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A TRANSITION PERIOD FOR THE SWEDISH CERAMIC
INSTITUTE

The year 2003 fas been atransition period for the Swedish Ceramic Institute. We
have had to ded with adramatic cut down in government fundng. Thisis smething
that has affeded all of the Industrial Research Institutes in Sweden, nat only our
institute. But the suppat from our industrial customers has not wavered. The total
amourt of contract work from industry has increased in spite of the difficulties in the
telecom industry and the general industrial recession. In the future we will rely on
customers in industry to a greater extent and less on the government. We expect this
to make us more flexible and a better partner for the industry. During 2003we have
concentrated onthe areas where we have a high competitive advantage such as the
processing of ceramics.

We have aso been through anather type of transition as Prof. Roger Carlsson
has resigned as managing direcor for the institute. However, we are still fortunate to
have Roger Carlsson contributing to the institute as a senior researccher and teacher
with his comprehensive knowledge and long experience of ceramic techndogy.

We have some outstanding achievements to report for 2003 Our work on
high-spead compaction d titanium was highly acdaimed at the PM2003Conference
in Valencia and reached the front page of “Powder Metallurgy”, the Journal of the
European Powder Metallurgy Association. The work has resulted in a new way to
fabricate complicaed shapes and composite materials with high-speed compaction.
One member company who hes financed the reseach has applied for a patent for this
process.

The Swedish Ceramic Institute was praised at the Advanced Ceramics and
Compoasites Conference held in January 2004 at Cocoa Beach in Florida. In aledure
on microturbines, our work with starch consolidation d silicon nitride was described
as bath innovative and promising as a production methodfor these turbines.

Our knowledge of ceramic screen printing has taken a quantum leg duing
thisyea. We are now able to develop formulations for screen-printing in the same
systematic way based oncoll oid chemistry and rheology as we previously have
learned to develop slips for dlip casting and dred consolidation. We are also able to
offer better understanding and development cgpability for this techndogy that
previously has been only available in-house in a small number of large companiesin
the world. Moretechnica progressis described in the following pages.

A new part of our website for members-only has garted this year. This ste
will give our members an easy access to results form our member projeds. We have
also intensified ou eff orts to cover the latest developments in the ceramic field. Our
member meetings and the members-only website gives us a possbility to transfer
knowledge abou the development of ceramic materials to our member companies.

Elis Carlstrom
Docent
Managing Director
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BOARD OF DIRECTORS AND AUDITOR

Board of Directors

The Chairman of the Board is appanted by The Industrial Ceramic Research
Association and approved by IRECO Holding AB:

Mr Michael Hatcher, M Sc, KemiTekniskt Centrum, Ljungaverk, Chairman
Members appanted by IRECO Holding AB:

Mr Thomas Lewin, Asociate Profesor, Ericsson AB, Mélndal (upto May 31st)
Mr Rune Brandinger, Ph D, Stockhdm (as from June 1st)

Ms Agneta Odén, Associate Professor, Nobel Biocare Procera AB, Stockhalm
Professor Eva Olsson, Chalmers University of Techndogy, Goteborg

Members appanted by the The Industrial Ceramic Resear ch Asciation:

Mr Thomas Dbhansson, Associate Professor, I1f0 Ceramics AB, Bromdlla
Mr Claes Kuylenstierna, M Sc, Volvo Materialteknik AB, Goteborg
Mr Hans-Olof Nilsson, iittala ab, Lidképng

Staff representative appanted by SIF:
Ms Birgitta Eyzop, M Sc, Swedish Ceramic Institute

Auditor
Mr Rein Leesment, Chartered Accourtant, KPMG Bohlins AB, Géteborg

ORGANISATION
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The Industrial Ceramic Research
Association .
Foreningen for Industriell IRECO Holding AB
Keramforskning

[ Board of Directors )

l

Programme ' . .
Committees [ Managing Director )
Technical Service F—' Administration '
[ Research Management)

| |
( Project Group ) ( Project Group ) ( Project Group ) ( ) ( )

ECONOMY
Income Statement

2003 2002
KSEK KEURO' kSEK KEURO?

Operating income
Framework Programme

The Industrial Ceramic Research Association 1 85C 204  1091:c 209

NUTEK/VINNOVA and IRECO 830 92 1827 200
Separate projects 3 80¢ 420 6 97C 761
Commissions 5 58€ 616 4467 488
Total income 12 07t 133z 1517¢ 165
Operating expenses
Project-boundcosts -1 23¢ -136 -2 004 -219
Other external costs -3 652 —403 -2 461 —269
Costs of personrel -10321 -113& -10281 -112¢
Depreciation -1 17¢€ -130 -1 23¢€ -135
Total expenses —16 38t -1 807 -1598% -174¢
Operating profit/loss —4 31C —475 -809 -388
Result from financial investments
Net interest income and expenses -1 -0,1 74 8
Result after financial items —4 311 —475 —736 -80

