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Preface

This publication is an update of the previous “Project Synopses” book and
includes all the projects selected after the two rounds of BRITE/EURAM in
1989 and 1990. Ecch page contains the basic information about a research
project, consisting of a summary of the objectives and achievements to date,
the contact address of the main contractor and «a list of the other major
paaticipants (contractors, subcontractors or sponsors), together with the
duration and starting date. In addition, projects supported under the
previous BRITE and EURAM programmes cre included, apart from any
which finished before January 1991

New features of this book are the inclusion of an index of participants ond a
keywords index. I hope this will make the book more generally useful and
encourage contacts to be established.

Activities under BRITE/EURAM now represent a total financial investment of
approximately 1.3 billion ECU, of which roughly 50% is being provided by
the Community. This is a substantial effort, and must be related to
complementary activities in materials eamd manufacturing resecrch being
carried out through national programmes cnd other schemes. BRITE/EURAM
does not have a monopoly of research in these disciplines, but it does
provide a special context for transnational, interinstitutional (companies,
universities cnd resecrch centres) and multidisciplincry teams to combine
forces and undertake industrially relevant projects together. Current
statistics show that approximately 56% of BRITE/EURAM participants come
from industry (1/3 of these are SMEs), 27% cxe universities and 17% care
resecach centres

Information and progress on all the 374 resecach projects selected under
BRITE/EURAM have been updated for this edition. Many of the very new
projects, with "4000" series project reference numbers, have only just started
or cre still under negotiation. The total number of projects outlined in this
book is well over 500.

Projects summarised represent roughly one quarter of the total number
submitted under vcarious calls. They cre therefore of good quality, but it is
aways a disappointment to me that we have been unable to fund all the
good projects we have received due to limited programme budgets.

Opportunities for resecach under BRITE/EURAM are now over. However,
with the current implementation of the Third Framework Programme, [ am
confident that the forthcoming Industrial and Materials Technologies
Programme - “BRITE-EURAM II" will provide an even greater occasion for the
BRITE/EURAM initiative to develop and expand into an increasing number of
industry sectors across the Community.
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How to use this book

The projects described in this book fall into BRITE/EURAM's four main technical
areas. These Areas are shown in the table of contents.

Areas are introduced by a special title page (see pages 1, 191, 295 and 385).

Each Area is divided into sub-areas.

Sub-areas cre identified at the top of each left-hand page of the project
synopses, next to the page number. (If a sub-area starts on a right-hand page.,
its title appears at the top left of this page.)

Each of the programme's sub-areas has again been divided into sub-sub-areas.
Sub-sub-areas are identified at the top of each right-hand page of the project
synopses, next to the page number. (If a sub-sub-area starts on a left-hand
page, its title appears at the top right of this page, after the sub-area title.)

If you want to find a particular type of project, go to the main table of
contents and choose the Area, Sub-area, and Sub-sub-areas which interest
you.

The information about each Brite/Euram project is summarized on a single page
of the book. Each page gives up-to-date information on that project's title,
starting date, duration, objectives, achievements to date and keywords. At the
bottom of the page the name and address of the main contractor (prime
pariner) is given, along with the name of their contact person for the project,
and the telephone, telefax, and telex numbers for that person. Also given are
the names and country codes of the other major parmers in the project.

Country codes are shown to the right of each partner's name, and cre:

A Austria IRL Irelend

B  Belgium L Luxembourg
CH Switzerland NL the Netherlands
D Federal Republic of Germany NO Norway

DK Denmark P Portugal

E Span S Sweden

F France SF Finland

GR Greece UK United Kingdom
I TItaly



X How to use this book

Each project has a 4-digit proposal number. Projects funded under the Brite
and Euram programmes have proposal numbers preceded by 'P-' (for example,
P-1244). Projects funded under the Brite/Euram programme have proposal
numbers preceded by BE-' (for example, BE-3328).

Proposal numbers are located at the bottomn right hand cormer of the page.
Each project also has a contract number.

Contract numbers care also located at the botiom right hand corner of the
page.

ALL PROJECTS ARE IDENTIFIED IN THE INDEXES OF THIS BOOK BY
THEIR 4-DIGIT PROPOSAL NUMBER.

INDEXES

If you want to find information about a specific project, you can do this in a
number of ways by using the book's six indexes.

Index of projects by area (page xi): This lists each project title with its proposal
number and follows the page order of the book, crea by creq.

Index of projects by proposal number (page xli): This lists the projects by their
proposal number in numerical order, and gives each project's title and page
number.

Index of proposal numbers (page lxix): This lists the project proposal numbers
in numerical order and gives their corresponding contract numbers. (Note: if
there is no contract number yet, this is indicated by a dash —'.)

Index of contract numbers (page Lxxv): This lists the project contract numbers
in numerical order and gives their corresponding proposal numbers.

Index of keywords (page xci): This lists the programme keywords and gives
the projects to which they apply.

Index of participants (page xcvii): This lists all the participants, and gives the
projects in which they are involved.

Examples of how to use the indexes

To find information about the project with proposal number P-3322, look in the
Index of projects by proposal number, where it says that project 3322 has the
title Sub angstrom structure characterization, and is described on page 271.

To find information about the project with contract number RI1B-192, look in the
Index of contract numbers, where it says the project's proposal number is
2341. Then look in the Index of projects by proposal number, where it says
that project 2341 has the title Performance and reliability evaluation of welding
in elevated temperature service, and is described on page 223.



Index of projects by area

xi

AREA 1

1.1

L1.1
0494
4500

3250

3355
3167

1.1.2
0191
0201

0717

3223

3279

3398

4407

4030

Index of projects by area

METALLIC MATERIALS AND METALLIC MATRIX COMPOSITES

LIGHT ALLOYS
Texture and plastic anisotropy in aluminium lithium alloys
Workability of metals and metal matrix composites in

particular al-li alloys and aluminium-based metal matrix
composites

Investigations on aluminiume-lithium alloys for damage
tolerant application

New accelerated corrosion test methods

Forging technique and alloy compositional optimization for
the production of aluminiurn lithium die forgings

METAL MATRIX COMPOSITES
Optimisation of ceramic fibre - reinforced aluminium alloys

Prepregs and composite merterials made of aluminium alloys
reinforced with continuous fibres

Development of fibre reinforced aluminium metal matrix
composites for applications in aerospace primary
components using powder metallurgy technicues

Novel metal matrix composites based on hyper eutectic
aluminium / silicon alloys
Development of novel automotive piston/rod components

and aerospace gearboxes from long fibre/metal matrix
composites

Innovative manufacturing, design and assessment of
aluminium matrix composites for high temperature
performance

A new approach to high performance reinforced aluminium
components using fibres with predetermined orientation

MMC sheets and sheet structures made from particulate
reinforced aluminium alloys

ADVANCED MATERIALS TECHNOLOGIES

10

11

12

13

14



Xii  Index of projects by area

113
0275

3332

2038

0031

4394

0809

2038

1.1.4
4515

0508

0553

0612

0287

0774

3596

0516

3041

4514

3217

OTHER METALLIC ALLOYS

Tough titcnium based cermets for tools cnd wear resistant
components

Microstructure and texture control of hexagonal sheet alloys
- role of alloying elements on mechanical properties and
formability

A study of advanced high temperature creep resistant
dispersion strengthened titanium alloys using a powder
metallurgical process

Environment sensitive cracking of titanium

Development of an Alpha-2 based titanium aluminide alloy
for high temperature applications

Identification and evolution of crystalline structures during
processing cnd teaching of shape memory alloys

Development of steels having a high aluminium content
resistomt to wecar and to environments that cre subject to
hot corrosion - applications to coatings

PROCESSING ROUTES

Economic and reliable turbine blading by low cost single
crystal adloy, casting process and non destructive testing

Development of advanced carbon-magnesium metal matrix
composites by applying the semi-liquid phase infiliration
Development of magnesium alloys for pressure die casting
in the semi-solid state (thixocasting and rheocasting)
Squeeze casting of light alloys and metal matrix composites
— mechanical property evaluation

Fabrication of engineering components from Al alloy RS
powders. A comparative study of the relative importance of
powder morphology, composition and thermodynamical
processing

Improved aluminium alloy matrix composites through
microstructwral control of the processing and fabrication
routes

Processing and microstructural modelling for development of
advanced materials by rapid solidification technology

Cast light alloy matrix composites - assessment of a
rheocasting route

Assessment of semi-solid state forming of aluminium metal
matrix composites

Microstructural modelling of industrial thermomechanical
processing of aluminium alloys

Low cost MMC made by spray deposition

156

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31
32



Index of projects by area Xiii

0603 Fatigue properties of high strength aluminium transition
metal base alloys produced by rapid solidification
processing 33

1.2  MATERIALS FOR MAGNETIC, OPTICAL, ELECTRICAL AND
SUPERCONDUCTING APPLICATIONS

1.2.1 MAGNETIC MATERIALS
0653 Amorphous wires of R-TM alloys - search for new

applications 34
0047 Improved and novel materials for permanent magnets

based on rare earth alloys 35
0300 Novel techniques for preparation and characterization of

high-performance magnets 36
0041 Novel hard magnetic materials with improved properties 37

0049 Investigation of the corrosion oxidation and thermal stability
of NdFeB type magnets and development of improved
magnet material through process modifications and

coatings 38
3039 Basic interactions in rare earth magnets 39
4393 Development of new SM-FE-N permanent magnets 40
41585 Concerted European Action on Magnets - applications,

processes, new materials 41
3115 Andalysis of coercivity and of the microstructure of high-tech

hard magnetic materials 42
0320 Development of powder passivation and spray forming

techniques for RE-TM-X magnets 43

0329 Novel processing techniques and alloy engineering applied
to advanced rare earth iron based permanent magnet

systems 44
3466 Development of economic production techniques of high

performance RE-magnets for mass applications : 45
0325 Preparation and characterization of rare earth tramsition

metal magnetic films and multilayers 46
4112 New magnetic material structures for static sensing

heads 47
3432 Magnetic multilayers: fundamental and technological

aspects 48
4122 High performance magnetic fluids and complementary

devices 49

4378 Elaboration and study of soft magnetic materials obtained
by rapid solidification and by chemical vapour deposition
for applications at medium ond high frequencies 50



xiv  Index of projects by area

1.2.2
3560

2278
4204

3336

2119

4137

4379

0831

2413
4288

4042

1.2.3
0157

3369

4577

2344

2226

3642

2245

2343

3476

3286

OPTICAL MATERIALS

Advances in laser ablation deposition innovations
(ALADIN)

New red phosphor for cathode ray tubes

Ultrafine cathodo-luminescant powders for very high
resolution systems

Highly reactive rare earth oxide powders for more efficient
luminescent materials

Erasable polymeric media for analog information storage
and retrieval

Fast response electro-chromic devices on polymeric
substrate (FREDOPS)

GRIN material and technology R & D for gradient index
optical glass lenses

Lightweight mirrors made of carbon-fibre compound for
optical application
Lightweight reflectors of carbon fibre reinforced plastic

Superior aluminium nitride with special microstructure
design for improved machining behaviour

An electrochromic glazing system suitable for transport and
architectural applications

ELECTRICAL MATERIALS

Novel processing and testing procedures of optimized
ceramic or metal polymer composites for acousto-optical
electrical cnd magnetic applications

New applications of polymers in electronics and optics
Intrinsically conductive polymers for electromagnetic
interference shielding

Development of improved materials for high voltage
multilayer ceramic capacitors

Preparation and use of polymeric alloys for electrical
engineering applications

Highly oriented highly conductive polymers - a new class of
electro-active materials

Medium voltage polymeric power cables ~ clarification of
the cause of water treeing and methods of its prevention
Solid electrolytic capacitors with conducting polymeric
electrode system

Improvements in surface prepcration of electrical contacts
and orgamic thin film deposition

Electronic and electrical applications of advanced
conducting polymers

51
52

53

54

55

56

57

58
59

60

61

62
63

64

65

66

66

68

69

70

71



Index of projects by area XV

3587 Optimized processing of polymeric film dielectric for ac
power capacitors 72

3247 Polymer electrolytes involving multivalent cations 73

3372 Research on a cathodic material for secondary lithium cell,
method of synthesis and feasibility of an industrial

process 74
3589 New manufacturing technologies for advanced solid oxide

fuel cells 75
4439 Manufacturing techniques for components of flat plate, solid

oxide fuel cell (SOFC) reactors 76
3096 Ferroelectric polymer and composite sensors and

transducers 77
4222 Piezocerarnics for saw devices - hydrothermal synthesis as a

method to achieve submicron grain sized powder 78
4012 Magnetic materials for active control of anti-vibration

systems 79
3467 The fabrication of composite electro-mechanical devices for

micromovement agpplications in manufacturing processes 80
3360 Study of new materials and designs for advanced

micromotors 81
4640 Economic electrical drive for highly dynamic applications 82
3595 Segregation in oxide ceramic materials and its effect on

processing and properties 83

1.2.4 SUPERCONDUCTIVITY
3015 An investigation into methods of texturing high-Tc

superconductors for high Jc applications . 84
3092 European research project on ‘high temperature’

superconductors for power cables 85
3236 Ceramic superconducting filoments and ribbon produced by

suspension spinning and tape casting 86

3503 Improvement of the performance of plasma sprayed -
ceramic superconductive layers deposited on metallic
substrates 87

3378 Generation and critical evaluation of thermochemical cnd
phase diagram data pertaining to the field of high Tc oxide

superconductors (SUPERDATA) 88
4020 Development of CVD, metal-organic precursors and pattems
technicues for high Tc applications 89

4071 High critical temperature superconductors for electrical
power applications - superconducting oxide based current
leads 90

4283 Microwave devices based on high Tc superconductors 91



xVi Index of projects by area

13

1.3.1
2148

0461

0083

2417

0386

3086
35636

0113

0224

3269

0677
3119

1.3.2
4066

0459

4068

4144

1253
2086

HIGH TEMPERATURE NON-METALLIC MATERIALS

CERAMICS

Compatibility of economic manufacturing methods with
wear and fatigue resistance of silicon nitride based ceramic
ball bearing components for critical applications
Optimization of thermomechanical properties of injection-
moulded silicon nitride parts by adjustment of the physico
chemical characteristics of the starting material
Development of advanced ceramics from sialon-based
‘composite powders’

Reliability of bulk ceramics fatigue behaviour in corrosive
media

Creep and fatigue behaviour of silicon carbide and silicon
nitride in normal and corrosive atmospheres

Complex shaped advanced ceramics

Development of new ceramic components with better
lifetime to control melted metals casting

High temperature mechanical behaviour of TiO2, CaO or
MgO containing reaction sintered mullite zirconia tough
ceramics composites for engine applications

Improvement of the reliability of different silicon carbide
grades for automotive applications

X-Sialon mullite ceramics — precursors, powders and cost
effective components with improved microstructure and
properties

Micro defect-free ceramic components

Design methods for ceramic matrix composites

CERAMIC COMPOSITES

New fibre reinforced traditional ceramic products with
superior mechanical properties

Fabrication and joining of graded cermets by a technique
of metal infiltration

Chemical vapour infilration in new designed composites
with reduced infilration times by pressure gradients cnd
monitored by insitu analysis with spectroscopic means
Cost-effective production technologies for cercmic matrix
composites

Metal reinforced ceramics

Development of technology to produce 2- and 3-d ccrbon
reinforced graphite structures for high strength and high
temperature applications

92

93

94

95

96
97

98

99

100

101

102
103

104

105

106

107
108

109



Index of projects by area xvii

3243 Development and characterisation of CMC and C/C
composites 110

2219 Development of ceramic and ceramic composite materials
for structural applications at high temperatures with
improved creep resistance, chemical stability and
reliability 111

3266 Organometallic precursors for the preparation of high
performance non-oxide ceramics and ceramic matrix

composites 112
3549 Improved high temperature corrosion resistant silicon

nitride-silicon carbide composites 113
4124 Coating of silicon carbide matrix composites for industrial

use in corrosive environments 114
2401 Industrial production process for silicon carbide whiskers

for composite materials reinforcement 115

4610 Engineered fibre strengthened ceramic composites -
structural integrity and performance in energy conversion
and processing systems 116

1.3.3 THERMAL BARRIER COATINGS
2280 Optimization of ceramic zirconia powders for thermal barrier

coatings in IC-engines and gas turbines 117
4212 Modelling and characterization of the manufacturing
process of ceramic thermal barrier coatings 118

4272 Improvement of the reliability of heat engine components
under service conditions using finite element modelling of

ceramic thermal barrier coatings 119
3012 High performance thermal and chemical banrier coatings

for diesel cmd gas turbine engines 120
3337 The development of environmentally tolerant PVD thermal

barrier coatings 121

1.4. POLYMERS AND ORGANIC MATRIX COMPOSITES

1.4.1 POLYMERS

4143 Design and evaluation of self reinforcing thermosets
through the crosslinking polymerization of liquid crystalline

monomers 122
4377 New liquid crystal polymer/elastomer composites 123
3137 Flow and flow-induced structure during the processing of

liquid crystalline polymers 124

4490 Development and characterization of melt-processable rigid
rod polymers with improved mechanical properties 125



xviii Index of projects by area

2168

3231

4441

3072

2019

4432

4104

14.2
2199
3203

0148

0135
0721

0165

4016

3194

3408

3429

4645

New family of polymers obtained by means of an original
technique for living anionic polymerization of acrylic
monomers - development of production ecnd

applications

Lubricated liquid crystal polymers for heavy duty high
precision bearing systems

Laser induced colouring of plastics and lacquers
(LICOPAL)

Reactive polymers for high-performance binding and
glueing

The r1ole of the metal-polyester interface in new
technologies

Quality control of polypropylene photostability based on
laser exposure

Quality enhancement and process availabilty in LLDPE
stretch film output by multisensors ond computerized
systems

POLYMER MATRIX COMPOSITES

New reinforced thermoplastic materials

High performance reinforced thermoplastics for aerospace
structural applications processed by injection moulding
Development of CFRC materials with partially reduced
carbon fibre content for use in car brake systems

Optimising structural fibre composites by hybridisation
The role of the fibre-matrix interface on the mechanical

behaviour and damage development in carbon-fibre
reinforced plastics composites

Development of new thermostable high performance
composites based on bismaleimide modified siloxane matrix
and continuous carbon fibres

Interface contribution to the temperature-dependent
properties of carbon fibre-reinforced bismaleimide
composites

Development of improved damage tolerant carbon fibres-
orgamic composites

Development, characterisation cnd utilisation of novel
modified amorphous polyaromatics for use as composite
matrices

Improving durability and performance of thermoplastic
based composites using novel adhesion promoting polymer
interfaces

Advanced fabrics for integral composite sandwich
structures (AFICOSS)

126

127

128

129

130

131

132

133

134

135
136

137

138

139

140

141

142

143



Index of projects by area xix

3565 Lightweight hybrid composites with improved damage
tolerance based on high modulus polyethylene and glass

fibres 144
3218 Simulation detection and repair of defects in polymeric
composite materials 145

2150 Numerical and experimental techniques for composite
material, structural design and validation in advanced

industrial applications 146
3159 Design methodology for the improvement of damage

tolerance within composite structures 147
3292 Composite material for marine structures and

components 148

4412 Development of new materials with improved fire
resistamce, reduced smoke and toxicity for structural
and/or fumishing applications 149

1.4.3 PROCESSING ROUTES

0706 Precompression of individual layers in multilayer CFRP
composites to increase the threshold for interfibre/matrix

cracking 150
0505 Development of techniques for processing large’ orgamic

sheets, thermoplastic prepregs, ribbons and foils 151
4076 Multilayer injection moulding 152
2397 Filament winding of thermoplastic materials 153

3381 Design of structures in composite materials with CAD/CAM
technique - Achievement of a prototype of a fully
automated equipment of production in filament winding 154

4551 Processing stategy for filament winding of thermoset

components based on a mathematical process
description 155

3062 Durability of continuous fibre reinforced thermoplastic
composites with emphasis on the interface behaviour cnd -
the method of fabrication 156

3212 Development of techniques for polymeric diaphragm
forming of continuous fibre reinforced thermoplastics 157

3103 Injection and blow moulding of fibre-reinforced thermosets
and thermoplastics with optimised fibre length and

mechanical properties —INBLOFIL' 158
4034 Adaptation of recycled PET to the extrusion blow moulding

process 159
3532 Development of design and processing techniques for

overinjection of thermoplastic composites 160

3006 Development of the rubber batch mixing process for
optimal quality 161



XX Index of projects by area

35622
3069

4009

4455

4215

1.4.4.

4414

3106

3120

3130

4191

4125

4260

1.5.

1.5.1
3348

4055

4456

4249

0570

Hot-wet-press process

Development of materials, tools, cost effective process
design and technique for advanced structural composites
by resin transfer moulding

Development of a continuous process and a prototype for
manufacturing rubber compounds for car tyres, conveyer
belts, and technical.rubber crticles

Development of a new filler elastomer systern for improved
tyre performonce and driving safety

Improved tyre safety and life by a new wire rubber
adhesion system

ENVIRONMENTALLY FRIENDLY POLYMERS

Development of high performance isocyanate - free
polymers for new low toxicity paint

Synthesis characterisation and development of new
biocompatible polyamides with controlled

biodegradability

An investigation of the parameters involved in the
environmental ultimate degradation of plastics
Development of a biodegradable plastic and equipment to
process it into oriented containers

Environmentally friendly high performance waterborne
coatings

Design, manufacturing and recyling of advanced
thermoplastic composite automotive parts

Reactive blends - a new way for improved and recycled
materials

MATERIALS FOR SPECIALISED APPLICATIONS

BIOMEDICAL

Development of resorbable biodegradable polymers for the
preparation of coated particles for drug delivery

Polymeric systems for selective delivery to the large

bowel

Development of a collagen binding polymer surface for
intraocular lenses

Development of a new generation of artificial hip joints
containing compliont layers

Improvement of the mechanical and corrosion properties of
titanium alloys especially for surgical prostheses by ion
implentation and chemical polishing

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178



Index of projects by area XXi

2052 Inorgamic surface cocating of titcmium alloy for orthopaedic

joint prostheses 179
3048 Surface coatings for biomaterials 180
4635 Ceramic part preparation process to enhance tissue

ingrowth on orthopaedic devices 181
3208 Development of biocompatible materials through surface

treatments - use of ion implantation 182

4375 Comparison of surface modifications by ion implantation
and cold plasma assisted treatments as an alternative to

other coating technicues 183
4230 Resorbable continuous fibre-reinforced polymers for the
osteosynthesis 184

3506 Development of novel research and fabrication techniques
for materials with biocompatible and bioelectronic

properties 185
4163 Multiparameter chemical sensors for on-line data aquisition

of blood physiological data 186
3500 Implant monitoring project using active telemetry

(IMPACT) 187
4121 Compact MRI body scanners using state-of-the-art

permanent magnets 188

1.5.2 PACKAGING MATERIALS
4607 Development of low cost, transparent barrier films for

flexible packaging 189
4200 Substitution of PVC-foils by resources and environment
preserving materials (SUPREMAT) . 190

AREA 2 DESIGN METHODOLOGY AND
ASSURANCE FOR PRODUCTS AND
PROCESSES

2.1. QUALITY, RELIABILITY AND MAINTAINABILITY IN INDUSTRY

2.1.1 DESIGN FOR RELIABILITY
3385 Advanced design of crash fail-safe train structures under
service and impact conditions 192
2121 Novel intelligent method for the rational qualification and
selection of reliable subsea hydrocarbon production
equipment 193
4359 Optimized fire safety of offshore structures 194

2146 Rational procedure for advanced non-linear analysis of
floating structures 195



xxii Index of projects by area

3324

4227
4554
4139

4657

3051

4250

4424

4049

3138

3413

4194

212
1145

3338

3379

3386

2418

4158

4088

2231

3444

Structured design and verification of systems for use on
ships cnd marine platforms

A structural methology for the ship predesign process
SHIPREL-reliability methods for ship structural design

Repair policy determination based on a leconing methods
(REPAY)

Concerted action - life assessment of industrial components
and structures

Design methodology for durability of mechanical
components based on reliability approaches

Integrated computer-aided reliability analysis and real-time
fault location using component and system modelling

A tool for disseminating product assurance in the
mechanical industries

Availability, maintainability and reliability optimization in
electrical substations by the integration of protection and
control functions

Research and development on a high speed oil free
intelligent motocompressor (HOFIM)

Design methodologies for engineering component properties
- PRECEPT

Reliability-based optimal design methodology with
applications to advanced aerospace structures

DAMAGE TOLERANCE/PREDICTION OF BEHAVIOUR
Prediction of fatigue crack initiation from defects in welded
and cast components used in power plants

The initiation and growth of thermal-mechanical fatigue
cracks in coated turbine blade materials

Life prediction algorithms for aero-engine disks based on
crack initicion and crack propagation models

Damage tolerance of helicopter metal perts

Improvement of the contact corrosion behaviour of

advanced mechanical structures made from high-grade
alloys

Prediction of erosion due to cavitation in hydraulic
machinery

New types of corrosion impairing the reliability of copper in
potable water caused by micro-organisms

Use of ceramic materials for advanced tribological systems
involving fluids with adverse lubricating properties
Analytical and experimental approach to cumulative

damage and residual strength prediction for CFRE
composites

196
197
198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216
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3038 Damage tolerance and fatigue design methodology for
primary composite structures 217
2369 Predictive technicues for the analysis and design of fibre-
reinforced composite materials and structures capable of

withstonding impulsive loadings 218
2001 Predictive failure model for designing truck tyres with

improved safety and durability 219
3270 Fatigue mechanisms and failure criteria in rolling lobe air

springs 220
3160 Post-buckling behaviour of CFC structures 221
4564 Prediction of nonlinear materials and structural behaviour

using parallel computing methods 222

2.1.3. MAINTENANCE

2341 Performance and reliability evaluation of welding in
elevated temperature service 223

3080 LSM development of an advanced lifetime monitoring
system for components of piping systems in the creep

range 224
2147 Creep behaviour of full size weld joints - design
improvements cnd defect acceptance criteria 225

3090 Lifetime management of elevated temperature welded
heavy section industrial plant operating under variable
thermo- mechanical loading 226

2124 Enhancement of inspection and maintenance of industrial
structures using reliability based methods cnd expert
systems 227

4285 Verified approaches to life assessment and improved
design of elevated temperature turbine equipment

(VALID) 228
3122 Llifetime prediction and wear control of machine elements

using expert systems 229
4302 Machine management for increasing reliability, availability

and maintainability - MIRAM 230
3371 PRISMA - predictive integrated system for the maintenace

of rotating machinery 231
4192 Gas turbine health monitoring demonstrator (GASTEM) 232
4126 Power train noise / vibration prediction 233

2319 Optimization of noise control measures in complex
lightweight sheet metal structures using energy flow
analysis 234
4436 Development and integration of an advanced unified
approach to structure bome noise analysis 235
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2032

1300

2049

3014

3438

2.14
1027

2317

2289

2156

2315

3472

3394

4354

2.2

221
3364

2172

Development of acoustic emission (AE) testing methods for
analysis and on - line monitoring of stress corrosion
cracking (SCC) under operating conditions in the chemical
industry

Acoustic emission for process monitoring during turning
and drilling

Development of an expert system for tool wecr monitoring
in milling, drilling and blonking using multisensor system
and machinability studies using acoustic emission
Modular, sensor-based system for knowledge-based
analysis and optimization of the grinding omd dressing
process

Machine: monitoring and control of hoist technology in
industrial environments

MATHEMATICAL MODELLING IN FLOW SYSTEMS

Development of experimentally tested 3-D computer codes
for fundamental design of process equipment involving
non-newtonian multi-phase turbulent fluids

Experimental, theoretical and computational cnalysis of gas
and pearticle behavoiur inside a cyclone providing the basis
for improved performance of cyclones and similar
separators

Development of a general computer-aided technicue for the
characterization of the micropore structure of industrial
porous media and development of general network
simulators for prediction of multiphase flow and transport
rhenomena in such porous media

The study of non-equilibrium two phase flows in steam
turbines

Three dimensional computer simulation of in-cylinder flows
in large engines

Identification of fluid/structure interaction for the
development and design of boilerfeed pumps (BFP)

Decision support environment for the design of piping and
flow systems

Experimental and numerical analysis of sloshing and
impact loads

PROCESS AND PRODUCT ASSURANCE

SENSORS

Development of basic fabrication technologies and
simulation tools for micromechanical devices

Innovative tramsducers for advanced signal processing

236

237

238

239

240

241

242

243

244

245

246

247

248

249
250
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3142 Development of fabrication techniques for the production of

metal-oxide based sensors 251
4033 Novel semiconductor gas detectors in multi-sensor systems

for safety, efficiency and the environment 252
4512 A fundamental study of electrochemical sensors for the

aluminium industry 253

2.2.2 NON-DESTRUCTIVE EVALUATION
3135 Control of flocculation of cellulose fibre and mineral solids in

papermaking stocks 254
2449 Laser mass spectrometry for in-line industrial
microcnalysis 255

3102 In-process monitoring of element composition cnd derived
properties of polymeric materials by remote laser micro

canalysis 256
3495 Non-destructive characterization of damage in particle

reinforced aluminium matrix composites 257
4336 On-line quality control of strip cast aluminium alloys 258

4041 System for on-line inspection, classification, quality control
and rescheduling of flat rolled products moving at high

speed 259
2396 Development of microwave techniques for non destructive

evaluation of advenced ceramics 260
3607 On-line mull sensor inspection system for composites cnd

ceramic coated material 261
2051 X-ray voludensitometry application to the testing of

technical ceramics and advanced mdaterials 262
4398 Non contacting surface characterization of ceramics and

coatings with micro acoustic waves (¢ - maw) 263
4334 ATTAIN: oapplication of transient thermography to

advance industrial NDT 264
2082 Development of non-invasive methods for measurement of -

stress in welded steel structures 265

4108 Residual stresses and hardening depth measurements - an
on-line approach to mechanical part 100% production
testing 266

3036 High resolution non-destructive X-ray equipment for
industrial production line monitoring with on-line computer

evaluation 267
4602 Vision based internal and external cautomatic inspection
system for metal products 268

1545 The development of a new NMR microscope for structural
and dynamic studies of chemical and biological
processes 269
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3148

4489

Production and cost oriented mould integrated design
expert systemn (PROMISES)

Development of computer - aided moulding area
reservation and optimization system (CAMARQO)

3455/6/7 FEMOD - Application of feature based modelling for

3600

4113

3127

3480

4244

4471
4545
3527

4159

J.12
3152

2349
4213

3001

4618

3376

4300
4001
3275

complex product design and manufacture

An intelligent knowledge assisted design environment
(IKADE)

Development and evaluation of a design - methodology for
tool logistics in the cutomotive industry’s manufacturing
environment

Intelligent integrated tool management and handling
system

Tools and methods for ideal fixturing of mechanical
workpieces with modular systems (IDEFIX)

Cost reduction through manufacturing planning ond
control using impact analysis and capacity scheduling
ICADES - Integrated calculation in a design system
Metacost

Reduction of design to product lead time through instant
manufacturing of models prototypes and tools

Flexibot project - flexible manufacturing system integrating
different welding technologies and others for small-lot and
very diversified production

CIVIL ENGINEERING

Integrated and hiercachized system for automated control
of gravel production (Petrus project)

Reliability, availability and maintainability of bridges
Condition assessment and maintenance stategies for
buildings and building components

Assessment of performance and optimal strategies for

inspection and maintenance of concrete structures using
reliability based expert systems

Neural networks involving new signal processing
procedures for fault assessment in civil engineering
structures

Quality assurance of concrete, based on testing of the
fresh, still plastic material

Image analysis for monitoring building materials
Industriad development of reinforced masonry buildings

Failure mechanics of fibre-reinforced concrete and pre-
damaged structures

307

308

309

310

311

312

313

314
315
316

317

318

319
320

321

322

323

324
325
326

327
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3469 Performance taloring of structural concrete 328
3291 The development of stamdardised performance tests and

criteria for concrete repdair systems 329
4062 The residual service life of concrete structures 330
2370 Fibre-reinforced composite with modified cementitious

martrix 331
4142 Fibre composite elements and technicques as non-metallic

reinforcement of concrete 332
2085 TFreeze/thaw durability of concrete paving blocks 333
2414 ECOPAVE - The development of a multi-purpose composite

pavement system 334
4501 Epoxy polymer concrete for precision engineering

(EPOC) 335

3415 Optimisation of the surface properties of concrete roads in
accordance with environmental acceptance and travel

safety 336
3290 The prediction of long-term sealant performance from

dynamic accelerated weathering 337
3474 Improving load bearing and water resisting properties of

gypsum as a secondcary raw material 338

4086 Development of advanced prefabricated urban slab track

systems by application of innovating design methodologies

for improving overall system performances taking into

account environmental factors 339
4511 Hi PER VIB High Performance vibratory pile drivers based

on novel electromagnetic actuation system and improved

understending of soil dynamics 340
4390 Integrated system of flexible prefabrication for personalized
architectonic facade 341
4138 Integrated production cell for the steel components of
reinforced concrete building elements (INPROROS) 342
4417 Development of building module technology . 343
4468 High rise concrete apartment buildings with limited
construction time 344

3.2  MANUFACTURING PROCESSES FOR FLEXIBLE MATERIALS

3.2.1 CLOTHING
2096 Mathematical modelling of 3-D flexible material surfaces to
aid design and manufacture of clothing 345
2478 Realisation and test of a prototype of a basic module of
computer integrated monufacturing (CIM) in the clothing
industry 346
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3345

2324

4481

4478

1535

4507

2431

4373

2197
2242

3598

2213

2387
2424
3555

3449

2476

2031

2165

Development and evaluation of technologies as support for
flexible production groups in the clothing industry
Computer integrated maonufacturing of synthetic filoment
yam

Mathematical modelling in worsted spinning, allowing the
optimization of the process and the development of CIM

Resecrch into the carded yam process in the coarse yarn
count sector using modern non conventional spinning
technology

Development of stondardised material transport devices for
the sequential automation of the processing of flexible
materials

Development of an integrated systern able to optimize the
flexibility level in the textile-apparel production process

Flexible unit for removing textile workpieces from a pile eand
overlaying them

Research on and perfection of on-line sensors and
controlling processes for continuous textile finishing

Flexible sewing cell

Flexible assembly cells for automatic processing of complete
sub assemblies of clothing products

Sewing machine with ftraditional driving means
permanently oriented in the direction of seam under
electronic control

Automatic on-line system for detection, evaluation and
mapping of defects and shade variation monitoring on
finished fabrics

Development of a system to detect and to mark defects

Study of a modular device permitting automatic recognition
of flexible material defects

MUVI - Multisensor visual inspection in high speed garment
production

QQR-Quick quality response strategy for wvertical
coordination of quality end material flow of textile products
in the textile, clothing and retadl stages

Research into the fundamental parameters of continuous
dyeing and their effect on substantivity, migration cnd
vield of dyestuffs, in order to develop on-line sensors and
real time control mechanisms that give consistency and
repectability in shade

Optimisation and confrol of acrylic fibre surface and crimp
character for modem yam spinning processes

Unmanned knitting plants developing a prototype and
prescribing operational requirements

347

348

349

350

351

352

383

354
355

356

357

358
359
360

361

362

363

364

365
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3499 Research for a mathematical and rule based system which
optimises a cotton mixture based on the interdependence of
significant fibre properties, process parameters, yarn
properties and spinning machinery performcnces 366

3.2.2 FLEXIBLE MATERIALS AND LEATHER
4259 Research on automatic handling techniques for non-rigid

materials based on their properties 367
3267 Manufacturing processes for flexible materials - instant
dyeing leather precuts 368

4045 Development of an environmentally-friendly process for the
manufacture of coated fabrics (artificial leather processing
for environment safegucad) - ALPES 369
2132 Manufacturing technologies for leathers adapted to the
new adhesion assembly and direct injection processes for

the shoe industry 370
2208 Automation and integration of cutting and stitching
workshops in a flexible shoes monufacturing system 371

3447 TOPSYS - Tool production system for design and
manufacture of models for high quality and properly fitting

shoes in the footwear industry 372
4562 Automation of a leather piece feed systemn for the

manufacture of shoe uppers 373
3009 Application of ultrasonics in the physico-chemical cleaning

of textiles in domestic washing machines 374

3.2.3 OTHER MATERIALS

2195 System for automated fault detection and digitisation of
leather skins and fabrics 375

4184 Restoring competitiveness of the European leather
industries through novel manufacturing procedures
meeting safety, health, environmental needs 376
3612 Excimer laser processing of flexible materials : 377
3414 Integrating automatic handling of flexible material
composite component design and quality assurance

procedures 378
2248 Computer integrated manufacturing (CIM) system for the

meat processing industry 379
4420 Robotic butchery for meat production 380

4152 Development of sensing, controlling ond handling of
automation technology for separation of flexible food
materials with evisceration of pig carcasses as model
process 381
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4265

4140

Quality improvement in meat transtormation process by
vision sensors and knowledge based techniques -
promeat

ScheduleZ-dynamic scheduling toolbox

AREA 4 TECHNOLOGIES FOR

4.1

MANUFACTURING PROCESSES

SURFACE TECHNIQUES

4.1.1 SURFACE TECHNIQUES

1357

2182

2234

4585

2158

3197
4172

3412

3404
3296

4647

4484

2178

2357

Modification of surface properties of materials by ion
bombardment

The development of cn ion implantation process as applied
to the improvement of service life and reliability of rolling
bearings in gas turbine engines

Resecach and development of ion becam assisted deposition
facilities to treat complex geometrical shapes for hlgh
density adhesive and wedarless coatings

Advanced surface engineering processes to enhance the
dynamic performance of springs

Improvement in the control and attainment of high speed
electrodeposition processes

New plating techniques for aluminium aloys

Modellization and process control of liquid-containing
metdllic electrocoatings

The autocatalytic deposition of gold, silver and the
development of novel printed circuit bocrds

Diamond and silicon carbide sensors (DISCS)

