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Preface

In June 2015 we could welcome our new colleague Prof. Kyle G. Webber heading the func-
tional ceramics department. Together with two research fellows from his DFG funded Emmy-
Noether-Group he started his research activities in the field of ferroelectric ceramics. After transfer
of unique experimental facilities from TU Darmstadt to FAU Erlangen his experimental equipment
is ready for work.

In the glass department (Prof. Dominique de Ligny) research centers on a better understanding
of light interaction with glass as well as response to external stress. Laser glass interaction is ex-
plored for new functionalization of glass by surface texturing. The disordered structure of glass
imposes the development of specific instrumentation as vibrational spectroscopy. A new setup
coupling Raman and Brillouin spectroscopy as well as a calorimeter allows new and unique pro-
spective ways.

In the biomaterials department (Prof. Stephan E. Wolf), the DFG funded Emmy-Noether-
Research Group on biomimetic materials started the research activities after completing the refur-
nishment of the laboratories. Work is focused on identifying the process-structure-property rela-
tionships in biominerals and subsequent in vitro mimesis by biomimetic crystallization at ambient
conditions. Initial results were published in Nature Communications (see publications).

Work of the research group on cellular ceramics (Dr. Tobias Fey) is centered on microstruc-
ture characterisation applying X-ray microtomography and testing of the mechanical and thermal
properties of cellular ceramics. Massive strain amplification lattice structures were investigated by
experimental and theoretical approaches. In the generative ceramic processing group (Priv.-Doz.
Dr. Nahum Travitzky) research activities envisage formation of multilayer refractory ceramics
from preceramic paper. Electric sensor patterns were integrated by screen printing technologies.

Intensive cooperation with the Advanced Materials group at the Nagoya Institute of Technolo-
gy, Japan, continued including several visits of Japanese colleagues to Erlangen and vice versa.
Fortunately, we received the approval of a new DAAD funded exchange program on “Advanced
Cellular Bioceramics” between FAU (WW 3) — Nagoya Institute of Technology, Japan and Sung
Kjun Kwan University Suwon, Korea. With this program Master and PhD students as well as facul-
ties coming to Erlangen as well as our fellows visiting the partners in Japan and Korea will be
funded in 2016-2017.

The institute took part in the 2015 Lange Nacht der Wissenschaften by presenting interesting
results on the research in bioceramics, cellular and functional materials. We could celebrate the 40
years of continuous employment of Alfons Stielgeschmitt. Since October 2015 Prof. Greil serves as
the dean of the faculty of engineering.

| want to express my sincere thanks to the members as well as to all friends of the institute of
glass and ceramics.

Peter Greil
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Team of the chair of glass and ceramics enjoying the annual excursion to Oberviechtach



Staff

1. INSTITUTE OF GLASS AND CERAMICS

a. Staff

Faculties

Prof. Dr. Peter Greil

Prof. Dr. Dominique de Ligny
Prof. Dr. Kyle G. Webber
Prof. Dr. Stephan E. Wolf

PD Dr. Nahum Travitzky

Administration
Karin Bichler
Candice lwai

Evelyne Penert-Miiller

Senior Research Staff
Dr.-Ing. Ulrike Deisinger*

Dr.-Ing. Tobias Fey

Y now in industry

Head of Institute
Glass

Functional Ceramics
Biomimetic Materials

Ceramics Processing

Ceramic Multilayer Processing

Cellular Ceramics and Simulation
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Institute of Glass and Ceramics

Research Staff

M. Sc. Azatuhi Ayrikyan
Dr. Guo Ping Bei?

M. Sc. Alexander Bonet
M. Sc. Corinna Bohm
Ph.D. Maria Rita Cicconi
Dr. Andrea Dakkouri-Baldauf
M. Sc. Benjamin Dermeik
M. Sc. Franziska Eichhorn
Ph.D. Xiaomeng Fan

