Proposed COST Action

Lead-free Solder Materials


Proposal for a New COST Action

[image: image1.png]&

0 2




Lead-free Solder Materials

Proposing Country:
AUSTRIA

Action Proposers:
Prof. Herbert Ipser
Prof. Adolf Mikula
Department of Inorganic Chemistry
University of Vienna
Waehringerstr. 42
A-1090 Wien
Austria


Tel. +43 1 4277 52606
Fax +43 1 4277 9526
e-mail: ipser@ap.univie.ac.at

COST National Coordinator:
Dr. Helga Mieling
Bundesministerium für Verkehr, Innovation und Technologie
Rosengasse 2-6
A-1010 Wien


Tel. +43 1 53120 5813
Fax +43 1 53120 6480
e-mail: helga.mieling@bmwf.gv.at

Date of Proposal:
April 2001


(Draft)

Memorandum of Understanding

for the implementation of a European Concerted Research Action
 designated as COST Action 531

"Lead-free Solder Materials"

The Signatories of this Memorandum of Understanding, declaring their common intention to participate in the concerted action referred to above and described in the Technical Annex to the Memorandum, have reached the following understanding:

1. This Action will be carried out in accordance with the provision of the document COST 400/94 "Rules and Procedures for Implementing COST Actions", the contents of which are fully known to the Signatories.

2. The main objective of the proposed Action is to increase the basic knowledge on possible alloy systems that can be used as lead-free solder materials and to provide a scientific basis for a decision which of these materials to use for different soldering purposes in order to replace the currently used lead-containing solders in the future.

3. The overall cost of the activities carried out under the Action has been estimated, on the basis of the information available during the planning of the Action, at 12 million Euro at 2001 prices.

4. The Memorandum of Understanding will take effect on being signed by at least five Signatories.

5. The Memorandum of Understanding will remain in force for a period of five years, unless the duration of the Action is modified according to the provision of Chapter 6 of the document referred to in Point 1 above.

A. Background

Lead and lead containing chemicals are among the top chemicals posing a great threat to human life and environment. When lead accumulates in the body it can produce various adverse health effects; it leads to disorders in the nervous and reproductive system, delays in neurological and physical development, it causes cognitive and behavioral changes and reduces the production of hemoglobin resulting in anemia and hypertension. Currently, lead poisoning is assumed to have occurred if the level of lead in the blood exceeds 500 (g/ml but recent studies have found that a level of lead well below the official threshold could be hazardous to a child's neurological and physical development.

Concern about the use of lead in the electronics industry stems from occupational exposure, lead waste derived from the manufacturing process, and the disposal of electronic assemblies. Although the consumption of lead by the electronics industry appears to be minimal by absolute numbers the potential for lead exposure is probably ubiquitous and poses a real threat to the human population and its well-being. Potential sources for occupational exposure in electronics are some of the soldering processes due to the inhalation of lead vapors or lead bearing dust generated by dross during the wave soldering operation. But the problems arising from the disposal of lead containing waste will probably be of even greater importance in the future, be it waste from the industrial processes themselves or the rapidly increasing amounts of electronic assemblies (personal computers, radio and TV sets, mobile phones, household appliances, ...) that go out of operation. To give an idea of the extent of the problem, the world market for PCB (printed circuit board) assemblies alone has more than doubled within five years from 20 billion USD in 1992 to 42.2 billion USD in 1997, with a more than threefold increase in Europe from 3.2 billion to 9.7 billion USD within the same five-year period.

At the end of their useful life, lead bearing electronic products are still very often disposed of in solid waste landfills. Although there seem to be no clear scientific data describing the accurate mechanisms by which lead from disposed electronic products enters the ground water stream and from there the animal or human food chain it is generally agreed that the effect occurs. Apparently it is connected with the action of water containing oxygen, carbon dioxide, and possibly chloride on the lead containing solder materials.