The development of diamond film technology and its
application to improve the quality and durability of optical
fibres

The development of a novel hydrogen probe for plasma
characterization and control during diamond film
deposition

In-situ control of plasma chemical vapour deposited cubic
boron nitride films

Laser treatment as a tool for tailoring the surface
composition of alloy components to engineering
applications

Laser surface treatment of mechonical components for
improved mechamical and physical properties

382
383

386

387

388

389

390
391

392

393

394

395

396

397

398

399
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4305 Upgrading aluminium ond steel by laser surface treatment

for enhanced corrosion resistance 400
3153 Plasma and laser induced vapour deposition of hermetic

coatings on optical fibres (PLAID) 401
3459 Surface prepcaration of composites 402

3261 Printing, worldwide industry pigment screen and colour jet
printing of textile materials under UV and EB curing

systems 403
2058 Use of microencapsulation techniques in paint systems 404
2335 Self-stratifying coating 405
2064 Plasma polymerization in extrusion plants 406

4.1.2 COATING AND TRIBOLOGY

0357 The development of an industrial production process for
WC coating for HS tools at low temperatures and of new
wear resistant coating and optimization of PVD process on

HS tools 407
4117 Advanced super finish wire-EDM and coating technologies
for improved tool production 408

4003 Surface generation, surface pretreatment and surface
characterization of tool materials in relation to PVD coating -
a new and systematic approach 409

4118 Development and application of PVD-coatings for the
tribological system of fine blanking ASDA central operation

for stamping and cold forming processes 410
4210 Sputter coatings - adjustment of the coating design an

application ‘ 411
0054 Deposition of wear and corrosion resistant coatings by low

temperature chemical vapour deposition 412
3359 High performance coating materials for application in

corrosive and abrasive environments (HIPERMAT) . 413
0339 Improved ceramic coatings for resistance to attack in

aggressive environments 414
3339 The development of advenced erosion resistant coatings

for gas turbine compressor applications 415

4052 Development of hard carbon based coatings for oil free
tribological systems for handling end recovery of polluting
chemicals (COTE) 416

2133 Steered arc ion plating for the development of new termncry
and quarternary ceramic coatings for cutting and forming
tools 417
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2136 Wear and fatigue characteristics of surface engineered
materials as applied to multipoint and shecar action cutting
tools 418
4242 Finite element modelling of the plasma nitriding process
and the resultant load bearing capacity of low alloy
steels 419
2412 Silicon carbide-silicon nitride composite coatings with
improved adhesion properties produced by a plasma-
enhanced CVD process 420
4329 Plasma sprayed silicon carbide for critical tribological
components 421
3320 Plasma enhanced deposition of corrosion and wear
resistamt coatings 422
3327 Laser based chemical vapour deposition of corrosion and
wear resistant layers 423
2297 Development of new coatings for sliding surfaces and of
superticial treatments on piston rings for big 4-stroke diesel
engines under severe tribological conditions 424
0347 The deposition of improved corrosion resistant coatings
onto surfaces of complex shape 425
3182 Application of new materials for water turbines and pumps
426
4.2, SHAPING, ASSEMBLY AND JOINING
4.2.1 NEAR NET SHAPE AND CASTING PROCESSES
2437 Improved production of thin walled ductile iron castings -
computer simulation of solidification and mouldfilling 427
3383 Improving continuous casting of CuSne - strips by
optimizing die graphites and process control 428
3564 Shape casting of particulate reinforced aluminium alloy
feedstock 429
4084 Advanced aluminium-precision casting for integrally
stiffened net-shape-components (CADVACAST") 430
4340 Centrifugal casting of metal matrix composites for the
production of reinforced near net shape components 431
3473 Development of new calculation processes for computerized
casting simulation and model verification under
manufacturing conditions 432
3628 Convective effects in solidification 433
3248 Process analysis, computer modelling and production of
high-pressure die casting 434
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4.2.2 DESIGN METHODOLOGIES FOR FORMING OPERATIONS
2029 Numerical simulation of industrial sheet forming

processes 435
3650 A combined numerical-experimental approach to the

simulation of hot deformation of metals 436
4129 Die cavity elasticity considerations for nett-

forming 437
3486 Investigation for an innovative design methodology in

sheet metal forming 438
3617 Finite-element modelling of the deformation processing

of anisotropic metals and composites 439
0475 Development of dense, highly durable non-oxide

cerarnics for forming steels 440
2293 Development of new boride-based cermets and

ceramics 441
4621 Manufacture of tools and dies using spray forming

techniques (MUST) 442
2210 Computer aided technology for improved accuracy of

drop forging tools 443
3176 Advanced metalworking using electromachinable

ceramic extrusion dies 444
3594 Tool design methodology for precision forging of

rotational parts - 445
4596 Development of an user-oriented CAE system for

simulating the forming of ductile iron parts 446

4.2.3 CUITING AND MACHINING
3252 Quality assurance and reduced leadtime for cutting

operations 447
3294 Ceramics and cermets for rotationally symmetric tools, drills,

milling cutters, taps and reamers ) 448
3055 Composite ceramics reinforced by whiskers or platelets for

cutting tools and wecr applications 449
3366 Laser assisted machining (LAM) processes & their industrial

developments 450
3558 Robotics for on-line laser operation for the automotive

industry 451
2186 Recognition and processing of indigenous industrial

mcterials by laser 452

4314 Development of refurbishment procedures of industrial
components by non contact damage mapping and CO2 laser
welding and cladding 453
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4046

4370
3111

4382
3328

4518

3125

4127

4445
4237

4503

4.2.4
2006

2331

4079
0479

2409
2162
3299

2281

3082

2382

Distributed optical (laser) energy systems for flexible
manufacturing

Dual wavelength laser processing (DUWALP)

Research on design and application of industrial scale
hydroabrasive jet-cutting heads

Precision machining using abrasive water jets

Optimizing stone cutting process through improved
diamond saw design and operation

Improving surface finish end integrity in closed dies using
ultrasonically agitated abrasive mixtures

Computerized system for the coordinated design of
machine, tool and process pcarameters in superabrasive
machining

Intelligent machine for internal grinding with very high
cutting speed using active magnetic becring spindle
Precision machining spindles

An advanced computer based method for the design and
optimization of global machining aspects (DOGMA)

Improved performance of machine tool operation through a
closed loop, tuned vibration absorber

JOINING

Adhesive bonding technology for building construction -
‘concerted action’

Development and testing of numerical models for joint
design in composite material structures

Long life public service vehicle project study

Braze joining systems for steel-silicon nitride cutomotive
components

Investigation of novel copper phosphorous system for
brazing steels

Development of improved bonding technology for new
engineering ceramics and metals

The brazing of newly-developed mechanically resistant
materials to low-alloy-steel for industrial machining

New braze filler materials end braze technicues for joining
austenitic steels acnd superalloys with better mechanical
and corrosion properties

Development of novel low melting point aluminium alloy
brazes
Development of a micro joining technique with non-

precious bonding wires for interconnecting semiconductor
devices

454
455

456
457

458

459

460

461
462

463

464

465

466
467

468

469

470

471

472

473

474
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4446

2044

2309

3341

3326

1354

1339
3042

3257

2112

4266

4096
2348
3037

2232

4331
2294

3489

2322

3490

4159

4006
4177

Surface conditioning of electronic components for clean
joining processes

Basic research in soldering for surface-mounting
technology in electronics assembly

Joining techniques for reliable surface mounting of micro -
electronics

Laser soldering technology of SM.D. electronic assembly
for integration on pick and placement machines

Joining of copper and aluminium alloys by laser
(JOCAL)

High power 15-20 KW COz-lasers for materials
processing

Laser sheet metal welding

Plume emission analysis under ‘“time r1esolved
spectroscopy” for laser welding control

Sheet-metal welding with KW ND/YAG-lasers for the
automotive industry

Power solid state laser with high beam quality based on co-
doped lanthanum

Improved processings capability of CW industrial CO2
lasers

Laser welding of superalloys and of titanium alloys

Heavy section laser welding

Plasma and laser enhanced arc welding for automatic
applications

Reliability and reproducibility of high intensity be
welding '
Improvements to low heat input welding

Electron beam welding on large thickness steel for heavy
industry

Analysis of beam/workpiece interaction applied to electton -

beam welding for industrial application

Development of a knowledge-based CAD/CAM-System for
offline-programming of recurring sensor-controlled welding
patterns

Arc sensored robot-welding of 3-dimensional secms without
programming the weld path

Flexibot project - flexible monufacturing system integrating
different welding technologies and others for small-lot cnd
very diversified production

Process control for flexible joining systems

Dissimilar metal joining by the use of graded
compositions

475

476

477

478

479

480
481

482

483

484

485
486
487

488

489
490

491

492

493

494

495

496

497
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4.3. CHEMICAL PROCESSES
4.3.1 CATALYSIS
0837 New porous solids — orgamnic-inorganic pillcred
composites 498
4275 Coordinated European activity on pillared layered
structures (CEA - PLS) 499
4057 Synthesis, characterization and evaluation of multi-layered
and pillared materials for process chemistry cnd the
environment 500
2026 Hetero- and homogeneously catalysed electro-chemical gas
purification for SO2 and NOX removal 501
2130 New =zeolite-based shape-selective catalysts for the
production of speciality chemicals from natural feedstocks
via co-metathesis 502
4633 Materials having novel structure factors for catalysis of
hydrocarbon transformations and development of selective
processes 503
4074 Development and optimization of CU based catalytic
materials for the simultaneous removal of SOx cmd NOx from
flue gases _ 504
4098 The development of validated predictive models for optimal
design of multiphase chemical processes 505
4561 Carbonylation reactions of industrial interest catalyzed by
supported metals 506
4015 Co-ordinated activity in process tomography for improving
the design and operation of industrial processes 507
4575 Catalytic membrane reactors application to fine chemical
synthesis 508
432 MEMBRANES
2079 Separation of aqueous organic acidic mixtures by
pervaporation 509
4090 Development of new pervaporation membranes and
processes to separate alcohols/ethers/hydrocarbon
mixtures 510
4535 Acids recovery by membrane technology new membrones
and process optimisation 511
2033 Development of membrane processes for the olive oil cnd
other vegetable oil industries 512
4255 Microporous carbon membrane for gas separation 513
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2027 Cross-flow microfiltration as an emerging technique for
industrial separation — development of a new generation of
high flux membranes cnd modules allowing fouling control

with a high degree of mass transfer 514
3517 Use of bacteria immobilized on aquatextiles or composite

membranes for extraction of metals and micropollutants 515
3287 Enzyme confinement in liquid detergents 516

44  PARTICLE AND POWDER PROCESSES

4.4.1 PARITICLE PROCESSES

1202 Bulk production of paaticles by atomisation - study of drop
interaction, size distributions and spray structures with
laser techniques. Comparison with predictions of
mathematical models 517

1560 Control of suspension polymerization reactions for
production of porous microparticles of desirable

properties 518
4429 Real time manufacture process control for crystalline

microparticles (COMIPA) 519
4236 Cost effective laser synthesized nanoscale powders and

cases of thermomechanical application 520
2145 The plasma crc synthesis of ultrafine aluminiurm nitride

powder 521
4529 Powder formation in low pressure, low temperature

plasmas 522
2024 Preparation of reactive premullite, mullite and sialon

powders 523
2237 Powder metallurgy of multiphase alloys of refractory metals

by using sinteractive composite powders 524
3104 New controlled sintering process for mass production of

advanced PM steels : 525

2408 Sintering of high speed steels containing cerarnic or metal

coated ceramic powders for wear and fatigue resistant

components 526
1350 Development of powder metallurgy processing routes for

the production of main line bearings for aero-gas turbine

engines 527
4324 The application of the “graded structures® concept as a

means of improving the performance of engineering

components 528

3117 Design of new high-speed steels with improved sinterability
and mechanical properties (CADOSTS) 529
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2090

4028

3005

3150

4624

3387

4538

Development of P/M composites and application to
lubricated tribological systems

Composites powder metallurgy materials for operations
under poor/non lubricating conditions in heavy duty diesel
engines

Novel beta silicon carbide powders and derived high
performance cerarmics

Synthesis and processing of fine grain aluminium nitride
powders

Development of a twin D.C. plasma arc for the production
of ultra-fine ceramic powders, their evaluation and
processing

Powder processing - morphological and chemical
compatibility of metallic ond ceramic partficles.

Solution of electrostatic problems in powder handling and
processing

530

531

532

533

534

535

536
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0031
0041
0047

0049

0054

0083

0113

0135

0148

0157

0165

0191

0201

0224

0275

0287

Environment sensitive cracking of titanium
Novel hard magnetic materials with improved properties

Improved and novel materials for permanent magnets
based on rcare earth alloys

Investigation of the corrosion oxidation and thermal stability
of NdFeB type magnets and development of improved
magnet material through process modifications and
coatings

Deposition of wear and corrosion resistant coatings by low
temperature chemical vapour deposition

Development of advanced ceramics from sialon-based
‘composite powders'

High temperature mechanical behaviour of TiO2, CaO or
MgO containing reaction sintered mullite zirconia tough
ceramics composites for engine applications

Optimising structural fibre composites by hybridisation

Development of CFRC materials with partially reduced
carbon fibre content for use in car brake systems

Novel processing and testing procedures of optimized
ceramic or metal polymer composites for acousto-optical
electrical and magnetic applications

Development of new thermostable high performance
composites based on bistnaleimide modified siloxane matrix
and continuous carbon fibres

Optimisation of ceramic fibre - reinforced aluminium alloys
Prepregs and composite materials made of aluminium alloys
reinforced with continuous fibres

Improvement of the reliability of different silicon carbide
grades for cutomotive applications

Tough titanium based cermets for tools and wear resistamt
components

Fabrication of engineering components from Al alloy RS
powders. A comparative study of the relative importance of

powder morphology, composition and thermodyncamical
processing

18
37

35

38

412

94

99
136

135

62

138

100

15

26
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0300

0320

0325

0329

0339

0347

0357

0386

0459

0461

0475

0479

0494
05605

0508

0516

0583

0570

0603

Novel techniques for preparation and characterization of
high-performance magnets

Development of powder passivation and spray forming
techniques for RE-TM-X magnets

Preparation cnd characterization of rare earth tramsition
metal magnetic films and multilayers

Novel processing techniques and alloy engineering applied
to advanced rare earth iron based permament magnet
systems

Improved ceramic coatings for resistance to attack in
aggressive environments

The deposition of improved corrosion resistant coatings
onto surfaces of complex shape

The development of an industrial production process for
WC coating for HS tools at low temperatures and of new
wear resistomt coating and optimization of PVD process on
HS tools

Creep and fatigue behaviour of silicon carbide and silicon
nitride in normal and corrosive atmospheres

Fabrication and joining of graded cermets by a technique
of metal infiliration.

Optimization of thermomechanical properties of injection-
moulded silicon nitride parts by adjustment of the physico
chemical characteristics of the staring material
Development of dense, highly durable non-oxide
ceramics for forming steels

Braze joining systems for steel-silicon nitride cutomotive
components

Texture and plastic cnisotropy in aluminium lithium alloys
Development of techniques for processing 'large’ organic
sheets, thermoplastic prepregs, ribbons and foils
Development of advanced carbon-magnesium metal matrix
composites by applying the semi-liquid phase infilration
Cast light alloy matrix composites - assessment of a
rheocasting route

Development of magnesium alloys for pressure die casting
in the semi-solid state (thixocasting and rheocasting)
Improvement of the mechanical and corrosion properties of
titanium alloys especially for surgical prostheses by ion
implantation and chemical polishing

Fatigue properties of high strength aluminium transition
metal base alloys produced by rapid solidification
processing

36

43

46

414

425

407

96

105

93

440

468

151

23

29

24

178

33
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0612 Squeeze casting of light alloys cnd metal matrix composites

— mechanical property evaluation 25
0653 Amorphous wires of R-TM alloys - search for new

applications 34
0677 Micro defect-free ceramic components 102

0706 Precompression of individual layers in multilayer CFRP
composites to increase the threshold for interfibre/matrix
cracking 150

0717 Development of fibre reinforced aluminium metal matrix
composites for applications in aerospace primary
componernts using powder metallurgy technicues Q

0721 The role of the fibre-matrix interface on the mechanical
behaviour and damage development in carbon-fibre
reinforced plastics composites 137

0774 Improved aluminium alloy matrix composites through
microstructural control of the processing and fabrication

routes 27
0809 Identification and evolution of crystalline structures during

processing and teaching of shape memory alloys 20
0831 Lightweight mirrors made of carbon-fibre compound for

optical application 58
0837 New porous solids - organic-inorganic pillared

composites 498
1025 A computer integrated process planning and NC-

programming system 297

1027 Development of experimentally tested 3-D computer codes
for fundamental design of process equipment involving

non-newtonion multi-phase turbulent fluids 241
1145 Prediction of fatigue crack initiation from defects in welded
and cast components used in power plants 208

1202 Bulk production of particles by atomisation - study of drop
interaction, size distributions and spray structures with -
laser techniques. Comparison with predictions of

mathematical models 517
1253 Metal reinforced ceramics 108
1300 Acoustic emission for process monitoring during turning

and drilling 237
1339 Laser sheet metal welding 481

1350 Development of powder metallurgy processing routes for
the production of main line bearings for aero-gas turbine
engines 5627
1354 High power 15-20 KW CO2-lasers for materials processing
480
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1357

1381

1535

1545

1560

2001

2006

2019

2024

2026

2027

2029

2031

2032

2033

2038

2038

Modification of surface properties of materials by ion
bombardment

Interactive knowledge-based shop floor control system in a
small manufacturing enterprise environment

Development of standardised material tramsport devices for
the sequential automation of the processing of flexible
materials

The development of a new NMR microscope for structural
and dynamic studies of chemical and biological
processes

Control of suspension polymerization reactions for
production of porous microparticles of desirable

properties

Predictive failure model for designing truck tyres with
improved sadety and durability

Adhesive bonding technology for building construction -
‘concerted action'

The role of the metal-polyester interface in new
technologies

Preparation of reactive premullite, mullite and sialon
powders

Hetero- and homogeneously catalysed electro-chemical gas
purification for SO2 and NOX removal

Cross-flow microfiltration as an emerging technique for
industrial separation — development of a new generation of
high flux membranes cnd modules allowing fouling control
with a high degree of mass transfer

Numerical simulation of industrial sheet forming
processes

Optimisation and control of acrylic fibre surface and crimp
character for modemn yamm spinning processes

Development of acoustic emission (AE) testing methods for
analysis and on - line monitoring of stress corrosion
cracking (SCC) under operating conditions in the chemical
industry

Development of membrane processes for the olive oil and
other vegetable oil industries

A study of advanced high temperature creep resistant
dispersion strengthened titcnium alloys using a powder
metallurgical process

Development of steels having a high aluminium content
resistant to wear ond to environments that are subject to
hot corrosion - applications to coatings

386

303

351

269

518

219

465

130

523

501

514

435

364

236

512

17

21
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2044 Basic research in soldering for surface-mounting
technology in electronics assembly 476

2049 Development of cn expert system for tool wear monitoring
in milling, drilling and blanking using multisensor system

and machinability studies using acoustic emission 238
2051 X-ray voludensitometry application to the testing of

technical ceramics and advanced materials 262
2052 Inorganic surface coating of titonium alloy for orthopaedic

joint prostheses 179
2058 Use of microencapsulation techniques in paint systems 404
2064 Plasma polymerization in extrusion plants 406
2079 Separation of aqueous organic acidic mixtures by

pervaporation 509
2082 Development of non-invasive methods for measurement of

stress in welded steel structures 265
2085 Freeze/thaw durability of concrete paving blocks 333

2086 Development of technology to produce 2- and 3-d carbon
reinforced graphite structures for high strength and high

temperature applications 109
2090 Development of P/M composites and application to

lubricated fribological systems 530
2096 Mathematical modelling of 3-D flexible material surfaces to

ad design and manufacture of clothing 345
2103 Development of non-destructive high precision test method

for aspheric components and tools in optics 279
2112 Power solid state laser with high beam quality based on co-

doped lanthanum 484
2119 Erasable polymeric media for analog information storage

and retrieval 55

2121 Novel intelligent method for the rational qualification and
selection of reliable subsea hydrocarbon production
equipment ' 193

2124 Enhancement of inspection and maintenance of industrial
structures using reliability based methods and expert
systems 227

2130 New zeolite-based shape-selective catalysts for the
production of specidality chemicals from natural feedstocks
via co-metathesis 502

2132 Manufacturing technologies for leathers adapted to the
new adhesion assembly and direct injection processes for
the shoe industry 370

2133 Steered arc ion plating for the development of new ternary
and quarternary ceramic coatings for cutting end forming
tools 417
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2136

2145

2146

2147

2148

2150

2156

2158

2162

2165

2167

2168

2172
2177

2178

2182

2186

2195

2197

Wear and fatigue characteristics of surface engineered
materials as applied to multipoint emd shear action cutting
tools

The plasma crc synthesis of ultrafine aluminium nitride
powder

Rational procedure for advanced non-linear analysis of
floating structures

Creep behaviour of full size weld joints - design
improvements and defect acceptance criteria

Compatibility of economic manufacturing methods with
wear and fatigue resistance of silicon nitride based ceramic
ball bearing components for criical applications

Numerical and experimental techniques for composite
material, structural design and validation in advanced
industrial applications

The study of non-equilibrium two phase flows in steam
turbines

Improvement in the control and attainment of high speed
electrodeposition processes

Development of improved bonding technology for new
engineering ceramics and metals

Unmanned knitting plants developing a prototype and
prescribing operational requirements

Optical sensors and fibre optic wavelength division
multiplexing systems for process control

New tamily of polymers obtained by means of an original
technique for living anionic polymerization of acrylic
monomers - development of production cnd

applications

Innovative transducers for advanced signal processing
Non-destructive evaluation for the pre-installation
assessment cnd in situ inspection of wooden tramsmission
poles

Laser treatment as a tool for tailoring the surface
composition of alloy components to engineering
applications

The development of an ion implantation process as applied
to the improvement of service life and reliability of rolling
becmings in gas turbine engines

Recognition and processing of indigenous industrial
materials by laser

System for automated fault detection and digitisation of
leather skins and fabrics

Flexible sewing cell

418

521

195

225

92

146

244

390

470

365

280

126
250

272

398

387

452

375
355
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2199 New reinforced thermoplastic materials 133
2202 Hybrid optical/electronic multi-channel system for industrial
inspection 281
2208 Automation and integration of cutting and stitching
workshops in ¢ flexible shoes manufacturing system 371
2210 Computer aded technology for improved accuracy of
drop forging tools 443

2213 Automatic on-line system for detection, evaluation cnd
mapping of defects and shade variation monitoring on
finished fabrics 358

2219 Development of ceramic and ceramic composite materials
for structural applications at high temperatures with
improved creep resistance, chemical stability and

reliability 111
2226 Preparation and use of polymeric alloys for electrical

engineering applications 66
2231 Use of ceramic materials for advanced tribological systems

involving fluids with adverse lubricating properties 215
2232 Reliability and reproducibility of high intensity becm

welding 489

2234 Reseczch and development of ion beam assisted deposition
facilities to treat complex geometrical shapes for high

density adhesive and wearless coatings 388
2237 Powder metallurgy of multiphase alloys of refractory metals

by using sinteractive composite powders 524
2242 Flexible assembly cells for cutomatic processing of complete

sub assemblies of clothing products 356
2245 Medium voltage polymeric power cables - clarification of

the cause of water treeing and methods of its prevention 68
2248 Computer integrated manufacturing (CIM) system for the

meat processing industry 379

2251 Project 'OFELIA' - optical fibres for electrical industry .
applications’ - development of passive opto-electronic
sensors for measurements and diagnostics in electrical

power systems 282
2278 New red phosphor for cathode ray tubes 52
2280 Optimization of ceramic zirconia powders for thermal barrier

coatings in IC-engines and gas turbines 117

2281 New braze filler materials and braze techniques for joining
austenitic steels and superalloys with better mechanical
and corrosion properties 472



xlviii Index of projects by proposal number

2289

2293
2294

2297

2309
2315

2317

2318
2319
2322

2324
2331

2335
2341

2343
2344

2348
2349
2357

Development of a general computer-aided technique for the
characterization of the micropore structure of industrial
porous media and development of general network
simulators for prediction of multiphase flow and transport
phenomena in such porous media

Development of new boride-based cermets and
Ceramics

Electron beam welding on lcrge thickness steel for heavy
industry

Development of new coatings for sliding surfaces and of
superficial freatments on piston rings for big 4-stroke diesel
engines under severe tribological conditions

Joining techniques for reliable surface mounting of micro -
electronics

Three dimensional computer simulation of in-cylinder flows
in large engines

Experimental, theoretical and computational analysis of gas
and particle behavoiur inside a cyclone providing the basis
for improved performance of cyclones and similar
separators

Development of a non-destructive test method based on
acoustic microscopy, for process monitoring of power
semiconductor device manufacture

Optimization of noise control measures in complex
lightweight sheet metal structures using energy flow
analysis

Development of a knowledge-based CAD/CAM-System for
offline-programming of recurring sensor-controlled welding
patterns

Computer integrated manufacturing of synthetic filament
yam

Development and testing of numerical models for joint
design in composite material structures

Self-stratitying coating
Performance and reliability evaluation of welding in
elevated temperature service

Solid electrolytic capacitors with conducting polymeric
electrode system

Development of improved materials for high voltage
multilayer cerarmic capacitors

Heavy section laser welding

Reliability, availability and maintainability of bridges

Laser surface treatment of mechanical components for
improved mechanical and physical properties

243

491

424

477

245

242

275

234

493

348

466
405

223

69

65
487
320

399
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2361 Intelligent composites containing measuring fibre optic
networks for continuous self-diagnosis 283
2362 Modelling and automatic control of the polishing process
(MAC POP) 304
2369 Predictive techniques for the analysis and design of fibre-
reinforced composite materials cnd structures capable of
withstanding impulsive loadings 218
2370 Fibre-reinforced composite with modified cementitious
matrix 331
2382 Development of a micro joining technique with non-
precious bonding wires for interconnecting semiconductor
devices 474
2385 CAD/CAM for marine engineering, piping and
accommodations in shipbuilding 300
2387 Development of a system to detect and to mark defects 359
2396 Development of microwave techniques for non destructive
evaluation of advanced ceramics 260
2397 Filament winding of thermoplastic materials 153
2401 Industrial production process for silicon carbide whiskers
for composite materials reinforcement 115
2406 Integration of CAD/CAM and production control for sheet
metal components monufacturing 305
2408 Sintering of high speed steels containing ceramic or metal
coated ceramic powders for wear cnd fatigue resistant
components 526
2409 Investigation of novel copper phosphorous system for
brazing steels 469
2412 Silicon carbide-silicon nitride composite coatings with
improved adhesion properties produced by a plasma-
enhanced CVD process 420
2413 Lightweight reflectors of carbon fibre reinforced plastic 59
2414 ECOPAVE - The development of a multi-purpose composite -
pavement system 334
2417 Reliability of bulk ceramics fatigue behaviour in corrosive
media 95
2418 Improvement of the contact corrosion behaviour of
advanced mechanical structures made from high-grade
alloys 212
2424 Study of a modular device permitting automatic recognition
of flexible material defects 360
2431 Flexible unit for removing textile workpieces from a pile and
overlaying them 353
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2437 Improved production of thin walled ductile iron castings -

computer simulation of solidification and mouldfilling 427
2449 Laser mass spectrometry for in-line industrial
microanalysis 255

2476 Research into the fundamental parameters of continuous
dyeing and their effect on substantivity, migration and
vield of dyestuffs, in order to develop on-line sensors and
real time control mechanisms that give consistency and
repecatability in shade 363

2478 Redlisation and test of a prototype of a basic module of
computer integrated manufacturing (CIM) in the clothing

industry 346
3005 Novel beta silicon carbide powders and derived high

performance ceramics 532
3006 Development of the rubber batch mixing process for

optimal quality 161
3009 Application of ultrasonics in the physico-chemical clecming

of textiles in domestic washing machines 374
3012 High performance thermal and chemical barrier coatings

for diesel cnd gas turbine engines 120

3014 Modular, sensor-based system for knowledge-based
analysis end optimization of the grinding and dressing

process 239
3015 An investigation into methods of texturing high-Tc
superconductors for high Jc applications 84

3036 High resolution non-destructive X-ray equipment for
industrial production line monitoring with on-line computer

evaluation 267
3037 Plasma ond laser enhonced arc welding for cutomatic

applications 488
3038 Damage tolerance and fatigue design methodology for

primaory composite structures 217
3039 Basic interactions in rare earth magnets 39
3041 Assessment of semi-solid state forming of aluminium metal

matrix composites 30
3042 Plume emission analysis under ‘“time resolved

spectroscopy” for laser welding control 482
3048 Surface coatings for biomaterials 180
3051 Design methodology for durability of mechanical

components based on reliability approaches 201

3055 Composite ceramics reinforced by whiskers or platelets for
cutting tools and wear applications 449



Index of projects by proposal number 1

3062 Durability of continuous fibre reinforced thermoplastic
composites with emphasis on the interface behaviour and
the method of fabrication 156
3069 Development of materials, tools, cost effective process
design and technique for advanced structural composites

by resin transter moulding 163
3072 Reactive polymers for high-performance binding and

glueing 129
3076 Optical in-process inspection of electroplated contact

surfaces 284
3077 Project demos - distributed environmental monitoring with

optical fibre sensors 285

3080 LSM development of cn advanced lifetime monitoring
system for components of piping systems in the creep

range 224
3082 Development of novel low melting point aluminium alloy

brazes 473
3086 Complex shaped advanced ceramics 97

3090 Lifetime management of elevated temperature welded
heavy section industrial plant operating under variable
thermo- mechanical loading 226

3091 Assessment of performance and optimal strategies for
inspection and maintenance of concrete structures using

reliability based expert systems 322
3092 European research project on ‘high temperature’
superconductors for power cables 85

3096 Ferroelectric polymer and composite sensors and
transducers ’ 77

3102 In-process monitoring of element composition and derived
properties of polymeric materials by remote laser micro
analysis 256
3103 Injection and blow moulding of fibre-reinforced thermosets
and thermoplastics with optimised fibre length and

mechamnical properties —INBLOFIL' 158
3104 New controlled sintering process for mass production of
advanced PM steels 525

3106 Synthesis characterisation and development of new
biocompatible polyamides with controlled

biodegradability 168
3110 Computer vision based in-process quality control
(Brightvision) 286

3111 Reseczch on design and application of industrial scale
hydroabrasive jet-cutting heads 456
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3115
3117

3119
3120

3122

3125

3127
3130
3135
3137
3138
3142
3147
3148
3150
3152
3153
3159

3160
3167

3176

3177

Analysis of coercivity and of the microstructure of high-tech
hard magnetic materials

Design of new high-speed steels with improved sinterability
and mechanical properties (CADOSTS)

Design methods for ceramic matrix composites

An investigation of the parameters involved in the
environmental ultimate degradation of plastics

Lifetime prediction and wear control of machine elements
using expert systems

Computerized system for the coordinated design of

machine, tool and process parameters in superabrasive
machining

Intelligent integrated tool management and handling
system

Development of a biodegradable plastic and equipment to
process it into oriented containers

Control of flocculation of cellulose fibre and mineral solids in
papermaking stocks

Flow and flow-induced structure during the processing of
liquid crystalline polymers

Research and development on a high speed oil free
intelligent motocompressor (HOFIM)

Development of fabrication techniques for the production of
metal-oxide based sensors

Concept - integrated CAD/CAM and cnc techniques for
autornatic 5-cods milling

Production and cost oriented mould integrated design
expert systerm (PROMISES)

Synthesis and processing of fine grain aluminium nitride
powders

Integrated and hiercrchized system for cutomated control
of gravel production (Petrus project)

Plasma and laser induced vapour deposition of hermetic
coatings on optical fibres (PLAID")

Design methodology for the improvement of damage
toleramce within composite structures

Post-buckling behaviour of CFC structures

Forging technique and alloy compositional optimization for
the production of aluminium lithium die forgings

Advanced metalworking using electromachinable
ceramic extrusion dies

Fast-motion-colour television camera system for failure
detection and analysis on fast moving production steps

42

529
103

169

229

460

312

170

254

124

205

251

306

307

533

319

401

147
221

287
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3182

3194

3197
3203

3208

3209

3212

3217
3218

3223

3231

3236

3243

3247
3248

3250

3252

3257

3261

3264
3266

3267

Application of new materials for water turbines and

pumps

Development of improved damage tolerant carbon fibres-
organic composites

New plating techniques for aluminium alloys

High performance reinforced thermoplastics for aerospace
structural applications processed by injection moulding
Development of biocompatible materials through surface
treatments - use of ion implantation

Development of advanced non contact methods for non
destructive detection of defects and damage in
aeronautical structures

Development of techniques for polymeric diaphragm
forming of continuous fibre reinforced thermoplastics

Low cost MMC made by spray deposition

Simulation detection and repair of defects in polymeric
composite materials

Novel metal matrix composites based on hyper eutectic
aluminium / silicon alloys

Lubricated liquid crystal polymers for heavy duty high
precision bearing systems

Ceramic superconducting filorments and ribbon produced by
suspension spinning and tape casting

Development and characterisation of CMC and C/C
composites

Polymer electrolytes involving multivalent cations

Process analysis, computer modelling and production of
high-pressure die casting

Investigations on aluminium-lithium alloys for damage
tolerant application

Quality assurance and reduced leadtime for cutting.
operations

Sheet-metal welding with KW ND/YAG-lasers for the
automotive industry

Printing, worldwide industry pigment screen and colour jet
printing of textile materials under UV and EB curing
systems

Wood analysis by digital image processing (WOODIP)

Organometallic precursors for the preparation of high
performance non-oxide ceramics and ceramic matrix
composites

Manufacturing processes for flexible materials - instant
dyeing leather precuts

426

140
391

134

182

288

157
32

145

10

127

86

110
73

434

447

483

403
273

112

368
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3269 X-Sialon mullite ceramics — precursors, powders and cost

effective components with improved microstructure and

properties 101
3270 Faligue mechonisms and failure criteria in rolling lobe air

springs 220
3275 Falure mechanics of fibre-reinforced concrete and pre-

damaged structures 327
3279 Development of novel automotive piston/rod components

and aerospace gearboxes from long fibre/metal matrix

composites 11
3286 Electronic and electrical applications of advanced

conducting polymers 71
3287 Enzyme confinement in liquid detergents 516
3290 The prediction of long-term sealant performance from

dynamic accelerated weathering 337
3291 The development of stamdardised performance tests and

criteria for concrete repair systems 329
3292 Composite material for marine structures and

components 148
3294 Ceramics and cermets for rotationally symmetric tools, drills,

milling cutters, taps cnd reamers 448
3206 The development of dicmond film technology and its

application to improve the quality end durability of optical

fibres 395
3299 The brazing of newly-developed mechanically resistomt

materials to low-alloy-steel for industriadl machining 471
3302 Decision support systems for production islond based CIM

in SMES 296
3320 Plasma enhanced deposition of corrosion and wear
- resistemt coatings 422
3322 Sub angstrom structure characterization 271
3324 Structured design and verification of systems for use on

ships and marine platforms 196
3326 Joining of copper and aluminium alloys by laser

(JOCAL) 479
3327 Laser based chemical vapour deposition of corrosion and

wear resistant layers 423
3328 Optimizing stone cutting process through improved

diomond saw design and operation 458
3332 Microstructure and texture control of hexagonal sheet alloys

- role of alloying elements on mechanical properties and

formability 16
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3336 Highly reactive rare earth oxide powders for more efficient

luminescent materials 54
3337 The development of environmentally toleromt PVD thermal

barrier coatings 121
3338 The initiation and growth of thermal'mechanical fatigue

cracks in coated turbine blade materials 209
3339 The development of advanced erosion resistomt coatings

for gas turbine compressor applications 415
3341 Laser soldering technology of S.M.D. electronic assembly

for integration on pick and placement machines 478
3345 Development and evaluation of technologies as support for

flexible production groups in the clothing industry 347
3348 Development of resorbable biodegradable polymers for the

preparation of coated penticles for drug delivery 174
3355 New accelerated corrosion test methods 5
3357 Integration of non-contact inspection with modelling of

engineering components (NIMEC) 290
3359 High performance coating materials for application in

corrosive and abrasive environments (HIPERMAT) 413
3360 Study of new materials and designs for advanced

micromotors 81
3364 Development of basic fabrication technologies and

simulation tools for micromechanical devices 249
3366 Laser assisted machining (LAM) processes & their industrial

developments 450
3369 New applications of polymers in electronics and optics 63
3371 PRISMA - predictive integrated system for the maintenace

of rotating machinery 231
3372 Research on a cathodic material for secondary lithium cell,

method of synthesis ond feasibility of an industrial

process 74
3376 Quality assurance of concrete, based on testing of the -

fresh, still plastic material 324
3378 Generation ond critical evaluation of thermochemical cnd

phase diagram data pertaining to the field of high Tc oxide

superconductors (SUPERDATA) 88
3379 Life prediction algorithms for cero-engine disks based on

crack initiation and crack propagation models 210
3381 Design of structures in composite materials with CAD/CAM

technique - Achievement of a prototype of a fully

automated equipment of production in filoment winding 154
3383 Improving continuous casting of CuSne - strips by

optimizing die graphites cnd process control 428
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3385

3386
3387

3394

3398

3404
3408

3412

3413

3414

3415

3429

3432

3438

3444

3447

3449

Advanced design of crash fail-safe train structures under
service and impact conditions

Damage tolerance of helicopter metal parts

Powder processing - morphological and chemical
compatibility of metallic and ceramic particles.

