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Preface

In 2013 research at the Institute of Glass and Ceramics (WW 3) centred on fundamen-
tal aspects of processing of ceramics and ceramic composites. Members of WW 3 are ac-
tively engaged in a number of cooperative research initiatives including the Cluster of Ex-
cellence on Engineering of Advanced Materials, the Central Institute for Advanced Materi-
als (Fuerth) and the Emerging Fields Initiative (Biomaterials). New research activities lo-
calized in the Energy Campus Nuremberg started on October 2013. With a major focus on
solar thermal receiver materials nanoscale surface modification for optimisation of optical
and thermal properties will be investigated. Furthermore, cooperation work with the Tech-
nische Hochschule Nuernberg was established on developing a novel concept for high

temperature heat storage of renewable energy.

Fortunately, we could celebrate the inauguration of the European Liaison Office of the
Nagoya Institute of Technology (NITech) at our Technische Fakultaet in July. Supported
by WW 3 the office will coordinate and extend the scientific cooperations of NITech not
only with our university but with other European academic networks in the field of materi-

als science as well as other engineering disciplines.

Members of the institute organized conferences, workshops, advanced training cours-
es, two summer schools in Limoges and Copenhagen, and a German-Japanese seminar on
Advanced Ceramics. On the Lange Nacht der Wissenschaften a large number of guests

enjoyed the presentations of our research results and glass blowing.

After one year vacation the glass group was taken over by our new colleague Professor
Dominique de Ligny by December 1*. His work will focus on structure-property relations
and optical properties of silicate glasses. Professor Greil was elected Vice Dean of the
Technische Fakultaet for the period 2013 — 2015. Professor Roosen was appointed Adjunct
Professor by the Technical University of Denmark for the period 2014 — 2019.

Peter Greil
Andreas Roosen

Dominique de Ligny
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Staff

1. INSTITUTE OF GLASS AND CERAMICS

Staff

Faculties

Prof. Dr. Peter Greil

Prof. Dr. Dominique de Ligny
Prof. Dr. Andreas Roosen

PD Dr. Nahum Travitzky

Administration
Karin Bichler

Ursula Klarmann'

Senior Research Staff
Dr.-Ing. Ulrike Deisinger

Dr.-Ing. Tobias Fey

Research Staff

Head of Institute
Glass
Functional Ceramics

Ceramics Processing

Candice Iwai

Evelyne Penert-Miiller

Ceramic Multilayer Processing

Cellular Ceramics and Simulation

Advanced Engineering Ceramics and Rapid Prototyping

M. Sc. Alexander Bonet

M. Sc. Ina Filbert-Demut

Dipl.-Ing. (FH) Tobias Schlordt

1 .
retired

M. Sc. Benjamin Dermeik

Dipl.-Ing. Lorenz Schlier
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Institute of Glass and Ceramics

Functional Ceramics
Dipl.-Ing. Michael Beck
M. Eng. Michael Hambuch
Dipl.-Ing. Daniel Jakobsen

M. Sc. Moritz Wegener

Kosseleck Group
Dr. Guo Ping Bei

Dr.-Ing. Joana Pedimonte

Cellular Ceramics and Simulation

Dr. rer. nat. Andrea Dakkouri-Baldauf

PhD Guifang Han

M. Sc. Bastian Weisenseel

Technical Staff
Sabine Brungs

Dipl.-Ing. Helmut Hidrich’
Timotheus Barreto-Nunes
Peter Reinhardt

Eva Springer

Hana Strelec

now with industry

L A W N

retired

now Université de Bordeaux
now Vikram Sarabhai Space Centre, Thiruvananthapuram, India

M. Sc. Zongwen Fu
M. Sc. Ruth Hammerbacher

Dipl.-Ing. Alfons Stiegelschmitt

Dipl.-Ing. Kathrin Ebert’

Dr. Sergey Sirotkin®

M. Sc. Franziska Eichhorn
Dr. rer. nat. Sreejith Krishnan®

Dipl.-Ing. Bodo Zierath

Evelyn Gruber

Beate Miiller

Heike Reinfelder

Alena Schenkel-Rybar
Dipl.-Ing. Alfons Stiegelschmitt

Andreas Thomsen
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Staff

Prof. Dr. Dominique de Ligny was appointed professor
of the Glass research group at the Institute of Glass and Ce-

ramics in December 2013

From 2005 to 2013 he was “Maitre de Conférences” at
the University of Lyon 1. As a member of the “SOPRANO
team” at the “Institut Lumiere Matiere” his work was deal-
ing with glass under extreme conditions. His work includes
the development of Raman spectroscopy at high tempera-
tures and its application to investigate the fictive tempera-

tures of glasses as well as demixing or crystallization, re-

spectively. Brillouin spectroscopy at high pressures was used to investigate the mechanical
properties of aluminosilicate glasses. From this structural approach, many applications in
various fields such as nuclear waste disposal, writing on glasses with femtolaser, strength-
ening of glasses, nonlinear optic or determination of natural lava flow properties etc., can

be derived.

His interest on the research of glass materials started during his PhD work at the
“Institut de Physique du Globe de Paris” under the supervision of P. Richet, where he fo-
cused on the characterization of the thermal properties of magma. In Alexandra Navrot-
sky’s group at the Princeton University and at the University of California, Davis, he stud-
ied the thermodynamic properties of clay minerals. From 1998 to 2003 he was environmen-

tal and quality manager in industry.

At the Chair of Glass and Ceramics he will continue his studies on glasses and glass
ceramics focusing on the structure-property relations and optical properties of silicate
glasses. The aim is to develop a specific interest for structural relaxation close to the glass
transition temperature (T,) as well as for the early stage of crystallization. Taking ad-
vantage of the scientific environment of FAU and Erlangen, he will certainly develop new

collaborations in between a short time period.
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Institute of Glass and Ceramics

Retirements

Ms. Ursula Klarmann retired on 31.03.2013. She joined the institute in July 1973
as a technical staff member. In the first period her work centred on organisation including
preparation of charts, care of students thesis archive and publication list of the institute.
Furthermore, she dealt with graphical evaluation of research results for preparation of pub-
lications. Subsequently, Ms. Klarmann assumed responsibility for the financial manage-
ment of research contracts. She carried out budget controlling with great competence and
responsibility in close cooperation with the university administration as well as a number of

funding organisations including DFG, BMBF, AiF, EU and industry partners.

Ms. Klarmann was strongly engaged in planning and realisation of public events of
the institute including the annual glass and ceramic weeks. Furthermore, she took care of
the presentation of the institutes research work to the public by posters and show cases. Due
to her pronounced cooperativeness and responsibility Ms. Klarmann made a continuous and
appreciated contribution to the growth and life of the institute. All the staff members deeply
acknowledge her for her great work. We deliver our best wishes to Ms. Klarmann and her

family for the time of retirement.

._
%2l
i

Dr. Tobias Fey presenting a “survival gift” to Ms. Ursula Klarmann
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Staff

Mr. Helmut Haedrich retired on 31.10.2013 after 42.5 years in public service.
Working as an electronic engineer in the institute he was in charge of electrical and elec-
tronical equipment including repair as well as development of novel scientific instruments.
Among his numerous contributions are the design and manufacturing of non destructive
inspection and testing devices including ultrasonic and microwave technologies, furnace
control and operation devices as well as thermal analyses equipment. His work was carried
out in close cooperation with the electronic workshop of the faculty and the department of
electronics, institute of high frequency technology. Furthermore, he was in charge of the
institutes computer network, soft- and hardware management and communication technol-
ogies.

Due to his outstanding experimental capabilities combined with creative and origi-
nal ideas Mr. Haedrich soon became one of the staff members contributing a lot to the suc-
cessful development and prosperity of our institute. Numerous students appreciated his
great competence and help for solving technical and scientific problems in their thesis
works. Furthermore, he served as first aid assistant. He always represented the institute with
great enthusiasm and all the members of the institute acknowledged him for his great work.

We deeply wish him and his family all the best for the time of retirement.

Prof. Peter Greil congratulating Mr. Helmut Haedrich
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Institute of Glass and Ceramics

Graduates

Bachelor Thesis

Martin Ellinger
Influence of cold low pressure lamination parameters of ceramic green sheets on the quality

of the sintered structures

Sebastian Hagen

Manufacturing of ceramic multilayer structures with internal cavities

Nils Hock

Paper-derived MAX-phase ceramic sheets

Felix Keppner

Rheological studies of a colloidal alumina paste

Thomas Koch

Cellular Al,Os-bioceramic

Christian Leniger

Influence of the binder system on the strength of SiC ceramics produced by 3D printing

Sofia Loginkin

Manufacturing and characterization of polymer-derived ceramic springs

Daniel Schumacher

Manufacturing of partially stabilized ZrO, substrates via tape casting

Marc-André Vogelgesang

Influence of additives on the properties of fiber-reinforced paper-derived ceramics
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Graduates

Larissa Wahl

Manufacturing of SiC-containing composites by electrophoretic deposition

Michel Woy

Relationship between structure and property of sulfophosphate glasses

Master Thesis

Franziska Eichhorn

Porous piezoelectric ceramics

Ruth Hammerbacher

Manufacturing of rotation-symmetric devices based on tape cast refractory oxides

Helene Sachsenweger

Development and application of a piezoceramic actuator for bone cell stimulation

Bastian Weisenseel

Ceramic Loop-Heat Pipes with microporous SiC-Wick
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Institute of Glass and Ceramics

Ph.D. Thesis

Birgit Joana Pedimonte

Nanoporous alumina as a functional coating on biomaterials

Dr. Joana Pedimonte after successful Ph.D. examination

Sindy Fuhrmann

Pressure dependence of the topological heterogeneity of glasses

Dr. Sindy Fuhrmann after successful Ph.D. examination
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Graduates

Ning Da

Pressure-assisted filling of low-melting glasses into microcapillaries

=

Dr. Ning Da after successful Ph.D. examination
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Institute of Glass and Ceramics

Visiting Students and Scientists
Dr. Marek Potoczek (January 2013 — February 2013)

Rzeszow University of Technology, Faculty of Chemistry, Rzeszow, Poland

Gildas Rigondaud (June 2013 — July 2013)

National Graduate School of Chemistry and Chemical Engineering of Montpellier, France

Rachida El Ouardi (June 2013 — September 2013)

Ecole Nationale Supérieure d'Ingénieurs de Limoges (ENSIL), Limoges, France

Minato Kato (September 2013 — November 2013)

Nagoya Institute of Technology, Ceramic Research, Nagoya, Japan

Teppei Yamazaki (November 2013 — January 2014)

Nagoya Institute of Technology, Ceramic Research, Nagoya, Japan
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Visiting Students and Scientists

Visit of a Japanese delegation of the
Nagoya Institute of Technology
(NITech), Nagoya, Japan (March
2013):

Sightseeing in Wuerzburg then with
wine tasting in Escherndorf with the

Franconian wine queen
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Institute of Glass and Ceramics

Teaching

The Department of Materials Science and Engineering offers Bachelor and Master

programmes in Materials Science and Engineering and in Nanotechnology.

The Bachelor course is a three years programme (six semesters) which qualifies for the
Master programme (four semesters). The curriculum consists of the "Grundstudium" (basic
studies) during the first 2 years, devoted to the fundamental scientific education. It
introduces the student very early into materials science and engineering concepts by
offering courses on materials structures, properties, thermodynamics, kinetics, chemistry,
processing, product manufacturing, analysis and testing as well as practical training.

Examinations follow immediately after each semester.

The subsequent advanced programme in the 5™ and 6™ semester broadly deepens the entire
field of materials science and engineering. Courses on economics, management and other
soft skills are obligatory. This period ends with a Bachelor Thesis of nine weeks duration.

Additionally, the student has to perform an industrial internship of 12 weeks.

The Master programme in the 7™ 8™ and 9™ semester specializes in a selected "Kernfach"
(core discipline), including corresponding practical courses, seminars and courses in
materials computational simulation. In addition the students select a “Nebenfach” (minor
subject) from the Department of Materials Science and a “Wahlfach” (elective subject)
from other Departments of the University, which offers the possibility of specialization.

Finally, the programme is completed by a Master Thesis of six months.

In addition to this Materials Science and Engineering programme, the Institute of Glass and
Ceramics is involved in the Bachelor and Master programmes “Energy Technology”,

“Medical Technology” and the Elite course “Advanced Materials and Processes”.
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Teaching

Courses offered by the faculties of the Glass and Ceramics Institute
1. Semester
¢ Introduction to Inorganic Non-metallic Materials, P. Greil
4. Semester
e Materials Characterization and Testing, A. Roosen
5. Semester

® Processing and Applications of Glasses, P. Greil
¢ Processing and Applications of Ceramics, A. Roosen
e Nanocomposites, T. Fey

¢ Instrumental analytics, U. Deisinger
7. and 8. Semester

e (Ceramic Materials in Medicine, P. Greil

e Computational Calculation of Crack Probabilities, T. Fey

e FElectroceramics I + II, A. Roosen

¢ Engineering Ceramics, P. Greil

¢ Innovative Processing Techniques for Advanced Ceramic Materials, N. Travitzky

¢ Non-destructive Testing, T. Fey

® Physics and Chemistry of Glasses and Ceramics: I. Thermodynamics of Condensed
Systems, P. Greil

e Powder Synthesis and Processing, U. Deisinger

¢ Rapid Prototyping, N. Travitzky

e Silicate Ceramics: From Natural Raw Materials to Modern Applications, N.
Travitzky

e Stresses and Mechanical Strength, T. Fey

e Practical Course Mechanical Testing, T. Fey

e Composite Practical Course, T. Fey
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Institute of Glass and Ceramics

Laboratories

Technical hall (600 m?): equipped with facilities for advanced processing, shaping, melting

and sintering as well as molding of glass, ceramics and composites

Main Equipment

Laboratories

¢ Biomaterials laboratory e Powder characterization laboratory
e Ceramography workshop ® Processing workshop

¢ Functional ceramics laboratory e Rapid Prototyping laboratory

e Glass laboratory e SEM/AFM laboratory

® Mechanical testing laboratory ¢ Simulation laboratory

e Multilayer processing laboratory e X-ray characterization laboratory

¢ Polymer processing laboratory

Report 2013 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg
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Laboratories

Equipment

Thermal analysis

Powder characteriza-
tion

Optical analysis

Mechanical testing

Chemical analysis

3-dimensional optical dilatometer

Push rod dilatometers (up to 1800 °C)
Thermal analysis (DTA/TGA/DSC/TMA)
Thermal conductivity device

Viscometry (beam bending)