! Rate of exchange & the acounting year-end 2003-12-31: 1 EURO = SEK 9.066
2 Rate of exchange & the acounting year-end 2002-12-31: 1 EURO = SEK 9.157
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Appropriations 599 66 97 11
Tax onthe result for the year 0 0 0 0

RESULT FOR THE YEAR +3712 +409 639 +70
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Balance Sheet

31 December 2003 31 December 2002
kSEK kEURO kSEK  kEURO
ASETS
Fixed assets
Tangble ss<ts 2410 266 334 365
Financial assets 0 0 0 0
Total fixed assts 2410 266 3341 365
Current assts
Short-term claims
Accounts receivable + trade 11% 130 3902 426
Other receivables 2 0& 227 1463 160
Prepaid expenses and accrued income 125 14 400 44
Total short-term claims 3 363 371 5765 630
Liquid funds 722 80 2 860 312
Total curr ent assts 4 08 451 8625 942
TOTAL ASETS 6 4% 717 11966 1307
EQUITY AND LIABILITIES
Equity
Restricted equity
Share a@pital 1 000 shares at a nominal
value of SEK 100 100 11 100 11
Legal reserve 20 2 20 2
Total restricted equity 120 13 120 13
Non-restricted equity
Balance brought forward 5412 597 6 051 661
Result for the year 3712 -409 -639 -70
Total non-restricted equity 1700 188 5412 501
Total equity 1820 201 552 604
Untaxed reserves 0 0 599 65
Short-term liabilities
Accounts payable + trade 677 75 198 214
Income tax liability 171 19 382 42
Other short-term liabilities 23% 263 2 50 274
Accrued expenses and prepaid income 1443 159 987 108
Total short-term liabilities 467 516 58% 637
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TOTAL EQUITY AND LIABILITIES 6 4% 717 11 %6 1307
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FREEZE-GRANULATION FOR HIGH-QUALITY POWDER
GRANULES

Ola Lyckfeldt

The spray freeze-granulation technique has been in use at SCI during the last 10-15
years as a superior methodto produce small as well as larger quantities of high-
quality granules for various purpases. Besides the production d granules a antinuous
development of the technique has taken place. By atomising a powder suspension into
small drops, immediate freezng of the dropsin liquid N, and freeze-drying of the
frozen granulate, migration d fines or polymeric additives is avoided and the ided
homogeneity in the suspension remains in the dry, spherical and free-flowing
granules. This ensures optimal condtions for the subsequent processng of the
granules, for example eay crushing to oltain hamogeneous and dense powder
compads in a pressng operation.

Granues of a multi compasite Lab-scale freeze granuator.
material.

Although, that the main pupaose of the powder systems freezegranulated at SCI has
been to oltain granules giving high performance in pressng, other interesting
applications for the technique have gppeared. One example is the production d metal
oxide particles to be used as catalytic active materials in a two-step pil ot-plant
combustion facility. This fadlity, developed at the Department of Energy Techndogy
at Chalmers University of Techndogy, has a power capacity of 10 KW and is the first
of itskindin the world. Natural gasis combusted by the oxygen provided by the
metal oxide particles and a complete mnversion takes place that produces only water
steam that is condensed and carbon doxide that can be stored and daes not load the
environment. In the next step the metal particles are re-oxidised by applied air and the
process re-starts. The freeze-granul ation technique has enabled the production d a
large number of test batches consisting of mixed metal oxides for the initial
evaluation d the reactivity and the mecdhanical strength. Later on, larger batches have
been produced of seleded oxde compositions for test in the pilot-plant device. The
tests have shown very promising results.

SCI has been able to buld upa considerable amourt of experience and know-
how abou freeze granulation d a wide range of ceramic, metallic and compasite
powders. The industrial interest of using the freezegranulation technique has
continuowsly grown and recently been intensified. Based on pomising tests and
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developments at SCI, successful commercial applications have been established. This
has also been passible @ equipment for freeze granulation became commercially
avail able by a spin-off company, PowderPro AB, fourded in 2000by SCI employees.
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SCREEN PRINTING - A TECHNIQUE FOR PROCESSING OF
CERAMICS

Karin Lindqvist

Screen printing is a well -known techndogy, which has been used for along time & a
decorating technique for textiles, wall papers, tiles etc. It is however also atechnique,
which is used for building integrated circuits and advanced gas snsors. The
versatility of the processis mainly based onthe possbility to creae very thin layers
with a detailed pattern. Any particulate material, metal or ceramic, can be deposited
through the screen provided the particle size and screen mesh size aefitted. The
detailed patternis of coursein focus for any decorator but is also a main issue for
sensors and circuits. For the latter type of applications reen-printing can be gplied
on ceramic tapes. Laminating, cutting and co-firing of the printed tapes result in a
rapid and cost-eff ective production. The LTCC (low temperature co-fired ceramics)
technigue was the success that resulted in a market growth in the midde of the 90's
for applications such as wireless communication.

