinoff's 
in several modern technologies i.e. Aerospace and 
Aeronautics, Automobile Industry, Energy Sector, 
Petrochemistry, Mechanical Engineering etc. 

The results of the ceramic project are reported per 
discipline: 

 Interfacial Engineering, 
 Mechanical Properties, 
 Corrosion Properties. 

Interfacial Engineering 

a. CeramicMatrix Composites 

Silicon nitride reinforced with silicon carbide 
whiskers 

Q 

c 
o 
Q 

Above: Densificationprofile fora 10% S¡C(w)-S¡3N¿ 
composite sintered under 10 bar N2 gas 

Below: Room temperature bending strength of a 
SiC(w)-5i¡Nj composite 

The reinforcement of monolithic ceramics by fibres 
or whiskers can lead to a significant improvement 
of mechanical properties such as strength, fracture 
toughness, strain at failure, susceptibility to surface 
damage and thermal shock resistance. 

A processing route to fabricate SiC(w)  Si3N4 whis

ker composites by lowcost slip casting and low 
pressure sintering has been refined to allow opti

mum densification of composites containing 5,10, 
15 and 20% whiskers, homogeneously distributed 
through the matrix (Figure above). 

The whiskers confer a significant increase in room 
temperature strength, up to 15% whisker content 
(Figure below). 

At higherwhiskercontent, an increase in matrix po

rosity arising from densification constraints impo

sed by the high whisker population, begins to exert 
a deleterious effect. 
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The composite strength falls off at higher tempera
tures as expected for high additive content SÍ3N4 
based systems (Figure above left). Enhancement of 
strength at high temperature by control of intergra-
nular chemistry ¡s a clear priority for future research. 

The enhancement of toughness in directions paral
lel to the slip casting direction was confirmed 
(Figure above right). Microstructural studies sug
gest that the composite toughness results from a 
whisker-induced decrease in grain size in the ma
trix, and by whiskertoughening. Increasing whisker 
dimensions (from mean diameter 0.6 urn to mean 
diameter 2.2 urn) results in a minor improvement of 
toughness. 

However, the enhancement of toughness has not 
been remarkable. Studies for crack propagation 
using real time video show that whiskers are fractu
red by the approaching crack with only a minimal 
degree of interfacial crack deflection (Figure be
low). The fibre matrix bond is clearly too strong to 
allow whisker debonding and the operation of the 
various mechanisms recognised to dissipate crac
king energy (fibre pull-out, crack deflection, crack 
branching, bridging etc.). 

The first phase of the project to develop an ade
quate processing route has been successfully com
pleted; and the way has been opened to progress 
to the main project targets, i.e. to engineer the 

Above left: Bending strength ofSiCM-SijNj composites 
with increasing temperature 

Above right: Toughness of a SiC(w)-Si3Nj composite 

Below: Room temperature fracture behaviour of a 10% 
SiC(w)-Si3N4 composite 
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3.8 

matrix-whisker interface chemistry and structure in 
order to allow the toughening mechanisms to ope
rate and develop a tougher composite. However, 
owing to the intrinsic toxicity of the SiC whiskers 
and the concomitant climate of industrial uncer
tainty regarding their future application - the pro
ject was considered as strategically too sensitive for 
the JRC and was terminated in June 1990. 

Silicon nitride reinforced by zirconia particles 

The stress induced transformation (tetragonal to 
monoclinic) of zirconia has been widely used to 
toughen many ceramic matrices including silicon 
nitride. The combined influence of ZrC>2 and cerium 
oxide to promote sinterability and to toughen sili
con nitride offers the possibility to form tougher ce
ramics by low cost sintering process routes. A pro
ject has been initiated to explore the effect of these 
additions, in controlled proportion, on the proces-
sibility and mechanical behaviourof sintered silicon 
nitride. 

First results indicate that both additives have very 
significant influence on densificaron properties by 
low pressure sintering, in particular, the inclusion of 
5% Ce02 resulting in near theoretical densities, 
even in the Zr02-free ceramic (Figure above). 

X-ray diffraction analysis (table below) suggests 
that the addition of CeC>2 strongly promotes the zir
conia tetragonal to monoclinic transformation in 
contrast to published information, that CeC>2 
should stabilize the Zr02 tetragonal form. 

The project will proceed with the determination of 
the mechanical behaviour of the composites and 
the influence of composite chemistry and micro-
structure. 

Residual Stress in Ceramic Surfaces. 

The project builds on the foundation of earlier work 
to quantify machining damage in structural cera
mics by X-ray diffraction measurement of surface 
residual stresses. 

Switching from the usage of Cu-Ka radiation (pene
tration depth T = 30 um) to the softer Cr-Ka (T = 
10 urn) has revealed substantial machining damage 
and high stress gradients in the surface layers (< 10 
Urn). Independent research using a ip-diffracto-
meter (tilt perpendicular to the beam axis) gave 
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Above: Bulk Density and Relative Density as a Function 
3Y-ZR02 Content 

Table below: The quantity of monoclinic phase zirconia as 
a proportion of: 
total zirconia content 
total ceramic content 

composition wt% 

Si3N4 Al203 Ce02 ZO2 

% Monoclinic to: 
total total 

zirconia ratio content 
%* wt%*' 

91 
86 
76 
66 
86 
81 
71 
61 

4 
4 
4 
4 
4 
4 
4 
4 

0 
0 
0 
0 
5 
5 
5 
5 

5 
10 
20 
30 

5 
10 
20 
30 

15 
12 
2 
0 

69 
68 
29 
20 

0.8 
1.2 
0.4 
0.0 
3.5 
6.8 
5.8 
6.0 

: M(111) + M(111 )/ M(111) + M(111 ) + T(111 ) + C(111 ) 
which are diffraction intensities of the monoclinic 
(111) + (11 T), tetragonal (111) and cubic (111 ) planes 
respectively. 

: Ratio xwt%3Y-ZrO 
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much higher values than our diffractometer (tilt pa

rallel to beam axis). Further research has revealed 
that the residual stresses and stress gradients re 120 

duce sharply after polishing and/or annealing of s 
the specimens (figure below). The stressdepth s 
functions, which are of the type o = Km, were suc

 b 

cessfully calculated. More recent studies of interfa

cial stresses in AI203SiC(whisker) composites show 
the progressive increase of stress with whisker con

tent (figure above). 

80 

40 

Above: Stress versus percentage SiC in the AI2Ormatrix of 
the composites 
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Below: Residual stress profiles in silicon nitride surface %SiC 
layers, a) machined, b) machined and polished, c) annealed 

1.2890 

■X XXXX.X 

D 
D 

D 
D 

1.2870 D 
D 

D 
—O— Mach. 68 (4) MPa 
—X— Pol. 47 (3) MPa 

1.2860 ^ ^ A n n . 27 (2) MPa 
0.00 0.20 0.40 0.60 0.80 

Sin
2 M' 

22 



SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

b. Ceramics Corrosion 

Activities in the field of high temperature corrosion 
of engineering ceramics have continued 
throughout 1990 in the direction established in 
previous years, namely towards an understanding 
of the mechanisms controlling corrosion processes 
of ceramics in environments of industrial importan
ce. The activity is divided into aspects of screening 
commercially available ceramicsforcorrosion resis
tance in a given environment and more fundamen
tal studies of the thermodynamic and kinetic me
chanisms common to and underlying the behaviour 
of the materials. 

Silicon nitrides still represent the major part of the 
activity which however is continuously evolving to 
include other engineering material types such as si
licon carbides. In some instances, the latter show 
better corrosion resistance than nitrides, because 
there are usually lower levels of 'impurities' (resi
dues of sintering additives in the form of secondary 
phases) which are inferior to the bulk material with 
respect to their high temperature properties. This 
reflects the relative ease of fabrication of dense sili
con carbides compared to nitrides. 

During 1990, research on silicon nitrides has con
centrated on the understanding of the relative im
portance of oxidation and sulphidation under con
ditions of low oxygen potential where the thermo-
dynamically controlling corrosion regime is active 
oxidation/sulphidation. Under these conditions, si
lica ¡sthermodynamically unstable. Corrosion resis
tance in any reactive environment is usually depen
dent on the formation and stability of a dense pro
tective layer which can act as an effective barrier to 
further reaction. When silica cannot form such a 
layer, corrosion proceeds via the formation of vola
tile silicon monoxide or sulphide with progressive 
loss of material. Under some conditions, the mate
rial becomes porous with a resulting increase in 
reactive surface area and a consequent accelera
tion of the rate of corrosion (see figure below). 

Below: Acceleration of corrosion rate with time fora HIPped 
silicon nitride at 120CP and I30CPC and constant gas flow 
ratein0.1%H2S-H2 
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Other corrosion products which can form will be 
oxidation or suiphidation products of the secon
dary phases. They are rarely, if ever, structurally va
luable and the resulting degradation of the mate
rial properties are both dramatic and catastrophic. 

Work has concentrated on establishing the rate-
controlling mechanism and on the measurement of 
corrosion rates from which meaningful predictions 
can be made. In relatively simple environments 
such as H2S/H2 containing only trace amounts of 
free oxygen or water vapour, the effect of the 
'microenvironment' surrounding the specimen has 
assumed an importance which was unpredicted in 
its magnitude. The corrosion rate has been found 
to be dependent on the flow of active gas as well as 
the pressure, the proximity of other specimens, the 
geometry of the specimen and the means of pre
sentation (freely suspended or placed in a crucible). 
An example is given in the figure above of the ef
fect of flow rate on the rate of corrosion. 

Above: Effect of flow rate on extent of corrosion fora 
HIPped silicon nitride at 130CPC in 0.7 %H2S-H2 

Towards the end of the year, a study was launched 
to research the behaviour and oxidation/corrosion 
properties of selected secondary phases com
monly found in silicon nitrides densified with the 
aid of yttrium, cerium orzirconium oxides. Aftera li
terature study to establish the importance of the 
phases as well as to document the data already 
known about them, a selection will be especially 
prepared and studied in simple environments in 
isolation, i.e. in the absence of silicon nitride as pri
mary bulk material. By this means, it is hoped to 
reach a better understanding of the role played by 
¡ntergranular secondary phases in the corrosive de
gradation of silicon nitrides. 
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c. Mechanical Properties 

The main objective of the research activity is the 
characterisation of the mechanical behaviourof sili
con nitrides in terms of their properties, and of the 
mechanisms of deformation, of damage and of fai
lure in relation to their microstructure. Because of 
their damage tolerant nature, continuous fibre ce
ramic matrix composites were included in the 
range of materials in 1990. 

Four projects were covered in the reporting year. 
The project on the cyclic push-pull fatigue of HPSN 
at high temperature in the uniaxial testing mode 
was finalized. 
It revealed the existence of an endurance limit at 
about ± 320 MPa for this particular HPSN material 
tested at 1200°C, R = -1 and frequencies of 10 Hz 
and 90 Hz, see figure above. The cyclic lifetime is 
observed to exceed the corresponding static life by 
a factor which increases with decreasing stress le
vel. This could be explained by the beneficial effect 
of the viscous, ¡ntergranular glassy phase which re
tards crack growth because it acts as an extra 
energy dissipative medium and because it causes 
crack branching. 

The project concerned with the subcriticai crack 
growth of monolithic and SiC-whisker reinforced si
licon nitride also ended in 1990. The presence of 
the SiC whiskers leads to a slight increase in frac
ture toughness over the temperature range 20°C-
1400°C, which is attributed to crack deflection at 
the whiskers. 
The path for subcriticai crack growth is through the 
glassy grain boundary phase, and the crack growth 
mechanism is not changed by the presence of the 
whiskers. 

A new project concerning the high-temperature 
mechanical properties of monolithic silicon nitride 
pre-exposed to aggressive environments started 
early 1990. It aims at investigating the effects of 
corrosive environments, typical of industrial gasifi
cation processes, on a range of mechanical proper
ties. The testing material has been characterized 
microstructurally, from the point of view of surface 
roughness of the machined test samples, and the 
density of the samples has been determined. Prior 
to corrosive exposure, the Weibull distribution of 
the 4 point bend strength has been measured at 
temperatures up to 1300°C, figure below. 
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A fourth project deals with the mechanical beha
viour in tension and in creep of a 2D continuous fi
bre reinforced, ceramic matrix composite. Testing 
under inert gas or vacuum is required in order to in
hibit the masking of the material inherent proper
ties by oxidation processes. Hence a high vacuum 
chamber was designed and installed on the mecha
nical testing machine, in combination with a strain 
measurement device; the furnace to heat the sam
ples to the test temperature was built ¡n-house. 
The figure below shows a result of one of the first 
tensile tests performed on the composite material. 

Several special purpose testing rigs were designed 
and, partly, installed and commissioned in the re
porting period. Four creep/stress rupture rigs for 
the testing of ceramics up to temperatures of 
1400°C and loads up to 2 kN were relocated to 
E.T.L./N and recommissioned for the 4-point bend 
testing in controlled corrosive environments. 

The relocation of a 100 kN electromechanical tes
ting machine to the E.T.L./N forthe uniaxial mecha
nical testing of ceramics and metals in corrosive en
vironments was initiated. 

A 12 kW high frequency induction unit for heating 
of the samples was ordered, an environmental tes
ting chamberto accommodate the corrosive gases 
was designed in-house and work to prepare the 
hardware forthe hooking up of the testing machine 
to the corrosion gas lines of E.T.L./N was initiated. 

Below: Tensile test results on continuous 2D AI203-SiC 
composite at different temperatures 
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Components and 
Thermal Fatigue 

The objective of this research area is the numerical 
modelling and the experimental verification of 
crack propagation in cyclic thermal gradient fields 
with a view to component life time prediction. The 
results of the study are relevant to industrial appli
cations where thermal fatigue is the life limiting fac
tor. The addition of an irradiation damage compo
nent aims at yielding results relevant to the design 
of the first wall of NET. The project progressed on 
all fronts in 1990. 
The numerical analysis code, CRACK, was develo
ped and implemented on a SUN 386 work station 
as a part of the thermal fatigue code CRKPRO. 
CRACK calculates stress intensity factors (SIF) in 
two and three-dimensional structures. It uses the 
weight function method for 2D cracks and the line 
spring model in combination with an empirical for
mula for 3D cracks. Hence, the means is now availa
ble to calculate numerically the LEFM life of a tube 
controlled by the growth of longitudinal or radial, 
semi-elliptical internal or external surface cracks. 
The other element required to calculate the life is 
the crack growth law for the material and the ser
vice conditions concerned. Fracture mechanics 
tests on centre-notched samples were used to de
termine this law. The results so far cover only a fairly 
small range of K. In order to widen this range CT 
specimen tests are scheduled. 
The out-of-pile rig for the thermal cycle testing of 
tubes is now operational and it functions extremely 
well. Temperature gradients through the tube wall 
are measured during the imposed thermal cycle 
and these measurements compare well with the 
calculated values. Crack yrowth is monitored using 
the DC potential drop method. 

The figure above shows a test tube with a 
longitudinal external starter crack with the DC PD 
probes in place. Typical crack growth curves for in
ternal longitudinal notches of different depths in 
the tube are plotted in figure below. 
The preliminary design phase of the in-pile rig has 
been completed following the installation of the 
necessary hardware and of software to model the 
rig. A range of techniques for the measurement of 
crack growth has been experimentally assessed in 
terms of the effect of neutrons on their sensitivity. 

Above: Tube test geometry for thermal fatigue testing, 
showing notch and DCPB probes 

Below: Crack growth from internal, longitudinal notches 
during thermal fatigue cycling (80°C ^ ^ 350°C) of a tube 
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Operational Defects in Materials 
and Lifetime Prediction 

To predict the failure of components due to a dete
rioration of material properties, information is re
quired on those microstructural defects that are 
responsible for the decrease in load bearing 
capacity. Improving the reliability of the assess
ment of the residual life of components requires 
more soundly based methods for quantifying the 
internal defects in the material. 

Non-destructive techniques are of great interest 
for in-service inspection. The main efforts in 1990 
were concentrated on validating non-destructive 
ultrasonic velocity (US) measurements by compari
son with the conventional metallographic method 
for the detection of creep damage. 

This was successfully achieved for a Mn-Cr austeni-
tic steel in which creep damage is manifest by the 
formation of ¡ntergranular microcracks the planes 
of which were preferentially oriented perpendicu
lar to the applied uniaxial load. This anisotropic 
damage is characterised by the value, q, which is 
the relative velocity difference of US-shear waves 
which are polarized perpendicular to one another 
and which propagate in the direction perpendicu
lar to the applied stress. 

The metallographic findings were quantified by de
termining the "A"-parameter which is defined as 
the number fraction of cracked grain boundary fa
cets intersecting a straight line parallel to the stress. 

From theoretical considerations, it follows that 
both quantities A and q must be proportional to the 
same damage variable, NA3, where N is the num
ber of cracks per volume and "A" is the radius of a 
circular crack, which is taken to represent the ave
rage crack geometry. 

As demonstrated in figure below, where A-values 
are plotted versus the corresponding q-results 
measured at the same place, the slope of the linear 
A-q fit coincides rather well with the theoretically 
expected value A = 3.5 -4. The offset value for A is 
due to uncertainties in determining the A-parame-
ter. For the alloy considered here, it can also be 
seen that the sensitivity of the non-destructive US-
techniques can compete well with metallographic 
methods. 

The investigations are being extended to other al
loys, e.g. low-alloy ferritic steels which are exami
ned in the framework of COST 501, WP5. It is the 

aim of this research project to establish conditions 
under which US-methods can be successfully ap
plied, to relate them to other methods of damage 
determination, and to determine how they can be 
used together with constitutive laws for residual life 
assessment. 

Below: Plot of the metallographically determined 
A.-parameter versus the relative velocity difference of 
orthogonally polarized shear-waves (q) (polarization 
direction parallel and perpendicular to the applied 
uniaxial stress) 

0.01 

AMCR 0033 
T - 650 °C 
A 4.6 q + 0.05 
(least square fit) 

0.02 0.03 0.04 
Anisotropy (q) 
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Wear and Corrosion 
Resistant Coatings 

Introduction and Objectives 

Lifetime and load capacity of tools and other con
struction components depend on both how the 
particular material reacts to wear as well as to the 
environmental conditions the part is exposed to. 
For this reason, protection against wear and corro
sion is of great economic importance. 

The development of protective coatings has be
come an important branch of advanced material 
technology in recent years. So far considerable 
progress has been made: wear resistant coatings 
on various tools led (simultaneously) to prolonged 
lifetimes and to higher performance: corrosion re
sistant coatings are in many cases prerequisites for 
successful operation of parts in oxidising and corro
sive environments at high temperatures. 

The activity "Wear and Corrosion Resistant 
Coatings" has the objective to contribute towards 
an improvement of both existing coatings and to 
the development of new coatings. In particular, it is 
intended to combine the surface modification 
techniques of the laser/implanter foundry with the 
film deposition techniques available at the film la
boratory of the IAM Ispra and the Advanced Coa
tings Centre of 1AM Petten. Surface modification 
techniques such as ion implantation, ion beam mi
xing, chemical vapourdeposition, plasma diffusion 
and laser treatment might successfully be used to 
modify and tailor the composition, structure, hard
ness and adhesion of protective surface coatings. 

Results 

I.TiN-coatinqs 

TiN-coatings have been deposited by reactive ion 
beam sputtering onto two representative tool 
steels, C35 and TANTUNG G. Wear tests by using 
a pin-on-disc tribometer have revealed that i) the 
substrate wear was significantly reduced by the 
TiN-coating but ii) the wear of the counterpart of 
the sliding couple was increased due to the high 
surface roughness of the coatings. 

2. Boron Nitride Films 

BN films were deposited by magnetron sputtering 
under various substrate temperatures and bias vol
tages. Characterization was performed by SEM, 

TEM, FTIR, XRD and with an ultra low load, depth-
sensing nano-indenter. By comparison with com
puter calculations, based on models of various 
structure, grain size, shape and orientation, the 
best agreement was obtained assuming a mixed 
phase model of hexagonal (graphitic) and cubic BN 
with grains consisting of 50 -1000 atoms. Structure 
and grain size were sensitive to bias voltage and 
deposition temperature. The hardness correlates 
with the relative amount of cubic and hexagonal 
structured grains in the BN film. 

3.Ti-B-NFilms 

Two new techniques for the preparation of very 
hard Ti-B-N coatings were developed. The first me
thod is accomplished in two steps: the deposition 
of a multilayer coating of the sequence TiBN by 
non-reactive sputtering from a Ti and a BN target, 
respectively, followed by thermal treatment to in
duce a diffusion-controlled mixing process leading 
to phase transformations. This technique allows ul
tra-hard, almost stress free coatings to be obtained 
which have good adhesion to metallic and non-me
tallic substrates. The second method is a co-sputter 
process from a Ti and BN target. With this method, 
however, coatings of considerable compressive 
stress (comparable with sputter-deposited TiN 
coatings) are obtained. 

Ti-BN-coatings deposited by the two stage proce
dure onto a high speed steel substrate (HSS) have 
been subjected to wear tests by the pin-on-disc 
machine. As described in figure a) on the next page 
the Ti-BN coating, when run against a 100Cr6 steel 
pin, is characterized by a fairly high friction coeffi
cient but significantly reduced disc wear up to 
about 500 m sliding distance. After coating 
breakthrough, increased wear of both substrate 
disc and pin is observed, as follows from the wear 
track profiles also shown in figure b) on the next 
page. 