ESA acoustophoretic analyser (Zeta-meter)
Dynamic light scattering particle size analyser
Gas absorption analyser (BET)

Laser scattering particle size analyser

X-ray diffractometers (high-temperature)

FT-IR spectrometer

High-resolution fluorescence spectrometer

Light Microscopes (digital, polarization, in-situ hot stage)
Scanning electron microscope (variable pressure, ESEM and
high temperature with EDX)

UV-VIS-NIR spectrometers

High precision mechanical testing with optical tracking system
(EXAKT)

Impulse Excitation Measurement (buzz-o-sonic)

Micro hardness tester

Servo hydraulic mechanical testing systems (also high
temperature)

Single fibre tensile testing machine

Viscosimeter and elevated-temperature viscosimeter

High-pressure liquid chromatograph
ICP-OES (Spectro Analytical Instruments)
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19



Institute of Glass and Ceramics

Structural analysis

Powder and slurry

processing

2D laser scanning microscope (UBM)

3D Laser scanner

Atomic force microscope (AFM)

Electron paramagnetic resonance spectroscopy
He-pycnometer

High accuracy weighing scales

Laser-Flash LFA 457

Mercury porosimeter

Micro-CT Sky scan 1172

Microwave and ultrasonic devices for non-destructive testing

Raman-microscope with two excitation lasers

Attrition mills

Agitator bead mill

Disc mill

Intensive mixers (Eirich, powder and inert gas/slurry)
Jaw crusher

Overhead mixer

Pick and Placer

Planetary ball mills

Planetary centrifugal mixer (Thinky)
Rotary evaporators

Sieve shakers

Single ball mill

Thermo kneader

Three-roll mill

Tumbling mixers

Ultrasonic homogenizer
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Laboratories

Shaping

Heat treatment

3D printers

Advanced screen printing device
Calender

CNC High speed milling machine

Cold isostatic press

Electrospinning machine

Flaring cup wheel grinding machine
Fused deposition modelling device (FDM)
High precision cutting device

Hot cutting device

Laminated object manufacturing devices (LOM)
Lamination presses

Langmuir-Blodgett trough

Lapping and polishing machines
Low-pressure injection moulding machine
Precision diamond saws

PVD coaters

Robot-controlled device

Roller coater

Screen printer

Sheet former

Spin coater

Tape caster

Textile weaving machine

Twin screw extruder

Ultrasonic drill

Vacuum infiltration device

Autoclave

Dryers

Furnaces (air, N,, Ar, Vac, High-Vac, forming gas) up to

2500°C for sintering, glass melting, infiltration, debindering,

pyrolysis
Gradient furnace

High-temperature spray furnace
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Research

2. RESEARCH

Survey

Research centres on basic aspects of ceramics, glasses and composites. Materials for

applications in microelectronics, optics, energy, automotive, environmental, chemical

technologies and medicine were investigated. Research was carried out in close cooperation

with partners from national and international universities and industries.

Research Projects (in alphabetical order)

Funding Principal Investigator

Bioactive ceramic cages
Development of layered structures and 3D genera-
tive processing methods for innovative combustion
chamber lining concepts

Cellular ceramics for heat absorbers

Deformation and sintering behaviour of preceramic

papers

Experimental study and simulation of anisotropic

effects in cast green tapes

Flexible manufacturing of preceramic paper based

refractory components

Hierarchical cellular ceramics and composites

High temperature stable ignition components based
on defined 2D and 3D SiSiC structures

Lightweight cellular ceramics

IN

BMWi

+ IN

EnCN

DFG

DFG

DFG

DFG

AiF

EC

Prof. Greil / Dr. Fey

Prof. Roosen / PD Dr.
Travitzky

Prof. Greil

PD Dr. Travitzky

Prof. Roosen

Prof. Greil

Prof. Greil

PD Dr. Travitzky

Prof. Greil
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Survey

Manufacturing of multilayer refractories by tape

casting

Manufacturing of transparent ceramic substrates

Stable and metastable multiphase systems for high

application temperatures

Dispers systems for electronic devices

Polymer derived ceramics for bearing applications

Robocasting of macrocellular ceramic 3D-lattice

structures with hollow filaments

Self healing MAX phase ceramics

Structured carbon based catalyst support structures
for CO hydration

Tape on Ceramic Technology

DFG

BMBF

DFG

DFG

IN

DFG

DFG

DFG

BMBF

Prof. Roosen

Prof. Roosen

Prof. Greil

Prof. Roosen

PD Dr. Travitzky

PD Dr. Travitzky

Prof. Greil

Dr. Fey

Prof. Roosen

Funding organisations:

AiF: Industrial research Cooperation

BMBEF: Federal Ministry of Education and Research

BMWi: Federal Ministry of Economics and Technology

DFG: German Research Foundation

EC: Cluster of Excellence (“Engineering of Advanced Materials”™)

EnCN: Energy Campus Nuremberg
IN: Industry
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Research

Selected Research Highlights

Crack healing in MAX phase ceramic composites

Joana Pedimonte, Guoping Bei, Tobias Fey, Peter Greil

Engineering ceramics being able to repair cracks upon heat treatment have gained

increasing attention. Recovery of mechanical properties
depleted by overloading, slow crack growth, or thermal
shock damage may offer a high potential for improving
the reliability and prolongation of the lifetime of ceramic
components subjected to mechanical loading at elevated
temperatures. Crack healing behavior of Al,O3 was ob-
served at temperatures exceeding 1400 °C where sinter-
ing phenomena driven by reduction of surface energy

may trigger perturbation and closure of pores and cracks.

Crystal structure of 312 MAX phase, left and 211 MAX

phase, right.

Significantly lower healing temperatures < 1000 °C may be achieved by loading Al,O3 with

repair filler particles which undergo oxidation in near
surface cracks thereby filling the crack space with oxida-
tion products. MAX phase particles, with the general
formula M, AX, (n=1to3) withM=Ti, V, ..., A=
Al Sn, ..., X =C, N, may serve as a repair filler provid-
ing crack healing capability when dispersed in a ceramic

matrix composite. Due to the nanolayered nature of the

structure, the crack healing mechanisms are based on @

oxidation of the A- and M-elements. Cracks with up to

SEM micrograph of an indent crack on the surface of
Ti>;SnC loaded (20 vol. %) alumina matrix composite a)
prior and b) after annealing in air for 3 h at 900 °C and
c) Ti-mapping.
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Selected Research Highlights

approximately 200 pm length can be completely filled with TirAl;.xSnC (x = 0) MAX
phase oxidation products after heat treatment at T = 900 °C (3 h).

A full recovery of the mechanical strength was achieved in composites with MAX phase
repair filler loading from 5 — 20 vol.%. For example after annealing for 3 h, composites
loaded with 20 vol.% Ti,AlC show full recovery at a healing temperature of approximately

900 °C whereas a similar behavior can be observed at lower temperatures of 700 °C for

specimens loaded with 10 and 20 vol. % . =3h
1,5 " .
Ti,SnC. The enhanced healing response of
Ti,AC (A = Al, Sn) containing Sn instead TRt g)
i,SnC, ) st asanadelC)
of Al offers a high potential for providing g |
. . . . B
crack healing capability to ceramic matrix - z )
—~ ' o
composites even at moderate temperatures & i .l
below 1000 °C. = |
2 T Ti,AIC, 900 °C
c N o 2 d
£ | S
73
S 054 :
>
o
(5]
@
(4
Filler loading dependence of fractional
strength of alumina composite after healing i
for 3 h at 900 °C (Ti,AIC) and at 700 °C °-°0' : 52 T

(Ti;SnC). Filler loading [vol. %]

G.P. Bei, B. J. Pedimonte, T. Fey, P. Greil
Oxidation Behavior of MAX Phase TixAl(;xSniC Solid Solution; J. Am. Ceram. Soc. 96
(2013) 1359

B. J. Pedimonte, D. Pourjafar, G. P. Bei, T. Fey, P. Greil
Oxidative crack healing in Al,O3 composites loaded with Ti,AC (A = Al, Sn) repair fillers;
J. Cer. Sci. Techn. (2014) in press
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Research

Nanoporous anodic alumina as a functional coating on biomaterials
Joana Pedimonte, Tobias Fey, Peter Greil

Bioceramics applied to bone replacement and regeneration should trigger minimal
inflammatory responses while stimulating osteoblast adhesion, proliferation and differentia-
tion. It has long been known that substrate topography, including grooves, ridges, islands,
nodes and pores, can affect cell response and osseointegration behavior of a bioceramic
implant in contact with bone. Interaction with nanotopographies can alter cell morphology,
adhesion, motility, proliferation, endocytotic activity, protein abundance and gene regula-
tion. Among diverse cell types (fibroblasts, osteoclasts, endothelial, smooth muscle, epithe-
lial) osteoblasts were observed to interact with nanotopographical features of substrate ma-

terials.

Coating of various biomaterials with a nanoporous anodic alumina (AAO) surface layer at

different anodization voltages (20 — 60 V) with
Nano-porous

varying pore diameter (15 — 40 nm), a mean
pore distance (40 — 130 nm) and a total porosity
of ~ 10% that elicits a favorable response for
osteoblasts might be attractive in bone replace-

ment as well as bone tissue engineering.

AAO layers formed in C;:H;04 (0.22 M) at dif-

ferent anodization potentials.

Nanoporous layers of alumina prepared by electrochemical oxidation are shown to achieve
improved short-term cell attachment and activity compared to a plain alumina surface. In
addition to topology variation, the control of nanoporous structure may trigger a local varia-
tion of electrostatic surface properties and may offer a high potential to enhance cellular
interaction compared to a bioinert alumina surface. From streaming potential measurements
the zeta potential and the isoelectric point (iep) were derived and correlated to the topology
variation of the nanoporous AAO layers. With decreasing pore diameter a shift of iep from
~7.9 (pore diameter 40 nm) to ~6.7 (pore diameter 15 nm) was observed. Plain alumina
layers, however, exhibit an iep of ~9. Compared to the plain alumina surface enhanced ad-

herence and activity of hFOB cells can be observed on the nanoporous AAO after 24 h
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Selected Research Highlights

culture with a maximum at a pore

. . @® measured
size of 40 nm. The topology-induced 7 Cale. A,[AI-OH] A [AI-OH]

10 O Calc. A,[AI-OH] A [Al,-OH]

change of the electrochemical sur-
face state may have a strong impact [————eeeeeemeeee e e ————— plain alumina
on protein adsorption as well as on s _ AAO
cell adhesion, which offers a high _ .

potential for the development of
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Through topological control of surface hydroxyl groups’ dissociation behavior it may also
be possible to reduce the adherence of microbial entities and to provide improved control
over infection and secure fixation of porous alumina-coated implants. Furthermore, the na-
noporous structure offers a high potential for loading the AAO layers with bioactive mate-
rials able to stimulate or inhibit selec- _ : ALO,

tive cellular responses. Applying these :
bioactive AAO coatings on versatile

biomaterial substrates including ceram-
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ics as well as metals offers a high po-
tential for developing implant materials
with improved integration behavior
into the living system.
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B.J. Pedimonte, T. Most, T. Luxbacher, C. von Wilmowsky, T. Fey, K.A. Schlegel, P. Greil
Morphological zeta-potential variation of nanoporous anodic alumina layers and cell adher-
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Manufacture of ultrathin, particulate-based ITO layers by rotary
printing

Moritz Wegener, Andreas Roosen

Transparent conductive oxides (TCOs) as indium tin oxide (ITO) or zinc oxide offer
a unique combination of high electrical conductivity and high transparency. TCOs find ap-
plication as transparent electrode materials in displays, touch screens, or solar cells. Con-
ventionally, expensive vacuum-based sputtering techniques are used for the manufacturing
of nanometer thin TCO layers. Sputtered TCO layers, however, are brittle and unsuitable
for the use in flexible devices. Printing and coating techniques based on nanoparticular
TCO materials can overcome both problems. Printed or coated films are composites of
TCO particles dispersed in polymers which are manufactured at ambient atmosphere and

room temperature. TCO-polymer composites offer a high mechanical flexibility.

In the past, a large number of printing and coating techniques were developed to satisty
product requirements concerning design and functionality. Rotary printing offers the possi-
bility to print planar layers and/or structures; a high throughput based on printing velocities
of several hundred meters/min can be obtained. Rotary printing techniques include, e.g.,

gravure printing, flat printing, relief printing, sieve printing, etc.

This research project focusses on the development of nanoparticular indium tin oxide (ITO)
inks for the manufacturing of ultrathin ITO layers on flexible polymer substrates by rotary
printing. Ethanol- and water-based ITO inks were prepared and the influence of different
ink compositions on the printing process and the properties of the deposited film was eval-
uated. The transmission and the specific resistance of the printed ITO layers in dependence

on the ink composition and on the printing process parameters were characterized.

The working scheme of a flexography printer, which is a relief printing technique, is shown
in Figure 1; there are two rolls, a steel metering roll and a rubber-coated applicator roll. The
ink is filled into the gap between these rolls. The rolls are moving in opposite direction dur-
ing the coating process and the ink is applied onto the substrate by the applicator roll. The
achieved wet film thickness depends on several processing parameters like the gap between
the two rolls, the printing speed, the pressure on the substrate brought by the applicator roll,

the viscosity of the ink, the surface tension of the ink and the substrate, etc. The amount of
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powder and organic components in the ink decide which film thickness is formed on the

substrate.

Applicator roll with
rubber coating

Steel metering roll pm———

Figure 1: Working scheme of a flexography printer.

In rotary printing, a very frequently arising printing artifact is the so called “ribbing”. Rib-
bing describes the occurrence of ribs in between the gap of two moving rolls (Figure 2).
These ribs are transferred to the substrate and lead to an inhomogeneous surface topography
of the deposited and dried layer. For the manufacturing of films with high layer quality, rib
formation must be avoided. The appearance of ribs can be evaluated by the dimensionless
capillary number Ca, which depends on the viscosity and on the surface tension of the ink
as well as on the applied printing speed. Taking into account this Ca number, the formation
of ribs during the printing process could be suppressed by choosing suitable ink composi-
tions. Thus, it was possible to manufacture highly transparent ITO films with layer thick-
nesses between 150 nm and 1.5 um and high layer quality on flexible PET carrier films at
printing speeds up to 3 m/min. The manufactured flexible ITO layers exhibited electrical

resistivity values between 140 and 3 Q-cm.