The Swedish Ceramic Institute is involved in several projects where screen-
printing isin focus. In the EU-project “ Automatic Quality Control for Industrial
Printing” the objedive isto be &leto detect printing defeds in the ceramic tile
production by camera monitoring after the printing station. Screen printing inks
containing ceramic pigments are often very pale and alow contrast is obtained.
Addition d temporary organic dyes, which can be evaporated duing thefiring, isa
methodto solve this problem. Screen printing inks with organic dyes added were
rheologically characterized. The chosen dyes were soluble in bah water and dl and
were stable at high pH levels and thus compatible with most suspensions used in tile
production. A high contrast print was obtained and the dye did na leave ay residues
in the final print.

Screen printed electrode pattern for anintegrated Paste coloured with arganic dye
LTCCcircuit. in order to improve the contrast.
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The project " Functional Films, Surfaces and Materials’ concerns the development of
printable sensors containing templated mesoparous slica particles. The particles have
an ardered pae structure, which can be tailored in the manufacturing. The pore
structure can be loaded with various substances and thus function as indicators for
changesin pH, temperature, moisture dc. Controll ed release of drugs, badericides or
fungicides is other interesting and pasdble applications for these particles.
Development of a screen printing paste was performed by rheological characterization
of patential systems and by screen-printing. It was foundthat a system with terpineol
as lvent and ethyl cdlulose as binder resulted in a print with good definition. A
system based onethylene glycol with ethyl-hydroxy-ethyl cellulose also showed very
good pinting properties. Printing on adhesive paper will make it possible to use these
prints as indicaors or sensors on consumer products. There ae of course numerous
other possibilitiesin designing materials for spedfic goplicaions by the process of
screen printing on a green ceramic substrates followed by lamination and co-firing
which will be explored in the nea future.

|
1 mm

Screen printed patern of templated mesoparous slica paticles.
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FREE FORMING METHODS
Erik Adolfsson

Conventional shaping processes such as presing, green machining, injection
moulding or slip casting have some limitations when a few complex shaped ceramic
comporents are to be produced. Most of these limitations can, however, be overcome
by using freeform fabrication. The first stage in the shaping processis to design a
model of the desired comporent using a CAD tod. The model is enlarged to
compensate for the shrinkage during sintering and bult layer by layer with a suitable
free form fabrication method The layer wise fabrication technique dlows both the
external as well as the internal shape of the comporent to be designed and makes it
even passible to produce comporents with shapes, nat possible to oktain with ather
methods.

There are severa fredorm fabricaion tedhniques avail able that has been
developed for preparation d ceramic comporents using either a direct method o an
indirect method By the direct methods green bodes are built directly using stereo
lithography, extrusion a inkjet printing techniques. All these methods require an
optimised processing system for each specific combination d equipment and the
selected pownder. They are more suitable for fabrication d comporents consisting of a
spedfic material than for amore general materials research. With the indirect method
amould is built instead, in which the desired comporent can be cast from a ceamic
suspension. In thisway it is much easier to fabricate comporents of various materials.

When choasing freform fabricaion technique, the indired methodturned ou
to be amore versatile todl, espedally with the long tradition d using colloidal
processing and consolidation techniques at the Swedish Ceramic Institute. The
shaping technique where freeform fabrication is combined with ceramic processing
has been available at SCI for a coupe of years and have been used to prepare a
variety of comporents such as designed macroparous bore scaff olds, implants for
slow release and designed materials for evaluation d fracdure mecdhanics theories.
These comporents have been made from several materials, e.g. alumina, zirconia and
hydroxyapatite. Anillustration d the steps in the fabrication processis shown below
for a componrent with a design that would be difficult to produce by other methodk.
The comporent is shown in cross sctionto reveal theinternal structure.

Theindired fredormfabrication process of ceramics, (left) a CAD model of the desired
component, (midd e) freeform fabricated mould in which the comporent is cast,
and (right) the sintered comporent.
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HIGH VELOCITY COMPACTION OF BIOMATERIALS

Mikael Eriksson

A new biomaterial has been developed at the Swedish Ceramic Institute. A novel
technique, high velocity compaction, has been tested to compact high purity titanium
powder. In high velocity compaction metal powder is compacted in adie with asingle
or several impacts of high speed and energy compared to the relatively slow process
of uniaxial pressing and/or cold isostatic pressing. High velocity compaction d
titanium powder was performed and it was $hown that avery high level of green
density (98 %) could be adieved. The phenomenon d the high degree of
densificaion oliained is call ed adiabatic softening and hes previously mainly been
demonstrated onironbased powders. High velocity compactionis most useful to
form flat-shaped oljects, but it was tested if three-dimensional dental comporents
could be prepared. The benefits would be the higher green density obtainable and
hence a lower sintering shrinkage and deformation. Dental copings could be prepared
by using elastic forms.