Page 30 above: Record of friction and total wear during 
sliding of a Ti-BN-coated HSS/100Cr6 pair 

Page 30 below: Wear track profile of the 100Cr6 ball and 
the Ti-BN-coated HSS disc. 
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L= 10 N 
0tr = 15 mm 

v = 0.1 m/sec 250 

250 500 
Slinding distance (m) 
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4. Hard Carbon Films 

Hard carbon coatings were prepared under various 
conditions using a dual beam deposition facility 
and analyzed with respect to their sp2/sp3 ratio. 
Progress was achieved by developing a computer 
programme to derive from experimentally deter
mined IR-absorption spectra the relative concen
trations of sp2 and sp3 bonds. Measurements with a 
new ultra low load and depth sensing nano-inden-
ter showed a good correlation between the con
centration of sp3 bonds and the hardness of the 
hard carbon films. 
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Composite Materials 
Properties Improvements 

The study has focused on an AlSiC particulate 
composite produced through a vacuum plasma 
spray codeposition technique. This process featu

res the high cooling rate experienced by the 
sprayed materials which has been assessed to be of 
the order of 10

7
Ks'. This gives rise to products with 

a fine microstructure and to the complete elimina

tion of macrosegregation which leads to a signifi

cant improvement of the mechanical properties. 
In particulate composites the cospraying route al

lows an excellent particle distribution to be achie

ved even with high volume fractions. This characte

ristic avoids the embrittlement of the composite 
due to premature crack nucleation and growth 
along the intergranular composite regions. 
The composite materials were manufactured using 
a Plasma Technik AG (Switzerland) equipment. 
Several samples, in the form of platelets a few mili

meters thick, were obtained by spraying the pow

ders onto a Cu substrate. Two different composites 
were taken into consideration: AlSiC and AI(7Si)

SiC as shown in the table below. 
Figure above supplies an example of the compo

site microstructure obtained; it refers to the AI20% 
SiC composite. The SiC particles are homoge

nously dispersed in the Al matrix without any evi

dence of significant variations in the local volume 
fractions. In fact, in plasma sprayed composites the 
molten metal is deposited, along with the solid SiC, 
through the build up of several thin layers so that 
the reinforced particles, which are distributed in a 
stochastic manner, retain their original impact posi

tion in the deposit even after the complete solidifi

cation of the material. 

* W *7 

Table below: Materials 

matrix 

Al 

AI7%Si 
alloy 

investigated 

nominal SiC 
frarti ¡on (wt. %) 

0 
20 
33 
50 

0 
20 

& '"6 *■■■■- *W+ 4>. -,L> ■ * # * 

»*. . . / - ■ / ■ • : " 4' '. . . • * £Sf*-¿:' \ 

s 

100 ¡im ! 
U. 

Conversely, in ordinary casting processes, the SiC 
clustering is promoted by the growth of the 
solidification front which shifts the particles to the 
regions which solidify finally, namely the interden

tritic or intercellular zones. Since it has been recog

nized that the actual local SiC fraction in these re

gions is strictly related to the extent of embrittle

ment which takes place in this category of reinfor

ced materials, the optimum particle dispersion ob

tainable through the vacuum plasma spray process 
can be considered to be one of the main advanta

ges of this production route. A micrograph of the 
AI7% Si20% SiC composite is shown in the figure 
below. 

Above: Microstructure of the AI-20% SiC composite 

Below: Microstructure of the AI-7% 5i-20% SiC composites 

?*>.\ 
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The matrix microstructure is not affected by the SiC 
addition; as mentioned, it is the result of the rapid 
solidification of the sprayed blended powders; it is 
composed of almost full-AI regions along with dis
tinct coarse Si-rich phases. The SiC particles are still 
homogeneously dispersed in the matrix without 
showing any preferential disposition between the 
Al ortheSi rich regions. 
As far as the actual SiC amount deposited with the 
AI-7% Si matrix is concerned, the quantitative 
metallography data do not indicate any significant 
variation in comparison with the corresponding 
fully Al matrix composite. 
The production of Al-SiC particulate composites 
through the vacuum plasma spray co-deposition 
technique features the following characteristics: 

1 - The sprayed deposits show limited amounts of 
microvoids even at the matrix-particle interfa
ces. 

2 - The SiC particles are dispersed in a stochastic 
manner without showing any segregation. 

3 - The maximum SiC fraction obtainable in the 
sprayed composites is limited by the amount of 
the impacted SiC particles that can be retained 
on the semi-solid layer of the deposited mate
rial. 

4 - From a microstructural point of view, the Al-SiC 
interface does not show any reaction product 
and reveals a close contact between the two 
phases. 

5 - The use of Si powder as alloying element for 
the Al matrix does not influence the composite 
microstructure in terms of SiC dispersion or in
terface properties. The Si is present in the ma
trix in the form of distinct coarse phases be
cause of the low solid state elemental diffusion. 

6 - Further developments on Al-SiC particulate 
composites produced by vacuum plasma 
spraying for industrial applications are feasible 
and promising. 
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Chemical Sensors 

The aim of the activity is to investigate the sensing 
properties of solid state sensors for chlorine and 
nitrogen oxides. This activity has been developed 
following two independent lines: 
1) Semiconductor sensors 
2) Potentiometrie sensors 

1) Semiconductor sensors (for NOx) 

1.1. Completion of measuring set-up for surface 
electrical conductivity 

A system for electrical conductivity measurements 
and for preparation of calibrated gas mixtures has 
been designed, developed and assembled. It is 
fully automated both for the control of the feeding 
gas mixture and for data processing. 
A second even more sophisticated line has been 
set up with the possibility of controlling even qua
ternary gas mixtures, thus allowing fairly accurate 
evaluations of cross sensitivities. 

1.2. Preparation of samples 
The samples, which consist of doped SnC>2 films on 
different substrates, have been prepared starting 
from the thermally oxidized (under controlled con
ditions) silicon sheets and from polished alumina 
supports, on which SnC>2 was deposited. 
The deposition of the layers was carried out both 
by RF sputtering of Sn02 and by spray pyrolysis of 
organometallic compounds. 

1.3. Characterization 
The characterization of the layers for their structure 
and chemical composition is of paramount impor
tance for the sensitivity and selectivity of the sen
sor. Therefore some surface characterization pro
cedures have been adopted. The layers are poly-
cristalline structures, the thickness of which has 
been determined by ellipsometry and Auger Elec
tron Microscopy. The morphology (grain size) and 
the cristallographie structure were analyzed by X-
Ray Glancing Angle Diffraction. The degree of oxi
dation has been determined by Electron Spectro
scopy for Chemical Analysis (ESCA). An important 
problem has emerged, relevant to surface conduc
tivity measurements: when oxidizing silicon sheets, 
the sensing SnC>2 film is a homogeneous semicon
ductor only in the first 40-50 A layer. At greater 
depths Sn02 (semiconductor) is mixed with Si02 

(insulator), thus making the conductivity response 
more complex. 

2) Potentiometrie Sensors 

Electrochemical cells having a semiconducting so
lid electrolyte have been built up and tested for 
monitoring chlorine (Figure below). 

Below: Exploded view of the sensor 

Exploded view of the sensor 

alumina container 

alumina o-ring 

Pt o-ring 

ß" alumina pellet 

Ag disk 

Pt disk 

alumina container 

Pt wire 
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As a solid electrolyte both silver chlorine and silver 
ion conditioned beta-alumina have been utilized 
with satistatory results. The Potentiometrie res
ponse is shown in Figure above. 

Studies are in progress for extending such Poten
tiometrie sensors to the detection and determina
tion of nitrogen oxides. 
The results for nitrogen oxides, however, are not 
very encouraging at the present time. 

> 
if 

1.1 

1.0 

' * *i'ite*xm 

Above: Electromotive force vs. temperature fora 
ß "-alumina sensing cell for different chlorine partial 
pressures 
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An Investigation of the crystalline and electronic 
Structures of a 4:3:3:4 layered Bi-Ca-Sr-Cu 
Oxide superconducting system. 

different electronic state of Ca is present in the su
perconducting compound, which still contains an 
appreciable amount of the semiconducting phase. 

Semiconducting samples of a Bi-Ca-Sr-Cu oxide, 
having a nominal composition 4:3:3:4, were prepa
red by melting high purity oxides of the various ele
ments. Superconducting samples were obtained 
by annealing the semiconducting samples at a tem
perature close to the melting temperature. Electri
cal resistivity measurements indicated the pre
sence of two superconducting phases, one with the 
onset temperature at about 110 K, the other with a 
significantly lower onset temperature. The pre
sence of this second phase is proven by X-ray pow
der diffraction patterns. (Figure above). The crystal
line structure of both the semiconductor and super
conductor samples have almost equal lattice para
meters, are orthorhombic but belong to different 
space groups: Fmmm and Bbmm, respectively. No 
significant amount of the 110 K superconducting 
phase was present in the diffraction pattern of the 
superconducting compound. XPS and XANES (Fi
gures below) data on the Ca atom indicate that a 

Above: X-ray powder diffraction patterns of sample A 
(semiconductor) and B (superconductor) Ni filtered CuKa 
radiation. The arrows mark the six extra reflections of 
sample B 

Below: XANES data at the Ca absorption edge of 
a) the semiconducting A sample and 
b) the superconducting B samples. 
Note the small shoulder at the beginning of the absorption 
curve of the superconducting B samples 
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Surface Treatments 
for Improved Performance 

Surface Modification Centre 

Equipment. 

The different parts of the centre have been working 
satisfactorily since their final installation in 1989. 
The ion implanter has been equipped with a ¡on 
sputter source which substantially simplifies the im
plantation of metallic ions. It is now rather easy to 
change the equipment from one ion species to 
another and the source is no longer exposed to the 
heavy corrosion occasioned by the presence of 
chlorides. The indication of the total energydelive-
red by the laser has been calibrated by a calorime
ter developed in the lab. Similarly, a measuring 
procedure for the energy absorbed by the different 
surfaces has been elaborated and used forstudies 
on the energy dependence of the laser treatment. 
The coating facilities have been enlarged by a 
flame spray equipment. 

Table below: Ion Implantations 

Ancillary Facilities 

- Corrosion in aqueous solutions at temperatures 
up to 20CPC 

Five autoclaves, each of 4 I volume have been deli
vered. Two of them with PTFE liners and PTFE inter
nally protected armatures are provided for corro
sion tests in aqueous solutions containing reducing 
agents, in particular hydrogen sulphide. The other 
three arrived with transport damage, which had to 
be repaired in cooperation with the manufacturer. 
The installation, which requires a section of the hall 
of building 28F to be prepared with fumeholders 
for the work with hydrogen disulphide, electric po
wer lines and tubings for security valve exhaust 
etc., will be completed in 1991. 

lon implantation 

Implantations of a number of different ions have 
been performed on a variety of surfaces (Table be
low). 

:imens 

5 
1 
3 
3 
3 
3 
8 
4 
5 
3 
3 
1 
1 
4 
1 
3 
4 
4 
2 
1 
1 

Target 

AI2O3 
Si02 

Fe Cr Al 
Steel 

Fe 
A I A 
316 

Fe Cr Al 
S¡02 

AI3Mg 
Al 

AISI 
Ni Cr 
AI2O3 
Steel 
S¡02 

Fe 
Fe 42 B 
In 800 

Diamond 
AI2O3 

Coating 

Al 
Au/N¡ 

Y 
Al 
Al 
Al 
-
Y 

Cr/Y 
-
-
-
-

Al 
-
C 
-
-
-
-
-

Ions 

Ar, He 
Ar 
Ar 
Ar 
Ar 
He 
N 

Ar, Y 
Ar, Y 

N 
N 
Y 
Kr 
Ar 
N 
N 
N 
N 

Xe.Cr 
N 
Cu 

Energy 
KeV 

200 
100 
200 
200 
200 
200 

100,200 
200 

100,200 
150 
150 
200 
200 
100 
200 
20 
200 
200 

100,200 
190 
200 

Dose 
1017cnv2 

2-6 
1 

0.1-2.5 
1-10 
1-10 
2-6 
1-5 

2.5,5 
0.2-2 
10-60 
10-60 

1 
1 

4-10 
5 

0.01 -1 
2-8 
2-8 

1 
1 
1 
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Ion beam mixing of the system AI/AI2O3 

In the production of composite materials, such as 
aluminium matrix reinforced with aluminium oxide 
fibres, the metallic Al is known to adhere badly to 
the ceramic Al203, thus causing interface structure 
problems. The adherence of metals to ceramics is 
reported to generally improve when they are ion 
beam mixed. 

In a preliminary experimentan Al-layer of 100 nm + 
10% was ion beam mixed with an Al203-substrate 
by argon ions, Ar+ of 200 KeV. 
The total doses were in units of 2.1017 Ar+/cm2 for 
600 sec. The vacuum was about 10"6 mbar and the 
target, temperature between 300 and 350°C. 
After the Ar+-implantation the concentration profi
les of Al and 0 2 have been determined by means of 
AES. For technical reasons it was not possible to 
obtain the profiles of argon. 
All the samples, including the unimplanted refe
rence samples, had the same shapes of concentra
tion profiles, independently of the Ar+ dose. An Al
layer (or otherwise altered structure) of about 80 
nm was found on the surface of each sample, indi
cating that during implantation the Al-layer was 
transformed into Al203 and that no ¡on beam mi
xing had occurred. 

The microhardness of AISI 316 after the 
implantation of 200 KeV nitrogen ions 

The microhardness of stainless steel, implanted 
with nitrogen ions is reported to improve either be
cause of the formation of nitrides (only in presence 
of martensite) or because of solid solution harde
ning. 

The role of thermal treatments before and/or after 
implantation as well as the presence of high chro
mium concentrations is not yet agreed upon by dif
ferent authors, nor is the dependence upon the N+ 

dose. 

The samples were obtained from a sheet by cutting 
(S) and from a bar by spark-erosion (B). The surface 
was only lapped to about 0.4 micrometer of rough
ness and not polished. 

Between 1.1017 and 5.10'7 NVcm2 at200 KeVwere 
implanted into the target surfaces. 
The vacuum was 2.106 - 8.106 mbar and the target 
temperature below 200°C. 

The following results are in Vickers hardness. 

S B 

initially 
after lapping 
after annealing 30 min., 1075°C 
after implantation 
after annealing 4 h, 400°C 

200 
400 
170 
180 

360-430 
390-430 

200 
190 

ESCA and AES graphs indicate that nitrogen is pre
sent in the surface and that it is distributed to a 
depth of 550 nm (0.5 micrometer), whereas the ma
ximum penetration depth is 400 nm. 
Possibly in this case, with an altered layer of only 
550 nm, the measurement of the microhardness 
with the usual standard method was not justified. 
No nitrides were formed in spite of the stimulating 
treatment at 400°C for 4 hours. This may be the rea
son why the microhardness has not improved. 

Laserand electron beam meIting 

Copper plates coated with aluminium by low pres
sure plasma spray have been subjected to electron 
beam and laser surface melting of about the same 
power density and with similar scanning speeds. 
The alloy structures which formed were similar and 
no systematic dependence on the melting method 
could be detected. The alloy structure produced at 
the coppersurface could be improved substantially 
by heating the substrate at higher temperatures 
during surface melting. Partial overlapping of the 
different melt traces which led to multiple melting 
improved the homogeneity of the alloy layer. 
Laser surface melting of stainless steel was attemp
ted in order to improve the hardness of its surface. 
At high speeds of the beam across the specimen it 
was very difficult to produce constant melt depth. 
The coupling of the beam and its variation with 
time at high speeds was followed with high speed 
cameras. At the end, an optimised regulation of the 
protection gases from the nozzles was found. De
pending on the microstructure produced by laser 
melting, a wide range of hardness could be obtai
ned, the maximum hardness reached so far being 
520 VH in fine dendritic structures. For wear tests 
these structures have now to be produced on a lar
ger scale and with sufficient thickness to allow post 
melt machining. 
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Plasma Spray Coatings For Power Plant Application 

The aim of this study is the development of ero
sion/corrosion resistant coatings to be used in 
pressurized fluidized bed combustion environ
ments. Tribaloy T800 (a cobalt-based alloy having 
excellent wear, corrosion and oxidation resistance) 
and coatings of the type MCrAIY/AI203, have been 
deposited in air and in vacuum on nickel-base al
loys by plasma spray techniques. The coatings have 
been characterized in terms of structure and 
morphology by optical microscopy and by SEM 
analysis. The adherence of the films has been tes
ted by thermal shock. 

A thermal treatment in vacuum at 1080°C for 4 h re
duces the porosity of the coatings and increases 
the adherence. A diffusion layer is produced at the 
coating-base material interface on all treated spe
cimens. By heat treatment, the metastable phases 
are transformed to more stable phases and to a 
crystalline structure. The grain size increases and 
the hardness of the coatings decreases with the 
thermal treatment (600-700 HV500 for Tribaloy 
T800). 

Surface remelting of the coatings has been tried 
using an electron beam gun and a laser facility. 
The Figure above shows a cross-section of Tribaloy 
T800 film produced by air plasma spray. 

High Temperature Corrosion 

The corrosion loop (described in detail in the last 
report) for the study of the behaviour of superalloys 
in gas turbines environments, became operative in 
September. The delay, with respect to our original 
planning (April-May) was due to the late delivery of 
essential parts of the installation: mass spectro-me-
terand circulating pump. 

A first 500 hours corrosion test was carried out on 
samples of both coated and uncoated IN 738 at 
950°C and 1100°C in an environment 10% 0 2 and 
0.1% S02 with Ar as carrier gas. The specimens 
were coated in our laboratories by VPS with a 
MCrAlY type coating. 

From Figure below, it appears that the uncoated 
samples are corroded with evidence of internal at
tack, while there is no sign of corrosion on the coa
ted specimens for both temperatures. A complete 
metal lographic analysis of the samples is underway. 

Above: Cross-section of Tribaloy 1800 film 
produced by air plasma spray 

Below: A - MCrAlY coating 
B - same coating after corrosion test; 
500 hours - 950°C -Ar+10%O2 + 0,l% S02 

B 40 í. 
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Microstructure development in laser remelted 
Fe-10Cr-18Mn-0~2N alloy 

The present work introduces the results of a study 
of the solidification microstructures conducted on 
an Fe-18Cr-10Mn-0.2N alloy, after laser remelting 
at different energy inputs. 

In the case of high energy density processes such 
as laser welding, the cooling rate (about 103-106 

Ks"1) and the energy density per volume are the fun
damental parameters which influence the 
materials microstructure (grain form and dimen
sion, the amount of micro and macrosegregation, 
inclusion distribution, presence of defects, etc). 
With respect to conventional welding characteri
zed by lower cooling rates (about 10-103 Ks1) laser 
welding changes the solidification mode and the 
possible solid state transformations during cooling 
after solidification. 

Weldability tests were performed with various laser 
scanning speeds at different energy inputs on Fe-
18Cr-10Mn-0.2N specimens (see Table below). 

The corresponding microstructures were characte
rized from the structural and mechanical strength 
points of view. 

As shown in the table below, in the first series of the 
tests (melt depth 3mm), remelting has been limi
ted. In the other cases the full specimen thickness 
has been affected. In the second and third series 
the authors used passes from both sides (up and 
downwards), while in the fourth, because of the 
high power of the laser used, a single pass was 
sufficient. 

Table below: Characteristic parameters of the laser 
remelted Fe- WCr- 10Mn-0.2N specimens. 

Test No. 

1 ROFIN-SINAR 
5000WLASER 
CCR-lspra 

2 ROFIN-SINAR 
5000WLASER 
CCR-lspra 

3 2500W LASER 
CISE-Segrate 

4 7000W LASER 
RTM-VicoCanavese 

Specimen 
thickness 

(mm) 

6 

6 

6 

6 

No. of 
passes 

1 

1+1 

1+1 

1 

Nominal 
Power 

(W) 

1250 

2480 

2500 

7500 

Scanning 
Speed 
(mm/s) 

16.7 

16.7 

13.3 

33.3 

Melted 
(depth) 

3.0 

4.0 

4.0 

6.0 

zone 
(width) 

1.5 

2.0 

3.0 

4.0 
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500 pm 
i H 

Regarding the microstructure, the results depend 
on the scanning speed and the energy input of the 
laser. As will be seen from Figure above, which 
represents a specimen remelted in the J.R.C. Ispra 
laser (Test 1, table on page 46), the structure varies 
mainly as a function of the melt depth; it goes from 
a columnar-dendritic type near the surface (figure 
above a), to a fine cellular one at the bottom of the 
melted zone (figure above b). 

At the interface between the melted and the heat 
affected zones we can find a plane growth front 
with about 3 u.m width. 

The plane transition from growth front to cells to 
columnar dendrites, could be explained by the va
riation of the rate G/R (G = thermal gradient of the 
weld pool at the solid-liquid interface, and R = soli
dification front growth rate) which has a maximum 
at the bottom and the sides of the melted zone, as 
was already found for laser and electron beam mel
ting of stainless steels. At high G/R rate values, a 
plane growth front prevails. 
As G/R decreases cellular or columnar dendritic 
growth occurs. 

Above: Macrostructure (a) and microstructure (b) of a 
transverse section of an Fe-WMn- 18Cr-0.2N specimen 
laser melted at JRC Ispra. 
Fig. b shows an area at the leftside of the melted zone, seen 
in figure (a) at lower magnification, with evidence of a 
cellular-cellular dendritic fusion morphology type. 
A thin clear strip corresponding to the plane growth front 
can be seen at the melted zone-base material interface. 
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Temperature 
(°C) 

Ultimate Tensile 
Strength (M Pa) 

0.2% Yield Strength 
(MPa) 

Fracture elongation 
(%) 

20 
450 

852(854) 
459(470) 

370(390) 
197(187) 

38.4(54) 
37.7(63.0) 

" Values between brackets refer to the base material. 

The decrease of the G/R value which occurs with 
the advancement of the solidification front is not 
sufficient to produce a equiaxed dendritic growth, 
not even in the central zone, where G and R take 
respectively the lowest and the highest values. 
Similar considerations are valid for the structures 
obtained with the CISE and RTM lasers. 