A1 Legislation / State of the Art

The main competition is obviously between the markets of Northern America, Japan (and Eastern Asia), and Europe. In the US legislation to limit the use of lead has been introduced in both the Senate and the House of Representatives, however, these bills have not passed yet. But it is clear that the use of lead will be restricted severely in the near future. A Michigan based company announced recently the production of the first lead-free solder electronic module (a passive anti-theft system) for use in automobiles. In Japan, on the other hand, the use of lead has not been banned, but legislation proposed there will prohibit lead from being sent to landfills and other waste disposal sites, which leaves manufacturers with the option of either attaining 100% recycling of lead or using lead-free solder materials. Major Japanese corporations have begun to respond to this by announcing their own plans for shifting to lead-free solders in the period up to 2001/02. Indeed, 1998 saw the marketing of the first "lead-free" product in form of a MiniDisc player which has been a demonstrable success.

The situation in Europe is somewhat different. Originally, DG XI of the European Commission published a draft version of a Directive covering "Waste from Electrical and Electronic Equipment" – the WEEE Directive in 1998. In this version it was proposed to ban the use of lead metal in electronics by January 2004. It was overruled by a new draft version of the WEEE Directive in 2000 which proposed January 2008 as the new date from which on the use of lead should be banned in electronics.

Although it is now widely agreed that there is no drop-in replacement for the standard lead-tin solders (mostly Sn37Pb and Sn40Pb) that are currently used worldwide, a range of possible alternatives has been investigated. Some consensus seems to have developed for using one family of alloys based on tin, silver, and copper, especially by the telecommunications industry: possible candidates are alloys like Sn3.5Ag, Sn0.7Cu, or Sn3.8Ag0.7Cu with melting points (around 220°C) more than 30 degrees higher than their traditional lead-containing counterparts. Nevertheless, the final choice of a solder material will still be product- or application-dependent, i.e. factors like temperature compatibility and/or cost might make other alloys more attractive so that automotive, telecommunications, consumer, military and aerospace industries might tend to different solutions. The current situation can be described in such a way that it is generally acknowledged that lead-free soldering is technologically possible, but many key issues have still to be solved, both scientifically and industrially.

A2 European Dimension

A COST Action to support and coordinate research on lead-free soldering within Europe is at the moment very appropriate for various reasons. Currently, research teams in many parts of Europe are working on different aspects of this topic but there are no organized opportunities for information exchange between them, no regular meetings, and so on. A COST-based network in this area would provide a sound base for information exchange as well as for identification of opportunities for collaboration. It would also contribute significantly to a coordination of national research efforts within Europe – including research sponsored by the EU FP5 (Fifth Framework Program).

Furthermore, several of the research teams are within industrial companies and thus in a domain where competitive issues cannot be avoided. Therefore it is difficult to conceive that at present any other established EU programs could provide a basis for cooperation between these groups, given the fact that in the recent past such Europe-wide coordination activities have been rather limited (except the Brite Euram project IDEALS between 1996 and 1999). It can be observed that the individual projects are mostly performed on a national, if not even local basis, some with corresponding support from interested companies. The proposed COST Action would provide the possibility for these companies to participate and to coordinate their research efforts on a European level which will be important for advancing R&D in lead-free soldering in view of the stiff competition from Japan and the United States. The advantages of COST are the possibility of a relatively rapid information exchange between scientists and technical experts and the arrangements made for distributing the tasks for the research work involved in the Action.

B. Objectives and Benefits

The main objective of the proposed Action is to increase the basic knowledge on possible alloy systems that can be used as lead-free solder materials and to provide a scientific basis for a decision which of these materials to use for different soldering purposes in order to replace the currently used lead-containing solders in the future.

In addition to and complementing this main objective, the proposed COST Action will also contribute in accomplishing the following tasks.

B1 Establishment of a database of knowledge on possible lead-free solder materials and soldering processes

Although a lot of specific information has been published on the subject of lead-free soldering this knowledge is widely dispersed and thus difficult to use. Therefore it is proposed to do a thorough and critical compilation of the existing information as a first step within this COST Action. As far as possible, all data should be collected and stored in a standardized format. They will be complemented by the results of research contributed during the action. It is also intended that this database would attract the deposition of previously unpublished results from various possible sources. All collected information would be subjected to scrutiny by experts in the respective areas for comments on accuracy, reliability, etc., of the data.