High velocity compaction was also used to prepare a new biomaterial for
dental implants. Titanium powder with grains of hydroxyapatite (the material of
natural teeth) imbedded in the bulk was prepared. The titanium phase wuld be made
very dense, locking the hydroxyapatite grains in the structure. Because of the high
density, the sintering could be performed at a lower temperature, thus avoiding high-
temperature reactions between the two materials. The resulting composite material
could be used as an implant material that has a potential of stimulating the healing
properties. By milling, the material could be shaped to nearly any implant form
required.
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High velocity compacted composite, a) the surface of the cmmposite material, b) a dental
implant milled from the composite material, c) the interface between the implant and the
bore, and g expased hydroxyapatite grains could gve better healing properties.




Annual Report 2003

CERAMIC NANOCOMPOSITES

Elis Carlstrém

Ceramic nanocomposites can be fabricated by adding small amounts of nanosized
particles to a ceramic material. Materials with significantly improved strength;
fracture toughnessand creep resistance can be produced with this method Ceramic
nanocompasites have been studied in research laboratories for the last two decales
but ceramic manufadurers have only recently started to commerciali se these
materials. The reasons for this are that the results in the laboratories have been
difficult to transfer into areliable production. Ceramic nanopownders are expensive
and the hat pressing methodthat has been used for sintering is time cnsuming and
has limited shape capability.

The Swedish Ceramic Institute works together with the Microscopy and
Microanalysis research groupat the Department of Experimental Physics at Chalmers
University of Tedindogy to explore the passibilities of ceramic nanocompasites. The
work is dorein a project funded by the Swedish Foundhtion for Strategic Research.
Procedures for processing of nanocompaosites have been developed at the Swedish
Ceramic Institute. Ceramic nanocomposites have been fabricated using alumina or
mullite as the matrix material with additions of 5 vol% silicon carbide nanoparticles.
The resulting materials have been characterized at Chalmers. Creep experiments of
the materials have been conducted in collaboration with Cambridge University.

A reliable methodto produce nanocomposites with pressureless sntering has
been developed. A further improved methodthat solves the problem with expensive
nanopavders and produces a more homogenous microstructure is in development.
The microstructures of the nanocomposite materials have been characterised. The
creep of both mullite and alumina matrix materials has been studied and the aeep
mechanisms have been explained. Stefan Gustafsson submitted his Licentiate Thesis
with the title “Development of Microstructure During Fabricaion and Creep Testing
of Ceramic Nanocompasites® in 2003supervised by Docent Lena Falk as a part of
this collaboration projed.
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TEM micrograph d aluminareinforced with
5vol% SC andsintered a 1750°C.
The SC particles are well dispersed in the
material andfound bah in intergranular and
intragranuar positions.
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OXIDATION AND CORROSION OF CERAMICS
Robert Pompe, Ola Lyckfeldt and Kent Rundgren

SCl isinvolved in a coperative work with the Centre for High Temperature
Corrosion (HTC), Chalmers University of Techndogy by managing a project
°Oxidation and gas corrosion d ceramics, ceramic composites and ceramic coatings for
thermally and environmentally demanding applicaions® with Kanthal AB, Demag
Delaval Industrial Turbomachinery AB and Daros Piston Rings AB as industrial
partners. The main activity during the aurrent periodinvaved investigation d the
SuperTha (Mo,W)Si,-based compaositein the low-temperature range where this material
issubed to so-called pesting, i.e. accelerated oxdative degradation. It has been shown
that the temperature range of the degradationis broader, ~ 550+ 850°C, than what is
foundfor a arrespondng MoSi; compasite. Within this temperature range the
evaporation d Mo- and W-containing gas gecies resultsin an open scale offering little
protedion against further oxidation. At higher temperatures, this evaporation,
particularly in the presence of water vapour, appeas beneficia in healing the SO, layer
formed thus promoting formation of a protedive scde.

In another project in cooperation with HTC and suppated by STEM (Swedish
Energy Agency), the dkali resistance at high temperatures (1000-130C&C) of current
and pdential ceramic refractory materials for small-scade combustion, i.e. pellet and
wood buners, of renewable bio-fuels have been investigated. The aurrent materials
consisted of refradory bodes based onmixes of Al,O3; and SIO, and sometimes with
the addition d SiC. The potential materials, also referred to as advanced refradories,
were aordierite and NZP (sodium zirconium phasphate). Various NZP materials with
diff erent cations were included.

The results showed that potassium (K), independent of consistency, and
present in wood cerived fuels is the most corrosive dement towards the ceramic
materials. The conventional refractory materials resist the dkali reasonable well at
temperatures <110CC in the absence of SiC. SiC decompaosesto SIO, and giverise to
aporous aurfacelayer, open for alkali penetration and further oxidation o SiC.
Withou SiIC and with a suitable Al,Os/SIO, ratio a protecting surface seding (melt) is
formed and inhibits further alkali penetration. At high temperature (130CC) all the
conventional refradory materials completely decompose, forming a glass with alkali
spedesin the pellet ash. At this high temperature, the advanced materials (cordierite
and NZP) show better resistance even though certain surface melting appears. At all
temperatures, the crdierite shows the overall best alkali resistance with ceased
penetration d K and alimited surfacereaction layer. The NZP materials have
excellent thermal properties but decompase by cation exchange reections causing a
continuous penetration d K. For the future, cation modification d the NZP material
is propaosed to improve the alkali resistance.