Chemical and structural analysis on coatings and 
implanted materials 

To improve their corrosion resistance Fe/Cr and 
Ni/Cr alloys have been implanted by Y, Ce and Kr 
ions (200 KeV). Chemical and structural analysis 
have been performed by (XPS), Auger and X-ray 
glancing angle techniques. In particular, we have 
made glancing angle X-ray diffraction studies on a 
200 KeV yttrium ¡on implanted Ni-20Cr alloy, and 
shown that such treatment amorphises a thin 
(about 500 A) surface layer. Upon oxidation in a flo
wing gas mixture containing 1% oxygen and 99% 
argon at 700°C, the first structural change to occur 
is the segregation of yttrium to form "nanocrystalli-
tes" embedded in a reformed fee Ni-20Cr lattice. 
The formation of thin surface oxide layers following 
this stage has been studied and compared to the 
behaviour of untreated Ni-20Cr and to an advan
ced mechanically alloyed Ni-20Cr (MA 754) contai
ning 0.6 wt% yttrium oxide (see Figure below). 
The same system has been studied using glancing 
angle X-ray absorbtion (EXAFS) at SERC, Dares-
bury SRS Laboratory. 

XPS, Auger and X-ray glancing angle techniques 
have been applied also to investigate metal-cera
mic bonding before and after ion mixing (Al-Al203, 
Si3N4-Cr), as well as TiN, BN, C coating to improve 
mechanical properties. 

X-ray reflectivity was also employed to follow the 
very initial stages of surface oxide growth of pure 
chromium deposited on optically flat glass sub
strates. Again this system has been investigated 
using soft X-ray EXAFS at the Synchrotron Radia
tion Laboratory at Daresbury. 

Table above: Tensile characteristics of the laser melted 
material (transverse surface to the solidification direction of 
the specimen). 

Below: X-ray diffraction patterns of yttrium ion 
implanted Ni-20Cr alloy before oxidation (a} and after 
1 minute (b) and 4 minutes (c) at 70CPC in 
1% oxygen/99% Argon 

(a) 

\ 

VI 
Incident angle - QJS* penetration depth - 40nm 
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Data Banks 

The High Temperature Materials Databank (HTM-
DB) supports the Data and Information Manage
mentfor Advanced Materials Project by providing 
computerised information on materials properties 
through the storage of mechanical test data in 
combination with a sophisticated modelling and 
evaluation system. It aims to cope with the require
ments for data management, evaluation and input 
for computer aided engineering, finite element 
methods, computer aided processing and informa
tion services. It further serves the dissemination of 
data between collaborating parties in joint pro
jects. 

In 1990 a major effort has been devoted to the fur
ther improvement of the quality of the Databank 
functions up to the level set by modern commercial 
products. To this end, a beta test has been conduc
ted amongst selected users in the different mem
ber states. This activity has led in several modifica
tions of databank modules. 

The user-friendly PC-based query interface under
went the most important changes. This remote 
shell requires minimal usertraining. It performs au
tomatic logon and logoff and it uses advanced win
dowing techniques to assist the user in formulating 
his queries. Typing mistakes and non-relevant que
ries are avoided as the user selects from lists of allo
wed terms, such as the list of treatment types in the 
figure below. The PC-based interface furthermore 
eliminates syntax errors by gradually and automati
cally building up the command string, making the 
syntax fully transparent to the user. 

Among other modules to have been completely re
vised, the data input PC-programme received extra 
functionality like pull-down menus, thesauri and 
some facilities for validation. 

Old evaluation programmes have been improved 
and made more user friendly. New routines have 
been added to the Evaluation Programme Library 
to which datasets retrieved from the HTM-DB can 
be submitted for further elaboration. 
The HTM-DB programme library now contains 
more than 70 Fortran programmes which can be 
selected from a menu system. An example of the 
recently implemented evaluation programme 
"KACHANOV EQUATIONS" with a sophisticated 
non-linearfitting procedure isgiven ¡nthefigureon 
page 52. 

Some of the routines are simple spline or linear re
gression programs, whereas other modules of the 
Evaluation Programme Library allowthe calculation 
of constitutive equations with user guidance 
through the different programme steps. These cal
culations allow the user to calculate actual material 
parameters for design purposes. 

Below: Example of a menu selection on the PC-based 
interface 
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Kachanov model step 1 

8^ 

c 
'55 
co 

Q . 
Q) 
O) 

ü 
Temp. a Loading Material 

(C) (MPa) Condition 

60020103 550 
60020104 550 
60020105 550 

2 3 4 5 6 7 8 9 10 11 12 
Exposure time (H) x102 

180 C.Stress 10CRM0910 
190 C.Stress 10CRM0910 
200 C.Stress 10CRM0910 

Figure below illustrates one of the possibilities to 
treat creep crack growth curves. Other additions 
were made in the areas of fracture mechanics and 
theta projection of creep phenomena whereas the 
overall statistical and graphical presentation was 
improved. 

The extensive testing of the Evaluation Programme 
Library has lead to a de facto validation of the data 
through the systematic correction of errors whene
ver they occurred. With respect to new data, major 
input activities in 1990 were concentrated on the 
support of joint projects like VAMAS, COST 501 
WP1 and WP5A, and BRITE 1209. 

The modifications described were rounded off by a 
revision of the manuals and the elaboration of ac
countancy routines and contracts in preparation for 
a more widespread exploitation of the Databank. 
1990 was characterised by a continued effort to 
promote the use of the HTM-DB and to exploit the 
acquired expertise. The Fusion Materials Expert 
Group agreed to use the Databank for data evalua
tion and dissemination. 

Above: Kachanov model step 1 

Below: Creep crack growth rate vs. C*-integral, 
alloy 800H at 550°C 
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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
faceto industry. 

In 1990, efforts have been focused on the following 
activities: 

Within the frame of the Institute initiative for stan
dardisation and pre-normative R&D of advanced 
ceramics two meetings were organised in February 
1990 at Petten, i.e. 

- the Ad-hoc Committee for pre-normative R&D 
for Advanced Ceramics identified in a Round Ta
ble research requirements pertaining to future 
standardisation, 

- the CEN Technical Committee 184 discussed 
and confirmed its workplan for the period 90/92 
comprising 42 standards and pre- standards for 
test methodologies and a classification system. 

An industrial workshop (April 1990) on "Designing 
with Standard Ceramics", was organised in coope
ration with the European Physical Society and the 
Energy Research Foundation (ECN) to discuss the 
status of thermo-mechanical applications of engi
neering ceramics. 50 experts attended. The follo
wing conclusions resulted: 

- An increasing range of materials is available for 
high temperature use. 

- The application of fracture mechanics has made 
considerable advances in understanding proper
ties and performance, severe gaps in knowledge 
for high temperature conditions for monolithic 
ceramics and most topics concerning composi
tes exist. 

- Enabling technologies like machining, joining, 
NDT and fabrication procedures have made sig
nificant recent progress. 

- Engineering applications have been established 
for the high tech aerospace/military industry, 
where materials costs are not paramount. For a 
broadening of use e.g. automobile and energy 
conversion there is still market resistance. Pro
ceeding are under preparation. 

VAMAS Workshop: Classification of Advanced Ce
ramics" in June 1990 at Ispra. Details are reported 
under the action S/T Support to the Services of the 
Commission: Standards for Advanced Ceramics. 

Conference "User Aspects of Phase Diagrams" 
(June 1990) was co-organised with the Institute of 
Metals, U.K. The scope of the meeting focused on 
all aspects of the application of phase diagrams in 
the extraction, production, processing and the use 
of materials ranging from advanced ceramic super
conductors, composites, electronic materials, as 
well as conventional ferrous and non-ferrous alloys. 
The impact of computer calculations of multicom-
ponent phase diagrams via thermochemical expe
rimental techniques provide more knowledge con
cerning the phase relationships in complex sys
tems. The meeting reviewed in 30 papers and 11 
posters the state of the art and provided opportuni
ties for demonstration of software packages and 
thermochemical databases, operated by various la
boratories. 70 experts attended the conference. 
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Project for the Inspection 
of Steel Components (PISC) 

Assessment of the Safety of Nuclear Structural 
Components 

Safety assessment of structures involves mainly the 
structural integrity assessment of these compo
nents. Such an assessment can be divided into 
three major areas of R&D as follows: 

Margin to Failure Evaluation (MFE) 

Failure has to be avoided by evaluating the correct 
steps and margins to avoid any failure mechanism 
initiation; this also implies that the structural mate
rial must have suitable properties, such as ade
guate ductility or toughness. Several failure assess
ment methods have been developed which require 
the knowledge of the defect sizes and characteris
tics present in the structure. 

Non-Destructive Testing (NDT) 

The development of NDT technigues suitable for 
material and welded joint testing has been such 
that they could be incorporated into Codes and 
Standards. Well known techniques for thick wall 
vessels and piping are Ultrasonic Techniques (UT) 
and Radiographic Techniques (RT). An important 
feature is the "In Service Inspection". Inspection ef
fectiveness and reliability generally depend on the 
availability of suitable NDT techniques, of the 
knowledge of the material characteristics (e.g. 
acoustic properties) and of automatic inspection 
devices. 

Residual Life Evaluation (RLE) 

If "thinking" schemes of margin to failure evalua
tion are available such as computation methods 
using material properties, stress analysis, fracture 
mechanisms and the status of the structure under 
evaluation, inspection of the component, then a 
new margin to failure can be estimated through hy
pothetical logic schemes or probabilistic schemes 
on loading history and material degradation. The 
residual life expectation can then be evaluated. 

The PISC Programme 

The PISC Programme has the general objective of 
assessing procedures and techniques in useforthe 
inspection of pressure components, particularly 
vesselsand piping. 

The series of projects for the Inspection of Steel 
Components carried out since 1974 underthe aus
pices of the CEC/JRC and the OECD/NEA is a ma
jor international effort to better assess the capabi
lity and reliability of Non-Destructive Inspection 
procedures on structural components. 
The programme is now in its third phase PISC III 
(Table on page 58); the activities concentrate on 
the validation of the PISC II results (e.g. modifica
tion of the ASME Inspection Codes) on real structu
res containing service defects and the extension of 
the PISC methodology to important structural com
ponents made of different materials. Most of the 
PISC test assemblies and structural pieces are re
presentative of (or coming from) nuclear 
reactor components. 

PISC III Programme Status 

PISC III requires demonstration using assemblies of 
real geometry containing realistic defects. The 
PISC methodology is also extended to all major 
parts of the primary circuit of the LWR reactors. Mo
reover, the work done on austenitic steel testing is 
of real value for the inspection of LMFBR compo
nents. Eight programme Actions have been esta
blished as identified in the organization scheme 
presented in the previous annual report. 
Round Robin Testing activities are presently perfor
med in several of the PISC III actions. The final work 
to be undertaken in all eight Actions has been defi
ned and most of the necessary test samples and 
other resources have been obtained. The uncer
tainties that prevailed during 1986/1990 concer
ning the level of budgetary support have been 
partly resolved by accepting delays for the Actions 
4 and 5. Resources from the CEC and from partici
pating organisations (participation in inspection, 
and contribution in kind) are now assured to carry 
out the essential elements of most of the planned 
actions. 
The objectives of each of these eight Actions of 
PISC III were defined in the previous annual report. 
The status of the 1990 work is as follows: 

Action No. 1 (Real Contaminated Structures) 
In 1990, samples were available from Spain, Swe
den, USA and Finland. Several of these compo
nents have been certified in the PISC hot cells; they 
are now allocated to the Reliability exercise of Ac
tion 4 (Austenitic Steel Testing). 
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C E C 
J R C 

OECD/NEA 
C S N I 

OA 
Operating agent 
CEC. JRC-ISPRA 

RL 
Reference laboratory 

CEC. NOE labs. JRC-ISPRA 
P. Jehenson 

RCS 

FSV 

NDW 

AST 

SGT 

MOD 

HRS 

Real contaminated structures testing 
S. Crutzen (JRC-ISPRA) 

Full-scale vessel testing 
K. Kussmaul (MPA-FRG) 

Nozzles and dissimilar welds testing 
E. Borloo (JRC-ISPRA) 

Austenitic steel testing 
S. Doctor (PNL-USA), H. Herkenrath (JRC) 

Steam generator integrity testing 
C. Birac (CEA-F) 

Ultrasonic testing modelling 
J. Coffey (CEGB-UK) 

Human reliability studies 
R. Murgatroyd (UKAEA) 

Chairman: R. Nichols (UK) 
Vice-chairmen: 

S. Bush (PNL, USA) 
G. Deuster (IZFP, FRG) 

S. MIYOSHI (JASPEIC, Japan) 
Manager: S. Crutzen (JRC-ISPRA, NDE labs) 

Secretary: N. McDonald (OECD NEA) 

RG 
Referee group 

from JRC-ISPRA 
S. Crutzen 

ETF 
Evaluation task 

force 
R. Nichols 

DEC 

DAC 

EFM 

Destructive examination coordination 
S. Crutzen (JRC-ISPRA) 

Data analysis coordination 
S. Crutzen (JRC-ISPRA) 

Parametric studies 
Equipment failures 

R. Denis (JRC-ISPRA) 

Programme for the inspection of Reactor Steel Components, PISG 

The Programme is put under the aegis of 

OECD/NEAandCEC/JRC 

Budget CEC budgets half the resources; countries bear 
own costs and make "in kind" contributions 

Mjove: Organization and Funding of the PISC III Programme 

Secretariat NEA/OECD 

Management CEC Joint Research Centre, Ispra, Italy 

Members Belgium, Denmark, Italy, Finland, France, Germany, 
Japan, Netherlands, Norway, Spain, Switzerland, 
United Kingdom and United States 
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Action No. 2 (Full Scale Vessel Tests) 
Eight organizations have registered their interest in 
the phase 2: 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 (September 1989 to April 
1990) (Figure below). This Central Mast manipula
tor for vessel inspection from the inside was opera
ted by MAN crew for PISC. KWU and MAN ultraso
nic and recording/evaluating electronics as well as 
technicians were used for the execution of this 
phase 2 by the "Super Team", comprising staff of 
the JRC Reference Laboratory and national experts 
(Germany, Spain, Switzerland, Italy, Belgium and 
USA for ASME certification). The same crews and 
electronics were used for Phase 3 type inspection 
(national full procedures) from September 
1989 to end 1990. One team of the ex-DDR took 
part in the exercise in autumn 1990. 

Phase 1 and Phase 2 have reached the level of data 
evaluation and the very first trends can be drawn 
from the results, such as good sizing capability of 
several techniques and effective validation of the 
PISC II results obtained on the Assembly No. 3. 

The work of Action No. 2 was largely supported by 
Germany through large assemblies, availability of 
the MPA installation and logistics, Central Mast 
Manipulator and Action Management. 

Below: RWE/MAN (Germany) central mast manipulator 
used with UT electronics and crew of MAN and SIEMENS, 
on the full scale components at MPA (University of Stuttgart, 
FRG) for Action 2, Phases 2 and 3 (1989-1990). 
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Above: PISC III Action No 3 (NDW). Assembly No. 20 with 
three nozzles and safe-ends of the BWRtype:No.21, No. 22, 
No. 23. Assembly No. 20 is also a key element for any 
evaluation of new inspection possibilities of old plants 
considered for life-extension (offer and manufacture from 
USA, Japan, Spain). 

Below left: PISC III No. 4, (AST). Large castings ready for 
assemblies manufacturing when the last budget allocation 
will be available. Offer and manufacture from France, JRC, 
Japan, Spain. 

Below right: Wrought Austenitic steel pipes welded 
assemblies (BWR type) now circulating among 20 teams. 
Offer and manufacture from Japan, USA, CEC, Italy. 

Action No. 3 (Nozzles and Dissimilar Metal Welds) 

An American BWR assembly with two nozzles and 
safe-ends (Figure above) and a Spanish PWR safe-
end began their circulation mid 1989 and this is 
now completed. Destructive examination has star
ted at the JRC Central Workshop. 
This complex exercise, requiring various machining 
techniques, proceeds by alternating machining 
and new non-destructive testing to guide this 
machining. 
It is an essential role of the JRC as Reference Labo
ratory of PISC to ensure the correct evaluation of 
the PISC results. 
The Management Board of the programme has in
dicated during its last session that such work, even 
if delegated, had to remain under the strict conti
nuous control of the JRC-IAM experts. 

Action No.4 (Austenitic Steel Testing) 

Twenty five teams have registered their intent to 
participate in one or more phases that will extend 
up to 1992. Large assemblies are still underfabrica-
tion for the RRT on cast austenitic steel (Figure left 
below). However, the Round Robin Test of forged 
piping assemblies started in October 1990 for a 2 
years' circulation in 11 countries (Figure right be
low). This Action No. 4 suffered very much from the 
unavailability of resources necessary to procure the 
raw material, manufacture assemblies and intro
duce realistic defects. 
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Action No. 5 (Steam Generator Tubes Testing) 

Thirty-one teams from ten countries have registe
red an interest to participate in the RRT planned un
til 1992. 
The validation of defects has involved experts from 
Belgium, France, Germany, Italy, Japan, Spain, Uni
ted Kingdom and the United States of America. 
The Reference Laboratory (JRC/IAM) is preparing 
many artificial defects in tubes. 
Orders have been placed from the Operating 
Agent to get realistic corrosion defects by CEA, 
MITSUBISHI, CEGB, KEMA. Emphasis has been put 
on corrosion defects (IGA, SWSCC, PWSCC) at 
three key locations: Tube Sheet (above the rolling 
zone), Tube Support Plates, U-bend transition. 
Three training boxes constructed at JRC/IAM are in 
circulation (Figure above); the full RRT is expected 
to last until the end of 1992 due to the wide partici
pation. 

Action No. 6 (Mathematical Modelling on NDE) 

The validation of the three first models has now gi
ven the assurance that models can be used to draw 
graphs and tables, without imperfections or errors 
due to the characteristics of different transducers, 
the various calibration and normalization opera
tions, the imperfection of artificial defects and the 
secondary effects like wave transformation often 
depending on defect sizes. 

Action No. 7 (Human Reliability Studies) 

As already reported in 1989, part of this work was 
performed in the United Kingdom and at the JRC-
Ispra utilizing the PISC II data and supplementary 
questionnaires. 

Studies on human variability and influence of the li
mited access of welds for UT inspection were consi
dered. Systematic observations are carried out at 
Risley UKAEA and at JRC Ispra through the inspec
tion by industrial UT operators of special assem
blies and components used in PISC Actions. 

Some of them will be inspected under conditions 
reproducing practical industrial reality such as tem
perature, humidity and time constraints (Figure 
below). 

Above: Two of the three training boxes of Steam Generator 
Tubes containing realistic and artificial defects for the 
RRT on loose tubes 

Below: PISC III Mobile laboratory for human factors 
identification 
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Action No. 8 (Support to Code and Standard 
Organizations) 

This Action, proposed by the Management Board 
and approved by OECDNEA and CECJRC, has to 
give, through the PISC group of experts, direct sup

port to Codes and Standards organizations. Such a 
proposal has been supported by all PISC members 
and involves three aspects: 
 Information to Codes and Standards Technical 

Committees of PISC results and PISC related pro

grammes results. 
 On request, critical review by PISC members of 

technical documents made by national/interna

tional technical groups. 
 Preparation of technical reports by PISC mem

bers related to Codes and Standards problems, 
for the benefit of National, CEN, ISO, IIW techni

cal groups which develop standards. 
The organization and support of this Action 8 invol

ves mainly the Operating Agent (JRC/IAM). A key 
theme of work is the "Performance Demonstra

tion". The introduction of artificial "realistic de

fects" in blocks and structures allows affordable 
and reproducible validation samples. 

Mathematical models, involving a better under

standing of the physical phenomena, indicate 
which artificial defects could be used to replace na

tural ones for NDT techniques validation and in

spection teams training. 
PISC results and the growing recognition of the va

lue of validation assemblies persuaded ASME to 
modify significantly the Code for Pressure Vessels 
and Boilers, Section XI by the introduction in 1990 
of a new appendix "Performance demonstration 
for Ultrasonic Examination Systems". 

Also in Europe, performance demonstration 
should be used to harmonize the ISI procedures wi

thout "technical dispute". JRC/IAM has develo

ped, with a network of European industries and la

boratories the knowhow to introduce realistic de

fects, as opposed to real defects as recommended 
by ASME. This principle of performance demon

stration was already applied during the exercise on 
full scale vessel testing. During the inspection at 
Stuttgart with the Central Mast Manipulator (Figure 
on page 59), simple blocks of the parametric stu

dies were positioned on the top of the vessel (Fi

gure below) and scanned as well. 
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The ultrasonic response of the huge Central Mast 
Manipulator corresponded well to the measure
ments made in the laboratory, validating the whole 
inspection system in the sense of performance de
monstration (Figure on page 62). 

Conclusions 

The PISC programme is an example of international 
cooperation with effective conclusions, technical 
results and input to Codes and Standards. 

The erosion of the political support to Nuclear 
Energy in many countries is such that no proposal 
can be made presently of further PISC work in the 
overall framework of Reactor Safety even if the 
ageing of the existing nuclear plants would require 
PISC type actions. 

It is hoped, however, that the need for international 
Codes and Standards will be such that the Opera
ting Agent of PISC (CEC) will continue to support 
Actions like Austenitic Steel Testing, Steam Gene
rator Tubes Testing, Human Reliability Exercises 
until the effective possible use of their results by 
Codes and Standards bodies like CEN. 

63 





3. Contribution to the 
Specific Programme: 

RADIO-ACTIVE WASTE 
MANAGEMENT 





SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

Safety of Final Storage 
in Geological Formation: 

Materials Research Aspects 
Tests have been performed to analyze the in
fluence of a backfilling, rich in calcium carbonate, 
on fissure behaviour of mild steel container under 
heat flow condition. 
Under such conditions leaching and corrosion can 
be varied due to variation in either the diffusion 
coefficient of the different chemical species or to 
alteration in the composition of the backfilling. 

A large number of leaching and corrosion tests 
have been performed in an apparatus producing a 
thermal gradient across a column of wet porous 
media in contact with the sample. 

The main effect of the thermal gradient was in both 
cases the formation of a layer of calcium carbonate 
on the corroded surface, acting as a barrier against 
leaching and corrosion. 

