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INTRODUCTION 

Introduction 

Advanced Materials, Industry and Society 

The industrial advancement of societies has always 
been predicated to the presence of appropriate 
materials. This is as true today as it has always 
been, and the advent of advanced materials that is, 
materials with specific functions as well as mate
rials with improved and reliable structural perfor
mance will be rate-determining in the introduction 
of the new technologies that will in turn influence 
the shape of future society. 

This has been recognised in all the technologically 
developed countries, most of which have esta
blished plans for placing emphasis and resources 
in materials technologies as part of a general glo
bal pattern of competition in the development and 
trade in science based products. 
In turn, the work of the new Institute for Advanced 
Materials of the Joint Research Centre has been 
planned in order to contribute, within the capaci
ties of the Institute, to the body of diverse effort re
quired to meet the future challenge of advanced 
materials and with the broad objective of contribu
ting to the industrial competitivity of Europe. 

The Institute Structure of the 
Joint Research Centre 

This represents the first Science and Technology 
Report of the Institute for Advanced Materials of 
the Joint Research Centre, which was launched at 
the beginning of 1989, and hence covers progress 
in work during this period. 
The origins of the Institute for Advanced Materials 
lie in the response of the Commission of the Euro
pean Communities to the report (Ref.1) of a body 
of leading industrial experts who reviewed the 
work of the Joint Research Centre in 1986. They re
commended a radical transformation of the Centre 
with the declared aim of the JRC playing a more di
rect role in strengthening the industrial technolo
gies and the industrial competitivity of Europe. 
This represents a considerable departure from hi
storical practice to such an extent that the Joint Re
search Centre will have to evolve a new R&D cul
ture within the customer/contractor principle. 
Consequently, this Centre has been restructured 
into a number of Institutes, the first general report 
(Ref. 2) on which has already been published. 

In connection with materials R & D , this type of 
work does not represent an entirely new direction 
in the JRC, in fact, this has been carried out in one 
form or another since its foundation. However, 
much of the work on materials R&D was geared to 
the original nuclear role of the JRC, both in nuclear 
fission and thermonuclear fusion. There has been 
in addition the industrially oriented materials pro
gramme on high temperature materials at the Pet-
ten Establishment of the CEC, aimed specifically at 
strengthening the technologies associated with, 
for example, power engineering and aeronautical 
engineering. 
In view of the new found role of Advanced Mate
rials in the new format of the Joint Research Cen
tre, with the emphasis on the industrial technolo
gies, the Institute has been structured in order to 
embrace most of the materials research in the Joint 
Research Centre, in particular that in Petten and in 
the Ispra sites. A main reason for this is to obtain 
the benefit of size and range of expertise available 
in the two Centres, as well as the complementarity 
of competences. Hence the essence of the new In
stitute structure is one of coordination across the 
two geographical sites, allowing the planning and 
management of a comprehensive range of activi
ties across the materials spectrum. 

The organigram of the Institute shown schemati
cally in the figure on page 4. It is composed of six 
Units, three in each of the sites. This arrangement 
responds to the need for a balance among the key 
materials R & D themes: Synthesis; Characterisa
tion; Processing and Engineering; Materials Tes
ting and Non Destructive Evaluation. Clearly these 
do not indicate sharp boundaries but a scheme of 
overlapping activities, and one should expect a vi
gorous interplay between the various Units as well 
as between the two sites of the Institute. 

Nature of the Work of the Institute 

Within its single management structure, the Insti
tute for Advanced Materials is aiming to develop a 
style anda type of activity with a distinctive charac
ter, involving materials R&D of a high scientific le
vel, embedded in the needs of industry and within 
theuniquemodel of materials R&D on an European 
dimension, with the opportunity to harness the in
dividual energies and backgrounds of scientists 
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from all member countries in order to procure a 
heightened scientific creativity. 
The nature of the work of the Institute is thus deter
mined by a number of constraints. Among these, 
there is the need for subsidiarity, that is, the work 
can be conducted well in the international setting 
of the Community laboratories and the projects 
derive an enhanced effectiveness from this Institu
tional approach; second, the projects must have an 
aspect of Community cohesion, that is, an aware
ness of a strong and united European response to 
the challenge of materials technologies. Among 
the elements that help forge the programme struc
ture, there is the neutral and objective role of the 
Institute, which is independent of national frontiers 
and ¡deal for setting up projects aimed at the defi
nition of advanced technical standards; there is the 
need to develop and exploit unique experimental 
facilities and other capabilities for the benefit of 
European industry; the need to disseminate freely 
and widely materials data and information to all 
Member States; finally, the need to help develop a 
supply of highly trained specialists for the newly 
developing materials based industries. 

Specialised Materials Research Facilities 

In addition to a wide network of advanced surface 
and bulk analytical techniques which are today the 
standard armoury of all advanced laboratories, 
such as Scanning Electron Microscopy, Transmis
sion Electron Microscopy, X-Ray, Micro- Analysis, 
Rutherford Backscattering Analysis, Auger Elec
tron Spectroscopy and X-Ray Photo-Electron 
Spectroscopy, the Institute has other unique facili
ties such as X-Ray Glancing Angle Spectroscopy, 
particularly suited for the study of the structure of 
thin surface layers and films. 

In addition, there are some major installations, 
among which: 
- the High Flux Reactor in Petten, of demonstra

ted value as a leading European Materials Test 
Reactor, 

- the Environmental Testing Laboratory, speciali
sing in High Temperature Materials Testing in 
aggressive environments, 

- the Laser-Ion Foundry, recently installed in Ispra 
in which materials surfaces can be modified by an 
interplay of electron, ion and laser beams, 

- a developing laboratory in Coating Protection 
Technology, with the latest techniques for 
plasma vapour deposition and chemical vapour 
depostion processes. 

Programme Structure of the Institute 

During the first and later years of its life, the work of 
the Institute has been planned to cover a range of 
research areas which respond to the perceived fu
ture needs of materials science and of customers 
demands, and in line with the competences which 
exist and which are being developed. 
These research areas are: 
- Functional Materials - synthesis of materials with 

specific functions, such as sensors, 
- Computer Integrated Materials Engineering - in 

particular processing, 
- Surface Modulation and Engineering of Mate

rials - to improve performance of structural and 
functional materials, 

- Materials and Structural Reliability - to predict 
the long term behaviour and remnant life of ma
terials, structures and plant in operational condi
tions, 
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- The Behaviour of Alloys in High Temperature, 
Aggressive Operational Conditions - the exten
sion to components, 

- Advanced Ceramics for high temperature appli
cations - performance in corrosive service envi
ronments, 

- Data Banks and Materials Informational Services 
- extension to other materials themes and stan
dards, 

- Non-Destructive Evaluation and Testing - of 
structures, components and materials such as 
composites and ceramics. 

Within the above broad materials research catego
ries, projects have been launched, consistent with 
the Programme and budgetary sources indicated 
below. 

The Specific Programme on Advanced Materials 

Here, projects and research areas are supported 
by the Specific Programme on Advanced Materials 
of the Framework Programme of the C.E.C. The 
following conform to the pattern of Workschedu-
les devised by the Joint Research Centre, which is 
the principal managerial means of planning and 
controlling the research of the Institute. These are: 

- Properties, Performance, Characteristics and 
Improvements of Structural Materials 
Alloys 
To study the performance and deterioration of 
materials in simulated industrial environments 
with physically based modelling and experimen
tal verification to predict behaviour in service. To 
develop, test and assess methodologies suitable 
for industrial needs. 

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. 
The development of metrology for ceramic ma
terials characterisation and testing. 

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: to support the design for the 
first wall of NET. 

Operational Defects in Materials 
and Lifetime Predictions 
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 
techniques on non-intrusive methods (coherent 
light and thermal emission) and acoustic emis
sion for materials and components. Numerical si
mulation of creep and fatigue experiments. 

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 possibly other processes and by treatment 
with ion beams. 
Development of evaluation procedures for these 
coatings. 

Properties, Performance, Characteristics 
and Innovation of Functional Materials 
Characterisation of High Tc Superconductors 
Critical analysis and development of characteri
sation methods of high Tc superconductors. 
Development in JRC of a source of well characte
rised samples, to be made available externally. 

Low Activation Steels 
Development and characterisation of new stain
less steels by replacement of nickel and chro
mium alloying elements by manganese and sili
con to produce a) heat resisting steels at lower 
cost and b) lower activation alloys for H.T. nu
clear applications. 

Composite Materials Properties Improvements 
To characterise selected composite materials 
(phase dispersed alloys, particle dispersed al
loys, fibre strengthened alloys) by microstructu
ral and compositional analyses and mechanical 
testing. 
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Dependent on the results to improve the proper
ties and the performance in some specific cases. 

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. To form an industrial project club around 
associated labs (JRC, UKAEA, Univ. Tuebingen, 
Milan and Madrid). 

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

- 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-ai
ded processing and data information services. 

Information Centre 
To provide an information bureau, a meeting fo
rum and an instrument for cooperation, the pro
motion and dissemination of information on ma
terials research in the Community and to act as 
continuous interface to industry. 

Contributions to Other Specific Programmes 

The Institutes contributes additionally to the follo
wing specific "programmes in the research areas of: 

- Reactor Safety 
Project for the Integrity of Steel Components 
(PISC) 
Assessment of the effectiveness of the inspec
tion techniques and procedures and of their re
liability when applied to structural components; 
emphasis is put on the In-Service Inspection (ISI) 
of the primary circuit of nuclear reactors. 

- Radioactive Waste Management 
Safety of Final Storage in Geological Formations 
Materials Research Aspects 
To describe the interactions between condition
ed waste (vitrified high level waste and alphacon-
taminated waste in concrete) and the surroun
ding materials in final storage conditions, essen
tially for the development of risk assessment mo
dels. Material research problems in support to 
other activities of the programme will also be 
studied. 

- Fusion Technology and Safety 
Materials Integrity 
Provide experimental information on properties 
and radiation behaviour of AISI316 steel for NET 
first wall and for low activation austenitic Mn-Cr 
steels. Study of effects of plasma disruptions -
determination of thermal fatigue behaviour of 
first wall elements. Collect data on Pb-Li proper
ties and its compatibility with structural mate
rials. 

Projects in Support of Commission Services 

A number of project areas are directly sponsored 
by other Services of the Commission in different 
Directorates Generales. These refer closely to the 
specific interests of the Services. Currently, the fol
lowing projects are being supported by other arms 
of the Commission Services: 

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

ment of European standards and pre-stan-
dards 

- Execution of R & D actions within European 
standardisation activities 

Materials Databanks (DGXIII) 
Support to DGXIII (Information Services Market) 
on: 

1) Organisation and evaluation of the Materials 
Databanks Demonstrator Programme, 

2) Organisation of pilot demonstration pro-
jets for the industrial integration of mate
rials information services, 

3) Development of standards for materials 
databanks. 
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Exploratory Research 

Under this heading, those projects are grouped 
which are obtained by a process of competition 
throughout the Joint Research Centre. 

Here, 5% of the value of all the specific program
mes have been collected into a general surcharge 
budget for supporting this type of research, which 
is aimed to stimulate originality and fresh direc
tions in the scope of programmes of the Institute. 
During the first year, the Institute has been suc
cessful in gaining a number of such projects which 
are listed 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 BNCT facility 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 ion beam sur
face preparation techniques for promoting joi
ning, in order to 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. 

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 have been made avai
lable for research contracted by outside bodies. 
During the first year of the Institute, a number of 
contracts have been signed, which reflect the 
range of interest of the Institute, the projects gene
rally deriving from the scientific experience gained 
in the execution of the Specific Programme. The 
evolution of this type of R & D is illustrated in figure 
below. 

Below: Evolution of Third Party Contracts. 
* total earnings 

1988 1989 
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Budget and Resources 1989 

The table below lists the budget appropriations 
and the manpower resources allocated to each of 
the research areas during the year 1989. 

Programme 

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

2. Support to the 
Commission 

3. Exploratory 
4. High Flux Reactor 

Complementary 
Common 

Research 
Staff 

84 
21 
21 
6 

4 
4 

42 
3 

Research 
Budget 
(Kecu) 

2280 
870 
530 
70 

100 
60 

850 
200 

Totals 185 4960 

Notes 1. In addition to the above resources, 
8 research staff were engaged in 
contract work forthird parties. The total 
revenue for contract research work 
performed in 1989 amounted to 
1.700 Kecu. 

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

References: 

1 JRC Panel of Senior Industrialists: 
"An Industrial View on the JRC", 6.11.1986 

2 JRC Annual Report 1988, EUR 12305 EN 
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SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

Alloys 

The aim of this multi-annual project has been to 
study the performance and deterioration of mate
rials in simulated industrial environments by means 
of physically based modelling and experimental 
verification to predict behaviour in service. A fur
ther requirement is to develop test and assess
ment methodologies suitable for industrial needs. 

Changes in the Institute strategy since the aims 
were originally proposed have meant that some 
critical experiments and evaluations required to 
enable the derivation of a physically based model 
accounting for corrosion, creep and fatigue cannot 
now be envisaged. Instead, assistance is being gi
ven to collaborative European efforts, which are 
aimed at physically based modelling or are concer
ned with pre-competitive research related to com
ponents which are critical for various high-tempe
rature applications. 

The importance of third party work to the Institute 
has also resulted in a shift of emphasis between the 
two areas of scientific work outlined in the objecti
ves. The development oftest and assessment me
thodologies was originally foreseen to be a secon
dary activity. 
However, during 1989 this type of work has consu
med a considerable proportion of the effort of the 
project. 

Much of the scientific activity of the project has 
been carried out in cooperation with industrial and 
research institutes throughout Europe, particularly 
in the frame of COST 501 Round II, but including 
also the Non-Nuclear Energy Programme and 
BRITE-I. 

As such the investigations are geared to respond 
to the specific objectives of these various integra
ted programmes. It is for this reason that some co
herency between the various test programmes 
which contribute to the project is less than ideal. 
Again, for this reason it is necessary to describe the 
project activities in terms of the groups concerned. 

a. Corrosion 

Much of this group's activity fell within the coope
rative actions such as COST 501/Round II and the 
Community sponsored Non-Nuclear Energy R&D 
programme. 

Experimental work in the COST 501/11 programme 
was concerned with materials for heat exchangers 
(Work Package 4) and commenced in September 
1988. Candidate alloys are being exposed to a 
range of mixed sulphidising/oxidising/carburising 
atmospheres of relevance to coal gasification pro
cesses. 
One of the primary objectives is to correlate the 
corrosion behaviour of these materials after expo
sure in accurately defined and closely controlled la
boratory conditions with that observed in plant si
tuations. 
The alloys chosen for this investigation were AISI 
310, Alloy 800H, Fecralloy (a ferritic alloy contai
ning 5% Al + Y for enhanced corrosion resistance) 
and an oxide-dispersion strengthened alloy, 
MA 956. 

During 1989, laboratory testing of the 4 alloys star
ted, after an initial delay in the procurement of the 
materials. 
Tests are being carried out at 600°C using a 
H2 - 7% CO - 1.5% H20 - 0.6% H2S gas mixture 
which, assuming equilibration, has a 
pO2 = 10-26bar,pS2=10- l0barandac = 0.15to0.2. 

Exposures of 1000 hours have been completed 
with intermittent examinations at 50,100,250 and 
500 hours. The kinetics of the corrosion reactions 
are illustrated in the figures page 14 and page 15, 
which show that the performances of the MA 956 
and Fecralloy materials are much betterthan either 
the AISI 31 Oor Alloy 800H. 
The ground specimens of both MA 956 and Fecral
loy materials appear to be more corrosion resistant 
than companion specimens prepared to an elec-
tropolished finish. 

13 
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15.0 
Small specks of C. deposited 

100 200 300 
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400 500 

Corrosion kinetics at 600°C/0.6%H2S - A.I.S.1.310 

Surface and C.S. Examination 
100 200 300 

Time (hrs) 
400 

5AA9 EP 

5AA10 EP 

5AA11 EP 
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5AA13 180 

5AA14 180 
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Corrosion kinetics at 600°C/0.6%H2S - M.A. 956 
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Surface and CS. Examination 
100 200 300 

Time (hrs) 
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Corrosion kinetics at 600°C/0.6%H2S - Fecralloy 

30 
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16G13 180 

16G14 180 

400 500 

Corrosion kinetics at 600°C/0.6%H2S - Alloy 800H 

15 
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As part of this COST 501/11 cooperative action, a 
gasifier operated by British Coal is being utilised 
for in-plant exposures: Since it is obviously desira
ble first of all to characterise the atmosphere of the 
gasifier, a series of elements and compounds were 
exposed in the plant prior to the exposure of corro
sion coupons made from the collaborative alloys. 
Samples of 10 elements and compounds, i.e. Co, 
Fe, Mo, Cr, Nb, Fe203, Cr2C>3, MnCr204, MnO and 
NbC were exposed to the product gas for 550 
hours in three different temperature regions (top -
700 to 840°C, middle - 500 to 670°C and bottom -
350to530°C). 

After exposure these samples were returned to 
J.R.C.-Petten for identification using an X-ray dif
fraction technique. These studies have enabled 
reasonable indications of the activity "windows" 
for the reactants S and O to be derived. 
Figure below is an example of a phase stability dia
gram for several elements, i.e. Cr, Fe, Co, Ni, Nb 
and Al and the reactants S and O calculated from 
thermodynamic principles at 650°C. 

The "window" derived from analysis of the ele
ments exposed in the middle region of the gasifier 
is included on this figure. Coupons from the colla
borative alloys have subsequently been exposed in 
the three positions of the gasifier and the extent 
and nature of the corrosive attack experienced by 
these is currently being critically compared with 
that observed on similar specimens exposed in the 
laboratory autoclaves. 

Experimental work in the Non-nuclear R&D 
Programme: Basic studies have been carried out 
on an agreed range of commercial alloys to deter
mine the kinetics and mechanisms governing cor
rosive degradation. These investigations concen
trated on the exposure of samples in gaseous at
mospheres in the absence of impacting particles 
whereas parallel investigations being carried out 
by European collaborators have been designed to 
assess the interactive effects of erosion and corro
sion in similar aggressive environments. 

Using these laboratory studies an erosion/corro
sion model has been developed and is being vali
dated by comparing the predictions with actual 
performance oftest coupons exposed in commer
cial gasification and FBC plant. 

The programme started in December 1986 and 
was for an initial 3-year period. 

During 1989 all the outstanding corrosion tests 
were completed which rounded off the series of 
matrix experiments being carried out in H2 - CO -
H20 gas mixtures containing varying levels of sul
phur, i.e. 0.2% and 0.6% H2S with selective testing 
also being carried out in 2.0% H2S, at 500°C and 
700°C. The influence of pre-oxidation treatments 
upon corrosion resistance was also studied for all 4 
materials covered by this programme, i.e. AISI310, 
Alloy 800H, Fecralloy AB and a Ni-based gas tur
bine alloy IN 738 LC. 

Below: i hermodynamic phase stability diagram for 
selected M-S-0 system at 650°C 

NIO 

-38 -34 -30 -26 -22 -18-16 
log P02 (bar) 

16 
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The last series of tests carried out in the 2.0% 
H2S-containing atmosphere, have concentrated on 
establishing whether pre-oxidation treatments 
given to the Fecralloy AB and IN 738 specimens 
continued to confer the extremely good protec
tion observed in the 0.2% and 0.6% H2S-containing 
gas mixtures. Surface and cross-sectional examina
tions of specimens have shown that after 
1000 hours exposure in the highest H2S atmosphe
re, sulphide scales have started to form. 

This casts doubt on the long-term benefits of such 
treatments, at least for use in such an aggressive 
atmosphere. Of the alloys tested, the Fecralloy AB 
alloy in the ground and pre-oxidised condition was 
significantly more corrosion resistant than any of 
the other alloys tested. Figure below compares the 
cross-sectional macrostructures of the best two al
loys, Fecralloy AB and IN 738 LC, in the pre-oxidi
sed and non-pre-oxidised conditions after being 
exposed to the 2.0% H2S-containing atmosphere 
at700°Cfor 1000 hours. 

Experimental work involving Corrosion under 
Deposits: A method has been developed in which 
powders are pressed onto a specimen inside a 
closed jig, enabling tests to be conducted without 
the need for a controlled atmosphere. 
The deposits may be synthetic or ground flue ash 
and use of this technique has enabled the features 
of corrosion observed under deposits in FBC's to 
be reproduced more faithfully than by conventio
nal crucible tests. It appears that of the compounds 
present in FBC deposits only CaS04 is active in 
causing sulphidation. 

Below: Cross-sectional macrostructures of Fecralloy AB 
and IN 738 LC 

17 
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b. Creep 

This group's activity during 1989 has been concer

ned with rig development, the completion of long

term testing and conduct of additional investiga

tions arising from COST 501, Round I. 
Following the delivery of the collaborative material 
testing could start in the integrated programme 
for COST 501, Round II. 

Environment Mechanical Property Interaction 
in Heat Exchanger Alloys: 
Investigations into the influence of SOC bearing 
gases on creepcorrosion and corrosioncreep in

teraction in the heat resistant steels Alloy 800H 
and the 32Ni27Cr0,07 Ce alloy AC66 (developed 
by Mannesmann Steel Co.) have been terminated. 

Concerning the corrosion behaviour, it was found 
that AC66 behaves better only in the preoxidised 
state. However, in the stressed condition, this be

nefit is eliminated for relatively high deformation. 
Moreover, for the blank and the preoxidised state 
of both materials it was found, that a superimpo

sed deformation leads to stronger corrosion than is 
observed for the stress free state, figures below. 

The corrosion pattern was characterised by prefe

rential attack along the transverse grain bounda

ries, foto below. Regarding the influence of corro

sion on creep, for both alloys the creep strength 
properties were degraded only if a high pS2/p02 

level of the environment led to a severe uniform 
corrosion with the consequence of a reduction of 
load bearing cross section. On the other hand the 
creep ductility was reduced considerably for both 
alloys when the exposure took place in sulphidi

sing environments independently of the PS2/PO2 
level. This was explained by a reduced cohesion 
at the matrixcorrosion product interface. 

Alloy 800H had been proposed for use in coal gas

ification and FBC applications and AC66 was deve

loped specifically for such conditions. From the re

sults of the investigation which ran for three years, 
it can be concluded, that Alloy 800H, in particular, 
seems to be suitable only if the sulphur activity can 
be kept to very low levels. 
The first experiments, using the COST 50111 colla

borative material (ODS alloy MA 956) have shown 
a much higher corrosion resistance than AC 66 and 
Alloy 800H as might be expected from the possibi

lity of Al203 scale formation. 
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Left: Depth of internal corrosion versus exposure time 
for stress free and stressedAC 66 at 70CPC in various S-O-C 
bearing gases 

Right: Corrosion pattern of AC 66 at 70CPC after 
deformation in 0.2 v/o H2Sgas, tf = 4983 h 
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Developmental Gas Turbine Vane Alloys: 
In the frame of the COST 501/11 programme, creep 
investigations have been started on the oxide dis
persion strengthened alloy MA 760 at 1050°C in 
air. This work is carried out in collaboration with ex
ternal laboratories with the aim of obtaining a com
prehensive characterization of the material and its 
application potential for land based gas turbines. 
The group is contributing in particular with studies 
on the relationship between creep and microstruc
ture. The stringent material specification, prepa
red by our industrial partners resulted in manufac
turing difficulties and a consequent delay in the de
livery of the material. Nevertheless, a few long 
term tests have been started. The first structural 
examinations have shown that the formation of 
surface porosity, will pose a significant structural 
problem, comparable to that studied on alloy 
MA 6000, in a COST 501-1 test programme which 
was completed in 1989. 
The foto below shows the stress free coupon expo
sed along with the creep test with the highest tem
perature/longest duration in the series. Prelimilarly 
results on creep strength of MA 760 have indicated 
a behaviour which is similar to that observed for 
MA 6000. 

Specific experimental requirements concerning 
corrosion and creep studies on IN 625 and Hastel
loy X in an air/S02 mixture with simultaneous addi
tion of seasalt arose in the context of a contract re
search project. A complicated modification of exis
ting creep facilities became necessary. To enable 
the additions to be made in a controlled manner, 
without interruption to the test. 
Figure above shows a schematic view of a modified 
creep rig, which allows a sea salt solution to be in
jected directly onto the specimen at regular inter
vals by means of two horizontally mounted tubes. 

Cooling 

Furnace 

Working 
tube 

Salt inlet 
lock 

Cooling 

— Gas outlet 

Gas inlet 

Thermocouple 
position 

Strain 
measurement 
device 

Above: Equipment for creep testing in controlled 
atmospheres with independent salt addition 

Below: MA 6000 showing severe porosity after 11035h 
annealing at 105CPC 
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c. Component Behaviour 

Cooperation within the frame of a BRITEI contract 
and in COST 501, Round II required most of this 
group's experimental effort during 1989. 

Multiaxial creep behaviour and modelling of 
Alloy 800H at 800°C. 

This activity, which terminated at the end of the 
year, contained work originally commenced under 
the auspices of COST 501 Round I. 
Earlier experiments, investigating the uniaxial and 
internal pressure testing of tubular components 
under a wide range of creep stresses, highlighted 
an apparent change in creep mechanism below a 
certain stress which caused difficulties when pre

dicting long term behaviour from relatively short 
term test data. 
In the final year, the research has concentrated on 
testing at two stress levels (ostensibly above and 
below the transition stress) over a range of multia

xial stresses ranging from tension {oH/oA = 0) 
through various biaxial ratios to internal pressure 
with OH/OA = 2. In order that the experiments could 
contribute as verification tests to creep deforma

tion prediction models, all test pieces were fully in

strumented for both hoop (diametral) and axial 
strain measurements apart from the pure internal 
pressure tests where no axial strain is manifested. 

The baseline uniaxial creep data used in the analy

sis method comprises constant stress and load 
tests carried out by partners within the COST pro

gramme. Although a number of creep models 
were applied to the data, the most successful was 
found to be a continuum damage mechanics mo

del based on the RabotnovKachanov damage 
equations. These types of models are loosely ba

sed on physical mechanisms and, of the many ty

pes investigated, the model based on linear strain 
softening was found to be most suitable. The mo

delling procedure analyses fitted creep curves 
which can then regenerate predicted uniaxial or 
multiaxial curves at the appropriate interpolated 
or even extrapolated test stresses. Examples of the 
multiaxial predictions compared with experimen

tal results shown in figure below support a trend 
for von Mises control over deformation at 55MPa, 
whilst at the higher stress of 70MPa, Maximum 
Principal Stress is clearly the governing criterion. 
The predictions, although confirming the different 
deformation criteria, nevertheless are much less 
exact than their uniaxial specimen counterparts, 
largely due to geometrical considerations. 

Below: Comparison of modell predictions with 
experimental data for multiaxial creep of Alloy 800H 
tubes at 80CPC 
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The stress rupture behaviour under multiaxial 
stresses better reflects the predictive ability of the 
model. 
Figures above show the predicted stress rupture 
Locii dependence on stress ratio compared with 
the actual experimental results. A clear support for 
von Mises control at 55MPa and MPS control at 
70MPa is portrayed. 

Uniaxial and multiaxial creep of Alloy 800H at 
850°C and 2V4Cr1 Mo at 550°C. 
Within the framework of a BRITE programme 
aimed at life time prediction for heat exchanger 
materials, the JRC has contributed experimental 
results. The work sharing envisaged within the pro
ject and the confidentiality imposed precludes a 
coherent presentation of the results. However, the 
scope of the work in 1989 included a number of 
constant load and constant stress creep tests on 
both alloys. 

To this data and that obtained by the partners, 
creep modelling such as 8-projection and Conti
nuum Damage Mechanics have been applied in or
der to develop a methodology for component life 
time prediction. As a first test of the models, tubu
lar tests using internal pressure have been carried 
out on both alloys as simplified benchmark tests. 

Above: Comparison of model predictions with 
experimental data for creep rupture of Alloy 800H 
tubes at 80CPC 

This modelling of component creep behaviour, will 
be linked to parallel creep^fatigue and LCF models 
being applied by the partners and the results fed to 
the JRC Databank in such a way that they can be 
extracted and evaluated for component design 
using finite element methods. 

Internal pressure testing of 21ACr1 Mo ferritic 
steel. In the frame of COST 501 -II, WP5 the compo
nent testing activities planned for the first year of 
the project were confined to exploratory internal 
pressure tests on tubes machined from the wall of 
a 21ACr1Mo steam pipe header. The tubes have 
been machined to the design recommended in a 
Code of Practice for Tube Testing, prepared inde
pendently by a working group chaired by a JRC-
staff member. A total of four tests have been com
pleted at 550°C and a single test at 600°C over a 
pressure range of 195-295 bar. As sufficient unia
xial creep data is not yet available for the cast con
cerned, it was not possible to apply creep models 
for the correlation of multiaxial with uniaxial data. 
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An important aspect concerning these tests relates 
to the failure mode. Whereas all tests exhibited 
creep ductilities greater than 5% three of the five 
tubes tested ended in catastrophic failure (Figure 
below). Very rapid extension of an axial crack must 
have occurred to allow complete opening of the 
tube and consequent damage to the rig. Metallo
graphie examination has revealed large quantities 
of impurities in the form of stringers in this batch of 
material and it is concluded that the crack could ea
sily run along such stringers in the thin wall tubes 
leading to the "brittle" failure observed. Until unia
xial data is provided, the influence of the embritt
ling phase on rupture life cannot be determined. 

Above: PD instrumented longitudinal notch (2'ACrlMo). 

Below: Post test view oftest cell 

Component crack growth testing. A novel ap
proach has been made towards the determination 
of creep crack growth (C.C.G.) in tubular compo
nents. This technique is intended to bridge the gap 
between conventional C.C.G. specimen tests and 
full scale plant component performance. The abi
lity to conduct controlled C.C.G. experiments on 
instrumented components under multiaxial stress 
condition is particularly important for structurally 
or geometrically sensitive materials. The growth of 
surface defects which may be either a spark 
eroded longitudinal notch (figure above) or a ma
chined circumferential groove is monitored under 
multiaxial stress by a potential drop technique. 

The exploitation of this methodology has been fo-
cussed on the Alloy 800H material although some 
preliminary experiments on 2V4Cr1Mo alloy were 
commenced at the end of the reporting period. 
For both alloys, longitudinal, spark eroded, part 
through wall notches have been studied under 
conditions of internal pressure only. In the case of 
Alloy 800H, cirumferential grooves could be tested 
using either axial load or internal pressure or a 
combination of both. 
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In order to understand the influence of (longitudi

nal) notch length and depth on creep lifetime, the 
basic internal pressure rupture data for the Alloy 
800H has been transformed into predicted "wea

kening" lines using calculation methods available 
in the literature. Figure above shows, as an exam

ple, the influence of notch length for 1 mm deep 
notches in a 2.5 mm wall, and in particular, the mar

ginal conservatism of the calculation methods 
used compared with some thirteen test results. 
This conservatism may also be considered as notch 
strengthening which is often reported for 
2

1
ACr1Mo material and is indeed supported from 

the preliminary testing of this alloy. Although not 
displayed here, similar rupture strength predic

tions have been made when comparing the cir

cumferentially notched tubes tested in tension 
with tension tube data. 