Figure 2: Layer with (left) and without (right) ribs, manufactured by rotary printing.
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Influence of pore orientation on anisotropic shrinkage
Zongwen Fu, Andreas Roosen

Anisotropic shrinkage of tape-cast ceramic sheets is a major hindrance to miniaturi-
zation of multilayer structures which require high accuracy of the position of vias or circuit
lines in different layers during thermal processing. It is well known that for tape-cast pro-
ducts the shrinkage anisotropy in three spatial directions follows ¢; > ¢, > ¢,, where ¢ repre-
sents the linear sintering shrinkage and x, y and z denote the casting, transverse and thick-
ness direction, respectively. The coefficient of anisotropy shrinkage, K., = (1 - &/ &) X
100, describes the shrinkage mismatch in both directions. This anisotropic shrinkage is ex-
plained by the non-uniform microstructure caused by shearing and uniaxial drying during
tape casting as well as by particle rearrangement during thermal treatment. In order to es-
tablish the correlation between the anisotropic shrinkage and the textured microstructure
analytically, the orientation degree of particles and pores in green tapes was investigated by
means of a modified linear intercept analysis on SEM micrograph with an accuracy higher
than 150 nm/pixel. The SEM micrograph was covered with a grid and the pore anisotropy
factor S was determined by calculating the cumulative pore space number along each grid
line in both directions. The factor S,, is greater than zero when pores are oriented in x-

direction. The particle anisotropy factor R was determined accordingly.

Fig. 1 shows the microstructure of xz- cross-sections of tapes composed of spherical and
platelet-shaped particles. With increasing anisotropy of the particle shape, the factors S, R
and K rise simultaneously, exhibiting in most cases the same sign and a similar magnitude.
Non-spherical particles and pores in tape-cast ceramics are mostly oriented perpendicular to
the thickness direction which always exhibits the highest shrinkage; i.e., shrinkage perpen-
dicular to the pore and particle orientation is always higher than in the direction parallel to
the casting direction. This particle and pore orientation is caused by shearing forces during

casting and constrained drying effects.

The correlation between the anisotropic shrinkage and the non-uniform microstructure was
verified by mathematical modelling based on the shrinkage theory of Olevsky and Tikare.
For elongated particles and pores (Fig. 2), the anisotropy shrinkage coefficient K in the xy-

plane was derived as:
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(a, b, ry, 1, A and B are given in Fig.2)
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xz-Cross-section - xXy-cross-section
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Fig. 1: SEM micrographs of different alumina tapes with (a) spherical particles in xz-

plane and (c¢) platelet-shaped particles in xz-plane

Coordinate system

y-dilction

x-direction )
— " A and B: Dihedral angle

w and [: Particle width and length
r,und r,: Pore curvature radius

a und b: Half of the neck length

Fig. 2: Representative unit cell to calculate shrinkage anisotropy in x- and y-direction.
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Evaluation of Angiogenesis of Bioactive Glass
in the Arteriovenous Loop Model

Andreas Artwudas, MD! Amalis Balzer,! Gregor Bushrer,! |sabel Amold! Alrander I-k:?pna.i
Rainar Diatsch, PhD? Philipa Mawby, MPhys? Tobias Fay, PhD* Pater Greil, PhD;
Raymund E. Horch, MD, Alda A. Boccaccini, PhD2 and Uiich Kneser, MD'

In this study, the anglogenetic effect of simered 4555 H.ogla.ﬁwwasquardiﬂthe]yasﬂai for the first Hme in
the arteriovenos loop (AVL) model. An AVL was created by interposition of a venous graft from the con-
tralateral zide between the femoral artery and ven in the medial thigh of eight rats. The loop was placed ina
Teflon isolation chamber and was embeddedina ﬂnﬂﬂﬁ&ﬁﬁ.c@hss‘gﬂnﬂamamﬂﬂedmm fibrin gel.
Specimens were investigated 3 weeks postoperatively by means of microcomputed tomography, histological,
and morphometrcal techniques. All animals tolerated the operations well. At 3 weeks, both microcomputed
tomography and histology demonstrated a dense network of newly formed vessels originating from the AVL.
All corstructs were filled with cell-rich, highly vasculaized connective Hssue amund the vascular axis.
Analysls of vessel dlameter revealed constant small vessel diameters, indicating lmmature new vessel sprouts.
This study shows for the first Hime axial vascularization of a sintered 4555 Bioglass™ granul matrix. After 3
weseks, the newly genemted vascular retwork already interfused most parts of the scaffolds and showed sigrs
of immaturity. The intrinsic type of vascularization allows tramsplantation of the entire construct using the

AVL pedide.
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ﬂzﬁddofhl'h:ﬁ:mﬂlghﬂrhﬁ,lmtﬂihﬂemfdiﬁﬂuﬂ
ma trices have been described and evahated. 4555 Biogls™,
a silia-tmwd melt-derived gles, of the composition (wi%)
5% S0, 245% MNa (), 24.5% Cal), and 6% P, & ome of
ability and bimactivity® Bimmctive glmes wem fint intro-
cuced in 1971 by Hench o al,* and fhey have been already
usmed im 2 variety of clinical applications. Einghn':il.hwm
o be osteoconductve and 'hnpru'nrrh ostenblast adhesion,
growth, and differentiaion* Bimcive gl is not immme-
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endrinsic vascular pathway™ In this cae, the constnact is
of spedmens into a ste of high vascularzaton potential is
mamsiatory.'* Large-bone defeds in megions with comprised
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Accelerated processing route for KNN based
piezoceramics

R. Bathelt?, T. Soller’, K. Benkert?, C. Schuh*! and A. Roosen?

It is known that the properties of potassium-sodium-niobate (KNN, Kg.ugNag.ssNbOsz) are
sensitive to processing and that the most successful way of stabilising and improving material
performance is proper doping of KNN. However, this leads to more complex material systems,
whose synthesis is very time consuming to assess by conventional processing techniques. On the
other hand, known high throughout routes impose a serious interference with conventional
processing, resulting in significant differences of the findings, or inaccessibility of certain
parameters. In this paper, an accelerated procassing route is introduced and compared with
conventional mixed oxide processing regarding the density, large signal piezoelectric charge
constant, permittivity, loss tangent planar coupling factor, specific resistivity and microstructure.
By means of three differently doped KNN based compositions, it is shown that the accelerated
processing route yields reproducible results, which are equal or even superior to conventional

techniques, while the processing time and the batch costs are significantly reduced.

Keywords: Lead free, Piezoceramics, High throughput processing, HTE, High throughput

Introduction

Lead zirconate titanate (PZT) ceramics, though highly
sophisticated, very effective and well understood, should
be replaced on the long run due to the potential release
of harmful lead in processing and disposal. In an effort
to remove hazardous substances from electronic equip-
ment, the EU and other governments placed a general
ban on lead and other heavy metals from electronic
materials.) For application fields without a proper
alternative, exceptions are provided on a temporary
basis, which is regularly revised. The lead free material
system KNN (Kg.46Nag-s4NbO3) shows appealing initial
performance and high Curie and application tempera-
ture, provided the densification is high and the
stoichiometry is carefully controlled.” * Thus, KNN
based ceramics have become the most likely successor of
PZT, especially for piezoactuation purposes. Their main
drawbacks include difficult processing properties like the
deliquescence of sodium and potassium carbonate, as
well as their evaporation in the sintering step. In
additicn, the well pronounced thermal dependence of
important parameters like the large signal piezoconstant
dyy or the permittivity z is an issue. To cvercome these
challenges, significant effort has been dedicated to
improve processing,”’ the performance in general™® '?
and to reduce the thermal drift of these properties.>'* So
far, considerable progress has been made by proper
doping of KNN, leading to increasingly complex

'Siemens AG, Otto-Hahn-Ring 6, Munich 80200, Germany
“University of Erangen-Nirnberg, MariensstraBBe 5, Erlangen 91058,
Germany

*Corresponding author, email Carsten. Schuh@siemens.com
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ation, A pr ing, KNN

ceramic compositions. To efficiently catch up with the
performance levels of PZT and to assess sophisticated
material systems, experimentation approaches faster
than the traditional large volume mixed oxide route
are required. High throughpu: routes '’ for the
assessment of electronic and piezoelectric materials
feature a throughput of up to several hundred composi-
tions per week. However, they deviate strongly from the
mixed oxide route, which is the most likely route for
future mass production of KNN based ceramic com-
pounds. As KNN is highly sensitive to processing,
results from high throughput vapour phase, sol gel or
paste dispensing processing are hardly comparable with
conventional mixed oxide processing. In this paper, an
accelerated mixed oxide processing route is introduced
picking up aspects of high throughput approaches. As
KNN based model substances, the following formula-
tions were chosen: first, KNINLAT1086 [(K.45Nag.54)0-06
Ll.n.m].Nbg.s“Taa.men@sO;,s SbCD]'Id, KNNLATI ]SS, a
material doped with more Li and Sb [(Kj.asNag.s4)o-96
Lig.04] Nbgs1Tag118bg.0s03, and third, KNNL3T19
[(Ko.46Nag.s9)o.06Lig.03] Nby.51 Tag.1602.°  Compared  to
conventional processing, five times more compositions
can be produced and characterised per time unit. The
reproducibility is high and the properties of samples
from both routes are consistent.

Experimental

For powder synthesis, commercially available raw
materials were used (Table 1).

All batches shown in this paper were produced from
the same raw material vessels. To cope with the deli-
quescence of Na,CO; and K,COs, these raw materials

@ 2013 Institute of Materials, Minerals and Mining
Published by Maney on behalf of the Imstitute
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Oxidation Behavior of MAX Phase TizAl;; _x5n,C Solid Solution

Guoping Bei," Birgit-Jouna Pedimonte, Tobias Fey, and Peter Greil
Depariment of Malerak Sdence (Glas and Ceramas), Univemsily of Edangen-MNuemberg, Madensir. §

MAX plase Ti,Al, ,Sn,C solid soluiin with x =0, 0.3
057, 082, and 1 was synthesized by presureless simbering of
uniaxially presed Ti, AL Sn, and TiC powder mixtures
Amealing in air simoiphere af 20°C-100FC idggersd a
sequence of oxidation reactions which reveal a distinet infloence
of solid soluion compsition on the oxidation proces. With
decreming Al/Sn mtio, the chamacteristic temperature of aacel-
erated oxidation renction of A-dement was reduced from 900°C
{x =0) to #60FC (x = 1} Sold; was formal at tempeaiuns
signiticantly lower than Ti(): (rutile) and Ak Oy Sobstitetion of
A-element in MAX phae solid solution by low-mel ting elements
such as Sn may offer potential for redocing oxidation-induced
crack healing temperaturnes.

L Iniroduction

AX phases frm a group of nemolaminated lemary

carbides and milnides with the general formula
M, AX, (n =1 to &), whene M denotes an eardy tangbtion
meial, ﬁ:snh—guupdmmd{fm 1A o VIA), and X
is ather C or N7 The structune of the MAX phas (nan-
olammales) & composed of MX slabs which are separaied by
planar layers of the A-element and nsull m strongly anso-
tropic charactenistion. As the M-A bomds are weaker than
the M-X bomds, the MAX phases ame shle to combme bath
menls of melal and ceramic maerak, demonsirating high
thermal and eleciricsl conductivities, excellent machinahility,
and omklation resstance."

Excellent oxdation stabiity of TisAK was atinbuied o
the formation of an adhesive and e AbDy scale on
the material surface although Ti-Al intermetallic pheses
such as TiaAl and TiAl do nol form a protective oxide scale
during high-lemperature oxidation™ Alhough ks Al &

in MAX TiaAN 2 and TRAIC, the high diffu-
ﬂ?‘dm ﬂm‘@ﬂrfﬂm]jbﬁﬂpﬂn%m- wﬁcﬁm 1o
indwe a thin Aldeplaed layer near the oxde scale/subsinaie
interfare amd facililaies selective omdation of Al” Ongnated
from the pronounced differences m Ti-C and Ti-A bonding,
211 MAX phaie exhibiied umusus] properies such as dein-
tercatation of A-elements (i, In, and 5n rsuliing n exiru-
sion of metal bgrments upen coolme'' Although, the
driving Ffonce for demtercatation of the A-slement from the
basal (0001) plane of M,AC 13 still deasssd aoniroversally,
ab initio calewlation of bonding energy as well as mugralion
energy sugges 2 high mobdity of low-mding A-element.

MAX phases M,AC with M = Ti, ¥V, Cr and A = Al 55,
recenlly gained miensit for their abiity to heal sudface aacks

Y. fam—moikang cdior

T Mmmamg Mo S h‘th 5 10iE; Dol 25, 1L A
o o Pl
PEC—

Ertangen 91058, Germany

by oxddaiion reachion ai iemperatines exceading 100(PC. ™™
As selective oxidation o the A-element was clamed Lo gov-
emn oxdation behavior of MAX phase TiAC, substitution
of Al by a low-melling metal element would be of inbenes
for achieving lower nsaction lemperatinss. Indesd, ooddation
of MAX phases TiSnC contmnmg lowmeling 5o on the
A-podbion was reporied to exhibil acelerated oxdalion
reaciion compared with TAIC. " The siudy focused on the
imvestigation of oxdation behavior of MAX phas sobid
sqdution TisAl—oSnC whene x vaned fom 0 1o 1. Vara-
tion m TiC and Ti-A atomne ditancss with x wens mea-
sured by Ristveld nefinement of XRD and cornslated with

IL  Experimental Proocedune

Tl xS0, solid solubion :pu:n:nm were [abmcaiel from
ru.:ﬂ.nd.ptm‘h'm:ﬂlh'm conseling of Ti (4.5 pm, 9.4% pur-
:|1'._If Al (245 pm, 99.5% ;:ll.mig_l..ﬂn (2 pm, 945 pun{yj.-:rul
{2 jmm, 99% purity) with molar compos Gons
::g o x=1 (T-S—09Ti), x=032 ﬂ'!—l]l.ﬁSn—[LlﬂJ—
0L9TIC), x = 0.57 (Ti-0. Bn-0.5AH0.9TH7), and x = 082 {Ti-
0. 2500 HAL-0.9TIC). A nefenence sperdimen was prepansd from
a ThAlC pwda (Kanthal Sandvik Malerials Techndogy
GmbH, Moreklen-Walldor!, Gemmany) with Dy, = 7 pm
and a phase punity >90%.

The meadant muxtures were thoroughly milled for
1 hin a Turbuls mixer (WAB, Basel, Switoerband) and cylin-
drical specimens with a dameter of 10 mm were uniawally
presaed (50 MPa) and pressureles sntensd in o2 vacuum
fumace (Thermal Technology ko, Sania Fosa, CA) al
140PC fior 1 h applying a heating rate of 15 K fmn. Single-
phase TisSnC samples were sinlened @i 12300FC under same
comlitions.