The tests performed on fissured system show that 
the protective layer was unable to fill, or even cover 
the fissure. As a consequence, the leaching of the 
glass at the bottom of the fissure continues at a re
duced rate due to a decrease in the effective diffu
sion. During 1990 a series of samples of borosili-
cate glass loaded with Tc" was prepared under re
ducing conditions. The glass was examined with an 
electron microprobe in order to define the form in 
which the technetium was present. Only small 
amounts, around 250 wt.ppm, were homoge
neously dissolved in the glass. Most of the techne
tium was concentrated in metallic inclusions dis
persed throughout the glass. Two different phases 
were identified, i.e. technetium as the main consti
tuent with iron and nickel being the other elements 
and the reverse. 
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Materials Integrity 

Behaviour of Mechanical Properties 
under Irradiation 

HFR Irradiations 

The FRUST (Fusion Reactor Utilisation of Stainless 
Steel) experimental series provides irradiation data 
for stainless steel tensile samples irradiated in a 
central position of HFR, using the SIENA (Steel irra
diation in Enhanced Neutron Arrangement) irradia
tion capsule. 

During this reporting period the irradiation of 316 
steel welds at 250, 300, 350, 400 and 450°C up to 
15 dpa has been completed. The welds were obtai
ned by Electron Beam (EB) and Submerged Metal 
Arc Welding (SMAW). 

During the same period new optimized Cr-Mn 
steels (IF type) were irradiated in SIENA at 250 and 
450°C to 10 and 25 dpa. Irradiation creep experi
ments were performed at the HFR. Various type 
316 stainless steels and AMCR-type steels were ir
radiated between 300 and 470°C up to doses of 
5 dpa. The applied stresses were varied between 
25 and 300 MPa. A negative creep elongation was 
found at the beginning of the irradiation, which was 
attributed to the formation of radiation induced 
precipitates in the steels. The negative creep elon
gation increases with decreasing irradiation tem
perature and decreasing applied stresses. 

From the experimental results the following con
clusions can be drawn: 

- A clear effect of proton irradiation on in-beam 
fatigue crack initiation in miniaturized thin speci
mens of AISI type 316 stainless steel has been de
monstrated in the present work. The number of 
cycles to crack initiation, N„ is larger than that ob
tained in unirradiated specimens (Figure below), 
and the difference in N, between irradiated and 
unirradiated specimens slightly increases with 
decreasing test temperature. 

- The influence of proton irradiation on fatigue 
crack propagation appears to be more significant 
at the primary stage of crack propagation. In the 
low crack growth rate region, the corresponding 
K values are larger in the irradiated material than 
in the unirradiated specimens. 

Below: Influence of temperature and irradiation on fatigue 
crack initiation 
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Fatigue crack growth initiating from pre-existing 
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the first wall of Tokamak Reactors. 
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crack growth and radiation damage is thus neces
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lifetimes. 
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- Proton irradiation results in a slight decrease of 
the fatigue crack growth rate during the secon
dary stage of crack propagation. 

- Irradiation tends to increase fatigue life, except 
at high temperature where it results in a decrea
se. The ratio of N¡ to Nf is about 0.51, which is lar
ger than that of 0.4'obtained from unirradiated 
experiments. 

SEM examination of the fatigue fracture surface of 
AISI type 316 stainless steel specimens, in both irra
diated and unirradiated condition, provided addi
tional information useful in the interpretation of the 
low temperature fatigue behaviour. 

Fracture surfaces of the specimens irradiated by 
20 MeV protons are quite different from those of 
unirradiated specimens. This is attributed to irra
diation hardening which causes a slightly lower rate 
of fatigue crack growth atlowfluenceand lowtem-
perature. 

The effect of deuteron irradiation on the 
fatigue damage in type 316 L stainless steel 

Torsional fatigue tests were conducted on AISI 
316L stainless steel specimens under both thermal 
and irradiation conditions, in the temperature 
range from room temperature up to 400°C. 

The thermal fatigue tests showed that fatigue 
damage D can be defined, for testing in torsion, in 
terms of bulk deformation parameters such as the 
load drop during strain controlled testing or the 
strain accumulation during load controlled tests. 
This damage description is apparently equivalent 
to defining fatigue damage by the surface crack 
length or the surface crack density, but avoids the 
difficulties of directly measuring small cracks. 
The first fatigue tests under irradiation were perfor
med on 20% cold-worked 316 L specimens under 
load controlled conditions and with a stress ratio of 
R = -1 for different maximum shear stresses at a 
temperature of 400°C. 

An example of these tests, which demonstrates the 
main experimental results, is shown in the figure 
below, where the total shear strain S is plotted ver
sus time. S is defined as the fatigue damage para
meter in this case. 

Below: Strain-time behaviour of a stainless steel specimen 
under deuteron irradiation 
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The specimen was first subjected to cyclic loading 
under thermal conditions before being irradiated 
for about two hours without applying a load. 
Thereafter, cyclic loading was started, without in
terrupting the irradiation for about 24 hours, and 
was continued under thermal conditions until rup
ture 
occurred. 
This plot shows that: 
i) irradiation hardening reaches saturation 

al ready after about 1000 s of irradiation, i.e. a 
dose of approximately 5 x 10"3 dpa. 

ii) Cyclic loading during the irradiation softens 
the material and this softening effect is 
completed afterasmall number of cycles, 

iii) Post-irradiation cyclic loading softens the 
material further, indicating that post-irradiation 
fatigue data for load controlled conditions 
differfrom in-beam fatigue data. 

Irradiation point defects in metals 

The radiation enhanced diffusion coefficient of nic
kel in nickel has been measured in the near surface 
region and in the bulk. In the near surface region 
the concentration of vacancies does not depend on 
the irradiation temperature so that the activation 
energy derived from the experiments is the migra
tion activation energy of vacancies. This means that 
the migration activation energy of vacancies can be 
determined in an irradiation experiment. From 
measurements of the self-diffusion coefficient in 
nickel single crystals the migration activation 
energy of self-interstitials could be derived. Both 
the migration activation energy of vacancies and of 
interstitials decrease with increasing high energy 
particle flux, a finding which isan important feature 
of the modified two interstitial model. 

The modified two interstitial model has been deve
loped in the last year and it could be shown thatthe 
dynamic steady state solution of the chemical rate 
equations is a mathematical solution rather than a 
physical description of the behaviour of radiation 
induced point defects. 

The initial rate of formation of interstitial clusters 
and the equilibrium concentration of interstitial 
clusters has been determined as a function of the ir
radiation temperature for alpha-copper-zinc alloys 
containing 30% zinc. The transition temperature 
below which interstitial cluster formation occurs in 

this alloy was Tt = 158°C. It was further recognized 
that the transition temperature for interstitial clus
ter formation is also that of vacancy cluster and void 
formation in the alloy, i.e. above T, = 158°C only va
cancy clusters are formed. 
It could be shown on the grounds of the chemical 
rate equations that the transition temperature de
pends only on the vacancy migration energy. Thus 
the transition temperature does not change with 
varying zinc content and even in pure copper is the 
same as in copper-zinc alloys. 

This result is in agreement with the previously de
termined migration activation energies of vacan
cies in pure copper and in copper-zinc alloys, which 
do not change as zinc is added to copper. 

It has further been established that the interstitial 
clusters formed in alloys are enriched in the under
sized component atoms of the alloy e.g. are enri
ched in silicon in nickel-silicon alloys. In this alloy 
the phase boundaries in thermodynamic equili
brium during irradiation are almost independent of 
the irradiation temperature and the transition tem
perature of the precipitate formation is also that of 
interstitial cluster formation. 

Plastic behaviour of CrMn-Steels 

The tensile properties of metastable chromium 
manganese steel are influenced by the deforma
tion induced martensitic transformation. 
While beneficial in increasing the strain hardening 
rate and ultimate tensile strength, the presence of 
substantial amounts of martensite can lead to a 
brittle, transgranular fracture mode. 
An investigation has been made of the effect of 
prior thermomechanical processing on transforma
tion and plastic deformation in a 10Cr18Mn steel. 
Two different approaches were used: 
i) lowtemperature deformation and subsequent 

heat treatment; 
ii) high temperature deformation alone. 

The influence of these treatments on stress-strain 
behaviour and fracture is discussed. Transforma
tion kinetics were studied by means of X-ray diffrac
tion and magnetic measurements. 

Microstructural observations have shown that dis
location substructures introduced by prior defor
mation inhibit transformation by acting as barriers 
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to the growth of platelets of martensite. The resul
tant decrease in the volume fraction of martensite 
leads to an increase in ductility and the appearance 
of a region of non-uniform elongation before failu
re. 

Optimization of chromium-manganese steels 

The precipitation hardening processes of both IF-B 
and IF-D alloys can now be controlled and monito
red by Vickers hardness against time plots. 
For the D-alloy the times are longer and the tempe
rature is somewhat lower. 
A first series of tensile tests at 20,200 and 400°C on 
Alloy-B specimens shows very encouraging results, 
especially at high temperature. 

In collaboration with CNR-ITM atCinisello Balsamo 
a series of strain- controlled LCF tests at 450° and 
550°C has been performed on AMCR-33 in compa
rison with AISI-316, giving good results, especially 
at 550°C. 

In collaboration with the Politecnico of Milan a first 
series of rotating bending high cycle fatigue and in
strumented tensile tests at room temperature was 

Above: Variation of microhardness along the diameter after 
rotating bending fatigue 

made on alloys IF-A, IF-C and IF-E. The tensile and 
fatigue properties of alloys E and A are interesting 
with respect to AISI-316L, but the fatigue proper
ties are inferior to those of AMCR-33. Alloy C shows 
less good results for both the elastic and the fatigue 
limits. 
The ratio of the fatigue limit divided by the elastic 
limit is very near to 1 for alloy C and E, while for alloy 
A it is 1.25. Thus in the external border zone the al
ternating bending stresses will cause plastic defor
mation and work hardening, especially for alloy IF-
A. This was confirmed by microhardness testing of 
the cross-section at the minimum specimen diame
ter of 6mm. The figure above shows for the alloy-A 
specimen G3 - which did not rupture after 
22.886.000 cycles at a maximum bending stress of 
360 MPa -the mean of three Vickers indentations. 
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The indentations were made with a load of 500 gr. 
at a distance of 0.2mm from the border to the cen

ter. The figure shows a central plateau with a hard

ness Hv of about 210 Kg/mm
2
, corresponding to 

the central inner zone diameter of about 3 mm. 
This hardness level is the same forthe nonfatigued 
alloy A. Therefore it is clear that the inner core zone 
was only deformed elastically. On the contrary, in 
the outer boundary zone between 1.5 mm and 0.3 
mm from the border, the hardness varies up to 
50%, indicating plastic deformation and work har

dening. This result is in contrast with the usual cal

culation of the maximum bending stress, based on 
pure elastic theory. 

Advanced low activation materials 

installed which allows generation of body forces in 
the liquid. The weight loss on specimens subjected 
to disruptions and variable inerţial forces has been 
determined (Figure below). It appears that the 
weight loss increases suddenly at a force density 
which depends on the power and the discharge 
time. 

Recent activation calculations have shown that SiC 
appears to be a candidate material which can sa

tisfy the criteria for low activation materials relating 
to safety and maintenance of fusion reactors. 
However, only fibre reinforced SiC could in 
addition satisfy the structural requirements forthe 
first wall of a fusion reactor. We have therefore star

ted investigation of the advantages of SiC/SiC as a 
fusion reactor structural material. 
They are: 
 rapid decrease of induced activity after reactor 

shutdown 
 low afterheat in the case of a loss of coolant acci

dent 
 high operating temperature possible 
 lowZ material in first wall applications 
 low chemical reactivity 
 very abundant elements. 

Like all lowZ materials, SiC will produce substantial 
quantities of He under fast neutron irradiation. 

Therefore, the first experiments will investigate the 
effects of He implantation on the stability and me

chanical properties of SiC/SiC composites. 
During 1990 preparation of these experiments and 
the testing equipment has commenced. 

Disruption Studies 

During disruptions,surface melting will occur in me

tallic first walls of NET. Due to the contemporary 
eddycurrents in the metal and liquid layer, magne

tic body forces act on both. Equipment has been 

Below: Loss of material during a disruption in dependence 
of the acceleration for different energy densities. 
Material: Stainless steel AISI316 
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Ceramic coatings for enhancing thermal 
emmissivity 

Selective absorbers have been proposed as a 
means to increase radiative heat transfer in the NET 

. project. 

The aim of the present study is the production of 
films having low emissivity for wavelengths < 4 urn 
and higher emissivity at hig her wavelengths. Consi

dering the operational environment, refractory and 
stable oxides are taken into consideration (Cr203, 
Mn02, Ti02 and AI2O3). During the last year coa

tings have been produced by galvanic and plasma 
spray techniques. 

Black Cr has been deposited galvanically on AISI 
316. Films 25 urn thick have been tested for chemi

cal composition, thermal stability, hardness, adhe

rence and spectral absorptivity. Ceramic films 
(Cr203, Ti02 and Al203) have been deposited by 
plasma spray techniques in air or vacuum. 

The effect of deposition parameters on the structu

re, composition and spectral absorption have been 
studied. Tests of stability under thermal cycling 
conditions and in H2 atmosphere are being develo

ped. We are now waiting for components to be 
coated by galvanic and plasma sprayed films as 
proposed by the NET Team. The figure below 
shows the efficiency of the black coatings. 

Below: Hemispherical near normal spectral absorptance of 
Cr203 APS, galvanic black Cr, after thermal treatment in 
H2 and the effects of surface treatment 
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Influence of Pb-17Li on the properties of 
blanket materials 

The migration of deuterium in the presence of 
heliumin AISI 316 

Production of corrosion barriers 

This work is a continuation of the study of the effect 
of oxygen on the corrosion of structural materials 
by Pb-17Li. The addition of oxygen to Pb-17Li 
leads to a short term increase, but a long term de
crease in the corrosion rate. This observation can 
be explained by the formation of LiCr02 on the sur
face of the steel. 
We have shown that LiCr02 can also be formed by 
the reaction of Pb-17 Li with Cr203 formed on steels 
by pre-oxidation. We have constructed a special 
apparatus to pre-oxidize the surface of steels under 
a controlled H2/H20 atmosphere (ratio 1000:1). 
The corrosion resistance of steels with pre-oxidized 
layers of different thicknesses will be determined 
by testing in a thermal convection loop at 723K for 
4000 h. 

Mechanical properties 

The combined effect of hydrogen and Pb-17Li on 
the mechanical properties of notched tensile speci
mens of 1.4914 steel is being tested under constant 
uniaxial load and under slow strain rate (2.8 10'7 s1). 
Tests will also be made to determine the suscepti
bility to hydrogen embrittlement of welded speci
mens of 1.4914. The welded material will be provi
ded by KfK within the framework of the European 
Fusion Programme. The effect of a constant unia
xial load on the corrosion rate of AMCR 0033 and 
1.4914 has been investigated using three thermal 
convection loops. The loop containing the AMCR 
specimens has completed 20,000 h and the experi
ment has been stopped. The other two loops con
taining 1.4914 specimens have reached 17,500 h. 
Analysis of the AMCR specimens has now started. 

The lithium-lead-bismuth system 

As bismuth is a neutron activation product of lead, 
it is important to know the interaction of bismuth 
with lithium-lead alloys. A resistivity monitor, deve
loped in collaboration with the University of Not
tingham (U.K.) is being used to study the solubility 
of bismuth and to investigate the ternary lithium-
lead-bismuth phase diagram. 

The migration behaviour of D2 in steel is of interest 
for estimating the D2-permeation through the first 
wall of a nuclear fusion reactor. In order to obtain a 
preliminary picture of the transport process, "mir
ror grade" surfaces of AISI 316 targets, cleaned by 
means of standard procedures, have been implan
ted with He and D2, to obtain the following types of 
targets: 

a) 2.1017 HeVcm2, 200 keV, at200°C 

+ 2.1017 HeVcm2,100 keV, at 200°C 

b) like a) + 6.1016 DVcm2, 40 keV, at 100°C 

c) 6.10,6D7cm2,40keV,at100°C 

d) 2.1017 HeVcm2, 60 keV, at 300-350°C 

+ 2.1017 HeVcm2, 40 keV, at 300-350°C 

e) like d) + 6.1016 DVcm2, 30 keV, at 300-350°C 

f) 6.10'6 DVcm2, 30keV, at300-350°C 
The respective concentration profiles of the deute
rium and helium for the targets a, b, and c showed 
that He (maximum penetration depth 800 nm for 
200 keV) has migrated beyond a distance of 1400 
nm from the surface. In the presence of He, the D2 

was continuously distributed between the surface 
and the bulk, whereas in its absence it concentra
ted near the surface of the implanted target. Al
though the implantation conditions for the targets 
d, e, and f were different from those of a, b, and c 
(lower keV, higher temperature) the results are si
milar: the presence of He enhances the migration 
of D2 into the bulk, i.e. increases the permeation of 
deuterium and tritium through the first wall of a nu
clear fusion reactor. 

^ T ^ ' 
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Irradiation Experiments 
in the High Flux Reactor 

In 1987, as part of the programme on the develop
ment and improvement of Advanced Fast Breeder 
Reactor fuel, a series of experiments were sponso
red by the Transuranium Institute of the Joint Re
search Centre in Karlsruhe. In the pursuing two 
years, the irradiation experiments BUMMEL (study 
of fission gas bubble mobility in UO fuel) and the 
two experiments NILOC 1 and 2 (consisting of 6 
fresh, mixed nitride fuel pins) were completed. 

In 1989, an extension of the NILOC series, ie. NI
LOC 3 and 4, was proposed. During 1989 and 
1990, the 6 irradiation capsules were manufactured 
at Petten. Due to fabrication problems of the com
plex mixed nitride fuel at Karlsruhe, the transport of 
the fuel pins to Petten and the irradiation were 
postponed to 1991. 

Similarly, the experiment POMPEI (study of mixed 
nitride fuel at high burn-up), also ordered in 1987, 
is delayed until 1991. The manufacture of the irra
diation capsule and its component parts was com
pleted during 1990. 

Below: View into the reactor pool 
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Operation of the 
High Flux Reactor 

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

The German contribution is managed via For
schungszentrum Jülich (KFA) and Kernforschungs
zentrum Karlsruhe (KfK). It is generally related to 
the German nuclear energy programmes. 

Irradiation programmes related to light water reac
tors addressed studies of the behaviour undertran
sient conditions of fuel rod segments which have 
been pre-irradiated in commercial power reactors. 
In 1990 for the first time a pre-irradiated fuel rod 
was re-instrumented with pressure transducers at 
the Petten hot cells and successfully operated at 
the HFR in a project for study of fission gas release. 
Two tests with a newly developed and very com
plex irradiation device for study of iodine solubility 
and degassing from a fuel rod after a LOCA scena
rio were successfully completed with pre-irradiated 
PWR fuel rods. 
Considerable progress was made in the develop
ment of a "low power" boiling water fuel capsule. 
For a performance test programme with MOX fuel 
the burn-up accumulation irradiation started in 
1989 was continued. Feasibility studies were per
formed for irradiation testing of corrosion samples 
made of Zr- based alloys in typical water reactor 
coolant conditions and of CT-samples made from 
BWR vessel material under BWR irradiation condi
tions. 

Irradiation programmes related to the high tempe
rature gas cooled reactor comprise graphite and 
fuel irradiations. The "fundamental properties gra
phite programme" which contributes to the data 
base on irradiation effects on graphite progressed 
to schedule. About 10 individual irradiations are 
under evaluation, in the reactor or under prepara
tion. In the graphite creep programme two irradia
tions were performed with intermittent measure
ments of dimensional changes of the samples. A 
third experiment was started. 

The irradiation data of an in-pile experiment on 
HTGR coated particle fuel with 10 % designed-to-
fail particles, carried out in the period 1987 to 1989 
were evaluated. 

The objectives of this safety related experiment, 
namely the investigation of fission gas and iodine 
release behaviour under temperature transients 
and ramps, and purge gas chemistry, e.g. water va
pour up to 104 u atm, were fully achieved. A new se
ries of reference tests of spherical HTR fuel ele
ments for the German HTR programme was star
ted. These tests comprise the simulation of HTR-
moduleand HTR-500 power plant operating condi
tions. The objectives are the confirmation of low 
coated particle failure at operating conditions and 
the confirmation of low "free heavy metal" conta
mination of the fuel element. The main feature of 
these experiments is the on-line measurement of 
short, medium and long lived volatile fission pro
ducts. 
Fast breeder reactor fuel irradiations were conti
nued with an overpower equilibrium test, a short 
transient test and the start of a second long term ir
radiation test for further fuel and cladding axial dis
placement experiments. Further effort was put into 
the development of future SUPER-KAKADU and 
HYPER-KAKADU experiments which study fuel per
formance under power cycling conditions, conti
nued development of the application of noise ana
lysis techniques, and a redesign of the alpha-tight 
EUROS Cell, which will be used for encapsulating 
longerfuel pins. 
Fusion related investigations comprised the irra
diation of prospective constituent materials for su
per conducting magnets, investigation of tritium 
release kinetics from different ceramic lithium com
pounds under irradiation, and damage studies on 
metals and welded metal joints as well as graphite 
base first wall coating materials and molybdenum 
and molybdenum alloys to be used as divertor ma
terials. 
The Netherlands contribution to the HFR supple
mentary programme addresses two different areas, 
namely contributions to the European fast reactor 
and fusion research programmes on the one hand, 
and use of the beam tubes for solid state and mate
rials research on the other. 
The EFR related programme concentrates on da
mage studies on structural materials. For crack pro
pagation investigations compact tension speci
mens of different stainless steels have been irradia
ted. Another series of irradiations provides samples 
for post-irradiation creep fatigue testing. 
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For the fusion programme martensitic steels and 
vanadium alloys are irradiated at different tempe
rature and fluence levels. A programme to study 
fracture mechanics properties of irradiated steels 
at lower temperatures is under preparation. This 
programme also includes advanced welds, such as 
electron beam and plasma welds. In collaboration 
with ECN and other European research centres, ir
radiation testing of tritium breeding ceramic blan
ket materials is in progress. The main objective is to 
obtain data on tritium residence times of a variety 
of different zirconates, aiuminates and silicates at 
different irradiation temperatures, 6Li burn-ups, 
and at varying purge gas chemistries. 