Thereis a considerable industrial interest among both producers and wsers of
combustion facilities for alkali rich fuels to investigate and gain knowledge abou the
alkali resistance of refractory materials as well as to condwct material development in
order to improve the materials. SCl and HTC intend to set up new projects within this
areawith suppat from STEM. Companies that are interested to join are encouraged to
contad us for further information.
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SERVICES TO SMALL AND MEDIUM-SIZED ENTERPRISES

Kent Rundgren, Eva Lidén and Robert Pompe

Regional Projects

SCI has been involved in two VINNOVA-suppated projects directed towards two
spedfic regional areas: Skaraborg and Kalmar [an. In bah these projeds SCI has been
participating together with several other industrial research institutes as well as with
other regional partners. These projeds are built on the experience and ways of
working, which were established in the earlier IF Net (IF-nétet, Industrial Research
Network) in West and South Sweden. Participating institutes in |F-Skaraborg: I1VF,
IFP?, SIK® and SP' and in IF-Kalmar: IVF, IFP?, SIK®, SP*, Tratek® and Glafo®,
However, sincethe condtions are different locally, adaptations have to be dore in
each specific region. The Local Development Centres (LUC + Lokala
Utvecklingscentra) in Kalmar 18n, for example, play important roles as alink between
the companies in Kalmar |an and the institutes. The goal of these projectsisto assist
the companies to develop further by increasing their competence and by improving
their processes or products. It isimportant to improve the competitiveness(in
techndogy, marketing andin organization) in the SMEs in these aeas. The yea 2003
has been the last year for the IF-Kalmar projed whil e the |F-Skaraborg project has
become part of anew initiative + Industrial Dynamics (Industriell Dynamik) + ajoint
activity between West Gotaland Region and several other partners and with an
additional fundng suppat from the European Union.

Technology Transfer

The institute has in various ways acted to promote knowledge a&ou ceramics and
powder metallurgy (PM). We have, for example, visited several companies (SMEs) to
inform them about ceramics and PM, to discusstheir materials or processing
problems to which ceramic materials and/or PM comporents might be the solution,
and to propose ways of how to use such materials. Several seminars and short courses
have been organized. The courses have proven to be asuccessful tod in reaching new
companies to inform them abou ceramics and abou the adivities at SCI. Theinstitute
has also been involved in arganizing a mmon stand at the CERAMITEC 2003trade
show in Munich, Germany. SCI was represented together with five Swedish SME
companies.
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L IVF Industrial Research and Development Corporation

® |FP Research AB

3 SIK + The Swedish Institute for Food and Biotechndogy

* SP+ The Swedish National Testing and Research Institute

®>Tr tek + The Swedish Institute for Wood Techndogy Research

6 Glafo + The Glass Research Institute
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PERSONNEL

Management

Up to August 31st

Roger Carlson, Professor, Managing Director

Member of:

The Swedish Academy of Engineering Sciences, Dept V - Mining and Materials Techno-
logy

Secretary of:

The Swedish Ceramic Society

The Educational Committee of the Swedish Ceramic Society
Swedish representative in:

The Courxil of the European Ceramic Society

Adjunct professor in:

Ceramic Techndogy, Chalmers University of Techndogy

As from September 1st

Elis Carlstrém, Docent, Managing Director

Member of:

European Powder Metall urgy Asociation (EPMA)

APMI International

The International Advisory Committee of the 8th International Conference on Ceramic
Processing Science

Symposium organization for the American Ceramic Society Annual International
Conference on Advanced Ceramic and Composites

Additional member of:

Jernkontoret TO80 Pulvermetall urgi styrelsen (Powder Metallurgy Board)

Research Management

Up to August 31st

Jesper Brandt, M Sc, Research Manager + Electroceramics, tape @asting, screen printing
Elis Carlstrém, Docent, R& D Manager

Sven Karlsson, M Sc, Research Manager + Traditional Ceramics, porcelain, inorganc
binders, medhanical properties

SCI©s representative in:

CER Labs + European Network of National Ceramic Laboratories

EUROLAB Sverige

Eva Lidén, Ph D, Research Manager + Engineering Ceramics, technology transfer,
colloidal forming techniques

Member of:

The Programme Board of MARCHAL, the Graduate Schod of Materials Science,
Chalmers, G teborg

Karin Lindqvist, M Sc, Quality Manager, porous structures, rheology, screen printing
Kent Rundgren, Ph D, Manager + Techndogy Transfer, marketing

Technology Broker (Diplomerad teknikm klare) within Vinnova = TUFF Programme

As from September 1st
Sven Karlson, M Sc, Group Leader
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Karin Lindqvist, M Sc, Group L eader
Ola Lyckfeldt, M Sc, Deputy Group Leader
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Researchers