Decision support environment for the design of piping cnd
flow systems

Innovative manufacturing, design and assessment of
aluminium matrix composites for high temperature
performonce

Diamond and silicon carbide sensors (DISCS)

Development, characterisation and utilisation of novel
modified amorphous polyaromatics for use as composite
matrices

The autocatalytic deposition of gold, silver and the
development of novel printed circuit bocrds

Design methodologies for engineering component properties
- PRECEPT

Integrating automatic handling of flexible material
composite component design and quality assurance
procedures

Optimisation of the surface properties of concrete roads in
accordance with environmental acceptance and travel
scdety

Improving durability and performance of thermoplastic
based composites using novel adhesion promoting polymer
interfaces

Magnetic muitilayers: fundamental cnd technological
aspects

Machine: monitoring and control of hoist technology in
industrial environments

Analytical ond experimental approach to cumulative
damage and residual strength prediction for CFRE
composites

TOPSYS - Tool production system for design and
manufacture of models for high quality and properly fitting
shoes in the footwear industry

QQR-Quick quality response strategy for vertical
coordination of quality ond material flow of textile products
in the textile, clothing and retail stages

3455/6/7 FEMOD - Application of feature based modelling for

3459

complex product design and manufacture
Surface preparation of composites

192
211

535

247

12
394

141

393

206

378

336

142

48

240

216

372

362

309
402
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Ivif

3466

3467

3469
3472

3473

3474

3476

3480

3486

3489

3490

3494

3495

3499

3500

35603

3506

3517

3622
35627

Development of economic production techniques of high
performance RE-magnets for mass applications

The fabrication of composite electroomechanical devices for
micromovement applications in manufacturing processes

Performance tailoring of structural concrete

Identification of fluid/structure interaction for the
development and design of boilerfeed pumps (BFP)

Development of new calculation processes for computerized
casting simulation and model verification under
manufacturing conditions

Improving load bearing and water resisting properties of
gypsum as a secondary raw material

Improvements in surface preparation of electrical contacts
and orgamic thin film deposition

Tools and methods for ideal fixturing of mechanical
workpieces with modular systems (IDEFIX)

Investigation for an innovative design methodology in
sheet metal forming

Analysis of beam/workpiece interaction applied to electron
beam welding for industrial application

Arc sensored robot-welding of 3-dimensional secans without
programming the weld path

Characterization of polymer-like films, fibres and ceramics,
and their surface treatments, by high resolution electron
energy loss spectroscopy

Non-destructive characterization of damage in paI'ucle
reinforced aluminium matrix composites

Research for a mathematical and rule based system which
optimises a cotton mixture based on the interdependence of
significant fibre properties, process parameters, yoarn
properties and spinning machinery performances

Implant monitoring project using active telemetry
(IMPACT)

Improvement of the performance of plasma sprayed
ceramic superconductive layers deposited on metallic
substrates

Development of novel resecxch and fabrication techniques
for materials with biocompatible and bioelectronic
properties

Use of bacteria immobilized on aquatextiles or composite
membranes for extraction of metals and micropollutants
Hot-wet-press process

Reduction of design to product lead time through instomt
manufacturing of models prototypes and tools

45

80
328

246

432

338

70

313

438

492

494

277

257

366

187

87

185

515
162

317
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3628
3532

35636
3549
35655

3557

3558
3560
3564

3565

3587
3589
35694
3695
;3596

3598

3599
3600
3607

3612
3617

Manufacturing cell operators expert system (MCOES)

Development of design and processing techniques for
overinjection of thermoplastic composites

Development of new ceramic components with better
lifetime to control melted metals casting

Improved high temperature corrosion resistant silicon
nitride-silicon carbide composites

MUVI - Multisensor visual inspection in high speed garment
production

Increasing production capacity in the furniture industry,
integrating group technology, CAD/CAM and advanced
manufacturing applications

Robotics for on-line laser operation for the cautomotive
industry

Advances in laser ablation deposition innovations
(ALADIN)

Shape casting of particulate reinforced aluminium alloy
feedstock

Lightweight hybrid composites with improved damage
tolerance based on high modulus polyethylene and glass
fibres

Optimized processing of polymeric film dielectric for ac
power capacitors

New manufacturing technologies for advanced solid oxide
tuel cells

Tool design methodology for precision forging of
rotational parts

Segregation in oxide ceramic materials and its effect on
processing and properties

Processing and microstructural modelling for development of
advanced materials by rapid solidification technology
Sewing machine with traditional driving means
permanently oriented in the direction of seam under
electronic control

Interferometric cineholography for non destructive testing
and quantitative inspection

An intelligent knowledge assisted design environment
(IKADE)

On-line multi sensor inspection system for composites cnd
ceramic coated material

Excimer laser processing of flexible materials

Finite-element modelling of the deformation processing
of anisotropic metals cnd composites

298

160

98

113

361

301

45]

51

429

144

72

75

445

83

28

357

291

310

261
377

439
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3622 Holographic interferometric analysis of vibrational

acoustical behaviour of structures by determination of the

displacement vector 292
3628 Convective effects in solidification 433
3642 Highly oriented highly conductive polymers - a new class of

electro-active materials 66
3650 A combined numerical-experimental approach to the

simulation of hot deformation of metals 436
4001 Industrial development of reinforced masonry buildings 326
4003 Surface generation, surface pretreatment and surface

characterization of tool materials in relation to PVD coating -

a new and systemcatic approach 409
4006 Process control for flexible joining systems 496
4009 Development of a continuous process and a prototype for

manufacturing rubber compounds for car tyres, conveyer

belts, and technical rubber articles 164
4012 Magnetic materials for active control of anti-vibration

systems 79
4015 Co-ordinated activity in process tomography for improving

the design and operation of industrial processes 507
4016 Interface contribution to the temperature-dependent

properties of carbon fibre-reinforced bismaleimide

composites 139
4020 Development of CVD, metal-organic precursors and pattems

techniques for high Tc applications 89
4028 Composites powder metallurgy materials for operations

under poor/non lubricating conditions in heavy duty diesel

engines 5631
4030 MMC sheets and sheet structures made from particulate

reinforced aluminium alloys 14
4033 Novel semiconductor gas detectors in multi-sensor systems

for safety, efficiency and the environment 252
4034 Adaptation of recycled PET to the exirusion blow moulding

process 159
4041 System for on-line inspection, classification, quality control

and rescheduling of flat rolled products moving at high

speed 259
4042 An electrochromic glazing system suitable for tramsport and

caxchitectural applications 61
4045 Development of an environmentally-friendly process for the

manufacture of coated fabrics (artificial leather processing

for environment safegucard) - ALPES 369
4046 Distributed optical (laser) energy systems for flexible

manufacturing 454
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4049

4052

4055

4057

4062

4066

4068

4071

4074

4076
4079
4084

4086

4088

4090

4096

4097

4098

4104

Avdlability, maintainability and reliability opfimization in
electrical substations by the integration of protection and
control functions

Development of hard carbon based coatings for oil free
tribological systems for handling and recovery of polluting
chemicals (COTE)

Polymeric systemns for selective delivery to the large
bowel

Synthesis, characterization and evaluation of multi-layered
and pillared materials for process chemistry and the
environment

The residual service life of concrete structures

New fibre reinforced traditional ceramic products with
superior mechanical properties

Chemical vapour infiltration in new designed composites
with reduced infiltration times by pressure gradients cnd
monitored by insitu analysis with spectroscopic means
High critical temperature superconductors for electrical
power applications - superconducting oxide based current
leads

Development and optimization of CU based catalytic
materials for the simultaneous removal of SOx cnd NOx from
flue gases

Multilayer injection moulding

Long life public service vehicle project study

Advanced aluminium-precision casting for integrally
stiffened net-shape-components ((ADVACAST")
Development of advanced prefabricated urban slab track
systems by application of innovating design methodologies
for improving overall system performances taking into
account environmental factors

New types of corrosion impdairing the reliability of copper in
potable water caused by micro-organisms

Development of new pervaporation membranes oand
processes to separate alcohols/ethers/hydrocarbon
mixtures

Laser welding of superalloys and of titamium alloys

Pre-competitive automated visual inspection applied to
stone process (AVIS)

The development of validated predictive models for optimal
design of multiphase chemical processes

Quality enhancement and process availabilty in LLDPE
stretch film output by multisensors and computerized
systems

204

416

175

500

330

104

106

90

504
152
467

430

339

214

510

486

293

505

132
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4108 Residudl stresses and hardening depth measurements - an
on-line approach to mechanical part 100% production

testing 266
4112 New magnetic material structures for static sensing
heads 47

4113 Development and evalucation of a design - methodology for
tool logistics in the cutomotive industry’s manufacturing

environment 311
4117 Advanced super finish wire-EDM and coating technologies
for improved tool production 408

4118 Development and application of PVD-coatings for the
tribological system of fine blanking ASDA central operation

for stamping ond cold forming processes 410
4121 Compact MRI body scanners using state-of-the-art

permanent magnets 188
4122 High performance magnetic fluids and complementary

devices 49
4124 Coating of silicon carbide matrix composites for industrial

use in corrosive environments 114
4125 Design, manufacturing and recyling of advanced

thermoplastic composite automotive parts 172
4126 Power train noise / vibration prediction 233
4127 Intelligent machine for internal grinding with very high

cutting speed using active magnetic bearing spindle 461
4129 Die cavity elasticity considerations for nett-forming 437
4137 Fast response electro-chromic devices on polymeric

substrate (FREDOPS) 56
4138 Integrated production cell for the steel components of

reinforced concrete building elements (INPROROS) 342
4139 Repair policy determination based on al learning methods

(REPAY) 199
4140 ScheduleZ-dynamic scheduling toolbox ' 383
4142 Fibre composite elements and techniques as non-metallic

reinforcement of concrete 332

4143 Design and evaluation of self reinforcing thermosets
through the crosslinking polymerization of liquid crystalline
monomers 122

4144 Cost-effective production technologies for ceramic matrix
composites 107
4152 Development of sensing, controlling and handling of
automation technology for separation of flexible food
materials with evisceration of pig carcasses as model
process 381
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4155
4158

4159
4159

4163
4172
4177

4184

4191

4192
4194

4200
4204
’4210
4212
4213
4215
4222

4227
4230

4236

Concerted European Action on Magnets - applications,
processes, new materials

Prediction of erosion due to cavitation in hydraulic
machinery

Flexibot project - flexible manufacturing system integrating
different welding technologies and others for small-lot cnd
very diversified production

Flexibot project - flexible monufacturing system integrating
different welding technologies and others for small-lot and
very diversified production

Multiparameter chemical sensors for on-line data aquisiion
of blood physiological data

Modellization and process control of liquid-containing
metallic electrocoatings

Dissimilar metal joining by the use of graded

compositions

Restoring competitiveness of the European leather
industries through novel manufacturing procedures
meeting safety, health, environmental needs
Environmentally friendly high performance waterborne
coatings

Gas turbine health monitoring demonstrator (GASTEM)
Reliability-based optimal design methodology with
applications to advanced aerospace structures

Substitution of PVC-foils by resources cnd environment
preserving materials (SUPREMAT)

Ultrafine cathodo-luminescant powders for very high
resolution systems

Sputter coatings - adjustment of the coating design and
application

Modelling and characterization of the manufacturing
process of ceramic thermal barrier coatings

Condition assessment and maintenance stategies for
buildings and building components

Improved tyre safety and life by a new wire rubber
adhesion system

Piezoceramics for saw devices - hydrothermal synthesis as a
method to achieve submicron grain sized powder

A structural methology for the ship predesign process

Resorbable continuous fibre-reinforced polymers for the
osteosynthesis

Cost effective laser synthesized nanoscale powders and
cases of thermomechanical application

4]

213

318

495

186

392

497

376

171
232

207

190

83

411

118

321

166

78
197

184

520
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4237

4242

4244

4249

4250

4255
4259

4260

4265

4266

4272

4275

4283

4285

4288

4300
4302

4305

4312

4314

An advanced computer based method for the design and
optimization of global machining aspects (DOGMA)

Finite element modelling of the plasma nitriding process
and the resultomt load becaring capacity of low alloy

steels

Cost reduction through manufacturing planning ond
control using impact analysis and capacity scheduling
Development of a new generation of artificial hip joints
containing compliant layers

Integrated computer-aided reliability cnalysis and real-time
fault location using component and system modelling
Microporous carbon membrane for gas separation
Research on automatic handling techniques for non-rigid
materials based on their properties

Reactive blends - a new way for improved and recycled
materials

Quality improvement in meat transformdation process by
vision sensors and knowledge based technicues -

promeat

Improved processings capability of CW industrial CO2
lasers

Improvement of the reliability of heat engine components
under service conditions using finite element modelling of
ceramic thermal barrier coatings

Coordinated European activity on pillared layered
structures (CEA - PLS)

Microwave devices based on high Tc superconductors -
Verified approaches to life assessment and improved

design of elevated temperature turbine equipment
(VALID)

Superior aluminium nitride with special microstructure
design for improved machining behaviour ’
Image analysis for monitoring building materials

Machine management for increasing reliability, avalability
and maintainability - MIRAM

Upgrading aluminium and steel by laser surface treatment
for enhanced corrosion resistance

Automated image reconstruction using expert systems
(AIRES)

Development of refurbishment procedures of industrial
components by non contact damage mapping and COz2 laser
welding cnd cladding

463

419

314

177

202
513

367

173

382

485

119

499

91

228

60
325

230

400

289

453
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4324 The application of the "graded structures”™ concept as a

means of improving the performance of engineering

components 528
4329 Plasma sprayed silicon carbide for critical tribological

components 421
4331 Improvements to low heat input welding 490
4334 ATTAIN: oapplication of transient thermography to

advance industrial NDT 264
4336 On-line quality control of strip cast aluminium alloys 258
4340 Centrifugal casting of metal matrix composites for the

production of reinforced near net shape components 431
4354 Experimental and numerical analysis of sloshing and

impact loads 248
4359 Optimized fire safety of offshore structures 194
4370 Dual wavelength laser processing (DUWALP) 455
4373 Research on and perfection of on-line sensors and

controlling processes for continuous textile finishing 354
4375 Comparison of surface modifications by ion implantation

oand cold plasma assisted treatments as an alternative to

other coating techniques 183
4377 New liquid crystal polymer/elastomer composites 123
4378 Elaboration and study of soft magnetic materials obtained

by rapid solidification cnd by chemical vapour deposition

for applications at medium and high frequencies 50
4379 GRIN material and technology R & D for gradient index

optical glass lenses 57
4382 Precision machining using abrasive water jets 457
4390 Integrated system of flexible prefabrication for personalized

architectonic facade 341
4393 Development of new SM-FE-N permanent magnets 40
4394 Development of an Alpha-2 based titanium aluminide alloy

for high temperature applications 19
4398 Non contacting surface characterization of ceramics and

coatings with micro acoustic waves (¢ - maw) 263
4407 A new approach to high performance reinforced aluminium

components using fibres with predetermined orientation 13
4412 Development of new materials with improved fire

resistance, reduced smoke and toxicity for structural

and/or furnishing applications 149
4414 Development of high performance isocyanate - free

polymers for new low toxicity paint 167
4417 Development of building module technology 343
4420 Robotic butchery for meat production 380
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Ixv

4424

4429

4432

4436

4439

4441

4445

4455

4456

4468

4471

4478

4481

4484

4489

4490

4500

4501

4503

4507

A tool for disseminating product assurance in the
mechanical industries

Real time manufacture process control for crystalline
microparticles (COMIPA)

Quality control of polypropylene photostability based on
laser exposure

Development and integration of an advanced unified
approach to structure bome noise analysis

Manufacturing techniques for components of flat plate, solid
oxide fuel cell (SOFC) reactors

Laser induced colouring of plastics and lacquers
(LICOPAL)

Precision machining spindles

Surface conditioning of electronic components for clean
joining processes

Development of a new filler elastomer system for improved
tyre performance and driving scfety

Development of a collagen binding polymer surface for
intraocular lenses

High rise concrete apartment buildings with limited
construction time

ICADES - Integrated calculation in a design system

Research into the ccrded yarn process in the coarse yarn
count sector using modern non conventional spinning
technology

Mathematical modelling in worsted spinning. allowing the
optimization of the process and the development of CIM .
In-situ control of plasma chemical vapour deposited cubic
boron nitride films

Development of computer - aided moulding area
reservation and optimization system (CAMARQ)

Development and characterization of melt-processable rigid '
rod polymers with improved mechanical properties
Workability of metals and metal matrix composites in

particular al-li alloys end aluminium-based metal matrix
composites

Epoxy polymer concrete for precision engineering

(EPOC)

Improved performance of machine tool operation through a
closed loop, tuned vibration absorber

Development of an integrated system able to optimize the
flexibility level in the textile-apparel production process

203

519

131

235

76

128
462

475

165

176

344

315

350

349

397

308

125

335

464

352



Ixvi Index of projects by proposal number
4511 Hi PER VIB High Performance vibratory pile drivers based

on novel electtomagnetic actuation system ond improved

understanding of soil dynamics 340
4512 A fundamental study of electrochemical sensors for the

aluminium industry 253
4514 Microstructural modelling of industrial thermomechanical

processing of aluminium alloys 31
4515 Economic and reliable turbine blading by low cost single

crystal alloy, casting process and non destructive testing 22
4518 Improving surface finish and integrity in closed dies using

ultrasonically agitated abrasive mixtures 459
4522 Development of novel intelligent monitoring techniques and

optimal adaptive control for fed-batch penicillin

fermentation 270
4527 Surface modelling and quality control system for manual

and automatic coordinate measuring machines 278
4529 Powder formation in low pressure, low temperature

plasmas 522
4535 Acids recovery by membrane technology new membranes

and process optimisation 511
4538 Solution of electrostatic problems in powder handling and

processing 536
4539 Simultaneous engineering system for applications in

mechanical engineering (SESAME) 299
4545 Metacost 316
4551 Processing stategy for filament winding of thermoset

components based on a mathematical process

description 155
4554 SHIPREL-reliability methods for ship structural design 198
4561 Carbonylation reactions of industrial interest catalyzed by

supported metals 506
4562 Automation of a leather piece feed system for the

manufacture of shoe uppers 373
4564 Prediction of nonlinecr materials and structural behaviour

using paralle]l computing methods 222
4574 Integrated simulation and evaluation of ultrasonic testing

data 274
4575 Catalytic membrane reactors application to fine chemical

synthesis 508
4577 Intrinsically conductive polymers for electromagnetic

interference shielding 64
4585 Advanced surface engineering processes to enhance the

dynamic performance of springs 389
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4595 Development of cm cutomated bond verification system for

advanced electronic packages 276
4596 Development of an user-oriented CAE system for

simulating the forming of ductile iron parts 446
4602 Vision based intermmal and external automatic inspection

system for metal products 268
4607 Development of low cost, transparent barrier films for

flexible packaging 189

4610 Engineered fibre strengthened ceramic composites -
structural integrity and performnamce in energy conversion
and processing systems 116

4618 Neural networks involving new signal processing
procedures for fault assessment in civil engineering

structures 323
4621 Manufacture of tools and dies using spray forming
techniques (MUST) 442

4624 Development of a twin D.C. plasma coc for the production
of ultra-fine ceramic powders, their evaluation and
processing 534

4633 Materials having novel structure factors for catalysis of
hydrocarbon transformations and development of selective

processes 503
4635 Ceramic part preparation process to enhance tissue

ingrowth on orthopaedic devices 181
4640 Economic electrical drive for highly dynamic applications 82
4645 Advanced fabrics for integral composite sandwich

structures (AFICOSS) 143

4647 The development of a novel hydrogen probe for plasma
characterization and control during diamond film

deposition 396
4657 Concerted action - life assessment of industrial components
and structures : 200

4661 The design, implementation and test of a design for
manufacturing architecture and tool suite (DEFMAT) 302
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BREU-0351
BREU-0205
BREU-0113
BREU-0062
BREU-0134
BREU-0136
BREU-0267
BREU-0146
BREU-0052
BREU-0323
BREU-0124
BREU-0145
BREU-0084
BREU-0346
BREU-0157
BREU-0317
BREU-0126
BREU-0059
BREU-0180
BREU-0119
BREU-0270
BREU-0163
BREU-0201
BREU-0131
BREU-0054
BREU-0166
BREU-0185
BREU-0329
BREU-0144
BREU-0065
BREU-0105
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3599 BREU-0120 4098 BREU-0453 4236 —

3600 BREU-0359 4104 BREU-0394 4242 BREU-0410
3607 BREU-0269 4108 BREU-0507 4244 BREU-0513
3612 BREU-0263 4112 BREU-0448 4249 BREU-0400
3617 BREU-0107 4113 BREU-0493 4250 —

3622 BREU-0090 4117 BREU-0461 4255 —

3628 BREU-0262 4118 BREU-0498 4259 BREU-0404
3642 BREU-0322 4121 BREU-0481 4260 BREU-0511
3650 BREU-0175 4122 BREU-0440 4265 BREU-0476
4001 — 4124 BREU-0436 4266 BREU-0516
4003 BREU-0523 4125 BREU-0454 4272 —

4006 BREU-0415 4126 — 4273 —

4009 BREU-0416 4127 BREU-0485 4275 BREU-0462
4012 — 4129 BREU-0392 4283 BREU-0472
4015 BREU-0412 4137 — 4285 BREU-0524
4016 BREU-0503 4138 —_ 4288 BREU-0520
4020 BREU-0438 4139 BREU-0455 4300 BREU-0490
4028 BREU-0439 4140 —_ 4302 BREU-0463
4030 BREU-0395 4142 BREU-0515 4305 BREU-0494
4033 BREU-0502 4143 BREU-0449 4312 BREU-0464
4034 BREU-0430 4144 BREU-0396 4314 —_

4041 — 4152 BREU-0474 4324 BREU-0428
4042 BREU-0488 4155 BREU-0397 4329 BREU-0465
4045 BREU-0450 4158 —_ 4331 —

4046 — 4159 BREU-0491 4334 —_

4049 BREU-0459 4163 BREU-0486 4336 BREU-0393
4052 — 4172 BREU-0402 4340 BREU-0419
4055 BREU-0321 4177 BREU-0441 4354 BREU-0499
4057 BREU-0480 4184 — 4359 —

4062 — 4191 BREU-0434 4370 BREU-0517
4066 BREU-0471 4192 BREU-0506 4373 BREU-0483
4068 BREU-0447 4194 BREU-0456 4375 BREU-0477
4071 BREU-0460 4195 BREU-0509 4377 BREU-0425
4074 — 4200 BREU-0417 4378 BREU-0433
4076 BREU-0495 4204 BREU-0475 4379 —

4079 — 4210 BREU-0403 4382 —

4084 BREU-0401 4212 BREU-0418 4390 —

4086 — 4213 BREU-0514 4393 BREU 0405
4088 BREU-0452 4215 BREU-0424 4394 BREU-0420
4090 BREU-0408 4222 BREU-0504 4398 —

4096 BREU-0518 4227 BREU-0489 4407 BREU-0421
4097 BREU-0496 4230 BREU-0446 4412 BREU-0466
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Proposal.

no.

4414
4417
4420
4424
4429
4432
4436
4439
4441
4445
4446
4455
4456
4468
4471
4478
4481
4484
4489
4490
4500
4501
4503
4507
4511
4512
4514
4515
4518
4522
4527
4529
4535
4538
4539
4545
4551
4554
4561
4564
4574
4575

Contract
no.

BREU-0457
BREU-0484
BREU-0482
BREU-0442
BREU-0467

BREU-0525
BREU-0519

BREU-0521
BREU-0390
BREU-0505
BREU-0398
BREU-0468
BREU-0426
BREU-0409
BREU-0500
BREU 0399
BREU-0422
BREU-0432

BREU 0411
BREU-0497

BREU-0510
BREU-0451
BREU-0501
BREU-0458
BREU-0431
BREU-0508
BREU-0406

Proposal.
no.

4577
4585
4595
4596
4602
4607
4610
4618
4621
4624
4633
4635
4640
4645
4647
4657
4661

Contract
no.

BREU-0469
BREU-0435
BREU-0487
BREU-0443
BREU-0478
BREU-0512
BREU-0526
BREU-0429
BREU-0479
BREU-0532

BREU-0413
BREU-0407

BREU-0492
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Contract
no.

BREU-0046
BREU-0048
BREU-0049
BREU-0050
BREU-0051
BREU-0052
BREU-0053
BREU-0054
BREU-0055
BREU-0056
BREU-0057
BREU-0058
BREU-0059
BREU-0061
BREU-0062
BREU-0063
BREU-0064
BREU-0065
BREU-0066
BREU-0067
BREU-0068
BREU-006%2
BREU-0070
BREU-0071
BREU-0072
BREU-0073
BREU-0074
BREU-0075
BREU-0076
BREU-0077

Index of contract numbers *

Proposal.
no.

3103
3286
3327
3102
3387
3499
3348
3565
3150
3296
3182
3404
3536
3104
3486
3267
3269
3596
3127
3015
3039
3037
3275
3322
3248
3413
3469
3398
3006
3072

Contract
no.

BREU-0078
BREU-0079
BREU-0080
BREU-0081
BREU-0082
BREU-0083
BREU-0084
BREU-0085
BREU-0086
BREU-0088
BREU-0089
BREU-0090
BREU-0091
BREU-0094
BREU-0095
BREU-0096
BREU-0097
BREU-0098
BREU-0099
BREU-0100
BREU-0101
BREU-0102
BREU-0105
BREU-0106
BREU-0107
BREU-0108
BREU-0109
BREU-0110
BREU-0111
BREU-0112

Proposal.
no.

3014
3467
3328
3177
3287
3012
3517
3218
3080
3106
3194
3622
3147
3130
3092
3294
3203
3320
3051
3209
3372
3472
3598
3266
3617
3414
3394
3383
3122
3077

Contract
no.

BREU-0113
BREU-0114
BREU-0116
BREU-0117
BREU-0118
BREU-0119
BREU-0120
BREU-0121
BREU-0122
BREU-0123
BREU-0124
BREU-0125
BREU-0126
BREU-0127
BREU-0128
BREU-0129
BREU-0130
BREU-0131
BREU-0132
BREU-0133
BREU-0134

BREU-0135

BREU-0136
BREU-0137
BREU-0138
BREU-0139
BREU-0140
BREU-0141
BREU-0142
BREU-0144

Proposal.
no.

3480
3381
3153
3332
3359
3555
3599
3217
3339
3386
3503
3137
3532
3231
3250
3223
3379
3564
3005
3086
3489
3212
3490
3009
3279
3236
3096
3337
3111
3595

* Projects for which contract numbers were not allocated at the time of
publication of this book are marked with a dash (" —*), and are located at the
end of this index for reference purposes.
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BREU-0145
BREU-0146
BREU-0147
BREU-0148
BREU-0150
BREU-0151
BREU-0152
BREU-0153
BREU-0155
BREU-0156
BREU-01567
BREU-0158
BREU-0159
BREU-0160
BREU-0161
BREU-0162
BREU-0163
BREU-0164
BREU-0165
BREU-0166
BREU-0167
BREU-0168
BREU-0169
BREU-0170
BREU-0171
BREU-0172
BREU-0174
BREU-0175
BREU-0176
BREU-0177
BREU-0178
BREU-0180
BREU-0181
BREU-0182
BREU-0183
BREU-0185
BREU-0186
BREU-0187
BREU-0189
BREU-0191
BREU-0192
BREU-0193

Proposal.

no.

35606
3495
3336
3369
3115
3041
3371
3432
3366
3466
3627
3138
3135
3341
3197
3408
3558
3326
3117
3587
3247
3082
3429
3120
3090
3048
3473
3650
3355
3459
3292
3549
3055
3038
3444
3589
3091
3261
3270
3357
3110
3142

Contract
no.

BREU-0194
BREU-0195
BREU-0201
BREU-0202
BREU-0203
BREU-0204
BREU-0205
BREU-0206
BREU-0207
BREU-0208
BREU-0262
BREU-0263
BREU-0264
BREU-0265
BREU-0266
BREU-0267
BREU-0268
BREU-0269
BREU-0270
BREU-0271
BREU-0272
BREU-0273
BREU-0274
BREU-0275
BREU-0276
BREU-0278
BREU-0296
BREU-0303
BREU-0304
BREU-0317
BREU-0322
BREU-0323
BREU-0329
BREU-0330
BREU-0331
BREU-0333
BREU-0333
BREU-0333
BREU-0334
BREU-0338
BREU-0339
BREU-0346

Proposal.

no.

3042
3257
3560
3324
3378
3176
3476
3438
3360
3069
3628
3612
3364
3148
3076
3494
3062
3607
3557
3290
3291
3345
3036
3152
3159
3208
3207
3447
3125
3528
3642
3500
3594
3160
3415
3455
3456
3457
3243
3338
3264
3522

Contract
no.

BREU-0349
BREU-0350
BREU-0351
BREU-0352
BREU-0354
BREU-0357
BREU-0358
BREU-0359
BREU-0360
BREU-0362
BREU-0392
BREU-0393
BREU-0395
BREU-0397
BREU-0399
BREU-0402
BREU-0405
BREU-0408
BREU-0411
BREU-0412
BREU-0415
BREU-0416
BREU-0417
BREU-0419
BREU-0424
BREU-0430
BREU-0433
BREU-0435
BREU-0438
BREU-0439
BREU-0441
BREU-0502
BREU-0503
BREU-0523
BREU-0890
MAI1E-0001
MAT1E-0005
MAIE-0011
MAI1E-0014
MAI1E-0016
MAI1E-0024
MAI1E-0025

Proposal.
no.

3119
3167
3474
3302
3252
3449
3376
3600
3299
3385
4129
4336
4030
4155
4514
4172
4393
4090
4529
4015
4006
4009
4200
4340
4215
4034
4378
4585
4020
4028
4177
4033
4016
4003
3412
0653
0047
0054
0357
0809
0479
0347
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Contract Proposal. Contract Proposal. Contract Proposal.
no. no. no. no. no. no.
MAI1E-0027 0837 RI1B-101 2121 RI1B-203 2408
MAI1E-0029 0339 RI1B-104 1350 RI1B-204 2197
MAI1E-0036 0677 RI1B-119 1535 RI1B-205 2280
MAI1E-0037 0475 RI1B-120 1339 RI1B-214 2130
MAIE-0038 0461 RI1B-123 1357 RI1B-215 2369
MAI1E-0040 0083 RI1B-134 1145 RI1B-216 2424
MAI1E-0042 0459 RI1B-150 1025 RI1B-217 2064
MAI1E-0045 0508 RI1B-156 1354 RI1B-218 2024
MAIE-0047 0721 RI1B-157 1300 RI1B-219 2293
MAI1E-0048 0516 RI1B-164 1381 RI1B-220 2278
MAI1E-Q049 0706 RI1B-165 1560 RI1B-221 2136
MAI1E-0050 0774 RI1B-166 1202 RI1B-223 2026
MAIE-0051 0191 RI1B-171 2006 RI1B-224 2297
MAI1E-0052 0300 RI1B-172 2251 RI1B-225 2226
MAI1E-0054 0257 RI1B-173 2361 RI1B-226 2370
MAI1E-0055 0553 RI1B-174 2242 RI1B-227 2168
MAI1E-0056 0031 RI1B-175 2132 RI1B-228 2343
MAIE-Q058 0113 RI1B-176 2162 RI1B-231 2409
MAI1E-0061 0329 RI1B-177 2177 RI1B-232 2431
MAI1E-0062 0320 RI1B-178 2019 RI1B-235 2085
MAI1E-Q063 0201 . RI1B-179 2119 RI1B-236 2031
MAIE-0064 0494 RI1B-180 2199 RI1B-237 2058
MAI1E0065 0717 RI1B-181 2124 RI1B-240 2029
MAI1E-0066 0157 RI1B-182 2038 RI1B-241 2412
MAI1E-0067 0505 RI1B-183 2148 RI1B-242 2397
MAIE-0068 0148 RI1B-184 2208 RI1B-243 2213
MAIE-0069 0831 RI1B-185 2178 RI1B-244 2476
MAI1E-0070 0603 RI1B-186 2103 RI1B-245 2112
MAI1E-0071 0612 RI1B-187 2150 RI1B-246 2335
MAI1E-0072 0224 RI1B-188 2145 RI1B-247 2315
MAIE-0073 0041 RI1B-190 2172 RI1B-248 - 2167
MAI1E-0074 0275 RI1B-192 2341 RI1B-249 2418
MAI1E-0076 0287 RI1B-193 2387 RI1B-250 2318
MAI1E-0079 0570 RI1B-194 2319 RI1B-251 2417
MAI1E-0081 0325 RI1B-195 2237 RI1B-252 2281
MAI1E-0083 0165 RI1B-196 2079 RI1B-253 2357
MAIE-0086 0049 RI1B-197 2406 RI1B-254 2414
MAI1E-0098 0135 RI1B-198 2385 RI1B-255 2324
MAI1E-0099 0386 RI1B-199 2348 RI1B-257 2437
RI1B-85 1027 RI1B-200 2362 RI1B-258 2294
RI1B-9 1253 RI1B-201 2133 RI1B-259 2165
RI1B-101 1545 RI1B-202 2219 RI1B-261 2052
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RI1B-262
RI1B-263
RI1B-264
RI1B-265
RI1B-266
RI1B-267
RI1B-271
RI1B-272
RI1B-273
RI1B-274
RI1B-275
RI1B-278
RI1B-279
RI1B-280
RI1B-281
RI1B-282
RI1B-284
RI1B-285
RI1B-286
RI1B-287
RI1B-288
RI1B-290
RI1B-291
RI1B-292
RI1B-293
RI1B-294
RI1B-295
RI1B-296
RI1B-297
RI1B-298
RI1B-299
RI1B-300
RI1B-301
RI1B-303
RI1B-304
RI1B-306

Proposal.

no.

2331
2344
2049
2245
2195
2401
2156
2186
2309
2001
2317
2413
2090
2322
2210
2248
2182
2051
2082
2044
2146
2289
2033
2027
2086
2202
2231
2382
2449
2234
2478
2349
2396
2232
2158
2032
4001
4012
4041
4042
4045
4046

Contract

no.

Proposal.

no.

4049
4052
4055
4057
4062
4066
4068
4071
4074
4076
4079
4084
4086
4088
4096
4097
4098
4104
4108
4112
4113
4117
4118
4121
4122
4124
4125
4126
4127
4137
4138
4139
4140
4142
4143
4144
4152
4158
4159
4163
4184
4191

Contract

no.