The database should contain all necessary information on physical, chemical, electrical, mechanical, technological, ... properties of the possible solder materials and the corresponding joints.

B2 Providing the expertise for selecting particular materials for specific purposes

To create such a database needs a truly interdisciplinary effort. Scientists from various fields will have to contribute to provide the comprehensive knowledge necessary to select the optimum material for particular soldering purposes. Therefore, this COST Action would bring together a panel of scientific experts that would be able to act as a consulting body for industrial partners - subject, of course, to any non-disclosure constraints. Thus the industrial partners would clearly benefit from the availability of this database providing them with the necessary information for selecting the optimum material to obtain reliable and competitive lead-free solder joints.

C. Scientific Program

The scientific program of the proposed COST Action addresses basic scientific research on various properties of possible lead-free solder materials as well as problems of their practical application and their durability during actual use in all kinds of equipment and their recycling. The action will bring together European researchers from universities, research institutions, and industrial research centers working on the development of new lead-free solder materials. It is designed to encourage the exchange of scientific and technological knowledge between these groups and to present new opportunities for co-operations.

The scientific program can be structured into six Working Groups (WG) according to the schematic diagram given below. 
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These working groups will form the framework of the Action. The structure of the Action is flexible enough to incorporate projects focussing on materials properties or rather on application topics. All the participating scientists and research organizations must address the objectives of the Action as outlined in section B.

The six working groups will be dealing with the following problems:

Working Group 1

This working group will first evaluate all possible metallic systems which can be taken into consideration for lead-free solder materials. For this, a careful literature search will be necessary in the beginning. The main criteria besides the environmental impact will be the melting point of the alloys. For solders used in the electronics industry the melting point must be in the range between 100 and 250°C depending on the particular application.

Since the information in the open literature is by no means complete it will be neces​sary to carry out experimental work on various possible systems which might be can​didates for this type of solders. For these investigations different experimental tech​niques will be used.

In order to obtain the thermodynamic data which are necessary to determine the sta​bility of the alloy systems as well as to carry out theoretical calculations standard thermochemical methods will be applied, like vapor pressure measurements, emf (electromotive force) measurements, calorimetry and DSC (differential scanning calorimetry).

Phase diagrams and melting temperatures of the alloys will be determined with standard experimental methods, like thermal analysis (e.g DTA, differential thermal analysis), different X-ray techniques, electron probe microanalysis (EPMA) and metallographic methods.

In advanced electronic devices different substrates for the solders are used. These sub​strates are in many cases thin films of Cu, Ni or Pd and other PGM (platinum group metal) elements. Therefore it is necessary to investigate the interconnection of the solder with the substrate, the diffusion processes which occur and the type of intermet​allic compounds that might be formed. Working Group 1 will also have to look into this problem and to determine the corresponding multinary phase diagrams.

Working Group 2

Working group 2 will carry out the theoretical modeling of the phase diagrams. Using the data from the literature as well as new data from Working Group 1, the phase diagrams of the new solder materials will be optimized using the so-called CALPHAD (calculation of phase diagrams) method. This provides an optimum version of the phase diagram which is consistent with the thermodynamic data for the respective alloy system. Likewise, this Working Group will also be responsible to provide optimized versions of the phase diagrams that relate to the contacts between solder materials and substrates (see above).

Besides the phase diagram calculations the participants within this Working Group will also try to estimate different physical properties, like surface tension, wettability, electrical properties, and others.

Working Group 3

The task of this Working Group will be the synthesis of alloys suggested by Working Groups 1 and 2. For these alloys the researchers will determine the necessary physical and mechanical properties. They will measure the wettability, surface tension, and viscosity of the liquid alloys at different temperatures.

This group will also investigate the mechanical behavior of the solid solder materials and of solder joints. The main work assignment will be to determine ductility, strength, and fatigue of the solid alloys as well as to evaluate the thermally induced stress, the thermal mismatch, and the interfacial shearing stress in the joints at different temperatures.