Nuclear physics experiments at three beam tubes 
have been re-oriented from fundamental to ap
plied nuclear physics, focused on BNCT, during the 
transitional year 1990. After completion of the 
study of the exchange currents in neutron capture 
by 3He at HB11 (resulting in a PhD-thesis for the 
Delft Technical University) an epithermal neutron-
gamma filter has been installed in preparation of 
the beam facility for BNCT in collaboration with 
JRC Petten. 

AtHB7 pilot experiments on prompt gamma deter
mination of boron concentration have been perfor
med as part of the BNCT programme. 
For the nuclear orientation facility at HB2 polarized 
neutron beam, an adequate applied programme is 
being searched for. 

Five beam tubes- HB1, 2,4, 5 and 9-are in perma
nent use for condensed state physics and materials 
science applications. 
The topics addressed by the present programmes 
are listed below, with the method applied indica
ted in parentheses: 
- crystal and magnetic structures of organic and in

organic substances (neutron diffraction); 

- magnetic .and structural phase transitions, phase 
diagrams (neutron diffraction and critical scatte
ring); 

- structure, order and disorder in solid, liquid and 
amorphous alloys (neutron diffraction and diffuse 
scattering); 

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

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

- texture determinations (neutron diffraction); 
- disperse systems, colloids, polymers, precipita

tions, void formation, porosity (small-angle neu
tron scattering). 

The scattering equipment is continuously modified 
and upgraded in order to meet the requirements of 
new fields of application; this year a new spectro
meter, solely dedicated to residual stress measure
ments, was completed and installed. 

As a joint effort between ECN and JRC, the Petten 
Neutron Radiography Services (PNRS) provided 
neutron radiography inspections to materials re
search, space- and aircraft industry and research. It 
started a research contract related to the study on 
the application of neutron radiography in space 
component technology and continued promotio
nal activities for more applications of this NDE-
technique. 

The main source of funding for the HFR operation 
including maintenance and upgrading is borne by 
the HFR supplementary programme. More detai
led information on the HFR programme and its re
sults can be found in the Annual Report, ref. /1 /. 

Reference 

IM Annual Report 1990, 
Operation of the High Flux Reactor, 
EUR 13590 EN 
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Standards for Advanced Ceramics 

The general objectives of this activity are support 
to and stimulation of the development of European 
standards and prestandards and the execution of 
research and development within European stan
dardisation activities. The project supports the Di
rectorate General "Internal Market and Industrial 
Affairs" section: "Standardization and Certifica
tion". The following results were achieved during 
the reporting period. 

Classification of Advanced Ceramics 

Classification of Advanced Ceramics is considered 
as most important standard to enable international 
applicability, to provide a basis for unanimity in the 
transfer of information between researchers, desig
ners, manufacturers and product users. The deve
lopment of a European (CEN) standard for the 
"Classification of Advanced Technical Ceramics" 
will built on concepts presently elaborated by a VA-
MAS working group. The Institute for Advanced 
Material organised the VAMAS workshop (June 
1990): Classification of Advanced Ceramics- Deve
lopment of the First Internationa! System for Produ
cer and User Industries. The objectives of the work
shop were the identification of classification requi
rements based on national and international 
perspectives, of critical classification elements and 
terminology, of major product categories and the 
construction of a possible skeleton classification 
scheme. The workshop fully met these objectives. 
Proceedings are under preparation. 

Experimental Activities 

In the field of pre-normative R&D activities were fo
cused on three subjects relating to the develop
ment oftest methodologies, i.e. ceramic corrosion, 
mechanical properties and non destructive testing. 

Ceramics Corrosion 

During the year, work on the construction of a new 
purpose-built "Hot Corrosion Laboratory" has pro
gressed. A burner rig will be housed in this labora
tory which will enable the behaviour of advanced 
engineering alloys, ceramics and composites to be 
studied under dynamic conditions during exposure 
to various molten salt/gaseous atmosphere combi
nations. 
A necessary prerequisite before any testing can be 
done is to establish a standard and reproducible 
test technique which will ensure that meaningful 
and industrially-relevant data is generated. 
The construction of the laboratory building is com
pleted. The burner rig, illustrated schematically in 
figure below, is in position and some very prelimi
nary commissioning trials have been initiated. 

Below: Sectional View of the Burner Rig 

Specimen chamber f" 

Exhaust gas —► Í 

Specimens 

SiC Healer 'elements 

Thermocouple 

Fuel / atomising air 

Air 
Section A  A 

Sectional View of the Burner Rig 



SCIENTIFIC  TECHNICAL ACHIEVEMENTS 

20 

?
 10 

E, 
c 
g 

'■*  * _ 

to 0 
u 
o 
o> 
3 
'5 
li. -10 

Mechanical Properties 

Activities during 1990 included: 

i. Participation in the VAMAS round robin on frac

ture toughness determination at room tempe

rature; 
ii. The preparation, in collaboration with BCR and 

NPL (U.K.), of a European round robin on unia

xial tensile and creep testing at high tempera

ture; 
iii. The participation in working groups of CEN TC 

184 concerning standards for test methods of 
monolithic and composite ceramics; 
The further development and the critical eva

luation of two experimental facilities for the ac

curate uniaxial tensile testing of ceramics. Both 
systems apply cold gripping. The first system 
consists of a rigid, very accurately aligned loa

ding train which does not allow for correction 
after mounting of the specimen. The second 
system contains a universal coupling, which 
permits alignment of the specimen by adjust

ment of the position of precisely machined 
knifeedge supports. Both systems have been 
carefully analyzed in terms of their uniaxial 
alignment capability by means of series of tests 

IV. 
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Lenght of maximum B vector at failure (microstrain) 

on over 70 strain gauged Al203, Zr02 and S¡3l\l4 

specimens. The maximum bending levels along 
the gauge length of these samples at failure are 
smaller than 3,5% corresponding to centreof

gauge length bending levels (this is the quan

tity used in literature) of smaller than 1%. The 
lack of correlations between the failure loca

tions and the lengths of the bending vector at 
failure which is observed in figure below, pro

ves that the quality of alignment is high enough 
in order not to obscure the intrinsic uniaxial ma

terial behaviour. 

Ultrasonic Non Destructive Characterization of 
Cracks in Ceramics 

Ultrasound is one of the most promising techni

ques for the nondestructive testing of engineering 
ceramics, especially for the characterization of 
cracks. 
In 1990, a work was initiated on the detection and 
sizing of radial cracks resulting from Vickers inden

tations in Reaction Bonded Silicon Nitride (RBSN) 
by means of ultrasonics at relatively low frequen

cies (30 MHz). The crack lengths varied between 
100 urn and 600 urn. Bulk shear waves and surface 
waves were used to obtain the Cscans. The inter

pretation of the images obtained was complicated 
by the presence of the indentation. The methods to 
size the radial cracks were used: the 6 dB ampli

tude drop and the relationship between maximum 
amplitude of the echo and the reflective crack sur

face; the results were compared with the size mea

sured by optical microscopy. 

Below: Failure location versus maximum B vector at 
failure using the tensile setup. 
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Standardization of Quality Control 
Protocols for Cyclotron 

Produced Radio-Pharmaceutical 
This report refers to the Supporting Activities for 
the practical application of the European Council 
directives for radiation protection of persons un
dergoing medical examination and treatment. 
Principal aim of this action is to assist DG XI, propo
sing prenormative protocols for chemical, radio
chemical, radionuclide and biological purity of Ra
dio-Pharmaceuticals. 
In 1990, activities were developed according to the 
following lines: 

Production of Radioisotopes: 

The yield of nuclear reactions at well definite beam 
energy, in order to avoid unnecessary and/or dan
gerous contaminants was studied. The energy cali
bration of the extracted beam was completed for 
proton beam at different energies. 

Radioisotopes 68-Ge/68-Ga and 73,75 Se: 

Ga-radioisotopes are frequently used in nuclear 
medicine. Ten samples of metallic gallium were ir
radiated to produce 68-Ge with different activities. 
The radioisotope 68-Ge decays to 68-Ga with a half 
life of 288 days. 

Studies and experimental work of radiochemical 
separation have been carried out, especially in view 
to reduce the risk of contamination. Studies for a re
mote controlled radiochemical separation of Ge-
Ga have been completed. Since the generator 68-
Ge/68-Ga ¡sof special interest in nuclear medicine, 
a generator system has been developed and com
pleted. The first two prototypes have been loaded 
with 550 KBq and 3.7 MBq, respectively, in orderto 
study loading and elution methods. 

These radioisotopes are of particular interest for 
the application in the BORON NEUTRON CAP
TURE THERAPY. Extensive studies have shown that 
the production of 73,75-Se can be achieved 
through the bombardment of intermetallic Cu-As 
alloy. First irradiations and radiochemical separa
tion have been performed. 

A Round Table on "Methods for the Standardiza
tion of Quality Control Protocols for Cyclotron Pro
duced Radio-Pharmaceuticals", sponsored by DG 
XI, with experts in radioisotope production, radio
chemical separation and labelling is under prepara
tion. It will take place in April 1991. 
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Materials Information Management 

The work during the year has been directed to two 
main goals: to digest the lessons of the Materials 
Database Demonstrator Programme; to formulate 
new proposals for the DG XIII to adopt in order to 
improve the market for information on engineering 
materials in the EC. To achieve these aims it was ne
cessary to also take into account rapid develop
ments which are taking place in this field outside 
the EC and to develop new directions for the Insti
tute to take which would give it a strong role in this 
field in the future. 

During the first half of the year the Proceedings of 
the Concluding Workshop of the Demonstrator 
Programme were edited and prepared for publica
tion in camera-ready form. The Proceedings were 
published in 1990, entitled: "Materials Information 
for the European Communities". These are now 
being widely distributed. 

From the experience of the Demonstrator Pro
gramme a new basis for further actions has been 
developed in close consultation and cooperation 
with DG Xlll/B in Luxembourg. These proposals are 
currently being discussed as part of Action Line 4.1 
of the more general proposals for a new five-year 
programme: IMPACT 2. The proposals are in two 
parts: some direct actions which the CEC would 
carry out to provide some centralised services and 
developments of common benefit; some co-opera
tive actions which would involve industrial compa
nies, research and trade associations, scientific in
stitutes and local user support agencies. The whole 
proposal has the general aims: 
- to create an industrial structure for the materials 

information sector of the European information 
industry; 

- to make European information of industrially 
strategic importance more accessible to more 
sectors of the manufacturing economy and the 
research community; 

- to establish a European identity for that informa
tion by improved standardization and harmoni
sation and so increase the impact of European in
formation on the world market. 

As result of the studies and discussions on which 
the new programme would be based a new direc
tion and role for the Institute has been suggested. 
The new task would be to apply engineering me
thods and modern computer techniques to the 
efficient and economically valuable management 
of scientific and technical information. This new 
field of Information Management is currently recei
ving a great deal of attention elsewhere. It would 
be both within the interests of the Institute and 
would also support other actions of the CEC as out
lined in the new proposals above. 

In support of the increasing recognition of the need 
for international standardisation as a necessary re
quirement for the development of a market in com
puterised materials information and for its efficient 
management there has been participation in some 
of the actions currently in progress. 

These actions have been: 
- Participation in a round-robin test of curve fitting 

procedures for creep data. The tests were organi
sed under the auspices of VAMAS and supervi
sed by the National Research Institute for Mate
rials (NRIM) of Japan. 

- Participation in the first trials of a simple protocol 
for the electronic interchange (EDI) of materials 
data supervised by the American Society for Tes
ting and Materials (ASTM). 

- Strong contributions to the development of a 
materials model which forms part of the STEP 
programme of ISO (International Standards Or
ganisation). 
The aims of STEP are to achieve a standardised 
way of interchanging data on manufactured pro
ducts by electronic means and the development 
has important consequences for European indus
try and for the research community. 
The contributions were made through participa
tion in meetings of an advisory panel of the Bri
tish Standards Institute, which provides the se
cretariat for the European contribution to this in
ternational effort, and by attendance at official 
meetings of ISO. 
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Valorisation of Research Results 

Spontaneous Downward Heat Transport 

The campaign of comparison tests between the 
spontaneous system with the new double-effect 
valve and the forced circulation system has been 
completed and reported. 

The performance of the prototype of the solar sys
tem conceived for snow melting and hot water pro
duction at a high mountain refuge (3650 m) has 
been monitored during the whole year. Satisfactory 
results were obtained, also underthe severest con
ditions it exhibited 100% reliability. A new plant 
completely assembled in the factory, avoiding the 
necessity of field plumbing work, has been installed 
at another mountain refuge at 2100 m and monito
red. A proposal for other application of solar heat, 
again in the mountain environment, is under eva
luation. 

The first licensing contract for the commercializa
tion of our system in Portugal was signed by a Por
tuguese firm for the production of hot water in do
mestic applications. Assistance for the construction 
of the first plant was given. 

A full size working plant was exhibited at the CLI MA 
Fair in Athens, to stimulate interest among the 
Greek solar industries. 
Contact has been established with the largest solar 
manufacturer in Greece. 

Oxygen Sensors 

The development of a prototype oxygen sensor for 
industrial furnaces started in 1990, in cooperation 
with an industrial firm and the University of Milan. 

The sensor has a continuous measuring capability 
of oxygen partial pressure both in oxidizing and re
ducing atmosphere (1030-1 atm). 
The measuring electrode of this novel sensor is a 
cermet electrode, covered by a European Patent, 
which shall be extended to other countries. 
The advantage of the sensor is its tolerance for 
changes in furnace atmosphere, occurring during 
service or by accident. 

Testing experiments of the sensor prototype will 
continue in 1991. 
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Boron Neutron Capture Therapy 
(BN CT) 

During 1990, the Petten BNCT project has advan
ced towards its intended goal to treat glioblastoma 
(brain tumour) patients at the HFR facility. 
The important and essential aim to install the ne
cessary components to produce an epithermal 
neutron beam for BNCT applications was achieved 
on schedule. The various components that consti
tute the BNCT facility, ie. filter, emergency and 
main beam shutters, and shielding, were all instal
led during the long summerstopofthe reactor. The 
choice of filter components, in both material type 
and geometric dimensions, was finalised. All com
ponents were delivered in time for the installation 
during the summer shut-down period. 

The design of the facility had been jointly carried 
out by the JRC's at Petten and Ispra, and the 
UKAEA Harwell. The principle computational tool 
was the Monte Carlo code, MCNP. The work at 
Ispra used the deterministic code, DOT, which ser
ved as a valuable tool in both supplementing the 
MCNP results, but more importantly, in validating 
the results of the MCNP design. Thefinal filter com
ponents for the required epithermal neutron beam 
are : AI, S, Ti, Cd and liquid Argon. The configura
tion of the filter is shown in the figure below. 

The nuclear characterisation of the beam at full 
reactor power, and the start of the radiobiological 
and phantom irradiation experiments planned to
wards the end of the year have been delayed a few 
months. This is primarily due to the complexity of 
the control system to regulate the liquid argon faci
lity, and partly due to the design of the safety logis
tics for the main and emergency beam shutters. 
The liquid argon system involves a complex array of 
cryogenic valves and piping, cryo-coolers and 
pumps, and an array of feeder pipes for the supply 
of gas and compressed air to operate an assort
ment of components. 

A provisional set-up was completed in November, 
when it was possible to open the beam for the first 
time, albeit at low reactor power (300kW), to per
form some nuclear measurements. The results of 
the exercise are being analyzed. 

Below: Filter configuration for BNCT neutron beam (HB11) 
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I'ctten BNCT Project : The HB11 filter configuration 

97 



J»N TEN HOWE 'PO 

Further preparatory work in conjunction with our 
collaborators at ECN Petten and The Netherlands 
Cancer Institute in Amsterdam, has continued. The 
techniques of prompt gamma ray spectroscopy, 
using beam tube HB7 at the HFR, and ICP-AES at 
the neighbouring ECN laboratory, for determining 
boron levels in samples has been perfected. A ge
neral laboratory at ECN for the preparation and 
analysis of irradiated radiobiological samples has 
been jointly set-up. 
Phantoms for dose distribution studies, nuclear in
strumentation for beam monitoring and dose dis
tribution measurements, and computational tools, 

including a dedicated workstation for developing a 
treatment planning program, are now all available. 
It is expected to complete the set up of an opera
tional beam early in 1991. The first experiments are 
scheduled for March 1991 and the first clinical trials 
in Europe on patients in 1992. The envisaged treat
ment facility is shown in the Figure above. 

Above: The Petten BNCT Treatment Facility 
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Joining of Ce ram i esto Metals 

Successful exploitation of advanced engineering 
ceramics such as Si3N4 (SN) depends partly on the 
availability of reliable joining processes. 

I. Joining of Silicon Nitride Ceramics 

An approach that utilizes modification (structural 
and/or chemical) of the Si3N4 surface priorto joi
ning, ductile alloy (Ni-Cr) foils as joining agents, 
and optimally controlled solid state bonding has 
resulted in the routine production of strong and 
reliable joints (400-500 MPa fracture strength 
and 6-7 Weibull modulus). Having succeeded in 
producing SN joints that could be of use for a 
number of structural applications, efforts have 
been directed towards identifying the materials 
factors that affect the quality of the bond, thus 
attempting to correlate workpiece/joining con
ditions with interface microstructure and joint 
mechanical properties. 
Detailed microstructural analysis has shown that 
the bridging compounds formed at the interface 
were mainly Cr-nitrides. 

Above: Optical micrograph of a Si3N.-/Ni-20%Cr interface 
bondedin vacuum (marker=20/jm) 

Below: Fracture strength of SN/Ni-Cr/SN joints as a 
function of Cr content in the Ni-alloy interlayer 
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The reaction proceeds via the dissolution or dis
sociation of Si3N4, the sequential formation of 
Cr2N and CrN and, ultimately the formation of si-
licides. 
However, the progress and kinetics of the reac
tion are strongly influenced by the N2 and Cr ac
tivities in the system during fabrication. 
Indeed, changing the environment from Ai to 
vacuum had a major effect on the interfacial mi
crostructure, as depicted from the Figure above, 
which was detrimental for strong bonding. 
On the other hand, reducing the Cr activity in the 
Ni-alloy foil also resulted in a weaker joint as 
shown in the Figure below. 
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The joint strength was retained upon aging in air 
for 100 h up to 900°C, as demonstrated in the Fi

gure above, which is clearly of importance for 
high temperature applications. 

Effects of Ion Implantation into SN ceramics 
andSN/Metal Interfaces.* 

It has been demonstrated for a range of ions (Ar, 
Cr, Si, N) and ion bombardment conditions that 
ion implantation can improve the surface and 
bulk mechanical properties of SN, as shown for 
example in the Figure below. 

Ion beam mixing has been observed in the Cr/ 
Si/S¡3N4 and Si/Si3N4 systems, and limited (only 
of ballistic nature) mixing in the Cr/S¡3N4 system 
where ion implantation increased the adhesion 
of Cr on toSi3N4. 

Above: RTflexural strength ofSÍ3N4 joints after holding for 
100 h in air at the indicated temperatures 

Below: Fracture strength of ion-beam modified silicon 
nitride 
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Micro-Hydrodynamics 
of Laser Melted Pools 

Local erosion of solids in contact with gas/liquid or 
with liquid/liquid interfaces is a well known pheno
menon. 
There are many practical situations, in chemical en
gineering, and in glass and steel making technolo
gies where two or more fluid phases are in contact 
at interfaces. 

It has long been suggested that interfacial tension 
flows (Marangoni flows) might play a key role in de
termining the erosion patterns at the walls of pyro-
metallurgical furnaces. 

A mathematical model has been developed forthis 
mechanism on the assumption that the wall erosion 
is caused purely by buoyancy and Marangoni con
vert ie flows. 

Chemical agitation effects were neglected. 
The problem is formulated by considering the Na-
vier-Stokes equations coupled with the energy and 
diffusion equations. 
The relative contributions due to interfacial tension 
and buoyancy flows in determining the shape and 
rate of the erosion profile were studied. 
It was demonstrated that the erosion profile is in
fluenced by the local increase of surface tension re
sulting from the dissolution of the wall material (ref
ractory). 

Two different cases have been investigated. In the 
case of buoyancy convection alone, Figure above, 
the direction of motion is anticlockwise in both the 
slag and the molten phases, hence creating a shear 
field at the interface. 
The corresponding erosion profile shows a charac
teristic cut in the refractory which is not found in 
practice. 
It is therefore of interest to examine the behaviour 
of systems where the flow field is controlled by Ma
rangoni interfacial flows and where buoyancy flows 
playa secondary role. 

These conditions are depicted in the Figure below. 
The flow pattern in the slag has been completely 
reversed and the corresponding erosion profile is 
more symmetrical around the interface. 

Profiles of this form are found in practice. 
In conclusion, the computations suggest that opti
mization of process parameters such as process in
put, wall temperature gradient and wall material 
properties could result in reduced erosion rates. 

Above: The solute concentration gradients and the flow 
patterns in both slag and molten phases, for the case of 
pure buoyancy convection. The corresponding erosion 
profile shows a characteristic cut in the refractory which 
is not found in practice. Concentration ranges from that of 
the refractory wall 0.08 (rose) to 0.96 (light blue) 

Below: Similar distributions as in fig. above for Marangoni 
interfacial konvective flow. The flow pattern in the slag has 
been completely reversed and the corresponding erosion 
profile is more symmetrical around the interface 
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Development of Intelligent 
Processing for Sub-Micron 

Ceramic Structures 
Intelligent processing is a new development in pro
cess control. Computers are used to model the res
ponse of material properties to changes in process 
variables, to react to information from sensors 
which monitorthe evolution of materials properties 
during processing, and to send signals to actuators 
to control process variables. 
The idea is to actively steer the process towards a 
goal defined in terms of material properties. 
The benefits are improved process efficiency and 
better product quality. 