Proposal.

no.
4192
4194
4195
4204
4210
4212
4213
4222
4227
4230
4236
4242
4244
4249
4250
4255
4259
4260
4265
4266
4272
4273
4275
4283
4285
4288
4300
4302
4305
4312
4314
4324
4329
4331
4334
4354
4359
4370
4373
4375
4377
4379
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— 4382 — 4564
— 4390 — 4574
— 4394 — 4575
—_ 4398 — 4577
— 4407 — 4595
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— 4414 — 4602
— 4417 — 4607
— 4420 — 4610
— 4424 — 4618
— 4429 — 4621
— 4432 — 4624
— 4436 — 4633
— 4441 — 4635
— 4445 — 4640
— 4446 — 4645
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_ 4456 — 4657
— 4468 — 4661
— 4471
— 4478
—_ 4481
— 4484
— 4489
— 4490
- 4500
— 4501
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— 4507
— 4511
— 4512
— 4515
— 4518
— 4522
— 4527
— 4535
— 4538
— 4539
— 4545
— 4551
— 4554
— 4561
— 4562
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Index of keywords

Abrasives/Abrasive jets 3111, 4052, 4328,

4518
Acoustic microscopy /Imaging 2318
Active magnetic bearings 3138

Adhesives/Bonding 2006, 2019, 2132, 3072,
3290, 3299, 3532, 4079, 4215, 4249, 4446

Aeronautics/Aerospace 0165, 0201, 0257,
0386, 0494, 0508, 0717, 0831, 1350, 1357,
2058, 2232, 2280, 2281, 2357, 2361, 2396,
3038, 3082, 3119, 3159, 3160, 3167, 3197,
3203, 3209, 3212, 3218, 3243, 3250, 3269,
3279, 3332, 3337, 3338, 3339, 3355, 3357,
3379, 3386, 3404, 3408, 3413, 3455, 3456,
3457, 3600, 3607, 3617, 4016, 4030, 4084,
4096, 4194, 4236, 4272, 4314, 4354, 4414,

4515, 4527
Ageing 3062, 4432
Alloy development 4394

Alurminfum alloys 0191, 0494, 0603

Assembly/Joining 0459, 2006, 2052, 2132,
2197, 2232, 2242, 2294, 2322, 2331, 2382,
2409, 3037, 3072, 3082, 3104, 3257, 3326,
3341, 3480, 3532, 4030, 4125, 4159, 4177,

4314, 4331, 4446. 4545

Automated inspection 3357

Automation/CIM 1381, 1535, 2165, 2208,
2242, 2248, 2322, 2324, 2362, 2387, 2424,
2431, 2478, 3127, 3414, 3438, 3480, 3486,
3557, 3504, 4104, 4138, 4140, 4152, 4159,

4314, 4481.4489, 4527, 4562, 4595

Automotive/Components & Parts 0047,
0113, 0148, 0459, 0461, 0479, 0553, 1300,
2090, 2158, 2280, 2315, 2319, 2357, 2396,
2417, 2437, 3051, 3104, 3117, 3119, 3257,
3279, 3404, 3413, 3486, 3600, 3607, 3617,
3622, 4006, 4028, 4108, 4113, 4125, 4126,
4159, 4272, 4312, 4345, 4377, 4414, 4432,

4436, 4455, 4527, 4585

Batch manufacturing industries 3302

Bearings 2148, 3138, 2182

Biocompatible/Biodegradation 3106, 3130

Biomaterials 0570, 2052, 3048, 3106, 3208,
3348, 3500, 3506, 4055, 4121, 4163, 4230,

4249, 4456, 4635

Building/Construction 2006, 2085, 2124,
2177, 2331, 2349, 2370, 3091, 3275, 3290,
3376, 3438, 3474, 3517, 4001, 4062, 4138,
4142, 4213, 4300, 4345, 4390, 4417, 4468,

4501, 4511, 4618

CAE/CAD/CAM systems 1025, 1560, 2202,
2210, 2331, 2385, 3051, 3148, 3270, 3302,
3324, 3381, 3447, 3449, 3455, 3456, 3457,
3473, 3480, 3527, 3532, 3557, 3594, 3600,
3617, 4079, 4113, 4126, 4159, 4468, 4471,

4527, 4539, 4545, 4574, 4596, 4661

Capacitors 2344, 4227, 4273, 4424
Carbon-fibre composites 0721, 3159, 3444
Carbon/Graphite 0148, 0201, 2086, 3153,
3209, 3218, 3243, 3383, 3560, 4052, 4255,
4577

Catalysis/Catalytic process 0837, 4633
Catalysts/Zeolites 0837, 2130, 2289, 4074,
4275, 4561, 4575, 4633

Cathodoluminescence 4204
Cellulose /Mineral fillers 3135
Ceramics 0339, 2408, 3005, 3111, 3150,
3299, 3536, 3595, 4071, 4212, 4272, 4288,
4398

Ceramic coatings 2133, 3012
Ceramics powders 0461, 3150

Ceramics/Glesses 0157, 0224, 0386, 0459,
0461, 0475, 0677, 2024, 2051, 2130, 2133,
2145, 2152, 2162, 2280, 2396, 2417, 3015,
3048, 3086, 3092, 3096, 3176, 3182, 3208,
3236, 3266, 3269, 3279, 3294, 3320, 3387,
3549, 3589, 4057, 4066, 4236, 4283, 4379,

4439, 4624

Chemical/Petrochemical 1027, 2082, 2124,
2335, 3069, 3137, 3138, 3286, 3336, 3359,
3381, 3522, 3587, 4015, 4045, 4057, 4090,
4098, 4177, 4204, 4255, 4260, 4429, 4441,

4535, 4538, 4561, 4575, 4633

Chemical vapour deposition (CVD) 2408,
3153, 4020, 4484

Chemical vapour infiltration (CVD) 4068
Chemistry 2031, 2343, 3005, 3009, 3267,
3286, 3372, 3381, 3408, 3474, 4057, 4143,
4412, 4393, 4414, 4446, 4501, 4512, 4529,
4561, 4575

CM 2208

Coatings/Thin films 0049, 0054, 0157,
0300, 0339, 0347, 0357, 1357, 2052, 2158,
2234, 2280, 2281, 2335, 2408, 2412, 2418,
3048, 3076, 3153, 3197, 3208, 3296, 3320,
3327, 3337, 3338, 3339, 3359, 3412, 3413,
3476, 3494, 3503, 3560, 4003, 4020, 4042,
4045, 4052, 4112, 4117, 4118, 4124, 4172,
4210, 4212, 4215, 4242, 4272, 4275, 4329,
4334, 4398. 4414. 4484. 4529. 4635, 4647
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Codes/Standards 2147, 3275, 3291, 3292,
3449, 4003, 4354, 4417, 4554

Composites 0148, 2317, 2408, 3398, 4028,
4104, 4610

Composites (ceramic martrix) 0083, 0113,
0459, 1253, 2086, 2145, 2219, 3048, 3055,
3119, 3266, 3269, 3294, 3549, 4066, 4068,

4124, 4144, 4439, 4624

Composites (metal martrix) 0191, 0201,
0459, 0508, 0516, 0612, 0717, 0774, 2293,
2317, 2397, 2437, 3041, 3104, 3223, 3279,
3495, 3564, 3596, 3607, 3617, 4030, 4324,

4340, 4407, 4500, 4621, 4624

Composites (polymer matrix) 0135, 0165,
0505, 0706, 0721, 0831, 2150, 2199, 2331,
2361, 2369, 2397, 2413, 3038, 3062, 3069,
3096, 3103, 3160, 3194, 3212, 3218, 3270,
3292, 3381, 3408, 3414, 3429, 3444, 3457,
3459, 3532, 3617, 4016, 4142, 4215, 4230,
4334, 4370, 4377, 4412, 4501, 4564, 4645

Composite (thermoplastic mertrix) 4125
Computer aided alloy design 3117

Computer science/Softwcae 0224, 1027,
2146, 2150, 2317, 2349, 2406, 3119, 3248,
3302, 3324, 3469, 3473, 3528, 3628, 4012,

4049, 4076, 4121, 4417, 4564

Computers/Computer systermns 3127
Computer integrated momufacturing 2208

Concrete/Building materials 2085, 2294,
2349, 2370, 2414, 3275, 3291, 3415, 3474,
4001, 4062, 4138, 4213, 4468

Control systems 1381, 2167, 2248, 2476,
3006, 3042, 3135, 3152, 3248, 3558, 4006,
4049, 4213, 4259, 4336. 4429, 4522

Cork 3264

Corrosion 0049, 2032, 2038, 2182, 3062,

3355, 3398, 3466, 4088, 4329, 4610
Crack initiation 1145
Creep 0257, 2341, 3398, 4610
Creep fatigue 0386, 3080
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2 Metallic materials ond metallic matrix composites

TEXTURE AND PLASTIC ANISOTROPY IN ALUMINIUM
LITHIUM ALLOYS

Starting date: February 1988 Duration: 36 months

OBJECTIVES

The am of the project is to determine the influence of alloying elements on

the texture development in 3 various Al-Li model alloys. The programme

includes 3 paots:

= theoretical and experimental studies of rolling texture development-rolling
experiments on technical and large grain size alloys to determine the slip
systems, slip inhomogeneities and lattice reorientations of individual
grains

= experimental study of texture evolution during heat freatment

» measurements of plastic anisotropy and comparison with anisotropy data
calculated from textures.

The ultimate am was to provide a method for predicting the mechanical
properties of highly textured alloys as occurring in Al-Li alloys.

ACHIEVEMENTS TO DATE

Bands of the three alloys have been prepared by casting and hot extrusion
and were hot or cold rolled to various thicknesses. Some of these bands
were subjected to a further heat treatment. At each stage detaled texture
measurements were made by X-1ay pole figures cnd ODFs ( Crientation
Distribution Functions ). Tensile tests on the hot rolled samples have been
carried out to determine the Lankford coefficient R and the vyield stress oy.
The results reveal a pronounced R(a) anisotropy; cdter hot rolling R is very
low at «=0°, increases to over 1 at 45° then decreases to +0.5 at 90°C. The R
and oyvalues could also be calculated using the texture data. To examine in
greater detail the mechanisms of rolling texture development, a sample with
grains of 3mm diameter was deformed in plain strain compression and the
orientations of 26 indivdual grains were measured. The lattice rotations of
the grains were also compared with the different theoretical predictions
according to Taylor-type models (Full and Relaxed Constraints) of the grain
deformations.

KEYWORDS Materials science; Metallic structural materials; Materials
processing; Aeronautics; Texture; Plastic anisotropy; Al-Li alloys

PRIME PARTNER OTHER PARTNERS
RWTH AACHEN ARMINES, ST ETIENNE F
INSTITUT FUR METALLKUNDE
UND METALLPHYSIK
KOPERNIKUSSTRAGE 14
D-5100 AACHEN

CONTACT PERSON

K. LUCKE

Tel: + 49-241-806858

Tfax: + 49-241-806893 Contract no: MA1E-0064
Tix: + 832704 Proposal no: P-0494



Light alloys 3

WORKABILITY OF METALS AND METAL MATRIX
COMPOSITES IN PARTICULAR AL-LI ALLOYS AND
ALUMINIUM-BASED METAL MATRIX COMPOSITES

Starting date: June 1991 Duration: 36 months

OBJECTIVES

The proposal is concemed with progressive plastic deformation and fracture
of advanced aerospace materials in quasi-static and dynamic tension,
compression and torsion. The test materials will be Al-Li and Al-based metal
matrix composites. The following areas will be investigated :

(i) the micro-mechamisms of plastic deformation end fracture in both classes
of material

(ii) the application of macroscopic shear banding to flow localization in these
materials will be studied along with the development of the Bai-Dodd shear
banding model for multidimensional stress states which will be completed

(i) examination of the dilatational strain-energy density criterion (T-
criterion) for specification of the type of fracture under various strain states
and strain rates

(iv) development of forming limit diagrams as functions of imposed strain
rate and strain rate for use in metal forming processes to make fabrication of
the two types of material more economic to the Community. Incorporcation of
the forming limit loci in CAD/CAM programs will make the outcome of this
work particularly valuable.

KEYWORDS

Materials processing: Forming; Formability; Composites (metal matrix);
Reinforcing materials; Materials science; Materials characterization

PRIME PARTNER OTHER PARTNERS
UNIVERSITY OF READING SGM NL

DEPARTMENT OF ENGINEERING NATIONAL TECHNICAL UNIVERSITY OF ATHENS
GR .

PO BOX 225, WHITEKNIGHTS UNIVERSITY OF BORDEAUX I/ENSAM F
UK-RG6 2AY READING

CONTACT PERSON

B. DODD

Tel: + 44-734-318587

Tfax: + 44-734-313327 Contract no: BREU-0398
Tix: + 847813 RULIBG Proposal no: BE-4500



4 Metallic materials and metallic matrix composites

INVESTIGATIONS ON ALUMINIUM-LITHIUM ALLOYS FOR
DAMAGE TOLERANT APPLICATION

Starting date: July 1990 Duration: 24 months

OBJECTIVES

New almuminium-lithium alloys offer aircraft manufacturers considerable weight
saving potential without extensive conversion of their manufacturing facilities.

At present the main material used for civil aircraft structures is the conventional
alloy 2024 T3 because of its excellent damage tolerant behaviour. Al-Li alloys
becoming available do not cover the whole range of properties required by the
arcraft industry in respect of damage tolerance.

A priority of the programme is to identify the weak points of the existing materials
and to define procedures for improvements.

A further increase in attractiveness and cost-efficiency for future use of the
material will be possible when a naturally aged alloy becomes avdailable instead of
the cotificially aged alloy.

Another priority is the understanding and evaluation of specific behaviours of the
now available alloys which are specific to Al-Li and mainly unknown today.
Special items such as corrosion, fracture toughness, flight simulation and
component tests have to be solved.

ACHIEVEMENTS TO DATE

To investigate the possibility of developing a natural ageing alloy, background
information on the existing commercial alloys, and information on research alloys
has been collated. Two series of new alloys are then to be cast, forged and rolled.
The am of activities regarding fracture toughness testing is to devise a simple
method for the evaluation of this important behaviour which may be used as a
quality control test.

The first step was to provide a data base of tests used today (definition and
parameter) and fracture toughness properties obtained from the different methods.
Theoretical studies such as elastic-plastic finite element calculations and literature
survey of testing methods were undertaken in order to understand the different
methods and identify possible candidate methods.

For flight simulation most of the specimens have been made and tests stcarted.
Results obtained so far in this project need more analysis by partners and have to
be completed a stage further before any correlation is possible comd a common
tendency is found.

KEYWORDS  Aeronautics/Aerospace; Manufacturing: Engineering; Metallic
structural materials; Materials science; Research/Development

PRIME PARTNER OTHER PARTNERS
DEUTSCHE AIRBUS GMBH AEROSPATIALE F
R&D MATERIALS AND PROCESSES CASA E
HUNEFELDSTRABE 1-5 BRITISH AEROSPACE UK
POBOX 107845 FOKKER AIRCRAFT NL
D-2800 BREMEN 1 PECHINEY RHENALU F
DORNIER LUFTFAHRT D
CONTACT PERSON DASSAULT F
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TEL: + 49-421-5382531 BA ALCAN UK
TFAX: + 49-421-5384180 ROYAL AEROSPACE ERSTABLISHMENT UK
TLX: +24021-60 DA D NATIONAL AEROSPACE LABORATORY NL

Contract no: BREU-0128
Proposal no: BE-3250
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NEW ACCELERATED CORROSION TEST METHODS

Starting date: June 1990 Duration: 36 months

OBJECTIVES

New accelerated corrosion test methods for investigating aircradt corrosion
will be developed to face the corrosion problems of present and future
arcraft. Highly sophisticated multi-system electrochemical monitoring
techniques con help to detect corrosion at a very ecarly stage. Real-time
measurements in aircraft may be possible. Better applicability of the
corrosion tests presently being used for Al alloys will be achieved. The
influence of micro-organisms on corrosion and the role of hydrogen for stress
corrosion cracking will be investigated comprehensively.

ACHIEVEMENTS TO DATE

Long-term outdoor exposure tests in different environments have been
launched. Initial results of exposure to marine atmosphere have been
obtained cnd will be compared with conventional stamdard corrosion tests.
The monitoring equipment for electrochemical noise and impedence
measurement has been installed and tests will commence. The testing unit
for corrosion monitoring in an darcraft appecars to be working well now. The
hydrogen permeation measuwrement apparatus has been completed and
preliminary measurements have begun. Sampling methods for
microbiologically induced corrosion have been applied. Micro-organisms
have been isolated from dircraft, identified and enriched. The corrosive
behaviour of the isolated microrgamisms will now be studied.

KEYWORDS

Aeronautics; Metallic structural materials; Corrosion materials science;
Microorgamism; Development; Materials characterization

PRIME PARTNER OTHER PARTNERS
MESSERSCHMITT-BOLKOW-BLOHM GMBH  ALCAN UK
CENTRAL LABORATORY AEROSPATIALE F
PO BOX 801109 BRITISH AEROSPACE . UK
D-8000 MUNCHEN 80 FOKKER AIRCRAFT NL

DLR (INSTITUTE FOR MATERIALS RESEARCH) D

CONTACT PERSON

U. KOCH

Tel: + 49-89-60729105

Tfax: + 49-89-60725408 Contract no: BREU-176
Tix: + 5287-0 MBB D Proposal no: BE-3355



6 Metallic materials and metallic matrix compaosites Light Alloys

FORGING TECHNIQUE AND ALLOY COMPOSITIONAL
OPTIMIZATION FOR THE PRODUCTION OF
ALUMINIUM LITHIUM DIE FORGINGS

Starting date: February 1991 Duration: 36 months

OBJECTIVES

Although aluminium-lithium based alloys 8090, 2091, 2090 have reached
commercial status, emphasis has been directed primarily at the
manufacture of sheet, plate and extrusions wherein the relationship
between composition, fabrication techniques cnd property levels is relatively
well developed and understood. The similcr situation for die forgings is not
so well advanced and is the objective of the current project. The overall adm
is to optimise the various steps in the hond and die forging processes cnd,
together with development of an 8090-based variant specifically for die-
forging, it is hoped to achieve enhanced properties in this product form. The
project is comprised of the following specific tasks:

= optimisation of hand forging techniques-development of
thermomechamical processing parameters to optimise grain shape, size
and type (l.e. recrystallized, unrecrystallized, duplex, etc.)

* mechanical working effects—-maximisation of degree/uniformity of S-
A12CuMg precipitation by optimising post-solution heat treatment cold
compression levels using special finishing dies. Correlation between
experimentally measured strain distribution levels in hand and dye
forgings with theoretically predicted values from FE cnalysis

v compositional effects.-Maximisation of degree/uniformity of S-Al2CuMg
precipitation by modification of lithium, copper and magnesium levels.
Mcdification of S-Al12CuMg precipitation and/or precipitation of further
strengthening phases by minor additions of other alloying elements.

ACHIEVEMENTS TO DATE
Optimisation of hand forging techniques is currently in progress (July 1991).

KEYWORDS

Aeronautics/Aerospace; Materials processing: Research/Development;
Metallic structural materials; Non ferrous; Materials Characterization /
Testing: Forming/Shaping/Casting

PRIME PARTNER OTHER PARTNERS

WESTLAND HELICOPTERS LTD OTTO FUCHS METALLWERKE D
MATERIALS LABORATORY BOX 103 BRITISH ALCAN ALUMINIUM PLC UK
WEST HENDFORD BHP LABORATORIES LIMITED IRL
UK-BA20 2YB YEOVIL SOMERSET RWTH AACHEN (SUB CONTRACTOR) D
CONTACT PERSON

A. F. SMITH

Tel: + 44-935-704155

Tfax: + 44-935-704201 Contract no: BREU-0350

Tix: + 46277 WHLYEO G Proposal no: BE-3167
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OPTIMISATION OF CERAMIC FIBRE - REINFORCED
ALUMINIUM ALLOYS

Starting date: February 1988 Duration: 36 months.

OBJECTIVES

The goal of the project was to acquire a comprehensive know-how on
Ceramic fibre reinforced Aluminium alloys, referring to manufacturing,
processing and heat treatment and to evaluate their performance in terms of
mechanical and wear properties.

ACHIEVEMENTS TO DATE

Ceramic fibre and whiker preforms from several suppliers have been
infilrated by squeeze casting with a wide variety of Aluminium alloys. It has
been found that infiltration causes heterogeneitfies in the preform ocmd
segregation of alloying elements. The composition of the alloy that actually
infilrates the preform is not exactly that of the original alloy, as a fraction of
the alloying elements is retained above the preform. Heat treatments
commonly used for unreinforced aluminium alloys are not optimal for
composites, and we have come to the conclusion that reinforcing materials
modified solution treating and age-hardening kinetics. Hence solution
treating and tempering times cnd temperatures have been optimized for
composites.

Mechanical testing and wear tests have been ccaried out on almost all
composites. The influence of the preform composition and binder on tensile
characteristics was clealy revealed. There exists cn optimal composition of
the alloy that yields the best tensile properties to the composite, as well as
some other alloys that will give more wear-resistant materials.

KEYBOARDS

Metal matrix composites; Fibres; Aluminium alloys: Squeeze casting:;
Mechanical testing

PRIME PARTNER OTHER PARTNERS

RENAULT SA UNIVERSITY OF SURREY UK
DE MAT 0853 UNIVERSITY OF PORTO P
8-10 AVENUE EMILE ZOLA SENTER FOR INDUSTRIFORSKNING NO
F-92109 BOULOGNE BILLANCOURT HYDRO ALUMINIUM NO
CONTACT PERSON

F. DECOMPS

Tel: + 33-1-46094430 Contract no: MATE-0051

Tfax: + 33-1-46034436 Proposal no: P-0191
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PREPREGS AND COMPOSITE MATERIALS MADE OF
ALUMINIUM ALLOYS REINFORCED WITH
CONTINUOUS FIBRES

Starting date: March 1989 Duration: 36 months

OBJECTIVES

The am of the project is to investigate advanced aluminium matrix
composites, obtained via the prepreg route, for applications in aerospace
structures (C/Al) and heat engines (SiC/Al). The programme has four steps:
= prepreg-processing, C (HM or UHM) Al and SiC (NICALON-type/Al

» characterisation of the prepregs

= composite processing

» characterisation of the composites.

ACHIEVEMENTS TO DATE

For prepreg production an equipment for fibre spreading and coating was
developed. The equipment for fibre spreading has already successfully
been demonstrated. Coating of the fibres with pure aluminium is performed
in a PVD process. The equipment for continuous prepreg production has
been developed.

Basic investigation to characterize the prepeg and the fibre/matrix
interactions occuring during consolidation of the composite from the prepeg
stage were performed. Due to the manufacturing temperature a reduction of
the mechanical properties can be observed, as a result of the formation of
aluminium carbide (Al4C3).

The results achieved give rise to the assumption, that if an optimized
manufacturing process can be used, sufficiently good mechanical properties
retain in the composite, without the necessity of carbon fibre coating.

The progress achieved up to now has shown that composite materials can
be produced via the prepeg route.The work in the future has to concentrate
on further improving the quality of the prepeg. the manufacturing
processes, and to better understand fibre/matrix interactions. After these
problems can successfully be solved, a material is available, which can be
used for space structures.

KEYWORDS
Composites (metal matrix),Carbon/Graphite; Materials characterisation/
testing; Aeronautics/Aerospace; Fibres/Reinforcing materials

PRIME PARTNER OTHER PARTNERS

DLR UNIVERSITY OF BORDEAUX F
INSTITUT FUR WERKSTOFF-FORSCHUNG AEROSPATIALE, LES MUREAUX F
P.O. BOX 9060

UNDER HOHE

D-5000 KOLN 90

CONTACT PERSON

K. SCHULTE

Tel: + 49-2203-6012533

Tfax: + 49-2203-67310 Contract no: MATE-0063
Tix: + 8810-0drrd Proposal no: P-0201
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DEVELOPMENT OF FIBRE REINFORCED ALUMINIUM
METAL MATRIX COMPOSITES FOR APPLICATIONS IN
AEROSPACE PRIMARY COMPONENTS USING
POWDER METALLURGY TECHNIQUES

Note: Updated information was not provided in time for publication.
Starting date: November 1988 Duration: 36 months

OBJECTIVES

The aim of the research is to investigate the characteristics and the
production processes of metal matrix (aluminium alloys) composites
reinforced by short fibres or whiskers and by using powder metallurgy
techniques. This technology is suitable for manufacturing extruded or forged
composite structural components with high strength metal matrices. The
programme envisages the following phases:

= production and characterization of all powders and fibres
* MMC sintering and extrusion
= forging and characterization of the finished pct.

This process complements both the squeeze casting, currently being
considered for full commercialization, and the diffusion bonding process
which enables very high performance MMC reinforced with continuous
fibres to be obtained but at high costs, therefore limiting their use to
particular applications.

KEYWORDS

Aeronautics/Aerospace; Forming/Shaping/Casting: Composites (metal
mahrix); Materials science; Powder metallurgy

PRIME PARTNER: OTHER PARTNERS:

AGUSTA SPA ALUMINIA SPA NOVARA [
PSV-PROGETTAZIONE SVILUPPO TECHNICAL UNIVERSITY OF DELFT NL
VIA SCHIAPARELLI CARBORUNDUM, SALE UK

1-21013 CRENNA DI GALLARATE

CONTACT PERSON:

G. DONZELL

Tel: + 39-331-229111 Contract no: MA1E-0065
Proposal no: P-0717



10 Metallic materials and metallic matrix composites

NOVEL METAL - MATRIX COMPOSITES BASED ON
HYPEREUTECTIC ALUMINIUM /. SILICON ALLOYS

Starting date: May 1990 Duration: 48 months

OBJECTIVES

The am is to develop a new family of MMCs based on Al/high Si alloys. The
composites will consist of primary Si particles formed in situ in an Al/Si
eutectic matrix, and will have enhanced specific stiffness, strength and
wear resistance. In contrast with MMC systems such as Al/SiC, formed by
mixing, there should be no brittle compounds at the matrix/particle
interfaces. A fine, uniform distribution of primary Si will be obtained by
spray-forming and preserved by semi-solid processing (thixoforming and
thixocasting), which will result in near-net shape products.

ACHIEVEMENTS TO DATE

Hypereutectic Al/Si alloys have been spray-formed to produce MMCs with
primary Si size <5um in A1/20Si, <8um in Al/36 Si and <20um in Al/50Si.
Near-net shape pieces of these compositions have been produced by
thixoforming, with only limited cocrsening of the primary silicon. Chillcast
and die-cast specimens of the same compositions did not possess the fine Si
sizes found in spray-formed samples, even when refining agents and high
cooling r1ates were used. Preliminary mechamnical tests have confirmed the
superiority of the spray-forming/thixoforming route.

KEYWORDS

Materials processing; Forming/Shaping/Casting; Processing (minerals &
metals); Composites (metal matrix); Materials characterization /Testing);
Materials science; Semi-solid metal processing

PRIME PARTNER OTHER PARTNERS
* UNIVERSITY OF SHEFFIELD LUCAS AUTOMOTIVE LTD UKk
SCHOOL OF MATERIALS OSPREY METALS LTD UK
MAPPIN STREET CEIT (SAN SEBASTIAN) E
UK-S1 3JD SHEFFIELD EDERLAN COOPERATIVE E
UNIVERSITY OF RUHR D

CONTACT PERSON

H.V. ATKINSON

Tel: +44-742-768555 EXT 5512

Tfax: +44-742-754325 Contract no:BREU-0129
Tix: + 547216 Proposal no: BE-3223
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DEVELOPMENT OF NOVEL AUTOMOTIVE PISTON/ROD
COMPONENTS AND AEROSPACE GEARBOXES FROM
LONG FIBRE/METAL MATRIX COMPOSITES

Note: updated material was not provided in time for publication

Starting date: 1990 Duration: 36 months

OBJECTIVES

This programme for the development of techniques for ceramic long fibre
reinforcement, fibre preforms, design of automotive and aerospace
components, production via new squeeze casting routes and liquid metal
infilration route and testing and evaluation of products manufactured both
before and after test bed evaluation will permit the introduction of high
performance MMC materials on a commercial basis. The potential for weight
savings, noise reduction cnd enhanced performance have been realized for
some time and put to technical and commercial advantage in both the USA
and Japan. The major objectives of this programme cre to enable Europecan
automotive and aerospace companies to develop technology which will
enable them to catch up and surpass overseas competitors cnd gain an
increased world share of the market in these areas. The programme will
enable the technical benefits of MMC materials to be related to the
fundamental understanding of the interaction of metal fibre interfaces,
component design, processability, FEA and part performaomnce.

KEYWORDS

Aeronautics/ Aerospace; Automotive, Components & Parts; Forming/
Shaping/Casting; Ceramics/Glasses; Composites (metal matrix); Fibres/
Reinforcing materials '

PRIME PARTNER: OTHER PARTNERS:

ICI ADVANCED MATERIALS DIDIER WERKE AG D

CERAMICS GROUP KOLBENSCHMIDT AG D

POBOX 11 FRAUNHOFER GESELLSCHAFT : D

UK-WA7 4QE RUNCORN IMPERIAL COLLEGE UK
RICARDO CONSULTING ENGINEERS LTD UK
VW AG D
RAY ADVANCED MATERIALS LTD UK
AGUSTA SPA |
VAW AG D

CONTACT PERSON:

A. WALKER

Tel: + 44-928-511280

Tfax: + 44928-576376 Confract no: BREU-0138

Tix: + 629655 Proposal no: BE-3279
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INNOVATIVE MANUFACTURING, DESIGN AND
ASSESSMENT OF ALUMINIUM MATRIX COMPOSITES
FOR HIGH TEMPERATURE PERFORMANCE

Starting date: January 1990 Duration: 36 months

OBJECTIVES

Recent developments in processing technology have enabled the
manufacture of aluminium based composite with reinforcements which are
stable above 300°C, opening the possibility of major new industrial
applications in cutomotive and aerospace applications. Fundamental
materials science problems have been identified for these important
candidate materials. One basic weakness is in the understanding of how
mechanical performance is determined by the complex interaction between
matrix reinforcements and processing routes. The essential objective of this
project is to under-spin industrial progress through a materials science
resecuch consortiurm focused on:

= shape, size and volume fraction of reinforcements in the microstructure

» interface reactions for selected reinforcements

» the influence of thermal expansion mismatch within the composite on
elevated temperature perforrmance

» the evaluation of microstructural damage and performonce parameters
for life prediction under monotonic and cyclic load at a range of
temperatures and under various environmental conditions

The object of the resecnch is to optimise manufacturing processes to produce

microstructures which exhibit excellent temperature performance in selected

aluminium alloy systems and allow predictive engineering design of

components for European industry.

ACHIEVEMENTS TO DATE:

The work is on schedule with preliminary studies of the materials
selection/manufacturing routes in place. This involves dll five partners plus
selected industries.

KEYWORDS

Composites; Fracture mechanics; Creep; Manufacturing; Performance;
Materials science; Fatigue; Corrosion

PRIME PARTNER OTHER PARTNERS

UNIVERSITY OF DUBLIN ECOLE CENTRALE DE PARIS F

MECHANICAL & POLITECNICO UNIVERSIDAD MADRID E
MANUFACTURING ENGINEERING UNIVERSITY OF OXFORD UK

PARSONS BUILDING, TRINITY COLLEGE UNIVERSITY OF BIRMINGHAM UK

IRL-2 DUBLIN

CONTACT PERSON

D.M.R. TAPLIN

Tel: + 353-1-772941 ext. 1383/1837

Tfox: + 353-1-795554/772694 Contract no: BREU-0075

Tix: + 93782 Proposal no: BE-3398
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A NEW APPROACH TO HIGH PERFORMANCE
REINFORCED ALUMINIUM COMPONENTS USING
FIBRES WITH PREDETERMINED ORIENTATION

Starting date: 1991 Duration: 36 months

OBJECTIVES

The am of this project is to develop technicques for the manufacture of
aluminium MMC's with orientated continuous ceramic fibres.

The potential of aluminium MMC is cumrently hindered by the technical
limitations of short/medium fibres and the high cost of long fibre
reinforcement. This project seeks to overcome these technical and cost
limitations.

A continuous ceramic fibre will be developed together with novel preform
manufacturing techniques and testing procedures.

Preforms will be infillrated using both direct and indirect squeeze casting,
optimization of process parameters will be achieved by experimentation with
integrated computer simulations. The acquired data will be applied to the
manufacture of a complex shape similar to a commercially available high
performance component.

The economics of the process route will be enalysed. This project will give a
better fundamental understanding of continuous ceramic fibre manufacture
and preform processing for squeeze cast infiltration. The merits of direct cand
indirect squeeze casting in this context will be evaluated.

KEYWORDS

Materials processing; Forming/Shaping/Casting; Composites (metal matrix);
Metdllic structural materials; Materials characterization /Testing; Materials
science; Reinforcement technology

PRIME PARTNER OTHER PARTNERS

SIMBI SPA MOGAN MATERIALS UK

R&D ALPAN HF : 1S

VIA LOMBARDIA 6 CHALMERS INDUSTRITEKNIK S

1-10071 BORGARO TORINESE (TURIN) MAGMA GMBH D
ICETEC 1S

CONTACT PERSON

C. MASSIMO

Tel: + 39-11-4701585

Tfax: + 39-11-4701044 Contract no: BREU-0421

Tix: + 221263 SIMBI ! Proposal no: BE-4407



14 Metaliic materials and metallic matrix composites Metal Matrix Compaosites

MMC SHEETS AND SHEET STRUCTURES MADE FROM
PARTICULATE REINFORCED ALUMINIUM ALLOYS

Starting date: 1991-1992 Duration: 36 months

OBJECTIVES

This project intends to develop the necessary technology basis for the
production of sheets and sheet structures made from particulate reinforced
Metal Matrix Composites (MCC). Particulate reinforced Aluminium is
currently the only cost effective MCC which allows the production of
improved stiffened structures by taking advantage of the high stiffness
values. Most activities - mainly performed in the USA and Japan - have so
far been concentrated on the production of forgings or extrusions. Little
attention has been paid to the development of MCC sheets, even though
many stiffness critical parts have a sheet type geometry. MCC sheet
structures may become a substitute for Titomium, Aluminium and carbon
fibre reinforced plastics and will account for significant weight savings. This
will lead to improved performcmce of all kinds of transportation systems but
especlally for air- and spacecraft. General engineering applications may
include cutomatic handling devices or machining systems with faster and
closer positioning cnd electronic packaging with tadlored thermal expamsion.
Within the project a European production route for MCC sheet cnd processes
for secondary manufacturing (forming, joining, etc.) will be developed. The
material properties will be established, the numerical process modelling will
be enhanced and stiffened scmple structures will be produced.

KEYWORDS

Aeronautics/Aerospace; Assembly/Joining; Composites (metal matrix); Non
ferrous; Materials science; Particle technology

PRIME PARTNER OTHER PARTNERS

MBB AEROSPATIALE F

PO BOX 801109 ALUSUISSE-LONZA CH

D-8000, MUENCHEN RAUFQCSS NO
RWTH AACHEN D
IMMG GR

CONTACT PERSON

G. HIRT

Tel: + 49-89-60724136

Tfax: + 49-89-6072540 Contract no: BREU-0395

Proposal no: BE-4030
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TOUGH TITANIUM BASED CERMETS FOR TOOLS AND
WEAR RESISTANT COMPONENTS

Starting date: April 1988 Duration: 45 months

OBJECTIVES

The objectives of this project cre:

s to devise Titamium based cermets for metal cutting and wear resistomt
applications

= to develop analytical techniques with high resolution (subrmicrometre),
particularly for light elements carbon end nitrogen

s to make and characterize new Ti(C,N) powders

» {0 assess the performance of new cermet compositions

s to study laboratory test methods for property characterization of cermets.

ACHIEVEMENTS TO DATE

Methods for the production of Ti(C,N) and (Ti, X) (C,N) powders have been
developed, where X is a combination of Ta, W cnd Mo. Elecctron energy
loss spectrometry has been applied to the measurement of C and N
compositions in Ti(C,N) cermets with spatial resolutions better tham 0.01um.
Energy dispersive analysis has been developed to measure Ti and Mo
contents of cobalt/nickel binder phases. Pore free products have been made
using gas atmosphere control during sintering to avoid loss of nitrogen.
Preliminary experiments with quaternary (Ti, Ta, W, Mo) (C, N) powders
has shown that simple two-phase structures can be produced for
comparaison with the multi-phase (up to 6) structures observed in
commercialcermets. The tests method for surface toughness has been
characterized and the uncertdainties associated with its use quantified.
Performance (severe cutting) tests have been performed on commercial
materials for comparaison with cermets produced by the préject partners.

KEYWORDS

Materials processing; Machining; Other materials; Materials choracterization
/testing; Tools/Dies; Powder metallurgy; Cermets

PRIME PARTNER OTHER PARTNERS
NATIONAL PHYSICAL LABORATORY
DIVISION OF MATERIALS METROLOGY HOYBIDE LTD UK
TEDDINGTON KOMET, ROBERT BREUNING GMBH D
UK-TW11 OLW MIDDLESEX LONDON AND SCANDINAVIAN

METALLURGICAL COMPANY LTD UK
CONTACT PERSON
B. ROEBUCK
Tel: + 44-81-9436298
Tfax: + 44-81-943-2989 Contract no: MA1E-0074

Tix: + 262344 Proposal no: P-0275
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MICROSTRUCTURE AND TEXTURE CONTROL OF
HEXAGONAL SHEET ALLOYS - ROLE OF ALLOYING
ELEMENTS ON MECHANICAL PROPERTIES AND
FORMABILITY
Note: Updated information was not available in time for publication

Starting date: 1990 Duration: 48 months

There is considerable evidence to show that variations in microstructure and
texture result in considerable scatter in the mechanical properties and
formability of currently-produced titanium dalloys. These alloys cme not
therefore used as efficiently as they could be and this proposal is aimed at
rectifying this situation by addressing the following objectives: the
identification of which aspects of microstructure end texture most critically
affect properties; and the proposing of ways of producing these materials so
that controlled microstructure and textures which must reduce scatter in
properties can be produced consistently and economically. Such information
could be used in the future production of all existing and new titanium
alloys. The work is viewed as the first phase of a long-term programme. This
initial phase will concentrate on an in-depth characterization of the
microstructures and textures of the alpha and the beta phases of titcmium
both individually and collectively, for a series of model alloys as a function
of cold-rolling of small laboratory-produced ingots to thin sheet and their
subsequent recrystallization. This microstructural characterization will be
accompanied by the development of models to predict accurately the
observed deformation, fracture and recrystallization behaviour. To increase
the basic understanding of deformation in hexagonal metals, equivalent
studies will also be camied out on magnesium and zinc. Subsequent phases
of the work, for which a separate proposal will be made later, would employ
hot and cold rolling and the scale-up to larger ingots through cooperation
with the European Titcmium industry.

_ KEYWORDS

Aeronautics/Aerospace; Non ferrous; Materials science

PRIME PARTNER OTHER PARTNERS

UNIVERSITY OF METZ UFR MIM-SCIENCE UNIVERSITY OF METZ F

LABORATOIRE DE METALLURGIE LM2P ROYAL AIRCRAFT ESTABLISHMENT UK

ILE DU SAULCY ECOLE DES MINES DE ST ETENNE F

F-57045 METZ CEDEX 01 INSTITUT FUR METALLKUNDE UND
METALLPHYSIK D

CONTACT PERSON CATHOLIC UNIVERSITY OF LEUVEN B

C. ESLING/M.J. PHILIPPE UNIVERSITY OF NAVARRA E

Tel: + 33-87-305840

Tfax: + 33-87-302444 Contract no: BREU-0117

Tix: + 930462 Proposal no: BE-3332
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A STUDY OF ADVANCED HIGH TEMPERATURE CREEP RESISTANT
DISPERSION STRENGTHENED TITANIUM ALLOYS USING A
POWDER METALLURGICAL PROCESS

Starting date: October 1988 Duration: 30 months

OBJECTIVES

The purpose of this work was to assess the feasibility of producing high
temperature creep resistant titcmium alloys by dispersion of rare ecrth oxide
particles by rotating electrode process and powder consolidation. An a+f
alloy was chosen for applications in the intermediate temperature range
450-550°C and a near o matrix was selected to provide a temperature
capability beyond 600°C (IM1550 and IM1834-type alloys respectively).

ACHIEVEMENTS TO DATE
During ingot productions, Y203 was directly incorporated in the alloy instead
of yttrium in order to maintain the initial oxygen content of the titonium
matrix. Alloy electrodes were transformed to powder by REP. For each alloy,
about ten electrodes were made, yvielding roughly 3kg of useful powder.
Powder consolidation was performed both by extrusion and HIP'ing.
Microstructural analysis of the as-consolidated products showed, significant
segregation of very large Y203 particles. The origin of this segregation was
attributed to the non-dissolution of pre-existing large yttria aggregates
during REP. Attempts were made to understand why Y203 was not dissolved
during REP and to find out means to remedy this difficulty.

Despite the occurence of the macro-segregation, TEM study revealed a fine
and homogeneous Y203 dispersion in the as-consolidated products of both of
the yttria containing alloys indicating that a part of the Y203 was dissolved
in licquid droplets during REP.

Mechanical tests conducted on P/M processed alloys show a substantial
strength increment of the Y203 containing IMI550 extruded alloy, compared
to the Y203 free dalloy, particulenly around 500°C. Conversely, the addition of
Y203 gave no significant improvement in creep strength between 400-500°C.
The strength increment provided by ythria dispersion to the IMI834 type
alloy was significant at room temperature. Conversely, at 650°C the
strength of both Y203 containing and Y203 free alloys after extrusion was
found to be very low and both alloys showed a “superplastic® behaviour.
Significantly high strengths were only observed after consolidation by
HIP'ing.