Analyies of the crystaline phase conlenl wene conducted
by X-Ray Diffraction (XED) (Knsallofe, Semens ACG,
Mannheim, Cermany), operated with monochromatic Cuky
raliation. Material Analysis Using Difraction (MAUD)
sollware™ was apphial 1o exiract the laitice parameters of
the diffenent TiaAl - xSnCs solid solutions and atomme pos-
tons of Tiin the unit cells by mesns of Risveld nefinement.
Coupled Platna Optic Emismon Spectmsapy (I :
Speciro Analical Instrument, Cenesds SM3, Kleve Gier-
many) o deduce the zvalues of the 5n comiend in the
Ti Al _ 80, C solid sdutions. Before ICP-0ES analyss, the
powiders wene disolved in HCYHF acd 1o remove metallic
impurily phases such = elemenial Sn and miermetallic Ti-5n
compsrumgls.

The oxidation behavior of TizAL, S0, C, solsd soluion
was investigaied in the lemperatune mnge from AMFC up Lo
12WPC by exposing the specimens o ambient @r atmosphers
for each 1 h {Linn High Themmal GMBH, Eschenfeklen,
Germany). To increass the neaction sudface exposed Lo the
oxygen, the bulk specimens were crushed and milled to a
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Thermal-induced residual stresses affect the lifetime of
zirconia-veneer crowns

Renan Belli?, Roland Frankenberger?, Andreas Appelt?, Johannes Schmitt®,

Luiz N. Baratieri®, Peter Greil®, Ulrich Lohbauer®*

1 Laboratory for Biomaterials Research, Demtal Climic 1 - Operative Demtistry ond Periodomtology,
University of Erfangen-Nuremberg, Gemany

" Department of Operative Dentistry and Endodontics, University of Marburg, Germany

© Department of Prosthodontics, Umiversity of Eriangen-Muremberg, Germany

2 Department of Operative Dentistry, Schoal of Dentistry, Federal University of Senta Cataring, Brozil
 Depertment of Materials Science, Institute for Glass ord Ceromics, University of Erlangen-Nuremberg, Germamy

ARTICLE INFD ABSTRACT

Artide hisiory: Dégectives. The purposs=s of this stndy wer= to vestigate the effects of thermal residual
Recegved 24 May 2012 stresses on the reliability and lifetime of Zrconia-veneer coowms.

Recefved in revised form Methods. One hundred and teenty eight second upper premalar rirconia-venssr croems
2 Dctober 20132 were manufactured for testing the initial strength (=564} and under cyclic fatigue (n=-54.
Arcepted 73 Mowvember 2017 Zirconia copings (Y2 Cobes, WITA Zahnfobrik, CTE: alphac = 105 ppmC) wene millsd using

2 Cerec InLab (Sirona) machine and sintered to a final thidmess of 0.7 mm. Socy-four cop-
ings were sandblasted with 108 jpm aluming particles (155, 3om distancs, 45 angle 04 MP

Keywords: ‘pressure] in onder to trigger a tetragonaim onoclinic transformation and to produce a rough
Firconia surface. The copings were venssred using two differsnt poroslains (VMS9, VITA Zahnfab-
| — ik, CTE: alpha Vi = 0.1 ppm/-C, Lava Ceram, M ESPE, CTE: alphalawa =102 ppm/~C) o to
Thermzl stress Tesult in crowns with sither high thermal mismabch {+1.4 ppmyC with VMS) and bow ther-
Thermz] mismatch mal mismatch (03 ppmfC with Lava Ceram) The porcelains wers applied by the same
Coaling rat= operator and Gred (VITA Vacumat 4000} according to the firing schedules defined by the
Reliahility manufachorers to @ final thickness of 1 4mm {total croen thidmess =21 mm, corefvenesr
Compression test Tatio={.5 After the last glaze firing the oowns were opaled following a fast (500 “0G'min) or
Fatigue a showr (30 *C/min) cooling protocol. The glared crowns werns submitted to a shiding-motion

{07 mm lateral movement) oyclic fatigoe in & chewing simualator (530 Mechatrondk) under
20kg (—-200M load) weight until Exilure {chipping] (n=16). The other half of the crowns were
subjected toa compressive loading testin an universal testing machine {Instron mode] £240)
untl feilure at & cross-head speed of 075 mmfmin (o= 15). The faiure probability for initial
strength and cyclic fabigoe was performed wsing a Wetbull distribotion approach at a scale
Ector af n=16

BResults. The compressive strength test showed a low sensitivity to detect relibility wari-
ations regarding thermal stresses reated within the veneer layer of tested coowns. For
cyclic Gtigue, slow cooling resulted in statistically higher cycles to EBiluee only for the
crowns that presented o high thermal mismatch between core and venesr (VM9 group).

* Corresponding guthor ot: Dental Clinge 1 - Operative Dentistry and Period ontology, Gloedser. 11, D-51058 Erlangen, Germanny
Tel- 449 9171 BG4 3740; fax: +40 09131 853 3503,
E-mail address: lshbauwer@dent uni-erlangen.de (1. Lohbaaer).
0109-5641/% - sex front matter & 2002 Academy of Dental Materials, Published by Elsevier Lid. All ights reserved.
http:/idx.doi.org/10. 1016/.dental. 7012.11.015
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Photoelastic Imaging of Residual Stress Distribution
in Epoxy Interface Layers of Ceramics with Periodic

Building-Block Structure

By Tobias Fey,* Michael Gotz and Peter Greil

Ceramic composites with regular periodic assembly struc-
tures of space filling building blocks having dimensions orders
of magnitude larger (10-1000 pm) than the particle size (0.1-
10um) may offer a high potential for near net shape
manufacturing as well as toughening of brittle ceramic
materials. Furthermore, ceramics with a three-dimensional
periodic structure such as porous lattices or photonic crystals
have found increasing interest for a variety of application fields
including sensors, catalytic substrates, and tissue engineering
scaffolds,"! as well as for photonic and electromagnetic
wave guides, circuits, filters, cavities, laser, antenna, and
absorbers.”?) Recently, we reported on ceramic-based compo-
sites with 2D and 3D periodic arrangement of space filling
building blocks manufactured by a vibration assisted self-
assembly technique.”” In contrast to monolithic ceramics the
properties of composites with periodic structure depend not
only on the intrinsic ceramic properties but will strongly be
influenced by the symmetry of building-block arrangement
and the bonding phase. Interface bonding may be achieved by
a brittle ceramic or glass, a plastic metal, or a viscoelastic
polymer layer.

Interface design and interface stresses play a key role
regarding to the fracture behavior of multiphase ceramic
composites when subjected to mechanical or thermal loading
conditions."! The stresses may be caused by thermal expansion
mismatch between dissimilar constituents, e.g., matrix and
reinforce-ment phase(s). As clamping stresses increase, the
interfacial frictional stress increases and eventually may trigger
brittle cracking. Complementary when tensile stresses exceed a
critical value it results in spontaneous interface debonding. In
addition to interfacial sliding, residual stresses influence the
conditions for crack deflection and hence may have a strong
impact on toughness and work-of-fracture of brittle ceramic

[*] Dr. T. Fey, M. Gitz, Prof. F. Greil
Department of Materials Science (Glass and Ceramics),
University of Erlangen-Nuernberg, 91054 Erlangen, Germany
E-mail: tobias.fey@fau.de

[**] The financial support from DFG Reinhart Koselleck project (GR
961/32) is gratefully acknowledged. We are thankful to the
Bavarian Laser Centre for laser cutting of steel grids applied for
building-block arrangement.

matrix composites.””! Residual interface stresses generated by
thermal expansion and elastic misfit between reinforcing
particles and matrix in ceramic composites were analyzed by
experimental as well as theoretical fracture mechanics
approaches. A variety of sophisticated test configurations for
the mechanical evaluation of interfaces in ceramic composites
evolved in literature.!) For example, indentation push-in or
push-through techniques received the greatest attention as they
provide information on frictional stress acting on the interface
of individual fibers."! Micromechanical models that correlate
global fracture behavior with local interface stress state were
derived for a variety of composite materials structures
including dispersed particle composites,”? fiber-reinforced
ceramic matrix composites!” and laminar composites.”!
Superposition of interface stresses and applied external
loading stress may give rise for critical conditions able to
initiate energy dissipating mechanisms such as debonding,
deflection, and pull-out. Overall, the micromechanical pro-
cesses mentioned above have a strong impact on deformation
behavior, toughness, and work-of-fracture of brittle ceramic
materials."!

In this work, an epoxy resin bonded alumina composite
with a periodic arrangement of cuboidal alumina building
blocks served as a model system for imaging residual stress
distribution in the interface bonding layer. Making use of
optical transparency of the polymer bonding phase, a
photoelastic measurement technique was applied to image
stress distribution in the interface bonding layer.!"? Non-
contact, non-destructive photoelastic measurements are wide-
ly used for stress analysis in glass products even of complex
shape,l"™ in prosthetics,"*! as well as for analysis of fracture
processes."*! Nluminated by polarized light fringe patterns
that are related to the difference in principal stresses in a plane
normal to the light propagation direction (isochromatics)'®!
give information about the local stress state governed by the
material properties and the building-block arrangement.
Periodic structure patterns with tetragonal and monoclinic
unit cell symmetry were prepared which differ in four- and
three-fold interface bonding layer node topology, respectively.
Stress interface distribution in building-block and epoxy resin
composite was analyzed experimentally. Simulations on
idealized structures were done by FE calculations and
corroborated by experimental data.

ADVANCED ENGIMNEERING MATERIALS 2013, 15, Mo. 11

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Wainhei ileyonlinelibra y
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Three-dimensional printing of SiSiC lattice truss structures

Z Fu? L Schlier®, N, Travitzky ***, P. Greil*®

* Deparoner of Mamrials Srisere, (G g Ceramics, Uiersity of Examgen. b
" Grare fir audenced Masrisks o P Uiy of Erbege u-M)

Mo mimsse 5, 105 Erhngen, Germany
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ARTICLE INFO ABSTRACT

Slicon/silicon cabide eeramic mmposites were Gbricted by the three-dimensional printing (30F™)
from %if5dextrin powder blends. After printing the CfSfSC preforms wene infiltrated with a liguid
sliame mnfnmnmtﬂqmﬂahhnﬂm
amesphere resulting in a residoe with 2 porosity of ~-41%. The porous preforms exhibit exoedlent
infiltration behawvior for liquid % at 1500<C in vaoum. Bending strength, frachune toughness and
Young's modulus were analyzed with respedt io 51 volume fradtion.

The green hodies werne pyralyzed at 1000 *C in mitrogen

& 2012 Elzevier Y. All rights neserved

Silicon infilerated silicon carvide ceramics { Si5iC ceramics ) are
used for & wide range of engineering applications due to their
o] bent mear-met shape (abocation and good mechanical proper-
ties combined with high chemical stability up to slevated tem-
peratwres [1-3] SiSIC ceramics with a slicon volume fraction of
10=-15% exhibit typical bending strength, fracture toughnes and
Youngs modulus values of spproximately 350 MPa, 4 MPa m™
and 350 GPa, respectively |4-6] The mechanical properties were
Tound to scale lineardy with Si-content |7]

The meactive infiltration of 3 pomus carbonsceous prefrm
with liguid 5§ {151 process) offers the possibiity to near met -shape
manufacturing of dense SiSiC composites at relative low tem-
peeratures and reatonsble costs [ 23] According to §he LS| process,
the REFEL-process and the SILOOM were dev for
induestrial production of Si5iC sine the 708 [8-10] It should be
moted that silicon is distinguiched by a velume expansion of 10%
upan solidfication of the melt [4.11] The wolume e pansion of 5i
during solidification may lead to resdusl microstresses in the
SiSiC composites [4] In sddition, due to different termal ep n-
shom ooellicients between Si and SiC, compressive residuasl micros-
tresses in Si phase may arise. This mioostress-induced strengthening
affect may contribube B the improving mechanical prope ries of SiSiC
ceramics | 12,13}

* Conesponding amhor. Tal: +49 9131 85 ZE773; Lo +49 913 & 28311,
E-madl addaes na b ne oy dwer ani-sila ngende (ML Travic iyl

092150935 -see (g maner © 2002 Eluevier BV, AN fyhts maerved
B e o w100 015 mresea 301209107

The carbonaceous preform is commonly prepared by slip
casting or cold pressing using either graphite or 2 mixture of
carbson and @-5iC powder |14] Macro-structures with complex
geamelry were [sbricsted by Solid-Free Form (SFF) techialogien
from Computer-Aided Design (CAD) data In thres-dimensional
printing (IDP™ ) process salid objects are fabricated by Llayerad
printing, in which the sliced 2D profile of 2 CAD model is printed
o a fredh Ler of powder via deposition of 2 suitsble binder |15
Moon et sl [16] fabricated porows carson ceows preforms wsing
glassy carbon powders of 45-105 am sizes and an scetone-based
furfury]l resin binder a5 & printing solution. After pressureles
reactive infilration at 1450°C in nitrogen stmosphere, 3 SiSiC

with a coarse-5iC grain structure was formed [16]
Travitzky et al. | 18] produwced SiSiC composites from a mixture of
SilC amed starch-cellulose powders by I0-printing. Dense SiSiC was
obtained by subsequent pyrolyds and presswreless liquid silicon
melt infiltration 18] Yin et al. [19) built Tial [AlLD, composites
by readive infiltration of an Al melt into a porows Tidy prelrm
which was prepared by indirect three-dimensional prnting. Nan
et al |20 reported the near-net-shape manufschuring of TiSiC2-
based ceramics by three-dimensonal printing combined with
liguied sdlicomn infiltration. Schiler et al [3] created a macrocel ular
lattice strscture of SiSiC ceramics suitable for air-fiel mixture
formation a5 wed in stomotive applications. Unbonded precur-
sor powder served a5 suppornt for ligaments with a thickmness of
1.5 mm and 2 spacing distance exceeding 4.4 mm.

The purpodse of the present work was to udy the sifect of
Si-content on the microstructure and mechanical properties of
Si-SiC compodites antsining 4 high Si fraction = 50 volX fabricated
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Processing of preceramic paper and ceramic
green tape derived multilayer structures

I. Gotschel, B. Gutbrod, N. Travitzky, A. Roosen* and P. Greil

Multilayer laminates with gradients in material composition and porosity were fabricated by the
combination of ZrO,, Al,Os-ZrO, and Al.O-MgAl-O,4 preceramic papers with MgO-MgAl-O,,
Al,O; and MgAl,O, ceramic green tapes. A ZrO.-loaded adhesive kased on an agueous
dispersion of ccpolymerised polyvinyl acetate served as the interface adhesive. The shrinkage
behaviour of the individual layers was adapted by combining coarse and fine grained ceramic
powders in order to avoid crack formation and delamination during firing. Defect-free multilayer
laminates were obtained after sintering at 1700°C for & h which offer a high potential for
application in refractory functional components.