The use of the generated C.C.G. curves for compa

rison with data obtained from conventional com

pact tension tests has confirmed the potential of 
the methodology for both the longitudinal and ci

rumferential notches. Although good intercorre

lation between individual component C.C.G. cur

ves can be obtained using the stress intensity fac

tor K| in analysing the crack growth rate, the equi

valence with conventionally obtained K| data is 
poor. On the other hand C* which, in the absence 
of load line displacement measurements, has been 
calculated using a reference stress approach, cor

relates will with the conventional data. 

Figure below shows such a correlation for the 
cirfumferentially grooved tubes tested in tension, 
the conventional specimen data being obtained 
from the same cast of Alloy 800H studied in an EGF 
round robin testing programme. 

An autoclave has been constructed to enable unia

xial creep tests to be conducted on solid samples 
in a high system pressure of an aggressive test gas. 
This rig which was developed for use in one third 
party contract and has since proved to be of inte

rest for others, relies on capacitance transducers 
for continuous strain measurement on up to three 
specimens in a string. The same rig can be used to 
test tubular components with the external pres

sure greater than amospheric. 

To enable experimental work to be conducted for 
the "Components and Thermal Fatigue" project a 
rig was designed for the thermal loading of tubular 
components. The tubular testpiece is heated ex

ternally by induction coils and internally cooled, in 
the first instance, by fast flowing water. 
Suitable instrumentation is selected for the parti

cular experimental objective. 

Above: Stress rupture behaviour for 1 mm deep 
longitudinal notches (Alloy 800H) 

Below: CCC rate dependence on C* for longitudinally 
notched Alloy 800H 
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d. Fatigue 

The activities of this group encompass experimen
tal and management work in the COST 50112 pro
gramme, the development of a computer vision 
technique, and the building of the expert system 
ARTIC. 

Experimental work in the COST 501/2 programme 
is geared towards generating a data base on the 
oxide dispersion strengthened alloy MA 760, in 
collaboration with outside laboratories participa
ting in the Work Packages WP1 and WP5. The 
group will contribute with isothermal low cycle fati
gue and with thermomechanical fatigue testing. 
The testing conditions and integrated testing ma
trices have been defined and the testing equip
ment is ready. 
Because of the delays with the delivery of the 
MA 760 material referred to above, the actual tes
ting will start in 1990. 

Development of a state-of-the-art computer vision 
system started in 1988 in association with an out
side company and continued in the reporting pe
riod. The system is intended for the in-situ monito
ring of surface damage on specimens subjected to 
mechanical deformation. The surface of the sam
ple is viewed with a long distance optical system. In 
a software controlled snapshot procedure images 
are grabbed, digitized and stored on hard disk at 
preselectable magnifications and time or cycle in
tervals. Magnifications of up to 500 x are possible, 
corresponding with a field of view of 0,2 x 0,2 mm2. 
Image contrast and quality can be enhanced 
through filtering (Laplace, Sobel, Roberts and low 
pass filters). 

The computer vision system also provides for post-
test quantitative ¡mage analysis, allowing the in-
situ monitoring of the initiation and of the growth 
of microcracks during, for example, fatigue tes
ting. The current prototype is for single field-of-
view monitoring imposing a compromise between 
resolution (magnification) and a statistically rele
vant field-of-view. 

In order to alleviate this controversy a scanning fa
cility software is being implemented which will al
low the imaging of surface areas up to 16 x the 
single field-of-view area with the same resolution. 

The building of a prototype of the Expert System 
ARTIC for the assessment and management of the 
residual lifetime of steam headers continued in 
1989, in collaboration with ISE (JRC Ispra). The AR
TIC project is executed in the framework of an inte
rest club of electric utilities (ENEL, CEGB, Labore-
lec, MPA) and of the JRC. In the reporting period 
the elicitation of the domain experts continued 
with a series of interview sessions with experts of 
the electric utilities. The architecture of the expert 
system has been defined, the domain knowledge 
structured in rules and facts and a suitable control 
strategy was selected for implementation in the 
expert system. 

The prototype of the ARTIC expert system was tes
ted in November 1989. This prototype testing 
phase is planned to permit the developers and the 
potential users to verify the suitability of the ap
proach as well as to define the final scope of the 
working version of the system. The testing phase 
also aims at the identification of those parts of AR
TIC which require redesigning or expanding. 
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Engineering Ceramics 

During the last decade, important progress has 
been made to improve ceramics processing tech
nology and attempts are being made to design 
with new ceramics for thermo-mechanical applica
tions. 
In the framework, the project studies the corrosion 
and mechanical properties of advanced enginee
ring ceramics at high temperatures (up to 1.400°C). 
Special attention is devoted to the understanding 
of the degradation mechanisms by in depth micro-
structural investigations, for failure analysis and 
component life-time prediction purpose. 
The engineering properties referring to ceramic/ 
ceramic joining, ceramics machining and non-des
tructive evaluation form an integral part of this pro
jects. 

Highlights of the year have been: 
- The development oftest methodologies, a sub

ject which is poorly developed in ceramics cha
racterization and receives priority in our research 
strategy. 

- Modern laboratories with unique test facilities 
have been installed and advanced measuring 
and test devices developed including in-situ 
equipment for crack nucleation and growth mea
surements. 

- Methodologies for testing the gaseous and hot 
corrosion behaviour of ceramics have been esta
blished as well as method for static and dynamic 
fatigue testing especially in tensile mode at high 
temperatures. 

- The microstructural analysis laboratories have 
been equipped with the most modern analytical 
facilities. 

- A facility for the measurement of residual stres
ses in ceramics by on X-ray diffraction technique 
has been made operational. It is employed to de
termine stresses in machined ceramic surfaces 
and interphase stresses in ceramic matrix com
posites. 

Efforts on ceramics processing R&D is directed to 
the development of high quality ceramic composi
tes. 
Here, a methodology has been established to fa
bricate dense SiC (silicon carbide) whisker reinfor
ced S¡3N4 (silicon nitride) based ceramic composi
tes, by slip casting and low pressure sintering. 

The research on mechanical properties focusses on 
the cyclic fatigue behaviour of SÍ3N4 and the sub-
critical crack growth of whisker reinforced cera
mics. The prime objective during the reporting pe
riod being to generate cyclicfatigue life curves and 
to elucidate toughening mechanisms of the rein
forcement respectively. 

The gaseous and hot corrosion behaviour of a 
range of modern engineering ceramics is studied. 
The aim being to elucidate the fundamental me
chanisms of high temperature oxidation and sul-
phidation in oxidizing and reducing environments 
on silicon nitride alloys. 

A viable and efficient method of high precision ma
chining of engineering ceramics has been develo
ped. This technique is very cost effective and mini
mized damage in component surfaces which can 
act as sites for preferred crack propagation. The in
ter-relation between mechanical properties and 
machining is being studied. 

The influence of metallic and non-metallic inter-
layers and of energetic beam treatments on the joi
ning of silicon nitride to silicon nitride by diffusion 
bonding is studied. First results demonstrate the 
great potential of solid state bonding for meeting 
the industrial service requirements for ceramic 
joints operating in high temperature structural ap
plication. Results of mechanical behaviour are re
ported together with structural and chemical ana
lysis correlation. 

All activities are well integrated into European col
laboration schemes either in the framework of 
CEC-programmes e.g. Science, or in direct colla
boration with Universities/Research Centres and 
Industries. The available unique test facilities and 
the expertise formed the nucleus of: 
- industrial contract research; 
- support to the Commission Services; 
- exploratory research activities; 
during the reporting period; these new orienta
tions have seen rapid and successful development. 

The research and development work has spin-off's 
in multiple modern technologies i.e. Aerospace 
and Aeronautics, Automobile Industry, Energy 
Sector, Petrochemistry, Mechanical Engineering 
etc. 
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The results of the ceramic project are reported per 
discipline: 
 Interfacial Engineering, 
 Mechanical Properties, 
 Corrosion Properties. . 

Interfacial Engineering 

a. Ceramic  Matrix Composite 

Introduction 

Ceramic whiskers are added to monolithic cera

mics, primarily to improve resistance to cracking in 
the matrix and thereby to enhance toughness and 
reliability. The interaction between whiskers and 
matrix and therefore the effectiveness of the reen

forcement is dependent upon the matrixwhisker 
bond strength and the associated stress field in the 
surrounding matrix. 
The project investigates the factors influencing the 
interphase stress state with the objective to engi

neer the whiskermatrix interface for optimal com

posite properties. 
The first stage of this project has been to develop 
a methodology for fabricating the composite. 
Owing to the high temperature stability of the high 
purity, monocrystalline whiskers, these composites 
can advantageously be prepared by conventional 
processing methods. 

Densificaron is difficult. The open literature re

veals that almost all studies to date have relied 
upon high cost hot pressing to achieve a dense 
ceramic. However earlier work (C. Olagnon, 
D. McGarry and E. Nagy) has shown that careful 
control of particle size and dispersion characteris

tics allows fabrication of monolithic Si3N4 by slip 
casting and low cost sintering. The present study 
extends this work to the Si3N4SiC (w) composite 
with whisker content of 5,10 and 20% respectively. 

Results 

Dispersion studies revealed that fully defloccula

ted slips of optimum rheological characteristics 
could be achieved with 65wt% solids content and 
whisker content in the range 0 to 20 wt % over the 
pH range 7.6 to 9 using proprietary dispersants. 
Segregation of heavier particles and whiskers du

ring slip casting presents major problems in subse

quent densification. Refinement of particle size 

range by sedimentation fractionating significantly 
improved slip stability. Green density (ca 61%) in

creases with whisker content in accordance with 
close packing theory confirming an absence of in

trinsic agglomeration defects. Densification beha

viour with variation of sinter time and temperature 
(figure below) showed that under optimum condi

tions of 1850°C/6h, a 10% whisker composite can 
be sintered to 98% theoretical density, a value 
which compares well with hot pressed material. 

Structural analysis revealed that whiskers are ani

sotropically oriented in the plane orthogonal to the 
slip casting direction. Early measurements show a 
modest increase in toughness to between 6.5 and 
7 MPa.m

1/2
, which are significantly higher in direc

tions parallel with the whisker plane than perpendi

cular. 

Below: Plots of bulk density as a function of sintering time 
and sintering temperature of a Wvol% SiC whisker SÍ3N4 
composite sintered under 1MPa N2 pressure. 
(Shaded areas correspond to the zones where the model 
does not fit) 
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Residual Stresses in Ceramic Surfaces 

Introduction 

Residual stresses are produced during the manu
facturing processes of a material. The entrapment 
of non-equilibrium structures within the crystal lat
tice gives rise to internal stresses which satisfy in
ternally, force and moment equilibria. 

These stresses influence material properties in the 
same way as an external stress. For ceramic mate
rials which are highly sensitive to material condi
tions a full description of internal stress state will 
become an essential feature of material/compo
nent standardization. 

The present activity has been initiated to select 
and create an operational facility for determining 
residual stresses in engineering ceramics based 
upon X-ray measurement of crystal lattice defor
mation using the well-known sin2 <p technique. The 
first phase has included, a theoretical evaluation of 
the methodology for residual stress measurement 
by diffraction techniques, an exhaustive literature 
review to establish the state of the art and future 
orientations, the acquisition and adaptation of a 
diffractometer and development of a working me
thodology. The methodology has been evaluated 
in a research project to determine residual stress in 
machined ceramic surfaces, and has been exten
ded to measure interphase stresses in ceramic 
composites. 

Results 

The stress-lattice strain relationships for the selec
ted characteristic lattice plans were calibrated by 
determining the variation of d-spacing with me
chanical stress applied in a straining stage moun
ted inside the diffractometer. Figure above, shows 
the Lattice spacing/sin2 <p relationship (<p = tilt ang
le) for the (323) diffraction peak of silicon nitride 
under several applied stresses. The elastic con
stants for the diffraction planes; 1 +_y and y are ob-

E E 
tained from the slopes and cutting points (d<ţ> = 0) 
respectively (v = Poission Ratio). From this calibra

tion actual residual stresses were determined from 
the appropriate A d = sin

2 cţ) plots, using CuKa ra

diation on surfaces machined under a variety of 
conditions. 
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Early results show that residual stresses at the 
mean CuKa penetration depth (ca 60 urn) are low 
and generally compressive, but higher in orienta

tions perpendicular rather than parallels to the 
grinding direction. Scatter in measured values are 
of the same order as the difference in value, as 
shown in a comparison of machining downfeed 
conditions figure on page 28 left. Future work will 
use Cr Ka radiation with a much lower penetration 
depth to measure stresses nearer the surface. 
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The determination of interphase stresses in cera

mic composites in contrast show significant diffe

rences of residual stress values. For a silicon ni

tridesilicon carbide (whisker) composite, stresses 
generated by thermal expansion mismatch are 
compressive in the matrix and tensile in the whis

kers. Variation of matrix stress with whisker content 
shows a significant increase (figure right). 

Conclusion 

An operational methodology for measuring resi

dual stresses in engineering ceramics has been es

tablished and has been evaluated for machining in

duced surface stresses and interphase stresses in 
composites. 

Left: Variation of residual stress in creep-feed 
ground surfaces with depth of cut. The residual stresses of 
a sample polished with 3 \im diamond paste are also shown 

Right: Variation of compressive stress in Si3N4 with 
increase in SiC content 
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b. Corrosion Properties 

The aims of this sub-activity are twofold: 
1) To compare the high temperature corrosion 

behaviourofa range of modern engineering ce
ramics in simple environments simulating those 
of industrial importance for the application of 
these ceramics. 

2) To seek an understanding and explanation of 
the corrosion mechanisms underlying their be
haviour in terms of thermodynamic and kinetic 
criteria. 

As in previous years, project activities have con
centrated on silicon nitrides, mainly of commercial 
origin, fabricated by a range of techniques in which 
metal oxides such as yttria, magnesia and alumina 
are used to assist densification. 
As an agent of high temperature corrosion, sulphur 
is increasingly recognised to be of major impor
tance and consequently work has been focussed 
on bioxidant environments containing sulphur as 
well as oxygen, at both high and low activity. 

The main achievements in 1989 are summarised 
below, encompassing three simple environments 
of importance towards an understanding of the 
corrosion mechanisms: 

- oxidation in air, 
- corrosion in SCVair (high PO2), 
- corrosion in H2S-H2O-H2 (low PO2). 

Oxidation in Air 

Yttria is used to advantage as a sintering aid in the 
densification of silicon nitrides largely because it 
readily forms highly refractory secondary phases 
yielding good high temperature behaviour. Howe
ver, these crystalline ¡ntergranular phases oxidise 
readily at low temperature (800°C) with an accom
panying volume change which creates surface 
stresses ultimately leading to cracking of the sub
strate. 

In a doctoral study completed in 1989, this beha
viour has been investigated for a hot-pressed sili
con nitride containing 9wt% yttria in which the pre
dominant secondary phase is an Y-N-silicate with 
an apatite structure, Y10 (Si04)6N2. From the results 
obtained the process was found to conform to the 
model shown in figures below. In stage I, at low 
temperature, the oxidation of silicon nitride is 
negligible and the Y-N-apatite oxidises slowly, by 
oxygen diffusion through the larger grain bounda
ries, to O-apatite, Y ^ t S i O ^ O . At higher tempe
ratures in stage II, significant formation of silica be
gins and the O-apatite is extruded onto the surface 
of the material. At still higher temperatures, stage 
III, only the final oxidation products, Y2Si207 and 
Si02, are evident, the grain boundaries are 'closed' 
and internal oxidation ceases to be significant. Si
lica growth is possible only on the external surface 
of the material. 

Below: Oxidation model fora HPSNfY) ceramic 

Oxygen-
apatite Y 2 Si 2 0 7 

Low temperature ~800°C 
no SiO2 formation 
n i t rogen-apat i te oxidat ion 

Intermediate temperature 
900 < T < 1000°C 
S1O2 fo rmat ion = > 
oxygen-apa t i te ex t rus ion 

High temperature 
T > 1000°C 
si l icon ni t r ide react ion dominant 
Y2S¡207 s i l icate formation 
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In a separate project, this oxidation process was 
observed 'in situ' by hot-stage microscopy. In addi
tion to the simple behaviour described above, at 
temperatures around 950°C, the surface of the ma
terial was seen to 'boil': a liquid phase was evident 
in which the rapid evolution of (presumably) nitro
gen bubbles was clearly observed. Surface analysis 
after cooling revealed significant amounts of impu
rity cations, such as iron, calcium and sodium, une
venly distributed over the surface. Clearly the mo
del is a simplified version of reality and the pre
sence of a surface liquid during oxidation is signifi
cant. Inward diffusion of oxygen is accelerated and 
the explosive evolution of nitrogen is believed to 
be the origin of the destructive pitting corrosion 
often observed with this type of ceramic. 

Corrosion in SQ2-Air 

The combustion of hydrocarbon fuels containing 
sulphur leads to an oxidising environment in which 
sulphur dioxide and oxygen are the important cor
rodants for structural materials in contact with the 
hot gas. 

Experiments with silicon nitrides in SC>2-a¡r mixtu
res have shown similar processes of corrosion to 
those in air alone. Oxidation of the surface to silica 
and silicates predominates with some enhance
ment of the corrosion at low temperatures which 
can be attributed to the formation of sulphates of 
metal cations originating as additives or impurities. 

Figure above illustrates, for the same material des
cribed in the previous section, the additional mass 
gain at lower temperatures in S02-air than in air 
alone, primarily due to the formation of yttrium sul
phate. Yttrium sulphate begins to decompose at 
temperatures above 880°C and is completely dis
sociated at 1140°C in this environment. The figure 
also illustrates how the oxidation in S02-air closely 
parallels oxidation in air alone at temperatures 
where the sulphate is no longer stable. At these 
and higher temperatures, the influence of S02 is 
marginal. 

Corrosion in H2S-H2Q-H2 

The situation is quite different in environments and 
industrial processes with high sulphur and low oxy
gen activities where so-called 'active oxi-sulphida-
tion' may occur. Little or no protective scale may 
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Above: Thermogravimetric comparison of the behaviour of 
a HPSNfY) ceramic in air and 1 vol% S02-air 

form and the primary corrosion products will be vo
latile SiO and SiS. A competition will exist between 
these two for the status of 'rate controlling species' 
depending on the temperature and the precise 
conditions. 

A range of silicon nitrides containing both yttria 
and alumina in various ratios have been studied in 
these environments at high temperature. A newly 
constructed volatility map shows when the surface 
of the material should corrode as volatile SiO or 
SiS. In figure opposite above, for 1300°C, three re
gions are identified: 

a, where pSiO > pSiS and active oxidation predo
minates; 

b, where pSiS > pSiO and Si02 formation is ther-
modynamically forbidden and active sulphida-
tion predominates; 

c, where pSiS > pSiO but Si02 formation is possi
ble. Si02, which is quasi-stable, forms at the ni
tride/scale interface and decomposes to SiO at 
the scale/gas interface. SiS formation is inhibi
ted by the presence of the scale from which it 
appears not to form directly. 
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This thermodynamic model has been confirmed by 
the experimental data which show that the cata
strophic corrosion rates observed in region B (mass 
losses up to 850ug cnr2rr1) may be reduced by two 
orders of magnitude by small additions of water va
pour to the environment, thus shifting the thermo
dynamic activities into region C. 

Above: Map ofpSiO andpSiS as a function ofp02 andpS. 
at T30CPC in the region of the Si/Si02 stability boundary. 
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c. Mechanical Properties 

In the research is fpcussed on various topics rela

ted to the high temperature mechanical properties 
of SÌ3N4 and on the design, building and commis

sioning of special test rigs. 

The cyclic fatigue behaviour of SÌ3N4 in the uniaxial 
testing mode is the subject of ongoing research in 
the group. The uniaxial mode of testing is selected 
to circumvent the restrictions of bend testing with 
regard to the size effect and with regard to the 
unknown stress distribution away from the planes 
of maximum stress under time dependent condi

tions. The major problem associated with the unia

xial testing of ceramics is to obtain excellent align

ment in orderto reduce the bending component of 
the average strain to an acceptable level. This has 
been achieved by means of a loading train consis

ting of carefully aligned hydraulic grips in a spe

cially aligned testing rig. The quality of the align

ment has been tested by straingauging a number 
of rectangular samples in three crosssection pla

nes in order to measure the bending. 

The statistics of 150 alignment measurements on 
Si3N4 are shown in figure below in terms of the per

centage of bending and of the precision of align

ment as a function of the stress applied to the sam

ple. The measurements show that a precision of 
alignment ofó7.10"

6 is achieved reproducibly. This 
corresponds to an average percentage of bending 
of 1.25% at the stress level of + 150 M Pa. The fai

lure location of fatigue tested samples suggests 
that this is an acceptable level of bending, al

though a further decrease is advisable in order to 
reduce the fraction of invalid tests. 

Below: Percentage of bending and precision of alignment 
statistics of the cyclic, uniaxial fatigue testing rig 
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The sample is heated by means of radiation from a 
susceptor which in turn is heated by highfre

quency induction. The figure above is a view on the 
inhouse designed split furnace showing the sam

ple, the susceptor, the isolation and the water

cooled housing of one half of the furnace system. 
The extensometer rods made of SiC are also visi

ble. Sample temperatures of up to 1400°C are 
achievable with a temperature gradient over the 
10 mm gauge length of less than 0.5% of the tem

perature for temperatures over the range 1000°C

1400°C. The performance of the testing system is 
illustrated in the figure below, showing uniaxial 
tensile data of Si3N4 at various test temperatures. 

Above: View on half of the split furnance used in cyclic 
fatigue testing of ceramics 

Below: Uniaxial tensile data ofSijN4 at various 
temperatures 
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Subcriticai crack growth of both monolithic 
and SiC-whisker reinforced SÌ3N4 at temperatures 
up to 1300°C in air is studied through different test 
methods. The aim is to determine the effect of the 
reinforcing whiskers and to elucidate the domina
ting toughening mechanisms as a function of tem
perature. For this purpose, mechanical tests are 
combined with in-depth microstructural investiga
tions. 

In order to determine the load level for the crack 
growth experiments, fracture toughness tests on 
chevron notch beam specimens in four point ben
ding have been carried out in the temperature 
range RT-1400°C. 
The results for the monolithic and the composite 
materials are shown in the figure above. As can be 
observed, the toughness peaks for both materials 
at1300°C. 

The subcriticai crack growth behaviour is studied 
through chevron notched beam (CNB) tests as well 
as by the indentation induced flaw method. In the 
first set-up, the crack growth is followed indirectly 
through changes in the compliance of the speci
men. Stable crack growth can be initiated rather 
easily and a large part of the (K|,v) diagram can be 
covered with a single specimen. The results of the 
tests on the monolithic and the whisker-reinforced 
material are shown in figures below and on 
page 35 above respectively. 
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10-

SiCwhisker reinforced Si3N4 

10"
3 

 ^ i o 
4 

o 
CO 

¿ 1 0 ~
5 

ceramics 
• 

▲ 
♦ 
a 
V 

20 °C 
1100°C 
1200°C 
1300°C 
1400°C 

10" 

io
7 

3.0 

n = 3.7 

3.5 4.0 
n = 8.5 

4.5 5.0 5.5 6.0 6.5 7.0 7.58.0 
K, (MPa/m) 

For both materials, a steady increase in crack 
growth rate v is observed with temperature up to 
1200°C. A sudden drop occurs at 1300°C. Current

ly, microstructural investigations are underway to 
study the cause of this behaviour. On comparing 
figures on page 34 below and page 35 above, it 
can be observed that the subcritical crack growth 
rates are rather high (> 10

6
m/s). To explore the lo

wer crack growth rate regime (> 10"
10

m/s), tests 
are currently performed by the indentation indu

ced flaw (IIF)method, both under static and cyclic 
four point bend conditions. Drawbacks of this me

thod are that crack lengths have to be measured 
and that only one point in the (K|,v)diagram is ob

tained per specimen. 
Both types of crack growth experiments describe 
the growth of an artificially induced crack. The 
crack growth behaviour of natural flaws is studied 
by dynamic fatigue experiments in four point ben

ding over a range of temperatures. The results of 
these tests will be compared to those obtained on 
artificial flaws. 

Several special purpose testing rigs were desig

ned, installed and commissioned in the reporting 
period. Three pneumatically controlled rigs for 
four point bend testing on ceramic materials under 
static or dynamic conditions up to 1000°C in air 
were designed and installed. The load capacity of 
the rigs of 100 N maximum is adapted for testing of 
hollow specimens. A closedloop pneumatic sys

tem is used to load the sample at a constant stress 
rate to fracture. The stress rate is controlled by a 
converted Eurotherm 822 programmable tempe

rature controller. 

Above: Crack growth rates vs. the stress intensity factor at 
various temperatures for SiC-whisker reinforced SÍ3N4 

At fracture the system automatically switches off 
and unloads the specimen, thus preventing the 
sample from being crushed. The loading train con

sists of a RDPminiature load cell with a maximum 
capacity of 100 N connected to a rolling diaph

ragm pneumatic piston. The accuracy of the loa

ding system is ± 0.15 N (i.e. understate conditions 
the load can be held at ± 0.15 N). The maximum 
controllable loading rate is 180 N/min. Under 
these conditions the stepping rate is 1.5 N. The 
fracture stress is recorded using a Keithley digital 
multimeter with a high and low data memory. 
Heating of the sample is by a single zone resistance 
furnace with a constant temperature zone of 
50 mm length. The temperature is controlled 
within narrow limits by means of a Eurotherm 822 
programmable controller. The rigs are designed 
with the possibility of adding an SLVC displace

ment transducer for measuring the bending displa

cement of the specimen. 

For loading rates in excess of 180 N/min. and for 
temperatures exceeding 1000°C a commercially 
available, highperformance closed loop testing 
machine was commissioned. The rig is equipped 
with a MoSi2 furnace with a maximum allowable 
temperature of 1500°C. 
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To accommodate four-point bend testing in corro
sive environments, four testing rigs with load and 
temperature capabilities of 2 kN and 1400°C res
pectively, were redesigned and relocated to the 
ETL-N laboratory. 

Finally the group provides a service activity to 
other groups in the area of four-point bend tests 
on two old screw-driven Instron testing machines 
which were modified to allow for constant load 
rate tests. 
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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 and without simultaneous irradiation damage. 
The results of the study bear relevance to industrial 
applications where thermal fatigue is the life limi
ting factor, whereas the addition of an irradiation 
damage component is aimed at yielding results in 
support of the design of the first wall of NET. 
The progress achieved in 1989 relates in particular 
to the design of the out-of-pile tube testing rig 
which will be used to experimentally validate the 
results of the numerical modelling. The design of 
the rig is completed, all its constituent parts have 
been ordered and are delivered. 

Assembly of the rig has started although at a lower 
pace than anticipated because a substantial frac
tion of the manpower allocated to the project was 
not made available. 
Preliminary thermal and thermomechanical calcu
lations were performed to establish the operating 
parameters of the out-of-pile rig and of the size of 
the tubular samples required to achieve the tem
perature gradient typical of NET over the tube wall 
thickness. Elastic stress distributions were calcula
ted using the finite element code ABAQUS, assu
ming free expansion of the tube ends. 
Various approaches to the prediction of crack 
growth life under cyclic thermal gradient fields are 
under consideration. 
In a first step the problem will be tackled by ap
plying an LEFM approach. A corresponding scena
rio describing the experimental and analytical nu
merical steps has been put together. In this context 
an ad-hoc code ('CRKPRO') for thermal fatigue 

problems in flat plates was developed and a pro
posal to verify and to optimise this code was pre
sented in the context of this project. For the tem
perature calculation a finite element formulation is 
chosen in order to take temperature dependent 
material data into account. 

The Bauschinger effect is modelled by a so-called 
parallel overlay model. Since under normal condi
tions the bulk material remains elastic, the crack 
propagation is expressed in terms of cyclic stress 
intensity factors. 
The stress intensity factors are evaluated in an ap
proximate way by an analytical-numerical integra
tion procedure. It is felt, however, that the impor
tance of this code lies in the application of a line 
spring model for the characterisation of the stress 
intensity factors of a semi-elliptical part through 
surface crack. 

Insofar the fatigue data base which is required as 
input into the numerical model is not available 
from the literature it wil have to be generated as 
part of the research project. 
For this purpose a closed loop testing machine has 
been adapted and testing on laboratory type fati
gue samples of 316 Lhas started. 

A SUN 386 workstation was installed as a support 
tool for the analytical numerical work. The softwa
re, previously running on a VAX, was implemented 
on the SUN work station. This required rewriting of 
the graphic facility parts. In order to take as much 
advantage as possible of the SUN operating sys
tem, the routines concerning the screen lay out 
and the graphics are being coded in the C lan
guage and linked to the Fortran main code. 
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Operational Defects in Materials 
and Lifetime Prediction 

To improve the lifetime predictions for compo
nents operating at high temperatures, it is impor
tant to identify and to quantify the microstructural 
defect state which finally leads to failure. This de
fect state will be referred to as "damage". 
The residual life of a structure can only be reliably 
predicted if both the actual damage and its evolu
tion in time for a given load-spectrum can be quan
titatively described. In this study "creep damage" 
is considered which denotes the degradation of 
the material under stress at temperatures above 
about 0.4 Tm where Tm is the melting temperature 
¡nK. 
The micromechanismsofthis type of damage have 
been reviewed e.g. in [1,2,3]. It is shown that for 
many metals and alloys the nucleation and subse
quent growth of cavities on grain boundaries is the 
life determining damage process. 

There exist different methods for the assessment 
of the actual creep damage in a component. Most 
are destructive. 
However, in-service inspection requires non-des
tructive testing techniques. One method is the 
measurement of ultrasonic wave velocities [4,5,6] 
which is showing promising results, but which 
needs further investigation to take full advantage 
of its capabilities to detect small microstructural 
changes. 
The JRC activity outlined below aims at obtaining a 
relationship between the ultrasonic (US)-measure-
ments and creep damage measured by other tech
niques. 
An important part of the programme is to correlate 
the US-velocity changes with damage parameters 
used in material models. 
Such models describe the macroscopic inelastic 
stress-strain behaviour including the evolution of 
creep damage. By this means a more sound basis 
for residual lifetime prediction can be obtained. 

1) Ultrasonic Measurements on Creep Specimens 

Up to the present time the major part of the experi
ments have been performed on a Mn-Craustenitic 
steel (trade name AMCR 0033) which is considered 

as a candidate structural material for fusion reac
tors [7]. Using flat specimens to facilitate the US-
velocity measurements, uniaxial creep tests were 
performed at T = 923 K. 
Some tests were continued until rupture and 
others interrupted at different stages of the creep 
test, mostly in the tertiary stage. 
US-velocity measurements [8] were performed in 
the specimens heads and at different places within 
the gauge length before and after the creep test. 
Both longitudinal and orthogonally polarized 
transverse waves with propagation direction per
pendicular to the stress axis were applied. 