M. Sc. Ina Filbert-Demut
M. Sc. Matthias Freihart
M. Sc. Zongwen Fu
Dipl.-Ing. Philipp Geiger
M. Eng. Michael Hambuch

M. Sc. Ruth Hammerbacher

Technical Staff
Sabine Brungs
Timotheus Barreto-Nunes
Evelyn Gruber

Heiko Huber

Beate Muller

Heike Reinfelder

2 now in industry

Ph.D. Joseph Harris

Dipl.-Ing. Daniel Jakobsen
Dr. Barbara Kaeswurm

M. Sc. Hannes Lorenz

Dr. Kalina Malinova-Tonigold
Dr.-Ing. Joana Pedimonte
Dipl.-Ing. Lorenz Schlier?
Dipl.-Ing. (FH) Tobias Schlordt?
Dipl.-Ing. Alfons Stiegelschmitt
M. Sc. Martin Stumpf
Ph.D. Alexander Veber
M. Sc. Moritz Wegener
M. Sc. Bastian Weisenseel

Dipl.-Ing. Bodo Zierath

Peter Reinhardt

Eva Springer

Dipl.-Ing. Alfons Stiegelschmitt
Hana Strelec

Andreas Thomsen
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Staff

Excursion to the lead crystal glass pro-
duction lines of Nachtmann GmbH (Wei-
den) followed by a guided hike through
old gold mining areas with gold panning

in a creek (Oberviechtach)
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Institute of Glass and Ceramics

Welcome to Professor Dr. Kyle G. Webber

Kyle G. Webber, born in 1980, graduated in Marine Systems
Engineering from Maine Maritime Academy in 2003, where
he also received his United States Coast Guard License for a
3" Assistant Engineer for steam, diesel, or gas turbine ves-
sels of unlimited horsepower. In 2005 and 2008, respective-
ly, he received a M.Sc. and Ph.D. in Mechanical Engineer-
ing from the Georgia Institute of Technology for his work on
the nonlinear electromechanical constitutive behavior of

single crystal and polycrystalline ferroelectric materials. In

2008, he joined the Department of Material- and Geoscienc- e, " 55;,;;;_._....3.
es at the Technische Universitdt Darmstadt as a postdoctoral researcher investigating the
mechanical properties of ferroelectrics, such as high temperature ferroelasticity, stress-
induced phase transformations, and fracture. In 2014, he was appointed as a Junior-
Professor at the Technische Universitat Darmstadt, heading the Electromechanics of Oxides

research group.

In 2013 he was awarded a Emmy Noether Research Grant by the Deutsche For-
schungsgemeinschaft on “The Influence of Mechanical Loads on the Functional Properties
of Perovskite Oxides”. Perovskite-structured ceramics are commercially important oxide
ceramics that are used in numerous actuation, sensing, and energy applications due to their
wide-ranging functional material properties, such as ferroelectricity, ferromagnetism, su-
perconductivity, colossal magnetoresistance, and ionic conductivity. The aim of this project
is to investigate the influence of mechanical loads on two advanced applications: large dis-
placement actuators and cathode materials for solid oxide fuel cells, which involves stress-
modulated structural phase transformations and ionic conductivity.
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Equipment

b. Equipment

Technical hall (600 m2): equipped with facilities for advanced processing, shaping, melt-

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

Main Equipment

Laboratories

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

e Functional ceramics laboratory e Rapid Prototyping laboratory

e Glass laboratory e SEM/AFM laboratory

e Mechanical testing laboratory e Simulation laboratory

e Multilayer processing laboratory e X-ray characterization laboratory

e Polymer processing laboratory

Report 2015 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg
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Institute of Glass and Ceramics

Equipment

Thermal analysis

Powder characteri-

zation

Optical analysis

Drying stress

measurements

Chemical analysis

3-dimensional optical dilatometer

Push rod dilatometers (up to 1800 °C)
Thermal analysis (DTA/TGA/DSC/TMA)
Thermal conductivity devices
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-0-sonic)
Micro hardness tester

Servo hydraulic mechanical testing systems (also high

temperature)
Single fibre tensile testing machine

Viscosimeter and elevated-temperature viscosimeter

ICP-OES (Spectro Analytical Instruments)
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Equipment