KEYWORDS Dispersion-strengthened titanium; Creep resistance:;
Aeronautics; Materials processing: Metallic structural materials; Powder
metallurgy; Materials characterization

PRIME PARTNER OTHER PARTNER
OFFICE NATIONAL D'ETUDES & SNECMA

\‘ EUROA

".A

RECHERCHE AEROSPATIALES ROLLS ROYCE ¥ R UK
MATERIALS ENGINEERING IMI TITANIUM LTD | "4 G UK
29 AVENUE DE LA DIVISION LECLERC, BP 72 ROYAL AIRCRAFT ERFARLISHMENT UK
F-92322 CHATILLON CEDEX CE2US A F
CONTACT PERSON
T. KHAN
Tel: + 33-1-46571160 ext 2509 Confract no: MATE 0054

Tfax: +33-1-46544706 Proposal no: P-0275
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ENVIRONMENT SENSITIVE CRACKING OF TITANIUM

Starting date: November 1988 Duration: 36 months

OBJECTIVES

The purpose of this project is to study the behaviour of titanium grades 2, 5
and 12 in hydrogen uptake environments and the role of hydrogen and
hybrides in the mechanism of cracking.

ACHIEVEMENTS TO DATE

The results obtained in:

1.5SRT and fatigue tests in cir eand seawater with previously hydrided cnd
unhydrided specimens with hydrogen evolution on its surface during the
test in order to assess the possible loss of ductility.

2.Electrochemical studies in different testing media to study the behaviour of
these alloys in hydrogen uptake condifions.

3.SEM and TEM studies to understand the role of hydrogen and hydrides in
the cracking mechanism.

Show that titanium grade 12 is the most sensiive to hydriding omd cracking.
A considerable loss of ductibility has also been observed in titomium grade

5. Findlly, titanium grade 2 has proven to be the most resistant to the
hydrogen effect on the mechanical tests.

KEYWORDS

Titanium alloys; Hydrogen; Non ferrous

PRIME PARTNER OTHER PARTNERS

INASMET IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY
METALLIC MATERIALS AND MEDICINE UK
CAMINO PORTUETXE 12 INSTITUTE FOR ENERGY TECHNOLOGY NO
E-20009 SAN SEBASTIAN VTT TECHNICAL RESEARCH CENTRE SF
CONTACT PERSON

I. AZKARATE

Tel: + 43218022

Tfax: + 43-217500 Contract no: MA1E-0056

Tix: + 36475 Proposal no: P-0031
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DEVELOPMENT OF AN ALPHA-2 BASED TITANIUM
ALUMINIDE ALLOY FOR HIGH TEMPERATURE
APPLICATIONS

Starting dafe: July 1991 Duration: 48 months

OBJECTIVES

Current high temperature titanium alloys cre limited to temperatures around
of 875K, where both creep strength and oxidation resistance restrict their
endurance. The titcmium aluminide, TizAl, offers higher temperature
capability but suffers from poor fracture properties due to its having an
ordered structure. Possibilities exist for improving the fracture properties
while maintaining the superior creep and oxidation properties by alloying
but little is understood regarding the effects of alloying additions.

This project will study the effects of impurity elements, alloying additions
and thermomechanical processing on the microstructure and mechanical
properties of TizAl alloys. The improved understanding will be used to
design an optimum alloy for more extensive process and mechanical
property evaluation. The main objectives cre to:

(i) develop a European-sourced alloy based on TizAl with optimum levels of
impurity elements/alloying additions for use at high temperatures

(ii) establish the processing parameters necessary to produce 2mm thick
sheet and isothermal forging for typical structural application

iif) assess the potential benefits of the optimized composition for structural
components.

The project will develop a generic understanding of TizAl alloys that can be
applied to future materials for specific applications.
KEYWORDS

Non ferrous; Materials characterization/Testing: Titanium alloys; Alloy
development; Intermetallics

PRIME PARTNER OTHER PARTNERS

DEFENCE RESEARCH AGENCY IMI TITANIUM LTD : UK
AEROSPACE DIVISION ROLLS ROYCE PLC UK

MATERIALS & STRUCTURES CEZUS F

RAE PYSTOCK SNECMA F

UK-GU14 OLS FARNBOROUGH TURBOMECA F

ONERA F

CONTACT PERSON

M. WINSTONE

Tel: + 44-252-544411

Tfox: + 44-2562-376867 Contract no: BREU-0420

Proposal no: BE-4394
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IDENTIFICATION AND EVOLUTION OF CRYSTALLINE
STRUCTURES DURING PROCESSING AND TEACHING
OF SHAPE MEMORY ALLOYS

Starting date: January 1988 Duration: 42 months

OBJECTIVES

The purpose of the project is to manufacture TiNi(x) cnd Cu Zn Al Shape
memory alloys for electrical contacts. The objective of the resecach is to
reach a systematic approach of crystalline structures that develop in SMA
during thermal and/or mechanical cycles. The economic interest lies in the
fact that it will be possible to define industrial processes which cre optimized
at the level of cost, quality and reproductibility of materials. SOURIAU
manufactures electrical contact, CEZUS end NIVAROX provide wires and
strips, EEN.S.C.P. is involved in X-Rays data.

ACHIEVEMENTS TO DATE

A special X-ray diffractometer has been assembled, in which the samples
can be stressed up to 10N, and gaz heated or cooled from 200°C to -180°C.
Strips of CU ZN Al Ti Ni(x) alloys have been investigated in both as-recieved
or trained by thermal and/or mechanical cycles states. It has been shown
that in every case, the Austenite and Martensite structures are much more
complex than trivial b.c.c. and closed-packed polytypic structures. Widely
diversified structures appear in the as-recieved and prime-cycled training
states. These evolutions during training show a stabilization which began to
occur ater 20 training cycles and is completely achieved dafter 50 training
cycles.

KEYWORDS

Electrical/Electronic industry; Materials processing; Engineering (electrical);
Forming/ Shaping/casting; Electronics

PRIME PARTNER OTHER PARTNERS

ECOLE NATIONALE SUPERIEURE SOURIAU & CIE F
DE CHIMIE DE PARIS CE2US F

METALLURGIE APPLIQUEE NIVAROX FAR SA CH

11 RUE P &M CURIE

F-75231 PARIS CEDEX 05

CONTACT PERSON
A. DUBERTRET

Tel: + 33-1-44276723 Contract no: MA1E-0016
Tfax: +33-1-43257975 Proposal no: P-0809



Other metaliic alloys 21

DEVELOPMENT OF STEELS HAVING A HIGH ALUMINIUM CONTENT
RESISTANT TO WEAR AND TO ENVIRONMENTS THAT ARE SUBJECT
TO HOT CORROSION - APPLICATIONS TO COATINGS

Starting date: February 1988 Duration: 42 months

OBJECTIVES

In order to solve the problems of high temperature corrosion and wear the
project involves the development of an intermetallic iron-aluminium alloy
(25-28% by mass of aluminium), whose metallurgical properties will have
been improved by adding other elements and hot working processes. The
ingot route and the powder route will be examined and atomization will be
used to produce powders. Different coatings will be prepared too (PVD, semi-
ransferred and low pressure plasma spray). The behaviour of these alloys
will be characterized in corrosion atmosphere (carburizing and sulphidizing
environment). Wear tests will be conducted.

ACHIEVEMENTS TO DATE

FeAl alloys (25%Al) with the addition of boron, zirconium and cerium have
been prepared by both ingot route (vacuum casting) and by powder
metallurgy. They have been extruded at 1100°C or formed by compression.
Coatings of Fe Al by plasma techniques cnd PVD have been prepared. Best
adhesion and resistemnce to corrosion were obtained with PVD coatings.

In tensile tests, the alloys are brittle up to 400°C, above 600°C ductility
increases. A good toughness (charpy V > 505/cm?2) is found for bimodal
structure produced during compression.

A special reinforcement technique of the material results in a marked
improvement of the creep resistance. Initial results indicate that this alloy
exhibits higher resistance to sulphidizing cnd oxidizing corrosion, wear cnd
creep, than stainless steel and is competetive with Nickel based superalloys
with the advantages of low density and low inherent material cost.

KEYWORDS
Intermetallic; Corrosion; Wear

PRIME PARTNER OTHER PARTNERS

CEA/CENG/CEREM/DEM CENTRO SUILUPPO MATERIAL! (CSM) |

DEM ARMINES F

85X OSPREY METALS LTD UK
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CONTACT PERSON

A. LEFORT
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ECONOMIC AND RELIABLE TURBINE BLADING BY
LOW COST SINGLE CRYSTAL ALLOY, CASTING
PROCESS AND NON DESTRUCTIVE TESTING

Starting date: July 1991 Duration: 36 months

OBJECTIVES

The avdilability of affordable and reliable single crystal components for high
temperature applications, in particular in gas turbines, is an essential aspect
for competitive engines. New approaches are necessary to reduce the costs
of these components, which cre still to high for certain applications.

This project consists of three complementary objectives which combined will
significantly decrease costs of single crystal components with high
performance potential.

The first objective is to improve the performance of the single crystal
material by careful baloncing of conventional Ni-base alloy chemistry
(ather than following the conventional method of adding extremely
expensive elements like Re).

The second objective is to signficantly lower production costs by utilizing
conventional vacuum casting furnaces available even in smaller investment
foundries and by reducing cycle times. Process parameters will be controlled
by mould design rather than by heating/cooling devices.

The third objective is to lower quality assurance costs for detecting
orientation end grain structure defects by simultaneously increasing the
reliability of quality control test results.

KEYWORDS

Materials processing; Aeronautics/Aerospace; Engineering (process):
Forming/Shaping/Casting; Quality assurance; Superalloys/Special alloys:
Materials characterization /Testing

PRIME PARTNER OTHER PARTNERS
MTU MOTOREN-UND TURBINEN-UNION THYSSEN GUSS AG D
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CONTACT PERSON
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DEVELOPMENT OF ADVANCED CARBON-
MAGNESIUM METAL MATRIX COMPOSITES BY
APPLYING THE SEMI-LIQUID PHASE INFILTRATION

Starting date: October 1988 Duration: 39 months

OBJECTIVES

Development of a processing route for carbon-reinforced magnesium matrix
composites. The research programme involves:

= optimization of the composite processing by liquid hot pressing
s coating of fibres ond its influence on mechanical properties

» microstructural and microanalytical studies

= measurement of mechanical properties

» monufacturing and testing of composite sheets.

ACHIEVEMENTS TO DATE

It has been demonstrated that liquid hot pressing (with moderate pressures

of about 15MPa) is a viable and relatively simple process for fabricating

carbon-reinforced magnesium composites. Rupture strengths of 1400MPa

have been obtained in tensile tests on unidirectional composites constituted

of AZ61 matrix and M40J carbon fibres (volume fraction: 40%). Young's

moduli close to the rule of mixture value have been measured.

Microstructural and microanalytical investigations have revealed:

« a satistactory infiltration provided the fibres cre not too closely packed

» no signifcant interface reaction zone except a slight aluminium enrichment
necr the fibres

= the presence of a thin MgO layer at the fibre/matrix interface.

A tool has been designed and fabricated in order to manufacture 300mm x
300mm x 1.5mm sheets in industrial conditions.

KEYWORDS

Composites (metal matrix); Aeroncutics/Aerospace; Materials processing
PRIME PARTNER OTHER PARTNERS

ONERA DEUTSCHE FORSCHUNG FUR LUFT

MATERIALS SCIENCE UND RAUMFAHRT D
29 AVENUE DE LA DIVISION LECLERC AEROSPATIALE F
F-92322 CHATILLON

CONTACT PERSON

R. MEVREL
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Tfax: + 33-1-46544706 Confract no: MA1E-0045
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DEVELOPMENT OF MAGNESIUM ALLOYS FOR
PRESSURE DIE CASTING IN THE SEMI-SOLID STATE
(THIXOCASTING AND RHEOCASTING)

Starting date: June 1988 Duration: 36 months

OBJECTIVES

These are to develop strong magnesium alloys which can be shaped in a
semi-solid state.e.g. by casting under pressure to form accuwate pore-free
components of good surface finish which can be strengthened by heat
treatment. The effect of this on their susceptibility to electrochemical
corrosion and an assessment of means of protecting them will be studied.
C.EM.EF. are developing the Gircast process to produce AZ91 (Mg-Al-Zn)
ingots suitable for semi-solid injection into a die. Fulmer is evaluating a wider
range of alloy compositions for semi-solid processing and studying their
casting and reheating behaviour. Both C.EM.EF. and Fulmer are prepcring
feedstock for S.A.M. to establish the industrial parameters for making
components in a modified die-casting machine. Trento is developing
electrochemical techniques capable of distinguishing the corrosion
behaviour of the alloys in different stages of manufacture.

ACHIEVEMENTS TO DATE

Using the Gircast II process, C.EM.EF. have established the parammeters for
preparing AZ?1 ingots suitable for pressure die casting. BNF-Fulmer have
also prepared a range of alloys with a suitable microstructure end cast
ingots for shaping. S.A.M. have developed an induction heating appcratus
oand carried out an extensive range of pressure die casting trials on both
sets of alloys.

It has been shown that pressure die casting in the semi-solid state reduces
the shrinkage porosity, especially in thick sections and also improves the
fatigue resistance of such alloys.

Electrochemical techniques have been developed by Trento and specimens
from the various alloys at different stages in their processing have been
tested. The results have shown that no substantial differences in
performance can be expected from the various alloy additions made to
improve the handlability of such alloys in the semi-solid stcrte.

KEYWORDS
Rheocasting: Thixoforming: Mining/Extraction: Materials processing:
Automotive, components & parts; Pressure die casting; Semi-solid processing

PRIME PARTNER OTHER PARTNERS
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SQUEEZE CASTING OF LIGHT ALLOYS AND METAL
MATRIX COMPOSITES - MECHANICAL PROPERTY
EVALUATION

Starting date: February 1988 Duration: 36 months

OBJECTIVES

1. To determine the optimum squeeze casting conditions for a number of
high strength Al and Mg-base alloys in order to optimize microstructure and
maxdimize metal quality cnd mechanical properties.

2. To improve mechanical properties even further by producing MMCs using
high strength alloys as the matrix phase for selected particulate, fibre and
hybrid reinforcements.

ACHIEVEMENTS TO DATE

Combinations of squeeze casting parameters such as mould ternperatures,
melt pouring temperature and applied pressure have been investigated for
Al casting alloys A357 and 201, for Mg casting alloy AZ91 and for wrought
Al alloys 2014 and 7050. Tensile, fracture toughness and fatigue properties
for squeeze cast and heat treated materials have been measured and from
relationships established between casting parameters, the resulting cast
structures cnd the mechanical properties, an optimum set of casting
conditions for each dalloy has been established to achieve high integrity
castings with a good combination of mechanical properties. With the
exception of Al alloy 2014, squeeze casting of these materials possessed
good mechanical propertes with significant potential for applications. MMCs
with Al alloy A357 matrix and silicon ccarbide particulate reinforcement and
with Mg alloy. AZ?1 matrix cnd alumina fibre or hybrid reinforcement have
been produced by squeeze casting. The squeeze cast MMCs exhibited
increased moduli and tensile properties compared to other unreinforced
matrices. Fatigue strength of composite materials with A357 and with AZ91
matrices have been measured at room temperature end at 150°C.
Interactions between pure alumina and 2014 alloy matrices and titanium
alloy, silver steel and stainless steel reinforcements after heat treatment
sequences have been established on a quantitative basis. The project has
been completed and all objectives have been achieved.

KEYWORDS Squeeze casting: Materials processing: Composites (metcd

matrix); Non ferrous; Materials characterization; Fatigue

PRIME PARTNER OTHER PARTNERS
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FABRICATION OF ENGINEERING COMPONENTS FROM AL
ALLOY RS POWDERS. A COMPARATIVE STUDY OF THE
RELATIVE IMPORTANCE OF POWDER MORPHOLOGY,

COMPOSITION AND THERMODYNAMICAL PROCESSING

Starting date: February 1988 Duration: 42 months

OBJECTIVES

High temperature Al alloy components are needed for turbines,
compressors, motors and chargers in aerospace, automotive and
mechanical engineering sectors. These high strength structurad alloys offer
weight and energy savings.

The present proposal is concermned with the production of aluminiume-lithium
alloy components utilising rapidly solidified powders. The clear objective is
to produce near net shape components in these alloys. The influence of
powder surface on the mechanical properties as well as quality of PM-series
has to be characterized.

ACHIEVEMENTS TO DATE

High strength AlLi-alloys and hot temperature resistant AlFeNi-alloys were
produced using the rapid solidification technology.

The alloy content, but not the heat treatment, significantly influences the
powder surface conditions.

Alli-alloys as well as AlFeNi-alloys show promising mechanical properties,
for example UTS>600 MPa (RT) and UTS>250 MPa (300°C), respectively.

The up scaling of the pilot processing technology to production level would
seem to be possible.

KEYWORDS

Materials processing; Powders; Materials Science; Material characterization.
PRIME PARTNER OTHER PARTNERS
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IMPROVED ALUMINIUM ALLOY MATRIX COMPOSITES
THROUGH MICROSTRUCTURAL CONTROL OF THE
PROCESSING AND FABRICATION ROUTES

Starting date: January 1989 Duration: 36 months

OBJECTIVES

The aim of the project is to produce an Al metal matrix composite with:

s improved fracture toughness

s better elevated temperature properties.

The main programme is based on Al-6061+SiC and Al-6061+SiC+Al203

produced with a range of 15-50 volume percent ceramic to study the
following aspects:

» variations in manufacturing parameters, fabrication routes and heat
treatment procedures

= variations in particle size, in particle shape and in the ratio of the two
ceramic compounds added.

ACHIEVEMENTS TO DATE

MMCs based on Al-6061 have satistactorily manufactured and fabricated
with 15 or 20% SiC, with 10% SiC+5% AlxO3, with 5% SiC+10% Aly03 cnd with
15% AlsO3 (Saffil) using a hot pressing powder metallurgy route, and with
60% SiC, 10% SiC + 10% AlO3 (Scffil) and 10% SiC + 20% Al2O3 using a liquid
infillration method, modified through the use of novel preforms.

Metallographic procedures have been developed to reduce the artefacts

due to unsatisfactory preparation. Room and Elevated Temperature testing
of some MMCs has been reported.

It has been established that accelerated ageing occurs in 6061+20% SiC but
not with 6061+20% Al2O3(Saffil).
KEYWORDS

Metal matrix composites; Manufacturing; Materials Chmactenm‘hon/Teshng
Toughness; Elevated Temperature Properties
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PROCESSING AND MICROSTRUCTURAL MODELLING FOR

DEVELOPMENT OF ADVANCED MATERIALS BY RAPID

SOLIDIFICATION TECHNOLOGY

Starting date: February 1990 Duration: 36 months

OBJECTIVES

The prime objective is to develop realistic and fundamentally sound
quantitative models of the relationships between process variables and
solidification structure for conditions of rapid solidification.

ACHIEVEMENTS TO DATE
Achievements to date (mid-May 1991) include:

first ever results for spacing of primary silicon as a function of
solidification variables in hypereutectic Al-Si alloys

development of a numerical model of single cell growth that shows that
steady state solutions exist for dendrites only if some anistropy stabilises
the tip

measured critical velocities for formation of «Al dendrites in laser suface
traversed hypereutectic Al-Si in good agreement with predictions of
competitive growth modelling

measurements of atomizing gas velocity vs position in a spray chamber in
excellent agreement with published data

development of a numerical model of spray droplet cooling and
solidification in good agreement with experimental results for Cu-6wt%Sn

predictions of time and position dependence of temperature and state
within a growing spray deposit.

KEYWORDS

Materials processing; Processing (minerals & metals); Composites (metal
matrix); Metallic structural materials; Laser technology/Power beams;
Materials science; Mathematical modelling
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CAST LIGHT ALLOY MATRIX COMPOSITES -
ASSESSMENT OF A RHEOCASTING ROUTE

Starting date: April 1988 Duration: 37 months

OBJECTIVES

The objective of the project was to assess the potential of a compocasting
route for making Al matrix composites and acquire a scientific knowledge of
the rheology of the metallic slurry.

ACHIEVEMENTS TO DATE

Rheological study: at Delft University, a Couette viscosimeter was used to
study the rheology of semi liquid metal ond composites, as well as a micro
compocasting pilot. The viscosity of fully liquid composites is about 50 to 300
times higher, depending on SiC content, than that of the fully liquid matrix,
but relatively low when compared to the partially solidified matrix. In both
cases shear thinning properties were measured. As sudden changes of
shear rates were imposed, a time dependency was observed, called
thixotropy. Interaction between ceramic pcarticles cnd solid phase
coalescence in the semi-solid Al alloy reduces the thixotropic tendency of the
composite, by comparison with the semi solid alloy alone.

Materials elaboration and characterization: Pechiney Resecrch centre has
developed a system for particle introduction into (semi) liquid metal based
on a hollow rotor principle. Partial optimization cnd upscaling of the system
from 3kg up to a 50 scale have been carried out. 70mm dicmeter cnd 2 to 3
metre long billets of AS7G or 6061 Al alloy reinforced with 15% of 10 to 50um
SiC or Alumina particulates were made, direct chill cast and extruded. The
mechanical properties were at INTA, showing encouraging levels:

Material extruded, T6 YS(0.2%) TS(MPa) e% E(GPa)

6061 275 300 10 70

6061+15% Alumina 50um 315 320 2 92

AlSi7Mg0.3 250 310 12 70
AlSiMg0.3+15% 10um SiCp 312 374 6 97

KEYWORDS Materials processing ; Composites (metal matrix); Materials
science

PRIME PARTNER OTHER PARTNERS
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ASSESSMENT OF SEMI-SOLID STATE FORMING OF
ALUMINIUM METAL MATRIX COMPOSITES

Starting date: July 1990 Duration: 33 months

OBJECTIVES

Taking advantage of thixotropic properties, semi-solid state processing of
metal matrix composites offers many advantages over conventional shaping
processes, such as reduction of operating temperatures, porosity, shrinkage,
energy consumption, tool wear, damaging of the reinforcing phases and
segregation of the reinforcing phases as well as easier machining. The main
objective of the cumrent resecxch is the assesssment of semi-solid state
processing as a new near-net shape forming technique for MMCs. The
rheological behaviour of semi-solid MMCs in the semi-solid state.
Microstructural and mechanical characterization will, finally, assess the
potential of semi-solid forming of MMCs.

ACHIEVEMENTS TO DATE

Partially solidified AlSi7Mg0.3 matrix alloys and composites are
pseudoplastic and thixotropic, which is the result of the specific structure of
semi-solid slurry and the interactions of the primary pearticles. In addtiion to
ecxlier experiments, viscosity changes were monitored as a function of
waiting time during which no stiming was applied. As a function of waiting
time, the viscosity increases. It is found that the viscosity increase, which is
attributed to agglomeration and bonding of particles during the period of
rest, is a long-time effect, whereas return to the steady state value of the
viscosity after recommencement of stirring, which is attributed to disruption
of particle bonds, is a much shorter time effect. It was further found that
presence of SiC inhibited bond formatoin and thus lowered the thixotropic
nature of the slurry. Furthermore, the composite was partially remelted by
hedating in the semi-solid region. Globularization of the structure takes place
more rapidly in the composites than in the matrix alloy, which is very
beneficial for the forming capabilities of the material. Compression tests in
the serni-solid state using a standard compression machine confirm the
advantage of having a composite material since the stresses needed to
deform the composites are smaller than those required for the matrix alloys.

KEYWORDS
Composites (metal matrix); Non ferrous
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MICROSTRUCTURAL MODELLING OF INDUSTRIAL
THERMOMECHANICAL PROCESSING OF ALUMINIUM
ALLOYS

Starting date: July 1991 Duration: 38 months

OBJECTIVES

The overall objectives of this project are to develop micromechanical models
for the kinetics and the microstructural changes that take place during and
after each deformation step in industrial hot processing of aluminium alloys.
The effect of the microstructural changes in between deformation passes will
be expressed in terms of change in the constitutive equations for flow stress
as a function of strain, strain rate and temperature so that they con be
incorporated directly into finite element codes which model the overall
mechanical and thermal conditions of the working process.

Several other major deliverables will be developed, e.g. reproducibility of
data for industrial processing using laboratory scale equipment, exacthess
of the use of total equivalent plastic strain for both flow stress and
microstructural evolution, and role of texture development in determining
recovery and recrystalisation kinetics.

KEYWORDS

Manufacturing; Recovery & Recycling: Non ferrous metals; Materials
science; Mathematical modelling; Thermodynamics
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LOW COST MMC MADE BY SPRAY DEPOSITION

Starting date: June 1990 Duration: 30 months

OBJECTIVES

The objectives of the programme cre resecrch into cnd development of an
MMC (Metal Matrix Composites) production route through spray deposition
involving a relatively low price, distinct improvement of mechamnical
properties, such as a preliminary increased elastic modulus, and high
strength at RT up to elevated temperatures. The interaction of partners with
expertise in material production (Alcan, Pechiney, Fuchs), and product
applications (MBB, AS, BAe) with two European institutes (INSA, LNETI)
having extensive material engineering experience provides the basis for
rapid and successful development from resecach to gpplication.

ACHIEVEMENTS TO DATE

The first achievement to date is the definition of target properties. 7075 MMC
has been supplied and investigated for initial evaluations. Billets of 8090
MMC and 7049 MMC have been produced and supplied. The forging
subprogramme on 8090 MMC is underway and on 7049 MMC has just been
started. The first hand forgings of 8090 are undergoing testing. The
extrusion programme for producing a thin-section extrusion is currently
being launched. A subgroup has defined a work sharing programme for
studying and testing the heat-treatment performance. The current
fundamental studies include modelling for further understanding of the
microplastic behaviour of materials according to particle size, density, etc.,
and the measurement of elastic constants. The next topics to be handled are
mainly production of forgings and extrusions for characterizing of the
material in tests-supported by theoretical studies. The programme will be
completed by data sheets and a cost evaluation.

KEYWORDS

Metal matrix composites; Osprey:; Stiffness
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FATIGUE PROPERTIES OF HIGH STRENGTH ALUMINIUM
TRANSITION METAL BASE ALLOYS PRODUCED BY
RAPID SOLIDIFICATION PROCESSING

Starting date: January 1989 Duration: 42 months

OBJECTIVES

To accelerate the commercial exploitation within Europe of rapidly solidified
(IS) aluminium alloys for elevated temperature fatigue applications by:

= Predicting and assessing the use of alloying additions to enhance fatigue
performance through dynmanic strain ageing (DSA)

» Optimising the alloy processing (both RS feedstock production and
consolidation by thermomeechanical processing) with respect to fatigue
properties.

* Understanding the physical .etallurgical basis for the response of these
materials to dynamic forces (fatigue).

ACHIEVEMENTS TO DATE

= Alloying element additions to promote (DSA) have been predicted.

s Batches of candidate alloys have been produced by melt spinning to
optimise ribbon quality.

s Kinetics of microstructural degradation of ribbon during processing after
RS have been determined.

= Extrusion conditions have been identified to give full consolidagtion of
flake feedstock; and minimise microstructural degradation.

= Degassing requirements have been investigated in situ by X-rqy
photoelectron spectroscopy and in bulk.

» Mechanical properties have been determined for 2618 and tzo RS alloys
provided by sponsors, as well as for extrudes of a range of new alloys. The
Most promising new compositions have shown ev1dence of DSA (shap
fatigue limit).

s Metallurgical studies have identified deformation mechanisms during
deformation of RS materials.

KEYWORDS

Processing (minerals and metals); Powder metallurgy; Metallic structural
materials; Rapid solidification processing: Materials characterisation/Testing:
Aluminium alloys fatigue (S-N).
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AMORPHOUS WIRES OF R-TM ALLOYS - SEARCH FOR
NEW APPLICATIONS

Starting date: May 1988 Duration: 46 months

OBJECTIVES
1. Fabrication of amorphous wires based on R-TM-TM' alloys.

2. Study of their crystallization processes, which are different from the
corresponding ribbons.

3. Develop magnetic sensors based on the excellent magnetic properties-
magnetization, linearity- of the armorphous wires.

ACHIEVEMENTS TO DATE:

We have prepared a number of amorphous wires and we present here
representative data for the following amorphous wires

* Fez7.55i7.5B15

» Fe31Co40Cr78i10B12

* Feq.063C00.927Nb0.1)77.55i7 5B15,

Scientific progress

Detdiled studies of:

= helical magnetic anisofropy induced by current cnnealing

s stress cnnealing dependence of magnetic properties of amorphous wires
= small angle magnetization rotation in scanples cnnealed under torsion

» the influence of the applied torsional stress on the Inverse Wiedemann
Effect.

Applications-
Development of sensors based on the amorphous wires of the type 1)

displacement measuring techniques (MDL) 2) low noise level LVDT sensor
and 3) magnetic field measurement based on the Inverse Wiedemann Effect.

KEYWORDS

Magnetic; Materials characterization/Testing; Super alloys/Special alloys;
Materials processing
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IMPROVED AND NOVEL MATERIALS FOR PERMANENT
MAGNETS BASED ON RARE EARTH ALLOYS

Starting date: February 1988 Duration: 36 months

OBJECTIVES

The application of present NdFeB magnets is significantly hampered by the
temperature dependence of the magnetic properties and by an insufficient
resistance against oxidation and corrosion. This project aims at an
improvement of these limitations following two basic routes. First, novel
compounds and phases will be studied and secondly investigations will be
performed to improve the existing NdFeB materials. Investigations will
include meltspun metastable compounds and novel temary alloys as well as
phase relations with oxygen and corrosion protection of the existing
materials. Such improved materials could considerably extend applications
in areas such as automotive, consumer electronics and industrial
automation.

ACHIEVEMENTS TO DATE

The coercivity and cornrosion resistance of sintered NdFeB magnets have
been improved by introducing the concept of two-phase magnets in which
the eutectic Nd containing intergranulcr region is replaced by a temary
intermetallic compound. A new magnetic material based on FeB has been
developed which has a 50% higher remanence thcn magnequench but only
a modest coercivity. The applicability of this material is limited to rod or ring
shaped magnets. We have discovered several new classes of intermetallic
compounds that may lend themselves for future permanent mmgnet
applications. The peculiar phase relationships in the NdFeC have been
utiliized to prepare a novel type of rare earth base magnet in which large
coercivities (800 KA/M OR 1T) are obtained already in the ingot after
cannealing.

KEYWORDS

Automotive components & parts; Magnetic; Powder metallurgy
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NOVEL TECHNIQUES FOR PREPARATION AND
CHARACTERIZATION OF HIGH-PERFORMANCE
MAGNETS

Starting date: January 1988 Duration: 36 months

The objectives of the resecach are to develop new iron-based magnetic
materials in bulk and in thin film form. Emphasis is placed on rapid
solidification, and an exploratory evaluation of novel laser methods of film
preparation. The intrinsic magnetic properties of these materials are to be
determined and studies carried out of their metallurgical microstructure and
its relation to hysteresis. Theoretical modelling of both intrinsic and extrinsic
magnetic properties is to be run in parallel with the experimental studies, as
a guide to optimizing the magnetic properties.

ACHIEVEMENTS TO DATE

Extensive work on the ThMn)2 structure family of alloys R(Fej2.xMyx), where
Risarae earth, 1 £x<2and M = Ti, V, Mo... has established the crystal
field and exchange interactions for this family. For permanent magnet
applications, the composition Sm(Fe;Ti) has the best intrinsic properties,
and useful coercivity is obtained in nanocrystalline, melt-spun ribbons. Each
grain is a single domain, eand a new model of coercivity is based on an
analogy with the random magnetic anisotropy model of amorphous
magnetism. Other new materials include a series of derivatives based on the
ThyNij7 and ThZni7 structures, including interstitial nitrides and carbides.
and the RgFe11Gasz compounds. A new gas phase interstiial modification
process has been developed to produce powders of 2:17 and 1:12
compounds with greatly enhanced Curie temperature end anisotropy field.
Iron -based thin films have also been made by thermal evaporation laser
sputtering and laser chemical vapour deposition.

KEYWORDS

Magnetic; Thin films; Melt spun magnetic material
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NOVEL HARD MAGNETIC MATERIALS WITH
IMPROVED PROPERTIES

Starting date: May 1988 Duration: 36 months

OBJECTIVES

A promising approach to improve permament magnets is to investigate new
compounds. Structural chemistry and phase equilibria in terncry systems
RE-(Fe,Co)-M will be studied in order to find highly anisotropic structures
with easy axis magnetization. Metastable materials with ultrafine
microstructures will be prepared by rapid solidification and suitable
annedling treatments. Sintering of the materials will be studied to produce
pinning-type magnets with improved coercivity end temperature stability.

ACHIEVEMENTS TO DATE

The systematic investigation of thermodynamic phase equilibria, structural
chemistry and magnetism of ternary systems RE-(Fe,Co)-M (which are
essentially formed by one of the early rare ecrth elements and a metal
preferably from the 3rd,4th and 5th main group) has been completed.

The elaboration of the promising permanant magnet material SmaFe7Nx by
rapid quenching of SmaFe17 alloys and subsequent nitrogenation treatment
has been studied.

Finally, addition of alloying elements (Ni+Al, W+B, Cr+5i) to NdgFe)4B alloys
has been investigated with the hope to precipitate compounds which could

pin the magnetic domains and increase the coercivity of these industrial
alloys.

KEYWORDS

Electrical/Electronic industry: Materials processing: Processing (minerals end
metals); Magnetic; Materials characterization/testing; Resecrch/
Development
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INVESTIGATION OF THE CORROSION OXIDATION AND
THERMAL STABILITY OF NdFeB TYPE MAGNETS AND
DEVELOPMENT OF IMPROVED MAGNET MATERIAL

THROUGH PROCESS MODIFICATIONS AND COATINGS

Staring date: November 1988 Duration: 36 months

OBJECTIVES
The project can be considered in three parts:

= study of the protective coatings and process modifications, which includes
coating magnets with a thin protective coating; coating the powder or
ribbon with a protective layer; and modified ribbon processing

= corrosion behaviour studies and structural investigation of the magnets
and coatings, which includes atmospheric and electrochemical tests and
surface cnalysis studies

= magnetic characterization and turther structural studies.

The technical advantages of solving the corrosion-oxidation problems for
these types of magnet will lead to the wider application of magnets in
devices and motors.

ACHIEVEMENTS TO DATE

Zinc and zinc alloy electrodeposited coatings have been used, with a
suitable cycle, to protect sintered magnets. Good results were obtained after
salt spray and industrial atmosphere corrosion tests.

An electrochemical method for corrosion behaviour assessment of magnets
of this type,as such passivated or coated, is proposed. It is based on
cathodic treatments and transient voltage response to double amperostatic
square pulses.

Encouraging results have been obtained for very thin inorganic coatings on
MQ type powder which, when polymer bonded, led to a marked
improvement in corrosion resistamce compcared with commercial MQI based
magnets. Further development and evaluation are in progress.

KEYWORDS Magnetic; Coatings; Powder metallurgy; Materials
characterization; Surface treatment technnologies; Corrosion
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BASIC INTERACTIONS IN RARE EARTH MAGNETS

Starting date: January 1990 Duration: 48 months

OBJECTIVES

A study is proposed on magnetic interactions and thermo-magnetic
properties of hard magnetic materials which are of technical interest. The
emphasis will be on new classes of materials like the Rd2Fe14C and the
RFe1oM3 compounds. The study of high-field magnetization and neutron-
scattering phenomena on RCos and R2T)7 are emphasized in order to
deduce consistent sets of microscopic parameters by which the basic
intractions in hard materials can be understood. The search for new crystal
-growth techniques is essential for this study.

ACHIEVEMENTS TO DATE

By meamns of the Czochralski method single crystals of RNis, with R=Y, La, Pr,
Nd, Gd, Tb, Dy Ho and Er have been grown. Also large single crystals of
Y2Fe17. HozFe17 and ErgFe17 have been obtained. Pseudo bincary single
crystals have been made of R(Coj.xNiy)s, with R=Y, Gd, Pr. Intense-field
magnetization measurements have been performed on crystals of Pr(NixCos.
x)s and PINi5 at low temperature. Exotic behaviour is observed, associated
with the crystal field level scheme of Pr3+. SPD experiments have been done
REFej.vx compounds, to study the influence of small deviations from the
nominal composition. A complete charaacterization of the temperature
dependence of the magnetic properties was carried out for R-Fe-V (R=Y, Er,
Tb). The spin reorientation transition was studied, using susceptability
measurements. The temperature dependence of the saturation
magnetization and of the RE and Fe-sublattice anisotropies were studied
using a standard VSM and SPD technique respectively. The parallel and
perpendicular magnetostriction in RaFe14B and RFe)gV2 were measured in
high pulsed magnetic fields. Exchange cnd crystal field interactions were
studied by polarized neutron diffraction measurements on DyFe;1Ti and
Er2Co17. The moments obtained for RE ions are in agreement with
magnetization measurements on these materials.

KEYWORDS
Magnetic; Special alloys; Materials science; Powder metallurgy
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DEVELOPMENT OF NEW SM-FE-N PERMANENT
MAGNETS

Starting date: May 1991 Duration: 36 months

OBJECTIVES

Following the discovery of a new family of interstiial rare earth iron nitrides
by the prime partner in early 1990 and the achievement of remarkable
hysteresis in the mechanically-alloyed samarium compound by one of the
main industrial partners (Siemens), a coherent programme of resecach is
proposed involving a rare-earth supplier (Rhéne Poulenc), a major magnet
manufacturer (Vacuumschmelze) and two specialized resecrch institutes.
The am is to develop a new generation of rare-ecarth iron permanent
magnets based on SmaFe17N3.9.