In all the creep specimens the greatest reduction 
of the sound velocity is obtained when the incident 
shear amplitude lies in the plane perpendicular to 
the stress axis ( Vs ), the smallest if it lies in a plane 
which contains the stress axis ( V5 ). This agrees with 
the result expected for the microstructural da
mage mechanism (microcracks perpendicular to 
the principal stress axis) explained in the next sec
tion. The reduction for the longitudinal waves lies 
between Vs, and VSlI. 
A measure for the anisotropy is given by the rela
tive difference 

q = 
Vs Vc . s i - sn 

'SO 
(1) 

where Vso is the reference shear wave velocity in 
the undamaged material. Knowing the anisotropy 
in the virgin material q can also serve as a measure 
for damage. A typical result for q is shown in the 
figure opposite below for a specimen loaded to 
150 MPa which ruptured after 167 h. This figure 
also contains the values for q measured in an un
broken specimen from a creep test at the same 
load interrupted after 146 h. Here, and in all other 
cases an inhomogeneity within the gauge length is 
observed indicating an ¡nhomogeneous damage 
distribution. This is probably due to geometrical ¡n-
homogeneities of the virigin specimens and needs 
further investigation. 
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2) Other Methods for the Determination 
of Damage 

Two other methods to determine the damage 
have been applied. The first consists of a métallo-
graphie evaluation of the microstructural damage. 
As discussed in [9,10], the origin of creep damage 
in this steel is given by the cracking of grain boun
dary facets perpendicular to the stress axis. This is 
due to a grain-boundary embrittlement because of 
intergranular carbide (M23Q) precipitations. Follo
wing [11,12] the damage is quantified by determi
ning metallographically the number fraction A (re
ferred to as " A"-Parameter) of cracked grain boun
dary facets which intersect a line parallel to the di
rection of the applied load. 
In [11,12] the A-Parameter was introduced to mea
sure damage due to constrained cavity growth 
[13]. In this case a cavitated facet acts mechanically 
as a microcrack. Therefore this concept can be im
mediately applied to the microstructural damage 
considered here. The figure above right shows the 
typical dependence of A on the distance from the 
rupture surface. 
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The shape of the curve corresponds to the US-
measurements shown in the figure below for the 
same specimen. 

The second method for damage determination is 
based on continuum damage mechanics [14]. 
Damage is quantified by a parameter D which is 
determined by inversion of the flow law 

êi = f(o,D) _ (2) 
describing the inelastic strain rate é¡in dependence 
of the stress a and D. For e¡ experimental values 
obtained from the creep curve must be inserted. 
The material used here can be approximately des
cribed by the model of Hutchinson [15] which was 
extended by Riedel [3], leading to the flow law 

Bon 

1-D 
(3) 
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B and n being material constants. Figure above 
shows the dependence of D determined from (3) 
on the time t normalized by the lifetime tf of the 
specimen. Assuming DaeY (y : material parameter) 
the theoretical result is represented by the dashed 
line independently from the applied stress in the 
creep test. The experimental results exhibit some 
scatter but are in rather good agreement with the 
theoretical curve. 

3) Comparison of the Different methods 
for Damage Determination 

The Hutchinson-Riedel model is based on the as
sumption that the microstructural damage can be 
described by a distribution of microcracks perpen
dicular to the principal stress axis. Therefore, ac
cording to [16] the relation 

D = 0.6 
n + 1 

V Ï + 3 / r r 
(4) 

can be derived, which isan approximation for a sta
tistically isotopie grain structure. With n = 8 in the 
present case A = 0.22 D, and assuming a critical va
lue Dc = 1 for rupture, the values presented in fi
gure on page 39 above fit rather well. 
A solution for the wave velocities in a material with 
a dilute concentration of parallel cracks has been 
given in [17]. Using the same approximations as in 
(4), the relationship 

A = - 2 . 5 1 q [ 3 - 2 ( ^ ) 2 ] 
vlo 

(5) 

between the A-parameter and the relative wave 
velocity difference q as defined in (1) can be deri
ved. V|0 is the velocity of longitudinal waves in the 
undamaged material. As shown in the figure on 
page 39 below a value of q = -0.02 was measured 
putting the center of the US transducer with a 
crystal diameter of 6.35 mm at a distance of 6 mm 
from the rupture surface. 

With (5) and Vso/Vb = 0.57 this leads to a value 
A = 0.1 which coincides reasonably well with the 
average result in this zone as shown in the figure on 
page 39 above. 
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Above: Damge-parameter D determined from the creep 
curve. Dashed line calculated with the Hutchinson-Riedel 
model 

4) Summary 

Results of different methods for creep damage 
measurement in an austenitic steel are presented. 
It has been briefly outlined how they can be com
pared and how they can be used in a material mo
del. Of course, creep experiments show considera
ble scatter and further investigations have to be 
performed on a larger data base. In addition, other 
materials will be studied. 
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Wear and Corrosion 
Resistant Coatings 

Introduction and Objectives 

Lifetime and load capacity of tools and other con
struction elements depend both on how the parti
cular material reacts to wear as well as on the wor
king conditions the part is subjected to. For this 
reasons wear and corrosion reduction is of great 
economic importance. The development of pro
tective coatings has become in recent years an im
portant branch of advanced material technology. 
So far considerable progress has been made: wear 
resistant coatings on various tools led (simulta
neously) to prolonged lifetimes and to higher per
formance. Corrosion resistant coatings are in many 
cases prerequisites for operation in oxidising and 
high temperature environments. 

The activity 'Wear and Corrosion Resistant Coa
tings' has the objective to contribute to an impro
vement of both existing coatings and to a develop
ment of new coatings. In particular, it is intended to 
combine the surface modification techniques of 
the laser/implanter foundry with the film deposi
tion techniques of the thin films laboratory of the 
IAM Ispra. Surface modification techniques as e.g. 
ion implantation, ion beam mixing and laser treat
ment might successfully be used to modify hard
ness, adhesion to the substrate and structure of the 
film. 

Results 

1. Low Temperature Deposition of Titanium 
Nitride Films 

Objective of the investigation was i) to become fa
miliar with the technique of metal nitride deposi
tion, ii) to investigate the deposition at low sub
strate temperatures and the resulting film proper
ties, ¡ii) to prepare samples for a later surface modi
fication by the ion implanter. The work was perfor
med in close collaboration with K. Reichelt of the 
KFA Jülich. 

TiNx films of different composition x were prepa
red by reactive ion beam sputtering at substrate 
temperatures of 77 and 300 K. 
The films were characterized with respect to micro-
structure, electrical resistivity, residual stress, hard
ness and Young's modulus in dependence of x. 
Figure below shows a RBS spectrum of a TiN film 
sputtered on a glass substrate. 

Below: Experimentally determínele RBS spectrum of a TiN 
film on a glass substrate containing the element barium 
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The chemical composition of the film (and substra
te) has been obtained by modelling a spectrum 
from single element contributions. 
Glancing angle X-ray diffractometry indicates a mi
xed phase of Ti, Ti2N, TiN, TiN at x < 0.05 and of 
cubic TiN at higher values of x. Considerably high 
stress values up to 12GPa and hardness values up 
to 25 GPa were found for films deposited at 77 K. 

Figure above shows the microhardness as a func
tion of the flow ratio of Ar and N2 at which the films 
was prepared. 
These films consisted of very small grains of 
150 Angstroem in the average. The electrical resis
tivity showed the usually observed dependence 
with a minimum of 54 microohm-cm at nearly stoi
chiometric composition. 

2. Plasma Sputter Deposition of Boron Nitride 
Films 

The stable phase of BN has a h.c.p. structure, but 
there are also metastable phases among which a 
cubic phase (c-BN) with a diamond-like structure 
and also similar mechanical properties (high hard
ness and high Young's modulus). 
Due to these properties but also due to a much hig
her temperature resistance this phase is of particu
lar interest. 

Following several procedures described in the lite
rature we tried to obtain c-BN on steel substrates 
by a reactive sputter deposition process applying 
high bias voltages (up to 200 V). 
The films were analyzed by glancing angle X-ray 
diffractometry and IR spectroscopy (for these in
vestigation deposition was made on polished Si 
wafers) and SEM. 

Both methods gave no indication for the presence 
of a cubic phase; however, the diffraction patterns 
which were obtained did also not display the stable 
and the non-cubic metastable phases, which have 
been observed so far. 

The diffraction lines are extraordinarily broad and 
suggest the existence of a nanometric grain size. 
Presently we are trying to obtain a picture of the 
microstructure by comparing the experimentally 
observed diffraction pattern with calculated ones 
based on models of various grain size, shape and 
orientation. 
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Above: Microhardness of TiN films, which have been 
sputter deposited at different gas flow ratios of nitrogen 
and argon, respectively 

3. High Temperature Corrosion Resistant Coatings 

The beneficial effect of active elements (Yttrium, 
Hafnium, rare earth metals etc.) on the oxidation 
behaviour of high temperature resistant coatings is 
well known. 
Usually the active element is added directly in the 
melt of the base material. In this study, however, 
we try to incorporate the active element only into 
the outermost surface layer of the base material by 
using the techniques of ¡on implantation and ¡on 
beam mixing. 

This might offer the possibility to improve the per
formance of the coatings, because ¡on beam tech
niques allow to shape and vary the height of the 
concentration profile within certain limits in con
trast to conventional methods. Furthermore such a 
techniques might be also economically advanta
geous because the expensive active elements is 
only restricted to a thin surface region. 

First ion beam mixing experiments were perfor
med on a FeCrAI type base material and Y was 
used as active element. 
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By plasma sputter deposition from an Y target 
(99,9%) a layer of 3000 Angstroem was deposited 
onto sheets of the base alloy. Then in a second step 
the layer was mixed into the base material by an 
Ar+ ion beam of 200 keV at various doses ranging 
from 1015-1017 ions/cm2. 
Direct implantation of Y atoms will be performed in 
a later time as soon as the Y ion source of the im
planter will be available. High temperature corro
sion experiments are in course with the mixed sam
ples. 

Below: Dual ¡on beam deposition facility 

Substrate 
¡on gun 

4. Hard Carbon Coatings 

Carbon coatings offer the unique combination of 
extreme hardness, low friction, chemical inertness 
and optical transparency. 
However, these properties depend sensitively on 
the method and parameters of deposition. So far 
much work has been done using CVD, rf and dc 
plasma sputtering techniques, but only few studies 
on the preparation by ion beam techniques are 
known. This study has the objective to investigate 
this method in more detail. 

For this purpose a dual ion beam deposition facility 
was constructed (Figure below). It consists of two 
ion guns allowing two modes of operation namely 
i) direct deposition of carbon ions from gun 1 using 
e.g., CH4 as working gas or ¡i) sputter deposition 
from a graphite target using gun 1 to generate a 
sputter beam with e.g. Ar as working gas. In both 
cases gun 2 can be used to assist the deposition 
process by a simultaneous bombardment of the 
deposited layer by low energy Ar ions. First depo
sition experiments have shown the feasibility of the 
facility. 

For the characterization of the films three different 
methods are presently under investigation (in col
laboration with other JRC Institutes): IR absorp
tion, XPS and Raman spectrometry. These me
thods should reveal the ratio of sp3 to sp2 bonds 
contained in the produced films. Difficulties arose 
in IR absorption due to lack of suitable substrates, 
in the case of XPS dueto lack of standard reference 
material and in the case of Raman spectrometry 
from instrumentational limitations, which are being 
resolved. 
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Characterization of 
High Tc Superconductors 

Introduction and Objectives 
High Tc ceramic superconductors have become 
one of the most intriguing and fascinating subjects 
in solid state physics. Their technological relevan
ce, especially in the magnetic and electronic indus
try (SQUID, fast computers) is shown by the consi
derable effort developed in all countries in orderto 
develop suitable ways of preparation and utiliza
tion of this class of compounds. However, it is felt 
more and more that only a basic understanding of 
their superconduction phenomena can allow a 
more rational development after the initial rush in 
the past two years. Effort has been concentrated 
on the copper based perovskite structured super
conductors, especially YBaCuO and BISCO 
(Bismuth-Strontium-Calcium-Oxygen compound), 
and in particular on the following questions: 
o is there a thermodynamic, possibly model-free 

theory of superconducting Fermion pairs in the 
reciprocal space which would give a coherent 
and compact explanation of the most peculiar 
features of this class of compound (e.g. their 
high critical temperatures, their short cohe
rence length, observed features of non-mono-
tonic behaviour in Tc's vs carrier concentration, 
short coherent lenghts, anisotropy)? 

o can the transport properties of a simple copper 
oxide system (e.g. Cu02+x lead to the under
standing of the assumed role of Cu+3 (or Cu2+X) 
in high Tc superconduction? 

o in the bismuth containing compound, can a re
lationship be found between the crystal struc
tural data and electronic properties as they 
may be determined by electron spectroscopy? 

In the present report, some preliminary answers 
and progress on each of these points will be discus
sed. 
A Generalized BCS theory for High Tc Supercon-
ductors 
An important tool for the study of critical pheno
mena in interacting systems is interaction thermo
dynamics, especially when it can be applied in a 
model-free way. We have therefore attempted to 
employ a statistical method, Spacing Statistics, 
which has been used in the past for different inter
acting systems (1,2). In this case, the statistics was 
applied in the appropriate reciprocal space for Fer-
mion-Fermion interaction. 

Our statistical analysis of the interaction between 
Fermions uses a general appropriate attractive Bo
son mediated interaction potential between char
ged Fermions as employed in BCS theory for me
tals. However, we have avoided the usual approxi
mation of a constant interaction employed in stan
dard treatments of BCS. No special hypothesis has 
been made either on the nature of the interacting 
Fermions (whether electrons, or polarons or any 
other form of particle coupled with a lattice polari
zation) or on the nature of the mediating Boson 
(whether a phonon magnon or other). In these 
terms, the thermodynamic treatment is model-
free. 

Starting from the interaction potentials, the treat
ment defines appropriate interaction envelopes 
(or "spacings") in the reciprocal space for the Fer-
mion-pair interaction, and calculates the probabi
lity of the existence of Fermion pairs with Boson 
couplings with specific momentum exchanges 
(therefore rejecting the "constant interaction" ap
proximation). 

By making use of the instability condition which is 
in-built in Spacing Statistics, the BCS relation be
tween Tc and the Boson and Fermion quantities is 
obtained. The Tc expression reproduces the well 
known BCS expression for "classical superconduc
tors" when hypotheses are made for the Fermion 
and Boson quantities which are appropriate for 
electrons in metallic systems. However, a more ge
neral expression is obtained forTc, i.e. 

kTc = (M2o)exp(-(1/NFU)) 

where NF and U are as, in classical BCS, the density 
of states and the value of the interaction at the 
Fermi level, whereas M2 is a Boson-Fermion coup
ling matrix element and a is proportional to the 
damping (a = XI"; where X is the ratio between the 
coherence length and the lattice constant and I" a 
damping factor). 
It is seen that, given a value for M2, the Tc may be 
increased by a lowering of both the coherence 
length and the damping of the oscillating pair. This 
suggests immediately that high critical tempera
ture may be obtained whenever the oscillation of 
the Fermi pair responsible for superconduction is 
scarcely damped. This may occur whenever the 
coupling is "strongly localized" in the lattice so 
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that only Bosons of similarly "very localized" na
ture (e.g. optical phonons) may be responsible for 
damping or breaking up the oscillation (long range 
collective Bosons, e.g. acoustic phonons, will not 
affect the damping process). 

Since both M2 and a depend on the density of sta
tes function N, which, in turn, depends on the den
sity n of the carriers which are responsible for the 
superconductive phenomenon, the equation 
above is not necessarily a monotonie curve when 
the density of carriers n is varied. In fact, in ceramic 
high Tc superconductors in which the density of 
carriers n is varied by suitable doping, the pre
sence of a maximum of Tc vs n has been observed 
(refs. 2 to 10) figure above left, in which data on Li-
doped YBaCuO by F. Lanza and R. Feduzi (11) are 
also reported). 

A further manipulation of the above equation, to
gether with the simplest assumption for the de
pendence on n of the density of state function N, 
leads to a useful linearization, which can be compa
red with experimental data (Figure above right, in 
which data on Li-doped YBaCuO by F. Lanza and 

below TN 

Above TN 

0 1 2 3 4 5 6 7 8 9 10 11 12 

Composition x% in Lix Cu(1-x) O 

Above left: The depence of log (p/T) vs. 1000/T (K-'j for 
five compositions x% in UxCuIUx¡0. 

Above right: The depence of the activation energy 
(Kcal/mol), above and below the resistivity change of slope, 
on the dopant concentration. 

R. Feduzi (11) are also reported). In this figure, the 
1/U quantity in the above equation has been ex
tracted for Tc measurements from different Au
thors (Ref. 2 to 10) in different high Tc ceramic su
perconductors and plotted vs n1/3. The coherence 
length parameter has been used as a variable in or
der to obtain the best linearization. The striking 
feature is that all the data fall on a fairly good 
straight line for a coherent length Xa = 10A, which 
compares extremely well with the short coherence 
lengths observed in these superconductors by 
transport and magnetic methods. This shows that 
thisthermodynamictreatment, assuming a general 
Boson mediated Fermion attraction, is able to des
cribe a very large part of the high Tc superconduc
tors in a simple, unified way. 

A further result of the above equation and discus
sion is that the theory predicts a depression of the 
isotopie effect in superconduction for the cohe
rence lengths usually encountered. 

The depression of the isotopie effect, which is 
found experimentally, is one of the most intriguing 
problem of this class of superconductors. 
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Effects of Lithium Oxide on the electrical proper

ties of CuO at low temperature 

In all copper based superconductors, the super

conduction behaviour is attributed either to the 
electronic structure of Cu

+3 (or at least Cu
+2+x

) or to 
changes in the oxygen band caused by the 
Cu

+2 —> Cu
+2+x

+xe reaction (the latter explanation, 
which leads to a hole conduction mechanism, is 
perferred). It is therefore of interest to study the 
electrical transport in CuO, a simpler copper oxi

de, when the concentration of Cu
+2+x ions is varied 

by a suitable monovalent dopant. We have chosen 
Li

+1 as a dopant in view of its ionic radius which 
makes it a valuable substitutional ¡on for copper, 
and its high ionization energy which assures that it 
isa monovalent ¡on. 
The influence of four different lithium concentra

tions on the electrical properties of CuO have been 
therefore investigated. Xray measurements have 
revealed a single phase up to 4.2% of Li, whereas a 
second phase Li2Cu02 appears at higher Li con

centrations. The log (p/T) vs. 1/T plots (see figure 
above), are better represented by two straight li
nes than by one. It is recalled that the p vs T depen

dence employed is characteristic of a hopping me

chanism. An abrupt decrease of the conduction ac

tivation energies is already observed for Li concen

trations less than 2% at. 
For higher concentrations the decrease is much lo

wer (Figure page 50 below). 

The change in slope observed at T = 230 K in the 
resistivity measurements as a function of tempera

ture at all Liconcentrations can be associated with 
an antiferromagnetic order transition, which al

ready exists in CuO. Calorimetrie measurements 

Above: Tc dependence on hole concentration of 123 
compounds. The data from Tarascón et al. appear to 
deviate significantly from the data of lhara et al. and 
Claus et al. which show a plateau around 50 k. 

reveal a specific heat anomaly which is also 
evidence of this transition. However, specific heat 
anomalies of this kind are also found in high Tc su

perconductors in this temperature range, (e.g. 
YBaCuO at the same temperature). 
Further investigation and an attempt to correlate 
these results with the properties of copper based 
superconductors are under way. 

Structural determinations and electron 
spectroscopy on Bismuth containing Perovskite 
type ceramic compounds 

An interesting observation, now in course of fur

ther elaboration and interpretation, has been per

formed in BISCO. 
A BISCO batch, prepared by J.C. Spirlet in the 
JRCTransuranium Institute of Karlsruhe, which dis

played superconducting properties immediately 
after preparation, lost its superconducting proper

ties during the transport to Ispra. This is not unu

sual, because the Bismuthcontaining supercon

ductor is known to be extremely unstable. 
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However, when half of the material was heat trea
ted at 870°C in air the superconduction properties 
were restored with a Tc = 80 K. The two half parts 
of the compounds (which will be termed hereafter 
superconductor and non-superconductor) have 
the same cationic composition, and show the same 
monophasic diffraction pattern from BRAGG -
BRENTANO X-ray analysis. 

The two parts were subsequently compared by 
performing the following experiments: 
a) X-ray Absorption Near Edge Structures 
(XANES) (at the Frascati Synchrotron Radiation 
Facility); 

Below: 1 A/(arbitrary units) plotted vs. hole 
concentration as explained in the text. All of the data 
linearize fairly well on a single curve. + Fisk et al, Ref. 3, 
* Urlând and Tiez, Ref. 4, Wang et al., Ref. 5, 
Mamgung et al., Ref. 6, Tarascón et al., Ref. 5, 
lhara et al., Ref. 7, Claus et al., Ref. 8, 
Present work, Ref. 11. 

b) X-ray Photoemission Spectroscopy (XPS). 
Both methods are sensitive to the electron charge 
density in the bonds of the relevant constituting 
ions. 

The following observations were made: 

1 from both XANES and XPS analysis, the Cal
cium ions in the superconductor appear to oc
cupy two non-equivalent positions. If this is not 
due to a second phase undetected by the Laue 
method, the observation would suggest a dis
tortion in the Perovskite lattice, which may 
cause a distortion in the overall electron charge 
density. Superconduction, in this case, is corre
lated to this distortion; 

2 the Bismuth core levels, as measured by XPS, 
indicate the presence of Bi+3x in the supercon
ductor, but not in the non superconductor; this 
will be discussed later. 

3 the valence band spectrum of the supercon
ductor, sensitive to the external binding elec
trons, would indicate a stronger hybridization 
(or covalent bonding part) in the Cu-0 bond in 
the superconductor than in the non-supercon
ductor (see also 12). 
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Observations 2 and 3 are of particular interest for 
the understanding of BISCO (as well as of other 
Copper - containing Perovskite superconductors). 
In a physico-chemical model that is being develo
ped, the effect of the Bismuth ion on the Copper 
ions of the Perovskite basal planes would cause a 
charge transfer for electrons from Cu to Bi, thus 
creating a number of Cu+2+x ions and a more cova-
lent Cu-0 bond. Current ideas on this class of com
pounds tend to attribute the conditions for p-type 
superconduction to the presence of Cu+2+x and to 
covalency. 

An important factor that is not well known and is 
frequently disregarded, is the influence of possible 
non-stoichiometric deviations in BISCO due to ab
sorption or desorption of oxygen in the open 
Perovskite structure. 
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Low Activation Steels 

Optimisation of Chronium  Manganese Steels 

The properties of the steels IFB and IFD 
(Table 12 page 88) have been optimised by a heat 
treatment which induces precipitation of a streng

thening dispersion of V and W carbides. A first se

ries of treatments at 400,700 and 900°C has been 
carried out. 
At 400 and 700°C the precipitation process is ex

tremely slow. After 1000 hours the optimum hard

ness was still not reached, while at 900°C the pro

cess was too fast for a reproducible treatment. A 
metallographic study evidenced the fact that not 
only annealing temperature and t ime were impor

tant, but also that temperature and t ime of the pre

ceding solution treatment had a strong influence 
on the hardening process. 

A measurement of the ferrite content after solution 
annealing by means of a Fischer Ferritescope sho

wed a ferrite content always between 0.1 and 
0.4%, and rather independent from the treatment. 

The procedure which was finally chosen was a solu

tion treatment of 30 min at 1150°C and water 
quench, with an additional heat treatment at 
800°C and a slow air cooling. For alloy IFB, an in

crease of the Vickers hardness of 35% can be obtai

ned (figure below). 
The alloy IFD can also be hardened by a precipita

tion of carbides. The increase after a slightly modi

fied procedure was similar to the alloy B. Tensile 
tests on both alloys in the optimum annealed con

dition are under progress. 

Below: Vicker hardness as a function of ageing duration at 
80CPCforAlloy"B". 
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Composite Materials 
Properties Improvements 

A) Al-SiC metal-matrix composites 

Metal matrix composites (MMCs) have been the 
subject of intense development in the last decades 
due to their interesting features such as high speci
fic strength and stiffness at room and high tempe
rature as well as good wear resistance and thermal 
conductivity. 

Recently, ceramic particulate reinforced metal ma
trix composites have been developed with promi
sing results by several laboratories and industries 
using molten metal mixing processes. 
To achieve the goal of commercial applications, 
further development of microstructural and me
chanical properties (above all ductility) and fabrica
tion processes and their reproducibility is necessa
ry. The gradual deterioration of these materials 
due to the nucleation and growth of microcracks is 
the most important damage mechanism. To deve
lop a better understanding, the following studies 
on Al-SiC metal matrix composite have been star
ted: 

¡) microstructural observations, optical metallo
graphy, scanning electron microscopy, energy-
dispersive X-ray elemental analysis and X-ray 
diffraction analysis of the composite in the as-
received conditions and after remelting by con
ventional foundry techniques (sand cast and 
permanent mold cast); 

¡i) tensile tests at room temperature on speci
mens taken from the composite in the as-
received conditions and from an unenforced 
aluminium alloy (same nominal composition as 
the matrix); 

iii) microstructural (quantitative metallography) 
analysis of selected deformed composite 
specimens. 

The material studied was supplied by Agusta-
FOMB (Benevento Italy) in the form of foundry in
gots. It is a particulate SiC-reinforced Al composite 
characterized by a dispersion of a nominal particle 
volume fraction of 20% in a matrix constituted of an 
Al-Si-Mg alloy, A356. The SiC reinforcement is ad
ded to the matrix after a surface treatment which 
improves the mixing process with the molten me
tal. For comparison purposes, an Al-Si-Mg alloy, 
A356 ASTM in the form of a foundry ingot without 

reinforcement, has been considered. According to 
ASTM standards the nominal chemical composi
tion of the Type A356 alloy is (wt%): Si 7.00, 
Mg 0.35, Fe 0.07, Ti 0.061, Al balance. This compo
sition is suitable to optimise composite characte
ristics because the high Si content improves the 
castability, and lowers the thermal expansion coef
ficient and solidification shrinkage. The Mg addi
tion allows heat treatments to be carried out and 
possibly behaves as melting agent. 

The properties of both materials were studied in 
as-received (F temper) and heat-treated (T6 tem
per) conditions. The heat treatment consisted of 8 
hours at 535°C plus 10 hours at 540°C, water quen
ching and artificial ageing at 160°Cfora period of 
8 hours. The composite has also been remelted by 
conventional foundry techniques (sand and perma
nent mold cast) and successively heat-treated (T6 
temper) in order to study the influence of the 
cooling rate on the microstructure. 

The results of the study can be summarized as fol
lows: 
The cast metal matrix composite (A356 + 20% SiC) 
investigated by tensile tests at room temperature 
shows a higher yield strength, a comparable ulti
mate tensile strength, a lower elongation to frac
ture and a more elevated Young modulus as com
pared to the matrix metal (A356 Al alloy) (figure 
below). 

Below: Tensile characteristics (ef: stipples, YS: stippled; 
UTS: white, E: black) at room temperature of the 
unreinforced A356 alloy andA356 + 20% SiC composite in 
foundry ingot fabrication conditions and two tempers 
(Fand To) 

Foundry Ingot 
A 356 + 20% SiC 

Composite 
F Temper T6 Temper 

Unreinforced alloy 
A 356 
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Above: Fracture surface profile of the A356 + 20% SiC 
composite (F temper) broken at room temperature 
(e=1x10

4
s'). 

Below: Microstructure of the Al + 20% SiC composite 
(as-deposited by plasma-spray) 

The fracture is strongly affected by a damage pro

cess which occurs during the plastic deformation 
by debonding of SiC particlesAI matrix interface 
with the formation of cracks which propagate by a 
linkage process along the ¡nterdendritic regions 
where the SiC are clustered (figure above). 
The particulate composite morphology of the 
foundry ingot is not lost after remelting by conven

tional foundry operations (sand cast or permanent 
mold cast). 
Lastly, preliminary experience with a plasmaspray 
device in order to produce an "Ispra" material led 
to a microstructure (figure below) characterized by 
a low segration index. The evaluation of this mate

rial is in progress. 
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B) Metallurgical and mechanical characterization 
of a submerged arc welded heavy section joint 
in a 316 Type stainless steel 

Type 316 austenitic stainless steel appears to be 
the likely candidate material for systems such as 
fast breeder nuclear power plants and thermonu
clear fusion reactors. 
The use of this alloy in a number of nuclear compo
nents requires that it must be joined by various 
welding procedures. 
Generally, when large thick sections (>25 mm) are 
concerned, the submerged arc (SA) welding pro
cess is used because of its high deposition rate, 
high thermal efficiency and metal recovery. 
However, attention has to be paid to avoid damag
ing the material properties (reduction in toughness 
and resistance to corrosion) because of the high 
heat input which characterizes this process. 
In particular, when the number of passes is large, 
significant variations occur from the surface to the 
centre of the weld because of the local differences 
in the complex thermal and mechanical histories 
occurring during the welding process. 
The effect of the above variability has been assess
ed on tensile and creep behaviour of the weld-de
posited metal itself and also of the weld as a whole 
and has been revealed to be significant. 
However, the number of experiments on the me
chanical properties of thick section welded joints, 
and their evaluation, are quite limited. 
It was useful for design and safety stress considera
tions of Type 316 nuclear components, to acquire 
more basic data on the material constituting the 
welds. 

Accordingly, the authors have investigated a thick 
(50 mm) Type 316 SA welded joint prepared with a 
multipass procedure and using two different types 
of 316L filler metals. 
An important material variability from the surface 
to the centre of the weld-deposited metal has 
been found, constituted by differences in disloca
tion density, columnar grain size, ferrite content, 
distribution and morphology (Figures above) as 
well as chemistry. This situation leads to a tensile 
properties variability through the thickness of the 
weld metal with the centre of the weld characteri
zed by higher strength and lower ductility than the 
weld metal near to the surface. 

'SFÔtp 

¿ ë É ^ 
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Above: Three dimensional composite micrographs 
showing different ferrite morphology in Type 316 SA 
weld-deposit: (a) vermicular õ-ferrite (dark etching) 
located at the cell-axes (ferrite-austenitic solidification 
mode); (b) vermicular õ-ferrite (dark etching) 
distributed at the cell-boundaries (austenitic-ferritic 
solidification mode). 
The õ-ferrite alignment is the columnar growth direction 
which is also the heat direction 
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More exactly, the results summarized in the figures 
left show: 
(1) the weld-deposited metal shows a higher YS 

but a comparable UTS with respect to the pa
rent metal; 

(2) the transverse to weld composite metal, inclu
ding the parent metal, HAZ and weld deposi
ted metal, has an YS slightly higher than the pa
rent metal but significantly lower than the 
weld-deposited metal, while the UTS is compa
rable with respect to the parent metal and the 
weld-deposited metal; 

(3) the material variability in the weld-deposited 
metal, although significant, is not too large to 
influence in a negative manner the tensile pro
perties of the welded joint as a whole; 

(4) the tensile behaviour of the transverse to weld 
composite specimens is characterized by a 
supporting restraint effect from the weld-de
posited metal to the HAZ and parent metal be
cause of the different deformation resistance 
between the fusion zone (higher YS) and the 
parent metal (lower YS). 

b Test temperature (°C) 

Left: Comparative tensile properties: (a) YS; (b) UTS 
and (c) Ef related to various location specimens 
Type 316 SA weldment as a function of test temperatures 
(20and40CfiC) 
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I , ., E Composite metal (near to inferior surface) 
F Composite metal (centered) 

c Test temperature (°C) 
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Chemical Sensors 

Introduction and Objectives 

The development of solid state chemical sensors is 
of great importance for their application in indus
trial processes as well as for environmental control. 
Solid state sensors, which rely on surface variation 
of properties of solids (chemical potential surface 
conductivity etc.) when exposed to gaseous at
mospheres, have the advantages of relatively low 
cost, small size, long life continuous and fast res
ponse (easily processed and converted to compo
nents movements, thus allowing automatic control 
of valves or other mechanical systems). A well 
known disadvantage of these sensors results from 
their lack of selectivity, which limits their applica
tion in complex gaseous atmospheres, where the 
contemporary presence of molecules presenting 
similar surface reactivity may introduce uncertainty 
in their response. 