Keywords: Preceramic paper, Ceramic green tapes, Multilayer laminates

Introduction porosity ranging from 15 to 65%.° * The pulp fibre
network provides shape stability and strength to the

RFfraclones are exposed to high temperatures and must green preceramic papers which, upon thermal decom-
withstand thermal and mechanical stresses as well as  position and sintering, results in an interconnected pore
carrosion b}'] %10[13“ meta}, slags, fluxes a‘n(li COITOsSIVE  structure with elongated pores. Tape casting is a well
atmospheres.” ©  Degradation of refractories during  established low cost industrial process for the manufac-
service in harsh environment is a complex phenomencn  ture of thin ceramic sheets distinguished by low porosity
ard the overall wear rate of refractories is dependent  of <1%,*!” The tape sintering shrinkage and micro-
o the ti(;mrlbutlcns of all degradation mf:chanlgm; structure formation can be tailored in a wide range by
nwol\_'ed.’ Thou_gh carbpp bonded refrellctt_mes E.X]'Illl:-lt applying multimodal powder mixtures.!"12 The pre-
superior degradation stability,"* carbon dioxide emission  ceramic paper and the ceramic green tape both contain
ard carbon dissolution in steel melts are considered major  plasticisers and binders, which provide high flexibility
disadvantages. The development of advanced refractory  and excellent shaping ability and may facilitate multi-
materials with low-to-no carbon content is a great layer laminate manufacturing.

challenge since chemical properties like wetting beha- ., .

viour, compatibility between slag and refractory, ard Multilayer laminate processing

thermal shock behaviour must be taken into account. The ~ Ceramic multilayer technology is commonly used for
thermal shock behzviour can be improved by tailoring  the fabrication of electroceramic components like ca-
the porosity, but porosity facilitates penetration of the  pacitors, inductors, high integrated circuits and
metal or slag melt into the refractory material, ard actuators,!®1* 16 Multilayer processing also offers the
leads to interface reactions and corrosion degradation. ~ possibility to manufacture composite structures for stru-
Refractories of very high density, however, tend to be  ctural applications, which can be composed of different
more susceptible te thermal shock damage.” Designing ~ layers with varied composition and microstructure.
multilayer refractories by combination of thermal shock ~ Typically, stacked ceramic green tapes are laminated
resistant porous layers with corrosion resistant dense by thermocompression where the adjacent green tapes
layers is of great inferest for the fabrication of advanced ~ are joined together at elevated temperatures and
carbon free refractories. The multilayer design allows for ~ pressures. Mass flow is induced above the glass tran-
the production of low carbon steel and reduces the  sition temperature of the binder-plasticiser system and
amount of carbon dioxide emission. In this work, graded ~ the particles of two neighbouring tapes interpenetrate
refractories are fabricated by alternating stacking ard  across the interface.

lamination of preceramic papers and ceramic green tapes. The properties of a multilayer composite can be made
superior to those of the constituents by the appropriate
Preceramic paper and ceramic green tapes laminate design.'” Mismatch in the layers' shrinkage

behaviour, however, can result in constrainec sinterin

Preceramic paper has recently demcmstrated the capa- i

city to fabricate ceramics with various composition ard ~ and give rise to an increased residual porosity.
Furthermore, a mismatch in the coefficients of thermal

expansion {CTE) may generate residual stresses upon

Dep it of Materials Science, Glass and Ceramics, University of cooling. While these internal stresses may increase
Erlangen-Nuremberg, M -5, 91058 Germany fracture toughness, stresses exceeding a critical thre-
*Corresponding author, email andreas.roosen @ ww.uni-erlangen.de shold can cause delamination and crack fc}1'1'['[21[101‘[,:,"‘-r 2

© 2013 Institute of Materials, Minerals and Mining
Puklished by Maney on behalf of the Institute
Received 15 January 2013; accepted 20 April 2013
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Influence of coatings on microstructure and mechanical properties of preceramic
paper-derived porous alumina substrates

Janaina A. Junkes®, Benjamin Dermeik=*, Bjorm Gutbrod?, Dachamir Hotza®,

Peter Greil?, Nahum Travitzky®

* Depertment oMt iefs Srience mmd Engineering (Clos Grumicy), Unfwersity of Brianges N Gmberg. Martesir. 5, 0199058 Ermyen, Gamany
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ARTICLE INFOD ABSTRACT

Articie histary.

Rereived 16 June 2012

Rereived inorevised fomm 15 Augest 3012
Aocepied 8 2

Avallzble online 15 Sepiemiber 2012

Preceramic papers |oaded with inorgamic fillers may be psed as preforms in 2 novel manofactaring tech-
mique io fzhricate Gghtweight ceramic strschures. In onder io reduce the porosity cansed by buming out
cedlulosic fibers and crgamics, porows preceramic paper-derived alumina substrates were post-treated via
two diff=rent coating routes using silica suspension or methylphenylvinylhydrogen polysiloxane. Sinter-
img of the alumina-flled preceramic papers in air at 1600+ for 2 h resulted in a non-unifiorm distributed

ity ranging from 23 io 26%. After coating and imfiltratson, all samples were additionally heat

= open porosity
pesartr. treated up toat 1500 =C for 2 b Thermal analysis (0TATTG) was applied to determine the pyrolysis tem-
paper perature of polysiloxane. Micostrocture and phase anabysis were performed respectively by SEM and
Tetidration XED. After sintering, water absorption, apparent density and open porosity of test pieces were deter-
Mechanical properties mined, and mechanical properties of the substrates were evaluated before and after coating. For the
Alurnina samples coated with silica suspension, the mechanical strength remained in the same range of those for
silica unooated samples, whils for the polysilonane opated samples the mechaniczl strength steadily increases
afier repeated impregnation steps, reaching ~350MPa
£ 2012 Elsevier BV, All rights reserved.
1. Introduoction In order to improve properties and the overall performance of

The search for increasing the strength and the stiffness, while
decreasing the weight of materials for structural applicatsons,
boosted the research on the field of lighbaeight products, such
as the ones produced from preceramic papers. As Travitzky et al.
(2008) had shown, the preceramic process imvolves the conversion
of a preform into a ceramic product through the removal of the
organic pulp fibers and the consolidation of the inorganic fillers.

The packing characteristics of fibers, filler powders, and chem-
ical additives, as well as the processing conditions are used o
control the porosity of products obtained from the preceramic
paper. Gutbrod et al. (2011) found, that the preceramic paper
presents 3 porosity that may vary from 15 to 65%. after sintering
in air, with the pore shape and size distribution templated by the
pulp fiber morphology.

Porous ceramics can be used for different applications as heat-
insulation structures, kiln furniture, porous burner substrates, fire
protection structures, and catalyst supports.

" Comespemdng authar.
E-mail adsness: benj

de (B Dermeiky

0O24-0136]5 — ser Sunt matter & 3012 Hsevier BV, Al rights reserved.
Ittt diok.orgy 1L 06| jmakprotec 201209005

the components, the surfaces of ceramic bodies are often subjected
to treatments. For the purpose of form 2 multi-phase component,
Marple and Green {1989) combined several materials to offer the
possibility of adapting systems for specific applications. A path of
introducing additional phases into a body and allowing the mixona
relatively fine scale is the infil tration of powder compacts with suit-
able liguid media. After this process. the sample can subsequently
be heated to obtain a dense multiphase component.

Lan and Xiac (2009) used the infiliration process for coating
metal substrates. During this process, a3 porous substrate can be
infiltrated by a particle suspension under an applied pressure.
Thereafter, infiltrated particles can consolidate inside the porous
structure in order to fill the open pores and decrease the porosity.

Lee et al {2011) developed an infiltration technique to densify
a 5iC matrix in a high performance 5iCySiC composite. The slamy
infiltration process was abso used by Lin and Miao (2005) to produce
highly porous MgO-doped alumina ceramics. In this case, well-
dispersed alumina slurry was employed to infiltrate the pore space
in polystyrens bead compacts.

Kern and Gadow (2004) presented liguid phase coating with
ceramic precursars solutions, with subsequent drying, curing,
pyrolysis and calcination, as a cost efficient process to depaosit dense
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Conceptional design of nano-particulate ITO inks for inkjet

printing of electron devices

Nadja Kilpin - Moritz Wegener - Edk Teuber -
Sebastian Polster - Lothar Frey - Andreas Roosen

Received: 18 hme 2012 fAccepied: 22 Sepiember 2012/ Poblished online: & OQctober 2012

© Springer Science Bnsinass Madia New York 2012

Abstract This manuscript presents the oonce ptional design
of indium tin oxide inkjet inks for the manofacture of elec-
ron devices For this purpose, fe proces window of the
printer used s identified and the inks are conceived to meet
e requirements. The nano-panticles ame effectively stabi-
lized in different dispersion moedia. The rheological, the
wetting and the drying behavior of the inks are adapted tothe
inkjet process and the substrates to be coated. To assemble a
field effect transistor {FET), the most suitable ink is chosen
and source and drain contacts are printed. In the device, a
nano-particulate Znd) layer acks a5 semiconducting layer and
e gate electrode aswell as the dielectric layer is formed bya
termally oxidized slicon wafer. The electron device
assembled shows the typical FET damcteristic proving its
fonctionality.

Tmitroechu ot dna

Inkjet printing iz an emeging technolegy with many
poiential aspplications in fe field of electronics and

M. Kilpin - M. Wegmer - A Romen 1)

Depastment of Material Science, (lass and Ceramios,
University of Brlon gen-Noremberg, Frlangen, Germamy
email: mdness moosen @ ww mi-ed angen de

M. Wegener
email: mori e wegener Fw woomi erlng en.de

E. Temher
Frammhofer Instituie for hisgraed Sysems and Device
Tedhnology, BErlangen, Gemmany

5 Palsier - L. Fey
Depastment of Electrical, Eleatromic and C
Engineeting, University of Erlangen-Noremberg, Erlangen,
eamamy

icafion

hintechology such as the assembly of organic electron
devices, the dimect printing of elecronic bonds on circuits
or the manufacture of “gene chips™ [1-3]. Compared to
more conventional printing methods like screen printing or
offset printing, inkjet printing is more flexible as it is a
direct printing technique and it & also contactless, which
can be advantageous for sensitive subairates.

The inkjet printing technique was initially developed in
the 1960s and 1970s using a continwous jet for indusrial
applications. Later on in the 1970s and 1980s the drop-on-
demand printess using piezo or bobble jet technology wene
developed [4]; the printers with piezo heads ame still very
frequently wsed for research activities today because they
can be applied & a broad variety of inks [3-8].

Fromm [%] made a contribution o the under ganding of e
printability of the inks by numerically calculating the fluid
dynamics of dopon-demand jes using MNavierStokes
equations. Inorder todescribe the fluid propenties, he used te
Reymolds My, nomber and the Weber numbser Ny, of the ink:

Ny, =— (1)

Ny =—— (2

wheere v is the velocity, @ is a characteristic dimension, Le, te
radius of the printing orifice, and o, f, and ¥ are the fluid
density, viscosity and surface tension, respectively. These twao
parameiers can be summarized o the so-called parameter Z
which is the inverse of the Ohnesorge number Ok [10, 117

7 = oh! = i B LE ] (3)

e n

Faor inkjet inks, the Z-parameter should lie in berween |
and 14 [10, 117]. I the ink fulfills this condition, then a drop

€] Springer

Report 2013 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg

44



Papers

ERRERS

e s ier ooy lnchre . jrorieramsn:

Joursal of the Fempran Carsmic Society 33 (20030 001 - [ 000

Development of a model for the sintering of PZT multilayer ceramics and
their dielectric properties
Tobias Kithnlein®*, Alfons Stiegelschmitt®, Andreas Roosen®, Martin Rauscher®

* Robert Bosch G, Marsforturing, Opermtions and Engineering. Bamberg, Germany
b University of Eraepen-Narembery, Department of Materiols Science, Glasy and Ceramics, Germany
Received 27 June 2012; received in revised form 28 Ociober 2012; sccepted 31 October 2012
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Abstrmct

Pirmnelectric maltilayer coramics ame increasingly used in sophisticated applscations for high-precision posiioning sysiems. The reprodecibility
of the pieso-elecirical properties is of major img e for the factue of high gquality products. This sindy focuses on the varintion of the
sinleting parmmciers and its ¢fect on the poling behavieur as o contribation to the establishment of an enderstanding of FET multilayer processing.
T cover the complexity of the sintering process, the experiments were conducted with the design of exparimests method. As pammeters the
siniering tempernture, the holding time, the airfflow in the furnace and the lead oxide atmosphere wene myvestigated. As trget variables the: gmin
size, density amd mass loss were investigated. In the following the comelations between the trget varinbles and the sinlering parmmeters were
discussed and summarised in o model. The cemmic properties wene comelated o the dielectric properties and the influence of the poling process

was evaluated.
D 2012 Elsevier Lad Al rights reserved.

Eeywords: FET; Simtering: Multilmper; Microstnactupe- fmal; Dieleciric propedies

1. Imiroduction

Lead zirconate titanate: (FZT) cermmics ars today widely used
in industrial sensor and actuator applications, such as for pres-
sure and ultrasonic sensors and actustoes for fuel injection, due
to their excellent piezoelectric properties.'~ The application-
specific adjustment of the material properties is achieved by the
ratio of zirconate to Gitanate and by doping* Depending on the
size of the incorporated ions, a soft or hard PET is obtained by
doping. A high strain PET ceramic is achieved by doping with
5r, K and Nb. This so called PZT-SKNM reaches elongations up
t0 25 and is therefore well suited for high strain applications 35

‘The sintering process defines basically the microstructure,
which in tum defines the alactrical and mechamical properties
of the multilayer, even though the resull depends on the com-
position of the PLT and electrode material. During the sintering
process the parameters temperature, time and the atmosphers

* Cormesponding mhor st Am Bitestig 2, 9657 Bamberg, Germany.
Tel.: +49951 181 £797; fax: 49 711 E11 501 4797,
E-mail address: tobias kuehnlein@de bosch.com (T. Kakslein).