The objectives of the project are: to study the appli
cation of "intelligent processing" to chemical va
pour deposition (CVD) for the purpose of impro
ving coating properties by reducing grain size; to 
identify the control strategies necessary to achieve 
this aim; to identify areas where developments are 
necessary to implementthisaim; to establish an ex
perimental facility to test control systems; to iden
tify other materials processing technologies capa
ble of benefiting from intelligent control. 
The achievements in 1990 were: 

a) Thermodynamic modelling 

Thermodynamics determines the window of opera
ting conditions for the CVD process. It also offers 
insight into the process. The formation of TiN from 
TiCU, H2, and N2 was investigated. 
The findings were: 
1) a broad temperature window for the reaction 

exists centred on 900°C, see Figure below; 
2) the equilibrium yield depends only weakly on 

gas pressure (thus pressure can be varied to op
timize kinetics); 

3) the role of hydrogen is to produce TiCI3 without 
which TiN formation cannot occur so the pro
cess should be run with an excess of H2. 

Below: Multiphase equilibrium for the production of 
TiN by CVD at 0.01 bar 
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b) Intelligent control 

Asimple empirical model will be used initially. Later 
it will be progressively upgraded to contain more 
rigorous physical descriptions which will enable the 
model to be used for optimizing the process. An 
additional level of software is required so that ex
ternal priorities such as minimizing time, cost etc. 
are also respected by the model. The model is thus 
regarded as a core of functional dependencies that 
operates within a temporary set of boundary condi
tions. Development is needed on sensors and on 
kinetic models. Sensors will remain the limiting fac
tor in the application of intelligent control to CVD. 

c) Identification of other processes suitable for 
intelligent control 

The synthesis of ceramic powders by precipitation 
as colloids from solution with further processing by 

slip-casting to monolithic or composite materials 
was identified as a suitable process for the applica
tion of intelligent control. An activity in this area 
could also complement the exploratory research 
project on ceramic fibre composites for which slip 
casting is being considered for infiltrating fibres. 

d) Experimental facility 

A computer system was acquired for modelling, 
data acquisition and process control. 
Linear displacement transducers were purchased 
as sensors with the intention of using a simple 
example of the spring-back problem in the ben
ding of sheet metal as a test of the computer sys
tem. Laboratory space became available to the 
project during the year. 
The project will ultimately use CVD equipment cur
rently being installed at Petten. 
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Cold Fusion 

Research effort in 1990 concentrated on dry cold 
fusion and in particular on the study of the effect of 
deuteration of metal shavings. 

The effects of deuteration have been examined not 
only on shavings of titanium but also of zirconium, 
hafnium and Ti-Zr alloy. Tritium production has 
been evaluated making by a balance between the 
tritium content of the deuterium gas and the final 
tritium present in the metal. An active collabora
tion, on tritium analysis has been set up with ENEA 
Frascati. Neutrons emission has been studied using 
a 3He neutron counter. 

A statistical analysis on the tests performed did not 
reveal a significant neutron emission. Tritium pro
duction depends on the metals used in the deute
ration and appears to be significant in the case of 
the Ti-Zr alloy. The results obtained are summari
zed in the table above. 

System Mean Value st. deviation N° of tests 

Deuterium gas 
Titanium 
Zirconium 
Hafnium 
Ti-Zr 50%at. 
All metals 

10.59 
10.66 
11.51 
11.03 
12.02 
11.61 

0.051 
0.121 
0.091 
0.132 
0.065 
0.045 

36 
7 
12 
6 
14 
39 

Table above: Statistical evaluation of Tritium content 
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18/19-10-1990 
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Petten 

Petten 
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Petten 

Brussels 

Petten 

Ispra 

Petten 

Ispra 
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Ispra 

Ispra 

Ispra 

Ispra 
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Ceramic Materials 

Prenormative R&D for 
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Standards for Advanced 
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Designing with 
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High Temperature 
Fiber Technology 

Intermetallics 

-Advanced Blading for 
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-Prediction of Lifetime 

Classification of 
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User Aspects of Phase 
Diagrams 

Structural Integrity 
and Materials Testings 

Reactor Dosimetry 

Lifetime Predictions 
for First Wall of 

Fusion Machines 

Radio-isotopes 

Low Activation 
Materials 

High Temperature 
Materials Testing 

Type of Meeting 

Task Group 

Ad-hoc Committee 
Round Table 

Technical Committee 

Workshop 

Expert Meeting 

Expert Meeting 
+ Workshop 

Annual Progress 
Meeting 

Technical Working 
Party + Workshop 

Conference 

Seminar 

Symposium 

Research 
Coordination 

Meeting 

Course 

Workshop 

Conference 

Co-organiser/Co-Spon 

European Group of Frac 

-

CEN-TC184 

ECN, NL; European 
Physical Society 

Ecole des Mines, F. 

DG XII/C, EGSI 

COST 501 

VAMAS 

Institute of Metals, 
U.K. 

ENEA 

ASTM, IAEA 

IAEA 

-

DGXII-H 

NPL,UK;BCR 
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ABAQUS 
AES 
ARTIC 
ASME 
ASTM 
BCR 
BNCT 
BRITE 
BUMMEL 
BWR 
CAE 
CCG 
CEC 
CEGB 
CEN 
CISE 
CMC 
CNR 
CODATA 
COST 
COST 501 
CRKPRO 
CT 
CVD 
DAQ 
DB 
DG 
DOT 
EB 
EC 
ECN 
EDI 
EDS 
EELS 
EFR 
EGSI 
EMARC 
ENEA 
ENEL 
ERD 
ESCA 
ETL 
EURAM 
EUREKA 
EUROS 
EXAFS 
FBC 
FBR 
FE 
FRUST 

Finite Element Code 
Auger Electron Spectroscopy 
ExpertSystem 
American SocietyforMechanical Engineers 
American Society forTesting and Materials 
Bureau Communautaire de Référence 
Boron Neutron Capture Therapy 
Basic Research in Industrial Technologies for Europe 
Bubble Mobility Measurement Level 
Boiling Water Reactor 
Computer Aided Engineering 
Creep Crack Growth 
Commission of the European Communities 
Central Electricity Generating Board 
Comité Europeen de Normalisation 
Centro Informazioni Studi Esperienze 
Ceramic Matrix Composite 
Centro Nationale di Ricerche 
Committee for Data on Science and Technology 
European Cooperation in the Field of Science and Technical Research 
Advanced Materials for Power Engineering 
Crack Propagation 
Compact Tension 
Chemical Vapor Deposition 
Decentralized Data Acquisition 
Data Bank 
Directorate General 
Deterministic Code 
Electron Beam 
European Communities 
Energieonderzoek Centrum Nederland 
Electronic Data Interchange 
Energy Dispersive System 
Electron Energy Loss Spectroscopy 
European Fast Reactor 
European GroupforStructural Intermetallics 
European Materials Research Consortium 
Ente Nazionale Energie Alternative 
Ente Nazionale di Energia Electrica 
Elastic Recoil Detection 
Electron Spectroscopy for Chemical Analysis 
Environmental Testing Laboratory 
European Research on Advanced Materials 
European Research Coordination Agency 
European Remote Encapsulation Operating System 
Extended X-ray Absorption Fine Structure 
Fluidised Bed Combustion 
Fast Breeder Reactor 
Finite Element 
Fusion Reactor Utilisation of Stainless Steel 
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FTIR 
HFR 
HPSN 
HSS 
HTM 
HTMDB 
HTR 
1AM 
ICP-AES 
IMPACT 
IR 
ISE 
ISI 
ISO 
IIW 
JOULE 

JRC 
KAKADU 
KECU 
KFA 
KFK 
LCF 
LEFM 
LFR 
LMFBR 
LOCA 
LPPS 
LWR 
MAN 
MCNP 
MFE 
MOX 
M PA 
MPR 
NDE 
NDT 
NEL 
NET 
NI LOC 
NPL 
ODS 
OECD 
PAS 
PD 
PET 
PISC 
PIXE 
PNA 
PNRS 

FourierTransformed Infra-Red 
High Flux Reactor 
Hot-Pressed Silicon Nitride 
High Speed Steel 
High Temperature Materials 
High Temperature Materials-Data Bank 
High Temperature Reactor 
Institute for Advanced Materials 
Inductively Coupled Plasma-Atomic Emission Spectroscopy 
Community Programme: Internal Information Service Market 
Infra Red 
Institute for System Engineering (JRC Ispra) 
In Service Inspection 
International Organization for Standardization 
International Institute of Welding 
Joint Opportunities for Unconventional or Long-term 
Energy Supply (Community R&D Programme) 
Joint Research Centre 
Kamin Kasel-Duo (Twin capsules for fuel pin irradiation) 
Kilo European Currency Units 
Kernforschungsanlage Jülich 
Kernforschungsanlage Karlsruhe 
Low Cycle Fatigue 
Linear Elastic Fracture Mechanics 
Low Flux Reactor 
Liquid Metal Fast Breeder Reactor 
Loss of Coolant Accident 
Low Pressure Plasma Spray 
Light Water Reactor 
Machienenfabriek Augsburg-Nürnberg 
Monte Carlo Neutron and Photon Code 
Marginto Failure Evaluation 
Mixed Oxide 
Staatlich Materialprüfungsanstalt (Stuttgart) 
Materials Performance en Reliability 
Non Destructive Evaluation 
Non Destructive Testing 
National Engineering Laboratory 
Next European Torus 
Nitride Fuel, Low Oxygen and Carbon 
National Physical Laboratory 
Oxide Dispersion Strengthened 
OrganizationforEconomicCooperation and Development 
Positron Annihilation Spectroscopy 
Potential Drop 
Positron Emission Tomography 
Projectforthe Integrity of Steel Components 
Proton Induced X-Ray Emission 
Proton Nuclear Activation Analysis 
Petten Neutron Radiography Services 
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POMPEI 
PVD 
PWR 
PVSCC 
RBS 
RBSN 
R&D 
REFLEXAFS 
RF 
RLE 
RRT 
RT 
RWE 
SAM 
SEM 
SIENA 
SIF 
SIMS 
SMAW 
SMC 
SOC 
SOXAFS 
S/T 
STEP 
TC 
TEM 
TMF 
TNO 
UKAEA 
US 
UT 
VAMAS 
VPS 
WP 
XANES 
XPS 
XRD 

Pellets Oxide Mixte, Petten Irradiation 
Physical Vapor Depositions 
Pressurized Water Reactor 
Pressure Vessel Stress Corrosion Cracking 
Rutherford Backscattering 
Reaction Bonded Silicon Nitride 
Research and Development 
Extended X-ray Absorption Fine Structure in Reflexion Mode 
Radio Frequency 
Residual Life Evaluation 
Round Robin Test 
Radiographic Techniques 
Rheinisch Westphälische Elektrizitätswerke 
Scanning Auger Microscope 
Scanning Electron Microscopy 
Steel Irradiation in Enhanced Neutron Arrangement 
Stress Intensity Factors 
Secondary Ion Mass Spectrometry 
Submerged Metal Arc Welding 
Surface Modification Centre 
Sulphidizing/Oxidizing/Carburizing 
Surface Oriented X-ray Absorption Fine Structure 
Science and Technology 
Science and Technology for Environmental Protection 
Technical Committee 
Transmission Electron Microscopy 
Thermo-Mechanical Fatigue 
Toegepast Natuurwetenschappelijk Onderzoek 
UK Atomic Energy Authority 
Ultrasonic 
Ultrasonic Techniques 
Versailles Agreement on Advanced Materials and Standards 
Vacuum Plasma Spray 
Work Package 
X-ray Absorption Near Edge Structures 
X-ray Photo-emission Spectroscopy 
X-ray Diffraction 
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COMPETENCES AND FACILITIES 

Materials Characterisations 

Corrosion Properties 

The facilities are primarily housed in the purpose

built Environmental Test Laboratory (ETL) and have 
been extended during the past year to include the 
following; 
* a further two hightemperature multispecimen 

autoclaves have been commissioned and are 
fully operational 
(temperature capability = 1500°C), 

* a thermobalance capable of enabling conti

nuous masschange measurements to be made 
at temperatures up to 1700°C has been installed 
and is being used for studies concerned with es

tablishing the behaviour of advanced enginee

ring ceramics, 
* a laboratory burner rig is presently being com

missioned for research investigations concen

trating on the influence of hot (molten) salts on 
the degradation of alloys, ceramics and coatings. 

These additional facilities complement those al

ready existing, as summarised in previous Annual 
Reports. In summary, a total of; 
t 5 vertical toploading autoclaves having a tem

' perature capability of 1100°C, 
ţ 4 hightemperature (1500°C) multispecimen 

. autoclaves, 
t 2 horizontal mufflefurnaces designed to ope

• rate at temperatures of up to 1500°C, 
t 4 thermobalances for continuous thermogravi

metric analysis at temperatures ranging from 
1000°Cto1700°C, 

t 1 hotstage microscope with environmental 
chamber for in situ studies of corrosion as it oc

curs with video camera attachment for recording 
the events on a realtime base, 

t laboratory burner rig for hot corrosion studies at 
temperatures of up to 1200°C. 

All of these facilities have been designed to enable 
high temperature corrosion research investigations 
to be carried out using any of the following; 
 gas mixtures containing a range of toxic and/or 

explosive species including H2, CO, C02, CH¿, 
H20, H2S, S02,S03, N2 air etc., 

 solid deposits e.g., real or synthetic flyash con

taining mixed sulphates, carbonates, chlorides, 
etc., 

 molten salt deposits of the types found in 
boilers and gas turbines, etc., 

 liquid metals, e.g. aluminium, zinc, etc. 

Mechanical Properties/Environment Interaction 

The facilities, which are mostly located in the E.T.L. 
have been extended during the past year with the 
addition of: 

 1 cyclic creep rig capable of programmed varia

tions in tensile loading and temperatures up to 
1100°C; 

 1 cyclic thermal gradient rig for crack growth stu

dies in tubularcomponents internally cooled with 
water and externally induction heated. Crack 
growth from machined internal and external de

fects is continuously monitored using a DC po

tential drop technique; 

 2 conventional creep machines have been 
adapted to allow creep crack growth testing of 
small compact tension test pieces with DC PD 
used for creep crack growth; 

 conversion of one of the tubular component test 
cells for testing up to 1200°C. 

These additional facilities complement those al

ready existing, which have been described in pre

vious reports. In summary, there are in addition: 

* 12 uniaxial creep rigs for testing in air to maxi

mum temperatures between 1000°C and 
1250°C; 

* 17 uniaxial creep rigs for testing in controlled 
(aggressive) environments; 4 allowing salt addi

tions to be made to the sample during to test. 
The maximum test temperature lies between 
1000°Cand1050°C; 

* 1 cyclic creep rig capable of programmed varia

tions in tensile loading and temperature in corro

sive atmosphere up to 1050°C; 

* 4 tubular component test cells capable of tests to 
300 bar pressure and 1050°C in air or controlled 
environment; 2 with facilities for additional axial 
loading; 

* creep crack growth facilities for incorporation in 
the above test cells, followed by fracture mecha

nics analysis. 

* 1 rig for uniaxial creep testing in a system pres

sure of aggressive gas up to 200 bar. 
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COMPETENCES AND FACILITIES 

Mechanical Properties 

The group's competence essentially concentrates 
on the measurement of the mechanical behaviour 
of advanced materials under complex or extreme 
conditions, on their relationship with the micro-
structure and on performance prediction. 

The range of materials covered includes metallic al
loys, monolithic ceramics and continuous fibre ce
ramic matrix composites. The focus on advanced 
materials and on extreme testing conditions almost 
automatically triggers a spin-off into another area 
of research to which the group is heavily commit
ted, i.e. the prestandardisation aspect of mechani
cal testing. 
Round robin testing, participation in two working 
groups of technical committee TC 184 of CEN and 
experimental work constituted the main prestan-
dards activities in the past year. 
The experimental work aims at establishing the tes
ting methodology forthe uniaxial testing of mono
lithic ceramics and of CMC's and at analyzing and 
evaluating the effect of testing variables in orderto 
help defining acceptable tolerance limits to these 
variables for inclusion in the test standards. 

Above: In-situ monitoring of microcracking during fatigue 
by means of a computer vision system 

Below: Uniaxial tension/creep testing of ceramics facility 
under environmentally controlled conditions 

The group operates eight universal testing machi
nes for the measurement of a range of mechanical 
properties up to temperatures of 1450°C and a 
series of ¡n-house developed rigs for 4-point bend 
testing of ceramics in air and in corrosive environ
ments up to the same temperature level. 

Most of the rigs, housed in a temperature and hu
midity controlled testing laboratory (ETL-S), are 
modified for special purpose testing. 
Several rigs, for example, are adapted for thermo-
mechanical fatigue testing with fast heating and 
cooling cycles. One of the rigs is equipped with a 
computer vision system (figure above), for the in-
situ monitoring of the initiation and growth of mi-
crocracks on the surface of the test sample, achie
ving a resolution of 1.5 urn. 

The images are digitized and stored for subse
quent analysis of the growth characteristics of the 
cracks. Tension, creep and fatigue testing of cera
mics in the uniaxial mode has been developed on 
two rigs, one of which is equipped with an environ
mental chamber for tests in inert gas or vacuum 
(figure below). In 1990 a major effort was devoted 
to the implementation of a decentralized data ac
quisition system forthe digital acquisition, analysis 
and presentation of test data. Some of the testing 
rigs in the ETL-S laboratory are now equipped with 
DAQ-systems. 
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Interfacial Engineering 

Research into Interfacial Engineering of "composi
te" materials is covered by activities within the Spe
cific Research programme, the Exploratory Re
search programme and Work for Third Parties. The 
Group also contributes to collaborative projects in 
the Eureka and CEC Science programmes. 

Founded on a Ceramics Processing remit the 
Group provides facilities and expertise for the cha
racterisation of powder with respect to particle size 
and size distribution, particle morphology, surface 
topography etc. Green forming of powder com
pacts can be achieved by cold isostatic pressing or 
slip casting, with a range of facilities to characterise 
rheology, viscometry and sedimentation in slips. 
Densificaron in controlled environments is availa
ble by low pressure sintering or uniaxial hot pres
sing, or by reaction sintering of ceramic precursors. 

Joining of ceramics to ceramics or to metals and 
engineering of interface chemistry and microstruc
ture are performed by brazing or diffusion bon
ding. Characterisation of the physical properties of 
ceramics such as density, hardness, porosity etc., 
and mechanical testing, is backed up by a machi
ning capability with in-situ measurement of triaxial 
grinding forces and continuous monitoring oftest 
piece dimensions. Quantification of machining da
mage is achieved by measurement of rugocity, 
hardness and residual stress in subsurface layers. 
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Materials Performance and 
Reliability 

The Division contributes to those programmes of 
the JRC in which materiais have to be selected and 
characterized with respect to their performance 
and behaviour under different and difficult operat
ing conditions. Currently it participates in the pro
grammes: Advanced Materials, Fusion Technology 
and Safety, Waste Management, Reactor Safety 
and it executes on request work for third parties. 
The main emphasis is presently on the first two of 
these programmes. In the frame of these activities 
it is necessary to determine physical, mechanical 
and physicochemical properties of selected mate
rials, to relate them to the existing microstructures 
and to investigate the modifications which the mi
crostructure and the properties undergo, due to 
the environment of the specific operating condi
tions under which the materials are used. 

In nuclear environments radiation damage and its 
effect on the mechanical properties, stability, life
time and corrosion behaviour are determined, des
cribed and explained. 

For materials for non-nuclear energy conversion, 
there are requirements to determine the corrosion 
behaviour at high temperatures and means to pro
tect the materials against agressive environments; 
it is also required to investigate damage which de
velops as a result of long term loads at high tempe
ratures, to develop damage laws and to apply this 
knowledge for lifetime predictions. 

Participating in these and other programmes within 
the Division, a number of techniques are being 
used and developed. 

1. 1. Electron Microscopy has developed to one 
of the most powerful means for research in Ma
terials Science. Within the MPR Division, this 
technique has been used widely. The disloca
tion structure in deformed metals and alloys has 
been investigated intensively. The interaction of 
dislocations with dispersed particles for ODS 
materials has been identified as reason both for 
their strength as well as for their low ductility. In 
austenitic steels, the stacking fault energy of dis
locations split in partials has been determined. 
Deformation of metals generates too the forma
tion of second phases which can best be deter
mined by TEM. 

For the development of fusion reactor materials, 
the study of the different radiation damage fea
tures as dislocation loops, voids and He-bub
bles is important and is a subject of our activi
ties. 

The attachments to modern microscopes as 
EDS and EELS systems allow the determination 
of the chemical composition on a very small sca
le. The knowledge of the composition of corro
sion layers of different origin and the changes of 
composition of the underlying material are im
portant information to understand the corrosion 
processes and are being studied for different 
systems. 

Radiation Damage is studied in the MPR Divi
sion as one of the most important problems for 
fusion reactor materials. 
A number of devices has been designed and 
constructed for the study of radiation damage 
phenomena on the Ispra cyclotron. 
Due to the fact that a light ion cyclotron is parti
cularly apted for in-beam measurements, most 
of the devices are designed for the observation 
of dose rate dependent effects. 

Radiation creep can be observed with the JRC 
installation in a wide temperature and stress 
range. It was possible to show that irradiation 
creep occurs at temperatures as low as 80°C. 
The equipment has now been modified in such 
a way that it is possible to reverse the stress and 
to do experiments with hold times. 
This allows to study the interaction between ra
diation creep and fatigue. 

The laws of propagation of fatigue cracks under 
irradiation are not known. 
An installation has been constructed to execute 
measurements on the phenomena. 
Even at rather low doses, comparable to dose 
rates in a fusion reactor, the crack growth velo
city is reduced. 
The changes in mechanical properties and the 
dose rate effects depend on the microstructure 
which develops under irradiation. A global in
formation on the development of the micro-
structure can be obtained by in-beam electrical 
measurements. 