The aims of the present project are the following: 
i) to improve and calibrate existing chemical sen

sors, also in the presence of complex atmos
pheres, 

ii) to develop new types of solid state sensors for 
gaseous molecules (e.g. NOJ of industrial or 
environmental relevance, the detection of 
which is at present impossible or possible only 
with less accurate or costlier methods. 

In both aims, close cooperation with other Labora
tories as well as with industry (sensors' fabricants 
and sensors' users) is of great importance. The pro
ject foresees the formation of an industrial project 
club around associated laboratories, each provid
ing special expertise to the fulfillment of these 
aims. 

The "Cermet" Oxygen sensor 

A first result in the chemical sensors' project is the 
development of an electrochemical oxygen sen
sor, employing a "Ce02.x/Pt Cermet" electrode as 
the sensing unit. This sensor is able to measure the 
oxygen partial pressure in a wide range of oxygen 
compositions in highly reducing as well as highly 
oxidizing complex atmospheres (p02 1Ö"12 -
105Pa). The sensor developed competes with the 
well known porous Pt sensor, but has a much lon
ger life in severe conditions of utilization. The res
ponse of the porous Pt electrode, for instance 

when submitted to very high concentrations of CO 
(highly reducing atmospheres), is considerably 
changed and becomes unreliable, and is fre
quently destroyed. 

In Figure on page 58 above the emf response of 
Ce02.x, Ce02.x/Pt cermet, and Pt electrodes are 
compared for high CO content CO/C02 atmos
pheres and N2/02 atmospheres respectively, and 
also with the theoretical straight line calculated by 
the Nernst equation. It can be observed that the 
Ce02.x and Ce02.x/Pt cermet electrodes' experi
mental points are very close to the theoretical plot 
for highly reducing atmospheres, whereas (for 25% 
CO) the Pt electrode data are clearly unstable. For 
oxidizing atmospheres (Figure on page 58 below) 
the experimental points of the three electrodes 
compare well with the theoretical plot. 

Page 58 above: Electromotive force (e.m.f.= E) 
measurements vs. T when measuring very low oxygen 
partial pressures in CO/CO2 mixtures. 
The results show that the best fit with the theoretically 
calculated values from the CO/C02 thermodynamic 
equilibrium data (straight line in the figure) are obtained 
when using a Pt-containing Cermet electrode (A) in 
comparison with: a conventional porous Pt electrode (*) 
anda Ce02.x electrode (o). 
Futhermore, no effect appears of Pt-poisoning as shown for 
the porous Pt results due to the high dispersion ofPt in 
the cermet. 

Page 58 below: Electromotive force (e.m.f.= E) 
measurements vs. T when measuring high oxygen partial 
pressures in N2/02 mixtures with a Cermet electrode 
having different Pt compositions (30%: •; 20%: o; 
straight line: theoretical values). The figure shows good 
agreement with the thermodynamic value even when 
varying the Pt dispersion in the cermet. 
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An earlier oxygen sensor for reducing atmosphe
res using a Ce02.x sensing electrode has been de
veloped and licensed by us (and is now marketed). 
The lifetime of this electrode has been tested in 
realistic industrial conditions (i.e., in a furnace for 
steel carburization) for more than one year. No ap
preciable deviation of the response has been so far 
detected. In the Ce02.x/Pt cermet electrode, the 
Pt content is very low and dispersed and a similar 
behaviour can thus be expected with a long life. 

Its stability and ability to work in a very wide range 
of oxygen partial pressures makes the Ce02.x cer
met electrode a good sensor for the case of abrupt 
changes of oxygen pressure (due to accidents, 
maintenance periods etc.). 

The cermet oxygen sensor electrode concept has 
been submitted for licensing by the European 
Communities, and already licensed in Luxem
bourg. 

The NOx sensor 

For the NOx sensor two research lines have been 
identified and initiated. 
1) The Potentiometrie sensor comprises a solid 
electrolytic galvanic cell whose electromotive 
force can be readily related to the logarithm of the 
nitrogen oxide partial pressure. 
It is necessary that the solid electrolyte has a trans
fer number one for silver ions, in order to avoid po
larization effects at the electrode/electrolyte inter
faces. Silver nitrate has been selected because of 
its electrical conductivity and its stability. 

The conductometric sensor is a layer of metal 
oxide deposite on to an inert ceramic support and 
its response to NOx is seen in terms of electrical re
sistivity variations. Preliminary studies are under 
way for this type of sensor. 

Cooperations with industry 

With the intention of establishing a pool of neces
sary competences for the improvement of existing 
sensors and for the development of new Sensors, 
some important associations were established in 
1989. 

The first association is MILANO RICERCHE which is 
directed towards industrial technological needs. 
The considerable expertise already available at the 
State University of Milan will be fully exploited. 

A second association is with the Centra Superior 
de Investigaciones Cientificas, Spain, where inter
nationally recognized competence in the field also 
exists. 

The Institute for Advanced Materials of the Joint 
Research Centre will contribute essentially in the 
field of accurate characterization of the surface 
analysis techniques. 
A first meeting with sensors' fabricants and users is 
envisaged in the first half of 1990 for the promotion 
of an industrial project club, aiming firstly, at the 
accurate calibration and characterization of exis
ting sensors for use under complex and severe at
mospheres. 
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Surface Treatments 
for Improved Performance 

Surface Modification Centre 

Substantial effort was devoted to the final installa
tion of the different parts of the equipment. 
The 5 KW C02 Laser has been installed and tested. 
The test results were satisfactory. It is now possible 
to apply the power of the laser in beams of diffe
rent geometries on rather large surfaces by the 
motion of a x-y table. The computer connected to 
the table allows coverage of the specimen surfaces 
in very different ways. Experiments have been 
made for surface melting on bare metals and on 
plasma coated metals. Problems such as the sur
face tension of the melts and wetting between 
melt and substrate have been recognised as im
portant. 

The electron beam gun, derived from an industrial 
welding machine is not designed for E.B. scanning. 
However, a simple scanning programme was orde
red and applied to our apparatus without changing 
the existing hardware. Three scanning program
mes have been provided (a sawtooth, triangular 
and spiral). Preliminary experiments have shown 
that surface remelting and heat treating can be ob
tained on small surfaces (3 cm x 3 cm) with "low 
speed scanning" : 1 m/sec. This corresponds to fre
quencies of about 16 Hertz. Several remelting trials 
were performed on stainless steel specimens coa
ted with triballoy. 
Metallographic examinations after remelting 
showed clearly that wetting problems of triballoy 
on stainless steel were the main problem in this 
procedure. 

The ion implanter has been tested with gaseous 
ions and satisfies the specifications. The first expe
riments with the implantation of metal ions have 
shown that the procedure via the decomposition 
of chloride is very cumbersom and requires extend
ed cleaning of the ion source and the first section 
of the accelerator. 

It has therefore been decided to purchase a sput
ter ion source which facilitates the production of 
metallic ions in a much cleaner way. 
A number of implantations on various materials of
fered the possibility to calibrate the temperature 
measuring devices and to develop first procedures 
for controlling the surface temperature of the im
planted specimens. 

The following implantations have been performed: 
a) He and D in stainless steel AISI 316, 
b) Argon with different densities on sputter coa

ted specimens, 
c) Nitrogen ions in ceramics in order to test the 

heating of the surface, 
d) nitrogen in austenitic steel samples, 
e) nitrogen in aluminium samples, 
f) nitrogen in titanium alloys. 

The Auger scanning microscope has been installed 
and tested. While its performance as scanning mi
croscope satisfies the specifications, the perfor
mance for depth profiling of surface impurities has 
still to be improved. In addition, software and 
image recorder need improvements. The present 
software does not allow the data treatment in real 
time, transfer to another computer is necessary. 
Colour images cannot be recorded. A new soft
ware will be supplied by Riber. The recorder sys
tem will be purchased in the next months. 

The definition and preparation of the connected 
testing laboratories is proceeding and it is expec
ted that in 1990 all laboratories will be working af-
terthe delivery of the remaining equipment. 

High Temperature Corrosion Laboratory 

The increasing need for materials with good per
formance in aggressive high temperature gaseous 
atmospheres may be partly fulfilled by surface 
coating of selected alloys. 
A laboratory facility has been set up in Ispra in or
der to test the corrosion resistance of coated sam
ples. The experimental apparatus consists schema
tically of a closed loop with three furnaces in paral
lel which may operate at three different tempera
tures. 
The composition of the gas circulating in the loop 
is fixed at the beginning of each experiment. It is 
possible to add up to six corrosive species to a car
rier gas. A mass spectrometer controls the mixing 
of the different gases in order to obtain the prede
termined composition. 
During the experiment, the mass spectrometer 
controls the opening of solenoid and piezoelectric 
valves for the addition of the corrosive species 
which are consumed by the corrosion reaction. 
In this way it is possible to maintain a constant level 
of corrosive impurities in the loop. 
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The maximum operating temperature is 1500°C 
for one furnace and 900°C for the others. 

The mass spectrometer was delivered at the end of 
1989; in the meantime all the accessories have 
been ordered and the installation of the loop has 
been planned. It is not expected that the installa
tion will be operating before April '90. 

The research programme has already been esta
blished in consultation with ENEL (Italy). The work 
will be focussed on materials problems in high tem
perature gas turbines. The corrosion tests will be 
carried out mainly on coatings which should resist 
oxidation and sulphidation at temperatures be
tween 800 and 1100°C. The coatings will be prepa
red in Ispra, initially using air and vacuum plasma 
spray (APS and VPS). 

Low Temperature Corrosion Laboratory 

1. Corrosion in high temperature water and 
aqueous solutions. 

For corrosion testing in high temperature water 
and aqueous solutions, five autoclaves of 4000 ml 
volume, for pressures up to 50 bar and temperatu
res of 200°C were ordered. Two are intended for 
use with reducing solutions and are therefore 
equipped with PTFE lining on all internal surfaces. 
The remaining three are made from alloyed steel 
DIN 1.4571 (AISI 316 Ti), which is suitable for a va
riety of oxidizing fluids. Delivery is foreseen be
tween January and April 1990 and the procedure 
for the commissioning by ISPESL (Italian authority 
for safety control of pressure vessels) has been es
tablished. 

2. Electrochemical corrosion testing. 

Equipment for electrochemical corrosion tests 
using DC current and potential measurement tech
niques (ÄSTM G 5 and G 15, Tafel plots, etc.) has 
been ordered. For a modest additional cost acces
sories can be provided which also facilitate AC im
pedance measurements. 
This is particularly useful for the study of passive 
films and protective coatings. In addition to servi
ces for the surface laboratory, it is intended to in
vestigate the corrosion behaviour of amorphous 
metal surfaces which will be prepared in the sur
face laboratory. 

3. Upgrading of equipment for testing corrosion 
in atmospheres containing sulphur dioxide. 

As a contribution to the Solar Energy programme 
experience was gained with accelerated corrosion 
tests in condensating water atmospheres contain
ing sulphur dioxide (DIN 50 018). This rather severe 
test procedure was applied because of a general 
lack of less agressive standardized test procedu
res, more appropriate to atmospheric conditions. 
Conclusions drawn from recent experiments show 
that the standard test procedures currently in use, 
cannot easily be modified by decreasing the pres
cribed sulphur dioxide quantities. 
In an attempt to resolve the difficulty a system has 
been designed for upgrading the test chambers by 
means of an automatic control of the sulphur dio
xide concentrations using a gas analyser and an 
electron regulator. The system can be applied on a 
spray test such as salt mist corrosion (DIN 50 021 
and others) or to the conden sating water atmos
phere test (DIN 50 018). 

Microstructural Studies on Al-Cu Surface Alloy 

A microstructural investigation of a single pass 
electron beam alloying of plasma sprayed Al coa
tings on a Cu base was carried out by scanning 
electron microscopy and energy dispersive X-ray 
microanalysis. Backscattered electron imaging 
(atomic number contrast) and X-ray elemental dis
tribution mapping were used to assess the degree 
of mixing achieved and to determine the phases 
present. The major phases identified were a cop
per rich Al Cu f.c.c. solid solution and the interme-
tallic -phase (AI4Cu9). Studies of vacuum deposited 
thin films of titanium nitride and boron nitride on 
various substrates were also initiated. The resolu
tion of conventional scanning electron microsco
pes, using tungsten or lanthanum hexaboride fila
ments, proves inadequate for this purpose. 

A high resolution microscope with a field emission 
electron source is required. Both titanium nitride 
and boron nitride films have been successfully exa
mined with this type of instrument, observations 
being made in the direction normal to the surface 
and in cross-section. Titanium nitride films exhibit
ed a columnar grain structure,of lateral grain dia
meter 30-40 nm, while the structure of boron ni
tride films appeared to be completely amorphous. 
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Permeation Barriers for Deuterium and Tritium 

It has been reported in literature that by implanting 
helium into nickel targets at energy levels in the re
gion of 25 KeV and up to 1017 HeVcrn2, diffusion 
traps for deuterium would be obtained. These 
traps consist of defects, clusters and bubbles of he
lium and are reported to decrease significantly the 
diffusion of deuterium in nickel. 

order to find out the efficiency of a helium barrier 
stainless steel (first wall and blanket material), 
e following implantations are required: 

different doses of He+, at different energies 
(KeV) and lowtemperature, 

ii) the above targets should be implanted with 
different doses of D+ at low energies and ele
vated temperatures to allow for deuterium 
diffusion, 

¡ii) in the same way as described in ii) targets are 
implanted, which contain no helium. 

The samples were ground, lapped, and polished 
with diamond paste to obtain a surface roughness 
of about 0.1 urn. They were also subjected to ultra
sonic cleaning and were finally degreased and 
dried in air. Under these condtions no oxide layer 
on the treated surface could be detected by scan
ning electron microscopy. On the other hand, the 
Auger Electron Spectrometry revealed an oxygen 
concentration profile which corresponds to an oxy
gen layer of about 100 Å. 

The implantation experiments have been carried 
out with an implanter of the GSI (Gesellschaft für 
Schwerionenforschung, Darmstadt FRG, courtesy 
by Dr. B. Wolf). Due to technical difficulties in coo
ling the target, the He+-ions have been implanted 
ata 
temperature of about 200°C and the D+-ions 
(40 KeV only) at about 100°C for 20 minutes. The 
results of the helium concentration profiles in tar
gets 1 and 2 are not yet available, because the 
SIMS installation at the Physics Department, Padua 
University, not currently available. 

The following implantations have been performed: 

a) targets 1 and 2 
2.10'7 HeVcm2, 200 KeV, about 200°C. Then 
an additional amount of 2.1017 He7cm2at 

100 KeV was implanted. Assuming a reflection 
coefficient of 0.5, the net quantity implanted 
would be about 1017 HeVcm2 for each of the 
two energy levels. This corresponds approxi
mately to the saturation concentration 
Ns = URm/S, where U is the density of the target 
material in atoms/cm3 and S the sputtering 
coefficient. 

b) target 3 and 4 
The helium implantation was the same as in a) 
above at about 200°C. 
Additionally 6.1016 DVcm2 with 40 KeV and at 
about 100°C were implanted during a period of 
20 minutes to favour the diffusion of deuterium 
into the bulk. 

c) target 5 and 6 
These were implanted with 6.1016 DVcm2 at the 
same conditions (about 100°C) as described in 
b). 

It was expected that the deuterium concentration 
profiles would be different in shape and extension, 
because the diffusion barrier in the targets 3 and 4 
would prevent the deuterium transport to the bulk, 
whereas in the targets 5 and 6 the deuterium could 
freely diffuse. 

Afterthe implantation,the ERD-spectra (Elastic Re
coil Determination) have been determined in the 
laboratory of the department of physics, Padua 
University. The conclusions drawn from the shape 
of the spectra were completely opposite to those 
expected. 

The deuterium concentration distribution in the 
samples 3 and 4 (which contain He and D2) is of the 
same shape and intensity, which means that the im
plantation procedure was reproducible. However, 
the deuterium is evenly distributed between the 
surface and a depth of about 1000 Å, instead of 
showing the "typical" implantation profile (a nega
tive concentration gradient between 1000 Å and 
surface). Possibly back diffusion to the surface or 
slow desorption have "smoothed" the initial part 
of the profile. 

The deuterium distribution in the samples 5 and 6 
(containing only deuterium) is again very similar in 
both samples, but in place of a deuterium concen
tration profile extending deep into the bulk, as was 
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expected, the ERD-spectra show a deuterium peak 
near the surface, as if there were a segregation of 
deuterium. A comparison of the spectra of the tar
gets 3 (He, D2,200°C) and 5 (D2,100°C) shows that 
the deuterium peak of the sample 5 is about ten ti
mes higher than that of sample 3. 
Some explanation of this behaviour may be revea
led when the helium distribution in samples 1 and 
2 is analysed. 

Ion Beam Mixing and Characterisation of a 
Copper/Silver Three Layer System 

As a preparatory study for the foundry project an 
ion beam mixing experiment on a Cu-Ag sandwich 
was performed. The aim was to gain familiarity with 
the problems arising in ¡on implantation technique 
and to test several characterization methods such 
as SEM, RBS, AES and X-ray spectroscopy. It could 
be shown that the result of the mixing process is a 
metastable solid Ag-Cu solution, whereas in ther
modynamic equilibrium the Ag-Cu system shows a 
large miscibility gap. The results obtained are in 
agreement with earlier experiments. 

Characterisation of Sulphidised Steel Surfaces 
using Synchrotron Radiation 

Glancing angle X-ray diffraction and soft X-ray ab
sorption spectroscopy have been combined to 
characterise stainless steel surfaces corroded at 
973 K in sulphidising environments. The data re
veals the surface to consist of large multi-phase 
crystallites which are a macroscopic mix of three 
sulphide structures; Spinel (M3S4), Triolite (MS) and 
Pentlandite (M9S8) where M = Cr, Fe or Ni. The lo
cal environment around S is highly asymmetric and 
the structure appears to have high content of ca
tion vacancies. 
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Data Banks 

The High Temperature Materials Databank (HTM

DB) supports the data and information manage

ment for advanced materials in providing compu

terised 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 infor

mation services. It further serves the dissemination 
of data between collaborating parties in joint pro

jects. 

In 1989 a major effort has been devoted to the im

provement of the quality of the databank functions 
up to the level set by modern commercial pro

ducts. 

The most remarkable innovation was brought 
about by the implementation of the userfriendly 
PCbased query interface. This remote shell requi

res minimal user training. It performs automatic lo

gon and logoff and it uses advanced windowing 
techniques to assist the user in formulating his que

ries. Typing mistakes and nonrelevant queries are 
avoided as the user selects from lists of allowed 
terms, such as the list of treatment types in the fi
gure below. The PCbased interface furthermore 
eliminates syntax errors by gradually and automati

cally building up the command string, making the 
syntax fully transparent to the user. 

Among the modules to have been completely revi

sed, figures the data input PCprogram which re

ceived extra functionality like pulldown menus, 
thesauri and some facilities for validation. 

New routines have also been added to the Evalua

tion Program Library to which datasets retrieved 
from the HTMDB can be submitted for further ela

boration. This library now contains more than 70 
Fortran programs which can be selected from a 
menu system. 

Some of the routines are simple spline or linear re

gression programs, whereas other modules of the 
Evaluation Program Library allow the calculation of 
constitutive equations with user guidance through 

the different program steps. These calculations al

low the user to calculate actual material parame

ters for design purposes. 
Figure on page 70 illustrates one of the possibili

ties to treat creep crack growth curves. Other addi

tions 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 Library has 
lead to a de facto validation of the data through 
the systematic correction of errors whenever they 
occurred. With respect to new data, major input 
activities have been concentrated on the support 
of joint projects like VAMAS, COST 501 WP1 and 
WP5A, and BRITE 1209. 

Below: Example of a menu selection on the PC-based 
interface 

isslst Scope Sño» : 
Hlext fini 
s i m r «EU «UERÏ 
BEU! les 1 _ 
CO« TES! RESULT «Vil 
LIN «AIERIAl I II 
— ¡¡priest conditions 

SFE QjQrleaperatuK 
DA! EMU IfAXimin 

-LOA 
FRE niHinun 

UNE TO TESI TEMPERATURE 
SOftKIhS TUIE 

D e l e t e EuMuate 

onnuN 
.LEASE ENTER COfltlflítD: 
] FIHI CREEF CURVE END 

294 TESI RESULT(S) 
»■LEASE ENTER COItltAND: 

FOUND HELD UITH SOI 

Htn- l spra Logge 

69 



SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

The described modifications 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 Data
bank. 1989 was indeed characterised by a conti
nued effort to promote the use of the HTM-DB and 
to exploit the acquired expertise. A two day trai
ning course on the online use of the HTM-DB was 
attended by 18 participants, mostly COST mem
bers. The staff furthermore contributed to six de
monstration workshops of the Demonstrator Pro
gramme organised by DG XIII and to its Conclu
ding Workshop in Petten on 6-8th December. 
Investigating the possibilities for a transfer of tech
nology, the HTM-DB finally promoted an enquiry 
on the needs for a databank on properties of Cera
mic Materials. This enquiry arose considerable in
terest and its results are intended to be evaluated 
by a workshop in the course of 1990. 

In conclusion it can be stated that the High Tempe
rature Materials Databank system has now reached 
a commercially acceptable level which merits the 
major public relations and data input effort plan
ned for the coming years. 

- 2 - 1 o 

Creep crack growth C * - integral (W/M**2) 

Above: 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
face to industry. 

In 1989, efforts have been focussed on the follo
wing activities: 
European Colloquium on the High Temperature 
Corrosion of Technical Ceramics. 
The meeting was held in Petten in June. 

The objectives of this colloquium were: 
- To create an international forum for the review, 

presentation and discussion or recent progress 
in understanding the high temperature corro
sion properties of technical ceramics; 

- To bring together expert scientists and engi
neers with interests in the topic and to encou
rage and promote mutual exchange of know
ledge and experience; 

- To aid the identification of research topics of vi
tal importance to industry for improving the 
market penetration of these new materials. 

The colloquium was attended by 79 scientists and 
engineers from 14 different countries, represen
ting a cross-section of universities, research institu
tes and industries, both producers and users of 
technical ceramics. In addition to 8 invites lectures 
given by recognised experts in fields as wide as the 
fundamental science of corrosion of ceramics to 
the applications of ceramics to high technologies, 
there were 13 contributed papers or posters. 
Discussions after presentations created a crucible 
for the exchange of ideas at the crossroads of fun
damental science, engineering and practical appli
cations. Proceedings will be published. 
In parallel to the scientific sessions, a technical 
exhibition was held with presentations from 6 or
ganizations. The colloquium was co-sponsored by 
15 industrial companies. 

The study: "Research and Development of High 
Temperature Materials for Industry" was comple
ted during the reporting period. 
The Study reviews materials requirements in high 
temperature technologies from aspects of: 
- Potential and performance limits of new and 

conventional high temperature materials; 

- Operational constraints imposed by high tem
perature technologies and identification of ma
terials shortfalls. 

The individual materials and technology topics 
covered by the study are represented by original 
contributions from specialist authors who have 
been selected on the basis of their association with 
the particular field of materials or engineering. 

The contents of the study are divided into three 
main groups: 
- Materials Potential; Materials Production and 

Processing-to provide a developers outlook. 
- Materials Constraints in the High Temperature 

Industrial Technologies: Optimization of com
ponents-giving the viewpoint of materials 
users, and of plant and component designers. 

- Research Trends in Industrial Development; 
Constraints-to focus upon future orientations 
and research needs. 

The study identifies the priorities for research and 
development in the short term future (approxima
tely ten years) of structural materials operating in 
major high temperature technologies. 

"The Economic Effect of Fracture in Europe" is the 
subject of a study which was contracted to the 
European Group of Fracture (EGF). An assessment 
of the European situation could provide criteria for 
demonstrable economic benefits resulting from 
efforts into the development and improvement of 
codes of practice, specification and standards and 
fracture related research. A similar study was un
dertaken by NBS and Battelle Columbus in 1978 in 
the U.S.A. and showed that: 
- large costs are incurred by fracture, i.e. 4 % of 

the gross national product; 
- a savings potential through fracture related re

search of the order of 1 % of the gross national 
product could be expected. 

The present study aims to assess the total costs of 
fracture in Europe, to identify the future potential 
for reduction in costs of fracture, achievable by 
conducting R&D. 
Priorities for R & D to advance the understanding 
of materials fracture and fracture control techno
logy through codes of practice, specifications and 
standards will be identified. 
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COST Secretariat 

In addition to its direct involvement in the investi
gations, the Institute also provides the Secretariat 
for two of the larger worksharing programmes 
which are organised under the auspices of COST. 

These programmes are COST 501 ; Advanced Ma
terials for Power Engineering and COST 505, Ma
terials for Steam Turbines. In addition to conven
tional Secretariat duties there is a significant invol
vement at a technical level by interacting with 
coordinators, acting as an advisory centre etc. 

In COST 501,13 European countries plus the Insti
tute for Advanced Materials of the JRC are contri
buting more than 500 my effort which has been va
lued at about 50 Mecu over a three year period for 
Round II. Most participants receive funding from 
their national sources, but 15% of them take part 
with only their own resources. Almost two thirds of 
the participants are in the power engineering in
dustry, the remainder representing research insti
tutes and universities. The industrialists have 
played a strong role in setting the targets to be met 
in each of the 10 integrated work packages and in 
managing them. The experimental activities in 
these work packages started in 1989 and approval 

was given by the COST Committee of Senior Offi
cials for COST 501 to run for a further three year 
period, until December 1992. During 1989 the Se
cretariat also handled considerable activity asso
ciated with the completion of Round I activities and 
the production of evaluation Study reports for that 
period. Achievements of Round I which are already 
being tried in industry include materials for gas tur
bine discs, cost effective diesel engine valves, and 
gas turbine vanes. 

The year 1989 saw the completion of COST 505 in 
which 9 European countries plus the Institute for 
Advanced Materials of the JRC had participated. 

About 100 my effort was contributed to the pro
gramme at a value of about 10 Mecu, over a five 
year period. To enable intergroup discussions to 
take place, the Secretariat organised a 2 day Status 
Seminar at Petten in March 1989 which was atten
ded by 80 expert participants. Since then a number 
of Study Reports have been processed by the Se
cretariat in order to evaluate technically the results 
of various coordination groups. Future investiga
tive work in this sphere has been channelled into 
COST 501-Round II. 
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Project for the Inspection 
of Steel Components (PISC) 

Introduction 

The safety of nuclear power plants depends on the 
mechanical integrity of the materials, particularly 
the welds, used in their structure and on the ability 
to detect any degradation at an early stage or pre
vent it entirely. Non-destructive methods have 
been developed for finding surface and internal 
flaws that might develop and for determining their 
size. Techniques using sound waves of ultrasonic 
frequency are among the most widely applied, par
ticularly for the important vessels and piping of the 
reactor plant. These components present very 
challenging inspection problems because of their 
size, complex shapes, combination of materials 
and difficulties of access after construction. 
Various inspection procedures using ultrasonic 
techniques have evolved to deal with particular cir
cumstances but, in some cases, uncertainties have 
remained about their capability and reliability. 
Such problems were first addressed in several na
tional programmes of round robin inspection trials. 
It was recognized that such trials could be more ef
fective if they involved the much larger number of 
teams and additional procedures available if a 
number of countries participated. 
Beginning in 1974, a series of major co-operative 
programmes known collectively as PISC was car
ried out: PISC I (1974-1980), PISC II (1981-1987), 
PISC III (1988-1991). 

Programme Results 

PISC I results showed shortcomings of some usual 
industrial In-Service Inspection (ISI) procedures; 
PISC I was in fact analyzing the existing ASME 
1974/1977 procedure (1). 

PISC II RRT results (2) (as well as some trials of 
PISC I) showed that: 

a) improvement of the usual industrial NDE atti
tude was possible; consequentely, some chan
ges of the ASME procedure were proposed: 
o 20% DAC instead of 50% DAC: 
o use of techniques adapted to the defects to 

be detected: e.g. 70 deg SEL probes; 

b) several ISI procedures exist that meet the re
quirements (such as the ones established by 
the UK LWR Safety Group). 
For such procedures, no change was obviously 
required; optimization from an economic/in
dustrial/reliability point of view was however 
necessary. 

PISC II parametric studies on the effect of defect 
characteristics (3) showed the importance of de
fect parameters like the type of defects (planar or 
volumetric Figure below), the crack tip aspect, the 
position in depth, the angular position, the surface 
roughness. 

Below: Circumferential fatigue in a BWR safe-end as 
examined in the JRC hot laboratories, after removal from 
the reactor 
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C E C 
J R C 

OECD NEA 
C S N I 

PISC 
Management board 

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

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

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

Secretary: N. McDonald (OECDNEA) 

OA 
Operating agent 
CEC. JRC-ISPRA 

RL 
Reference laboratory 

CEC. NDE 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. Cotley (CEGB-UK) 

Human reliability studies 
R. Murgatroyd (UKAEA) 

RG 
Referee group 

from JRC-ISPRA 
S. Crutzen 

ETF 
Evaluation task 

force 
R. Nichols 

DEC 

DAC 

Destructive examination coordination 
S. Crutzen (JRC-ISPRA) 

Data analysis coordination 
S. Crutzen (JRC-ISPRA) 

EFM! 

Parametric studies 
Equipment failures 

R. Denis (JRC-ISPRA) 

These results were in fact the exact quantification 
of the trends shown by the PISC II RRT on welded 
assemblies. As a conclusion, it was understood that 
the blocks realized for the PISC parametric studies 
and containing cheap "realistic" artificial defects 
were good and even conservative for the perfor
mance evaluation of NDE techniques. 
In 1986, starting from the PISC results, the ASME 
Code for pressure vessels and boilers, Section XI, 
has been discussed in the USA and modified. Pre
sently, the ASME Section XI Committee is going 
beyond the modifications proposed in 1986 and 
the new appendix VIII on performance demonstra
tion clearly starts from the PISC results (4). 

PISC III Programme Status 

PISC III, the third phase of the PISC series insists on 
the capability demonstration with assemblies con
taining realistic defects (Tab. above and right) (4). 