Erik Adolfsson, Ph D, biomaterials, freeform fabrication

Jesper Brandt, M Sc, tape @asting, screen printing

Roger Carlson, Professor, education, industrial contacts, porcelain

Monica Cristea, B Sc, refractories, mechanical testing, extrusion, tape @asting
Lars Eklund, specialist, electron grobe microandysis, image analysis, SEM
Cathrine Engebretsen, M Sc, colloidal processing, tape asting

Mikael Eriksson, M Sc, biomaterials, forming methods, compaction, PM

Birgitta Eyzop, M Sc, tribology, mecharical properties, compaction

Daniel Kack, M Sc, electroceramics, forming methods

Eva Lidén, Ph D, technology transfer, colloidal forming techniques

Ola Lyckfeldt, M Sc, dip casting/presaure dlip casting, new forming methods, rheology,
granuation

Lisa Palmqvist, M Sc, colloidal processing, € ectroceramics, tape asting, fuel cells
Robert Pompe, Docent, technology transfer, design and materials selection

Project evaluator, EU Framework Programme GROWTH

Swedi sh representative of:

Editorial Board, Journal of the European Ceramic Society

Supervisor of:

Postgraduate students in corrosion of ceramics, Dept of Environmental Inorganic
Chemistry, Chalmers

Kent Rundgren, Ph D, techndogy transfer, marketing, qudity

Technical Service & Administration

Bengt Ekeholt, maintenance work

Eva Freiholtz, lab assistant, laboratory work

M ar gar eta Jansson, secretary, publications

Ulla-Britt Jigholm, secretary, economy

Axel Kristensson, B Sc, pressing, granulation

Martin § stedt, engineer, equipment, injection moulding, processdevel opment
Eva Wallin, B Sc, colloidal forming techniques

Guest Researcher

Christophe Daumont, ENSCI, Limoges, France
Marc Delporte, ENSCI, Limoges, France

M Sc Thesis Students

Mari Aren , K £ CTH, G teborg

Hanna Asp, K £ CTH, G teborg

Annette Kéllsbo, K £ CTH, G teborg
AnnalLindgren, K £ CTH, G teborg

Tobias Oddstig, K + CTH, G teborg

Lina§ berg, Materialteknik + KTH, Stockholm
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LECTURES AND COURSES

Lectures and poster presentations given by the SCI staff

Erik Adolfsson
Macro Porous Hydroxyapatite with Designed Pore Shapes (poster), Bioceramics 16,
Porto, Portugal 03110609

Roger Carlsson
Keramiska material —en introduktion (Ceramic Materials — an I ntroduction),
course for Nobel Biocare AB, G teborg 030115

Keramiska material (Ceramic Materials), lectures within the course for the Schod of
Chemical Techndogy, Chamers University of Techndogy, G teborg 03012123,
03020406, 03021820

Korrosion av keramer (Corrosion of Ceramics), lecture for dental technicians at the
Faaulty of Odortology, G teborg University, G teborg 030131

Keramiska material (Ceramic Materials), course for ‘Advanced Vocaiona Training
at H gan s+ Industrial Ceramic Production and Ceramic Materials', G teborg
03022428

Keramiska material — en introduktion (Ceramic Materials — an I ntroduction), short
course & the Swedish Ceramic Institute, G teborg 030521

Dentala keramer (Dental Ceramics), course for Nobel Biocare AB, G teborg 030523

Keramer for verkstadsindustrin —exempel pamaterial och tillampningar (Ceramics
for the Engineeing I ndustry — Examples of Materials and Applications), ledure at
the Glynwed/Friatec AB Sympasium on Ceramics, G teborg 030827

Elis Carlstrom

Porous Structures by Slip Casting in Wax Moulds Designed by Freeform
Fabrication, The 27th International Conference on Advanced Ceramics &

Compoasites, The American Ceramic Society, Cocoa Beach, USA 030127

I ntroduction to Ceramics, lecture at the course “New materials®, University of
Link ping, Link ping 030211

Mikael Eriksson
Fracture Toughness of Four Titanium Porcelains (poster), 81st General Session o
the IADR - International Associationfor Dental Research, G teborg 03062528

High Velocity Compaction of Titanium Powder (poster), Euro PM 2003 Valencia,
Spain 03102022
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Dense Titanium-Hydroxyapatite Composite Biomaterial Prepared by High Velocity
Compaction (poster), Euro PM 2003 Valencia, Spain 03102622

Birgitta Eyzop
Soft Magnets, Nordic PM, Tampere, Finland 03020506

Granulering och pressning (Granulation and Compaction), course for Erasteel
Kloster AB, Sd erfors 03050708

Sven Karlsson
Slitstarka keramer (Durable Ceramics), lecture & the course “Advanced Materials
and Engineering®, Halmstad University, Halmstad 031127

Karin Lindqvist
From Nanoparticles to Advanced Components (poster), Nanoteknik och
Nanovetenskap, Stockholm 030130

Ola Lyckfeldt

Granulering och pressning (Granulation and Compaction), course for Erasteel
Kloster AB, Sd erfors 03050708

Kent Rundgren

Pressing and Sintering Developments of Freeze Granulated SisNg4, The 27th
International Conference on Advanced Ceramics & Compasites, The American
Ceramic Society, Cocoa Beach, USA 030128