142 



COMPETENCES AND FACILITIES 

3. Compatibility of Liquid Metals. Liquid metals 
are used in a number of advanced energy gene
rating systems. MPR Division has developed 
competences in the field of the compatibility of 
liquid metals with structural materials. The cor
rosion by pure Li and Li 17-Pb on austenitic 
steels has been determined. These studies have 
been extended to the influence of impurities in 
the liquid metals on their corrosion behaviour. 
Special equipments have been developed to 
maintain a constant hydrogen content in the li
quid metal during the corrosion tests. 

Another installation has been designed and 
constructed which allows to detemine the in
fluence of liquid metals on the mechanical pro
perties of structural materials. Creep and tensile 
tests in liquid Li 17-Pb are being executed for 
the determination of liquid metal embrittle-
ment. 

4. Mechanical Testing is the starting point for the 
characterisation of structural materials. Besides 
the well-known tensile testing of standard speci
mens and the determination of the thermal 
creep behaviour which are both normally used 
by the MPR Division, methods for special cases 
have been developed. For the determination of 
the influence of light ¡on irradiations on the me
chanical properties, the development of minia
turised specimens was necessary. This techni
que is also used to determine the local variation 
of the mechanical properties in large metallic 
pieces. The best example is the mapping of flow 
stress, ultimate tensile stress, ductility and 
Young's modulus near and within welds. This 
knowledge gives the possibility to determine in 
a better way the behaviour of welds in large sec
tions and to calculate the overall properties of 
the component. 

5. Thermal Fatigue. The first wall in a fusion reactor 
is exposed to a pulsed heat flux. As a conse
quence, variable thermal stresses are generated 
in the material. Similar problems appear in other 
installations. The resulting fatigue problems 
cannot be described adequately by the well-
known mechanical fatigue data. A combination 
of experimental facilities which allow to gene
rate heat fluxes in relatively simple compo

nents as tubes and cooled panels with finite ele
ment calculations on temperature distribution, 
stress fields and strains is applied to establish 
the lifetime of these components. 
Complex experimental problems as heat flux 
measurements, surface temperatures in a radia
tion field and crack detection, have to be sol
ved. The careful elaboration of the measured 
values allow a verification of the resultsobtained 
by the FE calculations. At present, several proto
types of first wall elements for NET are under in
vestigation. 

6. Welds. Metallic materials joined by different 
welding procedures are an essential part of all 
structures. The Division has developed me
thods which allow to characterise welds in thick 
structures with respect to their metallurgical, 
metallographic and mechanical properties. Ad
vanced analysis methods are applied for the 
verification of the compositional homogeniety 
inside the welds, miniaturised tensile testing gi
ves information on the thermomechanical his
tory of the single weld passes, while the metallo
graphic observations give indications on the 
cooling rate of the melt. 

7. Surface Treatments. 
Protection of metallic surfaces is a long standing 
activity in the Division. The experience in the 
past had been concentrated on plasma spray 
coatings in air and under low gas pressure. Ex
perience has been accumulated on coatings for 
protection of metallic materials against corro
sion by sulphuric acids at high temperatures. 
Other coatings in the field of chromium com
pounds have been developed, in order to in
crease the optical absorptivity of surfaces in so
lar plants. Low Z coatings of the titanium-car
bide type have been produced for the surfaces 
in plasma physics devices. This field has been 
substantially enlarged in the last year. 
The Division has added the possibility to remelt 
systematically original or coated surfaces and to 
generate dense surface layers of different che
mical compositions or with fine grained structu
re. Extensive investigations have allowed to re
late melt depth and cooling velocity to the 
thermophysical properties of the materials and 
to the parameters of the heating process, i.e. 
power density and heating time. 
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Finally, the modification of solid surfaces by ¡on 
implantation has been introduced in the proce
dures for surface modifications. The implanta
tion of a large number of ions is being studied in 
an extended field of temperatures and at ener
gies between 50 and 200 KeV. The structures 
generated are close to those of high dose neu
tron radiation but frequently with the improving 
effects of the additional atoms. 

Physical Chemistry is crucial for many problems 
in Materials Science. Within the Division, corro
sion problems are'studied in many ways. Expe
rience in high temperature corrosion of nickel 
alloys by oxidising atmospheres has been accu
mulated in the past programmes on thermoche-
mical hydrogen production. Corrosion, due to 
industrial atmospheres in the temperature 
range below 100°C, has been an argument for 
solar collectors. The transport of corrosion pro
ducts in cooling circuits built with stainless steel 
tubes has been the subject of an intensive study. 
The migration of corrosion products of different 
nature in the earthcrust and in different geologi
cal formations are being investigated for the 
programme on nuclear waste. 

Damage Mechanics. The properties of structu
ral materials are strongly influenced by the de
fect structure on a microscale which develops 
during production or during service. 
For the determination of the lifetime of highly 
stressed components, the knowledge of the de
fect structure is an important detail. 
On the other hand, this knowledge has to be 
translated in the values used by the mechanical 
calculations. It is one of the major tasks of the 
MPR Division to assemble the information ob
tained by different techniques on the defect 
structure, with the notions of solid state mecha
nics for a reliable prediction of the lifetime of the 
materials. 

Techniques for the determination of defects are 
destructive methods as metallography, electron 
microscopy, X-ray techniques, mechanical tes
ting and non-destructive methods as ultrasonic 
measurements and X-ray transmission inspec
tion. 
These are guided and evaluated by applied me
chanics considerations. Actually, a focus of the 
activity is the damage developing under creep 
conditions in steels. 
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Functional Materials 

In the JRC "Advanced Materials" Programme, the 
Specialized Service "Functional Materials and Cy
clotron" has the task of developing new materials 
which can be employed for their specific proper
ties. In addition the group promotes the adoption 
of new and advanced characterization methodolo
gies for industrial applications. 
The areas of research of the group include: 

Chemical sensors 

The development of simple, reliable, long-lived, 
continuously monitoring sensors for the quantita
tive detection of components in gaseous atmos
pheres is of importance for both environmental as 
well as industrial purposes. 
The Service has licensed an emf oxygen-sensing 
cell, with an innovative electrode, which has the ad
vantage of considerable precision, stability of sig
nal, and long-duration. 
This oxygen-sensor is being commercialized by the 
Firm CIFER in Seregno (Milan - Italy). 

The Service is at present considering the extension 
of its sensors activity into two R&D lines: 
- development of an NOx sensor; 
- development of an array-sensor (array of micro-

processed selective sensor units) for detection 
of complex atmospheres. 

In order to further this work an association is being 
formed with other European Laboratories. 

High Tc superconductors 

Structural, thermodynamic and theoretical work is 
being performed with the purpose of establishing 
possible correlations between structural, thermo
dynamic and superconduction parameters. 

Network of surface/interface analytical 
methods 

A considerable effort is being devoted to esta
blishing a network of surface/interface analytical 
methods. 
By focusing on the complementarity of these me
thods an integrated solution for specific problems 
can be offered to industrial users. 

Coatings 

In this field, new methods of deposition and mixing 
of protective and functional coatings are develo
ped. In particular, attention is focussed on: 
- production of amorphous coatings 
- mixing of insoluble multilayered films 
- increase of film/support adherence. 
Research is being performed on: 
- special types of protective coatings (TiN, BN, 

carbon-diamond layers) 
- ceramics/metal bonding (e.g. amorphous TiN 

on steel) 
- metal/metal mixing (e.g. Ag/Cu). 
Ion assisted deposition is currently used, and in the 
near future the Surface Modification Centre's 
Facilities (ion implanter, laser and electron beam 
heating etc.) will also be used. 

Facilities 

The most relevant facilities directly available or ac
cessible through co-operation contracts are descri
bed below. 

Surface and interface analytical methods. 

Chemical analysis 
a) Perkin-Elmer Scanning Auger/XPS 

Spectrometer: 

XPS high sensitivity (700.000 c/s at 2 eV resolution, 
45000 c/s at 0.9 eV resolution), Mg and Al anods. 
High Auger sensitivity (100.000 c/s at 0.7% resolu
tion with incident current of 15u.A), lateral resolu
tion 1 urn. (Figure below). 

Below: Surface analysis system employed for the study of 
radioactive waste glass and metal corrosion 



b) RIBER Scanning Auger Microscope: 

High lateral resolution (ca.350 A), high sensitivity 
2.105 cps (Cu-LMM) at energy resolution of 3 eV, 
data treatment (peak area, normalization, topologi
cal correction on lines and on maps) 
(Figures above and below). 

c) Ellipsometer: 

Laser source, microspot (25 um) high sensitivity for 
film thickness determination. 

Accessio: 
- Rutherford Backscattering (RBS) 
-SIMS 
- Nuclear Reactions 
- ERD (Elastic Recoil Detection). 

Above: Riber Scanning Auger Microscope 

Below: Auger LW spectra of COPPER in the Printed 
CIRCUIT BOARD treatedin vapour phase at220°Cfor 
welding process 

1 Auger LW spectrum of copper after treatment in 
vapour phase at 220°C after = 10 Å of sputtering 

2 Auger LW spectrum of copper treated in vapour 
phase and sputtered for ̂ 20 A 

3 Auger LW spetrum of copper treated in vapour 
phase and sputtered for ~50A 
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Structural analysis 

a) Xray glancing angle diffractometer and reflecto

meter: 

Parallel beam geometry, surface sensitivity 1 urn, 
angular resolution 0.3° (diffraction), incident angle 
0.5°, angular resolution 0.01° (reflection) 
(Figures above and below). 

Above: Aligning the prototype glancing angle X-ray 
spectrometer recently contructed in the Physics Division at 
Ispra for surface studies of advanced materials 

Below: Glancing angle X-ray diffraction spectra of a 
thin film of titanium nitride deposited on a glass 
substrate (Film thickness = 3000 angstroms) 
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b) X-ray absorption spectroscopy: 

- High resolution XANES, better than 1 eV energy 
resolution, range 5 KeV to 20 KeV 

- High intensity source 
- Attachment for surface XANES measurements 

Access to: 
- Synchroton Radiation (methods: EXAFS, XANES, 

REFLEXAFS, SOXAFS) Daresbury, UK. 

c) Positron annihilation spectroscopy: 

Positron Annihilation Spectroscopy (PAS), based 
on a Ge-gamma-spectrometer, after completing 
the facility and the analytical software, has been 
used for the investigation of defects in micrometrie 
coatings of TiN on glass and metal substrates. 

The Doppler effect in the positron annihilation 
gamma line (depending on the electron momen
tum distribution in the material) is characterized by 
standard parameters (Figure below). 

In this application, most positrons from ordinary 
beta sources (Na 22) annihilate deeply in the sub
strate; however, a very good measuring accuracy 
and reproducibility allows us to separate the contri
butions related to defects present in the coating 
(TiN stoichiometry defect and otherdefects)aswell 
as introduced by the surface treatment of the sub-
irate (e.g. mechanical polishing, sputtering, et
ching, etc.). With TiN coatings of 8.5 u, typical diffe
rences in the PAS parameters, related to different 
stoichiometry, or consequent to annealing, could 
be determined with an accuracy of 10%. 

This example shows the potential of the method for 
the characterization of surfaces and the study of 
surface and near-surface properties. The technique 
is also being tested on ceramic surfaces. 

A new system for the production of a slow positron 
beam (up to 30 KeV), for the characterization of 
submicrometric surfaces, has been installed, but 
not yet completed. 
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Be\ow.Positron annihilation lineshape parameters are 
defined by the fraction of gamma-ray counts in fixed energy 
intervals: 

s=A/C = 0,5 W= (C-B)/C = 0,2 

W and S are, respectively, related to annihilation events 
with high momentum (core electrons) and low momentum 
(conduction electrons, positron trapped by defects) 

Gamma energy 
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Depositing Units 

a) MRC Plasma Sputtering Unit. 
3 targets, allowing cosputtering in modes DC and 
AF (both diode and magnetron cathode type), 200 
mm diameter target, equipped with a loadlock sys

tem, cryogenic pumping. 
b) Plasma Sputtering Unit combined with electron

gun evaporator, target diameter 76 mm, turbomo

lecular pumping. 
c) Deposition unit consisting oftwoiongunsforion 
beam sputtering and ionbeam assisted deposi

tion. 
This facility can be used in conjunction with an eva

poration/deposition source. 
d) Evaporation/deposition source for small sam

ples 
e) Several characterization methods for deposited 
films: scratchtesting, residual stress determina

tion, indentation tests, etc. 

Nanoindenter II 

A state of the art mechanical properties micro

probe has been available in the IAMlspra since 
May 1990. This instrument allows information to be 
measured or deduced in the submicron thickness 
range on the following quantities: 
 hardness 
 elastic modulus 
 yield strength 
 creep resistance 
 stress relaxation. 

It is applied in the field of thin films (wear resistant 
coatings, protective coatings, optical films, etc.) ion 
implanted materials, multiphase structures, rapidly 
solidified alloys, corrosion / cracking / adhesion 
studies. 

The measuring principle is based on the repeated 
subnanometer zaxis displacement measurement 
of a Berkovich diamond tip underthe application of 
a slowly increasing force (via the current setting 
through a coil, which is attached to the diamond tip 
support). 

Specifications of the instrument: 
 displacement resolution ± 0.04 nm 
 force resolution ± 75 nN 
 four load ranges 0  4, 20,120, 600 mN 
 xypositioning accuracy 400 nm. 
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Non Destructive Testing 

Facilities 

{} Laboratory for the conception and fabrication 
of reference defects, using micro spark ero
sion, milling, punching and drilling techniques 
(Figure 1 and 2). 

{} Laboratory for the conception and fabrication 
of special ultrasonic transducers (Figure 3). 

{} Laboratory for the characterization of the ultra
sonic instrumentation, using particular techni
ques (Schlieren, liquid crystals, reference 
transducers,...) (Figure 4). 

{} Laboratory for basic studies on ultrasound pro
pagation in materials, using highly sophistica
ted ultrasonic benches (Figure 5). 

{} Laboratory for Applications of ultrasonic tech
niques, using advanced techniques and auto
matized scanners. 

{} Laboratory for the characterization of the 
X-rays instrumentation. 

{} Laboratory for the Applications of X-rays tech
niques, using 50, 150, 300 and 400 KV equip
ments; 200 KV microfocus equipment; 1 and 2 
MeV linear accelerator (Figure 6). 

{} Laboratory for NDE on contaminated pieces 
(up to 4 tons), using X-ray, ultrasound remote 
controlled techniques; also remote controlled 
destructive examination (Figure 7). 

{} Laboratory for NDE data analysis and evalua
tion. 

Expertises and technical services: 

{} Conception, fabrication and validation of refe
rence defects (micro and macro) and of refe
rence blocks. 

{} Conception and realization of special ultraso
nic instrumentation for particular uses. 

{} Characterization of X-rays and ultrasonic in
strumentation for particular applications. 

{} Studies on ultrasonic propagation in materials 
as stainless steels, composites and ceramics. 

{} Critical analysis of Non Destructive control 
procedures: capability, reliability. 

{} Modelling of defects; modelling of ultrasonic 
instrumentation. 

{} Role of Reference laboratories for NDE at the 
national and international levels (non destruc
tive and destructive evaluation). 

{} NDE Data recording, illustration and analysis 
(engineering and statistical evaluation, uses of 
software packages). 

{} Support to Codes and Standards bodies. 

Figure 1: Micro-spark erosion 

Figure 2: Fabrication of a micro test-piece in austenic steel 
(diameter: 15¡im, length: 10 mm) 
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Figure 3: Examples of a transducers array with 64 elements 
(NDE laboratories patent); each square element is an 
ultrasonic transducer, having 2.5 mm size anda nominal 
frequency of 5 MHz. 

Figure 4: Calibration of hydrophones, using an ultrasonic 
reference transducer (NDE Laboratories patent). 

Figure 5: Characterization of Materials. Measurement of 
acoustic properties. 

Figure 6: / and 2 MeV Linear Accelerator 

Figure 7: High sophisticated and remote controlled 
ultrasonic bench. 
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Advanced Materials 
Information Systems 

The Institute for Advanced Materials has some ten 
years experience in research and development for 
materials databanks. 
Based on this experience it can provide a central 
knowledge pool for this field to the services of the 
Commission. 
This experience has its principal basis in the re
search and development activity carried out since 
1980 for the High Temperature Materials Databank 
(HTM-DB). The HTM-DB was one of the early pro
jects in the EC which demonstrated the computeri
zation of materials data for engineering in a system 
providing remote access via public digital data net
works. 
R&D activities in this field have enabled the Insti
tute to initiate and contribute to Community pro
jects and international collaboration. 
The following areas of particular knowledge and 
experience are available in the two Institute sites at 
Petten and Ispra who are sharing tasks in this R&D. 

1)The High Temperature Materials Databank 

The High Temperature Materials Databank (HTM-
DB) is an online computer databank of mechanical 
property test results for metallic materials combi
ned with a program library for data modelling and 
evaluation relevant to high temperature enginee
ring. The data are from engineering alloys used in 
components of conventional and nuclear power 
plants, steam and gas turbines and petrochemical 
plants. Data can be stored forthe following types of 
mechanical tests: 
- tensile - fracture toughness 
- creep - impact 
- relaxation - creep crack growth 
- fatigue - fatigue crack growth 

Below: An example fora HTM-DB evaluation programme 
display 
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These data have been collected from open litera
ture and publications, from tests in our laborato
ries, from tests of partner laboratories and from Eu
ropean and world wide joint projects such as COST 
50, COST 501, COST 505, BRITE 1209 and VAMAS. 
The access to some of these data pools is restricted 
to the collaborating parties who generated the 
data. The databank is hosted in the Amdahl main
frame of the Joint Research Centre in Ispra and ac
cessed via the public packet switched network 
(X25). It has a three-level data protection and selec
tive user authorization system. 
Searching is menu-assisted and linked to the menu-
driven programme library which offers options for 
evaluation and modelling of the retrieved data. A 
special PC-based interface which adds extra user-
friendliness to the system is available to online 
users. Output is obtained immediately in the form 
of reports, tables and graphs. The HTM-DB uses an 
interactive data input programme operating on 
user PCs and comprising checking routines and 
thesaurus control. The HTM-DB offers the follo
wing technical services: 

- Access to data and evaluation methods of the 
HTM-DB; 

- Data information and evaluation services; 
- Storage and evaluation of customer data (private 

and restricted access files); 
- Data management for cooperative projects; 
- Help desk functionality. 

2) Data Evaluation 

Data on the mechanical properties of engineering 
alloys are determined by testing specimens of ma
terials in the laboratory. Unlike physical properties 
they are not defined in relation to universal physical 
concepts but by reference to theirtesting methods 
and standards. Such data from test results need 
evaluation by numerical modelling of constitutive 
assumptions and statistical methods to yield mate
rial property parameters directly usable in CAE 
analysis and design. Data evaluation can provide a 
basis for reliable interpolation, and in certain cases 
extrapolation, for the prediction of material data 
under conditions for which no test results are avai
lable. There are currently numerous evaluation 
techniques and statistical methods used forthe de
termination of a wide scope of high temperature 
mechanical properties. 

The evaluation programme library of the HTM-DB 
contains some 70 methods which can be accessed 
interactively, in a user friendly manner, from a me
nu. The output obtained from the evaluation pro
grammes is a combination of reports on numeri
cally predicted values in tabular or colour graphical 
form. Some of the routines are spline or linear re
gression programmes, whereas other modules 
enable the user to calibrate constitutive relations. 
The following list shows the nature and number of 
routines available in the HTM-DB. 

Computerized Evaluation Methods, 
Number of HTM-DB Routines 

Tensile Properties 
-tensilecurve (1) 
-temperature dependence (5) 
- strain rate dependence (4) 
-load rate dependence (4) 

Creep, Stress Rupture 
-stress/strain/time relations (6) 
-time/temperature relations (5) 
-creep curves (6) 
- constitutive equations (6) 

Fatigue 
-cyclicstress-strain diagrams (3) 
-fatigue correlations (10) 

Creep-Fatigue Interaction 
-damage methods (3) 
-strain rate partitioning (1) 

Fracture Toughness 
-fracture toughness curves (3) 

Creep Crack Growth 
-creep crack growth curve (4) 
- creep crack growth rate (3) 

Fatigue Crack Growth 
-fatigue crack growth curve (1) 
-crack propagation models (2) 

Physical Properties 
-temperature dependence (8) 

Statistical Methods 
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3) Mathematical Modelling of Advanced Materials 
for Engineering Analysis 

The development of material behaviour subrouti
nes based on the contents of modern materials in
formation systems requires more advanced mathe
matical modelling of nonlinear constitutive equa
tions in the context of transient finite element ana
lysis methods. State of the art constitutive theories 
must be employed for the behaviour of structural 
materials under complex conditions such as viscop-
lastic behaviour under combined creep-fatigue at 
high temperatures and conditions of irradiation. 
A subroutine for the viscoplastic behaviour of ma
terials under high strain rate has been recently 
linked with the general purpose finite element 
method code ABAQUS. 

Plans have been made to enrich the HTM-DB with 
fusion material data and their evaluation will re
quire major numerical work. In addition systems will 
be developed to host interface properties. 

Above: Numerical analysis of transient heat transfer and 
associated elastic wave propagation of a laserpulse 
through a quartz-absorbing film-substrate-coating 
compound 

In fact the numerical technique is already under de
velopment using ABAQUS, forthe simulation of an 
experimental method for measurement of inter
face strength based on a laser induced spallation 
concept. The development of this experimental 
technique is under preparation and requires good 
estimates of mechanical and thermal properties of 
thin films in situ. 
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4) Know-how Related to Materials Data Systems 
and Standards 

The 1AM has acquired extensive competence in 
R&D on materials data systems and standards du
ring the past ten years of activity. It has been readily 
recognized and is now well established that inter
nationally harmonized standards in a number of 
areas are needed in order that an unimpeded flow 
of materials information can be developed in the 
media provided by computer and telecommunica
tion technologies. The areas concerned comprise, 
on the one hand, the description of materials and 
properties, the methods and conditions of testing, 
the methods of analysis and evaluation, i.e. stan
dards related to the contents of the data systems, 
and, on the other hand, the features of architecture, 
operation and interaction of these systems. 
Relevant joint activities with 1AM participation have 
been organized by ISO, ASTM, CODATA, VAMAS 
and European institutions. 