Another important topic in this group will be the investigation of the electrical properties of the different materials.

Working Group 4

One main task of this Working Group will be to determine the oxidation behavior of possible solder materials under standard conditions but also at different temperatures and under different environmental conditions. Another problem are the electro​chemical reactions which can occur. If the strength of the solder to conductor bond exceeds the strength of the metal-metal conductor bond, the solder will easily consume the conductor. This will not only cause a high electrical resistivity but could also lead to a significant embrittlement of the solder joint. A task that should also be addressed by Working Group 4 are possible interactions between the lead-free solders and different materials that might be used as fluxes in actual soldering processes.

Since this Working Group will probably comprise mainly chemists it would make sense to include one additional important aspect: a thorough evaluation of the physiological and  toxicological properties of possible new solder materials as well as of any detrimental consequences for the environment due to their processing, recycling or deposition.

The results of these four working groups should result in a number (about four to eight) of possible lead-free solder systems which possess the required properties and which should be taken into further consideration to replace the standard lead-tin-solders. These new systems will undergo some advanced testing in Working Groups 5 and 6.

Working Group 5

This is the Working Group responsible for reliability investigations. Reliability is the ability of a product to function under given conditions and for a period of time without exceeding acceptable failure levels.

The group will investigate and test the reliability of the new materials under different working conditions. The solder joints will be subjected to thermal shock and high frequency, multiple cyclic loads to investigate overload failure and age hardening. Since thermomechanical fatigue is one of the main causes of failure in service this problem should also be addressed in this group. With all these data it should be possible to provide predictions on thermal-cycle fatigue-life and life time.

Different theoretical approaches will also provide the basis for model calculations to predict the reliability and possible life time of the solder joints, to develop creep-fatigue-models as well as models for damage modes.

Working Group 6

Since the electronic parts are getting smaller and smaller the newly developed solder materials must also be tested for different packaging applications like, for example, the flip chip technique. Furthermore, the Working Group will also address various aspects of processing (like cooling times, manufacturability, etc.) that determine the applicability of alloy systems. Likewise it will be responsible for testing the solders for their possible use in different soldering methods like the reflow, wave or laser technique. It will also be necessary to consider various aspects of recycling, possibly in a close interaction with scientists of Working Group 4.

At the end of the COST Action, a complete set of data will be available for different solder materials, and from these data a number (three to six) of lead-free solders should emerge which could be used by the industry as basis for the development of solders for specific applications in order to replace the current tin-lead solders.

D. Organization and Timetable

This Action will operate for five years. The Management Committee (MC) of this Action will be organized and operated according to COST/400/94 "Rules and Procedures".

The research work in the proposed Action will be divided among six Working Groups (see organigram in Section C and timetable below). It is expected that each Working Group will elect a Chairperson to coordinate the work within the group and represent it within the Management Committee. The participation of individual researchers in more than one Working Group should be possible to encourage the flow of information between different groups. 

The MC of the Action will consist of the National Representatives of the signatories. Due to the limited number of persons per country it should be possible that the function of chairperson of a Working Group and National Representative is assumed by one and the same person. The MC will have a Chairperson, a vice-Chairperson and a Secretary. The function of the MC is defined in detail in Document COST/400/94.

Meetings of the Management Committee are expected to take place on a semi-annual basis. The Chairpersons of the different Working Groups will collect the results from the individual research teams participating in a group and will report on the progress of the projects to the MC.

The MC will invite leading academic and industrial colleagues in several subjects to give plenary talks during the annual workshop meetings. All research groups will be strongly encouraged to participate in these workshops to promote an optimal exchange of ideas and information, especially between researchers from academic institutions and those from industry. In this way it should be possible to keep all participants permanently informed about the status of the Action and to stimulate new research directions if necessary. An additional possibility to exchange ideas and information between research groups are Short Term Missions which should be utilized and encouraged, especially for young scientists.
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There is a Discussion Meeting "Thermodynamics of Alloys" organized on a biannual basis in even years which brings together experts from various fields relevant to several Working Groups of this Action. Although this international conference series is completely indepen​dent of the proposed COST Action it will probably be of advantage to attach the respective COST Annual Workshop to this event. 