Programme for the inspection of Reactor Steel Components, PISC I 

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 

Duration 1991 

Secretariat NEA/OECD 

Management CEC Joint Research Centre, Ispra, Italy 
Members Belgium, Denmark, Italy, Finland, France, Germany 

(Fed. Rep.), Japan, Netherlands, Norway, Spain, 
Switzerland, United Kingdom and United States 
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The PISC methodology is also extended to all ma
jor parts of the primary circuit of the LWR reactors. 
More-over, the work done on the austenitic steel 
testing is of real value for the inspection of LMFBR 
components. 

Testing activities have begun in several of the 
PISC III actions. Substantial progress has been 
made in defining the final work to be undertaken in 
all the seven Actions and in acquiring the necessary 
test samples and other resources. The uncertain
ties that prevailed during 1986/87 concerning the 
level of budgetary support have mainly been resol
ved. Adequate resources from the CEC and the or
ganisations of participating member countries are 
now assured to carry out the essential elements of 
all the planned actions to participate in the various 
round robin and other test activities. 

The objectives of each of these seven Actions of 
PISC III and the status of work are as follows: 

Action No. 1 (Real Contaminated Structures) 
seeks to collect results from specific investigations 
and limited round robin tests (RRT) on real service 
induced defects in materials and structures of the 
primary circuit of light water reactors (LWRs). The 
hot cell facilities at JRC-lspra are fully equipped for 
non destructive and destructive work on a collabo
rative basis. Cracked austenitic steel primary cir
cuit pipes from Switzerland have been inspected 
to propose a full demonstration of the whole re
sources available. Further samples are available 
from Spain, Sweden, USA and Finland (Figure on 
page 75). 

Action No. 2 (Full Scale Vessel Tests) 
validates results obtained by procedures in the 
PISC II exercise realistic inspection conditions (Fi
gure above). As a start, the installation offered by 
Staatlich Materialprüfungsanstalt (MPA), Universi
tät Stuttgart, Federal Republic of Germany is being 
used. It is made of a BWR full scale vessel plus mo
dular full scale PWR components. Seven teams 
participated in 1988 and 1989 to phase 1 concer
ning the sizing of selected defects in order to esta
blish the capability of sizing techniques; sizing re
sults from the German National Programme are 
also included. 
Eight organisations have registered their interest 
in the phase 2: validation of ASME type procedures 

by an international JRC-lspra team using an ISI ro
bot offered by RWE and MAN to PISC for the pe
riod of the exercise (September 1989 to February 
1990). 
It is foreseen, in a third phase, that individual rams 
will apply their ISI procedure. 

Action No. 3 (Nozzled and Dissimilar Metal Welds) 
has undertaken round robin tests of safe-ends and 
geometries representing some of the most difficult 
technical aspects of in-service-inspection. A Japa
nese-Italian BWR assembly of nozzle plus safe end 
is circulating since March 1988 to twenty teams in 
ten countries (Figure below). 

Above: Full scale components at MPA, University of 
Stuttgart, used in Action 2 of PISC III: 3 PWR nozzles in a 
support ring on the top of a full scale BWR vessel 

Below: PISC III Action 3 (NDW). BWR Assembly with nozzle, 
safe-end and piping 
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Above: PISC III Action 3 (NDW). Assembly with 
three nozzles and safe-ends of the BWR type. This assembly 
is also a key element for any evaluation of new inspection 
possibilities of old plants considered for life-extension 

Below: PISC III Action 4: Austenitic Steel Testing 
(AST). Wrought austenitic steel assemblies containing 
IGSCC's, TGSCC's, fatigue defects in the welds and 
sensitized material areas 

An American BWR assembly with two nozzles and 
safe ends and a Spanish PWR nozzle and safe end 
began their circulation mid 1989 (Figures above). 
These round robin tests are planned to continue 
until January 1991. 
An important aspect of the RRT organization is the 
"Certification" of the defects in the assemblies. 
Such a certification, general rule in PISC, is conduc
ted by the JRC-IAM Reference Laboratory and en
sures that all assemblies proposed for testing are 
of value and suitable to meet the aims of the ac
tions. 

Action No. 4 (Austenitic Steel Testing) 
applies the PISC II methodology to the primary cir
cuit piping of LWRs. 
Round robin tests for the capability assessment 
and parametric studies are considered as well as 
reliability evaluation of the testing procedures. 
Wrought pipe samples are available in the USA and 
from Japan; moreover, large cast samples have 
been ordered by JRC. 
Twenty five teams have registered their intent to 
participate in one or more phases that should start 
end 1989 and will extend up to 1991 (Figure be
low). 

Action No. 5 (Steam Generator Integrity Testing) 
undertakes round robin tests both of individual tu
bes and tubes in realistic uncontaminated and con
taminated mock-ups of steam generators contai
ning real and artificial defects. 
Capability tests and reliability tests are included. 
The PISC Management Board has carried out a 
reassessment of the technical details to be consi
dered taking into account the results coming from 
the Surry steam generator studies in the USA. Pre
paratory work is now under way to acquire tubes 
and introduce and validate defects; tubes with de
fects have been offered from France, Japan and 
the United States. France is preparing the hard
ware necessary for circulating the tubes and the 
mock-ups. 
The Management Board has received advice from 
CSNI - Principal Working Group on Primary Circuit 
Integrity- on the defect types and characteristics of 
most importance with respect to safe operation. 
Twenty four teams from ten countries have registe
red an interest to participate in the RRT planned for 
1990-1991. 

78 



SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

Action No. 6 (Mathematical Modelling on NDE) 
has the objective to validate mathematical models 
and perform parametric studies in order to assess 
the importance of defect characteristics. Sixteen 
organisations in eight countries have registered 
their intent to participate in studies to assess ma
thematical models of ultrasonic inspection by vali
dating the physics of the models, verifying it with 
experiment and assessing the utility of the models 
in terms of limits of valid application, satisfactory 
and efficient computer performance and accuracy. 
Fifteen models have been offered for investiga
tions. An important objective is to promote the 
practical application of models as an aid to more 
effective and efficient inspection procedures and 
interpretation of results. The Modelling Group of 
PISC III has selected (April 1989) three models to 
be studied by the Reference Lab. for validation in 
1989 (2 UK and 1 German models) as well as mo
dels to be studied in 1990 (1 UK and 2 French on
es). Parametric studies are an essential source of 
data for verifying models; the studies commenced 
in PISC II have been extended in PISC III; four re
ports on the effect of defect characteristics on the 
ultrasonic signal response, one report on the ef
fects of the cladding and two reports on the effects 
of the equipment characteristics are completed. 
This work was carried out in the United Kingdom, 
France, Belgium, Italy and at the JRC-lspra. 

Action No. 7 (Human Reliability Studies) 
seeks to evaluate the influence of human interpre
tation of inspection results, equipment malfunc
tions and human interaction on the overall inspec
tion procedure. Part of this work was performed in 
the UK and at the JRC-lspra utilizing the PISC II 
data and supplementary questionnaires. 
Other aspects will be undertaken within some of 
the round robin exercises, firstly full scale vessel in
spections. 

Action No. 8 Proposal (PISC III RRT's extensionsfor 
both Nuclear and Non Nuclear Plants compo
nents): 
At the request of the Management Board, studies 
of damaged components coming from non nuclear 
plants are examined. The defects contained and in
spection results would be of great interest to com
plement presently planned RRT's on nuclear com
ponents. Transfer of PISC II and PISC III results to 

non nuclear plants structural integrity aspects 
could be effective in cases such as: 
- heavy section piping and pressure vessel tes

ting (wall thickness from 50 to 100 mm); 
- heat exchanger tubes in general; 
- large turbine components. 

Examples were contributed from Italy (ENEL and 
ENEA) and from CEC (COST 505 programme). 
Further assessment of possible work will be made 
in December 1989. 

Action No. 9 Proposal (Support to Code and Stan
dard Organization). 
The Management Board has agreed, subject to ac
ceptance by OECD-NEA and CEC-JRC, that it 
should directly encourage and support the deve
lopment and improvement of NDE codes and stan
dards by national and international bodies (for 
example CEN, ISO, IIW). 
This can be done in three ways: 
- the provision of information through presenta

tions and reports on PISC results and PISC rela
ted programmes; 

- the critical review by PISC members of code and 
standard proposals developed by the technical 
groups of codes and standards bodies; 

- the preparation of technical reports to assist to 
technical groups of codes and standards bodies 
elaborating and discussing. 

The execution of Action 9, involving the establish
ment of an expert group within PISC, supported by 
the Operating Agent, will be discussed in Decem
ber 1989, with a view to its finalization. 

Conclusions 

PISC III is a large and comprehensive international 
exercise. 
The strong support from national authorities and 
NDE organizations attests a wide-spread recogni
tion that room remains for progress in understan
ding and improving inspection techniques applied 
to nuclear plant components, particularly for their 
optimal use in field conditions. 
The support also highlights an acceptance of the 
important role of collaborative efforts to achieve 
this goal. 
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Safety of Final Storage 
in Geological Formation: 

Materials Research Aspects 
During the year 1989 investigations have been per
formed on the effect of thermal gradient on 
leaching of borosilicate glasses and on corrosion of 
mild steel. 

A large number of tests have been performed in 
isothermal conditions, which correspond to a time 
of life of the waste package of more than 500 years. 
For the first period of storage of the radioactive 
waste package, the radioactive decay generates a 
significant amount of heat, which creates a thermal 
gradient in the media surrounding the waste pac
kage. 
An attack under a thermal gradient corresponds to 
normal repository conditions as far as the mild 
steel corrosion is concerned but to accidental con
ditions for the glass leaching. An apparatus produ
cing a constant thermal gradient on a column of a 
wet porous media has been designed. 

It is composed of a thick wall brass cylinder, which 
contains a tight fitting stainless steel sleeve. 
A column of the porous media, 20 cm long, is held 
in the stainless steel sleeve. The sample is positio
ned in the upper part of the column. In orderto ob
tain the desired thermal gradient, the two heads of 
the thick cylinder are kept at two different tempe
ratures using two independent heating circuits. A 
series of five thermocouples, situated every 5 cm 
along the stainless steel sleeve checks that the 
thermal gradient is constant and of the desired am
plitude. 
The thermal gradient could affect the attack phe
nomena in two ways. Firstly, the diffusion could be 
influenced by the thermal gradient (Soret coeffi
cient). 

Secondly, the thermal gradient could alter the che
mical equilibria of the minerals composing the po
rous media. 
Two series, consisting of ten tests each, has been 
carried out using firstly one carbonaceous sea sedi
ment as a porous media and then a paste made by 
mixing montmorillonite clay with distilled water in 
order to simulate the backfilling material which is 
usually put around the waste package. Both series 
of tests have been performed leaching a glass si
mulating the high level radioactive glass enriched 
in cesium (5%). 

Tests were performed up to a maximum exposure 
time of 6 months using a thermal gradient of 
1 °C/cm. At the end of each test the sample was re
trieved and examined. The column was sectioned 
and sent for the cesium analysis, following a neu
tron activation technique. 

While the glass samples leached in montmorillo
nite showed a normal appearance, those leached 
in carbonaceous sea sediments showed a surface 
layer of calcium carbonate which increased with 
the increase of the exposure time. The analysis of 
the cesium distributed in the porous media was 
used to calculate the diffusion coefficients. In the 
case of the montmorillonite, the diffusion coeffi
cient show a slow decrease with time while for the 
carbonaceous sediment the decrease is more 
marked, indicating that the calcium carbonate de
posit also acts as a diffusion barrier. The final report 
is in preparation. Another series of tests is being 
performed to analyse the influence of a calcium 
carbonate backfilling on a fissure formed in the 
mild steel container. 
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Materials Integrity 

The Institute for Advanced Materials participates 
in the European Programme for Fusion Technolo
gy. It concentrates its effort mainly on the study of 
the behaviour of austenitic stainless steels in a fu
sion environment. By these studies it contributes 
within the EC programme to the projects NET 
technology, test blanket development and long 
term activities. 

In the absence of a fusion typical neutron source, 
radiation damage is simulated by light ions from 
the Ispra Cyclotron or by neutrons from the HFR. 

In addition to contributions to the data base on 
AISI 31ÓL for the NET design, a substantial part of 
the effort is dedicated to the development and 
characterisation of low activation materials. 

Low activation materials are alloys and materials 
where the neutron induced activation decays ra
pidly and to low values. 
This can be achieved by: 

- elemental substitution of critical elements in 
known compositions; 

- isotopicai tayloring of known materials, 
- development of completely new materials com

posed only from elements which form rapidly 
decaying activation products. 

Up to the present time the route of elemental sub
stitution in stainless steels has been followed. In 
Tables below and on page 88 lists are given of al
loys which have been derived from AISI 316 by sub
stituting nickel by manganese. The composition of 
these alloys has been optimised with respect to 
their mechanical properties. An in depth characte
risation of these alloys is underway. Studies on the 
mechanical behaviour and the microstructure be
fore, after and during irradiation are reported. The 
oxidation under accident conditions and the inter
action with liquid breeders are investigated. 

For the other projects of the EC programme, the 
work on the interaction with liquid breeders is en
larged to include other structural materials. The 
consequences of disruptions on metallic surfaces 
are determined. Studies on the behaviour of stain
less steel components under thermal fatigue con
ditions are underway. 

Table below: Chemical composition (wt%) of the Cr-Mn 
steels investigated and of the European Reference 316L 
type steel. 

Cr 
Mn 
Ni 
Mo 
C 
N 
Si 
S 
P 
Cu 
Al 
V 
Ta 
Pb 
B 
Co 
Fe 

AMC R 0033 
10.1 
17.5 
<0.10 
<0.06 

0.10 
0.19 
0.55 
0.008 
0.016 

<0.06 
<0.05 
<0.02 

-
0.0001 
0.0025 

-
balance 

AMCR0034 
10.1 
17.7 
0.15 
1.52 
0.10 
0.16 
0.64 
0.008 
0.025 

<0.05 
<0.05 

. 
-

0.0001 
0.0036 

-
balance 

AMCR0035 

14.1 
19.9 
0.26 

<0.06 
0.029 
0.048 
0.63 
0.006 
0.018 

<0.05 
<0.04 

. 

. 
0.0001 
0.0028 

-
balance 

316L 

17.44 
1.82 

12.33 
2.3 
0.024 
0.06 
0.46 
0.001 
0.027 
0.2 

. 
_ 

0.01 
. 

0.0008 
0.17 

balance 
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The development of coatings which enhance the 
optical absorptivity of stainless steel is requested 
by NET. Finally, the application of fibre reinforce
ment to the development of a divertor plate is Table below: Chemical composition ofoptimized 
being considered. Cr-Mn stainless steels. 

Cr 
Mn 
Ni 
Mo 
C 
N 
Si 
V 
W 

S 
P 
Cu 
Al -
Nb 
Ta 
Pb 
Co 
B 
Bi 
Ag 
Ti 
Fe 

IF-A 

13.57 
11.34 
2.04 
0.031 
0.10 
0.047 
0.20 
0.63 
1.42 

70 
130 
370 
30 
50 
50 
2 

220 
3 
1 
1 

10 
balance 

IF-B 

12.37 
10.62 
0.23 
0.023 
0.31 
0.036 
0.17 
0.64 
1.38 

70 
140 
290 
30 
50 
50 
1 

200 
3 
1 
1 

10 
balance 

IF-C 
(wt%) 

13.14 
18.00 
2.14 
0.037 
0.10 
0.042 
0.20 
0.021 
1.92 

(ppm) 

50 
130 
360 
30 
50 
50 
2 

210 
3 
1 
1 

10 
balance 

-
IF-D 

10.24 
16.92 
0.13 
0.026 
0.26 
0.080 
0.50 
0.032 
2.04 

30V 

80 
240 
45 
50 
50 
1 

200 
3 
0.5 
1 

20 
balance 

IF-E 

17.86 
11.00 
2.08 
0.041 
0.08 
0.054 
0.30 
0.74 
2.02 

70 
140 
370 
40 
50 
50 
1.5 

220 
3 
1 
1 

10 
balance 
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Deformation and Fracture Mechanisms 
in Cr-Mn Steels 

Transmission and scanning electron microscopy 
studies of deformation substructures and fracture 
mechanisms in chromium manganese austenitic 
steel have now been completed. The development 
of dislocation structures in AMCR 0033 has been 
investigated in the temperature range 20-800°C. 
Strain induced martensitic gamma to epsilon trans
formation occurs during low temperature defor
mation. A parabolic rather than sigmoidal strain 
dependence of martensite volume fraction was 
found. At temperatures from 200°C to 600°C 
equiaxed dislocation cell structures were present, 
while above 600°C dynamic recovery lead to sub-
grain formation. The variation of dislocation cell 
diameter has been determined as a function of 
temperature. Scanning electron microscopy has 
shown that martensitic transformation causes a 
brittle, transgranular fracture node at low tempe
rature. 

A related activity is concerned with the effect of 
thermomechanical treatments on the dislocation 
substructure and the resulting influence on mecha
nical properties. Small amounts of pre-strain inhibit 
martensitic transformation and can produce signi
ficant improvement in low temperature ductility. 
Three different thermomechanical processes are 
considered: (i) deformation at 200°C; (ii) deforma
tion at 400°C; (¡ii) room temperature deformation 
followed by annealing at 400°C. 

Behaviour of Mechanical Properties 
under Irradiation 

HFR Irradiations 

The experiment series FRUST (Fusion Reactor Utili
sation of Stainless Steel) provides irradiation data 
of stainless steel tensile samples irradiated in a 
central position of HFR. The irradiations were first 
performed in a TRIO type capsule and are pursued 
in a new irradiation capsule named SIENA (Steel Ir
radiation in Enhanced Neutron Arrangement). 

The experimental conditions of the SIENA irradia
tion device are: 
- irradiation temperature 180-500°C for 316 L 

stainless steel; 

- neutron f luence: corresponding to 30 or 35 dpa, 
which implies an irradiation duration of about 
five years in the best HFR position, with the pos
sibility to unload part of the samples, after accu
mulation of a lower dose; 

- helium/dpa ratio as close as possible to the va
lue of Cr-Ni austenitic steel in a fusion reactor 
first wall, which is obtained by spectrum tailor
ing. 

During this reporting period the irradiation of 316 
steel welds at 180°C up to 1.2 dpa have been com
pleted. The post irradiation analysis of the speci
mens have also been carried out. 

In the same period irradiations up to 10 dpa of ten
sile specimens of Cr-Mn steels (AMCR type) weld-
ments irradiated at 250 and 450°C and of Cu-Cr-Zr 
alloy, foreseen for divertor applications, irradiated 
at 150 and 250°C have been completed. 

Starting this year, new optimized Cr-Mn steels, IF 
type, will be selectively irradiated in SIENA, based 
on the knowledge acquired from the previous irra
diations, at 250 and 450°C up to 10 and 25 dpa. 

Cyclotron Irradiations 

Fatigue Crack Growth under Light Ion Irradiation 

The anticipated pulsed operation of Fusion Reac
tors will impose cyclic thermo-mechanical loads in 
structural materials. The resulting creep and fati
gue associated with radiation damage can limit the 
life time of the first wall. Fatigue crack propagation 
under irradiation is of critical importance for the 
design of Fusion Reactors first wall structures. 
A stress controlled in-beam fatigue crack growth 
experiment has been operation at the Ispra cyclo
tron for several years. 

Following the NET requirements, a series of in-
beam fatigue crack growth experiments on AISI 
type 316 stainless steel at low temperature have 
been continued. Following the irradiation plan
ning, tests will be conducted at 300,200 and 100°C 
with 18 MeV protons producing damage at the 
rate of the order of 10'7 dpa s-1. The series of tests 
at 300°C and 200°C have been completed. 

The average crack growth per cycle, da/dN, has 
been plotted against the stress intensity factor 
range AK. 
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The results are similar to those obtained at 500°C, 
where at increasing growth rates a gradual devia

tion from the data without irradiation has been ob

served. These results indicate a slightly lower fati

gue crack growth at 300°C and 200°C in AISI type 
316 steel. 

Tests for comparison on unirradiated material at 
300,200 and 100°C, have been completed. A small 
environmental chamber is used, which allows test

ing in an inert helium atmosphere. Testing is per

formed using a SchenckTrebel mechanical testing 
machine operated under closed loop conditions in 
a load controlled tensiontension mode. Results 
are presented in figure above. 

Figure below shows the average crack growth per 
cycle da/dN in the secondary stage against the tes

ting temperature, for a fixed stress intensity factor 
A K, a clear relationship between crack growth and 
temperature is observed in the unirradiated and ir
radiated material. 
The results indicate also a slightly shorter fatigue 
life at lower temperatures in AISI Type 316 steel. 

Unirradiaded 
100 °C 
200 °C 
300 
400 

°C 
°C 

10
3 

A K (MNm*) 

Above: Crack growth per cycle versus stress 
intensity factor for unirradiated AISI type 316 steel 

Below: Average crack growth per cycle versus 
temperature for unirradiated and irradiated material 

IO"
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Effect of Low Irradiation Fluence on the 
Mechanical Properties of Type 316 Stainless Steel 

Materials studies for Fusion Reactors necessitate 
investigations of the effect on mechanical proper
ties of irradiation with 14 MeV neutrons. Due to the 
unavailability of a fusion test facility two basic types 
of experiment are carried out: irradiation with fis
sion neutrons or with light ions to simulate the ef
fect of displacement damage of high energy neu
trons. 

The planned experiment is aimed at the study of 
the effect of low proton fluence on the mechanical 
properties of AISI 316 type stainless steel at low 
temperature. This study has two objectives. The 
first is to investigate the mechanical behaviour of 
316 steel under various operating conditions, as 
expected for the physical phase of NET. To attain 
this objective the following variables are conside
red: 

Proton fluence 
Damage level 
Damage rate 
Irradiation temperature 

1016to1019pcm-2 

<1dpa 
~5.10"7dpas-1 

RT-300°C 

The second objective of this study is to compare 
the results obtained using proton-beam experi
ments with those obtained using different irradia
tion sources (HFR, HFIR, RTNS etc) for the same 
type of material. Such a comparative study is ne
cessary in order to correlate the neutron effects 
with proton effects and it will contribute to the un
derstanding of the validity of the different simula
tion techniques used for radiation damage studies. 

During this period irradiations at different fluences 
up to 0.3 dpa at 300°C and at room temperature 
have been performed. 
Post irradiation tensile testing, micro-hardness 
measurement and SEM analysis are in progress. 

Mechanical testing, micro-hardness tests and mi
crostructure analysis of solution annealed and heat 
treated (300°C) unirradiated material have been 
completed. 

High Temperature Implantation Chamber 

A high temperature irradiation chamber for im
planting a-particles up to 800°C in specimens of 
different geometries is under construction. The 
development of the irradiation chamber is carried 
out in collaboration with ENEA-Casaccia and the 
Engineering Department of the University of 
Ancona. This device will also be used to implant 
protons in 316 stainless steel tensile specimens, in 
order to study the effect of implanted H2 on the 
mechanical properties. A preliminary study con
cerning the definition of the Al beam degraderand 
the geometry of the specimen to be irradiated is at 
present in progress. The thickness and the number 
of Al layers to be used to produce uniform p or He 
implantation in the whole specimen have been cal
culated using the computer code TRIM-88. 
The geometry of the specimens resulted to have 
0.5 mm thickness for protons and 0.24 mm for 
a-particles. These values were obtained taking into 
account the ion beam energy, the irradiation time, 
the heat transfer and the possibility to perform me
chanical tests after implantation. Our results also 
showed that 40 Al foils are necessary for 28 MeV 
protons and 100 foils for 38 MeV a-particles in or-
derto produce a uniform ion implantation. 

Deuteron Irradiation Creep of 20% Cold-Worked 
Type 316 L Stainless Steel at "low" Temperatures 

Previous irradiation creep tests on two types of 
stainless steel, 20% cold-worked 316L and 35% 
cold-worked AMCR 33 showed that for both mate
rials: 
o the irradiation creep deformation is not negli-

geably small at temperatures T <100°C, 
o the irradiation creep rate slows down during 

the first 3-4 hours of irradiation and reaches 
thereafter a constant value for T <100°C. The 
creep rate at the beginning of the irradiation 
was higher at 80°C that at 400°C (see figure 
page 92 above). 

o For temperatures T >350°C the irradiation 
creep rate stayed constant for the duration of 
the tests, if the sample had crept thermally for 
a sufficiently long time at the irradiation tempe
rature, before the irradiation was started, such 
that thermal creep transients are suppressed. 
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In order to give an explanation for this unexpected 
irradiation creep behaviour at low temperatures, 
two types of experiments have been performed. 
In a first series of tests the irradiation creep rate of 
a 20% cold-worked 316 L stainless steel specimens 
has been determined as a function of the deuteron 
flux for a specimen temperature of 85°C. The da
mage rates ranged from 2E-7 to 8E-7 dpa/s. The 
results are given in figure below. 

Above: Strain time behaviour of a stainless steel specimen 
under 19MeVdeuteron irradiation for80 and38CPC 

Below: Strain time behaviour of a stainless steel specimen 
under 19 MeVdeuteron irradiation for 3 different damage 
rates 
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In figure below, the steady state irradiation creep 
rates are plotted as function of the damage rate K 
in a loglog display. This plot shows that a linear re

lation exists between log(Vs) and log(K) with a 
slope s = .58, i.e. the irradiation creep rate is pro

portional to K.58. 

In a second series of tests a 20% coldworked 316L 
stainless steel specimen was irradiated with 
19 MeV deuterons at a temperature of about 80°C 
for 5 hours, until the irradiation creep rate had 
reached its steady state value. Then the specimen 
temperature was increased to 300°C for half an 
hour and turned back to 80°C, without changing 
the irradiation conditions. Thereafter, the irradia

tion creep curve at 80°C was measured, again, for 
about 5 hours. This procedure was repeated three 
times. The irradiation creep curves at 80°C were 
equal before and after each temperature drop 
from 300°C to 80°C, within the experimental error, 
i.e. at the beginning of the irradiation at 80°C, 
large transients were observed, during which the 
creep rate slowed before reaching its steady state 
value. An identical result was obtained when the ir
radiation was switched off before the temperature 
increase to 300°C, such that the specimen crept 
thermally at 300°C. 

A qualitative explanation for the experimental re

sults can be given in terms of the different magni

tude of the point defect concentration, namely 
that of interstitial c¡ and that of vacancies cv, which 
are built up in the specimen at the different irradia

tion temperatures: assuming that dislocation climb 
is the basic microstructural process for the irradia

tion creep deformation 1). The dislocation climb 
rate v is proportional to the net point defect flux to 
the dislocation, which depends on cv and Q as fol

lows 

v ~ Z¡D¡c¡  ZvDvCv (D 

where Z¡ is the capture efficiency of dislocations 
forinterstit ialsand 

D¡ is diffusion coefficient of interstitials, 
Z vandD v are the analogous quantities for 

vacancies. 

Below: Shear strain rate during irradiation with 19 MeV 
deuterons as function of the damage rate in a log-log 
display 
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The rate theory which is commonly used to calcu
late the point defect concentration as function of 
the temperature T, the particle flux K and the irra
diation time t, predicts: the steady state concentra
tion of interstitial and vacancies is directly propor
tional to the particle flux, when the annihilation at 
sinks, such as dislocations, is the predominant de
fect loss mechanism, there is a square root depen
dence c¡ K and cv K, when the point defects annihi
late mainly by pair recombination. Since the steady 
state irradiation creep rate is proportional to K.58, 
one can conclude that pair recombination is the 
main defect loss mechanism for an irradiation tem
perature of 80°C and damage rates ranging from 
2 E-7 to 8 E-7 dpa/s. 

The creep transient which are observed at the be
ginning of each low temperature irradiation, may 
be related to the built-up times of the vacancy con
centration. These built-up times are in the order of 
some seconds at 300°C, but may last hours at 80°C 
in accordance with the duration of the observed 
irradiation creep transients, assuming an activation 
energy for the migration of vacancies of 1.1 eV. 
Since the steady state vacancy concentration at 
300°C is considerably smaller than that at 80°C, the 
vacancy concentration increases after each tempe
rature drop from 300°C to 80°C. The interstitial flux 
to the dislocations is obviously higher, before the 
point defect concentrations reach their steady 
state values giving rise to the observed irradiation 
creep transients at low temperatures. In this con
text, it is of little importance, whether the speci
men at 300°C is irradiated or not, which explains 
that the same creep transients are found for the ir
radiations at 80°C after thermal and after irradia
tion creep at 300°C. 

Irradiation Creep-Fatigue Interaction in Torsion. 

In a torsional creep experiment a cylindrical speci
men is stressed in torsion and the resulting shear 
strain is measured as function of time. The torque 
is applied to the specimen by a current carrying coil 
inside a permanent magnet. Stress reversal, which 
is needed for the planned creep-fatigue tests, can 
be accomplished simply by inverting the direction 
of the coil current. The first tests under cyclic loa
ding revealed the need for a modification in the 
torquing device in order to avoid grips slippage 

and specimen misalignment, which became evi
dent in the fatigue tests after a number of cycles. 
To this purpose, the coil-specimen assembly inclu
ding the specimen holders and the coil bearings 
have been modified. 

The tests with the modified experimental set-up 
showed that the problems regarding the specimen 
mounting and the specimen alignment have been 
resolved so that the first fatigue experiments could 
be started. Fatigue tests were performed at room 
temperature on two 31 óLstainless steel specimens 
in 20% c.w. conditions. The number of cycles to 
rupture was determined for two different shear 
strain ranges. When the shear y strain is transfor
med into its tensile equivalent e with the relation 
e = Y/I's, the results are in agreement, within the 
error limit, to the corresponding data in the litera
ture. 

Neutron Induced Irradiation Creep and Damage 
Studies 

In the reporting period results were obtained on: 
i) irradiation creep at the HFR at Petten and 
ii) phase transformations in manganese contai

ning stainless steel alloys 
iii) radiation enhanced diffusion in nickel single 

crystals. 

Much of the data obtained were discussed and pu
blished. The main results were as follows: 

i) The irradiation creep elongation in nickel or 
manganese containing stainless steel alloys in
vestigated (in the HFR Petten) show a primary 
creep behaviour up to about 5 dpa. In some 
materials the creep elongation is negative due 
to the formation of precipitates at the begin
ning of the irradiation. 
This negative creep elongation effect increases 
with decreasing stresses and decreasing irra
diation temperature. 
The irradiation creep rates obtained for US 316 
type stainless steel alloys in ORR and EBRII and 
in HFR at Petten for ca 5 dpa are very similar, wi
thin a factor two. 
It is assumed that for the achievement of the 
dynamic precipitation and defect structures in 
the irradiated materials doses larger than 5 dpa 
are necessary. 
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¡i) In the previous annual report it was reported 
that the phase field of manganese containing 
stainless steel alloys is much narrower than as
sumed previously. 
The alpha-iron phase of deformed austenitic 
stainless steel alloys is formed during heating 
till about 350°C and dissolved during heating 
above this temperature, i.e. the alpha-iron 
phase is not stable below 600°C. 