094552210  sew fmat matter & 312 Elsevier Lid. All rights esarved.
hitge Sz doi cep/ 101016 jeurceramsnc 2012.10.018

have to be controlled to adjust the sintering density, shrinkage,
mass loss and grain size.”® Typical sintering temperatures for
the co-firing of PZT multilayers lie in the range of 950-1150°C,
which depends on the stability of the electrode material and the
liquid phase content in the ceramic during densification_”

The sintering of PET is a complex process due to the melting
and evaporation of PhO starting at low temperatures of aroond
890 °C. Therefore different methods exist to prevent a depletion
of the Pb in the PZT. A PbD excess can be added to the PZT,
which generates a liquid phase during sintering and enhances
the densification ® For such ceramics the overall sintering pro-
cass can be described by the liguid phase sintering theory 1211
For stoichiometric PZT an encapsulation with a Pb containing
simospheric powder, in which the Pb has a higher partial pres-
sure than in PZT, is often used.® In this case the sintering follows
the solid state sintering regime.

For PZT maultilayers which are co-fired with inner electrodes
consisting of Ag and Pd, an additional influence of the electrode
material on the sintering has to be considered. Donnelly et al. '
found reactions between Pb and Pd in the temperature range
up to 800°C, which lead to the formation of a thin PAPbO:
layer between the elecirode and the ceramic. In contrast, oo
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Dense YSZ Laminates Obtained by Aqueous Tape Casting

and Calendering**

By Veronica Moreno,* Dachamir Hotza, Peter Greil and Nahum Travitzky

Solid oxide fuel cells (SOFC) are high temperature devices
aimed to stationary heat and power generation."! Compared
to other fuel cells, SOFC present the highest efficiency, being
flexible in relation to fuel characteristics and operation
temperature range (700-1000°C). SOFC devices consist of a
dense electrolyte and two porous electrodes.* " The efficien-
cy of the cells is determined by the performance of the
electrolyte, which depends in its turn on the ionic conductivity
and density of the material.

Yttria-stabilized zirconia (YSZ) is widely used as the
electrolyte material due to high chemical stability and
mechanical toughness, as well as ionic conductivity above
700°C.1"1 Alternatively, scandia-stabilized zirconia (ScSZ)
electrolytes show high ionic conductivity above 750°C
comparable to that of YSZ at 1000°C. However, high cost
and instability of ScSZ at temperatures below 600 °C may limit
the wide of this material. Doped cerium oxides, like gadolinia-
doped ceria (GDC) and samaria-doped ceria (SDC), have a
high ionic conductivity, however, they tend to be chemically
instable in reducing atmospheres.'>'")

Different routes have been applied for the fabrication of
planar SOFC electrolytes. By tape casting, 10-500 pm thick
films may be produced. Typical electrolyte thickness in an
electrolyte-supported cell is 150-200 pm." In order to
produce SOFC structures, usually two or more cast tapes
are laminated to produce dense SOFC structures. Interlayer
delamination and interconnected porosity are not desirable

[*] Dr. V. Moreno, Prof. P. Greil, Prof. N. Travitzky
Department of Materials Science and Engineering (Glass and
Ceramics), University of Erlangen-Nuremberg, Martensstr. 5,
D-91058 Erlangen, Germany
E-mail: veronicamorenoarguello@gmail.com
Dr. V. Moreno, Prof. P. Greil, Prof. N. Travitzky
Central Institute for New Materials and Processing Technology
(ZMP), Dr.-Mack-5tr.81, D-90762 Fiirth, Germany
Dr. V. Moreno
Graduated Program of Materials Science and Engineering
(PGMAT), Federal University of Santa Catarina, Campus
Universitario, 88040-900 Floriandpolis, Brazil
Prof. D. Hotza
Departament of Chemical Engineering, Federal University
of Santa Catarina, Campus Universitirio, 88040-900
Floriandpolis, Brazil

[**] The authors gratefully acknowledge financial support from the
CNPq Foundation — Brazil, and from BMBF/DLR, Germany.

because they decrease the ionic conductivity. Warm pressing is
commonly used to laminate cast tapes."™'"! An alternative
technique was reported® 2 so that 0.25-2.5mm thick films
were prepared by rolling a plastic ceramic mass to produce
laminated with two or more layers.

The aim of the present work was to fabricate high dense
BYS5Z electrolytes by aqueous tape casting followed by warm
pressing or calendering. The influence of different processing
routes on the density, microstructure, and mechanical proper-
ties of the laminates was investigated.

1. Experimental

1.1. Materials and Processing

SOFC electrolyte green tapes were produced by aqueous
tape casting. Prior to casting, the slurry with 55wt% YSZ
powder (8YSZ, 8 mol% Y,0s-stabilized ZrO, Sigma-Aldrich)
was deagglomerated in deionized water with 1 wt% dispersant
(Darvan 821A, Vanderbilt) using ball milling for 24h. After
deagglomeration, binder (Mowilith LDM-6138, Clariant),
antifoam (Antifoam A, Sigma-Aldrich) and surfactant (coco-
nut diethanolamide, Stepan) were added and the slurry was
mixed for further 30 min. The as-fabricated slurry was cast at
25°C by a tape caster (CC-1200, Mistler) with a Mylar carrier
coated with a silicon layer (G10JRM, Mistler). A casting speed
of 6cmmin~" was used. The gap between the blade and the
carrier was adjusted to obtain a tape thickness of 90-200 pm.
The green tapes were dried at 25 °C for 24 h, cut into 5 x 5cm?
samples and laminated at 40°C by warm pressing and
calendering,

Two sheets were laminated and laid: one in the cast
direction and the other perpendicular to the cast direction.
Lamination by warm pressing (LA-4,5, Biirkle) was carried out
in a steel die. Pressure varying between 16 and 19 MPa was
applied for 5 min. The lamination by calendering (CAS5, Sumet)
was performed at 10-15MPa with a roll speed of 10ms ™.
Tapes were either passed freely through the calender or placed
between two copper sheets with 0.5 mm thickness and passed
through calender rolls.

Debinding and sintering were carried out in an electrically
heated furnace (HT-16/17, Nabertherm) in air. Debinding of
the green laminates was performed by heating up to 550°C
with the rate of 0.5°Cmin " and holding time of 1h. The
laminates were then heated up to 1600°C with the rate of
5°Cmin ", After holding time of 1 h, the laminates were cooled

down with the rate of 5°Cmin "

1014 wileyonlinelibrary com
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Laminates impregnaied with 5i slory at a temperatome of 1500°C for 2h. Due to the capillanty mfiliation
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i oros tructume; fimal ceramics. The 5EM micrographs indicxite that the final material exhibits a distinguished
Permealslity; hminar stuchire with sucessive 5§50 hyers. The produced composites show weight gain of
Crodateem remdance 5% afler hewt treatment in air at 1300 °C for 50 h. The produced bodies muld be used as high
temperaiure g fillers as indicated from the permeahdity resolis.
& 012 Chira Ulni versity. Produation and hastng by Eleevier BV, All rights reserved.
Intraduction bimmis therr uwse in mosl structural apphcations. To improve

Parous SiC ceramics have drawn attention in the feld of por-
ous ceramna due Lo thar superior properies, suwch = low
thermal expandon coelficent, high thermal conduetivity and
exncellent mechamcal siremgth [1-3]. However, their brillleness
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lractune messtance n brittle materal-matnx compomsites, the
wse of 2 weak mierface that promotes crack deflection B necs-
sary [i]. The eariesl coramics composles used as interfaces an
bomon matride or carbson; however, these maleriak are prone Lo
o dalion al high temperatune. Porouws-oxide layens seem to be
an aliractive aliemative and have been sucesdnlly demon-
slrabed a3 effective mierface layers n lamnaled ceramic com-
podites [56] Lammaied system consising of porows-Al 04
mierfaces baween Al(y bars showed markally improved
lraciune resilance lor these composibés & compansd with
monolithic Al [5].

Clegg et al. [7] have produced laminated 5:C with graphite
interface layers These mulilayer S5iC compodites showed
apparenl oughnes and fracture energy 5 and 200 Limes,
neipeciively, higher than the lypical values of monobihie —
510, However, it was shown Ul barrd nated cormpos bes withautl
wea k mierfaces o exhibital demage-tolerant behayion [59).
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Abstract

Robotic contrlled deposifion (robocasting) of an agueous colloidal o-Al:Oy gel for manafacturing of cellular cemmics with periodical Iattice
siructune was imvestigated. The colloidal gel was loaded with 50 wol'® o-Al:0h and exhibits shear-thinning behavior, a shear modulus of 288 kPa
amd & yiekd-stress of ~700 Pa. Tubular filaments of cironlar snd rectangular cross section having an osler dinmeter of 1.5 mm and o capillary
diameier of .75 mm werne deposited in an oil bath to fabricsie ktice tuss struchores with free spanning Glomesds. After freeme drying the robocast
grids wene sintered in airat 1550 C. X-my @-CT revealed continuity of the tubalar filaments for long distances {~-650mm). Critical conditions to
avoid capillary collapss were discussed by considering bulging stress and pressure distribution within the hollow filsment. At short filament lemgth
oil infiltration inko the capillary driven by capillary section supports the twhalar filament whereas oil fow driven by movement of the ool nozzle
camses pressune difference to increase linearly with increasing filsment length.

© 2013 Elsevier Led. All rights reserved.

Kepwords: Robocasting; Colloidal gel; Hapid prototyping; Filement based writing; Hollow filamenis

1. Introduction

Robocasting is a filament based writing technology
which creates ceramic patterns of variable architectore and
composition.” In contrast to droplet-based deposition tech-
nigues such as 3D printing or inkjet printing. a continuous
rod-like filament is delivered through a nozzle of defined shape
making it possible to build up three dimensional ceramic pat-
tems. Filament formation and shape retention are achieved
by tailoring the rheological behavior and solidification kinet-
ics of the feedstock suspension? Aqueous colloidal gels were
applied to manufacture three dimensional space filling mono-
liths as well as lattice stuctures even with free spanning
filamants >* While robocasting in air required noxzles with
dinmeters exceeding 500 wm, decoupling the deposition kinet-
ics from the drying process by extrusion into an oil bath allowed
generation of filament diameters less than 100 wm.* Ceramic
gels based on silica’ aleming.~* muollite,” lead rirconate
titanate,"” tricalciumphosphate,”’ hydroxvapatite, lead mag-
nesium niobate (PMM)." porcelain’ and basiom titanate™

* Correspondiong author. Tel - +4% 513 1852 7548; fax: +80 913 1852 E311.
E-mail address: tobias schloedi@ ww uni-eiangen de (T. Schiomdt).

0955-7210/% _ see foat matser & 3013 Elsevier Lad. All rights resarved.
hitp: i o cep/ 10,101 6 jeurreramscc 2013.06.001

were successfully applied to robocasting. Applications of the
ceramic robocasting process include for example highly porous
grid structures for bone restoration,’ " catalyst carriers and
meshes for filters

Robocasting requires a feedstock which exhibits rapid recov-
ery of gel elasticity after beaving the tool nozzle for shape
retention of the extmded filament. Flocculated colloidal suos-
pensions {colloidal gels) were demonstrated o provide saitable
theological properties {7 > 100kPa, 7, 100F. f=10Fa )
and shear thinning behavior to enable continuous deposition of
filaments with feature sizes down to 100 wm as well as free span-
ning structures.® Gelation of powder suspensions with solids
volume loading fractions mnging from 0.3 to 0.6 applied in
robocasting shaping process was induced by a rapid increase
of interparticle bond strength either by lowering the pH-valoe,
increasing the ionic strength or adding a polymeric fiocculant,
respectively. In order to prevent sedimentation and synere-
sis cellulose derivatives  (Hydroxypropyl methylcellulose”,
Ethvihydrmoxyethyleellolose™) were added which pive rise for
appreciable vield-stress of the particle suspension.™ Depending
on the extrsion speed and the rheological behavior, flow of a.col-
Inidal gel throwgh the extrusion nozxle may cause a pronounced
shear rate gradient over the flament diameter which results in
plug flow with an unyielded core and a surface region depleted of
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PLLA/HA Composite Laminates**

By Steferson Luiz Stares,* Mdrcio Celso Fredel, Aguedo Aragones, Elazar Y. Gutmanas,

Irena Gotman, Peter Greil and Nahum Travitzky

In recent decades, it has been carried out studies on
different absorbable materials for the fabrication of implant
in order to eliminate a number of complications associated
with the use of metallic implants."! Facing a complex
biological and sensitive system as the human body, an
ideal absorbable material must meet certain medical and
mechanical requirements, in order to be safe, e.g. in fracture
fixation surgeries. The medical requirements are mainly
related to the biocompatibility and biodegradability of
the material.'*?! In order to attend mechanical requirements,
has to be observed: (a) a high initial strength to withstand
the stresses during the surgical proceedings of implantation
and support the external and physiological loads during
the early stage of tissue cicatrization; (b) an appropriate
elastic modulus, i.e. the material should not be excessive
rigid or flexible to its intended use and; (c) should not exhibit
brittle fracture mechanism, as this would cause a concentra-
tion of inflammatory cells due to detachment of frag-
ments.*“! The aim of the present work is to investigate
some properties of novel FLLA/HA multilayer composites
with the future goal of produce devices for use in bone
fracture fixation.

[*] Dr. S. L. Stares, Dr. P. Greil, Dr. N. Travitzky
Depariment of Materials Science and Engineering (Glass and
Ceramics), University of Erlangen-Nuremberg, Martensstr. 5,
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Central Institute for New Materials and Processing Technology
(ZMP), Dr.-Mack-Str. 81, D-90762 Fiirth, Germany
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Biontech Degradable Polymers, Av. Papemborg s/n, CEP-
88190-000 Governador Celso Ramos, Brazil
Dr. M. C. Fredel
Departament of Mechanical Engineerings, Federal University
of Santa Catarina, Campus Universitirio, CEP-88040-900
Florianépolis, Brazil
Dr. E. Y. Gutmanas, Dr. 1. Gotman
Department of Materials Engineering, Technion Israel -
Institute of Technology, 32000 Haifa, Israel

[**] The authors gratefully acknowledge financial support from
the CAPES Foundation — Brazil (Scholarship process no.
0618/11-0).

1. Experimental

1.1. Materials and Sample Preparation

The materials used in this research: poly-i-lactide - PLLA
(Laboratory of Biomaterials, PUC-Sorocaba, Brazil) as the
matrix of composite and synthetic hydroxyapatite — HA
(Cayp(POy)s(OH;—Merck, Darmstadt, Germany) as reinforce-
ment. PLLA with an M,, of =151kDa and density of
1.23 gem ™ was supplied in the form of granules (@2 x 3 mm).
The HA mean particle size used was 4pm and density of
3.15gcm > The HA content in the composites were 5, 10,
and 20 wit%.