Two approaches will be advanced in parallel: the one involves
nanocrystalline powder produced by mechanical alloying or melt spinning,
which may be textured before processing into bonded or compacted
magnets; the other uses monocrystalline powder which may be orented in a
magnetic field and fabricated into polymer- or metal-bonded magnets. Both
approaches promise a low-cost processing route to magnets that integrate
form and function.

Magnet development will be supported by resecoch to optimize the new
alloys with respect to microstructure, magnetic performance and cost, and
to upscale the gas-phase nitrogenation reaction. Materials cnd magnets will
be extensively tested in various working environments.

KEYWORDS

Magnetic; Processing (minerals & metals); Chemistry; Rare-ecxth iron
permanent magnets; Gas phase interstitial modification
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CONCERTED EUROPEAN ACTION ON MAGNETS -
APPLICATIONS, PROCESSES, NEW MATERIALS

Starting date: May 1991 Duration: 36 months

OBJECTIVES

The previous phase of the Concerted European Action on Magnets (CEAM)
was very successful in stimulating research on all aspects of rare-earth iron
permanent magnets, including materials development, magnet processing
and engineering developments. We intend to build on the ecarlier
achievements in a new and final phase of CEAM which will last for three
vears. There are approximately 70 pcarticipating laboratories from 12
countries, including some 25 industrial firms, all of whom cre actively
engaged in work in this area. The concerted action involves general
meetings, specialized topical meetings, a regular Newsletter, bibliographical
data base and short and medium-term exchanges of research personnel
between participating laboratories. A key feature of this final phase of
CEAM is that advances made in the eamlier phase will now be moved
towards the stage of industrial exploitation. Special emphasis is to be placed
on promising new developments-rare-earth iron nitrides, thin film magnets,
low-cost processing routes and micromotors-all of which have significomt
economic potential.

The overall aim of the new concerted action is to focus development of the
resecrch base which will allow Ewropean industry to participate fully in a
rapidly-evolving sector, which is set to expand dramatically in the 1990s.

KEYWORDS

Electrical/Electronic industry; Materials processing; Engineering (electrical);
Magnetic: Powders; Powder metallurgy: Resecach/Development
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ANALYSIS OF COERCIVITY AND OF THE
MICROSTRUCTURE OF HIGH-TECH HARD MAGNETIC
MATERIALS

Starting date: June 1990 Duration: 36 months

OBJECTIVES

Permanent magnets based on the Fej4Nd2B intermetallic compound will be
produced by four different techniques: sintering, melt-spinning, extrusion
and mechanical alloying. Due to the deteriorating effects of the
microstructure these different techniques have so far led to only 10-20% of
the theoretically achievable coercive field. Investigations of magnetization
processes, hysteresis loops, magnetic after-effects and domain patterns will
be performed on these different materials as a function of temperature and
different types of pretreatment. These magnetic measurements will be
combined with studies of the microstructure by transmission electron
microscopy. In particular, the role of non-magnetic precipitation, misaligned
grains, incompletely magnetically decoupled grains, structure of the
intergranular phase will be studied in detal. From a comparison of the
different types of permanent magnets a deeper insight into the role of the
microstructure with respect to their hard magnetic properties will be
obtained. Combining the results of the microstructural and the
micromagnetic analysis of the different types of permanent magnets the
procedures for optimizing the coercive field will be determined.

ACHIEVEMENTS TO DATE

So far, the above-mentioned types of magnets have been prepared with
different compositions. Melt-spun materials have been prepared and
analysed in a wide range of preparation parameters. By a well-defined
optimization of the microstructure the coercive field of a melt-spun
Fe76Nd)5Be- magnet could be increased up to 830 kA/m at a temperature of
150°C.

KEYWORDS

Materials processing; Magnetic: Special alloys; Materials characterization;
Materials science; Powder metallurgy; Resecach
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DEVELOPMENT OF POWDER PASSIVATION AND
SPRAY FORMING TECHNIQUES FOR RE-TM-X MAGNETS

Starting date: March 1988 Duration: 42 months

OBJECTIVES
The objectives of this project are:

* to improve the ease of handling of pyrophoric RE-TM-X powders for
magnet production. This will be achieved by depositing a passivating
metal film on the powder particle surfaces using a Metal Organic
Chemical Vapour Deposition (MOCVD) technique

* to develop an dlternative route for the production of RE-TM-X magnetics
based upon the Osprey spray forming route.

ACHIEVEMENTS TO DATE

Spray forming, using the Osprey process, has been shown to be a feasible
method for producing Nd-Fe-B magnet Tubes, in various sizes, have been
successfully spray formed and found to have appropriate microstructures
and energy products up to roughly 9MGOe. The magnetic properties were
found to be slightly cmisotrpic and efforts are presently being made to
improve the crystalline anisotropy.

The powder passivation work has succeded in coating powders with Ni by
MOCVD and in developing a thermogravimetric method of assessing the
degree of passivation. Coating of the powders with Co from its acetyl
acetonate has proved more difficult and efforts are continuing in this crea.

KEYWORDS

Materials processing; Forming/Shaping/Casting; Magnetic materials;
Characterization/Testing: Materials science; Research/Development

PRIME PARTNER OTHER PARTNERS
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NOVEL PROCESSING TECHNIQUES AND ALLOY
ENGINEERING APPLIED TO ADVANCED RARE EARTH
IRON BASED PERMANENT MAGNET SYSTEMS

Starting date: March 1988 Duration: 39 months

OBJECTIVES

Overall objectives of the project are to develop techno-economically viable
magnets based on NdFeB or other Rare-Earth-Transition Metal-Metalloid
systems, through alloy engineering oand process innovation. Aims are
improved thermal stability, better corrosion/oxidation resistance and cost
effectiveness. Main tasks

= modification or replacement of the rare-ecath rich phase

s investigate the possibilities for precipitation hardening systems

v feasibility of producing anistropic material directly from rapid solification
processes

» process studies of novel raw material casting techniques, hydrogen
decrepitation, hot pressing, RST and resistance sintering

= through magnetic and microstructural characterization of commercial and
experimental materials

s considercation of ‘fitness for purpose.’

ACHIEVEMENTS TO DATE
Achievements to date are:

» development and understanding of the Hydrogen Disproportionation
Desorption Recombination process (HDDR)

» investigation of the link between microstructure, chemistry and magnetic
behaviour of commercial sintered NdFeB. Incremental recoil permeability
technique developed to study demagnetization behaviour

= development of hot pressing techniques and brief study of Resistance
Sintering
= development of Disc Casting process for control of ingot microstructure

= quantification of the recrystallisation process in prior amorphous melt
spun alloys

= confirmation that anistropic as cast melt spun alloys are unlikely to be
feasible

» precipitation hardening system discovered.

KEYWORDS Magnetic; Material science; Materials processing.
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DEVELOPMENT OF ECONOMIC PRODUCTION
TECHNIQUES OF HIGH PERFORMANCE RE-MAGNETS
FOR MASS APPLICATIONS

Starting date: December 1990 Duration: 36 months

OBJECTIVES

The main goal of the project is the development of an economic production

technique for near net-shape magnets from mechanically alloyed Nd-Fe-B

powders. Besides the manufacture of polymer bonded isotropic magnets, hot

pressed isotropic magnets cnd camisotropic magnets prepared by hot

deformation processes will be examined. The essential tasks cre:

= development of an economic production route of powders for mechamical
alloying

= mechanical alloying of Nd-Fe-B cnd reaction heat treatment

= manufacture of polymer bonded magnets

s investigation of different compaction techniques for the production of
isotropic or anisotropic Nd-Fe-B-magnets, respectively

= characterization of the physical ocnd magnetic properties

= corrosion and handling tests of magnets and magnet-systems

= investigation of pinning type magnets.

ACHIEVEMENTS TO DATE

Appropriate powders for mechanical alloying of Nd-Fe-B have been
produced in 5 kg batches. In pilot production faciliies the mechanical
alloying of such powders has been performed. The optimization of the
processing parameters and of the reaction heat treatment are under
investigation. In laboratory conditions polymer bonded magnets with a
remnant polarization of 0.67 T and a coercivity of 13.1 kA/cm were
prepared by mechanical alloying from the newly developed powders. By
hot-pressing combined with a hot-deformation process anisotropic magnets
with a remnant polarization of 1.17 T and an energy density of 260 kJ/m3
have been achieved up to now.

KEYWORDS

Electronic industry: Materials processing: Magnetic; Material science;
Mechanical alloying; Hot-compaction; Corrosion test
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PREPARATION AND CHARACTERIZATION OF RARE
EARTH TRANSITION METAL MAGNETIC FILMS AND
MULTILAYERS

Starting date: April 1988 Duration: 42 months

OBJECTIVES

The overall objectives include:

= improved methods of thin film prepcration, including laser ablation
deposition

» development of new techniques for the magnetic characterization of thin
films, including 57Fe depth sensitive conversion electron Méssbauer
spectroscopy and bulk magnetic property determination using SQUID
magnetometry and the Kerr effect

= preparation of thin film magnetic materials, for applications (magnetic
recording, permanent magnets, soft magnetic applications.).

ACHIEVEMENTS TO DATE

The achievements are:

s rare earth(R) transition metal(M) multilayers have been prepared by
different technicques. High quality films have been obtained using laser
ablation deposition. Resistively heated evaporation cells have been
developed for the preparation of materials with a high meltiing temperature

= DCEM spectrometers have been built and used for the characterization of
R-Fe multilayers. A tranverse Kerr effect magnetometer has been built. It is
working in an entirely cutomatic mode, from 15K to 300K and in a maximum
magnetic field of 2T. The magneto-optical properties of R-Ni cnd R-Co
amorphous films have been studied

=» novel magnetization processes have been observed in R Co/R Co/RCo
somdwich films, associated with creation or annihilaion of domain walls at
the interface between individual layers

s perpendicular anistropy has been obtained in Fe/Tb multilayers resulting
from the low symmetry environment for Tb atoms close to the interface.

KEYWORDS

Magnetic; Multilayers/Multimaterials; Materials science
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NEW MAGNETIC MATERIAL STRUCTURES FOR STATIC
SENSING HEADS

Starting date: August 1991 Duration: 36 months

OBJECTIVES

New magneto-resistive materials, with an effect at least five times larger
than the conventional Permalloy, will be developed in order to make highly
efficient magnetic sensors.

These materials - and the associated magnetic structure - will be used in a
new multiplexed magnetic read-out head organisation. Such a component
fixed in front of a low speed running tape, and integrating a large number
of parallel tracks -, in association with a similar writing head previously
developed at THOMSON-CSF/LCR, will constitute a real break-through
towards the production of a new fully digital recording system.

KEYWORDS

Magnetic recording; Sensors; Thin films; Magnetic; Multilayers
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MAGNETIC MULTILAYERS: FUNDAMENTAL AND
TECHNOLOGICAL ASPECTS

Starting date: April 1990 Duration: 36 months

OBJECTIVES

Multilayers (ML) cre prepared by different techniques such as, evaporation
under UHV coditions and sputtering. Extensive X-ray diffraction and electron
microscopy studies cre made in order to correlate the properties to the
structure. Magnetic and magneto-optical and transport properties are also
studied.

ACHIEVEMENTS TO DATE

» in Ni/Cu for relatively thin layers the coherency strain influences the
growth mode. For 6 atomic layers of Ni a perpendiculcar cnisotropy and
an enhancement of Ni moment are observed

* non-monotonous dependence of the plasma frequency on the Ni layer
thickness in Ni/Pd was found by such synchrotron studies

s study of TM/Ag with TM=Ni, Fe, Co showed that there is no surface
anistropy in Ni but for the other two a contribution was observed

» in Co/Pt ML for #(Co) < 84, a strong perpendicular anistropy is obtained
and the perpendiculcr M-H loops are rectangular with coercivities on the
order of 2 kQe. The surface anistropy contribution is +0.65 erg.cm-2

= in Fe/Ni ML, grown with [1 1 1] epitaxy, Fe layers thinner than 16 atomic
layers become fcc. with consequences on the magnetic properties

* Nd-Fe-B type hard magnetic materials have been sputter deposited
followed by appropriate post heat treatments

= resistivity and thermopower measurements have been carried out on
Co/Ag ML.

KEYWORDS

Magnetic; Multilayers: Nanotechnology; Magneto-optics; Anisotropy,
Ferromagnetic resonance
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HIGH PERFORMANCE MAGNETIC FLUIDS AND
COMPLEMENTARY DEVICES

Starting date: September 1991 Duration: 36 months

OBJECTIVES

The project is concerned with the development of ultrastable colloidal
dispersions of magnetic particles in perfluoropolyether carrier liquids and of
new devices based on these materials. Its am is to provide the basis for a
new class of magnetic fluids having significant benefits with respect to the
ferrofluids available from conventional materials. The novel systems will
take advantage of chemical inertness, thermal stability, immiscibility and
low vapour pressure of the perfluoropolyethers. The resecach will involve
the development surfactants compatible with the carriers and able to
stabilise ultrafine magnetic particles. All components will be prepared end
characterized by the most advanced technologies available to date. An
dtemative route for the preparation in-situ of dispersions is to be examined.

The dispersions will be characterized for their physico-chemical behaviour
and their performomnce will be tested in devices. Data generated will then
feed back into the optimization studies.

The result will be a range of ferrofluids with enhanced properties which will
enable the design and evaluation of prototype devices having a wide range
of uses in specialized engineering applications.

A European source of high quality materials will be the result of the future
industrial development of the achievements of the project.

KEYWORDS

Mehanical engineering/Machinery; Prototyping; Magnetic; Smart materials;
Particle technology: Colloidal systems; Flourinated fluids.
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ELABORATION AND STUDY OF SOFT MAGNETIC
MATERIALS OBTAINED BY RAPID SOLIDIFICATION
AND BY CHEMICAL VAPOUR DEPOSITION FOR
APPLICATIONS AT MEDIUM AND HIGH FREQUENCIES

Starting date: August/September 1991 Duration: 36 months

OBJECTIVES

The basic am of the project is the laboratory scale development of high
quality iron-based soft magnetic alloys, for prospective use in medium and
high-frequency devices (400Hz - 1MHz). Basically, such alloys will be
required to have high saturation induction, high permeability, low losses,
medium to low magnetostricion cnd good mechanical properties, in order to
compare favorably with current materials. Applications might include
medium and high-frequency transformers, actuators, inverter transformers,
switched-mode power supplies, saturable reactor cores, magnetic switches.

The following key objectives cxe envisaged:

(i) elaboration by planar flow casting of thin (< 20um) FeB-based amorphous
ribbons, having low losses at high frequencies (10 KHz - 1 MHz)

(ii) elaboration by planar flow casting of crystalline high Si ribbons (4.5
wt%<Si<6.5 wt%), having good magnetic properties at medium frequencies
(400 Hz - 10 KHz)

(iif) elaboration by CVD of Si (or Al) enriched conventional grain-oriented
FeSi laminations, with properties optimized at medium and. if possible, power
frequencies

(iv) assessment of the microstructural properties of the elaborated alloys
(v) comprehensive magnetic characterization
(vi) theoretical assessment of magnetic vs. microstructural properties.

On the he project is intended to enhance European know-how in the field of
innovative soft magnetic materials.

KEYWORDS

Magnetic materials; Ferrous materials; Rapidly solidified alloys
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ADVANCES IN LASER ABLATION DEPOSITION
INNOVATIONS (ALADIN)

Starting date: July 1990 Duration: 36 months

OBJECTIVES

Laser ablation deposiion (LAD) has tremendous, but largely unrealized
potential as a simple and versatile method of thin film preparation. This
project associates five groups with complementary experience in different
aspects of LAD. The aims are to develop a sound physical understanding of
the process as applied to metallic and insulating compounds, and to exploit
LAD for the preparation of a range of novel materials and multilayer
structures for application in magnetics, microelectronics end X-ray optics.

ACHIEVEMENTS TO DATE

= study of the nature and energy of the species evaporated in LAD, by use
of a CMA-QMS spectrometer

s development of particle filters for elimination of droplets ejected from the
target during ablation

s growth of epitaxial films of the YCos and YNis compounds and layers of
W, Nb, Y and Sm

= preparation of diamond-like carbon films exhibiting a long range
crystalline order

= preparation of high-quality epitaxial films of 1-2-3 superconductors with
Y.Pr ond Eu as well as Bi-Sr-Ca-CuQO films doped with Pr and Li.
Preparation of off-stoichiometric multilayers of the Bi superconductors
interspaced with PbO layers, with the am of producing high-T¢
superconductors without the need to perform cmnealing under lead
vapour. '

KEYWORDS

Carbon/Graphite; Coatings/Thin Films: Magnetic; Multilayers/Multimaterials;
Optical; Superconductors; Materials Characterization/Testing; Materials
Science '
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NEW RED PHOSPHOR FOR CATHODE RAY TUBES

Starting date: December 1989 Duration: 36 months
OBJECTIVES
A new European capability for producing efficient phosphors involves:

synthesis and characterisation of current, advanced and new phosphors;

scaling up of the synthesis of current and advanced phosphors, end
optimisation of the production parameters;

fitting of the phosphor efficiency to the new need of contrast and
brightness;

characterisation and quality control of phosphors in a cathode ray tube;
replacement of rare-ecath matrix for the red phospher by an alkaline
earth matrix;

decrease of the doping level of the rare-ecxth activator;

research of new families of cathodoluminescent materials such as
alkaline-earth silicon (or yttrium) sulfides or similar compounds associated
with a better knowledge of the luminescent mechanisms.

ACHIEVEMENTS TO DATE

New synthesis of the current red no-mill phosphor Y202S:Eu with
appropriate CIE colour coordinates and visual efficiency. Physico-
chemical and luminescent properties.

New red phosphor CaS:Eu : choice of the synthesis route, doping agents
and concentration. Physico-chemical and luminescent properties.

Development of a new industrial red phosphor (Y202S:Eu or CaS:Eu) and
on-tube measurements.

KEYWORDS

Processing: Powder; Phosphor: Television; Optical: Material.
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ULTRAFINE CATHODO-LUMINESCANT POWDERS FOR
VERY HIGH RESOLUTION SYSTEMS

Starting date: 1991 Duration: 36 months

OBJECTIVES

This project aims to develop powder materials (phosphors) with
homogeneous ultra fine particle sizes for very high resolution Cathode Ray
Tubes (CRTs). These tubes will have significamt advantages in brightness,
stability, and optical clarity over those cumrently available. This will bring
the European resecxch consortium up and beyond the forefront of this
technology.

The ultrafine particles will be synthesized using three techniques-optimized
firing process, solvothermal process and sol-gel process. Particular emphasis
will be placed on obtaining green phosphors. The powders will be
characterized for their electro-optical, physical and chemical properties. The
optimized process will be selected and a pilot plant constructed for
manufacturing the phosphor. After developing suitable coating processes
for the CRT screens, prototype CRTs will be assembled cnd tested. This
project will lay the foundation for the development of cathodoluminescent
materials emitting in other colours.

KEYWORDS

Chemical/Petrochemical; Manufacturing: Prototyping: Powders; Surface
treatment technologies; Phosphors; Cathodo-luminescence.

PRIME PARTNER OTHER PARTNERS

RIEDEL-DE HAEN AG LABORATOIRE DE CHIMIE DU SOUDE F
PHOSPHOR DIVISION UK ATOMIC ENERGY AUTHRITY UKk
WUNSTORFER STR 40 THOMSON TUBES ELECTRONIQUES F
D-3016 SEELZE EOLAS IRL
CONTACT PERSON

ASIGGEL

Tel: + 49-5137-707533 :

Tfax: + 49-5137-707121 Contract no: BREU-0475

Tix: + 921295 RDHS D Proposal no: BE-4204
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HIGHLY REACTIVE RARE EARTH OXIDE POWDERS FOR
MORE EFFICIENT LUMINESCENT MATERIALS

Starting date: May 1990 Duration: 48 months

OBJECTIVES

The first objective of this project is to develop more reactive rare ecrth oxide
powders with improved morphology and a reduced level of those impurities
that have a detrimental effect on the luminescent performance.

The second objective is to use these improved rare earth oxide powders to
develop a process for the preparation of more efficient luminescent powders
with narrower particle size distribution.

ACHIEVEMENTS TO DATE

Improved raw materials for the red lamp phosphor yttrium-europium oxide
have been made and specifications for the best material have been fixed.

The use of co-precipitated mixed oxides instead of mixtures of oxides in the
preparation of the phosphor offers important advantages: better control of
paaticle growth in the phosphor preparation process and better luminescent
performance of the final phosphor powder.

The lumen efficiency of the phosphor powder was found to be very sensitive
to the presence of very small cmounts of transition metals such as iron.

Raow materials have also been made for a number of green lamp phosphors.
These are now being evaluated.

KEYWORDS

Chemical/Petrochemical; Electrical/Electronic industry; Engineering
(Chemical); Optical: Powders; Materials Characterization/Testing: Particle
technology

PRIME PARTNER OTHER PARTNERS

PHILIPS LIGHTING RHONE POULENC F
ADVANCED DEVELOPMENT LAMPS | UNIVERSITY OF UTRECHT NL
P.O. BOX 80020 UNIVERSITY OF CADIZ E
NL-5600 JM EINDHOVEN

CONTACT PERSON

J. DE LAU

Tel: + 31-4959-7247

Ttax: + 31-4959-2704 Contract no: BREU-147

Tix: + 37553 Proposal no: BE-3336
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ERASABLE POLYMERIC MEDIA FOR ANALOG
INFORMATION STORAGE AND RETRIEVAL

Starting date: April 1988 Duration: 36 months

OBJECTIVES

This project concems the development of an optical recording, storage and
retrieval system. The system incorporates erasable polymeric storage
media, laser based data recording components, and data retrieval
components. The main objective is to develop easier to handle and more
efficient recording materials (optical polymers) than the presently available
ones (e.g. photographic films). Key features are: no additional wet
chemical processing during or after recording, erasability of the stored
information, and hook-up to digital memories. The recording mechanism
consists of laser induced thermo-optic effects in thin film liquid crystalline
polymers. Novel, infrared diode laser light absorbing polymers are being
developed for this purpose. These polymers will be shaped into free
standing multilayer polymeric films comprising a substrate, the recording
layer and eventually a protective cover layer, thus forming the integrated
optical storage media. Scanning components will be developed to allow the
recording laser beam to be directed over the storage media. In addition, a
read system will be developed in order to retrieve the stored information and
make, for instance, hard copies. A mechanism to erase the stored
information will be developed, enabling use of the same spot for the storage
of new data. Applications of this type of polymeric optical storage media,
the recording and retrieval components, cre in computer memories, the
recording of engineering drawings, and office data storage. A market study
and techno-economic assessment will be conducted.

ACHIEVEMENTS TO DATE

Several types of novel polymers have been developed. enabling the
recording with infrared solid state diode lasers. Writing tests with lasers on
the media show required recording energy densities of the order of 1
nJ/um3z. Test films have been prepared. Polymers, scanning and writing
improvements cre under study.

KEYWORDS Electrical/Electronic industry; Logistics/Management,/Prod.
plan; Dielectrics/Ferroelectrics; Optical; Polymers; Data bases/Expert
systems

PRIME PARTNER OTHER PARTNERS

AKZO INTERNATIONAL RESEARCH BV GEC RESEARCH LTD UK
AKZO CORPORATE RESEARCH LASER-SCAN LABS LTD UK
VELPERWEG 76, PO BOX 9300 UNIVERSITY OF HULL UK
NL-6800 SB ARNHEM UNIVERSITY OF LEEDS UK

CONTACT PERSON

G.R. MOEHLMANN

Tel: + 31-85-663033

Tfax: + 31-85-662669 Contract no: RI1B-179
The: + 45204 Proposal no: P-2119
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FAST RESPONSE ELECTRO-CHROMIC DEVICES ON
POLYMERIC SUBSTRATE (FREDOPS)

Starting date: 1991-1992 Duration: 36 months

OBJECTIVES

New optical composite materials are needed to obtain a dynamic control of
light and energetic transmission properties of glazed systems. Electro-
Chromism (EC) is a promising technique to obtain variable transmittance, or
different colours, by electric voltage switching. Nevertheless several open
problems still remain in this technology, namely in the lifetime and reliability
aspects.

Specific goal of the project is to develop a Fast Response EC Device On
Polymeric Substrate (FREDOPS), opening a new R & D path respect to the
more diffuse line, based on coatings on glass substrates.

FREDOPS could be widely applicable: from building or transport glazing
systems to communication display, light control systems for visual protection
(visors, spectacles,.etc.), architectural applications.etc. In order to satisfy the
required range of specifications, in term of fast response (from 1 to 10
seconds), long term reliability (106 cycles. 5 to 10 yecrs lifetime), high
contrast level (at least 1 to 5) max operating temperature (from 70 to 110°C)
three different basic system have been selected as candidates for FREDOPS.
The obtained FREDOPS systems will be submitted to an extensive
performance and durability test sequence.

The most promising solutions will be selected.

An optimization phase will follow, subdivided in three application areas:
curved substrates for visual protection, display, in transmitting systems. The
final objective is to obtain a prototype FREDOPS for each application area, in
the maxdmum active surface size 270 x 270mm, satisfying the specifications
required by the respective sector.

KEYWORDS

Materials processing: Engineering (optical); Optical: Smart materials; Surface
treatment technologies; Vision/Optical systems; Electrochromic

PRIME PARTNER OTHER PARTNERS

CONPHOBUS SCRL HEF F

GRUPPO TERMICO LIES ENSEEG F

ZONA INDUSTRIALE PASSO MARTINO CSTB SERVICE MATERIAUX F

-95030 PIANO D'ARCI(CD) NKT A/S DK
BEKAERT [TS B
UNIVERSITY OF CATANIA [
Siv [

CONTACT PERSON

A.MARCELLO

Tel: + 39-95-291407

Tfax: + 39-95-291246 Contract no:

Tix: + 971353 CONPHO Proposal no: BE-4137
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GRIN MATERIAL AND TECHNOLOGY R & D FOR
GRADIENT INDEX OPTICAL GLASS LENSES

Starting date: January 1992 Duration: 36 months

OBJECTIVES

The use of gradient index would significamtly improve the characteristics
and properties of optical mineral glass components, namely ophthalmic
lenses.

The godal of the reseczch programme is to design optical components and to
develop corresponding materials for creating new glass lenses with a
spatially varying (gradient refractive index) (GRIN) for use in ophthalmic
optics.

The work plan covers three main areas which are interdependent and
complement one another :

= design tools will be developed to model optical ray tracing in on
inhomogeneous medium and to calculate the imaging properties of
gradient index lenses

s suitable glass systems will be identified and three potential ways will be
investigated for processing these systems to give raw glass bodies with

various radial end cxdal index profiles suitable for ophthalmic lenses. This
task will form the largest share of the total project

s an instrument will be designed and buiilt specificallly to measure the index
distribution in the raw glass bodies created in the previous activity

Through an interactive coordinated programme samples of GRIN lenses will
be designed, fabricated and measured.
KEYWORDS

Materials processing: Engineering (optical); Cerarnics/Glasses; Optical;
Opthalmic optics; Optical index; Gradient refractive index

PRIME PARTNER OTHER PARTNERS .

ESSILOR INTERNATIONAL OPTISCHE WERKE G. RODENSTOCK D

RESEARCH & DEVELOPMENT CORNING FRANCE F

57 AVENUE DE CONDE AEA TECHNOLOGY UK

F-94106 SAINT MAUR DES FOSSES CEDEX CERAMIC DEVELOPMENT (MIDLANDS) LTD UK
TECHNISCHE UNIVERSITAT CLAUSTHAL D

CONTACT PERSON

J-L. MERCIER

Tel: + 33-1-49767096

Tfax: + 33-1-48865048 Contract no:

Th: + 264530 F Proposal no: BE-4379
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LIGHTWEIGHT MIRRORS MADE OF CARBON-FIBRE
COMPOUND FOR OPTICAL APPLICATION

Note: Updated information was not provided in time for publication.
Starting date: May 1988 Duration: 36 months

OBJECTIVES

The project aims to develop new composites for manufacturing leage (D 7m)
mirror blanks, made of Carbon-Fibre-Compound (CFC), coated with thin
layers of glass or ceramic materials. The CFC provides the mechanical
strength, while the glass/ceramic materials offer a polishable surface. The
intial stages of the work will concentrate on the selection of the most suitable
glass- and ceramic-materials, which can be combined with CFC. Small
pieces of the new composite mcrterial will be investigated and later will be
extended to the development of prototype mirrors with sizes of 300 mm.
Pazallel to the development of the glass/ceramic covered CFC material
another method will be studied, namely to combine the glass/ceramic
material with the CFC material itself. This process is expected to permit a
continuous gradient from the CFC to the glass/ceramic structure (ccabon-
fibre-glass compounds CFG). The properties of the CFC material, covered by
the inert material glass, offer these new composites a wide range of
industrial applications.

KEYWORDS

Aeronautics/Aerospace; Composites (polymer matrix); Optical; Surface
freatment technologies

PRIME PARTNER OTHER PARTNERS

RUHR UNIVERSITAT MAN TECHNOLOGIE, MUNCHEN D
INSTITUTE OF ASTRONOMY SPACE RESEARCH LABORATORY,

POSTFACH 102148 GRONINGEN NL
D-4630 BOCHUM

CONTACT PERSON

G.F.O. SCHNUR

Tel: + 49-234-7004584 Contract no: MATE-0069

Proposal no: P-0831
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LIGHTWEIGHT REFLECTORS OF CARBON FIBRE
REINFORCED PLASTIC

Starting date: January 1989 Duration: 36 months

OBJECTIVES

Quality requirements in the field of radio and optical astronomy. in
measurements for meteorology, oceanography and earth exploration, and in
instrumentation are increasing constantly. To receive and trcmsmit the wide
variety of signals and data and to carry out measurements, telescopes and
reflector systems are needed which display improved properties. Working
on the basis of lightweight, carbon-fibre reinforced plastics, it is intended to
develop methods of construction and structures, work out specific
manufacturing techniques and processing steps, cnd manufacture models
and samples. For the purpose of verification it is intended to measure their
long-term geometric shape accuracy under operating conditions.

ACHIEVEMENTS TO DATE

Using selected fibre-resin systems numerous CFRP plates of varying
thickness and structure were manufactured and examined for their
suitability as reflector substrates. The surfaces of the planar plates were
measured on a 3-coordinate measuring machine to an accuracy of lum.
The measured values can be represented as Zernike polynomials, with the
aid of which an error analysis can be performed as the basis for optimising
structure and manufacture. Finite element calculations and sensitivity
analyses complete the project work, which includes materials testing to
verify the calculations. Mirror coatings have been successfully deposited on
the CFRP substrates. To what extent the mirror-coated and non-mirror-
coated CFRP plates will meet the optical requirements when subjected to
external loading is stll to be examined. .

KEYWORDS

Composites (polymer matrix); Optical; Instruments/Sensors/Precision
equipment; Mathematical modelling.

PRIME PARTNER OTHER PARTNERS

FRIED. KRUPP GMBH DELFT INSTRUMENTS NL
KRUPP FORSCHUNGSINSTITUT UNIVERSITY OF PATRAS GR
MUNCHENER STRASSE 100

D~4300 ESSEN 1

CONTACT PERSON

H.F. WILMS

Tel: + 49-201-1884268

Tfax: + 49-201-1882577 Contract no: RI1B-278
Tix: + 201899 Proposal no: P-2413
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SUPERIOR ALUMINIUM NITRIDE WITH SPECIAL
MICROSTRUCTURE DESIGN FOR IMPROVED MACHINING
BEHAVIOUR

Starting date: 1991-1992 Duration: 30 months

OBJECTIVES

1) Development of AIN gradient material which exhibits an improved
surface machining behaviour and simultemeously has excellent bulk
properties.

2) Optimization of the mechanical (bending strength 2 400 MPa, fracture
toughness > 3.5 MPa vm) and thermal properties (thermal conductivity 2150
W/mK).

3) Production of high quality surfaces (R<lum) with the least possible
damge only by grinding.

4) Characterization of the strength ond degree of damage in ground
surfaces on specimens as well as on components, especially to obtain
information on the reliahbility.

5) Technology tramsfer with respect to ductile mode grinding from special to
conventional grinding machines.

KEYWORDS

Optical industry; Machining; Ceramics; Laser technology; Materials science;
Development

PRIME PARTNER OTHER PARTNERS

CARL ZEISS FRAUNHOFER INSTITUT D

LABOR FUR TECHNOLOGIE UND DE BEERS INDUSTRIAL IRL
VERFAHRENSENTWICKLUNG OPTIK MAX-PLANCK INSTITUT D

CARL ZEISS STRASSE PO BOX 1380 TIOXIDE UK

D-7082 OBERKOCHEN ENIRICERCHE |

CONTACT PERSON

R.LOERCHER

Tel: + 49-7364-204409

Tfax: + 49-7364-204531 Contract no: BREU-0520

Tix: + 71375155 Proposal no: BE-4288
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AN ELECTROCHROMIC GLAZING SYSTEM SUITABLE
FOR TRANSPORT AND ARCHITECTURAL
APPLICATIONS

Starting date: 1991-1992 Duration: 36 months

OBJECTIVES

The main objective of this project is to develop glazings whose tansparency
can be controlled by the application of an electrical potential. This could
lead to imroved comfort for individuals in transportation vehicles and within
buildings, and reductions in energy consumption. The project has the
specific objective of producing an electrochromic window based on lithium
insertion measuring 30 x 30cm?2, capable of transmitting between 70% and
15% with a life time of 105 cycles and withstanding to extreme temperatures
of -40°C and 100°C.

ACHIEVEMENTS TO DATE
(i) Determination of cn adapted counter electrode for lithium insertion

(i) Improvement of the environmental and electrochemical stability of
sputtered deposited WO3 layers

(iii) Development of a technique of fabrication for the windows
(iv) Development of an intelligent power supply system.

KEYWORDS
Energy: Coatings/Thin films; Multilayers; Polymers; Smart materials
PRIME PARTNER OTHER PARTNERS
SAINT-GOBAIN RECHERCHE IMPERIAL CHEMICAL INDUSTRIES (ICI) UK
COUCHES MINCE BECKER UND FLUGFUNKWERK D
39, QUAI LUCIEN LEFRANC UNIVERSITY OF LOUGHBOROUGH UK
F-93303, AUBERVILLIERS CEDEX LABORATOIRE DE SPECTROSCOPIE
MOLECULAIRE ET CRISTALLINE
DE BORDEAUX . F
CONPHOEBUS I
CONTACT PERSON
F. DEFENDINI
Tel: + 33-1-48395889
Tfax: + 33-1-48347416 Contract no: BREU-0488

Tix: + 235767 F Proposal no: BE-4042
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NOVEL PROCESSING AND TESTING PROCEDURES OF OPTIMIZED
CERAMIC OR METAL POLYMER COMPOSITES FOR ACOUSTO-
OPTICAL ELECTRICAL AND MAGNETIC APPLICATIONS

Starting date: February 1989 Duration: 36 months

OBJECTIVES

In this project materials for application in integrated optics and wave guides
are to be developed ond their properties investigated. The materials are
intended for use in electro-optic, nonlinear-optic and acousto-optic switches
and modulators, as well as in photosensors and photocopiers.

The coordination is as follows: The composites proposed and developed by
the partner at the University of Duisburg are being compacted by a special
pressing and welding technique with superimposed high frequency
(ultrasonic) vibration, developed at the University of Vienna. The macro-
and microcharacterization of the materials is performed at the Max- Planck-
Institute Stuttgart cnd at the CNRS Grenoble respectively.

ACHIEVEMENTS TO DATE

Recently an enormous development in the field of non-linear light guides
took place. For electro-optic switches or modulators, poled polymers with
oriented chromophore molecules have been developed. The dye orientation
is achieved by poling the polymer films in high electric fields. During the last
year the resecach programme in this project was adjusted to this actual field
of interest. A multilayer stack containing optical transparent, electrically
conducting ITO electrode films and ferroelectric ceramic/polymer composite
layers was investigated. The polymer polymethyl-styrene was investigated
as a possible electrically orientable matrix material. Using these layers an
improved dipolar orientation of chromophores could be achieved.
Additionally the group in Vienna produced one by one and two by two
couplers of polymer lightguides by ultrasonic welding. A method was
proved by the group in Stuttgart to characterize the bonding strength
substrate/layer by bending tests and that of the couplers by tension tests.
The pariner in Grenoble developed and proved a method to characterise
defects and microcracks in ceramics and composite materials by impedance
spectroscopy.

KEYWORDS

Engineering (optical); Optical: Polymers; Ceramics; Coatings; Electical;
Magnetic.

PRIME PARTNER OTHER PARTNERS

MAX-PLANCK-INSTITUTE FUR UNIVERSITAT DUISBURG D
METALLFORSCHUNG CNRS-ENSEEG GRENOBLE F
INSTITUT FUR WERKSTOFFWISSENSCHAFT ~ UNIVERSITAT WIEN A

SEESTRASSE 92
D-7000 STUTTGART

CONTACT PERSON

K.KROMP

Tel: + 43-222-342630242 Contract no: MATE-0066
Tfax: + 43-2223102683 Proposal no: P-0157
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NEW APPLICATIONS OF POLYMERS IN ELECTRONICS
AND OPTICS

Starting date: May 1990 Duration: 36 months

OBJECTIVES

Very coherent and concerted resecach is the dominant feature of this
project. Its aim is the build-up of electric, electronic, and optical devices
using polymer technology. The different partners are experienced in
complementary fields, from the chemical synthesis of new polymers to the
manufacture of sophisticated polymer devices. The scientific fields involved
in this project cover the solid state theory applied to the polymers, the
electrochemistry, the chemical and physical characterization of electro-
optical devices, the ion optics, the optical waveguiding and the ion
implantation techniques. The practical applications are in the field of low
voltage electrical connection techniques, the electronic and electro-optical
devices using monolithic and hybrid technology, planar optical wave guides
and contact lenses.

ACHIEVEMENTS TO DATE
» Synthesis of: - PPV samples by the precursor route
- PTh samples by electrochemical processes
= Theoretical study of PPV doped by the chemical way
= PPV and PTh samples doped by ion implantation
» Mechanical state of the construction of an ionic column of 30 keV.