However, this phase is readily formed during 
high energy particle irradiation below 600°C. 
Two-phase manganese containing iron-chro
mium steels are very brittle. 
Plastically deformed materials break during 
heating up to 600°C. 

in) It was posible to determine the very small radia
tion enhanced diffusion coefficients in the next 
nearest surface region and in the bulk of nickel 
single crystals. The migration activation ener
gies of interstitials and vacancies could be 
derived directly from the diffusion profiles. 
These activation energies decrease drastically 
with increasing irradiation flux. 

It was further found that the rate determining 
diffusion mechanism near the surface (or sinks 
for point defects) is due to a vacancy diffusion 
mechanism, the rate of which decreases with 
increasing flux. 
In the dislocation free bulk, the diffusion rate is 
determined by an interstitial diffusion mecha
nism, the rate of which increases with increa
sing irradiation flux. 

These results are considered important for the 
formation and development of radiation en
hanced and radiation induced structures espe
cially if such irradiations are performed on thin 
foils for electron microscope studies or on plas
tically deformed materials. 

It is concluded that the irradiation creep rate in 
a plastically deformed material is determined 
through a thermal point defect migration due 
to the large interaction fields between disloca
tions and point defects. 

This means that the creep rate is almost inde
pendent of the irradiation temperature be
tween 600°C and ambient temperature. 

Microstructural Evolution in Cr-Mn 
Austenitic Steels Exposed to Alpha Particle 
Bombardment 

Data on the phase stability of Fe-Cr-Mn alloys (sim
ple ternaries and commercially produced) subjec
ted to high neutron doses and displacement da
mage are available (Pacific Northwest Labs). 
Up to the present time, no data were reported on 
the microstructural evolution of such materials 
subject to alpha-particle bombardment. 
The structural changes in commercial Cr-Mn auste
nitic steels exposed to high doses have been stu
died over several years making use of the cyclotron 
technique which allows implantation of large 
amounts of He. It has to be pointed out that a parti
cle bombardment in the cyclotron without a simul
taneous heavy ion or neutron irradiation produces 
only a low level of lattice damage. 
First results have shown that the microstructural 
changes in a-bombarded Cr-Mn steels depend on 
many parameters. 

First of all one has to consider that in such materials 
both oversaturated C and N are present and rather 
insoluble He is introduced which precipitate at fu
sion relevant temperatures. 
Therefore, for an understanding of the effects of 
the a-bombardment on the structural stability, a 
comprehensive study of the forming of precipita
tes, of He-filled cavities and of the dislocation 
structure has to be carried out, for which electron 
microscopy and associated analytical techniques 
are very suitable. In 1989 the study of three com
mercial Cr-Mn steels (Nitronic 32, AMCR and 
AMCR 003) implanted with 1000 atppm He at 
room temperature and subsequently aged at tem
peratures from 773 to 1073 K has been completed. 

The study consisted of a quantitative or semi-quan
titative analysis by TEM, EDS and EELS (in collabo
ration with the Institute of Physics of the University 
of Bologna) of the dislocation loop structure, the 
formation and growth of precipitates and the nu-
cleation and growth of He bubbles. As the most 
significant result, a remarkable difference in the 
microstructural evolution was observed for mate
rials containing either a high N or C content. 

In the former case a strong interaction between in
terstitial Cr and N was observed (Nitronic 32). 
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Above: Formation of polygonal He bubbles in the matrix 
and at carbide interfaces in AMCR 0033 steel implanted 
with 1000 atppm He at room temperature followed by 
aging at 1023 K for 50 h 

Below: Superposition of EDS spectra obtained from 
intragranularHe bubbles (bright) shown in the figure above 
and from matrix at 50 nm distance (dark). Note enrichment 
of Cr and Mo near bubble surfaces 

As a consequence slowly growing Frank interstitial 
dislocation loops are formed which act as nuclea-
tion sites for Cr2N whose formation within the 
grains is otherwise very sluggish. 

Simultaneously He bubbles are also formed which 
grow to a spectrum of sizes and are subject to se
gregation of Cr, Nand Mo at their surface (Figures 
above, below and on page 97 above). 

In the material high in C (AMCR), M23Q, carbides 
are nucleated at the Frank interstitial loops which 
on annealing at higher temperatures, grow and be
come reduced in size while He bubbles with a bi-
modal size distribution appear. 
The class, being cube-shaped and having a larger 
size (~50 nm side length), showed an enrichment 
of Cu present asan impurity, at their surface (figure 
opposite below). 
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Above: EELS spectrum intragranular He bubbles shown in 
the figure on page 96 above indicating enrichment of 
Cr and N near their surface 

Below: Superposition of EDS spectra obtained from 
square-shaped He bubbles (bright) and from matrix at 
50 nm distance (dark) formed in AMCR steel implanted with 
1000 atppm at room temperature followed by aging at 
1073Kfor100h 
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In the steel containing an intermediate amount of 
C and N (AMCR 0033) finally, only the formation of 
He bubbles was observed, (apparently at the ex-
pence of C and N precipitation), exhibiting the en
richment of Cr, N and Mo at their surface. 

In October 1989 the examination of samples of the 
three steels, directly implanted at 773 K with 
1000 atppm He, was initiated. 

First results indicate that at this (fusion relevant) im
plantation temperature also, the microstructural 
evolution depends strongly on the N and C con
tent. In the steels having a high N content 
(Nitronic 32 and AMCR 0033) large Frank intersti
tial loops due to the interaction of Cr with N toge
ther with very small He bubbles are formed whe
reas in the steels having a high C content (AMCR) 
the interstitial damage is annealed out and He 
bubbles and clusters are observed due to He- and 
C-vacancy interactions (figures above and below). 
The examination of these samples will be comple
ted in 1 990 together with a study of samples of the 
same steels a-implanted at 1073 K. 

Mobilisation of Activation Products f rom Cr-Mn 
Austenitic Steels: Experiments in Flowing Air 

There is a concern that in potential fusion reactor 
accidents larger amounts of radioactive Mn (56Mn 
and 54Mn forming from Fe and Mn in the Cr-Mn 
steels) could be released due to a combination of 
higher temperatures and oxidising conditions. 

Since no data on the volatilisation of Mn in oxidi
sing ambients are available, a few exploratory tests 
in air were performed in 1987 by researchers at 
INEL with the Cr-Mn steel AMCR 0033 supplied by 
theJRC-lspra. 
In these tests the samples were brought to the test 
temperatures very rapidly by induction heating. 
The release data obtained on this material at INEL 
showed a strong scattering. 

A study of the oxide scales formed on these sam
ples, subsequently carried out at Ispra, indicated 
that the observed losses (Fe, Mn and Cr in decrea
sing order) depend on the kind of oxidation of the 
Fe-Cr-Mn system. The observed scatter of the re
lease data at INEL therefore could possibly be due 
to a diverse oxidation behaviour in the various 
tests. 

Above: Formation of large Frank interstitial dislocation 
loops due to the interaction of interstitial Cr with N 
together with very small He bubbles (B) in AMCR 0033 steel 
implanted with 1000 atppm at 773 K. 

Below: Formation of small He bubbles and clusters due to 
C- and He-vacancy interactions and annihilation of 
interstitial damage in AMCR steel implanted with 
1000 atppm He at 773 K 
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In 1989 a study was initiated in collaboration with 
researchers of the University of Genova and 
ICFAM-CNR at Genova, of the oxidation behaviour 
of AMCR 0033 in flowing air by using a broader 
spectrum of experimental conditions with the aim 
to compare the results with those obtained for the 
same material in the INEL tests. 

In our experiments coupons of AMCR 0033 with 
surfaces prepared in the same way as for the pre
vious tests at INEL, were oxidized in a flowing air 
stream at temperatures from 1073 to 1473 K. 

The samples were brought to the desired tempera
ture in a resistance furnace with 100°C/min and in 
an alumina furnace with 20°C/min. 
Test duration was up to 30 h. 

As the oxidation kinetics showed, air oxidation be
haviour of AMCR 0033 is strongly dependent on 
the initial experimental conditions and on the sur
face treatment. 

In some experiments protective, metastable, 
oxide scales formed (Mn203 with Cr-Mn spinel un
derneath) while in others, performed in the same 
experimental conditions, the oxidation process 
was much less protective. 

At the highest test temperature of 1473 K, the re
sults were more reproducible and in accordance 
with the thermodynamic predictions. 

In our work the time to heat up the samples was 
about 10 minutes and the oxygen pressure 
~ 10'3Torr before exposure to air. 

Therefore in our study the heating up stage defi
ned the following oxidation process whereas in the 
INEL experiments, due to the high vacuum and 
very rapid temperature increase, the preferential 
evaporation and compositional changes near the 
surface were the determining step for slow oxida
tion kinetics. 

Transient regimes of different duration are there
fore a possible explanation for the scattered re
sults on mobilisation observed at INEL 

A paper summarizing these results, and in which a 
comparison with the INEL data is made, is in prepa
ration and will be submitted to J. Nuclear Mate
rials. 

Blanket Materials: Influence of Pb-17L¡ on 
Properties of Materials 

Susceptibility to Liquid Metal Embrittlement by 
Pb-17Li of AMCR welded structure. 

This work is a continuation of the study on the pos
sible embrittlement in Pb-17Li, at a temperature 
very close to the liquid metal melting point, of the 
candidate structural and blanket containing mate
rials envisaged in the European Technology Pro
gramme. 

Tensile specimens were machined from a welded 
joint of AMCR 0033 (shield metal arc electrode), 
they included welded and heat affected zone 
structures. 

The tensile specimens, previously heat treated in 
Pb-17 Li for 15 h at 773 K in order to achieve a good 
wetting, were tested at 523 K in Pb-17Li in a special 
device connected to an Instron machine that al
lows the testing of six samples, one after the other 
under vacuum or inert atmosphere. 

The total elongation values for the welded struc
ture vary from 44 to 58%; the value for the HAZ is 
around 50%. 
The reference value for a non welded specimen in 
the same experimental conditions is 62%. 
At 723 K HAZ samples show an elongation of 44% 
in Pb-17Li compared to 40% in air. 

Compatibility of Ceramics with Pb-17Li 

The compatibility between different ceramic mate
rials and the lithium lead eutectic Pb-17Li has been 
studied at 1073 K, for t = 1500 h. The experiments 
were conducted in electron beam welded molyb
denum capsules. 

From experimental as well as thermodynamic con
sideration it clearly appears that silicon carbide 
based materials could be used, at high tem
perature, as low activation materials to contain a 
Pb-17Li blanket. 

The use of ZrC, TiN and MgOina Pb-17Li environ
ment is also possible at temperatures as high as 
1073 K. Experimental results show that Al203 

reacts intensively with Pb-17Li at 1073 K with the 
formation of both LiAI02 and LiAI508 (Figure on 
page 100 above). 
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Corrosion of Cr-Mn based Austenitic Stainless 
Steels by Pb-17Li 

The compatibility between the lithium-lead eutec-
tic and different Cr-Mn steels has been studied in 
the temperature range 723 K in capsules in a 
rotating furnace for times up to 9500 h and in a 
thermal convection loop for 4200 h with a T of 50 K. 

- The corrosion mechanism is essentially based 
on the dissolution of Mn and to a lesser extent 
Cr formation of a ferrite layer and penetration of 
Pb and possibly Li in this layer. Cold work en
hances corrosion (Figures below). 

- The behaviour of this family of steels in Pb-17U 
is at least similar if not better than that of AISI 
316. 

Above: Al203 heat treated in Pb-17 Li-1500 h -1073 K 

Below: SEM micrographs of cross-section ofAMCR 0035 
heat treated in Pb-17Li at 723 K for 4200 h in AISI 3161 
T. C. loop. T= 50 K (a = long face, b = short face) 
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Synergism between Corrosion and 
Mechanical Properties 

Specimens of the Cr-Mn austenitic stainless steel 
AMCR 0033 and of type 1.4914 martensitic steel 
are heat treated in Pb-17Li under a constant 
uniaxial tensile load in Thermal Convection Loops 
at 723 K with a thermal gradient of 50 K. 

AMCR 0035 
wt% Mn Cr Ni 

MATRIX 
Semi-quantitative 
EDX-microanalysis 
AVERAGEVALUE 

CORRODED ZONE 
Semi-quantitative 
EDX-microanalysis 
AVERAGEVALUE 

Si 

19.80 14.23 0.00 0.77 

0.30 7.90 2.80 0.95 

Effect of Oxygen on Corrosion of AISI 316 L 
byPb-17Li 

This study is a continuation of the work initiated 
some time ago in which it was shown that for times 
up to 300 h oxygen seems to enhance the corro
sion of 316 steel by increasing the depth of the fer-
ritic layer and the extent of chromium depletion wi
thin this layer. The apparatus in which the experi
ments are conducted consists of two resistance 
heated AISI 304 L containers filled with Pb-17Li 
(about 120 cm3), situated in the same vacuum 
chamber, containing the samples to be tested. A 
known volume of 50% 0 2 in Ar, at a continuously 
monitored pressure is passed through only one of 
the two test containers. The composition of the gas 
before and after reaction with Pb-17Li is constantly 
monitored by a quadruple gas analyser. 

The experimental set-up is shown in figure below. 
Three loops, each containing three specimens, are 
presently running. The applied load varies from 
250 to 280 M Pa. 
The loop containing AMCR has reached 9000 h 
while the other two are at more than 6000 h. 
The experiments are scheduled to last for 15.000 h. 

Below: Device for Stress Corrosion Testing Specimens in 
Pb-17LiinTCL: 
1 - Control Device 4-TCLoop 
2 - Creep Test Machine 5 - Tensile 
3 - Fixed Load 6-Data Logging 
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At intervals during the experiment and at the end, 
thermal and differential thermal analyses are car
ried out on the liquid alloy. 

In the experiments carried out two samples of AISI 
316L, one coated with LiCr02 and the other not, 
were inserted in each of the two Pb-17Li contai
ners. The temperature was 873 K. The experiment 
had to be interrupted after 750 h due to plugging 
of the Argon-oxygen inlet tube. The final composi
tion of the alloy in which the oxygen was bubbled 
was Pb-13Li while that of the reference pot was 
Pb-17Li. 
The analysis of the result which necessitates an 
accurate Scanning Electron Microscopy analysis 
with quantitative determination of Cr and O con
tents is underway. In a first approximation it would 
seem that the coated samples are less attacked 
than the uncoated which would confirm that once 
LiCr02 is formed on the surface of the sample it 
acts as a protective barrier to corrosion by Pb-17Li. 

The experiments will be repeated for longer times 
after modification of the experimental set-up to 
avoid further plugging. 

Synergism between Effect of Hydrogen (Tritium) 
and Pb-17Li on the Properties of AISI 316 L 

The purpose of this study is to heat treat in Pb-17Li 
tensile specimens previously hydrogen loaded at a 
specific H2 partial pressure. 

The samples will then be tensile tested in a LME de
vice. For comparison the experiment is repeated at 
the same hydrogen partial pressure but with no li
quid metal. Inorderto carry out this series of expe
riments the following device has been set up. 

It consists of an electron beam welded AISI 316 L 
capsule containing 20 tensile specimens and the 
Pb-17Li. This capsule is inserted in a second contai
ner which is kept under a hydrogen partial pressure 
equivalent to that of the loaded samples. The sys
tem is resistance heated and placed in a vacuum 
chamber equipped with a quadruple partial pres
sure gas analyser which monitors possible hydro
gen leaks which are then replenished. 
In the experiment now underway (it has reached 
~ 1800 h) the tensile specimens have been loaded 
at a hydrogen pressure of 1 bar, at a temperature 
of 723 K. 

Simulation of Disruptions by Electron Beams 

Installation and experience with the new electron 
beam gun 

The new electron beam gun became operative in 
the course of this year and its characteristics have 
been determined and compared with specifica
tions. The new machine allows the automatic (com
puter controlled) bombardment of metallic speci
mens with beam sizes from 3 up to 12 mm diame
ter. These beam sizes have been experimentally 
verified and the energy density of the spot has 
been analysed by scanning the electron beam over 
a pinhole while recording and storing the current. 
Afterwards, the information can be used in a P.C. 
to reconstruct a map of the energy density of the 
electron beam. 

The main results of this analysis showed 
1) the beam has not a perfect central symmetry, 

especially for larger spot sizes; 
2) for small spot sizes up to 0 4 mm, the current 

density increases towards the center of the 
beam giving a "Gaussian" current distribution; 

3) for larger spot sizes (6 to 12 mm) the current 
density increases towards the center but dips at 
the center. This gives an annular energy deposi
tion for the larger spot sizes. 

4) The current density is not completely stable in 
time and depends on the adjustment and the 
aging of the cathode and other gun electrodes 
(current density seems also to depend on va
cuum conditions). 

The maximum beam energy of the gun has been 
determined and is equal to 30 KW (500 mA, 60 KV). 
The minimal practical beam energy is 1.5 KW 
(50 mA, 30 KV). The stability of power (voltage and 
current) has been measured and was found to be 
satisfactory: stabilization of current 0.14%, 
voltage 0.05%. 
The beam of a given energy may effectively be 
switched on to a metallic specimen for times va
rying between 1 ms and 100 ms. 

This experimental set-up can be used for disrup
tion simulation studies and has now been operatio
nal (a first disruption study on stationary specimens 
is now completed and the results are being analy
sed). 
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In another experimental set-up a pulsed electron 
beam is used for temporarily melting the surface of 
a specimen fixed on a rotating specimen holder. 
The beam is switched on to the specimen for a pre
determined time and follows the specimen in its 
movement. This set up is able to dump a given 
amount of energy, for a predetermined time on a 
metallic specimen, while the rotation of the speci
men subjects the molten metal to centrifugal body 
forces. The purpose of this experimental set-up 
was to simulate electrodynamic body forces exert
ed on the wall material during a plasma disruption. 
This set-up has been tested on a limited set of spe
cimens and its operation is entirely satisfactory. 
Typical values obtained are 

- bombardment area 0 
- Beam power 
- Pulsetime 
- Body force 

= 8 mm 
:20KW 
: 15 ms 
:0.85.106Newton/m3. 

The impulse energy Ult (where t is the impulse ti
me) was determined electrically and compared 
with calorimetrie results for a range of currents and 
voltages. 

The average deviation between electrical and calo
rimetrie results is ~1.2%, which shows that UI can 
be determined with sufficient accuracy. 

Afterwards, the conic electron collector was substi
tuted by flat metallic specimens (stainless steel AISI 
316, copper and tantalum). The absorbed energy 
Ea was measured by calorimetry. Figure below 
compares the experimental results with the results 
(continuous curve) calculated from the electron ab
sorption factor n and the average energy of the 
backscattered electrons Er obtained by Kuhlen
kampf. This shows the validity of the values of Kuh
lenkampf for calculating electron energy absorp
tion and invalidates the values obtained by other 
authors (Brand, Stemglass deviation up to 40%). 

Disruption simulation (with new EB gun). 

Electron energy absorption 

The first problem in experimental electron beam 
simulation is the exact determination of the energy 
absorption of electrons. The absorbed power Ea of 
an electron beam of power UI is 

Ea = UI -n I .O r 

where r|I is the backscattered current 

andör is the average energy of the 
backscattered electrons. 

The literature on the subject gives good values for 
X] (the back scatter coefficient for electrons) but 
contrasting values for dr which is of course more 
difficult to measure exactly. For this reason we de
termined the energy absorption efficiency directly 
by calorimetrie measurements. 

e = 
Ea 
UI 

For this reason, a special copper calorimeter has 
been built with a conic hole. The opening of the 
cone has been calculated to absorb practically all 
electrons after multiple reflection, so that the calo
rimeter may be considered completely black for 
impinging electrons ~ 99.9% (energy absorption). 

Below: e = Efficiency of energy absorbtion for electrons 
(30-50 Kev) 
Z = Atomic number 

100% 
Kuhlenkampf.(electronic measurements) 

90% 
Versus our calorimetrie results 

80% 

70% 

60% 

0 10 20gÇu 40 so 60 70£80 
—Z 
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Disruption simulation with monodimensional 
heat flow 

During a disruptions large amount of energy is de
posited on a large surface of the first wall. This re
sults in a monodimensional heat flow in the first 
wall. With the new machine it is possible to deposit 
comparable energies (1000 Joule/cm2) on cylindri
cal specimens of 6 mm diameter. In this way mono-
dimensional heat flow is created and the theoreti
cal model for melt penetration can thus be tested. 

For this reason 3 series of cylindrical specimens 
were prepared for disruption simulation experi
ments and bombarded with increasing energy 
density (from 100 to 1000 J/cm2 impulse time 
20 ms). The melt penetration was measured by me-
tallographic methods and the weight loss was de
termined. The examination of the specimens is un
der way but the preliminary results show a good 
correspondence of experimental melt penetration 
and theoretical values obtained from the model 
described earlier. 

High Emissivity Coating 

In the NET (Next European Torus) project graphite 
tiles are proposed for protecting the AISI 316L va
cuum vessel from plasma interaction. The coatings 
on the first wall act as selective absorbers for the 
energy radiating from the graphite tiles in the tem
perature range of 1000°C - 2000°C. 
The coating increases the heat transfer and redu
ces the tile surface temperatures. 

Coating Candidate 

Considering the operational environment, Cr203, 
TÌU2 and AI2O3 have been proposed as absorbing 
coatings for their thermal and chemical stability. 

Method for Producing the Coatings 

Coatings have been produced by galvanic, flame 
spraying (FS), and air plasma spraying (APS) techni
ques. The effects of structure, chemical composi
tion and surface morphology on emissivity at the 
different wavelengths have been studied. The 
thermal and chemical stability in vacuum and in hy
drogen atmosphere at 500°C have been checked. 
The adherence and thermal shock resistance have 
been examined using an electron beam gun. 

Experimental work 

Galvanic coatings. 

Two types of coatings have been studied. Metallic 
Cr and black Cr. A Ni flash (Watts) increases the ad
herence of the coatings on 316 SS. The thickness 
range is between 5 and 10 urn. 
The metallic Cr is not absorbing, it will be convert
ed into Cr oxide by thermal treatment or by ionic 
implantation. 
Black Cr, on the contrary, is very absorbing. It con
sists of a mixture of Cr and Cr203, (results from RBS 
analysis). The coatings are very hard and brittle and 
they are affected by transversal cracks which do 
not reduce the adherence. The amount of hydro
gen in the coating and in the base material have 
been determined by RBS analysis. 
Tests of annealing and thermal cycling (400°C-
100°C) are now running. Their effects on the absor-
bance coefficient will be established. 

Spraying Coatings 

Due to its versatility, plasma spray coating seems 
to be a very promising method for producing thin 
and thick absorbing coatings. Tests started with 
the activation of stainless steel base material using 
sand blasting techniques. The grit blasting treat
ment to roughen and clean the surface which has 
be to covered is a prerequisite for good bonding. 

Corindone 36, 40 mesh was used sprayed with dry 
air at 5 atm with an incidence angle of 45°C. 
The powders employed (Cr203, Al203, Ti02) have 
been analysed by X-Rays before and after 
spraying. Using the correct parameters no chemi
cal modifications have been produced during the 
deposition. The powder sizes have been determi
ned by microscopic analysis and the heating 
energy has been chosen as a function of the pow
der grain size. 

Flame Spray Coatings 

Using an oxiacetylenic flame the following coa
tings have been deposited: Al203 85%, Ti02 15% 
Cr203 50%, Al203 32%, Si02 10% and Ti02 3%. 
The last film looks less adherent and very porous. 
This is probably due to the high melting point of 
the chromium oxide (2340°C). 
Better results have been obtained using propane 
instead of acetylene. 
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AISI316 

Figure above shows a metallographic section of a 
flame spray coating and figure below shows three 
absorption diagrams. For increasing the adhe
rence of these ceramic coatings, bond films of 
NiCrSiB have been deposited on sand blasted 
steel. The results are very encouraging. 

Air Plasma Spray Coatings 

The conventional films produced by plasma spray 
are more dense and more adherent than FS coa
tings. This is due to the higher temperature and the 
higher speed of the deposition technique and they. 
give higher bonding energy. Cr203 99% have been 
deposited by APS on sand blasted AISI 316. 

Blended powder (Al203 87%, Ti02*13% and Cr203 

92%, Si02 5%, Ti02 3%) APS deposited have been 
characterised with radiographic, metallographic 
and absorbance tests. 

Above: Cross-section of Cr2C>3 film flame spray on AISI 316 

Below: Hemispheral near normal spectral absorptance 
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These specimens will now be studied under ther

mal cycling and stability tests at 400°C in a hydro

gen atmosphere. 
The work done up to now demonstrates that the 
grain size of the powder, its distribution and 
morphology play an important role in its flow 
through the plasma and the melting degree which 
have large affects on deposition rate, film density, 
adhesion, surface morphology and, consequently, 
absorption efficiency. For these reasons great care 
will be taken with the powder characterisation. 

Fusion Reactor Components Development 
and Testing 

Thermal Fatigue of First Wall Components 

The activity of thermal fatigue testing proceeded 
as scheduled with the exception of the building of 
the facility which is delayed because of infrastruc

ture problems. Although no component reached 
failure during '89, many important achievements 
were reached, as detailed below. 
The CAD for the two test lines were completed du

ring March; the internal structures, the new instru

mentation and the closed loop cooling circuit were 
purschased or put in fabrication. The completion 
of the facility improvements is expected by April 
'90. The hardware and software for data acquisi

tion, reduction and analysis was installed. 

The direct measure of the heat flux was carried out 
by a specially built probe based on a modified 
ASTM method. The data are under evaluation at 
present. The result seems to confirm the previous 
calculation of the heat flux based on the numerical 
thermal analysis. 

The final report on the first completed test on the 
tubular specimen was presented at the ICFRM4, 
Kyoto, December 89. Two benchmark specimens, 
B1 and B2,were tested up to 24,000 and 10,000 cy

cles, respectively. No evidence of fatigue damage 
in the highly stressed zones was detected by visual 
inspection, although failure occurred in the welds 
in the low stress region. On B1 failure the residual 
thermal strains were measured by neutron diffrac

tion, in collaboration with Prof. Rustichelli, Ancona 
University, and M. Perrin, L.L.B., CEA Saclay. 
The results are shown in figure below. 

Below: Neutron Diffraction 
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On B2 the technique of geometric "Moire" was 
successfully applied to measure on-line the strains 
on the cold surface of the component. Due to lack 
of staff for of the FEM analysis, no comparison with 
the numerical results could be performed. The re-
seach agreement with IAEA was officially signed; 
the test on B1 and B2 will be the basis for the expe
rimental validation of the ITER Lifetime Evaluation 
Benchmarck to be performed by stress analysis 
groups of the four participants. 

The brazed Ansaldo 1 mock-up was tested up to 
10,000 cycles. NDE by ultrasonic inspection revea
led an increase in the size and in the number of the 
brazing defects already detected in the as fabrica
ted component. 

The Framatome 1 component was installed and 
the instrumentation checked by the manufactu
rer's technicians. The test started very recently. 
After the first thermal cycle, recorded by a thermo
couple located at 1 mm from the heated surface, 
there was a sharp decrease in the peak tempera
ture and a levelling off of this phenomenon in the 
successive cycles. 
This effect could be attributed to one or to a com
bination of the following phenomena: 

- training of the heating elements; 
- displacement of the sensor tip due to the defor

mation; 
- modification of the emissivity of the component 

surface; 
- power supply drift; 
- variation of the infrared absorptance of the inert 

gas environment. 
Further investigation will be performed with im
proved instrumentation. 

Development of an Innovative Divertor Plate 
Based on Fibre Composite Technology. 

The problem of the bond between the protection 
material and the heat sink in a divertor plate has 
not yet been satisfactory resolved. Both the me
chanical attachments and the brazed joint present 
limitations as far as the power dissipation capacity 
and/or the lifetime under cyclic conditions are con
cerned. Figure below shows an innovative solution 
to this problem, based on fibre composite techno
logy. The thermal and mechanical bond between 

armour and heat sink is realized through thin fibres, 
parallel to the thermal gradient, which link toge
ther two different materials leaving between them 
a small gap to avoid any direct mechanical coup
ling. The discontinuous nature of the interface 
avoids or greatly reduces the stresses due to the 
thermal expansion mismatch of the two dissimilar 
materials, yet allowing a substantial heat transfer 
by conduction through the fibres cross section. By 
a slight modification of well established metallic or 
carbon matrix fibre composite fabrication techno
logy it is thus possible to obtain different combina
tions of heat sink and protection materials. 
A microscale analysis was performed to assess the 
feasibility of the fibrous transition zone. The con
servative criterium is to restrict the deformation of 
the most highly deformed fibre to the elastic re
gion. The fibre stress was calculated on the basis of 
the difference in thermal expansion between the 
protection layer and the underlying composite ma
terials. The temperature profile was derived from 
the F.E.M. calculations. The following analytical ex
pression was used to optimize the fibre diameter D 
and volume fraction V and the gap A between tile 
and heat sink 

S = (6*F*E*D)/(A**2) (1) 
where S is the yield stress and E the fibre elastic 
modulus. 

Below: Brush Divertor a) with free fibres b) with continuous 
P.S. or CVD tiles 
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The maximum displacement F is given by 

(B*T2-U*T1)*W 2) 

where B and U are respectively the thermal expan
sion coefficient of the composite and of the tile, T1 
and T2 the temperature of the composite and of 
the tile, W is the width of a divertor module. T2 is 
given by the expression: 

T2 = T1 - (Q*A)/(K*V) (3) 

where Q is the heat flux and K the fibre thermal 
conductivity. The results of the parametric study 
for both concepts shows that for a tungsten fibre of 
0.025 mm diameter, a unit cell width of 54 mm and 
a fibre volume fraction of 50 percent, the gap 
should be at least 1.5 mm. These parameters were 
incorporated in both the above mentioned macro-
scale analysis with the optimized geometry and in 
the fabrication of the test piece for future experi
mental validation. 

A prototype of a copper-tungsten divertor plate 
was fabricated starting from 25 micrometer diame
ter tungsten fibres plated with 5 micrometers cop
per. The fibres were hot isostatically pressed at 
9C0°C under a pressure of 1000 bar in a copper 
container. 
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Irradiation Experiments 
in the High Flux Reactor 

The development and improvement of the equip
ment and installations used in the irradiation of Ad
vanced Fast Breeder Reactor Fuels, as sponsored 
by the Joint Research Centre at Karlsruhe conti
nued throughout the year. During this time, the ex
periment BUMMEL completed its planned irradia
tion and the manufacture of the components for 
the coming experiments on mixed (U,Pu) nitride, 
POMPEI and NILOC, continued. 

The experiment BUMMEL, which studies the for
mation and behaviour of fission a gas bubbles in 
U02, consisted of two short fuel pins of U02 pel
lets. It was required that priorto a second period of 
irradiation which would last just 2 hours, both fuel 
pins had to undergo heat treatment for 3 hours at 
1300°C. This necessitated the design of a specially 
built oven which, due to the fuel pin radioactivity, 
would need to be operated in the HFR hot cell 
(figure below). In July, both the heat treatment 
stage and the second irradiation phase were suc
cessfully carried out. 