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 mixers

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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Institute of Glass and Ceramics

e 3D printers

e Advanced screen printing device

e Calender

e CNC High speed milling machine

e Cold isostatic press

e Electrospinning machine

e Flaring cup wheel grinding machine

e Fused deposition modelling device (FDM)
e High precision cutting device

e Hot cutting device

e Laminated object manufacturing devices (LOM)
e Lamination presses

e Langmuir—Blodgett trough

e Lapping and polishing machines

e Low-pressure injection moulding machine
e Plate shear for cutting thick green sheets

e Positioning unit with a resolution of +/- 35 microns
e Precision diamond saws

e PVD coaters

e Robot-controlled device

e Roller coater

e Screen printer

e  Sheet former

e Spin coater

e Tape caster

e Textile weaving machine

e Twin screw extruder

e Ultrasonic drill

e Vacuum infiltration device
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Heat treatment e Autoclave
e Dryers
e Furnaces (air, N2, Ar, Vac, High-Vac, forming
gas) up to 2500°C for sintering, glass melting, in-
filtration, debindering, pyrolysis
e Gradient furnace
e High-temperature spray furnace

Prof. Dr. Peter Greil congratulates Dipl.-Ing. Alfons Stiegelschmitt for

40 years of service
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Institute of Glass and Ceramics

c. International

Visiting Students and Scientists

Prof. Dr. Shangwu Fan (February 2014 — February 2015)
Northwestern Polytechnical University, Xi’an, P.R. China

Hyuen Woo Yang (January 2015 — February 2015)
Sungkyunkwan University (SKKU), South Korea

Jina Yang (January 2015 — February 2015)
Sungkyunkwan University (SKKU), South Korea

Jimei Xue (March 2015 — August 2015)
Northwestern Polytechnical University, Xi’an, P.R. China

Hatim Laadoua (April 2015 — July 2015)

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

Sana Rachidi (May 2015 — August 2015)

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

Julie Pradas (June 2015 — September 2015)
Ecole Nationale Supérieure d'Ingénieurs de Limoges (ENSIL), Limoges, France

Prof. Dr. Jean Rocherullé (July 2015)

Université Rennes 1, France

Prof. Dr. Ronan Lebullenger (July 2015)

Université Rennes 1, France
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International

Dr. Franck Tessier (July 2015)
Université Rennes 1, France

Prof. Dr. Dorrit Jacob (August 2015)
ARC Centre of Excellence for Core to Crust Fluid Systems and GEMOC ARC National
Key Centre, Department of Earth and Planetary Sciences, Macquarie University, Sydney,

Australia

Takahiro Fujiwara (November 2015)
Nagoya Institute of Technology, Ceramic Research, Nagoya, Japan

0

Takahiro Fujiwara during his visit to our institute in November 2015
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2. RESEARCH

a. Project List

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
BayFOR Australia ,,Variable Crystallinity in Natu- BayFOR S.E. Wolf

ral and Synthetic Nanocomposite Materials*

Bioactive ceramic cages IN P. Greil / T. Fey
Cellular ceramics for heat absorbers EnCN P. Greil

Deformation and sintering behaviour of preceramic DFG N. Travitzky

papers

Development of layered structures and 3D genera- BMWi  A. Roosen / N. Travitzky
tive processing methods for innovative combustion IN

chamber lining concepts

Dispers systems for electronic devices DFG A. Roosen

Emmy Noether Programme “The Influence of DFG K.G. Webber
Mechanical Loads on the Functional Properties of

Perovskite Oxides”

Environmentally friendly development of white BFHZ D. de Ligny

phosphorus on the basis of oxynitride phosphate
glasses.
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Project List

Evaluation of the densification mechanism during
realisation of dense ceramic layers at room
temperature via the Aerosol Deposition Method

Experimental study and simulation of anisotropic
effects in cast green tapes

Flexible manufacturing of preceramic paper based
refractory components

Formation of Liquid-condensed mineral phases and
the mechanisms of the PILP process (Emmy Noe-
ther Group)