A midterm review is planned after a duration of 2.5 years. At this review there will be a formal evaluation of the project and an assessment of the further research work necessary to successfully complete the proposed Action.

The dissemination of results will be optimized by various routes:

· The main route to the dissemination of results will be via articles published in peer reviewed journals as well as oral presentations at key related conferences which this Action will encourage. All publications arising from research carried out under the COST Action will credit COST support, and the MC will encourage and promote joint publications.

· Another important route to dissemination will be the annual workshops aimed at discussing the progress achieved to date and to bring together researchers from academia and from industry.

· A web site will be created, maintained and regularly updated with non-confidential results arising from work in this area.

E. Economic Dimension

Scientists from the following countries have actively participated in the preparation of the Action or otherwise indicated their interest:

Austria, Bulgaria, Czech Republic, Finland, France, Germany, Greece, Ireland, Italy, The Netherlands, Poland, Portugal, Slovakia, Slovenia, Sweden, Switzerland, United Kingdom.

On the basis of national estimates provided by the representatives of these countries and taking into account the coordination costs to be covered over the COST budget of the European Commission, the overall cost of the activities to be carried out under the Action has been estimated, at 2001 prices, at roughly 12 million Euro.

This estimate is based on the assumption that all the countries mentioned above, but no other countries, will participate in this Action. Any departure from this assumption will change the total cost accordingly.

F. Expert List 

The following experts have been contacted and have manifested their interest in a participation in the proposed COST Action.

Name
Address
Country

Dr. Wolfgang Lacom
Austrian Research Centre Seibersdorf


A-2444Seibersdorf
Austria

Prof. Herbert Ipser
University of Vienna
Institut für Anor​ganische Chemie 
Währingerstr. 42
A-1090 Wien
Austria

Prof. Adolf Mikula
University of Vienna
Institut für Anor​ganische Chemie 
Währingerstr. 42
A-1090 Wien
Austria

Dr. Gernot Pottlacher
Technical University Graz
Institut für Expe​rimentalphysik
Petersgasse 16
A-8010 Graz
Austria

Dr. George Vassilev
University of Sofia
Faculty of Chemistry

BG-1164 Sofia
Bulgaria

Dr. Ales Kroupa 
Academy of Science
Inst. of Physics of Materials
Zizkova 22
CZ-616 62 Brno
Czech Republic

Prof. Jan Vrest'ál
Masaryk University Brno
Inst. of Phys. and Theoret. Chem.
Kotlárská 2
CZ-611 37 Brno
Czech Republic 

Dr. Marko Hämäläinen
Helsinki University of Technology
Lab. of Materials Processing and Powder Met.
P.O.Box 6200
FIN-02015 HUT
Finland

Prof. Jorma Kivilahti
Helsinki University of Technology
Dept. of Electr. and Comm. Eng.
P.O.Box 3000
FIN-02015 TKK
Finland

Dr. Claire Bergman 
Lab. des Matériaux et Microélectr. de Provence
UMR-CNRS 6137
Fac. des Sciences de St. Jérome
Case 151
F-13397 Marseille Cedex 20
France

Prof. Jean Pierre Bros
Univ. d´Áix-Marseille I
IUSTI-CNRS UMR 6595
5 rue Enrico Fermi
F-13453 Marseille Cedex 13
France

Prof. N. Eustathopoulos
Lab. Thermodyn. et Physicochimie Met. (INPG)
LTPCM-ENSEEG, D.U.
B.P. 75
F-38402 St. Martin d'Heres
France

Prof. Jean Claude Gachon
Univ. Henri Poincare Nancy 1

BP 239
F-54506 Vandoeuvre Cedex
France

Prof. Jean-Georges Gasser
Université de Metz CP 87811
LPLI, Inst. de Phys.-électronique et de Chimie
1 Blvd. D.F. Arago
F-57078 Metz 
Cedex 3
France