For the experiment NILOC, manufacture of the 
fuel capsules started in 1989 and developments 
are being made to take advantage of the parallel 
developments in some of the measuring techni
ques used in irradiation experiments, eg. noise 
analysis, to determine the power level and coolant 
flow, and gamma spectrometry, to determine the 
radial and axial distributions of certain radioisoto
pes in the fuel column. 

Below: The HFR hot cell, where the BUMMEL fuel pins 
were heat treated 





Programme: 
OPERATION OF THE 

HIGH FLUX REACTOR 





SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

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 concentrate on studies of the behaviour under 
transient irradiation conditions of fuel rod seg
ments pre-irradiated in commercial power reactors 
of both the BWR and the PWR line. In 1989 24 ex
periments were finalized by the post-irradiation 
examinations and final reporting. Considerable ef
fort was put into the development of a "low po
wer" boiling water fuel capsule, which is of high im
portance for new test objectives in the near future. 
Major progress was achieved with the develop
ment of an experimental set-up to study iodine so
lubility and degassing after a LOCA-scenario. The 
equipment was commissioned and out-of-pile tes
ting was finalized. The experimental set-up was 
transferred to the HFR and the first pre-conditio
ning irradiation has been started. 

Irradiation programmes related to the high tempe
rature gas cooled reactor comprise graphite and 
fuel irradiations. The "fundamental properties gra
phite programme" which contributes largely to the 
data base on irradiation effects on graphite, pro
gressed to schedule. Thirteen individual irradia
tions are under evaluation, in the reactor or under 
preparation. Within the graphite creep pro
gramme two irradiations were performed with 
their intermittent measurements of dimensional 

changes. A third experiment is under preparation. 
A long term temperature control test of spherical 
fuel elements was finished, evaluated and repor
ted. A noteworthy achievement was the successful 
finalization of an irradiation experiment on fuel 
rods containing spherical coated fuel particles af
ter 20 HFR cycles comprising nearly 450 full power 
days. The sophisticated tests specifications inclu
ded temperature variations and the addition of 
pre-specified amounts of hydrogen to the sweep 
gas. Significant results on the effect of fuel hydroly
sis on fission gas release were obtained. 

Fast breeder reactor fuel irradiations were conti
nued with an overpower equilibrium test and the 
conditioning irradiation for further fuel and clad
ding axial displacement experiments. 

Considerable effort was put into the development 
of future SUPER-KAKADU and HYPER-KAKADU 
experiments which study fuel performance under 
power cycling conditions. Noise analysis techni
ques are being developed for application to fuel to 
cladding gap heat conductance measurements du
ring transients. 

Fusion related investigations comprised the irra
diation of prospective constituant materials for su
per conducting magnets, investigation of tritium 
release kinetics from different ceramic lithium 
compounds under irradiation, and damage studies 
on different ceramics which are considered as can
didate materials for the first wall protection of 
NET. A new objective is the irradiation of different 
nuclear graphites which are under discussion as al
ternatives for the first wall protection and other ap
plications in NET. 
For this programme the irradiation devices were 
developed, manufactured and assembled. 
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The Dutch contribution to the HFR supplementary 
programme addresses two different areas, namely 
contributions to the European fast breeder reactor 
and fusion research programmes on the one hand 
and extensive use of the beam tubes for basic nu
clear, solid state and materials research. 

The FBR related programme concentrates on da
mage studies on structural materials. For crack 
propagation investigations compact tension speci
mens of different stainless steels have been irradia
ted. Another series of irradiations provides sam
ples for post-irradiation creep fatigue testing. 

For the fusion programme martensitic steels are ir
radiated at different temperature and fluence le
vels. A rather extended programme to study frac
ture mechanics properties of irradiated steels, 
mainly compact tension specimens, at lower tem
peratures is under preparation. 
In collaboration with other European research cen
tres ECN is also contributing to the irradiation tes
ting of lithium containing ceramics. 
The main objective is to obtain data on tritium resi
dence times of a variety of different zirconates, alu-
minates and silicates at different irradiation tempe
ratures. 

Three beam tubes have been used for nuclear phy
sics experiments. At HB2 a polarized deuterium 
target is used to study details of the cross section 
for the reaction D(n,y) from which information on 
the mesonic exchange currents can be obtained. 

At HB7 the circular polarization of the gammas 
emitted in this same reaction is studied. The beam 
of HB11 which has been equipped with a system of 
curved mirrors, is used to study radiative capture of 
neutrons in He3. 

Five beam tubes - HB1,3,4, 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 indicated in parenthesis: 
- crystal and magnetic structures of organic and 

inorganic substances (neutron diffraction); 
- magnetic and structural phase transitions, 

phase diagrams (neutron diffraction and critical 
scattering); 

- structure, order and disorder in solid, liquid and 
amorphous alloys (neutron diffraction and dif
fuse 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 
Neutron Scattering). 

The scattering equipment is continuously modified 
and upgraded in order to meet the requirements 
of new fields of application. 

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

References 

¡1/ Annual Progress Report 1989, 
Operation of the High Flux Reactor 
EUR 12881 EN/1990 
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Standards for Advanced Ceramics 

The general objectives of this activity are support 
to and stimulation of the development of Euro
pean standards and pre-standards and the execu
tion of research and development within European 
standardisation activities. 
The concept for the development of standards for 
advanced ceramics at a European level resulted 
from recommendations of a Workshop on: 
"Pre-Normative R & D for Advanced Ceramics", at 
JRC Petten in 1987. The workshop participants re
presenting European industrial and research inte
rests, invited the JRC to initiate a number of ac
tions pertinent to standardisation and pre-standar-
dization of advanced ceramics, on a European ba
sis. 
JRC Petten in cooperation with the Directorate 
General "Internal Market and Industrial Affairs" 
section: Standardization and Certification, initia
ted a review of the current European situation by 
supporting two actions: 
- the commissioning of CEN to prepare an inven

tory among European Standard Organisations 
concerning needs and priorities for European 
Standards in the field of advanced ceramics; 

- the organisation of a "Round Table" discussion 
which should 
* providea European Forum for the presenta

tion and discussion of up-to-date informa
tion regarding European standards for 
advanced ceramics; 

* present the Community infrastructure for 
standardisation; 

* review on-going activities in Europe, Japan 
and U.S., and in international co-operation 
schemes. 

The Round Table discussion was addressed by a 
number of invited speakers representing the view
point of the major sectors of interest for establish
ing European Ceramic Standards including the 
European Commission, the European Standards 
Organisation: Comité Européen pour Normalisa
tion (CEN) and the counterpart for the electrical/ 
electronics industry (CENELEC) and European in
dustry for both producers and users of advanced 
ceramics. 

The Round Table expressed opinions on three 
aspects: 
- The present situation of dispersed activities 

needs coordination, both in the field of stan
dards and pre-standards. Such reorganisation 
will need funding. 

- With respect to sponsorship, it was recognised 
that the Commission currently makes a reasona
ble contribution to standardisation, in parallel 
with the approach of most Member States. Sub
stantial industrial investment is normal practice 
in many countries and should be expected on a 
European level. 

- The initial phases of a European standardisation 
exercise will be operating at a pre-market status 
and additional support will be needed. 

The Round Table discussion closed with unani
mous support of need for a centralised coordina
tion of standardisation activities on the European 
scale. 

In parallel to the initiatives for the implementation 
of European standardisation, JRC Petten consider
ed actions in the field of pre-normative R & D for 
advanced ceramics. An Ad-hoc Committee, mem
bers representing industry and research, was set 
up to provide a stimulus and a forum for the pro
motion of pre-normative R & D, to act as an inter
face between existing activities in Member States 
and relevant organisations, to investigate all possi
bilities for CEC support. 

The Committee recommended prior to formula
tion of any R&D action to inventories the interna
tional situation. A review study on Standards for 
Test Methods for Advanced Ceramics was perfor
med under contract by the National Physical Labo
ratory, U.K. 

The study reviewed the actual international posi
tion in standardised testing of "advanced" cera
mics of all types on the eve of the initiation of ac
tion within CEN to produce single standards for 
Europe. Discussed aims, driving forces and pro
gress in each country known to be active in deve
loping standards. The status of individual methods 
of testing was assessed from which areas in the fol
lowing four categories were identified: 
- methods which already exist and which can be 

straightforwardly rewritten suitably for "advan
ced" ceramics; 

- methods which can be readily developed from 
the existing scientific or technical base; 
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- methods for which full standardisation is feasi
ble, but which require extensive research in or
der to develop adequate practices or to ensure 
usability by test houses and other institutions; 

- methods which would be desirable, but for 
which the prospects for standardisation in a full 
scientific sense are poor. Their use at a superfi
cial level, e.g. for quality-control purposes un
der very restricted conditions of validity may be 
possible. 

Further progress on the initiation of pre-normative 
R&D was obtained in co-operation with the Com
munity Bureau of Reference (BCR). Two expert 
meetings discussed the requirements and proce
dures for round robin tests for advanced ceramics 
in the field of high temperature mechanical testing 
and hot corrosion. 
The development of a Classification System of Ad
vanced Ceramics in the frame of VAMAS was sup
ported through the conception and preparation of 
a workshop to be organised in 1990 by the Institute 
for Advanced Materials and through the prepara
tion of a questionnaire inquiry among industries of 
non-VAMAS member states. 
Classification of advanced ceramics is considered 
as the most important standard to enable interna
tional applicability, to provide a basis for unanimity 
in the transfer of information between researchers, 
designers, manufacturers and product-users. 

The scope of the workshop will be: 
- the identification and assessment of the issues 

inherent in developing a unified classification 
system for advanced technical ceramics; 

- establishing a building block structure featuring 
critical elements necessary for international use; 

- establishing mechanisms and institutional links 
as needed and appropriate, between national 
and international standards bodies (AFNOR, 
ASTM, BSI, CEN/CENELEC, DIN, ISO, JISC and 
others); 

- enabling further system development and refi
nement to meet individual national and interna
tional industrial needs. 

Experimental activities in the field of prenormative 
R&D were focussed during 1989 on two subjects 
relating to the development of test methodolo
gies, i.e. hot corrosion and mechanical properties. 

Hot corrosion: 

A simple furnace test for hot corrosion of silicon-
based ceramics has been developed, for predict
ing material degradation rates in combustion 
gases where sodium is the principle contaminant. 
The test incorporated novel methods for compen
sating experimental errors due to sodium evapora
tion. 
The final report includes a "design rule" for pre
dicting corrosion rates in practice as a function of 
the sodium deposition rate. 
On the basis of this experience, a draft proposal for 
a standard test for hot corrosion of ceramics was 
submitted at the JRC inspired meeting at BCR to 
work towards standardizing hot corrosion testing 
of ceramics. 

Tensile Testing: 

The experimental activities focussed on the deve
lopment of a facility for the accurate uniaxial tensile 
testing of both monolithic and long-fibre reinfor
ced ceramics at high temperature. Factors such as 
specimen shape and dimensions, precision of ma
chining, heating method, reliability of gripping, 
loading train alignment and the possibility to cor
rect for it, which all affect the realization of a pure 
uniaxial tensile stress state in the specimen, have 
been critically assessed. 

The options withheld at the current stage are flat 
rectangular specimens, induction heating and hy
draulic gripping of specimens in the cold zone. Flat 
specimens are preferred for several reasons. 
Often flat specimens are the only shape available 
with ceramic matrix composites. Moreover, a redu
ced sensitivity to machining flaws can be achieved 
by machining parallel to the loading direction. 
Finally flat surfaces allow an easier optical access to 
the specimen for crack monitoring. Cold gripping 
is favoured since the alignment, which is being 
checked at ambient temperature, does not change 
when the central part of the specimen is heated to 
the test temperature. 
The specimens are clamped hydraulically because 
this improves the reproducibility and thus partly 
eliminates the variability in test results due to diffe
rences in gripping. Also, the grips are provided 
with accurately machined inserts allowing a repea-
table location of the specimen in the loading train. 
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Induction heating is preferred because it offers the 
best compromise between access to the speci
men, temperature stability, temperature homoge
neity in space, thermal inertia and reliability. 

Two routes are followed with regard to the align
ment of the loading train: a fixed, very accurately 
aligned loading train, which does not allow for cor
rection after mounting of the specimen, and a 
self-aligning version in which bending strains on 
the specimen after mounting can be corrected by 
adjusting the position of precisely machined knife 
edge supports. The first set-up is much more de
manding in terms of specimen dimension toleran
ces and assumes very good reproducibility in spe
cimen machining. Moreover, when the specimen 
shape is changed, the loading train must be com
pletely realigned. The advantage, on the other 
hand, is that no friction, which is always associated 
with universal joints of every kind, has to be over
come and that an extension to tension-compres
sion testing is very easy. Also because of its lateral 
stiffness this set-up is preferred for testing compo
site specimens. Currently, experiments to esta
blish the capacity of both experimental set-ups are 
underway. 
The following conclusions can be drawn from the 
work performed so far. Machining of monolithic 
flat specimens with a total length of 160 mm and a 
gauge length of 30 mm to close tolerances is possi
ble. Thickness and width variations smaller than 
2 urn can be reproducibly achieved. The main pro
blem in machining specimens rests in assuring the 
parallelism of the gauge length and the main axis 

Above: Tensile test results on Al203 samples 

of the sample. Alignment control on specimens 
equipped with strain gauges on different cross sec
tions has revealed that the largest contribution to 
the bending strain on the sample stems from the 
loading train and the grips when using the fixed 
loading train set-up. Using this set-up bending 
strains below 5% at stress levels of around 100 MPa 
can routinely be achieved. It still has to be confirm
ed whether a decrease of the bending strain to 
around 1 % can be realized. 
The results of room temperature tensile tests on an 
alumina ceramic are shown in figure above. On the 
basis of the size effect in terms of effective volumes 
(Weibull theory) and using the value of 400 MPa for 
the flexural strength provided by the manufactu
rer, a tensile strength of 237 MPa is predicted. As 
observed all the specimens failed at a lower stress. 
The low tensile strength of sample 1 is a conse
quence of poor alignment caused both by the 
loading train and by inadequate sample toleran
ces. This sample failed in the grip, outside the 
gauge length. The other two specimens reached 
stress levels of around 200 MPa and fractured wi
thin the gauge section. 
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Materials Databanks 

The general objectives of this work are research 
and development which will assist the develop
ment of a market in information on materials used 
in engineering. A particular purpose is to increase 
customer acceptance of commercial information 
products in this sector. 
Developments to make progress towards a Euro
pean Materials Data System Network and work on 
data systems standards which could have world
wide impact are also included in this programme. 

The main activity in the European Community on 
this subject over the last four years has been the 
Materials Database Demonstrator Programme. 
This Programme commenced in 1984 with an inter
national workshop, held at Petten, which helped to 
determine the strategy and actions which were to 
be followed in the Programme. A set often online, 
computerised, materials databases were selected 
from four Member States and, with the HTM Data
bank at Petten, were used for research on the prac
tical problems involved in the building, operation 
and application of such systems. During the Pro
gramme, the producers of the systems developed 
a Code of Practice for their operation and central 
systems were created for a Common Reference 
Vocabulary, a User Guidance System and an on
line directory of information sources. 
For the last year there was a major effort to raise 
awareness and determine user opinions with semi
nars and workshops in every Member State of the 
EC. The Programme has also been independently 
assessed and evaluated. 

Dr. N. Swindells, who coordinated the develop
ment of the Code of Practice and the subsequent 
stages of the Programme, joined the Institute in 
October as a Visiting Scientist to continue the con
tribution of Petten to work in this area. 

The Programme has been concluded with a second 
international workshop, organised at Petten in De
cember, which was attended by over 70 users and 
providers of materials information and representa
tives of public bodies and governments from 16 
countries in and outside the EC, including the USA, 
Japan, Sweden and Finland. 
Over the period of the Demonstrator Programme 
there has been a world wide expansion of activities 
in this field and the attendance at the workshop 
demonstrated the importance which this topic has 

attained. The workshop therefore reviewed the 
lessons learned in the Demonstrator Programme, 
considered these lessons in the light of what is hap
pening elsewhere and worked out recommenda
tions for future actions within the EC. 
The conclusions of the workshop recognised the 
technical and commercial immaturity of the market 
sector and established the need for continuing the 
combined actions of the CEC, national govern
ments and industries in the Member States. 
The areas selected for further attention included: 
promotion of materials information products and 
their application, standardisation and integration 
of products and services, efforts on improving 
sources of data, the provision of user support 
agencies and international collaboration. 
The group of producers of the systems which for
med the core of the Demonstrator Programme 
have held a series of meetings to find a framework 
which would allow them to follow the expressed 
wish of the CEC that they should continue to pro
vide a focus for development within the EC and 
these discussions will continue. 

Arising partly from opinions expressed at the na
tional workshops held in the Member States, work 
was commenced, by an external contractor to 
DGXIII/B, on a study of the problems involved in 
the substitution by local national standard mate
rials of materials specified in the standards of ano
ther country. This topic is considered to be impor
tant for the operation of the Single Market after 
1992. 
The outcome of the contract was that further work 
to define a solution to this problem is required and 
this will be investigated at a meeting of a group of 
experts which will be held soon and coordinated 
from Petten. 
It is expected that this activity will develop into the 
need for further work on both information and sys
tem development for this purpose. 

Further progress on some of the other central de
velopments of the Demonstrator Programme is 
still under consideration, as the lessons of the Pro
gramme and the recommendations from the Con
cluding Workshop are being studied, but work has 
commenced on research into system specification 
and testing to enable the Code of Practice to be 
strengthened and extended. 
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Two correlated definition studies contracted by 
the CEC to Cambridge University and Rolls Royce 
PLC have addressed the subjects of materials data 
interchange standardization and the integration of 
materials information into the computer aided en
gineering environment, respectively. The resultant 
reports include action plans broken down into spe
cific tasks and time tables for subsequent pilot de
monstrator projects. After having held some inter
national seminars with interested partner invita
tions, Rolls Royce PLC have submitted an action 
plan for a project under ESPRIT sponsorship, while 
the materials data interchange study will see a fol
low-up with EC participation under VAMAS coor
dination. 

It is expected that these developments towards a 
direct industrial involvement in the development 
of materials information concepts in computerized 
engineering and manufacturing systems will gene
rate an increasing demand for a harmonized multi
lingual standard vocabulary. 
The Common Reference Vocabulary (CRV) develo
ped for the Demonstrator Programme has there
fore been checked and compared with other ter
minology systems, and there are proposals for joint 
action with the therminology activities of ASTM 
committee E49. 
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Valorisation of J.R.C. Research Results: 
Spontaneous Downward 

Heat Transport 
Twin plants 

The purpose of the operation of the twin plants is 
to compare the performance of two equal solar 
systems, one conventional, i.e. with differential 
thermostat and circulation pump for heat transfer 
from the solar collector to the heat store, and the 
other fitted with the spontaneous downward heat 
transport system; i.e. without control devices and 
pump. This latter system is being tested with the 
double effect bi-stable float valve. Advantages of 
this valve with respect to the single-effect valve 
are: an expected higher efficiency in conditions of 
low irradiance or low water temperature, the capa
bility of working also under reduced amounts of 
the working fluid (i.e. losses from the circuit), and in 
case of complete malfunction of the solar collec
tors, (dry out) avoidance of the build up of dange
rous pressure in the circuit. 

Many tests, lasting usually three orfourweeks have 
been made, changing the operating conditions, 
i.e. the amount of water extracted from the heat 
store; the time at which the extraction is made and 
the temperature threshold of the water extracted. 
These conditions simulate the various situations 
met in the partical applications. 

A sensible improvement over the performances of 
the single-effect valve has been found, although 

not enough yet to recover completely the advan
tage of the forced circulation system when the wa
ter is extracted from the heat store at low tempera
ture (<30°C). In most other cases the efficiency of 
the spontaneous system is higher than the forced 
circulation system. Due to these positive results it is 
foreseen to implement the double-effect bi-stable 
valve also in the industrial plants. 

Plants for operation in mountain region 

The monitoring of the plant installed at the "Rifu
gio Pastore" at an altitude of 1600 m has continued 
until the end of July. After the measurements done 
during summer and fall 1988 on the efficiency for 
heating the sanitary water, the main goal of the 
winter and spring tests was the determination of its 
behaviour as snow-melting device and its efficien
cy. 
To that purpose the snowtank was filled every two 
or three days after discharge of the water produ
ced from the previous charge of snow. This opera
tion has been repeated 14 times. It was observed 
that the full thermal contact between the heating 
coil, at the bottom of the tank, and the snow, more 
or less impregnated with water, existed. The "brid
ging" of snow across the walls of the tank was ne
ver observed. As soon as the snow floats in the pro
duced water, the temperature of the water at the 

124 



SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

bottom of the tank reaches about 7-8°C, i.e. the 
temperature at which its specific gravity is the 
same as that at 0°C. 

The overall thermal efficiency of the snow-melting 
process, intended as the ratio between the energy 
released in the snow and the incident solar energy 
on the collectors, was around 60%. During the fol
lowing months, the system was used again for the 
heating of sanitary water; in these working condi
tions, with higher temperature of the solar collec
tors, the efficiency was around 40%. As this experi
mental run, at 1.600 m was successful, it was deci
ded to move the plant into high mountains at 3.650 
m, where the boundary conditions are clearly much 
harder. The results collected, for the first month of 
operation, confirm the previous results obtained at 
lower altitude. The efficiency remains unchanged 
because the negative effect of the lower external 
temperature is practically compensated by the hig
her irradiation values. The measured peak values 
of irradiance amount to 1300 w/m2, in comparance 
with 1150 w/m2 at 1600 m and to 1050 w/m2 at 
Ispra level. 

During the winter 89/90 the plant will remain in 
operation for snowmelting. The experience gained 
during the previous winter let us believe that the 
plant will operate the 89/90 winter without trou
bles. 
For a sunny day this plant will produce about 

250 dm3 of water. All the results obtained up to 
now show the usefulness of the spontaneous sys
tem for the mountain applications. In order to de
monstrate also its practical feasibility it has been 
agreed to build another plant, whose specific cha
racteristic is that of a monobloc full unit, comple
tely assembled and tested in the factory. A proto
type, with 4 m2 of solar collectors, is now in con
struction and will be put into operation in spring 
1990 by the "Rifugio Omio" (Sondrio) at 2010 m of 
altitude. Above results show that solar energy de
vices can be profitably used in mountain applica
tions. Our final aim is that industry will take the li
cence from the C.E.C, for the construction and 
commercialization of such plants in the alpine re
gions. 
Participation to Exhibitions 

In order to enlarge the number of industries inte
rested in the system, an operational prototype was 
exhibited at "EURISKO 89 1er Salon Européen de 
l'Innovation" Paris, Jan. 89, and at "SIMAC 8th Buil
ding and Construction Exhibition" Lisbon, May 89. 
Particularly useful has been the participation to the 
Lisbon fair, where Portuguese firms expressed in
terest, for commercializing, building and selling 
the system. Negotiations for a licence agreement 
are conducted by DG Xlll-C. Interest has also been 
shown by other firms from France, Australia, Israel 
and Uruguay. 
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Boron Neutron Capture Therapy 
(BNCT) 

The topic of BNCT has generated a large interest 
throughout the medical and scientific community, 
especially in the last few years. Clinicians and ra
diotherapists agree that no single radiotherapy 
method is available for the treatment of all types of 
cancer and none that can successfully treat, for 
example, brain tumours. In the endeavour to be 
able to at least attempt to treat the different types 
of cancers, all current methods both in use and 
being developed, are being pursued. The method 
of boron neutron capture therapy (BNCT) appears 
the most promising and will initially aim to treat 
glioblastomas (brain tumours) and melanomas 
(skin cancer). 

The underlying principle of BNCT is relatively 
straightforward. Stable nuclides with large cross 
sections for the absorption of slow (low energy) 
neutrons, eg. boron-10, are located ¡n the tumour. 
The tumour is exposed to slow neutrons and the ra
diation emitted after neutron capture has a short 
range in tissue such that only the tumour cells are 
irradiated and destroyed. The relevant nuclear 
reaction for BNCT is: 

10B + 1n->7U + 4He + 2.79MeV 

The alpha ("He) particle and the lithium-7 nucleus 
have ranges in tissue of respectively 9 and 5 mi
cron, which are of the same order as the diameter 
of a mammalian cell. Hence, heavily ionising radia
tion is deposited in a single cell, causing death of 
that cell. 

During 1988, and as confirmed by calculations and 
measurements during 1989, it was apparent that a 
powerful BNCT facility could be built at the High 
Flux Reactor Petten. To realise this, it was neces
sary due to the multi-disciplinary nature of the pro
ject to collaborate closely with groups of experts 
throughout Europe, consisting of radiotherapists, 
neurosurgeons, radiobiologists, chemists, and cli
nical and nuclear physicists. During 1987, a local or 
Netherlands Petten-NCT Group was formed, con
sisting of JRC Petten (HFR Division), ECN Petten 
(Physics Department) and The Netherlands Cancer 
Institute, Amsterdam (Department of Radiothera
py). Within Europe, the Petten group joined the so-
called European Collaboration Group on BNCT 
which became successful in 1989 in obtaining fun
ding from the CEC in Brussels to form a Concerted 

Action on BNCT, with the prime aim to treat glio
blastomas (brain tumours) at Petten before 1992. 
The work carried out at JRC Petten is concentra
ting on the design and implementation of the faci
lity on beam tube HB11. During 1989, a rigorous 
campaign of design analyses using sophisticated 
Monte Carlo programs and measurements using a 
variety of neutron flux monitors were carried out 
on the reactor and beam tubes. These confirmed 
the expected results. At present, the final design 
work is in progress and will be completed in the be
ginning of 1990. In addition, work began on re
designing the present irradiation room at HB11 to 
create the necessary therapy room. A close-up 
view from a different angle of the therapy room is 
shown in the design on page 130. 

Page 130 below: The Petten BNCT treatment room 
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During the year, the project has generated a lot of 
interest both locally in the Netherlands and in at
tracting scientists working in the field worldwide. 
Besides numerous experts from Europe, scientists 
from the USA, USSR and Australia visited Petten to 
discuss the BNCT project. Consequently, various 
articles have appeared in the Dutch national press, 
on the radio and television. A meeting on BNCT 
was organised at Petten in February 1989 and at
tended by over 40 people from 10 European coun
tries. The two day meeting was the first meeting of 

the European Collaboration Group on BNCT in its 
CEC-funded capacity as a Concerted Action. In ad
dition, various reports and presentations have 
been given at scientific and technical conferences 
in Europe and USA, and presented in scientific 
Journals. 

The project of Boron Neutron Capture Therapy at 
the High Flux Reactor Petten continues and is well 
underway. It remains the intention to begin the first 
clinical trials in 1991/92. 

entrance/sliding door 

observation area 
(medical staff) 

JAN TEN HOVE 'AS 

130 



SCIENTIFIC - TECHNICAL ACHIEVEMENTS 

Joining of Ceramics to Metals 

Objective: 

Almost all engineering applications of advanced 
ceramics require the development of a technology 
for joining these materials either to themselves or 
to metals. The anticipated applications very consi
derably and joints must be engineered to meet the 
specific service needs. The principal requirement 
for joints is that they are reliable. 

This project has the aim to understand the funda
mental mechanisms controlling interfacial beha
viour and the influence of surface condition on 
joining, with the overall objective that ceramic sur
faces and interfaces may be tailored to produce 
viable joints for high temperature applications 
under stress. 

Methodology & Experiments: 

To date the experimental work on solid state bon
ding and surface modification has been performed 
externally pending delivery and installation of bon
ding equipment (at Petten) and the operation of 
the Surface Engineering Lab (Ispra). 

Surface, Interface Engineering: 

A novel approach has been undertaken to tailor 
the key properties of the ceramic surfaces to be 
joined, utilising thin-film coating and ion-beam im
plantation technologies. Deposition of fine-grain
ed metallic structures has been achieved by sput
ter or vapour deposition and prior or post (coating) 
ion-beam implantation treatments. Three com
mercial hot-pressed Si3N4 (SN) ceramics, are inves
tigated. The first phase of the project will address 
SN/SN joining. 

Joining and characterization: 

Solid state bonding currently offers the greatest 
potential, for meeting the industrial service requi
rements for ceramic joints operating in high tem
perature structural applications. Joints will be eva
luated by mechanical testing (strength, toughness, 
hardness etc.) and a variety of structural and che
mical analyses techniques. 

Results and discussion: 

I. Solid State Bonding of Surface Modified SN 
with Metallic Interlayers. 

In this main activity SN ceramics with Y203 and 
AI2O3 additives, are bonding using a Ni-Si alloy 
foil as an insert layer. Joining is performed by 
hot-pressing at temperatures between 1000 
and 1350°C in argon under uniaxial pressures in 
the range of 50 to 100 MPa. For the determined 
optimal joining conditions the average joint 
strength was large enough (>300MPa) for 
some industrial applications. 
The effect on the bond quality of the state of 
the ceramic surfaces prior to joining eg. 
ground, polished, thermally annealed, Cr-coa-
ted and ion implanted has been investigated. 
By tailoring of the ceramic/metal interface the 
bond quality and reliability were greatly enhan
ced and compare very favourably with publish
ed results (table below). 

Modification of the ceramic 
surface prior to joining 

Average strength 
MPa (4-pt bending, Weibull 

number of Modules 
samples 5=9) 

As ground 
(average surface roughness, 
Ra = 0.3um) 

Polished 
(average surface roughness, 
Ra = 0.05 urn) 

Cr-coated 
(coating thickness, 1000Å) 

Oxidized and Cr-coated 

Cr-coated and ion-beam 
bombarded (Xe+ ions, 400 KeV, 
2x1016 ions/cm2) 

309 

365 

384.5 

467 

469 

2.3 

2.65 

2.93 

4.15 

6.07 
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The major reaction products at the bond inter
face (see figure above) were shown to be Cr-ni-
trides; the oxidation resistance of the joints up 
to 1000°C for 100 hrs. in air was good. 

High Temperature Joining of SN under N Gas 
Pressure*. 
This study extend an earlier project at GIRI Ja
pan to develop joints using a carbonaceous film 
as an interlayer. Joining was carried out under 
systematically varied conditions of temperatu
re, pressure time and atmosphere. The average 
joint strength (180-380 MPa) increased with in
creasing joining temperature and N gas pres
sure as well as with the use of protective pow
der bed during joining. However, joint strength 
is limited by degradation of the ceramic surfa
ces resulting from evaporation of the intergra
nular phases at the joining temperatures (1600-
1750°). 

Ion Beam Mixing and Ion Implantation effects 
on the Mechanical Properties of SN Ceramics 
and SN/Metal Interfaces*. 

Metallized and uncoated silicon nitride sam
ples were implanted with inert gas and metal 
ions over a broad range of energy (130 Kev-
2Mev) and doses ranging from 1015to 
1017ions/cm2. It is observed that no mixing ta
kes place in the Ti/Si3N4 system but probably 
does in the Cr/Si3N4 system. Ion implantation 
improved the mechanical properties, i.e. sur
face hardness, surface fracture toughness and 
bulk fracture stress of the SN. 

* Work performed jointly with Functional 
Materials Div. (lAM-lspra), 
Aarhus Univ. (DK) and FOM-lnstitute (NL). 