The polymer granules and the HA powder were mixed by
hand in desired proportions and melt extruded to cylindrical
rods of a diameter approximately 5 and 50 mm length using a
twin-screw extruder (HAAKE PolyLab System PTW 16,25 -
Thermo Electren Corp., Waltham, USA). The extrusion
temperature was held at 170°C and the screw speed 10rpm.
By using a mold these rods were compression molded to form
sheets with approximately 250 pm thick. Thereafter, double
sheets were symmetrically stacked and again compression
molded to make two groups of samples relative the HA
content. The first group was formed by a sequence 20-10-5-0-0-
5-10-20 (denoted as “20-0-20") and the second group
was formed by a sequence 0-5-10-20-20-10-5-0 (denoted as
“0-20-0") related to the reinforcement content. Compression
moulding was conducted at 100°C and 20MPa in an axial
press (Polystat 200T - Servitec Maschinenservice GmbH,
Waustermark, Germany).

1.2. Characterization

Samples were freeze-fractured using liquid nitrogen to
enable examination of interior cross-sections and fracture
surfaces. The exterior and interior of samples were examined to
assess the influence of HA particle addition on morphology
and microstructure by using SEM micrographs (ESEM, Quanta
200, FEI, Czech Republic).

Bending strength and elastic mcdulus were measured using
a three point flexural loading device configuration. The
distance “L” applied between the supports was 20mm. The
radius of the supports was 5 mm and the dislocation velocity of
the headstock was 5mmmin . At least 10 specimens were
tested for each composition and the mean values and standard
deviations calculated. The tests were conducted in a universal
testing machine (Instron 5565, Instron Corp., Canton, MA,
USA) with load cell capacity of 500 N.

122 wileyonlinelibrary.com
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ARTICLE INFO ABSTRACT

Artiche hisrony Ponou s f=TOP struchiness were manuictuned via novel preeramic paperprocess. The paper sheets wene
Received 17 | ey 2013 sintered at 1200 <C for 2 h The poroe ceramic spedmens were charadterized for density, ponosity,
Aecepted S February 2003 micrestructure and mechanical properties. A pronounced wal umetric shnnkage was observed, but no
Snlie 1T Falaracry W12 urface flaws or inhomogensous aneas were detected. The compressive strength and compress ve
Kieywodi’ modulhs of sintened spedmens vary between 655 and 562 MPa and 033-039 GFa, respectively.
Bavaterak © 2013 Elsevier BV, All rights ressrved.
Freceomis pajper
1. Dot o wction supensons: f-TOP (CayPOskh) spheres were obtained from

F-TCP (tricalciem phasgphate) is 2 synthetic bioceramic e quiva-
lent to human bone. Some investigators have repored bone
ingrowth (ostesconduction) thiough the we of f-TOP scallolds
leading to bome regeneration in critical-szed defects |1,2] Pre-
CEramic paper processing it a novel, economic approach for the
manifsctering of ceramic @mponents. The process an be wed
to create 3 wide variety of shapes with tailored macro- and
micreoopic porotities for a broad field of spplications |3-5]
Preceramic paper & made up of inorganic fibers and loaded with
imorganic powders |[6] The processing approach used for the
deposition of fibkers or their mixtwes with o without the addition
of fillers defines the paper properties [3]. The omganic fraction of
the paper substrate is burmed out during firing in air, lesing a
pomus ceramic residue [TL In the present work 2 novel pre-
ceramic paper derived S-TOP has been developed with the goal of
fabricating porous sructures for wse in bone reconstruction
surgery. Paper web lemation, sintering behavior and microstrse-
ture were stindied a0 owell a5 the compressive sirength and
compressive moduhs.

2. Experimental

Preparation of preeramic paper: Preceramic papers loaded with
B-TCP spheres and pulp fibers were prepared from dilute aqueous

*Cormsponding amhars ar: ey of Manerials Schence and Bngineed ng
[ass and Coram s of Erlang - Nummberg, M 5, D-SNES
Erlangsn, Gamany. Tel: +4391318508775; to: +48 913 BSEEF 0.

E-modl addivsies: i madhomraflcam (5L Sams)
e (WL Trawizliy )

DI6T5TTH)S- see foor mame © 1013 Eluevier BV, All right reseraed.
B [ o w101 0115 marker 3011 302031

Sigma-Aldrich, Steinheim—Cermany with 2 mean particle size
of 3 pm and density of 3.14g em™ ™. The aquems awpension o a
pulp misture containing 0060 wiX non-refined softwood pulp
(Celbi PP, Celilate Beira Indistrisl (Celbi) SA Figueirs da Foz,
Portugal) with an average diameter of 15 pm and an average
length of 657pm was homogenized by vigomous stiming at a
pH=75 for 1h Solid retention was obtsined by foccul stion in
ithee Teedstock suspension, indweed by sddition of 4.0 volX anionic
starch ester (Fibraffin AS, Stdstirke GmbH, Schrobenhssen,
Germany] Preceramic paper sheets were fimed on a Rapid
Kithen sheet forming device (Haage Laborblatthildner BES-2,
Estanit GmbH, Mihlleim an der Rubr, Germany]. Circular sheets
with a diameter of 200 mm were olvtained after dewa terng under
mild vaciem (- 10* Pa ). The as-fitrated spedmens were dried at
93°C for 15min resulting in preceramic paper dheets denobed
series A B, and C Table | summarizes the fesdstock com o tion
exchuling water. The preceramic paper sheets were sintered in
air stmesphere in an electrically hested fumace (HT 1617,
Mabertherm, Lilienthal Germany)l A dngle step anmealing
saquence was applied where the temperature was raised with a
constant heating rate of 5°Cmin~" up to 200 °C, followed by a
heating rate of 1°C min~" up to 450°C Temperaiure was held at
450°C for 2h followed by subsequent heating to 600 °C at
1°Cmin~" to allow complete removal of pulp fibers and paper
aid chemicals The shests were sintered at 1200°C for 2h
Heating from G00 to 1200 °C and cooling were =t 1o 5°C min~".

Characterimtion of samples The apparent density of the sam-
Ples () was determined from weight and volume messurne-
ments. The thickness of the samples was measured with a digital
dial indicator. Skeletal dendty (Peee) of the samples was
mexsured by He-Pyenometry (AccuPye 1330, Micromertics
Instrument Corporation, Morcross, GA, USA)L Total ponosity of
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Abstract

Porous hydmocyapatile structuns were manfactunsd via 3 novel preceramic paper proces. Precerannc paper shests wene produosd
from agueous suspensons kaded with dilferent amtents of pulp fiber and HA filler. Pressure loading was appled m order 1o monsase
the packing densiy in the paper sheels The paper sheels were antered ai 1250 °C for 1 h. The porous ceramme specimens wene
characterired for densty, pomdily, microsiruciure and mechand cal properties. A pronouncal vol wmelnc shrinka g was observed, but no
surface flaws or inhomogensous ares were delected The mechanical strength using the ball on thres balls test (B3B test) and daste

moddulus of sinlensd spacamens vary betwesn 18 and 28 MPa and 065153 (iPa, respectively.

& 2003 Elsevier Lid and Techna Group 5.7.1L All aghis reserved.

Kywordo Biocemmic, Preceramic paper; Hydroxyamatite; Bone tisme

1. Introducton

Recently 8 preceramic paper processing approach was
used for the manufacturing of ceramic components. The
proces can be wsed to create a wide variety of shapes with
tailored macro- and micro-scopic porosities for a broad
field of applications [ |6 Preceramic paper is made up of
inorganic fibers and loadad with inorganic powders [7]
The procesing approach wsed for the deposition of fibers
or their mixtures with or without the additon of fillers
defines the paper properties [1]. The organic fraction of the
paper substrate & burned out during firing in air, leaving a
porous ceramic nesidue [8].

In the present work, a novel preceramic paper derived
hydroxyapatite has been developed with the goal of
fabricating porows structures for use in bone reconstrc-
tion surgery. Paper web formation, sintering behavior and
microsructure were studied as well as the strength and
elastic moduhis. In order to increass packing density in the

"Correspondence: in: Martemssir. 5, D491058 - Erangen, Gemmany.
Tel: +49 P08 ZETTE, fx 449 203185 2300,
Email addreswes shetaresi@hotmail oom & L. Stares),
nahmm . travi koS e omi -erlangem de (M. Travitzky)

simtered ceramic product, the effect of presure on the
paper properties was ako studied.

21, Experimental
2. 1. Preparation of preceramic paper

Preceramic papers loadsd with hydroxyapatite spheres
(HA) and pulp fibers were prepared from dilute aqueous
suspensdons. HA (Cap{P0y){0H),) spheres were obtained
from Merck, Darmstadt, Germany, with a mean particle
size of 4 pym and density of 3.15g em~? The agueows
suspengon of a pulp mixture containing 0.30wt% non-
refined softwood pulp (Celbi PP, Celulose Beira Industrial
{Celhi) 5.A, Figueirm da Foz, Portugal) with an average
diameter of 15 pm and an average lemgth of 657 pm was
homogenized by vigorous stirring at a pH=T.6 for 1 h
Saolid retention was obtained by flocculation in the feed-
stock suspension, induced by addition of 8.0 vol% aniomic
starch ester (Fibraffin A3, Sildstirke GmbH, Schroben-
hausen, Germany).

Preceramic paper sheets were formwed on a Rapid
Kithen sheet forming dewice (Haage Laborblattbildner

(FTRSRANS - see front matter @ 013 Elamier L1d and Techma Group 5.1 Al rights rmerved.

bttt A i org/10. 016/j coramint 01302 062
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Paper-Derived Bioactive Glass Tape**
By Steferson Luiz Stares,” Alina Kirilenko, Mércio Celso Fredel, Peter Greil,

lothar Wondraczek and Nehum Travitzky

Porous Mioactive glass (BaG) structures were manufoctured applying nove preceramic paper process.
Precemntic papers were produced for aqueous suspensions loaded with different contents of pulp fiber
and BaG filler. Pressure loading was applied in order to increase the packing density in the paper sheets,
The paper sheets were sintered at 630°C for Th. Thfpnmmdghs-cﬂmk specimens were charac-

terized for density, porosity, composition, microstruchire, an
} was observed, but no surface flaws or inhomogeneous arers were detected. The

volumetric shrinkage

mechanical properties. A pronounced

mechanical strength using the ball on three balls test and elastic modulus of sintered specimens vary
between 21 and 33 MPa and 0.30-0.85 GPa, respectively.

Thee 1l mate gull:inﬂt area of mecmsrucive medicine &
the struchural and functional restoration of tesee toite oatuml
sate.  Bioschve sh-:: {BaGs) have been si'u':n a ot of
attention s candidate implant materiak since they Rms
highly desimable chameteristios for some applications 2 The
main advantage is their high biccompatibility. * Specially
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D-90782 Fairth,
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uthnicen b Bkl omi-erlengen de
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Biomtach Degradahle Polymers, Av. Papeanbery sin,
CEP-B8T0HHND - Govermadeor Cebio Riames, Bl
Dr. M. C. Frald
of Mechemia] Emgineerongs,
Federal University of Senfe Caterimg, Compus Universibénio,
CEP-8804{-900) - Horiandpolss, Bl
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of Techmology of Siliaees
angd Syrthess of Mivenls,
M Ascemonr Sencth Kaakhsten State University,
Tiuke Khin Aveme 5, PC-T60012 Shymkend, Kaekhahen
1] The authors grebefully ackmonadge financiel sipport from the
CAPES Foundthion— Brasl {Scholemship process mo. 0618)
110 ared e German Science Fowndiabion {DFG).

formulated BaGs are chemically active and favorably neact
with I:lrll:,r fhuid s to form chemacal bonds with soft and hard
e, Some investigators have varied the composition of the
former in order to obtain maximum inducbon of direct
bonding bane ™ However, clinical application of BaGs &
limited due fo their inherent PmPﬂtin'. b tleress, weak
tensdle strength, and difficulty in deposits on the surface of
ather sl:mmg:r makerals. For thess masons, the n'lqmi;.r of
applications are limited to the maxillkfacial and dental
amns,ltﬂ alf stmthud-llm'.ins aPP!:i.vﬂtimu}ntl':aku
been attempted * 2! Baly implants wene manufactured by
different techniques including: injection molding, extrssion,
solvent casting, foam replication method, plasma sprayving,
3D-printing between ofher 190

Freceamic paper processing & a novel, eomomic
appmach fr the manufacturing of ceramic companents.
The process can be used tocreate a wide variety of shapes with
tailomed macne- and microsopic parosities fora broad feld of
a]_:w:[:l:Iivﬂi:in\:r:t.'zll";ﬂ Precémmic paper i% made up of il'l)ﬂ'F'Iit
fibers and kaded with inorganic ]_:1-|1'||'|.':I::|:.'2"J The processing
aPTmI&l uded for the &Pbd:m of fibent or their michares
with or without the addition of filkrs defines the paper
properties ™ The onganic fmction of the paper substrate &
bumed out during firing in air, leaving a porows ceramic
r\e.:iduf;'zﬂ

In the present work, a novel preceramic paper derived Bal
has been developed withthegoal of fabricating BaG structures
for use in bone econstruction sungery. Paper web formation,
sintering behavior, and micmstrschure wene studied o well
thestrength and elastic moduhiz. In order to increse packing
dlensmity in the sintened Bala product the effect of pressure with
d:.ffﬂ:rrtpam {a}axi.u]]:r:n.lm and (b} calander, on the
fabricated samples propertes was explonsd.
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Fabrication of Functional
Nanoparticulate Coating in
the Submicrometre Range
with the Slot Die Process

Introduction

The tape casting method [1] is used
for industrial processing of suspen-
sions prepared from ceramic pow-
ders to films, the obtained green
tape then being the precursor prod-
uct for ceramic multilayer technol-
ogy [2]. In tape casting, the ceramic
slurry is in a special chamber, which
is equipped with a doctor blade,
under which a moving substrate
draws out the slurry to form a thin
coating. Typical coating thicknesses
range between 100 and 1000 pym,
but coating thicknesses around
1 um are also achieved. With the
application of another doctor blade
concept, known as the profile rod
technique, coating thicknesses of
around 200 nm are obtained [3].
The drawing speed of this process
reaches up to 60 m/min. Much
faster speeds for such thin coatings
up to >100 m/min are achieved with
the application of the suspension
onto the moving substrate with a
broad slot die operated in the bead
coating mode.