KEYWORDS

Electrical; Optical; Polymer; Micro Engineering

PRIME PARTNER OTHER PARTNERS

UNIVERSITE DE LIMOGES UNIVERSITE DE MONS B

LEP.F.IL CAMBRIDGE UNIVERSITY UK

123 AVENUE ALBERT THOMAS UNIVERSITE DU PAYS BASQUE . E

F-87060 UMOGES CEDEX LEGRAND F
ESSILOR F
COURTAULDS RESEARCH UK

CONTACT PERSON

J-P. MOLITON

Tel: + 33-56-457420 , 33-55-457441 Conftract no: BREU -0148

Tfax: + 33-55-457288 Proposal no: P-3369
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INTRINSICALLY CONDUCTIVE POLYMERS FOR
ELECTROMAGNETIC INTERFERENCE SHIELDING

Starting date: June 1991 Duration: 36 months

OBJECTIVES

Intrinsically conductive polymers - ICPs - offer mony advantages compared
to materials containing conductive inclusions such as metal or carbon.
However, although ICPs are already well known in laboratories, production
on industrial scale is not yet possible because, canong other things, the
transformation process remains unknown. The am of this project is the
production of ICPs on a industrial scale for electromagnetic interference
shielding (EMI).

The aims of the project are:

» Good synthesis of ICPs

= a better knowledge of the transformation process

s good knowledge and control of the physical properties of ICPs and their
EMI shielding efficiency.
KEYWORDS

Electrical/Electronic industry; Carbon/Graphite; Electrical; Multilayers/
Multimaterials; Polymers

PRIME PARTNER OTHER PARTNERS

THOMSON SINTRA ASM KABELWERK EUPEN AG B
525, ROUTE DES DOLINES, BP 138 (@] UK
F-06561 VALBONNE THOMSON-CSF F
CONTACT PERSON

O. LACOUR

Tel: + 33-929-63000

Ttax: + 33-929-65630 Contract no: BREU-0469

Tix: + 616780 Proposal no: BE-4577
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DEVELOPMENT OF IMPROVED MATERIALS FOR HIGH VOLTAGE
MULTILAYER CERAMIC CAPACITORS

Starting date: November 1988 Duration: 36 months

OBJECTIVES

Multilayer ceramic capacitors based on barium titanate dominate the low
voltage (<300V) market. Their use in high voltage applications (e.g. energy
storage) is limited by the relatively poor electric strength of high permittivity
ceramics when compared with plastic films.

The objective of the proposed research is the development of ferroelectric
materials of controlled microstructure which offer higher electric strength
than currently avdailable ceramic materials combined with a decreased
dependence of permittivity upon electric field. The objective will be
achieved by the development of two new materials: on ultra-fine grain
ferroelectric glass ceramic at ERA Technology: a fine grain ferroelectric
ceramic made of chemically derived barium titanate powders having tightly
controlled morphology and composition at Istituto Guido Donegani (IGD).
Complete multi-layer capacitor units will be fabricated from the most
promising materials and their performance compared with the currently
avdlable commercial items made by the third partner, Morgan Matroc,
Unilator Division (UTC).

ACHIEVEMENTS TO DATE

Morgan Matroc have fabricated trial multi-layer capacitors from glass-
cerarmic compositions developed by ERA. These units have been sintered at
relatively low temperatures (700-900°C) giving a range of dielectric
properties within the X7R classification. Low cost silver /palladium electrodes
have used. Preliminary evaluations of energy storage indicate the tcaget of
0.6MJm3 should be achieved.

The fabrication of chemically precipitated powders by IGD has met
difficulties and thus a substitute powder has been obtained. Trial units from
this powder are currently being fabricated. Comparison units fabricated by
UTC using a conventional mixed oxide route are also being evaluated.

KEYWORDS

Electrical/Electronic industry; Ceramic/Glasses; Dielectrics/Ferrolectrics;
Particle technology: Capacitors; Energy storage; High voltage.

PRIME PARTNER OTHER PARTNERS

ERA TECHNOLOGY LTD ISTITUTO GUIDO DONEGANI (IGD) I
MATERIALS APPLICATION DIVISION MORGAN MATROC (UTC) UK
CLEEVE ROAD

UK-KT22 7SA LEATHERHEAD, SURREY

CONTACT PERSON

G.J. HILL

Tel: + 44-372-374151

Tfax: + 44-372-374496 Contract no: RI1B-263
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PREPARATION AND USE OF POLYMERIC ALLOYS FOR
ELECTRICAL ENGINEERING APPLICATIONS

Starting date: November 1988 Duration: 48 months

OBJECTIVES

The project is intended to show the superiority of polymeric alloys over
polymer-additive mixtures in electrical engineering applications such as
electric cables, insulating materials for supports, high-volitage insulators,
capacitors. Mixing different kinds of polymers may bring enhancement of
their electrical properties, unless alloyed by appropriate compatibilizing
agents such as sequenced block copolymers. Such agents may also be
used for ‘alloying' inorganic, polymeric materials. The aim of the project is
the optimization of polymer alloys containing polyolefinic material and
another phase such as a polar polymer, a thermally conductive inorgomic
material, etc.

ACHIEVEMENTS TO DATE

After evaluation of different compatibilizing agents (HPB-b-Ps block
copolymers), an alloy composition has been selected: LDPE : 80 parts PS : 20
parts and compatibilizing agent : 8 parts (by weight). This alloy has better
electrical properties than presently used insulating materials and shows
satistying mechanical properties. Compounding has been optimized on 50kg
mass scale by Werner & Pfleiderer. The ‘Laboratoire de Chimie
macromoléculaire et de catalyse organique - Université de Liége’' prepared
a whole series of diblocks copolymers HPB-b-PMMA. A selected block
copolymer gives PE/PMMA alloys with good mechanical properties.
Incorporation of inorganic filler encapsulated with a partially hydrolyzed
PMMA in such an alloy is under investigaton. ‘Université de Liége' has
recently begun the synthesis of pure diblocks copolymers HPB-b-PA 6.
Alcatel Alsthom Recherche has prepared, in close relation with Wemer &
Pfleiderer several series of PE/PA 6 alloys with available compatibilizing
agents. These materials displayed satifying mechanical properties at room
temperature. Work is in progress to improve low temperature mechanical
properties.

KEYWORDS

Electrical/Electronic industry; Mcterials processing: Electrical; Polymers;
Materials science:;

PRIME PARTNER OTHER PARTNERS
ALCATEL ALSTHOM RECHERCHE UNIVERSITE DE UEGE B
DEPARTMENT MATERIAUX ET PROCEDES WERNER ET PFLEIDERER D

ROUTE DE NOZAY
F-91460 MARCOUSSIS

CONTACT PERSON

JC.BOBO
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Tx: + 602415 Proposal no: P-2226
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HIGHLY ORIENTED HIGHLY CONDUCTIVE POLYMERS -
A NEW CLASS OF ELECTRO-ACTIVE MATERIALS

Starting date: January 1991 Duration: 48 months

OBJECTIVES

Two years ago conductivity values nearly as high as copper were
published for highly oriented polyacetylene, a prototype material for
conducting polymers. The reasons for this elevated conductivity are still not
clear. The objective of our proposal is to discover the mechanisms
responsible for these high values, to connect them with other material
properties and to improve systematically the quality of synthesis. Only the
combination of different specialized experimental methods on exactly the
same type of samples allows the evaluation of these parameters and
requires the collaboration of different groups. These proposed methods cre
optical spectroscopy cnd Raman investigations, DC- end AC- conductivity,
tansient photoconductivity and photoinduced absorption, nuclecr magnetic
resonance and electron spin resonance, electron energy loss spectroscopy,
and structural investigations. The results obtained for polyacetylene should
then, hopefully be transferred to other conducting polymers.

KEYWORDS

Engineering (electrical); Electrical/Electronic industry; Electrical; Electronics;
Materials science; Nanotechnology

PRIME PARTNER OTHER PARTNERS

MAX-PLANCK-INSTITUT FUR CNRS DES MACROMOLECULES
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MEDIUM VOLTAGE POLYMERIC POWER CABLES -
CLARIFICATION OF THE CAUSE OF WATER TREEING AND
METHODS OF ITS PREVENTION

Starting date: February 1989 Duration: 48 months

OBJECTIVES

Europe supplies about 50% of the extruded polymer medium voltage power
cables to a competitive and growing world market (1,200 MECU per
annum). The life of cables can degrade from the requisite 40 to less than 10
years through the formation of 'vented water trees’ at the semi-conducting
screen. Current solutions are based on the use of tree growth inhibitors
which have yet to demonstrate their long term benefits. The solution
proposed here is based on recent work on electrochemical oxidation and on
ion penetration which suggests that control of the ionic content and
permeability to ions of the screen material, coupled with inclusion of ion
traps in the polymer, should suppress water treeing. This would increase
the competitiveness of European manufacturers while requiring only limited
modification of the manufacturing process. To gain acceptance for this
novel technique manufacturers must establish the links between oxidation
processes, ion penetration and tree growth and demonstrate to cable
purchasers through mutually acceptable cable tests that sheat control and
additives that will overcome this problem.
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Electrical/Electronic industry; Dielectrics/Ferroelectrics; Electrical; Polymers.
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SOLID ELECTROLYTIC CAPACITORS WITH
CONDUCTING POLYMERIC ELECTRODE SYSTEM

Starting date: January 1989 Duration: 36 months

OBJECTIVES

Solid electrolytic capacitors cre characterized by a high capacitance to
volume ratio . The demand is very high and met mainly by aluminium
capacitors based on thin aluminium oxide in combination with a contact
medium (electrolyte). Currently used solid semiconducting electrolytes are
formed by costly and time consuming processes and such capacitors also
exhibit large leakage currents, limited reliability and relatively high power
losses.

The main objectives of this project are:

= To synthesise novel organic semiconductors showing good thermal
stability (>260°C) and electrical conductivity (>1 S cm-l).

s To develop deposition techniques for such orgamic semiconductors.
= To assess the behaviour of dielectric organic semiconductor interfaces.

» To fabricate and characterize the performance of a prototype aluminium
electrolytic capacitor using novel electrically conducting organic
electrolytes leading to a considerable improvement in performance and
stability, saving in manufacturing cost and time.

ACHIEVEMENTS TO DATE

Capacitors with solid organic electrolytes have to be fabricated and are
undergoing long-term testing. The capacitors show lower loss and higher
capacitance per unit volume than their counterparts based on the more
conventional manganese dioxide technology. In addition capacitor
fabrication is both simpler emd cheaper.

Research into improved organic semiconductors is continuing and materials
are now avdailable which are stable at temperatures in excess of 280°C,
fulfilling the requirements of surface mount devices.

KEYWORDS

Electrical/Electronic industry; Manufacturing; Electrical; Chemistry:
Dielectrics/Ferroelectrics; Materials characterization/Testing: Materials
science. '
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IMPROVEMENTS IN SURFACE PREPARATION OF
ELECTRICAL CONTACTS AND ORGANIC THIN FILM
DEPOSITION

Starting date: September 1990 Duration: 36 months

OBJECTIVES

The aim is to improve surfaces of electrical contacts, in order to achieve
better reliability against corrosion, aging, wear and vibration, and to
decrease production cost through noble metal saving or improvements of
plating. This will be done by better control of undesired film formation,
selection of surface additives (such as lubricants thin film deposition
procedures set up).

Influence of film thickness, in the rcnge of 1 to 100 nm, will be studied for
various layers such as lubricants, oxidation or conversion products, gratted
polymers. An original procedure based upon electropolymerisation,
presently at the research stage, will be developed. Degradation
mechonisms in an agressive cutomotive environment will be studied on a
quontitative basis; test methods will be developed; effect of applied voltage
and current will be taken into account.

ACHIEVEMENTS TO DATE

» Preparation and characterization of metallic surfaces is finalized.
= Formation ond study of passivated films is under way.

= Automotive test procedure is defined.

= Test benches are close to achievement.

KEYWORDS

Electrical/Electronic; Electrical; Coatings/Thin films; Lubricants; Materials
science; Surface treatment technologies

PRIME PARTNER OTHER PARTNERS

SOURIAU COMMISSARIAT A L'ENERGIE ATOMIQUE F

RESEARCH DEPARTMENT LABORATOIRE DE GENIE ELECTRIQUE

145, RUE YVES LE COZ DE PARIS F

F-78035. VERSAILLES, CEDEX LOUGHBOROUGH UNIVERSITY UK
LUCAS AUTOMOTIVE LTD. UK
MOGAN RCCOL UK

CONTACT PERSON

J-M. BOURIN

Tel: + 33-139-492082

Tfax: + 33-139-492091 Contract no: BREU-0205

Tix: + 695506 Proposal no: BE-3476



Electrical materials 71

ELECTRONIC AND ELECTRICAL APPLICATIONS OF ADVANCED
CONDUCTING POLYMERS

Starting date: December 1989 Duration: 36 months

OBJECTIVES

Advanced conducting polymers which cre processable cnd thermally stable
with good ageing properties will be synthesized.

Their use will be assessed for two industrial applications:

= cable technology: production of semi-conductive jackets for high-voltage
energy tramsportation: Altemating current (AC) and direct current (DC).

= Microelectronics: manufacturing of supercapacitors and energy
microstorage devices.

ACHIEVEMENTS TO DATE

Chemical preparation has been achieved in one lire scale reactors for

different conducting polymers in doped conductive form: polypyrrole (PPY),

polythiophene (PT), poly octyl thiophene (POT) (Solvay) and polyaniline

(PA). Chemical undoping of PT, POT, PA is possible.

= High quality PPY has been obtained which reliably yields to more than 90
Ah/kg of electrochemical capacity end 200 Farad/gram of double layer
capacitance.

s Composite materials have been obtained with insulating thermo-plastics
and PT, POT or PA. Polyethylene insulator in contact with these materials
has better dilectric rigidity and is more reliable when it is in contact with
the usual semi-conducting materials made from carbon black.

KEYWORDS

Chemical /Petrochemical; Electrical/Electronic Industry; Energy/Power
generation; Electrical; Polymers; Chemistry; Materials science
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OPTIMIZED PROCESSING OF POLYMERIC FILM
DIELECTRIC FOR AC POWER CAPACITORS

Starting date: August 1990 Duration: 36 months

OBJECTIVES

This co-ordinated activity covers the development of improved dielectrics
with optimisation of conditions across the whole manufacturing process to
include:

= polymer resin type, purity and additives:;

» film extrusion, orientation and morphology:

= capacitor winding, impregnation and heat-treatment;

= criteria for customer acceptance.

The coordination of work involving manufacturing and interactive processes
caried out by different manufacturers is a key element in achieving the
rapid development of materials, enabling the production of power capacitors

with increased operating stress, improved reliability and increased
temperature range.

ACHIEVEMENTS TO DATE

Test specimens have been prepared based on alternative resin formulations
and film extrusion parameters. The chemical and physical characterisation
of samples is well advanced ond special equipment cnd methodology has
been developed for assessing components in polymers. The evaluation of
model capacitators has started using stress and temperature accelerated
testing.

KEYWORDS

Chemical/Petrochemical; Electrical/Electronic Industry; Processing (Rubber &
Plastic); Dielectrics/Ferroelectrics; Materials Characterisation/Testing
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POLYMER ELECTROLYTES INVOLVING MULTIVALENT
CATIONS

Starting date: 1990 Duration: 42 months

OBJECTIVE

Polymer electrolytes is the name given to a new range of solid state
materials in which ionic salts are dissolved in suitable coordinating high
polymers; in many cases, the salt solubility is very high. Resecarch on these
materials to date has concentrated on lithium ion- and sodium ion-containing
systems. These generally have relatively high ionic conductivities cond are
being developed as potential electrolytes for all-solid-state high energy
batteries. In this programme we propose to study analogous systems based
on salts of alkaline earth, transition metal cnd lanthanide cations.

We anticipate that polymer electrolytes based on such salts will have
interesting and useful electrical and optical properties. The particular
advantage of these materials from a practical point of view is that, unlike,
for example, crystalline solid electrolytes, they may be readily fabricated
into useful shapes of forms, such as thin films using established techniques.

ACHIEVEMENTS TO DATE

During the first nine months of the project, methods for preparation and
characterisation of materials have been established. Preliminary studies on
a range of transition metal ion and lanthanide ion containing systems have
been made. Studies on alkaline earth based conductors using plasticised
PVC membranes have also started.

KEYWORDS

Electrical; Polymers; Polymer Electrolytes
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RESEARCH ON A CATHODIC MATERIAL FOR SECONDARY LITHIUM
CELL, METHOD OF SYNTHESIS AND FEASIBILITY OF AN INDUSTRIAL
PROCESS

Starting date: February 1990 Duration: 36 months

OBJECTIVES

This proposal concerns research on a cathodic material for a lithium
secondary cell, as well as the process for its preparation.

Lithium secondary cells present considerable interest in terms of energy
density when compared to existing secondary cells (2 to 3 times that of
nickel-cadium, i.e. 120 Wh/Kg versus 40 Wh/KQ).

One of the problems to be solved in order to develop a practical secondary
cell, for the general market, is the development of a new cathodic material
capable of satisfying a number of criteria, notably: electrochemical
reversibility, specific capacity (>600 Ah/dm3), a potential of 2.5 to 3.5 volts
versus lithiurm, non-toxic and non-polluting, having a reasonable production
cost and stability in organic electrolyte media.

ACHIEVEMENTS TO DATE

During the first yecx, the work has been oriented towards the preparation of
many samples of cathodic materials based on Manganese dioxide, and
testing in electrochemical coin cells, on a limited cycle life.

The behaviour of the different phases a, 3 and MnO2 has been studied.
Chemical lithiation of these materials led to compounds of general formula
LixMnOy, which are identified to be reversible cathodic materials.

Among the different products tested, it has been shown that the a MnO2
lithiated material gives superior performances (up to 170 Ah/Kg, 640
Ah/dm3) versus all the MnO2-based materials known to date. EMD or CMD-
based materials are also under investigation, which was the objective of the
contract.

The manufacturing processes of these products has been evaluated on a
pilot production basis, and proved to be compatible with an industrial
processing.

KEYWORDS

Power generation; Processing (minerals & metals); Chemistry: Electro-
chemistry; Lithium; Manganese dioxide
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NEW MANUFACTURING TECHNOLOGIES FOR
ADVANCED SOLID OXIDE FUEL CELLS

Starting date: May 1990 Duration: 36 months

OBJECTIVES

The Solid Oxide Fuel Cell (SOFC) provides a new and exciting option for the
conversion of fossil fuels, including natural gas, into electricity. It does this
with higher efficiency and lower pollution (virtually no NOy) than
conventional means. The SOFC has not been commercially successful yet
because the fabrication costs for the existing designs and technologies are
prohibitive. We have recently developed a new design which has the
potential to solve the cost problem. The objective of this resecach is to
develop the associated manufacturing technologies.

ACHIEVEMENTS TO DATE

The new dseign uses a flat plate, rather than a tubular, geometry which
allows low cost, high volume ceramic processing technologies to be used
(extrusion, screen printing, tape casting, etc.). The support is the largest
and most complex component in the design (typically 100x200x17 mm) and
has been successfully extruded. The support's thermal expansion
coefficient has ben optimzed to closely match that of the active cell.

Cell components have been obtained by the tape casting and tape rolling
techniques. These foils are stong (450 MPa), gas-tight, 150 pm-200um
thick, flat when sintered ond relatively laxge (80x80 mm). Single active cells
were successfully produced from these electrolyte foils by coating either side
with the electtodes. These single cells were operated at 1000°C with a
Ha/Air combination to produce electricity.
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MANUFACTURING TECHNIQUES FOR COMPONENTS

OF FLAT PLATE, SOLID OXIDE FUEL CELL (SOFC)
REACTORS

Starting date: July 1991 Duration: 36 months

OBJECTIVES

The project will investigate reproducable manufacturing techniques for
components (electrodes, electrolyte, metallic bipolar plate, gas manifolding)
for upscaled, flat plate, solid oxide fuel cells (SOFC). For larger SOFC
reactors (+-1 kW) these components cre needed in greater quantities, with
enlarged dimensions. New monufacturing technicques for SOFC powders and
assembled SOFC composites cre necessary.

Techniques for powder preparation will be investigated for the fabrication
of ceramic electrode materials. These technicques are avdailable on
laboratory scale, but are not state-of-the-art for the quantities (kg/day)
needed for a sufficient homogeneity of larger quantities of ceramic
components

for the ceramic components, manufacturing of surface-enlarged, thin,
sintered electrolytes will be investigated using tape casting techniques.
Reproducibility of the tabrication technicque for larger quantities of
sintered electrolytes will also be investigated

coating techniques of the electiolyte with electrode materials will be
investigated, which finally leads to reproducable fabrication of batches of
ceramic composites

given the boundary conditions of SOFC, new metal alloys with a
coefficient of thermal expansion very close to that of the ceramic
components will be investigated to come to a suitable metal/ceramic
compound. In addition, manufacturing techniques for the bi-polar plate
and joining techniques of electrolyte and electrodes with the metal are not
state-of-the-art and will be investigated.

KEYWORDS

Solid oxdide fuel cell: Tape casting: Powders; Ceramics/Glasses; Composites
(ceramic matrix); Metallic structurad materials; Multilayers/Multimaterials
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FERROELECTRIC POLYMER AND COMPOSITE
SENSORS AND TRANSDUCERS

Starting date: January 1990 Duration: 36 months

OBJECTIVES

This resecrch programme is designed to produce a new generation of
piezoelectric and pyroelectric sensors and transducers by developing new
materials based upon ferroelectric polymers and polymer composites. These
materials will combine the advantages of polymers (flexibility, laage area
capability, ease of shaping into a variety of forms cnd low cost) with the
electrical properties which cre normally associated with ferroelectric
ceramics or single crystals. This will be done by using new techniques such
as polymer evaporation onto crystal substrates and oxide crystallite
orientation processes in the composites, making use of controlled
morphology crystallites. The new materials will be applied to the
preparation and testing of acoustic omd infrared device demonstrators.

ACHIEVEMENTS TO DATE

A range of ceramic formulations has been prepared in bulk and powder
form and been assessed for use in 0-3 composites. Of those assessed one
ceramic system has shown particular improvements over the conventional
ceramic system cand is being further investigated. Significant differences
have been observed between bulk ceramic properties and the predicted
behaviour of this system in a fabricated composite, particularly in poling
characteristics, and these differences are being examined. Novel routes to
the preparation of highly anisotropic composite structures are being
investigated and samples have been successfully fabricated but are
proving difficult to pole successfully, this problem is being addressed. Good
quality thin ferroelectric thin films are being deposited on a range of
substrates, alternative substrates and surface preparation techniques to
give improved growth characteristics have been identified. Optimisation of
the deposition parameters is being undertaken to allow films with improved
morphology for device applications to be fabricated. Investigation of the
pyroelectric properties of composite materials has shown initial problems
with reliable measurement of pyroelectric coefficient, a measurement
technicque for reliable characterisation has been developed and is now
producing consistent results. Useful pyroelectric properties have been
demonstrated and work to improve the overall material performance is
progressing.

KEYWORDS Ferrolelectrics/Dielectrics; Composites (polymer
Polymers; Ceramics; Sensors.
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PIEZOCERAMICS FOR SAW DEVICES -
HYDROTHERMAL SYNTHESIS AS A METHOD TO
ACHIEVE SUBMICRON GRAIN SIZED POWDER

Starting date: January 1992 Duration: 36 months

OBJECTIVES

The am of the project is to increase the frequency range for which
piezoceramics can replace single crystals in bulk end surface acoustic wave
(SAW) devices. Piezoceramics offer advantages over single crystals such as
tailoring of properties through changes in chemical composition and relative
ease of fabrication. However, at present, their use is limited to frequencies
below 20 MHz for bulk devices due to the low mechanical strength 0.05-0.1
mm thick samples and to the coarse grain structure which leads to
inhomogeneous properties in this thickness range. For SAW devices cocarse
grains lead to high propagation losses and limit their use to <100MHz.

The project will concentrate on the fabrication of fine grained ceramics with
high mechanical strength using powders prepared by hydrothermal
synthesis. This technique gives uniform, reproducible submicron particles at
relatively low cost compared to other chemical preparation methods. In
addition to powder preparation and characterization, studies will also be
caaried out to comrelate the powder process and ceramic fabrication with
material properties. Prototype devices for both bulk and SAW devices will be
manufactured and their performance tested.
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Materials processing; Piezoceramics; Hydrothermal; SAW devices
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MAGNETIC MATERIALS FOR ACTIVE CONTROL OF
ANTI-VIBRATION SYSTEMS

Starting date: October 1991 Duration: 36 months

OBJECTIVES

The overdll objective of the project is to demonstrate the potential for using
magnetostrictive materials in industrial processes, such as high-speed
machinery, robotics, acoustic devices and anti- vibration control systems.

This will be achieved by designing and optimising a high-energy system to
demonstrate active anti-vibration control over a wide frequency band-
width. Actuators will be designed around highly magnetostrictive materials.
In order to assess vibrations, sensors and high-speed control systems will
also be built and included in an experimental facility fitted with sensors. The
project will produce a fully documented demonstration device which will
illustrate the capability of anti-vibration systems.

The enabling technology which is developed in actuation and control will be
applicable to the other industrial processes mentioned above. Companies
working in these fields will be involved in project working parties to ensure
the early uftilization of the technology within Europe.

ACHIEVEMENTS TO DATE

Phase 1. Design, production and measurement of a high-energy actuator
building of an experimental facility Months: 0 to 16.

Phase 2. Preparation of the control system Months: 6 to 16
Phase 3. Active control experiments.

Improvements to the actuator design and the control system  Months: 14
to 36.
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Vibration analysis; Acoustics; Magnetic; Instruments/Sensors/Precision

equipments; Sensors/Signal processing; Computer science/Softwcare;
Reseczch/Development
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THE FABRICATION OF COMPOSITE ELECTRO-MECHANICAL
DEVICES FOR MICROMOVEMENT APPLICATIONS IN
MANUFACTURING PROCESSES

Starting date: February 1990 Duration: 36 months

OBJECTIVES

To establish technologies for the fabrication of low voltage, high reliability,
ultra-precise micromovement devices which utilise functional ceramic
elements in multilayer configurations.

ACHIEVEMENTS TO DATE

(1) Certan doped lead zirconate titanate (PZT) systems combine good
electrical/electromechanical properties with ability to be cofired with
AgPd electrode systems. Chemically prepared materials show great
promise for low firing temperature and very thin active layers.

(2) The mgdjor fabrication effort has been to develop ceramic tape casting
with electtode screen printing. Multilayer screen printing of thick film
pastes is a promising altemative technique. Experiments using laser
ablation-deposition have revealed difficulties in forming coherent
electrode layers.

(3) Consolidation routes by conventional firing have been successfully

established for laminated tape and multilayer screen printed forms.
Laser ablation-deposition structures have been successfully cnnealed.

(4) Routine electrical/electromechanical measurements have been made on
initial devices. Force measurements as a function of frequency and
lifetime testing under load have commenced.

(5) Finite element analysis has been used to compute 20 field and stress
distributions for sections in the vicinity of an electrode discontinuity.

KEYWORDS
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STUDY OF NEW MATERIALS AND DESIGNS FOR
ADVANCED MICROMOTORS

Starting date: July 1990 Duration: 48 months

OBJECTIVES

For various applications very small motors or actuators are required. Due to
different loads the speed and torque capabiliies may vary between broad
limuts. The size of the motor/actuator should be as small as possible, e.g. in
the region of millimetres and submillimetres. Only with advanced materials
(thigh energy permanent magnets, thin layer technology), can integrated
microcomputer control and latest design considerations such micromotors
and microactuators be achieved. The main objective of the project is, taking
into account the recent developments of improved Nd-Fe-B and bio-
compatible materials cnd microelectronic ond micromechamical fabrication
techniques, to make research-type millimetre and submillimetre
micromotors/actuators, using electromagnetic and electrostatic principles. In
order to make these microdevices of practical use in the foreseeable future,
we investigate certain fundamental problems, such as micromechanical
properties, mechanical handling and loading, design procedures, assembly
strategies, fricion and wear of microdevices.

ACHIEVEMENTS TO DATE

During the first year of the joint resecach activities the first prototypes were
designed and built. Work concentrated on electrostatic and electromagnetic
motors. Special miniature disc-windings were also designed and produced.
However, the etched windings or multi-layer windings are not restricted to
the disc-type motor design. They can also be used for cup-type motors with
reduced length of the end winding. Design studies were also undertaken to
compare the specific power for electomagnetic and electrostatic motors.
Depending on the motor geometry, from a rotor dicaneter of 3mm onward the
electromagnetic motor is more advantageous. The electrostatic devices are
superior below lmm of rotor diameter.
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ECONOMIC ELECTRICAL DRIVE FOR HIGHLY
DYNAMIC APPLICATIONS

Starting date: January 1992 Duration: 36 months

OBJECTIVES

The am of the proposed R & D project is to further develop Switched
Reluctance (SWR) drives for highly dynamic and very high speed
applications and to boost its use in a wide application area.

Although much broader in its application, it will be demonstrated that the
SWR drive will outperform the classical drive solution in the textile industry
as a machine drive, in the process industry as a valves actuator and in the
chemical industry as a very high speed vacuum pump.

Compared to classical drive the new drive will be shown to be more energy
efficient, more robust and simpler to manufacture, to have a higher
controllability of the torque and to have a higher dynamic behaviour.

Its development and implementation in Europe con improve the competitive
position of the Euwropean industry in several sectors where drives are used
and of the drive manufacturers.

KEYWORDS

Magnetic; Prototyping; Switched Reluctance Motor: Resecrch/Development;
Electrical; Design
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SEGREGATION IN OXIDE CERAMIC MATERIALS AND
ITS EFFECT ON PROCESSING AND PROPERTIES

Starting date: 1990 Duration: 48 months

OBJECTIVES

This programme will investigate interfacial segregation in oxide ceramics
and evaluate the effect of this segregation on processing, reactivity cnd
final properties. The objective is to study in depth the crystals chemistry of
the interfaces in order to optimize the parameters which are important for
specific applications. The project involves a review of the present state of
knowledge of defect chemistry for near-surface and grain boundary
regions, the derivation of a theory of segregation and the determination of
the effect of segregation on the heterogeneous kinetics. The construction of
a prototype surface sensitive equipment will allow in situ surface
characterization of materials at elevated temperatures and under controlled
gas atmospheres. The emphasis will focus on model oxide systems such as
NiO, CoO, TiO2 amd perovskites such as BaTiO3 and their solid solutions.

ACHIEVEMENTS TO DATE

It has been documented that non-stoichiometry, determined for materials in
equilibrium with oxygen pressure, has a strong effect on the segregation
profile, as established by previous authors regarding Cr-doped CoO
equilibrated at 1500 K under different oxygen activity.

Preliminary experiments have also indicated that, in given experimental
conditions, the segregation leads to the formation of bidimensional surface
structures and even to precipitation of a second phase.

It has also been published that diffusivity in the bulk is substantially
different from that within the interface region as a result of changes in both
composition and structure. But little is known of the effect of segregation on
the diffusion of defects both along and across interfaces.

KEYWORDS

Ceramics. Materials processing: Processing (ceramic & glass); Diaelectrics/
Ferroelectrics; Materials science; Segregation
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AN INVESTIGATION INTO METHODS OF TEXTURING HIGH-T¢
SUPERCONDUCTORS FOR HIGH Jc APPLICATIONS

Starting date: December 1990 Duration: 36 months

OBJECTIVES

The objective of the proposed project is to increase the transport critical
current density, Je, of high Te bulk superconductors up to values sufficient
for industrial applications by aligning the grains of these materials, in order
to ensure practical continuity of the superconducting a-b plames and to
reduce, as much as possible, the atomic disorder at the interface of the
grans.

ACHIEVEMENTS TO DATE

Three methods have been investigated: magnetic alignment at room
temperature of single crystalline grains, sintering under a heavy load, eand
melt texturing of YBaCuO. With the first two processes we have achieved
very good alignment of the a-b planes, but the transpot critical current
density is still rather low: about 1000 A/cm?2, at 77k. With melt texturing we
currently attain 10 000 A/cm?2, but the alignment of most of the grains is still
random; however, using Bean's method we found that J¢ parallel to the a-b
pleme is about 100 000 A/cm?2 at 77k. Association of melt texturing with
either magnetic alignment or “creep sintering”, to ty to combine the
advantages of the different methods, is now in progress.

KEYWORDS

Materials processing: Ceramics/Glasses; Superconductors; Powder
metallurgy.
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EUROPEAN RESEARCH PROJECT ON 'HIGH
TEMPERATURE' SUPERCONDUCTORS FOR POWER
CABLES

Starting date: March 1990 Duration: 21 months

OBJECTIVES

The newly discovered superconducting ceramic materials are of immediate
technological interest because they can maintain their superconductivity up
to temperatures where applications based on this property become
technically and economically athiactive. This fact is widely appreciated in
Japan and the USA, where substantial funds are being committed to
resecach and development of these novel materials. This project would
promote a concerted European resecxch effort in one of the main potential
applications of high temperature superconductors, namely power cables,
with the adm of developing superconducting power cables that will operate
at above 77K, and ideally at ambient temperature or higher. The project
will focus on the basic resecxch that needs to be done towards reaching this
goal. Emphasis will be placed on identifying end characterizing new
materials with improved superconducting properties and on developing
technologies for fabricating experimental cable conductors that incorporate
these advantageous materials. Efforts will be made to optimize these in
terms of current carrying capability and minimise AC power loss. If
successful, this pre-competitive research will represent a major step towcrds
the realization of superconducting power lines that could save a large
proportion of the 2.5 billion Ecu, or more, that is lost annually in electricity
tramsmission throughout the EC.
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Superconductors; Ceramics/Glasses; Materials science; Electrical.
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CERAMIC SUPERCONDUCTING FILAMENTS AND
RIBBON PRODUCED BY SUSPENSION SPINNING AND
TAPE CASTING

Starting date: January 1990 Duration: 28 months

OBJECTIVES

The objective is to produce a shaped superconducting material with a
thickness between 0.05 and 0.5 mm and a critical current density of 106 to
107 A/m? at liquid nitrogen temperature by a low cost shaping technology
which can be used for mass production. Suspension spinning and tape
casting provide the possibility to produce free self-supporting filaments or
ribbons which can be subjected to further upgrading treatments to increase
the critical current density of the ceramic superconducting material without
contamination from other composite materials. The filaments and ribbons
produced cre not a final product but part of a complex composite conductor
of ceramic superconducting material and metallic materials.

ACHIEVEMENTS TO DATE

» Progress of the development of a suspension for tape casting, but some
problems remain to be solved.

s A suspension for wire spinning has been formulated which allows the
production of batches of wire. Work continues in order to obtain a higher
density.

» Experiments show that binder and additives can be removed almost
completely at temperatures between 300°C and 500°C. Sintering may be
performed on a number of substrates. Optimum results are obtained on
Y2BaCuOs,

s Material with Te of 90 K and Jc of 300 A/cm? is obtained dafter sintering.

KEYWORDS

Forming/Shaping/Casting; Ceramics/Glasses; Superconductors
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IMPROVEMENT OF THE PERFORMANCE OF PLASMA SPRAYED
CERAMIC SUPERCONDUCTIVE LAYERS DEPOSITED ON METALLIC
SUBSTRATES

Starting date: March 1990 Duration: 36 months

OBJECTIVES
The objective of this project is to develop the plasma spraying deposition
technique and the subsequent materials processing parameters in such a
way that the superconductive properties are sufficiently good for practical
applications.

ACHIEVEMENTS TO DATE

The achievements to date are that the basic problems of interaction and
adherence of the High-Tc layers, deposited by means of plasmaspraying,
have been identified. These problems are related to the choice of substrate
and interlayer materials and the processing parameters.

The first steps have been taken to solve these problems. The next step will
be adapting the post-deposition processing conditions in order to improve
the superconductive properties.

KEYWORDS

Materials processing; Coatings: Superconductors; Materials science
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GENERATION AND CRITICAL EVALUATION OF
THERMOCHEMICAL AND PHASE DIAGRAM DATA
PERTAINING TO THE FIELD OF HIGH Tc OXIDE
SUPERCONDUCTORS (SUPERDATA)

Starting date: July 1990 Duration: 36 months

OBJECTIVES
The purpose of the SUPERDATA project is:

= to provide information on the optimum thermochemical conditions for
prepcration of known (YBaCuO based) superconducting phases

» to define stability renges of these phases as a function of process
parameters

= to provide a basis for phase equilibrium calculations in other potential
superconducting oxide systems.

For this purpose experimental thermochemical methods as well as data
assessments and ab initio calculations cre employed.

The expected results are:

» critically assessed and consistent thermochemical data for all relevant
phases, i.e. Gibbs energy dara as a function of composition and
temperature

= g comprehensive specialised literature database for thermochemistry and
phase diagrams.

ACHIEVEMENTS TO DATE
Literaturebase.

First data assessment for metallic subsystern Y-Ba-Cu and Me-O subsystemns.

KEYWORDS

Electrical /Electronic industry; Superconductors; Thermodynamics; Research/
Development
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DEVELOPMENT OF CVD, METAL-ORGANIC
PRECURSORS AND PATTERNS TECHNIQUES FOR
HIGH Tc APPLICATIONS

Starting date: 1991 Duration: 48 months

OBJECTIVES

The overall objective of the project is to demonstrate the capability of
producing pattemed, high Tc, layered, superconducting materials.

This will be achieved through the development of:
= novel, volatile precursors suitable for high T¢, mixed metal oxides;

s a prototype, metal-organic chemical vapour deposition (MOCVD) reactor
designed to suit the novel precursors;

» g fundamental understonding of the effect of deposition parameters on
layer characteristics and properties and

= novel pattermning technicues suitable for both thin and thick films.