Prof. Bernard Legendre
Université Paris Sud
Faculté de Pharmacie
Rue Jean-Baptist Clément
F-92296 Chatenay-Malabry Cedex
France

Dr. E.M. Zindine
FCI France
Corporate Research Center
Rue Robert Surmont, BP 50
F- 72 402 La Ferté Bernard Cedex
France

Prof. Klaus DieterBecker
TU Braunschweig
Inst. f. Phys. und Theoretische Chemie
Hans-Sommer-Strasse 10
D-38106 Braunschweig
Germany

Prof. Wolfgang Bleck
RWTH Aachen
Dept. of Ferrous Metallurgy
Intzestr. 1
D-52072 Aachen
Germany

Dr. Lüdger Bosse
Fraunhofer-Inst. f. Lasertechnik

Steinbachstr. 15
D-52074 Aachen
Germany

Dr. Guenter Effenberg
MSI, Materials Science International Services, GmbH
PHASE DIAGRAM CENTER
Postfach 800749
D-70507 Stuttgart
Germany

Prof. H.E. Exner
Darmstadt Univ. of Technology
Inst. of Materials Science
Petersenstr. 23
D-64287 Darmstadt
Germany

Prof. Hans-Jörg Fecht
University of Ulm
Werkstoffe der Elektrotechnik
Albert-Einstein-Allee 47
D-89081 Ulm
Germany

Dr. Susanna G. Fries
ACCESS e.V.

Intzestr. 5
D-52072 Aachen
Germany

Dr. Bernd Gather
Universität Osnabrück
FB 5, Anorganische Chemie
Barbarastr. 7
D-49069 Osnabrück
Germany

Prof. Yuri Grin
Max Planck-Institut f. Chemische Physik fester Stoffe

Nöthnitzer Str. 40
D-01187 Dresden
Germany

Dr. Klaus Hack 
GTT Technologies

Kaiserstr. 100
D-52134 Herzogenrath
Germany

Dr. E.W. Kreutz
RWTH-Aachen
Lehrstuhl für Lasertechnik
Steinbachstr. 15
D-52074 Aachen
Germany

Prof. Bernd Michel
Fraunhofer-Inst. IZM

Gustav-Meyer-
Allee 25
D-13355 Berlin
Germany

Dr. E. Münstermann
RWTH Aachen
Lehrstuhl f. Theor. Hüttenkunde
Kopernikusstr. 16
D-52056 Aachen
Germany

Prof. Hartmut Neumann
Technical University Chemnitz
Institut f. Physik

D-09107 Chemnitz
Germany

Prof. Erich Lugscheider
RWTH Aachen
Lehr- u. Forschungs​gebiet Werkstoff​wissenschaften
Jülicher Str. 344a
D-52070 Aachen
Germany

Prof. Rainer Schmid-Fetzer
TU Clausthal
Inst. f. Metallurgie
Robert Kochstr. 42
D-38678 Clausthal Zellerfeld
Germany

Dr. Hans-Jürgen Seifert
Pulvermetallurg. Lab.
MPI für Metallforschung
Heisenbergstr. 5
D-70569 Stuttgart
Germany

Prof. Bernhard Wielage
Cheminitz University of Technology
Institute of Composite Materials
Erfenschlager Straße 73
D-09107 Chemnitz
Germany

Prof. G.N. Papatheodorou

Inst. of Chemical Engineering and High Temp. Chem. Proc.
P.O. Box 1414, Stadiou Platini
GR-26500 Rio
Greece

Dr. Sean Cian O. Mathuna
NMRC, University College
Technology R&D for Industry; Micro​electr.  Applic. Integration

Cork
Ireland

Dr. Virginia Cinelli
OMODEO A & S Metalleghe SPA

Via dei Canzi 14
I-20134 Milano
Italy

Prof. Riccardo Ferro
Universita di Genova
Dip. di Chimica, Sez. di Chimica Inorganica
Via Dodecaneso 31
I-16146 Genova
Italy

Prof. Daniele Gozzi 
Univ. of Roma 
“La Sapienza“
Dept. of Chemistry
P.le Aldo Moro 5
I-00185 Roma
Italy