In all the above-mentioned pracesses
for obtaining coating thicknesses
<10 pym, the colloidal preparation of
the particles is crucially important.
Unlike the application of solutions, for
the application of particulate systems,
the powder particles must be first
deagglomerated and stabilized in a
solvent by means of shear forces or
ultrasound, the latter being achieved
with the use of appropriate disper-
sants. In the processing of nanoscale
powders for coating thicknesses
<1 pm, the selection of a short chain
dispersant is crucial [4]. This article
looks at the preparation of nanoscale
indium tin oxide powder and the sub-
sequent pracessing of these suspen-
sions to submicrometre thin films by
means of tha slot die process.

Coating methods

In many fields of semiconductor
technology, tests are conducted to
produce coatings in some 10 nm

cfi/Ber. DKC 90 (2013) No. 10

Tab. 1 Selzction of influencing factors on the resulting coating accuracy

Influencing | Details

Coating Method

* Pressure

Factor
* Gap * Between doctor blade and substrate | ® Doctor blade coating
accuracy * Between doctor blade and anilox roll | # Anilox roll coating
* Mechanics | * Doctor blade = Roller,
* True running accuracy of the roll doctor blade,

* Shape, filling and release
rate of the anilox cells

anilox roll coating

* Viscosiy,
surface
tension

* Contact
angle

* Surface condition of the coating fluid | * Roller, dector blade,

anilox roll coating

ranges and in some 100 nm ranges
with the help of the wet film method
to apply functional coatings to large-
area, flat substrates at low cost. In
today's coating technology, a wide
range of methods are applied to
apply thin liquid coatings onto
sheet-like substrates or pieces [5].

In today's coating technology, main-
ly self-metering methods (e.g. doc-
tor blade, roll coating) are applied to
apply thin liquid coatings onto sub-
strates. Here the achievable thick-
ness of the coating on the substrate
is difficult to control and heavily
dependent on the fluid properties,
the selected coating method and the
freely selectable parameters as well
as the coating speed. In contrast to
the state of the art, with pre-metered
coating methods (broad slot dies
operatec in the bead- [6], web-ten-
sioned-, extrusion-, short-curtain- or
curtain-coating-mode [7]) the de-
sired we film coating thickness can
be determined based on the meas-
ured, forcibly metered mass flow
and the known substrate speed.
Particularly, when the coating qual-
ity must meet very high require-
ments, like, for example, in the pro-
cessing of ceramic powder suspen-
sions to large-area functional coat-
ings in the nano- or micrometre
range, the pre-metered broad slot
die method boasts key advantages
with regard to controllakility and
reproducibility.

Self-metering coating
methods

The self-metering methods (roll,
doctar blade, anilox roll coating) are
characterized by the fact that the
wet film coating thickness is deter-
mined by the coating process and
cannot be determined by the adjust-
ment of the mass flow during oper-
ation of the coating tool. The coat-
ing thickness on the substrate is rela-
tively uncontrolled and is heavily
dependent on the fluid properties,
the salected coating method and
freely selectable parameters and the
coating speed. In the case of self-
metering  coating  processes,
changes in the coating weight are

Moritz Wegener, Andreas Roosen
University of Edangen-Nuremberg,
Department of Material Sciences,
Glass and Ceramics

91058 Erlangen

Cermany
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Proceedings

T. Friih, U. Deisinger, A. Roosen

Manufacture of Highly Anisotropic Ceramic-Polymer Composite Films Mimicking the
Structure of Natural Nacre

Proceedings 5™ Shaping, 29-31 January 2013, Mons, Belgium. Ed. University of Mons,
Belgium, 2013, P 1-4

M. Hambuch, F. Gora, K. Beart, F. Wittmann, A. Roosen

Joining of Sintered Alumina Substrates and LTCC Green Tapes via Cold Low Pressure
Lamination

Proceedings 9" International Conference and Exhibition on Ceramic Interconnect and Ce-
ramic Microsystems Technologies, 23-25 April 2013, Buena Vista, FL, USA. Ed.: IMAPS,
Washington, D.C., USA, 2013, 268-274

D. Jakobsen, I. Gotschel, A. Roosen

Fabrication of Multilayer Composites for Refractory Applications via Tape-Casting of Ul-
tra-Thick Green Tapes

Proceedings 5™ Shaping, 29-31 January 2013, Mons, Belgium. Ed. University of Mons,
Belgium, 2013, TF 1-4

D. Jakobsen, 1. Gotschel, A. Roosen

Tape Casting of coarse-grained oxide powders for the manufacture of advanced refractory
multilayer composites

Proceedings 13" Biennial Worldwide Congress on Refractories UNITECR, 10-13 Septem-
ber 2013, Victoria, BC, Canada. Ed. Amer. Ceram. Soc., Westerville, OH, USA, 2013, 538
- 542
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Books

P. Greil, T. Fey, C. Zollfrank

Biomorphous Ceramics from Lignocellulosic Preforms

In: Handbook of Advanced Ceramics o edition, edt. S. Somiya, Elsvier Publ. (2013) 527-
555

Patents

B. Faltus, J. Gegner, P. Greil, H. Herbst, J. Hofmann, L. Schlier, N. Travitzky, H.
Velde

Slide ring sealing and method of manufacturing

DE 102011083859 (2013) and WO 2013/045614 (2013)
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4. CONFERENCES, WORKSHOPS, LECTURES, AWARDS
Conferences and Workshops organised by Members of the

Institute

A. Roosen
6™ Advanced Training Course on “Tape Casting and Ceramic Multilayer Technology”,

University of Erlangen-Nuremberg, 19 February 2013

Members of the 6™ Advanced Training Course on “Tape Casting and
Ceramic Multilayer Technology”
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A Roosen
Session Chair, 5th International Conference on Shaping of Advanced Ceramics, Mons,

Belgium, 29-31 January 2013

A. Roosen
Member of the Program Committee and Session Chair, Annual Meeting of the

“Deutsche Keramische Gesellschaft”, Weimar, 18-20 March 2013

A. Roosen
Session Chair, 13™ International Conference of the European Ceramic Society, Li-

moges, France, 23-27 June 2013

A. Roosen
Member of Advisory Board and Session Chair, 12" Intern. Conf. on Ceramic Powder

Processing Science ICCPS-12, Portland, OR, USA, 4-7 August 2013

A. Roosen
Member of the Program Committee and Session Chair of the DKG-Symposium: “Ver-

fahren zur Herstellung keramischer Schichten”, Erlangen, 3-4 December 2013

N. Travitzky

Symposium Organizer: PACRIM 10 The 10th Pacific Rim Conference on Ceramic
and Glass Technology — “Innovative Processing and Manufacturing: Symposium 3:
Novel, Green, and Strategic Processing and Manufacturing Technologies”, San Diego,

California, USA, 2-7 June 2013

N. Travitzky

Symposium Organizer: EUROMAT 2013 European Congress and Exhibition on Ad-
vanced Materials and Processes, “Nano-Powder and Solution Routes: Synthesis to Ma-
terials - Additive Manufacturing and other Near Net Shape Techniques”, Sevilla,
Spain, 8-13 September 2013
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Opening Ceremony of the European Liaison Office of the

Nagoya Institute of Technology (NiTech)

On July 15 the President of the NiTech, Professor Minoru Takahashi officially opened the
European Liaison Office in the presence the General Consul of Japan at Munich, the Dean
of the Technical Faculty delegations of Japanese and German professors. NiTech

(http://www.nitech.ac.jp) is among the leading engineering schools in Japan with more than

4500 students and a broad spectrum of engineering disciplines. Starting in 2010 coopera-
tion between NiTech and FAU focused on the area of high performance ceramics, bio-
materials as well as materials for electronics and energy systems. More than 60 japanese
students, postdocs and faculties already attended the joint seminars on materials science

held at Erlangen.

The European Liaison Office hosted by the Technical Faculty is the second international
liaison office of NiTech after the first one established in 2011 at the Beijing University of
Chemical Technology (BUCT). It is the aim of the office to strengthen the cooperation in
science and teaching between NiTech and FAU at least in the fields of materials science.
Furthermore, cooperation will be extended to other engineering disciplines. The European
Liaison Office will support international promotion and careers of young Japanese students

by triggering formation of novel academic networks throughout Europe.
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Opening Ceremony of the European Liaison Office of the Nagoya Institute of Technology (NiTech)

NiTech Europe Liaison Office at FAU on July 15, 2013
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Science Night

Science Night (Lange Nacht der Wissenschaf-

Die. Lange Nacht der
Wissenschaften

ten) on 19 October 2013 involved a large num-

ber of institutes in the region of Erlangen, i i
Nurnberg-Furth:Erlangen
Fuerth and Nuremberg. From 6 pm up to 1 am Sa 19.10.2013 18-1 Uhr

the Department of Materials Science opened ERVWAE e[Sl Ele RG]

the lab doors to show interested public exclusive experiments and latest research results in a
common way.
The Institute of Glass and Ceramics offered the following attractions:

¢ 3D-movie with red/green glasses on cellular ceramic structures

e (Ceramic implants in a human skeleton model

¢ Fantastic handcraft in blowing beautiful glass ware.
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Impression of the Science Night 2013 in our technical hall
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Invited Lectures

T. Fey, M. Stumpf, P. Greil
Microstructure evaluation and simulation of micro cellular ceramic

2nd International Symposium on Ceramics Nanotune Technology, Nagoya Institute of

Technology, Japan, 6-8 March 2013

B. Ceron-Nicolat, F. Wolff, A. Dakkouri-Baldauf, T. Fey, H. Miinstedt, P. Greil
Processing and Characterization of graded cellular polymer derived ceramics

PACRIM 10 The 10" Pacific Rim Conference on Ceramic and Glass Technology, San
Diego, CA, USA, 2-7 June 2013

T. Fey, B. Ceron-Nicolat, F. Wolff, A. Dakkouri-Baldauf, H. Miinsted, P. Greil
Cellular polymer derived ceramics: microstructure characterization and simulation

8th International Conference Series on High Temperature Ceramic Matrix Composites

— HTCMC-8, Xi’an, China, 22-26 September 2013

P. Greil, M. Gotz, T. Fey
Ceramics with Periodic Microstructures

Shanghai, China, Shanghai Institute of Ceramic Advanced Ceramics Conference, 21
September 2013

P. Greil, L. Schlier, N. Travitzky
Surface Healing of Polymer Derived Ceramic Matrix

8th International Conference Series on High Temperature Ceramic Matrix Composites

— HTCMC-8, Xi’an, China, 22-26 September 2013
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Invited Lectures

A. Roosen

Tape casting: Design diversity in building planar multilayer structures
Colloquium "Recent trends and developments in ceramic process technology",

Waldkraiburg, 5 June 2013

A. Roosen
Powder preparation and forming methods

Summer school “Ceramic science and technology for the 21° century: basic principles

and modern trends”, Limoges, France, 20 June 2013

A. Roosen
Advances in ceramic green tape technology

13" International Conference of the European Ceramic Society, Limoges, France, 27

June 2013

A. Roosen

Manufacture of particulate structures in the micrometer range via coating and printing

techniques

12™ Intern. Conf. on Ceramic Powder Processing Science ICCPS-12, Portland, OR,
USA, 7 August 2013

A. Roosen
Shaping of advanced ceramics.

I'" International PhD Summer School ”Optimized Processing of Multi-Material Archi-

tectures for Functional Ceramics”, Risp, Denmark, 26-30 August 2013
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N. Travitzky

Ceramic-metal composites

PACRIM 10 The 10" Pacific Rim Conference on Ceramic and Glass Technology, San
Diego, CA, USA, 2-7 June 2013

M. Wegener, J. Kaschta, H. Miinstedt, A. Roosen
Gelling of PVB-based slurries with addition of Ti-esters

6™ Usermeeting Rheology TA Instruments, Erlangen, 11 October 2013

M Wegener, N. Kolpin, A. Roosen
Tape casting of submicron thick TCO layers and their processing

DKG Symposium of the Technical Committee Process Engineering "Processes for

manufacturing ceramic layers", Erlangen, 3 December 2013

Awards

T. Friith

Manufacture of highly anisotropic ceramic-polymer composite films mimicking the

structure of natural nacre

Winner of the Student Poster Contest, 5Sth International Conference on Shaping of Ad-

vanced Ceramics, 29-31 January 2013, Mons, Belgium

A. Roosen

In December 2013 Prof. Dr. Andreas Roosen was appointed by the President of the
Technical University of Denmark (Copenhagen) as Adjunct Professor of the Depart-
ment "Energy Conversion and Storage". The appointment will strengthen existing ac-
tivities in research and teaching in the field of ceramics processing, in particular in the

field of multilayer ceramics.
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5. ADDRESS AND MAP

Department of Materials Science - Glass and Ceramics

Friedrich-Alexander University of Erlangen-Nuremberg

Martensstr. 5

91058 Erlangen, GERMANY

Phone: ++49-(0) 9131-852-7543 (Secretary)
Fax: ++49-(0) 9131-852-8311

E-mail: ww3@ww.fau.de

Internet: http://www.glass-ceramics.fau.de/

Haltestelle fE
Technische Fakultat / / /|

Bus 287, 293 r~ g
® Uy
/|

an der B4
Haltestelle Erlangen/Siid

http://www.glass-ceramics.fau.de/Home/contact.htm

By car:

Highway A3 exit Tennenlohe;

direction to Erlangen (B4).

Follow the signs “Universitit
Siidgeléinde*.

After junction “Technische Fakultit*
please follow the map.

Railway station Erlangen.

Bus line No. 287 direction
“Sebaldussiedlung”.

Bus Stopp “Technische Fakultiit“. 50
meters to a layout plan; search for
“Department
Werkstoffwissenschaften®.
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Address and Map

Institute of Advanced Materials and Processes (ZMP)

Dr.-Mack-Strasse 81
Technikum, Ebene 3

D-90762 Fiirth

Tel.: ++49-(0) 911-950918-10
Fax: ++49-(0) 911-950918-15
Internet: http://www.zmp.fau.de/
. Driving Lot Dr.-Mack-Strasse 81
P Technikum, Ebene 3
lﬁw D-90762 Fiirth
'\.i‘t—} ™ 'r Wirzburg Bamberg
 ([U U
R T
"  Dr-Mack-St. N\
N

=
% pecns ) ‘
= :; Exit - — Am
U1 towards @ ; : Numberg-Doos [Oesarr Norree berg
Furth-Hard Firth-Shdstadt
Stadtgrenze s 5% B
; \ Regensburg

\ e Minchen
U1
towards N-Hbf

http://www.zmp.fau.de/anfahrt/
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Prof. Dr. Peter Greil

Dr. Andrea Dakkouri-Baldauf

Department of Materials Science — Institute of Glass and Ceramics
Martensstralle 5

91058 Erlangen, GERMANY
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