Freeze Granulation for the Processing of Silicon Nitride Ceramics, The 105h
Annual Meeting & Exposition d The American Ceramic Society, Nashville, USA
030427

Freeze Granulation for the Processing of Silicon Nitride Ceramics (poster), The 8th
Conference & Exhibition d the European Ceramic Society, Istanbu, Turkey 030629
0703

Ceria-based Eledrolytes for I ntermediate Temperature SOFCs + Eledric and
Dieledric Properties (poster), The 8th Conference & Exhibition d the European
Ceramic Society, Istanbu, Turkey 0306290703

Martin Sjéstedt
Freeze Granulation - The Way to Optimised Powder Processing, lecture & Element
Six AB, Robertsfors 031031
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Courses organised by SCI

Keramiska material (Ceramic Materials) (5 credit units) for K4, M4 and F4
students at Chalmers University of Technology, January + March 2003(36 hledures,
42 hlessons and laboratory lessons): 28 participants

Keramiska material (Ceramic Materials), a course for ‘ Advanced Vocational
Training at H gan s+ Indwstrial Ceramic Production and Ceramic Materials',
G teborg 03022428: 18 participants

A number of laboratory lessons and lectures in diff erent courses at Chalmers
University of Technology and the University of G teborg

Short courses organised by SCI

Granulering och pressning (Granulation and Compaction), course for Erasteel
Kloster AB, Sd erfors 03050708

Keramiska material + en introduktion (Ceramic Materials + an Introduction), a
short course at the Swedish Ceramic Institute, G teborg 030621 5 participants

Dentala keramer (Dental Ceramics), course for Nobel Biocare AB, G teborg 030523
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PUBLICATIONS

Papers published in Scientific Journals and Conference
Proceedings

Bowden M and Lyckfeldt O

A Comparison d Potato andCorn Sarch for Consolidation d Concentrated Zirconia
Swspensions, pp. 69+74in Shaping 11, Proceedings of the Second International
Conference on Shaping of Advanced Ceramics, ed. by J Luyten and J-P Erauw, Vito
Flemish Institute for Techndogicd Research, Belgium 2003

Romano P, Lyckfeldt O, Candela N and Torralba J M

Nitrogen Sntering d High Speed Sed Processed by Starch Consolidation, pp. 36%
374in Materias Reseach Forum, Vols. 416+418 Trans Tech Publications,
Switzerland 2003

Lyckfeldt O and Rundgren K

S3N4 Powders Applied for Water-based DCT, pp. 47+62 in Ceramic Transactions,
Vol. 142 “Silicon-Based Structural Ceramics for the New Millenium®, ed. by M. E.
Brito, H.-T. Lin and K. Plucknett, The American Ceramic Society 2003

Eriksson M, Andersson M and Carlstrom E
High Velocity Compaction d Titanium Powder, pp. 301+304in EURO PM 2003
Conference Proceedings, Vol. 1, EPMA, UK 2003

Eriksson M, Andersson M, Adolfsson E and Carlstrom E

Dense Titanium-Hydroxyapatite Composite Biomaterial Prepared by High Velocity
Compaction, pp. 63t68in EURO PM 2003Conference Proceedings, Vol. 2, EPMA,
UK 2003

Romano P, Lyckfeldt O, Candela N and Velasco F
Water-based Processing d High-speed Seel Utilising Sarch Consolidation, J. Mat.
Proc. Techn., 143t144, 752757 (2003

Adolfsson E

Macro Porous Hydroxyapétite with Designed Pores, pp. 1025:1028in Bioceramics
16, Key Engineering Materials, Vols. 254256, edited by M.A. Barbosa, F. J.
Monteiro, R. Correia& B. Leon, Trans Tech Publications, Switzerland 2003

Lyckfeldt O, Kack D and Rundgren K
Pressing andSntering Dewelopment of Freeze-granuated 33N, Material, Ceram.
Eng. Sci. Proc., 24[4] 331+336(2003

Holmquist M
Continuous Fibre Reinforced Oxide/Oxide Composites, Ph D. Thesis, Chalmers
University of Technology/Swedish Ceramic Institute, G teborg 2003

Carlsson R, Fondell B, Eriksson M and Sierraalta M
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Fracture Toughress of Four Titanium Porcelains, Journal of Dental Research, 82,
Speaadl issue, B121, 2003

Eriksson M and Carlstr m E
Application d PM Titanium for Dental Implants, Powder Metallurgy, 46 [4] 299300
(2003), (paper edited by M. Hull for “News and views?)