The 1AM has contributed to, and is currently invol
ved in, some of these collaborations. The first ge
neral review of the need for standards for materials 
data systems by VAMAS was strongly based on 
Petten work. The problem of materials data inter

change was investigated in cooperation with ASTM 
and VAMAS. Methods and models for computeri
zed data evaluation are being investigated and 
catalogued in cooperation with VAMAS and the 
Japanese NRIM. 

In the Materials Database Demonstrator Pro
gramme of the CEC contributions were made to 
the development of a Code of Practice forthe ope
ration of data systems, and a Common Reference 
Vocabulary. The observation that user interfaces of 
materials data systems are sensitive issues by which 
the acceptance of these systems can be conditio
ned, led the 1AM to design the "PCInterface" which 
has meanwhile become the standard interface for 
the HTM-DB. This remote shell requires minimal 
user training, performs automatic logon and logoff 
and uses advanced windowing techniques to assist 
the user in formulating queries. Typing mistakes 
and non-relevant queries are avoided as the user 
selects from lists of allowed terms. The interface 
has been designed in such way that the user can 
store on his PC all commands and all retrieved in
formation, both text and graphics, of a session for 
later use. The interface can be readily tailored to fit 
other databases as well. 
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High Flux Reactor Petten 

The High Flux Reactor (HFR) at Petten ¡s a 45 MW 
pool type materials testing reactor with light water 
cooling and moderation. Within the core 17 posi
tions are available for irradiation experiments and a 
further two are located in the reflector inside the 
reactor tank. Two pool side facilities, both with pro
visions for moving irradiation experiments in the 
flux gradient facilitate the execution of fuel irradia
tions under transient conditions. In addition, twelve 
radial beam tubes of different cross sections are 
available. 

The programme executed in the HFR addresses 
fuel and structural materials irradiations for LWR's, 
HTR's, FBR's as well as fusion devices, fundamental 
and applied research with neutrons at the beam tu
bes, production of radioisotopes and processing 
with neutrons, activation analysis and neutron ra
diography. Experimental equipment has been de
veloped to meet these programme requirements 
and has been continuously adapted and improved 
in order to satisfy market demands. 

For irradiation testing of water reactor fuel rods a 
variety of different types of irradiation capsules are 
available. The capsules provide typical water reac
tor conditions at the fuel rod surface (e.g. tempera
ture, system pressure and coolant) and are equip
ped with a variety of instrumentation for dimensio
nal-, temperature- and pressure- measurement or 
axial load simulation. The irradiation devices are 
designed for in-core or pool side facility operation. 
Power control to simulate transient conditions is 
performed by adjustable absorber screens using 
BF3 in the in-core devices and position adjustment 
in the pool side facility. 

Most of the devices are reloadable and, thus, allow 
intermediate inspections of the fuel rods by HFR 
pool-based NDT equipment (e.g. eddy current and 
profilometry system, neutron radiography). For the 
investigation of fuel rods or fission product beha
viour under hypothetical accident conditions of a 
LOCA a new irradiation device became available. 
Re-instrumentation and refabrication capabilities 
are introduced at the Petten hot cells for pre-irra-
diated water reactor fuel. 

For the investigation of irradiation induced chan
ges of physical and mechanical properties of HTR 
graphites, standardized rigs are available for irra
diating unstressed samples in the temperature 
range from 300°C to 1100°C with the option of re-
irradiating samples after intermediate measure
ments. Rigs to study creep under tensile and com
pressive stress cover the temperature range from 
300°C to 900°C. Recent design improvements have 
led to easier loading and unloading and to substan
tial reductions in manufacturing costs. 

Left: BWFCinstallation 

Middle: Gas mixing station 

Right: Tritium measuring station 
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Above: Unloading ofirradiated U 235 samples from 
position a core 
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Irradiation testing of coated fuel particles and fuel 
elements, either spherical or segments for HTR's is 
performed in rigs which can be operated between 
600°C and 1500°C. The capsules are fully instru
mented and temperature controlled and attached 
to a sweep gas system for the quantitative assess
ment of volatile fission products release. As an op
tion, the sweep gas can be doped with controlled 
quantities'of impurities, for example water vapour. 
The programmes related to radiation damage stu
dies and mechanical property changes of the mate
rials used for structural components of FBR's and 
fusion machines make use of standard irradiation 
devices, where the specimens are submerged into 
sodium for close temperature control in the range 
from 400°C to 700°C. 
For FBR fuel testing rigs are available for in-core 
and pool side facility positions. They have the po
tential for high linear heat generation rates up to 
750 W/cm to study power-to-melt and overpower 
steady-state performance. The option of flux tailo
ring by means of a cadmium screen is of advantage 
for specific spectrum hardening. In the pool side fa
cility power cycling, start-up and shut-down ramps 
and other transient experiments on fresh and pre-
irradiated test fuel rods with the option of intermit
tent measurement of fuel to clad interaction and 
on-line measurement of fuel to clad axial elonga
tion during transients is possible. Fuel to cladding 
gap conductance measurement by noise analysis is 
under development. The available a-tight EUROS 
cell, used to encapsulate pre-irradiated fuel pins, 
has been re-designed to accept longer (> 2.1 m) 
pins. 

Irradiation rigs have been developed for the study 
of creep of metals under constant load. Measure
ment is either intermittent in-pile or after intervals 
of irradiation. Current applications are for first wall 
fusion materials where the temperature is in the 
range 300°C to 500°C. A device for studies on ther
mal fatigue combined with irradiation creep on first 
wall materials is under development. Special cap
sules are available to reach a He/dpa ratio typical of 
fusion reactors. They can operate in the range 
180°C to 500°C (for stainless steel samples). 
Devices to irradiate first wall coating materials are 
available. Samples can be irradiated in the range 
300°C to 800°C. Special sample holders have been 
conceived to irradiate divertor materials (80°C to 

700°C) and brazed samples at low temperature 
(80°C). 

Tritium release kinetics of potential blanket bree
der materials for fusion devices can be investigated 
by means of swept capsules. Devices for both li
thium based ceramics and liquid metal (Pb-17Li) 
breeder concepts are available. Tritium release is 
measured in-situ and on-line. 

The beam tube HB11 has been re-configured to 
deliver a predominantly, parallel, epithermal neu
tron beam in order to study the feasibility of imple
menting clinical trials on cancer patients using the 
method of boron neutron capture therapy. At HB7, 
a prompt gamma-ray spectroscopy system has 
been installed to determine the boron content of 
radiobiological specimens irradiated at HB11. 
A nuclear polarization facility is available at the po
larized thermal neutron beam HB2. 

Five beam tubes - HB1,3,4, 5 and 9 - are in perma
nent use for neutron scattering investigations. 
Spectrometers using neutron diffraction, critical 
scattering, diffuse scattering, inelastic scattering 
and small-angle scattering are in operation. 

The high thermal neutron flux density in the HFR of 
up to 5 x 1018nr2s"1 is ideal forthe production of ra
dioisotopes. General purposes devices are availa
ble mainly for the production of lr-192 and Y-90, 
Xe-133, etc. Dedicated devices are used for cobalt 
irradiations and for fissile targets to produce 
Tc-99m. A rotating device giving a uniform neutron 
fluence distribution in the target is also available. 

Four irradiation facilities for neutron activation ana
lysis are routinely in operation. Two of these are lo
cated in the pool side facility, one stationary and 
the other rotating, the remaining two systems are 
pneumatic shuttle systems. 

For non-destructive testing of components and 
materials neutron radiography is providing a uni
que and complementary inspection method. Servi
ces and studies are offered by the Petten Neutron 
Radiography Services, PNRS, a joint service of JRC 
and ECN. PNRS's facilities include the HFR under
water camera for radioactive objects, a neutron ra
diography facility with filtered neutrons in the HFR 
containment building and a neutron radiography 
facility with a thermal neutron beam at the Low Flux 
Reactor (LFR), both for non-nuclear applications. 
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New systems for dynamic neutron radiography and 
¡mage analysis are important additional tools of the 
PNRS. Development activities addressing tomo
graphic imaging are in progress. 

The HFR itself as well as the ancillary and experi
mental equipment have been continuously upgra
ded and modernized. In combination with the ser
vices from JRC and ECN in support of preparing, 
performing and evaluating large size irradiation 
programmes, a full service package is at the dispo
sal of HFR users. 

The main characteristics of the HFR and the experi
mental facilities are described in detail in ref. IM. 
The programme achievements are regularly repor
ted in a separate annual report 111. 
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Cyclotron Laboratory 

The Cyclotron Laboratory project at the JRC-lspra 
was elaborated in 1976, and approved by the 
Council of Ministers in July 1977. 
The industrial contract called for the supply of a 
special version of a 40 MeV cyclotron. 

The Accelerator 

MC-40 is a variable energy light ¡on cyclotron. The 
accelerator system consists of two separate inden
t r a i RF cavities with RF power amplifiers placed on 
each side of the cyclotron magnet. The cavities are 
À/4 type with 90° dees. The stems pass through the 
vacuum chamber via a flange with pipe supporting 
insulators (AI2O3) and are bent vertically in order to 
reduce the horizontal extension of the system. 
The whole acceleration structure inside the vacuum 
chamber can easily be reached when the upper 
yoke of the magnet is raised by means of a hydrau
lic lifting system. The RF power amplifiers are di
rectly connected to the cavities and can easily be 
removed. 
The fundamental technical and physical data are 
summarised in Tables I and II. In figure above a view 
of the cyclotron with the first q-pole triplet is shown. 

Table I: Characteristics ofthelspra MC-40 Cyclotron 
Above: MC-40 accelerator 

Pole diameter 
Magnet weight 
Main coils max. current 
Sectors 
Max. magnetic field 
Extraction radius 
Dees 
RF range 
Frequency stability 
Amplitude stability 
Ion source 
Cathode lifetime 

Current stability 

115cm 
60 tons 
850 A 
3 
2.1 Tesla 
50cm 
2,90° 
12.5-27 MHz 
1x104 

1x10-3 

PIG Type 
2 weeks (p,d) 
50 hours (alfa) 
-1.5% (short time) 

Table II: Particle beam intensities 

Particles 

Protons 
Deuterons 
Helium-4 

E-range 
(MeV) 
10-38 
5-19 
10-38 

Max extr. beam 
current (uA) 

65 
65 

30 at max energy 

Energy 
Spread AE/E/ 

0.005 
0.01 
0.01 

Auxiliary Systems 

The accelerator is supported by a number of ser
vice systems, viz.: 
- ion source; 

PIG cold cathode discharge with easily exchan
geable cathodes; 

- beam diagnostics 
. two radial beam probes for controlling the 
extraction efficiency; 

. profile monitors and Faraday cups in the indivi
dual beam lines; 

- control, safety (interlock) and alarm circuits. 
Instruments and controls are centralised in the con
trol room. 
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Experimental Facilities 

The extraction of the beam is obtained through an 
electrostatic deflector. A steering magnet adjusts 
the horizontal position of the extracted beam at the 
center of the exit port. 
Extracted efficiencies measured at the target typi
cally range from 50 to 80% and depend on the type 
of ions and on their energy. 
The specific irradiation equipment presently in use 
comprises: 
- irradiation chambers for proton damage or he

lium implantation in material specimens, some 
with connected in-beam creep or fatigue crack 
growth apparatus; 

- radioisotope production station. 
Specimens can be cooled directly by jets of purified 
helium from a closed loop system of indirectly by 
water-cooled support plates. 
Temperature measurement is accomplished by 
means of thermocouples and pyrometers. 

Access to Facility 

The Ispra Cyclotron Laboratory is available for: 

- experiments performed in the framework of the 
European Fusion Programme, 

- Experiments performed in collaboration with 
outside laboratories, 

- Third Parties Work under contract. 
Staff members of the Cyclotron Laboratory provide 
the following services: 
- Operation the Cyclotron, 
- Obtaining beam spots on the target of the desi-. 

red shape, 
- Control of beam profile in order to obtain the 

desired homogeneity, 
- Irradiation of samples. 

Support to Experimenters 

Experimenters can use all existing facilities. Simple 
irradiation chambers are built for new applications, 
whereas more sophisticated equipment is usually 
supplied and operated by the experimenter, assis
ted by laboratory staff. Support is also available 
from a machine shop and electrical/electronic en
gineers. As far as software support is concerned the 
laboratory supplies all required beam energy and 
measurement calculations, beam profile control, 
and experiment safety analysis. 

Building 

The cyclotron building (Figure below) is divided 
into the laboratory wing which is a radiological con
trolled area and an office area. 
The accelerator cubicle and the irradiation cells are 
shielded by 2 m of high density concrete. 

Utilisation 

Fusion Reactor Materials: 
The Ispra Cyclotron has been employed mostly as 
a facility for studies of radiation damage in fusion 
reactor materials, both as displacement and gas 
(hydrogen and helium) production damage. A 
large number of material tests in the scope of the 
European Fusion Technology Programme are pre
sently underway (see also page 71). 

They include: 
- Basic studies on the kinetics of displacement 

damage, 
- Irradiation of AISI 316 and AMCR samples for 

post-irradiation measurements of mechanical 
properties, 

- Deuteron irradiation creep of AMCR-0033 and 
AISI 316L stainless steel. 

Below: Building D50-D50a Cyclotron Laboratory 
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The temperature dependence of the irradiation 
creep rate has been determined for type 316L 
stainless steel in both 20% cold worked condi

tion and after annealing at 950°C. The AMCR 
sample material was 35% cold worked. The re

sults are shown in figure above which shows: 
 for all three materials a linear relationship 

exists between log (ß) and 1/T with a slope 
which corresponds to an activation energy 
of 0.12 eV assuming an Arrhenius type law 
for the irradiation creep process, 

 the AMCR sample and the 20% c.w. 316 L 
sample shows a very similar irradiation creep 
deformation for equal experimental condi

tions, 
 the annealed 316 L sample deforms consi

derably slower than the two other materials 
which are cold worked. 

Fundamental radiation studies on SAP, cera

mics, vanadium, vanadium alloys and numerous 
other materials. 
Irradiation of copper and tungsten samples for 
postirradiation examination of induced dama

ge

lnbeam fatigue crack propagation experiments 
on AMCR steel samples; following the NET re

quirements a series of inbeam fatigue crack 
growth experiments on AISI type 316 have been 
started. 
The irradiation tests will be conducted at 300, 
200 and 100°C with 18 MeV protons producing 
a damage rate ofthe order of 10'

7 dpa s'
1
. 

In figure below a typical result of tests con

ducted under irradiation at 300°C is presented. 
The average crack growth per cycle da/dN has 
been plotted against the stress intensity factor 
range AK. The results are not different from 
those obtained at 500°C, where at increasing 
growth rates a gradual deviation ofthe data has 
been observed for the irradiated specimens. 
Evidence of this may also be seen in figure op

posite below in the crack growth curves which 
shows that fatigue lives under irradiation at 300 
and 500°C are not very different. 
This preliminary result indicates a slightly shor

ter fatigue life at 300°C in AISI type 316 steel. 
Also in the present case it appears that about 20 
or 30% of the crack extension occurred in the 
first 80% ofthe total cycles. 
Helium implantation into vanadium and vana

dium alloy samples for subsequent neutron irra

diation in a fission reactor. 
Cross section determination using high energy 
neutrons produced through the (p,n) reaction in 
7
Li. 

Above: Temperature dependence ofthe irradiation creep 
rate 

Below: Typical result of tests conducted under irradiation at 
300°C 
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Environment Studies 

Another field of Cyclotron activities concerns the 
production of isotopes, mainly used as tracers in 
biological research by the Ispra Environment Pro
gramme and for other scientific/technical applica
tions. 

In particular a number of radioisotopes are produ
ced mostly via (p,xn) reactions using solid or liquid 
targets. The principal radioisotopes produced are 
201-TI, 48-Vand206-Bi. 

Radioisotopes for nuclear medicine and biology: 

A new activity in the laboratory is the production of 
radioisotopes for use in nuclear medicine. 

Research has been performed forthe production of 
the radioisotope 68-Ge and the development of a 
generator system 68-Ge/68-Ga. 

This generator can be used in medical diagnostics 
as well as for the calibration of Positron Emission 
Tomography (PET) facilities. 

After the necessary studies for production and che
mical separation of 68-Ge, irradiation experiments 
have been carried out to produce the 68-Ge isoto
pe. Quality control by gamma-spectrometry of the 
irradiated targets is made to check the samples for 
radionuclide impurities and for the relative inten
sity of 68Ga. 

The main development for the coming three to four 
years is the set-up of radioisotope production for 
medical and scientific purposes. 
In this context the production of high purity 123-I is 
foreseen in collaboration with a radiopharmaceuti
cal firm. This new line of activity is important not 
only for its commercial aspect but also (and princi
pally) for its social aspect. 

Proton Nuclear Activation Analysis (PNA) 

New applications in the field of proton nuclear acti
vation analysis (PNA) are being developed: 
1) Experiments were performed (in collaboration 

with the University of Milan) to determine ele
ments with low concentrations, for example, 
iron and molybdenum in the biological field, es
pecially in the human organism. An irradiation 
chamber with a rotating target holder which al
lows simultaneous irradiation of 29 samples is 
used. 

2) The thin layer activation method is a powerful 
tool for the sensitive and precise determination 
of wear in lubricated mechanical components. 
Measurements in vital parts of engines in the ae
ronautical sector (helicopters) is studied in coo
peration with an external firm. 

3) The Proton Induced X-Ray Emission (PIXE) ana
lytical method was studied and first measure
ments with an experimental facility were perfor
med in collaboration with the University of Milan 
and the CNR-Milan. 

Below: Fatigue life under irradiation at 300°C and 500°C 
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Environmental Testing Laboratory 

The Environmental Testing Laboratory was concei
ved and constructed to enable materials testing in 
all parts of the programme which involved aggres
sive and potentially hazardous atmospheres to be 
conducted under conditions of maximum safety 
and security. 
It is designed in such a way that all experimental 
rigs can be attached to a pier system which provi
des all the supplies necessary to run the experi
ments. 
Thus from a common source each experiment has 
at its disposal a supply oftest gas, inert blanket gas, 
380V 3 phase, 220V AC and 24V DC electrical sup
plies, cooling water and an exhaust for the test gas 
after passing through the rig. 
All of these supplies are passed to the experiment 
through a local control cabinet which ensures sa
fety both for the personnel and for the experiment. 
In the past year new uninterruptible power sources 
have been provided for the control and safety cir
cuits. 
The test gases are supplied from batteries of pre-
mixed gas held in external gas stations and piped 
around the ETL. 
Because most of these gases contain explosive 
and/or toxic components (H2 ,CO, H2 S, S02) the rig 
areas and the general laboratory space are monito
red continuously for any leakage. 
The space in the ETL is currently allocated between 
various test disciplines as shown in figure above. 
A total of 51 test points are available which are used 
for work within the Specific Programme and for 
third-party contract research. 
Associated and linked to the ETL is the Component 
Testing Facility. There, a similar philosophy applies 
to all safety related matters. 
This unit, however, requires a very close integration 
of facility and experiment and is dedicated to the 
work of the Component Testing sub-group. 

Above: Distribution of test areas in E.T.L. during 1990 
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Surface Modification Centre 
Following a decision of the European Parliament, 
the 1AM has installed in its Ispra site a Surface Modi
fication Center. The center is intended to assemble 
in a single laboratory the most important techni
ques for the treatment of solid surfaces in order to 
study not only the possibilities of each single me
thod, but to investigate the technological potential 
of the combination of these techniques. It is evi
dent that in addition to the equipment for the pre
paration of new surface structures, the center 
needs to install and to develop methods for investi
gation and characterisation of the different surface 
properties. 

The funds made available by the European Parlia
ment have been used to buy new equipment, 
which has been combined with existing installa
tions. Currently the SMC has the following configu
ration. 

A. Installations for Surface Modification 

1. Ion Implanter 
200 kV, 1 mA, magnetic mass separator, ion 
sources: gas, high temperature and sputter 
source which facilitate the implantation of all 
elements, surfaces 40 x 40 cm. 

2. Carbon dioxide Laser 
5 kW output, x-y table, surfaces 50 x 50 cm, for 
surface melting and alloying. 

3. Electron Gun 
30 kW electron beam, electromagnetic deflec
tion, for surface melting and alloying, surface 
4x4 cm. 

4. Plasma Sputter Coating Device 
RFD, DCM, RFM sputtering, 3 targets allow to 
produce sandwich layers of different elements 
without breaking the vacuum, surfaces 15 cm 
diameter. 

5. Vacuum Plasma Spray Unit 
for the production of surface coatings from 
powder material of different compositions, sur
faces 50x50 cm. 

B. Installations for Surface Analysis and Characteri
sation 

1. AUGER Scanning Microscope 
RIBER Nanoscan 50 
High spatial resolution (50 nm) duoplasmatron 
for depth profile (~3 u.m 0). 

2. PERKIN ELMER - ESCA-SAM 560 
High sensitivity and reliability forXPS measure
ments. Auger and XPS depth profiles by ¡on 
sputtering. 

3. Transmission Electron Microscope 
JEOL 200 CX with EDS and EEls analysis sys
tems. 

4. Scanning Electron Microscopes 
PHILIPS 505 with EDS System 
JEOL 6400 F high resolution microscope 
(ordered). 

5. Glancing Angle X-ray analysis 
Surface structure (range 100-10,000 Å, surface 
density and thickness). 

6. Metallographic Laboratory. 

7. Surface Hardness Measurements 
Nano indenter. 

8. HT oxidation test loop for corrosion in gases. 

9. Laboratory for Electrochemical Tests 
(in preparation). 

10. Laboratory for Wear and Friction Measure
ments 
(in preparation). 

11. GAERTNER Ellipsometer 
(Thickness measurement of thin films, optical 
constant). 
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Abstract 
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