KEYWORDS

Superconductors; Organometallic materials; Thin films; Metal-organic
chemical vapour deposition MOCVD); Film patteming techniques.
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HIGH CRITICAL TEMPERATURE SUPERCONDUCTORS
FOR ELECTRICAL POWER APPLICATIONS : -
SUPERCONDUCTING OXIDE BASED CURRENT LEADS

Starting date: June 1991 Duration: 24 months

OBJECTIVES

The improvements in the development of the high temperature
superconductors especially with regard to the critical current densities in
bulk material at 77 K, which have been obtained in the last three years, are
encouraging to aim at short term applications in addition to the long term
development of technical conductors.

The godl of the four compamies during the cowrse of this two years project is
to develop current leads for 4.2 K-systems from high Tc superconducting
materials, to manufacture them and to demonstate the performances and
the benetits in comparison with metallic current leads. They will be designed
to real applications like current limiters and small and medium sized
superconducting magnetic energy storage devices (SMES).

ACHIEVEMENTS TO DATE

The expected advantages of high Tc superconducting current leads coe
based on the low thermal conductivity of the ceramics, on their good current
carrying capacity in low magnetic fields and on the disappecarance of ochmic
losses in the temperature range of 4.2K to 77K.

On laboratory scale, a critical current density of about 1000A/cm?2 at 77
Kelvin and below 20 Millitesla has been achieved, both for YBCO and BSCCO
bulk material. This performance is promising for application in leads.

KEYWORDS

Electrical industry: Power generation; Electrical engineering: Ceramnics;
Superconductors; High temperature superconductors; Current leads
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MICROWAVE DEVICES BASED ON HIGH TC
SUPERCONDUCTORS

Starting date: September 1991 Duration: 36 months

OBJECTIVES

The overall objective is to develop the deposition cnd processing of thin film
high temperature superconductors on novel substates with large relative
pemmittivities. Two superconducting materials Y;BazCuz0O7.x and BizSraCan.
10y will be deposited by laser photoablation, molecular beam epitaxy and
radio frequency sputtering and spin spray techniques. Four deposition
techniques cre being employed to establish which will yield the best laage
area, single phase, high critical current superconductors. Chemical
engineering of the superconductor will also be carried out to optimise their
electrical properties, processability and stability.

Electrical, physical and chemical properties of the superconducting films will
be carried out using all the major assessment technicques. However, the
ultimate test is to fabricate microstrip microwave components and assess
their performance. Device fabrication will necessitate accurate patterning of
the superconducting films. This will be achieved by eximar laser ablation or
etching using wet or reactive ion etchants.

The significance of this work is reflected in the large $670 M worldwide
(1990) market for filters and delay lines alone. The projected market in
Europe ($150M) is comparable to the markets in the U.S.A. ($281 M) and
Japan ($239).

KEYWORDS

Electric/Electronic industry; Materials processing: Processing (ceramic &
glass); Prototyping; Ceramics/Glasses; Superconductors; Electronics
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COMPATIBILITY OF ECONOMIC MANUFACTURING METHODS WITH
WEAR AND FATIGUE RESISTANCE OF SILICON NITRIDE BASED CERAMIC
BALL BEARING COMPONENTS FOR CRITICAL APPLICATIONS

Starting date: February 1988 Duration: 48 months

OBJECTIVES

Silicon nitride has proved to be a very promising material for ball and roller
bearing applications. Up to now only a few uncritical applications have
come up, due to unknown reliability and high production cost. It is to be
feared that Japanese and American companies will develop an exclusive
stranglehold in this field. In the proposed development programme the main
am is to optimise reliability properties by development of specific silicon
nitride materials, processing cnd design and calculation of ball bearings.
The success in this will open up a whole field of critical applications, which
cannot be solved by conventional bearings. The expected cost reduction in
mcaterial processing and machining will lead to large scale applications and
will be the key to making Europe competitive with major overseas
producers.

ACHIEVEMENTS TO DATE

As a first step the investigations concentrated on finding the best
composition of the silicon nitride. Although this part of the programme
should be already completed, rising demands from customers and moarket
make it constantly necessary to improve starting powders and processing.
Experience shows, that the most critical aspect in bearing materials is purity
and homogenity. The material used now represents the state of the art. As
regards moulding processes of ball and rings, economic reasons impose
changes from initial considerations. Cold isostatic pressing of ball blanks
results in superior geometry, but this process is too slow for mass production.
For that reason altemative processes core under consideration.

Machining and finishing processes of balls and rings are under control. The
results show that excessively close tolerances for the blanks, as the
machining of silicon for the blanks should not be demanded. as the
machining of silicon nitride in the densified state is essentially not a problem.

KEYWORDS

Materials processing: Mechanical engineering/Machinery: Forming/
Shaping/Casting; Processing (ceramic & glass). Ball bearings; Cerarmics/
Glasses
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OPTIMIZATION OF THERMOMECHANICAL PROPERTIES OF
INJECTION-MOULDED SILICON NITRIDE PARTS BY
ADJUSTMENT OF THE PHYSICO CHEMICAL
CHARACTERISTICS OF THE STARTING MATERIAL

Starting date: February 1988 Duration: 37 months

OBJECTIVES

The am of this work was to develop a silicon nitride powder manufacturing
route, namely carbothermal nitridation, and a compound forming route,
injection moulding, which are capable of providing low cost shaping. Diesel
engine precombustion chamber was selected as a demonstrative part.

ACHIEVEMENTS TO DATE

A carbothermal nitridation process has been chosen which gives excellent
control of morphology and pcrticle size distribution of Si3N4 powders. Si3N4
powder PyrofineR grade S 1-3 was chosen dafter several interchanges
between pariners.

After numerical optimisation of the mould design, prechambers were
injected, pyrolysed and sintered. ATOCHEM Pyrofine S 1-3 and Starck LC12
silicon nitride powders were used for comparison. The time avdilable to
optimise the injection moulding conditions of the prechamber was too short.
It has therefore not been possible to produce uncracked sintered
prechambers starting from Pyrofine S 1-3 or Starck LC12. Nevertheless we
believe that better quality prechambers could be produced if a mouldable
mix with a powder loading of around 60% (maximum of 53.8% today). or
more, could be used. Pyrofine S 1-3 seems to be too fine and to have too
narrow a particle size distribution for an “ideal” silicon nitride injection
moulding powder. It did, however, have superior pyrolysis characteristics to
the Stcack blend of Si3N4 powders used in this work.

There will be an opportunity for the part manufacturer to continue with this
work within an outgoing BRITE project. The Si3N4 powder producer will
continue its powder quality optimisation.

KEYWORDS Ceramic powders; Injection moulding; Automotive/
Components & parts; Processing (Ceramic & Glass): Ceramic/Glasses;
Mathematical modeling. ’
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DEVELOPMENT OF ADVANCED CERAMICS FROM
SIALON-BASED 'COMPOSITE POWDERS'

Starting date: December 1987 Duration: 36 months

OBJECTIVES

This project seeks to develop a low-cost, high strength, B-sialon ceramic of
improved fracture toughness. This objective will be approached through
the use of a dispersion toughening mechanism, with the incorporation within
a R-sialon matrix of titanium nitride and/or carbide pearticles. The B-sialon
matrix phase with its dispersed toughening phase will be derived, in powder
form, from naturally occurring oxide materials by a single step carbothermal
nitridation process. The sintering to full density of this '‘composite powder'
will then be optimized to yield a toughened ceramic matrix composite. The
ready availability of a low-cost, high strength and relatively high fracture
toughness ceramic, produced from low-cost raw materials, will assist the
wider acceptance of these materials as substitutes for metallic engine
materials in applications where higher efficiency and longer life are
required.

ACHIEVEMENTS TO DATE

The synthesis of sialon based ‘composite powder' were optimized for various
titcnium nitride contents between 0 and 50 vol.%. The shaping and the
sintering of these powders has been achieved and the physical properties of
the ceramic matrix composites are under investigations. The study of
sintering mechamisms, sintering aids and microstructure developments will
be achieved in 1990, as well as the manufacturing of large components and
their test under realistic conditions of use.

KEYWORDS

Materials processing: Composites (ceramic matrix); Powders; Materials
science.
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RELIABILITY OF BULK CERAMICS FATIGUE BEHAVIOUR
IN CORROSIVE MEDIA

Starting date: November 1988 Duration: 36 months

OBJECTIVES

In order to provide the mechanical data needed to design a ceramic
component for a combustion engine, mechanical testing of a silicon nitride
material and a sialon material will be performed in various conditions —
static and cyclic loading, high temperatures, diesel exhaust gas
environment — with special attention paid to the specific influence of the
aggressive atmosphere.

The fracture behaviour will be examined under two approaches assuming
that the failure is dictated (1) by a subcritical crack growth law, (2) by a
creep law, the subcritical crack growth being a consequence of a local
creep.

These approaches will be developed with a view to their application in
finite-elements programmes for the lifetime prediction of ceramic
components. In parallel, the physico-chemical mechanisms responsible for
the degradation of the mechanical properties of ceramics in the aggressive
environment will be identified.

ACHIEVEMENTS TO DATE

This programme will finish at the end of 1991. Most of the experimental
work is now ended and gives important results on:

» Tensile and bending creep.

= Influence of the environment (air or exhaust gases cnd temperature) on
corrosion and subcritical crack growth (static or cyclic).

= Relation between microcracks (natural’ flaws) and macrocracks (test
specimens).

» A post processor to a 3-D finite element programme which gives failure
probabilty of components is in testing.

® Specific numerical post treatments are being developed to give a failure
probability of components after damaging (creep and crack growth in static

and cyclic loading).
KEYWORDS

Automohve/Componen’ts & parts; Ceramics/Glasses; Silicon; Mcrtenal
science; Mechanics/Solid mechanics; Fatigue at high temperature.
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CREEP AND FATIGUE BEHAVIOUR OF SILICON CARBIDE AND SILICON
NITRIDE IN NORMAL AND CORROSIVE ATMOSPHERES

Starting date: June 1989 Duration: 30 months

OBJECTIVES

The proposed reseczch is intended to analyse creep and fatigue behaviour
of silicon carbide and silicon nitride ceramics in normal and corrosive
atmospheres at temperatures of 1400° and 1600°C. Specific attention is paid
to the use of such ceramics in gas turbines.

ACHIEVEMENTS TO DATE

After extensive effort a reproducible method of manufacturing silicon nitride
suitable for creep and fatigue characterisation up to 1400°C has been
developed. The composition has been tdalored to yield a B-SizgNg4 and a
crystalline intergranular phase of yitrium disilicate. Four point bend test
results give a mean nominal strength in excess of 900MPa. SENB testing
vielded fracture toughness levels of 6.5PMa m!/, confirming the
enhancement predicted using a moderate sintering liquid volume.

Sintered silicon carbide produced for this project has a mean nominal bend
strength of about 520MPa. Oxidation trials at 1400°C for up to 500 hours
have resulted in strength increases while 200 hours at 1600°C has reduced
the strength. Ion implantation was found to improve the bend strengths
vielding over 590MPa. At 1400°C formation of a 3 um SiO2 (cristobalite)
surface layer was observed while at 1600°C enratic development of the oxide
layer was found. Creep testing of SiC at 1400°C has commenced, no results
cre cunrently avalable.

KEYWORDS

Aeronautics/Aerospace; Ceramics/Glasses; Materials characterization/
Testing; Surface treatment technology: Research/Development; Creep
fatigue.
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COMPLEX SHAPED ADVANCED CERAMICS

Starting date: December 1990 Duration: 36 months

OBJECTIVES

The primary objective is the development of an improvement process for

producing necr net-shaped components from advanced ceramics using

injecion moulding. This will be achieved by:

s the development of a temporary organic binder system with improved
burnout characteristics, which is capable of imparting the required
rheological properties to the moulding mix

s the synthesis of advanced oxide ceramic powders with characteristics
specifically adapted to injection moulding

= the development of optimized binder removal procedures

» the establishment of a data for mould design.

The project is expected to enable the high volume production of complex-
shaped advanced ceramics at low cost.

KEYWORDS

Forming/Shaping/Casting; Ceramics/Glasses
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DEVELOPMENT OF NEW CERAMIC COMPONENTS
WITH BETTER LIFETIME TO CONTROL MELTED METALS
CASTING

Starting date: April 1990 Duration: 36 months

OBJECTIVES

This project aims at developing new ceramic components with better
lifetime, better macro-cracks resistamce and no tap ar-pollution.

This new design. based on thermal considerations, leads to the exclusive
use of axial symmetrical ceramic components resulting in largely improved
thermal shocks resistance.

ACHIEVEMENTS TO DATE

Operated works, through exploring thermophysical properties, has led to
determination of temperature and thermal stress distribution.

By computer simulation it has been possible to find out that for all materials,
cracks will appear within a few seconds.

These simulations also showed that a ceramic plate will remain crack-free if
a compressive load, provided by a steel bandage, is applied.

In the thermomechanical field the new axisymmetrical concept plate has
already proved highly valuable.

KEYWORDS

Ceramnics; Refactories; Casting
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HIGH TEMPERATURE MECHANICAL BEHAVIOUR OF TiO2, CaO OR
MgO CONTAINING REACTION SINTERED MULLITE ZIRCONIA
TOUGH CERAMICS COMPOSITES FOR ENGINE APPLICATIONS

Starting date: April 1988 Duration: 36 months

OBJECTIVES

1. To obtain at laboratory and at pilot level close to theoretical density
Mullite, Mullite-Zirconia, Mullite-Zirconia-Alumina cnd Mullite-Zirconia-
Titania(ss) reaction sintered composites.

2. To determine the room and high-temperature mechanical properties—o=~f,
Kic, slow crack growth and thermal shock—of the selected composites.

3. To study the relationship between high-temperature mechanical
properties and microstructure of the selected composites in order to
evaluate these materials as candidates for structural parts in adiabatic
engines.

ACHIEVEMENTS TO DATE

Mullite and Zirconia-doped Mullite as well as Mullite-Zirconia, Mullite-
Zirconia-Alumina and Mullite-Zirconia-Titania(ss) reaction sintered
composites close to theoretical density (298%th.) were obtained at laboratory
and at pilot plont level. The effect of a small amount of alkaline impurities
on the Zircon+Alumina reaction sintered process, microstructure cnd room
and high-temperature mechanical properties were established. The o~f
(280-350 MPa) and Kic (2.5-5.5 MPavm) values were kept almost constant
up to 1300°C in all compositions studied.

In the particular case of Zirconia-doped Mullite (O.6wt.%) a drastic increase
in the o~f value (~2.5 times) was obtained at 1200°C after 8h amnealing at
1500°C without cny change in the creep rate value (~10-951).

KEYWORDS

Automotive, Components & parts; Composites (ceramic matrix); Materials
science

PRIME PARTNER
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IMPROVEMENT OF THE RELIABILITY OF DIFFERENT
SILICON CARBIDE GRADES FOR AUTOMOTIVE
APPLICATIONS

Starting date: January 1988 Duration: 42months

OBJECTIVES

Reliabillity of polycristalline ceramics was looked into as a volumetric effect
resulting from the distribution in volume of single microcracks (-say defects-)
or from the coalescence of microcracks. They may also induce generalised
damage under load or arise at the tip of a moving crack exhibiting an R-
curve, before catastrophic failure. A general methodology, based on
experimental and computational work in conjuncttion with fracture
mechanical model considerations, has thus been developed.

ACHIEVEMENTS TO DATE

In the case of post-hipped a-SiC, it was shown that the distribution of the
rupture stresses is the image of the microstructure only if the internal
stresses cxe considered. Experimentally the Weibull modulus vcries with
temperature. The reliability of post-hipped a-SiC may thus be enhanced by
improvement of powder sieving.

Often microcracks are induced by mechanical loading. Their size and
density depend on the material, the processing route and the resulting
microstructure.

Finite element methods, taking into account the specific reliability of each
part of a complex structural piece, like a rotor, have been developed. In
addition, simulation of predefined grain size distributions and their damage
under load or during cooling have been studied formally.

Provided the constitutive law of damage of given microstructures are
correlated experimentally, the possibilty to forecast failure by a deterministic
approach is now avallable.

KEYWORDS

Ceramics; Engineering; Reliability; Computer science.
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X-SIALON MULLITE CERAMICS - PRECURSORS, POWDERS AND
COST EFFECTIVE COMPONENTS WITH IMPROVED
MICROSTRUCTURE AND PROPERTIES

Starting date: January 1990 Duration: 36 months

OBJECTIVES

The aim of the project is to develop new types of high quality, cost effective
ceramics with improved thermomechanical properties based on the two
phases x-siadlon and mullite. The project should provide the necessary
background for a later Type 1 BRITE/EURAM project on the use of
advanced x-sialon/mullite ceramics for high temperature engineering or
other advanced applications. The project involves:

= Developing cost effective methods for the fabrication of high quality
powders for advanced high-temperature x-sialon/mullite cerarics with
improved microstructure and enhanced properties.

= Developing shaping technology and pressureless sintering as well as
sinter-hip technicues for the fabrication of near theoretical density, high
strength components of reliable shape and geometry in x-sialon and x-
sialon/mullite ceramics.

= Developing of x-sialon/mullite composites with tailored microstructure
composed of prismatic mullite ‘whiskers' in a fine grained matrix to
achieve improved mechanical strength, thermal shock resistance and
oxidation resistamce at high temperatures.

= Special emphasis on the control of fine particles in the fabrication process.

KEYWORDS

Aeronautics/Aerospace; Forming/Shaping/Casting: Processing (ceramic &
glass); Ceramics/Glasses; Composites (ceramic matrix); Powders
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MICRO DEFECT-FREE CERAMIC COMPONENTS

Starting date: March 1988 Duration: 3¢ months

OBJECTIVES

The aim of the project is to determine the extent to which the quality and
reliability of ceramic microelectronic components and their rejection rates
during manufacture can be improved by new powder processing methods
involving primarily the production of the components in ‘clecm room'
conditions and the use of new chemical production methods for the
production of higher grade 'advanced’ ceramic powders. In pcarticular the
economic advantages obtained by using these improved processes will be
assessed. The study will be performed on barium fitonate powder which
has been chosen because of its common usage in the field of microelectronic
components.

ACHIEVEMENTS TO DATE

Samples of barium titomate powders, doped with dysprosium to inhibit grain
growth, were prepared both by a conventional (mixed oxide process) cnd
an advanced (co-precipitation) process. The most important physico-
chemical characteristics of the powders, as well as their sintering behaviour,
have been determined. Tape casting has been performed on both powders,
in conventional clean room conditions and multilayer components obtained.

The advantages and disadvantages of the powders, as well as of the clean
room processing, have been assessed.

KEYWORDS

Materials processing; Processing (ceramic & glass), Ceramics/Glasses:
Multilayers/Multimaterials; Dielectrics; Materials characterisation/Testing.

PRIME PARTNER OTHER PARTNERS
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DESIGN METHODS FOR CERAMIC MATRIX COMPOSITES

Starting date: February 1991 Duration: 36 months

OBJECTIVES

The objective of the project is to generate design methods for selected
advanced ceramic matrix composites which encompasses component
performance, production routes and materials. The objectives are:

» new and enhanced ceramic matrix composites with flexural strengths and
fracture toughness up to 500% greater than unfilled matrix materials with
Weibull moduli in excess of 20

® ceramic matrix composites capable of continuous operation in cir at
temperatures above 1000°C

= composites which when over-stressed, fail by a relatively controlled ‘non-
brittle’ mechanism

* quantified mechanical property data of new cnd enhanced composite
systems suitable for materials design

» design codes/computer programmes to encable economic design of
composites developed in the project cnd new composites

= demonstrators which assess the performance of design codes.

ACHIEVEMENTS TO DATE

The achievements to date include:

» a broad range of reinforcing fibres cnd particulates have been sourced.
Evaluation has been initiated of inclusion compatibility with selected glass
and ceramic matrices

» ceramic fibre-ceramic matrix combinations have been identified which are
not detrimentally affected by temperatures up to and including 1200°C

® composites made employed techniques suitable for the fabrication of
complex geometry components requiring 2 and 3-D fibre czchitecture

* preliminary mechanical evaluation of fibre reinforced composite material

has yielded mean 4-point flexural strengths about 700% greater than the
unfilled mahrix material.

KEYWORDS

Aeronautics/Aerospace; Automotive, components & parts; Electrical/
Electronic industry; Design: Composites (ceramic matrix); Computer
science/Softweare; Reliability
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NEW FIBRE REINFORCED TRADITIONAL CERAMIC
PRODUCTS WITH SUPERIOR MECHANICAL
PROPERTIES

Starting date: October 1991 Duration: 36 months

OBJECTIVES

The objective of this project is that of experimenting with the possibility of
improving the mechanical characteristics and performance of selected
ceramic materials for the building industry (ceramic floor cnd wall tile and
sanitaryware) by applying the mechonism of fibre reinforcement. This
objective will be realized through the development of seven different
products, all fibre-reinforced, having mechanical characteristics that are
superior to those of corresponding commercial products without fibre
reinforcement. Five of these seven products are ceramic tiles shaped by
dust pressing, one is a ceramic tile shaped by extrusion cnd one is an article
of samitary ware shaped by slip casting. After complete characterization of
the commercially avalable fibres, carried out to determine those those fibres
most suitable as reinforcement for each of the products to be developed, the
work will proceed first with experimentation on a laboratory scale, involving
the preparation, firing and characterization of small-size fibre-reinforced test
pieces . Based on the results obtained , the work will progress to industrial
scale experimentation (pilot production line) with the fabrication of fibre-
reinforced components (ceramic floor and wall tile and sanitaryware). The
resecach project will be concluded with a study on the prospects for
industrialization fo the products developed, as well as their technical and
commercial impact on the European ceramic industry.

KEYWORDS

Processing (ceramic & glass); Fibres/Reinforcing materials; Ceramic/Glasses:;
Composites (ceramic moarrix)
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FABRICATION AND JOINING OF GRADED CERMETS
BY A TECHNIQUE OF METAL INFILTRATION

Starting date: January 1988 Duration: 36 months

OBJECTIVES

To improve the effectiveness of joining ceramics to metals and reduce the
tendancy to adhesive failure resulting from interfacial tresses arising from
mis-matching of thermal expansion co-efficient and elastic modulus.

Develop forming techniques for graduated joints composed of layers of
cermets made either by co-sintering or pressure infiltration of porous ceramic
preforms which con be used to effect joints between ceramics and metals.

ACHIEVEMENTS TO DATE

Cermets have been produced by both co-sintering of nickel and zirconia and
the infiltration of molten metal (aluminium) into porous preforms of alumina.
Crack propagation studies show the preponderarnice of ceramic type (brittle)
behaviour up to 70% metal (nickel/zirconia).

Porous preforms of graduated porosity havebeen successfully prepared on
small sample size (up to 50mm diameter) by die pressing, assembly of tape
cast layers, pressure filration and the use of burnable porosifiers.
Delamination between layers of different composition has been prevented
by the use of a cormugated boundary.

This was achieved by pressure infilration by gas, pressure failed to fully
infillrate fine porosity. Mechanical pressurisation of the molten metal
(squeeze casting), a high failure rate results because of thermal shock of the
ceramic preforms. This technique was only successtully applied to samples
up to 50mrm dicrneter. Lczger ones were always cracked. -

KEYWORDS

Automotive, components & parts; Materials processinng; Assembly /joining;
Ceramics/Glasses; Composites (ceramic matrix); Composites (rnetal martrix);
Materials science.
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CHEMICAL VAPOUR INFILTRATION IN NEW DESIGNED

COMPOSITES WITH REDUCED INFILTRATION TIMES BY

PRESSURE GRADIENTS AND MONITORED BY INSITU
ANALYSIS WITH SPECTROSCOPIC MEANS

Starting date: 1991 Duration: 36 months

OBJECTIVES

Chemical vapour infilration (CVI) is a superior technique for densifying
newly designed 2d and 3d carbon fibre preforms in order to get a composite
with properties such as shear strength and damage tolerance which cre
unattainable with conventional 2d laminctes.

The main disadvantages of CV1 (long process times cnd process instabilities)
have to be overcome, especially if complex shaped components of these
preforms have to be infilirated. This will be in this programme by applying
pressure gradients to direct the gas flow and to install cutomatic pressure
gradient control. Furthermore, process instabilities e.qg. gas phase nucleation
will be detected by in-situ IR-spectroscopic analysis in a very ecrly process
stage. These CVI process improvements will be cn important prerequisite for
the production of the newly designed 2d and 3d carbon fibre composites.
Their mechanical and physical properties will be gained by testing cnd by
finite elernent calculations.

KEYWORDS

Chemical vapour infiltration (CVI): Materials processing:; Process/Product
monitoring: Composites (ceramic mahix); Mathematical modelling
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COST-EFFECTIVE PRODUCTION TECHNOLOGIES FOR
CERAMIC MATRIX COMPOSITES

Starting date: 1991-1992 Durdtion: -

OBJECTIVES

High performance ceramic matrix composites (CMC's) are currently
produced by CVI. However, only simple shapes can be produced, the
production times are long and strict quality control is required. This leads to
high production costs and restricts their use to costly aerospace
applications.

CMC's can be produced by methods other tham CVI. However, to obtain
material of comparable properties is difficult and very costly. A promising
route is the infiltration and subsecuent pyrolysis of Si-based polymers to
form the ceramic matrix. Material with comparable properties may be
achieved at a much reduced cost.

The main objectives of this project are to develop cost-effective
manufacturing routes for CMC's including:

= development of semi-finished products

s development of various manufacturing routes such as lamination, liquid
infilration and filament winding

= continuous monitoring of materials and process quality to improve the
product.

Economic and ecological aspects will also be considered during the project.

The ultimate aim of the project is to produce larger demonstrator parts by
the various manufacturing routes. The merits of these routes will be
compared to each other and to existing routes.

KEYWORDS

Composites (ceramic matrix); Processing (ceramic & glass); Manufacturing:
Economics; Materials characterization/Testing; Quality assurance;
Mechanics/Solid mechamics
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METAL REINFORCED CERAMICS

Starting date: August 1987 Duration: 46 months

OBJECTIVES

One of the major objectives of resecach into advanced structural ceramic
materials is to achieve a sufficient degree of toughness, strength, thermal
and mechanical shock resistance and corrosion resistance so that the
beneficial aspects of ceramics such as low density and high melting point,
can be exploited in the design of critical high temperature components. The
am of this project is to improve the mechanical properties of ceramic
materials, especially at elevated temperatures, and their resistance to
corrosion by incorporating ultradine panticles of metals with high melting
points in a ceramic matrix based on Al203, ZrO3z. The production and the
incorporation of the metals in can extremely finely divided form calls for a
special manufacturing technology.

ACHIEVEMENTS TO DATE

Colloidal metal particles in the range of nm (e.g. Rh, Pd, Pt, Mo) could be
deposited onto ceramic powder by a special manufacturing technique.
Al203/Zr02-based composites with a homogeneous, finely divided metallic
phase up to 5 mass-% were produced via the combined sinter
HIP/technique. These materials show fracture toughness and flexural
strength improvements of up to 25%, high corrosion resistcmce in molten
metals, glass melt, and hydroflouric acid and improved thermal shock
resistance.

KEYWORDS
Mechanical engineering; Composites (Ceramic matrix); Particle technology:
Reinforcement technology: Tribology.
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DEVELOPMENT OF TECHNOLOGY TO PRODUCE 2- AND 3-D
CARBON REINFORCED GRAPHITE STRUCTURES FOR HIGH
STRENGTH AND HIGH TEMPERATURE APPLICATIONS

Starting date: March 1989 Duration: 48 months

OBJECTIVES

The project is to develop high-temperature and high-strength two
dimensional (2-D) and three dimensional (3-D) carbon reinforced graphite
(CRG) structures. The initial objective is to extend the current level of
understanding of the relationship between process parameters and product
characteristics to allow modification and optimisation of product
perfomance. This knowledge will be used to develop high temperature
oxidation resistant 2-D CRG materials and simultaneously to develop to
develop 3-D anologues of both CRG and the structure modified high
temperature CRG. These 3-D products will include both high strength, thin
wdll tubing and layered or sandwich structures comprising a low-density
former contained in a high strength 2-D CRG skin.

ACHIEVEMENTS TO DATE

Relationships between process parameters and mechanical properties have
been established by developing methods of characterisation of both
physical and mechanical properties for the examination of a wide range of
CRG samples.

Materials with resistance to oxidation have been prepared and effects of
structural modification on mechanical properties are being measured.

3-D structures have been prepared in the form of tubes or honeycomb light-
weight sheets using both woven and non-woven materials.

KEYWORDS

Carbon/Graphite; Composites (ceramic matrix); Fibres/Reinforcing materials.
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DEVELOPMENT AND CHARACTERISATION OF CMC
AND C/C COMPOSITES

Starting date: November 1990 Duration: 30 months

OBJECTIVES

The goals of the proposed programme cre to develop and chcaracterize
structural high performance fibre reinforced ceramics (CMC) and Carbon-
Carbon (C/C) with antioxidation protection.

Materal 1a: 2, 5-D-C/C-INOX (SiC)

The development of this C/C material with three fibre directions (2,5-D) and
a SiC protection layer will be chosen for long time applications (>30 howurs) at
temperatures up to 1550°C. Fibre content: min. 45%.

Mdaterigl 1b:. 2, 5-D-C/C-INOX (SiC/HfC)

Development of material 1a, but with multilayer SiC/HfC protection for short
time applications (20 minutes) at temperatures up to 1800°C.

Mdterial 2: 2, 5-D-C/SiC

Development of carbon fibre reinforced SiC composite with three fibre
directions (2, 5-D) for long time applications (>30 howrs) at temperatures up
to 1200°C.

Material 3 SiC/GC

Development of SiC fibre reinforced glass-cerarmic composite for long time

applications (>30 hours) at temperatures up to 1200°C. Fibre content: min.
35%.

KEYWORDS

Aeronautics/Aerospace; Processing (Creamics/Glass); Carbon/Graphite;
Materials characterisation/Testing: Reinforcement technology
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DEVELOPMENT OF CERAMIC AND CERAMIC COMPOSITE MATERIALS
FOR STRUCTURAL APPLICATIONS AT HIGH TEMPERATURES WITH
IMPROVED CREEP RESISTANCE, CHEMICAL STABILITY AND RELIABILITY

Starting date: March 1988 Duration: 48 months

OBJECTIVES

The use of thermo-mechanical ceramics in critical, high temperature,
structural applications is currently hindered by a combination of factors
depending on the type of ceramic: mechanical degradation, environmental
degradation and reliability. The proposed research is directed towcards the
development of new oxide-based ceramics end composites for structured
applications at elevated temperatures with the following objectives: (i) to
produce oxide based ceramic composites that exhibit high chemical stability,
improved reliability ecnd enhanced creep strength: (i) to adapt new non-
destructive testing methods.

ACHIEVEMENTS TO DATE

Six ceramics systems are under study: SiC whisker-reinforced alumina,
zirconia-reinforced alumina, mullite, zirconia-reinforced mullite, zircon and
zirconia-reinforced zircon. The physico-chemical characterisation and
optimisation of suitable raw materials as well as the physico-
thermomechamical and reliability characterisation have been pertormed for
the different ceramic systems. From high-temperature corrosion tests, a
selection of the most promising ceramics has been made, i.e., zircon and
zirconia-based materials. However, their creep properties are not yet
suitable for the target application.

KEYWORDS

Ceramics/Glasses: Composites (ceramic matrix); Materials characterization/
Testing.

PRIME PARTNER OTHER PARTNERS
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ORGANOMETALLIC PRECURSORS FOR THE PREPARATION OF
HIGH PERFORMANCE NON-OXIDE CERAMICS AND
CERAMIC-MATRIX COMPOSITES

Starting dafe: March 1990 Duration: 36 months

OBJECTIVES

This proposal is concemed with four principal lines of research:

» the synthesis of polymeric, organometallic precursors with a high ceramic
yvield and the study of their pyrolysis and conversion to ceramic;

» the direct conversion of the precursors into dense ceramic materials;

s the use of precursors as an interperticulate bond as well as acting as an
injection-moulding binder in the fabrication of pressureless-sintered silicon
nitride;

s the infilkation of precursors into unidirectional, 2-D and 3-D fibres,
preforms to fabricate carbonitride-bonded fibre composites.

ACHIEVEMENTS TO DATE

A small pilot plant has been built to produce 5-6kg of ceramic precursor per
batch. A fusible solid precursor has been developed for the injection
moulding phase. Dense ceramics have been successfully produced from
pressed, crosslinked ceramic precursor powders. Work is underway on the
fabrication of pressureless sintered silicon nitride using precursors and the
injection of fabric preforms by precursors.

KEYWORDS

Materials processing; Forming/Shaping/Casting: Processing (ceramic cnd
glass); Ceramics/Glass; Composites (ceramics martrix)
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IMPROVED HIGH TEMPERATURE CORROSION
RESISTANT SILICON NITRIDE-SILICON CARBIDE
COMPOSITES

Starting date: January 1990 Duration: 36 months

OBJECTIVES

1.

To determine the surface reactivity of silicon nitride matrices and
corresponding silicon nitride-silicon carbide composites in environments
representative of fossil fuel conversion systems.

. To determine how the presence of impurities such as sulphur vapour,

sulphur dioxide and chlorine within the corrosion environment daffects the
surface reactivity of silicon nitride and silicon nitride-sihcon ccrbide
composites.

. To elucidate the mechanisms of high temperature chemical degradation

in corrosive environments, which contain either oxygen or sulphur or
chlorine.

To optimise the composition of composites in terms of additive and silicon
carbide content for use in aggressive situations.

ACHIEVEMENTS TO DATE
1) Oxidation data relating to the datum matrix material (silicon nitride

densified with 7 w/o ythria, 4 w/0) and the datum composite material (.e.
datum matrix material containing 10 w/o silicon carbide particles).

2) Chloridation data relating to the data matrix and composite materials.

KEYWORDS

Ceramics/Glasses; Materials science; Composites (cerammic matrix); High
temperature corrosion

PRIME PARTNER OTHER PARTNERS
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MATERIALS & INDUSTRIAL CHEMISTRY
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COATING OF SILICON CARBIDE MATRIX
COMPOSITES FOR INDUSTRIAL USE IN CORROSIVE
ENVIRONMENTS

Starting date: October 1991 Duration: 36 months

OBJECTIVES

Ceramic Matrix Composites (CMCs) make up a new family of composites
whose behaviour to mechanical and thermal shock, fatigue resistance, etc.,
is superior to the best technical ceramics obtained by Powder sintering
process.

First developed for applications in the aeronautical and space fields, some
CMCs are beginning to be mass produced (C/SiC and Sic/SiC). They are also
of interest for applications in other sectors of activities which am at
improving their production technologies, reducing their cost prices and
saving the energy required for their manufacturing-as is the case for the
metallurgy industry and gas burmner systems.

In order to benefit from the performance exhibited by CMCs it is, however,
necessary to protect them against high-temperature chemical corrosion from
metals, alloys and molten glasses. The expected research involves a CMC
Manufacturer, 3 Companies and Resecrch Centres already producing
coatings with various processes (mainly some Oxides and rare metals using
laser techniques, plasma spraying, sputter ion plating, and plasma assisted
chemical vapour deposition), and two end user companies in charge of
carying out assessment testing.

The first spinoff expected is in metal cast elements and gas burmner systems.

KEYWORDS

Composites (ceramic matrix); Coatings/Thin films; Surface treatment
technology: Laser technology/Power beams; Processing (ceramics and
glass); Energy/Power generation

PRIME PARTNER OTHER PARTNERS
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INDUSTRIAL PRODUCTION PROCESS FOR SILICON
CARBIDE WHISKERS FOR COMPOSITE MATERIALS
REINFORCEMENT

Starting date: January 1989 Duration: 48 months

OBJECTIVES

PEM's aim this year was to design and start up a pilot plant producing SiC
whiskers.

ACHIEVEMENTS TO DATE

The pilot plant including synthesis eand morphological soring of silicon
carbide whiskers is built.

In a second hecating run, the continuous pilot furnace has worked perfectly
for two weeks and has produced silicon carbide in various conditions. Raw
materials and heating conditions have been tested to obtain different
qualities of products. All these products were oxidised to contfinuously
remove the excess of carbon black successfully.

KEYWORDS

Manufacturing:; Fibres/Reinforcing materials; Whiskers; Silicon-carbide.
PRIME PARTNER OTHER PARTNERS
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ENGINEERED FIBRE STRENGTHENED CERAMIC

COMPOSITES - STRUCTURAL INTEGRITY AND

PERFORMANCE IN ENERGY CONVERSION AND
PROCESSING SYSTEMS

Starting date: 1991-1992 Duration: -

OBJECTIVES

A key strategic route forwerd in creating ceramic based materials is through
closely engineered fibre reinforced composites such as those based on glass
ceramic matrices and chemical vapour infilration reinforced with Sic fibres
(e.g. Nicalon). The potential for engineered monolithic ceramic alloys is now
likely to be limited mainly beccuse of their inability to enhance integrity
levels beyond a toughness of 10MPam 1/2. This work creates a new
European resecach consortium to develop near commercial CMC materials to
industrial application. Performance enhancement will be based on oan
interactive programme of tasks to understand creep, creep rupture, fatigue,
thermal cycling, creep-fatigue, environmental degradation and creep-
fatigue synergisms. The theoretical foundation is microstructural analysis of
damage and study of weak interfaces plus predictive damage modelling.
The project will be instrumental in enhancing European industrial
competitiveness.

KEYWORDS

Composites; Fracture mechanics; Creep; Manufacturing; Performance;
Materials science; Fatigue; Corrosion

PRIME PARTNER OTHER PARTNERS
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OPTIMIZATION OF CERAMIC ZIRCONIA POWDERS
FOR THERMAL BARRIER COATINGS IN IC-ENGINES
AND GAS TURBINES

Starting date: April 1988 Duration: 36 months

OBJECTIVES

s A study of spray drying, including: characterisation of starting powders
and powders produced.

» A study of the plasma densification process in air, under water, and in a
controlled atmosphere.

= The producti