Carlsson R, Fondell B, Herrero A, Sierraalta M, Razzoog M E and Wikstr m M
Bond Srength o Porcelain to Grade 2 Titanium, Abstract #1648at the American
Association for Dental Reseach Conference, 2003

MSc Thesis

Hanna Asp
Vattenbaserad tejpgjutning av BaTiOz, MSc Thesis, Chalmers University of
Techndogy, G teborg 2003
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EQUIPMENT

SCI has various equipment and instruments for the manufacture and analysis of
ceramic materials. The equipment covers al steps in the manufacturing process from
the powder processing to the machining of finished products as well as analysis of the
physical, chemical and mechanical properties of ceramic materials. The institute con-
tinually tries to updhte the instrumentation always to have modern and upto-date
instruments available.
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Analysis of Microstructure

JEOL, JSM-530Q scanning eledron micro-

scope

JEOL, JXA-860Q eledron pobe micro
analyser

Kontron, image analyser

Philips, X-ray diffractometer

Leica, inverted microscope

Mechanical Testing

ASCERA, hydraulic tensile tester

Abo Akademi, tensile tester for fibres
Zwick, universal mechanical tester, 50 kN
Controls, compressive tester, 500 KN
SCl, stepped temperature stress rupture
tester

(STSR), 1500°C

Zwick, microhardness tester

Zwick, hardness tester (plaster, poymers
etc)

Zwick, impact tester

Tonindwstrie, impad tester for tableware
SCI, friction and wea tester

SCl, glazemetal marking tester

Machining
Profila, surface grinder

Solectro, CNC equipment + green machining

Solid Works, 3D CAD program
Various cutting machines and equipment
for the preparation d test specimens

Manufacture of Ceramics

AMI, screen printer CP-885

Pasadena Hydraulics, multilayer press100
ton

LPKF Laser & Electronics, circuit board
plotter promat C60

Retsch, planetary mill

Cole-Parmer, ultrasonic homogeniser
Various mills, sieves and presses

Loomis, cold-isostatic press

Hubanith, hydraulic powder press, 100ton
Brabender, kneading mixer

Wall ace, tape caster

Netzsch, pressure slip casting equipment
ModelMaker, Solid Fredform Fabricaion
Equipment

Leybadd, freeze drier

SClI, freezegranulator

Pfeiffer, graphite resistance furnace,
2200C

Rihstrat, graphite resistance furnace,
2500C

FCT, gas pressure sintering furnace, 10
MPa, 2000°C

Entedh, Superkanthal furnace, 1700°C
Lindberg, Superkanthal furnace, 1700°C
Entedh, Superkanthal furnace (top-hat
type), 1800°C

Various furnaces for maximum 15001 7-
00°’C

Termaks, climate chamber

Process Analysis

Repab, electrophaetic mohility tester (z-
potential)

Micromeritics, Sedigraph, particle size
distribution analyser

Micromeritics, BET specific surface area
analyser

Micromeritics, mercury porosimeter
Micromeritics, He pycnometer for density
measurements

Radiometer, condictivity meter
Contraves, viscosimeter

RheoL ogica, CS rheometer

Mettler, moisture content meter

Jouan, centrifuge

SCI, equipment for rate controlled binder
removal

Mettler, DTA and TGA, 1600C

Harrop, dilatometer, 1600°C

Masstorr, mass gpectrometer
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THE INDUSTRIAL CERAMIC RESEARCH ASSOCIATION

F reningen f r Industriell Keramforskning

Members in the Industrial Ceramic Research Association during 2003

Allgon System AB, T by, Sweden

AstraTech AB, M Indal, Sweden

BioMat System AB, Stockham, Sweden
BodaNovaH gan sKeramik AB, H gan s, Sweden
CCH gan sByggkeramik AB, Ekeby, Sweden
Creator Teknisk Utvedkling AB, Borl nge, Sweden
Doxa AB, Uppsala, Sweden

Eka Chemicals AB, Bohus, Sweden

Ericson AB, Kista, Sweden

Goceram AB, M Indal, Sweden

AB Gustavsberg, Gustavsberg, Sweden

H gan sAB, Hgan s, Sweden

If Ceramics AB, Brom lla, Sweden

If Electric AB, Brom lla, Sweden

Inficon Aaland Ab, Mariehamn, Finland

iittala &, Lidk p ing, Sweden

J mtlands Utvecklingsbolag AB, Lit, Sweden
Kanthal AB, Hall stahammar, Sweden
Keranova AB, Upplands V shy, Sweden
Lafarge SvenskaH gan sAB, H gan s, Sweden
LGP Telecom AB, Solna, Sweden

LightLab AB, G teborg, Sweden

Maxitech Elektronik AB, Akersberga, Sweden
Nobel Biocare AB, G teborg, Sweden

Nobel Biocare Procera AB, Stockholm, Sweden
Permascand AB, Ljungaverk, Sweden
Piezomotor Uppsala AB, Uppsala, Sweden
PowderPro G teborg AB, G teborg, Sweden
Saab Ericsson Space AB, G teborg, Sweden
AB Sandvik Coromant, Stockholm, Sweden
Scania AB, Sdert lje, Sweden

SKF Sverige AB, G teborg, Sweden
SlipNaxos AB, V stervik, Sweden

Tetra Pak R&D AB, Lund Sweden

Volvo Aero Corporation, Trollh ttan, Sweden
Volvo Materiateknik AB, G teborg, Sweden