Above: Microstructure of a joint interface; 
joining conditions: 120CPC, 100 MPa, Ih, Argon 
(sn: silicon nitride, m: filler metal). 
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Micro-Hydrodynamics 
of Laser Melted Pools 

The incidence of a concentrated flux of energy 
onto a conducting substrate which leads to locali
zed melting, as with laser beam striking a metal, is 
currently of interest in various material technolo
gies, such as welding, in amorphous surface forma
tion, as well as in the related problem of plasma 
disruptions on the first wall of fusion reactors. Here 
we have modeled the process and consider the 
contribution of Marangoni or capillary gradient 
convection to the steady-state molten zone confi
guration. In the small scale hydrodynamics invol
ved in these phenomena and with high-surface-
tension substances, Marangoni flow dominates 
over buoyancy flow. 

This two-dimensional transient analysis refers to a 
model of a laser beam with Gaussian power distri
bution normal to a flat substance. Part of the inci
dence radiation is reflected, while the absorbed 
part raises the temperature and produces a molten 
pool. Because of the steep temperature distribu
tion, the surface tension decreases or increases ra
dially from the center depending upon the surface 
chemistry of the system. Classical Marangoni flow 
arises from the thermal or chemical capillary gra
dients at the fluid surface, the direction of flow 
being from a locality of low to one of high surface 
tension. 

As a first step the behavior of the important stain
less steel type AISI 316 is studied. This alloy is cur
rently of interest as a candidate material for the 
first wall of the fusion reactor, where localized sur
face melting is expected to occur due to energy 
bursts resulting from plasma disruptions. The pre
sent alloy has been also studied for its welding be
haviour and it has been demonstrated experimen
tally that a steel with high impurity content is asso
ciated with a deep weld pool while the converse 
holds for a "clean" steel. We apply the present mo
del to test the notion that the role of sulphur is 
through its effect on capillarity, which in turn in
fluences the flow hydrodynamics. In essence, we 
attempt through the present model to predict the 
resulting pool shapes from the surface thermody
namic data. 
For a steel containing 140 ppm of sulphur and for a 
high power laser beam namely, 4kW with 20% ab
sorption, the numerical model predicts the shape 
shown in the figure above. In general, a similar 

deep pool is predicted for all beam intensities, the 
fine detail of the profile depending on the actual 
power. For a "clean" steel, i.e. a steel having low 
sulphur impurities, the direction of the Marangoni 
flow at the surface is radially from the center to the 
periphery, from low to high surface tension as 
shown in the figure below. The surface currents 
transferred to the liquid bulk by shear forces now 
lead to a hydrodynamic flow pattern which tends 
to extend laterally the molten zone, leading to a 
broad shallow pool as represented. 

Above: Computed shape of molten pool for austenitic 
steelsample "B", having a high bulk impurity content of 
sulfur, a high level of surf ace-adsorbed sulfur and a positive 
temperature coefficient of surface tension: the streamline 
flow pattern, governed by surface Marangoni flow leads to 
a deep, narrow liquid pool. 
High-intensity beam (4 kW); pool'depth 1 mm. 
Temperature ranges from melting point (blue) to boiling 
point (yellow). Each of the 9 color shades represents 
a temperature step of about 125PC 

Below: Computed shape of laser-melted pool on 
high-purity austenitic stainless steel sample "A", having a 
negative temperature coefficient of surface tension: here, 
the direction of Marangoni surface streaming is reserved 
with respect to the figure above and the flow pattern leads 
to a shallow, flat molten pool. Laser power identical to the 
figure above, pool depth 0.09 mm. Color ranges as for 
figure above 
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Materials Characterisations 

Corrosion Properties 

The group was set up towards the end of 1988 and 
therefore a large proportion of this year's effort 
was concerned with combining and rationalising 
the already existing separate alloys and ceramics 
corrosion test facilities as well as developing and 
extending these into new areas of competence. 
The majority of the facilities is housed in a purpose-
built Environmental Test Laboratory (ETL see page 
162) in view of the hazardous nature of the atmos
pheres used. 
Five vertical top-loading multispecimen autoclaves 
are presently operational with a temperature capa
bility of 1100°C and a capacity to expose up to 30 
specimens simultaneously. 
Two higher temperature rigs (1500°C) of a similar 
design are available for studying ceramic materials 
whilst a further two are in the advanced stages of 
commissioning. 
The kinetics and mechanisms of corrosive degra
dation are established during the interruption of 
the exposures. 
Continuous kinetic studies are carried out in ther
mobalances which can operate at temperatures up 
to 1500°C; another, with a temperature capability 
of 1700°C, is being installed. 

Two horizontal muffle furnaces have also been 
used in a separate laboratory for non-explosive 
SO2 containing environments. 
A technique has been developed whereby the con
joint action of gaseous environments coupled with 
synthetic and/or real ash deposits and molten salts, 
of the types found in F.B.C.'s, is studied. 

The in-situ study of nucleation and growth proces
ses occurring during corrosion in aggressive at
mospheres is possible using a hot-stage micro
scope with an environmental chamber. 
Structural changes are monitored using an in-built 
videocamera. 

A new laboratory containing a burner rig has been 
designed and the majority of the equipment orde
red. This laboratory will become fully operational 
during 1990 and will enable dynamic tests to be 
carried out, complementing the simpler hot (salt) 
corrosion studies already possible using the con
ventional test rigs. 

Mechanical Properties/Environment Interaction 

It is common practice when designing a compo
nent to use mechanical property data and add an 
allowance for corrosion during the service life. This 
simplistic approach is adequate for some applica
tions, but it ignores the synergisms which occur be
tween the deformation/fracture and corrosion me
chanisms. The interactions increase in importance 
when a design is aimed at making the most effi
cient use of materials or when they are being used 
near to their potential limit. Furthermore, the ef
fects of creep/corrosion interactions increase in 
magnitude when the load, environment, tempera
ture, time factors are in a critical range for the ma
terial concerned. 

For this reason the group is concerned with the ef
fect of creep stress or strain on corrosion and the 
converse effect of corrosion on creep deformation 
and fracture process. In total 12 uniaxial creep rigs 
are available for testing in air, 2 of them can be 
used up to 1250°C and 4 up to 1100°C, the remain
der being limited to 1000°C. For environmental 
testing 17 creep rigs are available, 3 of them have 
been modified to enable salt additions to be made 
during the test and 2 others can be used for varia
ble H20 additions. For all rigs which operate in 
controlled atmospheres the maximum test tempe
rature is 1000° or 1050°C with simple modifica
tions. In addition to constant load uniaxial creep 
tests investigations are made with constant stress, 
or with cyclic temperature conditions. Creep crack 
growth (C.C.G.) is also studied. To extend know
ledge about testpiece mechanical behaviour to 
components, advanced multiaxial testing techni
ques are required together with complex methods 
for analysing the time dependent (and time inde
pendent) stress-strain evolution in the component. 

There are 4 test cells in which small tubular compo
nents can be pressurised up to 300 bar and the 
load maintained constant over long periods at 
temperatures up to 1050°C with air, inert or ag
gressive gas. 
Two of them operate with internal pressure alone, 
the circumferential strain being continuously moni
tored; the other two have in addition, facilities for 
axial loading, thereby allowing control over the 
multiaxiality. 
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Both axial and circumferential extensometry is pro
vided, figure below. A number of computerised 
models are available for the prediction of deforma
tion behaviour of tubular components operating 
under multiaxial creep stress using uniaxial data as 
the input. Assessment of the suitability of these 
models utilises the experiments as verification 
benchmark tests. 

A test rig to enable uniaxial creep tests to be con
ducted in an aggressive environment with a system 
pressure up to 200 bar has been constructed. 
Techniques have also been established to allow 
C.C.G. to be followed in a tubular component and 
subsequently evaluated by fracture mechanics 
means. Details of these developments are given in 
the section: Alloys (page 23). 

Below: Longitudinal and axial extensometry on a 
multiaxially loaded tube 

Mechanical Properties 

During the reporting period the groups' research 
effort stretched over the activities "Specific Pro
gramme", "Support to the Commission" and 
"Work for Third Parties", covering the research 
areas "Ceramics", "Metals and Alloys" and "Com
ponents and Thermal Fatigue". 
Set up late in 1988, the group went through its star-
ting-up phase in 1989 both in terms of launching of 
new projects and of geographic relocation of its 
equipment into the new ETL-S fatigue laboratory. 

The ETL-S laboratory, built under the auspices of 
the infrastructural services, is a temperature and 
humidity controlled, state-of-art testing laborato
ry. Currently the laboratory houses six universal 
testing machines with their ancillary equipment, 
which were moved into the laboratory and recom-
missioned over the period April-June of 1989. 
A further expansion with two testing machines is 
planned for early 1990. 

The digital control of the universal testing machi
nes and the digital acquisition and handling oftest 
data has been a major concern of several of the 
group sections over the past years. In 1989thetask 
of conceiving and implementing an overall solution 
for automating the machine control and data ac
quisition functions of the mechanical testing labo
ratories was assigned. 
The concept foresees in an individualized control 
and data acquisition per testing machine with net
working to a central computer for the reduction 
and reporting of data. 

Interfacial Engineering 

In the field of "Processing of Engineering 
Ceramics" the group provides facilities for: 

* the characterisation of powders with respect to 
particle size and size distribution, particle 
morphology, surface fotography etc. 

* Green forming of powder compacts by cold 
isostatic pressing and slip casting, with charac
terisation of the rheology of slips and disper
sions, viscometer, sedimentation behaviour, 
pH etc. 

* densificaron by normal, low pressure sintering 
in controlled environments. 

140 



COMPETENCES AND FACILITIES 

densificaron by reaction sintering (reaction 
bonding - followed by low pressure sintering), 
joining of ceramics to ceramics or to metals by 
engineering of joint surface chemistry and/or 
microstructure followed by hot pressing (solid 
state bonding). 
characterisation of densified ceramics; measu
rement of density, porosity, microhardness, 
elastic modulus, residual stresses (e.g. in com
posite materials). 
machining of densified ceramics for fabrication 
of flat geometry test pieces and components, 
with in-situ measurement of triaxial grinding 
forces and continuous monitoring oftest piece 
dimension. 
quantification of machining damage by measu
rement of rugocity, hardness, residual stresses 
in subsurface layers (X-ray diffractometric tech
niques). 
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Materials Performance and 
Reliability 

The division contributes to those programmes of 
the JRC in which materials 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 to these and other programmes wi
thin 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 
dislocations split in partials has been determi
ned. Deformation of metals generates too the 
formation of second phases which can best be 
determined by TEM. 

For the development of fusion reactor mate
rials, the study of the different radiation da
mage features as dislocation loops, voids and 
He-bubbles is important and is a subject of our 
activities. 

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 corro
sion processes and are being studied for diffe
rent 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 particularly apted for in-beam mea
surements, most of the devices are designed 
for the observation of effects, which depend on 
the dose rate. 

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 radiation 
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, com
parable to dose rates in a fusion reactor, the 
crack growth velocity 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. The changes in resistivity and 
the rate of change allow to develop additional 
information. 
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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 ten
sile 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 spe
cimens and the determination of the thermal 
creep behaviour which are both normally used 
by the MPR division, methods for special cases 
have been developed. Forthe 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 weldments. 
This knowledge gives the possibility to deter
mine in a better way the behaviour of weld
ments in large sections and to calculate the 
overall properties of the component. 

5. Thermal Fatigue. The first wall in a fusion reac
tor is exposed to a pulsed heat flux. As a conse
quence, variable thermal stresses are genera
ted in the material. Similar problems appear in 
other installations. The resulting fatigue pro
blems cannot be described adequately by the 
well-known mechanical fatigue data. A combi
nation of experimental facilities which allow to 
generate 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 ex
perimental problems as heat flux measure
ments, surface temperatures in a radiation field 
and crack detection, have to be solved. The ca
reful elaboration of the measured values allow a 
verification of the results obtained by the FE 
calculations. At present, several prototypes of 
first wall elements for NET are under investiga
tion. 

6. Weldments. Joining of metallic materials by dif
ferent welding procedures in an essential part 
of all structures. The division has developed 
methods which allow to characterise weld
ments in thick structures with respect to their 
metallurgical, metallographic and mechanical 
properties. Advanced analysis methods are ap
plied for the verification of the compositional 
homogeniety inside the welds, miniaturised 
tensile testing gives information on the thermo-
mechanical history of the single weld passes, 
while the metallographic observations give in
dications on the cooling rate of the melt. 

7. Surface Treatments. Protection of metallic sur
faces is a long standing activity in the division. 
The experience in the past had been concentra
ted on plasma spray coatings in air and under 
low gas pressure. Experience has been accumu
lated on coatings for protection of metallic ma
terials against corrosion by sulphuric acids at 
high temperatures. Other coatings in the field 
of chromium compounds have been develop
ed, in order to increase the optical absorptivity 
of surfaces in solar plants. Low Z coatings of the 
titanium-carbide 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 ion 
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 thermo-
chemical 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 stu
dy. The migration of corrosion products of dif
ferent nature in the earthcrust and in different 
geological 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 
defect 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, elec
tron microscopy, X-ray techniques, mechanical 
testing and non-destructive methods as ultra
sonic measurements and X-ray transmission in
spection. 
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 

Introduction 

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. 

Skills/Competences 

Chemical sensors 

The development of simple, reliable, long-lived, 
continuously monitoring sensors for the quantita
tive detection of components in gazeous atmos
pheres is of importance for both environmental as 
well as industrial purposes. 
The Service has already licensed an emf oxygen-
sensing cell, with an innovative electrode, which 
has the advantage of considerable precision, stabi
lity of signal, 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, but has 
available for future use the Surface Modification 
Centre's Facilities (¡on implanter, laser and elec
tron beam heating etc.). 

Facilities 

The most relevant facilities directly available or ac
cessible through co-operation contracts are des
cribed 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 15uA), lateral resolu
tion 1 urn. (Figure below). 

Below: Surface analysis system employed for the study of 
radioactive waste glass and metal corrosion 
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b) RIBER Scanning Auger Microscope: 

High lateral resolution (ca.350 A), high sensiti

vity 2.10
5 cps (CuLMM) at energy resolution of 

3 eV, data treatment (peak area, normalization, 
topological correction on lines and on maps) 
(Figures above and below). 

c) Ellipsometer: 

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

Access to: 
 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 treated in vapour phase at 220°C for 
welding process 

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

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

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

a) Xray glancing angle diffractometer and reflec

tometer: 

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 glacing 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) 

Substrate 
(111) 

Incident angle = 6 

(311) 

15 22 29 36 43 50 57 64 71 
Twotheta (degrees) 

78 85 
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b)XANES: 

- High resolution, better than 1 eV energy range 
5KeVto20KeV 

- High intensity source 
- Attachment for surface XANES measurements 
Accessio: 
- Synchroton Radiation (methods: REFLEXAFS, 

Glancing Angle Diffraction, Surface) - Daresbu-
ry,UK. 

Depositing Units 

a) MRC Plasma Sputtering Unit, 
3 targets, allowing co-sputtering in modes DC and 
AF (both diode and magnetron cathode type), 
200 mm diameter target, equipped with a loadlock 
system, cryogenic pumping. 

b) Plasma Sputtering Unit combined with electron-
gun evaporator, target diameter 76 mm, turbomo-
lecular pumping. 

c) Deposition unit consisting of two ion guns for ion 
beam sputtering and ion-beam 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: 
scratch-testing, residual stress determination, in
dentation tests etc. 
f) A nanoindenter for measuring microhardness 
and Young's modulus of films in the submicron 
range. 
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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 ul
trasonic instrumentation, using particular 
techniques (Schlieren, liquid crystals, refe
rence transducers,...) (Figure 4). 

{} Laboratory for basic studies on ultrasound 
propagation in materials, using highly sophis
ticated 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[Jm, 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 and a 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: 1 and 2 MeV Linear Accelerator 

Figure 7: High sophisticated and remote controlled 
ultrasonic bench 
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Materials Databanks 

Materials databank development is a field of out
standing attention within the Institute for Advan
ced Materials. Research and development in this 
field are based on materials and informatics com
petences contributed by both the Petten and Ispra 
Establishments. 
The joint development of online capability for a 
computerized materials data system has allowed 
the Institute to build up a unique experience on the 
operation of a materials databank with remote ac
cess via public networks. 
This experience is highly useful in the forthcoming 
operation of the HTM Databank for materials data 
servicesto external online users. 

The acquisition of data from published literature 
and laboratory records for databank input involves 
selection, assessment and formatting procedures 
which have been developed and implemented by 
the Institute. Using interactive PC-based menu 
techniques and thesaurus control, these procedu
res provide optimum informatics support to the 
most demanding task within the provision of ma
chine-readable data. 
The main effort within this area has since more than 
ten years been concentrated upon the develop
ment of the High Temperature Materials Data
bank. 

The High Temperature Materials Databank 

The High Temperature Materials Databank (HTM-
DB) is an on-line databank of mechanical property 
test results for metallic materials with a unique mo
delling and evaluation system relevant to high tem
perature service. 

The HTM-DB mechanical property data are related 
to materials used in components of conventional 
and nuclear power plants, steam and gas turbines. 
These data have been collected from open litera
ture and publications, from tests in our own labora
tories, from tests from partner laboratories and 
from European and world wide joint projects such 
as VAMAS, COST 50, COST 501, COST 505 and 
BRITE 1209 for which the access is restricted to col
laborating parties. 
The HTM-DB stores data on the following types of 
TEST: Creep, Creep Crack Growth, Tensile, Rela
xation, Fatigue, Fatigue Crack Growth, Charpy-V 
Impact and Fracture Toughness. 

The Databank is hosted on the Amdahl mainframe 
of the Joint Research Centre in Ispra and accessed 
via the public packet switched network. Searching 
is menu-assisted and linked to a menu-driven ap
plication programme library which offers options 
for evaluation and modelling of the retrieved data. 
Output is obtained immediately in the form of re
ports, tables and graphs. 

The PC-based Interface. 

The data retrieval methods have been extended 
with a multi-purpose PC-based interface for extra 
user-friendliness. This remote shell requires mini
mal user training. It performs automatic logon and 
logoff and it uses advanced windowing techniques 
to assist the user in formulating his queries. Typing 
mistakes and non-relevant queries are avoided as 
the user selects from lists of allowed terms, such as 
the list of treatment types in the figure below. 

The interface has been designed in such a way that 
the user can store all commands and all retrieved 
information, both text and graphics, of a session 
for later use. It can be tailored to fit other data
bases as well, and it can be further developed as an 
interface to the proposed European materials 
databanks network. 

Below: Formulating a query by means of the PC-based 
interface 

151 



COMPETENCES AND FACILITIES 

Data Evaluation. 

Datasets retrieved from the HTM-DB can be sub
mitted to the modules of the Evaluation Pro
gramme Library for further elaboration. This library 
contains more than 70 Fortran programmes which 
can be selected from a menu system. 

The output obtained from the evaluation program
mes is a combination of reports on calculated va
lues and colour graphics displays. 

The library contains a wide variety of programmes. 
Some of the routines are simple spline or linear re
gression programmes, whereas other modules of 
the Evaluation Programme Library allow the calcu
lation of constitutive equations with user guidance 
through the different programme steps. Most of 
the evaluation programmes calculate actual mate
rial parameters for design analysis. This capacity 
enables the HTM Databank to provide the mate
rials inputto, e.g., finite element methods. The in
tegration of computer-based engineering analysis 
with computer-based materials information sys
tems therefore is among the long-term objectives 
of this development. 

152 



2. Large Facilities 
■ ^ ■ ^ « » » Ì » ^ 





COMPETENCES AND FACILITIES 

High Flux Reactor Petten 

The High Flux Reactor (HFR) at Petten is 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 
provisions for moving irradiation experiments in 
the flux gradient facilitate the execution of fuel ir
radiations under transient conditions. In addition, 
twelve radial beam tubes of different cross sec
tions 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 LWR fuel irradiations under steady and tran
sient conditions the boiling water fuel capsule sys
tem has been developed. It can be operated in in-
core and in pool side facility positions. The capsule 
can be used to irradiate fresh as well as pre-irradia-
ted test fuel rods. A variety of instrumentation op
tions is available, from which the following are of 
particular note: measurement of fuel rod length, 
internal pressure, central temperature, application 
of axial load, power control to simulate transient 
conditions. At the present time an advanced 
design for LOCA tests is under development. Fu
ture activities will concentrate on measurement of 
fission gas release during transient tests with re-in
strumented fuel rods and on in situ profilometry on 
irradiated fuel rods. 

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°Cto900°C. 

Irradiation testing of coated fuel particles and full 
pebble elements for HTR's is performed in rigs 
which can be operated between 600°C and 
1500°C. The capsules are controlled by full instru
mentation and attached to a sweep gas system for 
the quantitative assessment of volatile fission pro
ducts. As an option, the sweep gas can be doped 
with controlled quantities of impurities, for exam
ple water vapour. 

The programmes related to radiation damage stu
dies and mechanical property changes of the ma
terials 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 
from400°Cto700°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 Watt/cm to study power-to-melt and overpo
wer steady-state performance. The option of flux 
tailoring by means of a cadmium screen is of ad
vantage for specific spectrum hardening. In the 
pool side facility power cycling, start-up and shut
down ramps and other transient experiments on 
fresh and pre-irradiated test fuel rods with the op
tion of intermittent measurement of fuel to clad in
teraction and on-line measurement of fuel to clad 
axial elongation during transients is possible. Fuel 
to cladding gap conductance measurement by 
noise analysis is under development. 

Irradiation rigs have been developed for the study 
of creep of metals under constant load. 
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Measurement 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 thermal fatigue combined with irradiation 
creep on first wall materials is under development. 

Tritium release kinetics of potential blanket bree
der materials for fusion devices can be investiga
ted by means of swept capsules. Devices for both 
lithium based ceramics and liquid metal (Pb-17Li) 
breeder concepts are available. 

The present nuclear physics programme makes 
use of the beam tubes HB2, HB7 and HB11, which 
have been equipped with mirror systems to create 
a neutron beam in the low energy tail of the ther
mal spectrum. At HB2 and HB7 magnetized mir
rors are being used in order to polarize the beam. 
At HB2 a polarized deuterium target is used. At 
HB7 the circular polarization of gammas can be 
studied. HB11 has been equipped with a system of 
curved mirrors taking up the thermal neutrons 

from the whole surface of the reactor core and fo
cussing them on to the target area. 
Five beam tubes - HB1, 3, 4, 5 and 9 - are in 
permanent use for neutron scattering investiga
tions. Spectrometers using neutron diffraction, cri
tical scattering, diffuse scattering, inelastic scatte
ring and small angle scattering are in operation. 

The high thermal neutron flux density in the HFR of 
up to 5 x 1018m-2s-1 is ideal for the production of ra
dioisotopes. General purposes devices are availa
ble mainly for the production of lr-192 and Au-198. 
Dedicated devices are used for cobalt irradiations 
and for fissile targets to produce Tc-99m. A rota
ting device giving a uniform neutron fluence distri
bution in the target is also available. 

Below: The control room of the HFR at Petten 
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Four irradiation facilities for neutron activation 
analysis are routinely in operation. Two of these are 
located in the pool side facility, one stationary and 
the other rotating, the remaining two systems are 
pneumatic shuttle systems. 

Neutron radiography has become a powerful tool 
for non-destructive testing for some high value 
components. Services in this field are offered 
jointly by JRC and ECN under the label "Petten 
Neutron Radiography Services". 

Facilities include the submerged camera and one 
dry beam tube at the HFR and facilities at the Low 
Flux Reactor (LFR). Development activities address 
the introduction of electronic imaging systems in
cluding tomography for static and dynamic radio
graphy. 

A design study is being performed in preparation 
for setting up a clinical facility for boron neutron 
capture therapy at one of the large cross-section 
beam tubes. 

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. / 1 / . 
The programme achievements are regularly repor
ted in a separate annual progress report 121. 

References 
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High Flux materials testing reactor HFR 
Petten, characteristics of facilities and 
standard irradiation devices; 
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/ ? / Annual Progress Report 1989, 
Operation of the High Flux Reactor 
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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 ion cyclotron. The 
accelerator system consists of two separate inden
tra i RF cavities with RF power amplifiers placed on 
each side of the cyclotron magnet. The cavities are 
A/4 type with 90° dees. The stems pass through the 
vacuum chamber via a flange with pipe supporting 
insulators (Al203) and are bent vertically in orderto 
reduce the horizontal extension of the system. 
The whole acceleration structure inside the va
cuum chamber can easily be reached when the up
per yoke of the magnet is raised by means of a hy
draulic lifting system. The RF power amplifiers are 
directly 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. 

Tablel:CharacteristicsofthelspraMC-40Cyclotron Above: MC-40 accelerator 

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

Current stability 

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

1x103 

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

'able II: Particle beam intensities 

Particles E-range 
(MeV) 

Protons 10-38 
Deuterons 5-19 
Helium-4 10-38 

Max extr. beam Energy 
current 

65 
65 

30 at max e 

uA) Spread AEÆ/ 
0.005 
0.01 

înergy 0.01 

Auxiliary Systems 

The accelerator is supported by a number of ser
vice systems, viz.: 
- ¡on 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 typically 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 pun-
field helium from a closed loop system or indirectly 
by water-cooled support plates. 
Temperatur measurement is by means of thermo
couples 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 pro
vide 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, as
sisted 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 current calculations, beam profile control, and 
experiment safety analysis. 

Building 

The cyclotron building (Figure below) is divided 
into the laboratory wing which is a radiological 
controlled 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 under way (see also page 87). 

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 

Power 
supply l Control 

room 

I 
Vacuum 
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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 
conditions, 

 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. 
Inbeam fatigue crack propagation experi

ments on AMCR steel samples; following the 
NET requirements 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 of the order 
of10

7
dpas

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 of the data has 

been observed for the irradiated specimens. 
Evidence of this may also be seen in figure op

posite above 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% of the 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 of the irradiation creep 
rate 

Below: Typical result of tests conducted under irradiation 
at300°C 
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Above: Fatigue life under irradiation at 300°C and 50CPC 

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 largets are 201-TI, 48-V and 
206-Bi. 

Radioisotopes for nuclear medicine and biology: 

A new activity in the laboratory is the production of 
radioisotopes for use in nuclear medicine. As a first 
step we have successfully tested a production sta
tion for 67-Ga, produced from a natural zinc target. 
In this case a maximum current of 54 \ik was used. 
Production of other radioisotopes of medical inte
rest is foreseen. In particular 123-1, 201-TI, 81-Rb, 
111 -In and 18-F are of principal interest and in in
creasing use in the European Community coun
tries. 
Medical research by proton irradiation of selected 
organs in laboratory animals has already been per
formed. In an experiment made in collaboration 
with a biological Institute male rats were irradiated 
on the cortex with 60 Gy Bragg peak protons in or
der to open the blood-brain-barrier, permitting 
the study of pathogen factors which can be res
ponsible for epilepsy in man. 

In the frame of a third party contract, research has 
been performed forthe production of the radioiso
tope 68-Ge and the development of a generator 
system 68-Ge/68-Ga. This generator can be used 
in medical diagnostics as well as forthe calibration 
of Positron Emission Tomography (PET) facilities. 
In 1989, after the necessary studies for production 
and chemical separation of 68-GE, irradiation ex
periments have been carried out to produce the 
68-Ge isotope. Quality control by gamma-spectro-
metry of the irradiated targets are under way to 
check the samples for radionuclide impurities and 
for the relative intensity of 68-Ga. 

The main development for the coming three to 
four years will be the set-up of radioisotope pro
duction for medical and scientific purposes. 
In this context the possibility to produce high pu
rity 123-1 and 201-TI is being studied in collabora
tion with radiopharmaceutical firms. This new line 
of activity is important not only for its commercial 
aspect but also (and principally) for its social as
pect. 
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, 
especially in the human organism. An irradia
tion chamber with a rotating target holder 
which allows simultaneous irradiation of 29 
samples is used. 

2) In preparation for a third party commitment, ir
radiations were carried out to determine rare 
earths in minerals. 

3) The thin layer activation method is a powerful 
tool for the sensitive and precise determina
tion of wear in lubricated mechnical compo
nents. The possibility of wear measurements in 
vital parts of engines in the aeronautical sector 
(helicopters) is being studied in cooperation 
with an external firm. 

4) The Proton Induced X-Ray Emission (PIXE) 
analytical method was studied and first measu
rements with an experimental facility were 
performed in collaboration with the University 
of Milan. 
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Environmental Testing Laboratory 

The Environmental Testing Laboratory was concei

ved and constructed to enable the materials tes

ting in all parts of the programme, which involved 
aggressive and potentially hazardous atmosphe

res to be conducted under conditions of maximum 
safety and security. The laboratory was designed in 
such a way that all experimental rigs could be atta

ched to a pier system which provides all the sup

plies necessary to run the experiments. Thus from 
a common source each experiment has at its dispo

sal a supply of test gas, inert blanket gas, 380V 3 
phase, 220V AC and 24V DC electrical supplies, 
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 safety both for the person

nel and for the experiment. 
The test gases are supplied from batteries of pre

mixed gas held in external gas stations and piped 
around the ETL. The gas compositions used in 
1989 are shown, by way of example, in table be

low. 

Because most of these gases contain explosive 
and/or toxic components (H2,CO,H2S, S02) the rig 
areas and the general laboratory space are moni

tored continuously for any leakage. 
The space in the ETL is currently allocated between 
various test disciplines as shown in the figure right. 
A total of 47 test points are available which are 
used for work within the Specific Programme and 
for thirdparty 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, re

quires a very close integration of facility and expe

riment. Hence it is dedicated to the work of the 
Component Testing subgroup and is described in 
more detail in chapter: Alloys. 

Types of test gas used in E. T. L during 1989 

Gas mixture vol.% 

2,0 H2S + 7CO, bal. H2 

0,6 H2S + 7CO, bal. H2 

0,4 H2S + 7CO, bal. H2 

0,2H2S + 7CO,bal.H2 

0,1H2S + 2OH2lbal.A 
0,4 H2S, bal. H2 
7CO,bal.H2 

205Vpm S02, bal. Air 
99,9999A for inert gas tests 
99,996A for safety blankets 

Including the argon safety gas, 14 lines 
available for experimental use. 

Below: Distribution oftest areas in E.T.L during 1989 
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COMPETENCES AND FACILITIES 

Surface Modification Centre 
Following a decision of the European Parliament, 
the 1AM has installed in its Ispra site a Surface Mo
dification Center. The center is intended to assem
ble in a single laboratory the most important tech
niques for the treatment of solid surfaces in order 
to study not only the possibilities of each single 
method, but to investigate the technological po
tential of the combination of these techniques. It is 
evident that in addition to the equipment for the 
preparation 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, ¡on 
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, 
surfaces 50 x 50 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 urn 0) 

2. PERKIN ELMER - ESCA-SAM 560 
High sensitivity and reliability for XPS measu
rements. Auger and XPS depth profiles by ion 
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 (or
dered) 

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

6. Metallographic Laboratory 

7. Surface Hardness Measurements 
Nanoindenter 

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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