Dr. P. Granati 
Centro Sviluppo Materiali

Via di Castel Romano
I-00129 Roma
Italy

Prof. Gualtiero Gusmano
Univ. di Roma "Tor Vergata"
Dip. Scienze e Tecnologie Chimiche
Via della Ricerca Scientifica
I-00133 Roma
Italy

Dr. Enrica Ricci
National Research Council of Italy
Inst. of Phys. Chem. of Materials (ICFAM)
Via De Marini 6
I-16149 Genova
Italy

Dr. Carlo Rosellini
Istituto Italiano della Soldatura

Lungo Bisagno Istria 15
I-16141 Genova
Italy

Dr. Alexander A. Kodentsov
Eindhoven University of Technology
Lab. of Solid State and Mater. Chemistry
Den Dolech 2
P.O. Box 513
NL-5600 MB Eindhoven
The Netherlands

Prof. Krzysztof Fitzner
Academy of Mining and Metallurgy
Fac. of Non-Ferrous Metallurgy, Div. of Phys. Chemistry and Electrochemistry
Ul. Mickiewicza 30
PL 30-059 Kraków
Poland

Prof. Zbigniew Moser 
Polish Academy of Science
Inst. of Metallurgy and Mater. Science
Reymonta St. 25
PL-30 059 Kraków
Poland

Prof. Jerzy Sobczak
Foundry Res. Inst.

Zakopianska St. 73
PL-30 418 Kraków
Poland

Dr. Leszek Zabdyr
Polish Academy of Science
Institute of Metallurgy and Mater. Science
Reymonta St. 25
PL-30 059 Krakow
Poland

Dr. Pawel Zieba
Polish Academy of Sciences
Institute of Metallurgy and Mater. Science
Reymonta St. 25
PL-30 059 Kraków
Poland

Dr. Delfin Soares
Universidade do Minho
Campus Azurem

P-4800-058 Guimaraes
Portugal

Luís Filipe Malheiros
Faculdade de Engenharia da Universidade do Porto
Departamento de Engenharia Metalúrgica e de Materiais
R. Dr. Roberto Frias
P-4200-465 Porto
Portugal

Dr. Pavel Duhaj
Slovak. Academy of Sciences
Inst. of Physics
Dubravska cesta 9
SK-842 28 Bratislava
Slovakia

Dr. Pavol Sebo
Slovak. Acad. of Sciences
Inst. of Mater. and Machine Mech.
Racianska 75
SK-838 12 Bratislava
Slovakia

Prof. Bo Sundman
The Royal Inst. of Technology
Dept. Mat.Sci. and Eng.

SE-100 44 Stockholm
Sweden

Dr. Arkadij Popovich
Jozef Stefan Institute

Jamova 39
SLO-1000 Ljubljana
Slovenia

Dr. André Egli
Shipley Schweiz AG
R&D Division
Großmatte 4
CH-6014 Littau-Lucerne
Switzerland

Dr. Manfred Roth
Swiss Federal Lab. for Materials Testing and Research

Überlandstr. 129
CH-8600 Dübendorf
Switzerland

Prof. Brian Derby
Univ. of Manchester + UMIST
Manchester Materials Science Centre
Grosvenor Street
Manchester, M1 7HS
United Kingdom

Dr. Alan Dinsdale
Thermodynamics and Process Modelling
NPL Materials Centre
National Physical Laboratory
Teddington, Middlesex, 
TW11 0LW
United Kingdom

Dr. Pamela Dugdale 
International Rectifier

Holland Road
Hurst Green, Oxsted, Surrey RH8 9BB
United Kingdom

Prof. W. Alan Oates
University of Salford
Science Res. Institute

Salford M5 4WT
United Kingdom

Prof. W.J. Plumbridge
The Open University
Materials Discipline
Walton Hall
Milton Keynes, 
MK7 6AA
United Kingdom

Dr. Andrew Watson
University of Leeds
Dept. of Materials, School of Process, Environmental and Materials Engineering

Leeds LS2 9JT
United Kingdom
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