Hierarchical cellular ceramics and composites

High coordination numbers: topo-structural impli-
cation on glass strength

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

Integrated Calorimetry and Vibrational Spectrosco-
pies

Lightweight cellular ceramics

Manufacture of scaffolds for tissue engineering
applications in rapid prototyping techniques

Manufacturing of multilayer refractories by tape
casting

Robocasting of macrocellular ceramic 3D-lattice
structures with hollow filaments

DFG

DFG

DFG

DFG

DFG

DFG

AIF

DFG

EC

BMBF

DFG

DFG

K.G. Webber

A. Roosen

P. Greil

S.E. Wolf

P. Greil

D. de Ligny

N. Travitzky

D. de Ligny

P. Greil

P. Greil

A. Roosen

N. Travitzky
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Research

Self healing MAX phase ceramics DFG P. Greil

Stable and metastable multiphase systems for high  DFG P. Greil
application temperatures

Structured carbon based catalyst support structures DFG T. Fey
for CO hydration

Tape-on-Ceramic Technology BMBF  A. Roosen

Towards smart solar cell glasses: Glass texturing EnCN D. de Ligny
under laser irradiation

Funding organizations:

AiF: Industrial research Cooperation

BayFOR: Bavarian Research Alliance

BFHZ: Bavarian-French Academic Centre

BMBF: 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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Selected Research Highlights

b. Selected Research Highlights

Mechanical and Electrical Strain Response of a Piezoelectric Auxetic PZT

Lattice Structure

Tobias Fey, Franziska Eichhorn, Guifang Han, Kathrin Ebert, Moritz Wegener, Andreas

Roosen, Ken-ichi Kakimoto, Peter Greil

A two-dimensional auxetic lattice structure was fabricated from a PZT piezoceramic.
Tape casted and sintered sheets with a thickness of 530 pum were laser cut into inverted
honeycomb lattice structure with re-entrant cell geometry (€ = - 25°) and poling direction
oriented perpendicular to the lattice plane. The in-plane strain response upon applying an
uniaxial compression load as well as an electric field perpendicular to the lattice plane were
analyzed by a 2D image data detection analysis. The auxetic lattice structure exhibits ortho-
tropic deformation behavior with a negative in-plane Poisson’s ratio of -2.05. Compared to
PZT bulk material the piezoelectric auxetic lattice revealed a strain amplification by a fac-
tor of 30 — 70. Effective transversal coupling coefficients d's; of the PZT lattice exceeding
4-10° pm/V were determined which result in an effective hydrostatic coefficient d®, 66
times larger than that of bulk PZT.
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Research

Microstructural, mechanical and thermal characterization of alumina

gel-cast foams manufactured with the use of agarose as gelling agent
Tobias Fey, Bodo Zierath, Peter Greil, Marek Potoczek

Alumina gel-cast foams manufactured by using agarose as gelling agent were exam-
ined in terms of microstructural, mechanical and thermal properties. The microstructural
SEM measurements of alumina foams were compared with X-ray micro tomography inves-
tigations also on the pore network. Young’s Modulus of alumina foams was determined of
impulse excitation and ultrasonic sound velocity measurements. These two independent
techniques showed similar results. Gibson and Ashby’s s model of completely open-cell
and closed-cell foams was compared with experimental data derived from compression
tests. The thermal conductivity measurements using Laser-Flash Analysis were correlated

with the pore network in the alumina foam structure.

3D-visualisation of pore network at a) 60% , b) 77% and c) 89% porosity
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Selected Research Highlights

Chemical tunability of europium emission in phosphate glasses

Maria Rita Cicconi, Alexander Veber, Dominique de Ligny

The development of new generation of low-energy lighting is closely related to the
properties of the phosphors used. They must fulfill several criteria: color, emission efficien-
cy and ease of production. In the case of white LED (WLED) it is mainly done using the
Ce®* as a dopant in the YAG associated with GaN-type blue LED. Most of the time in this
case the phosphor is obtained at high temperatures under reducing conditions, around 1400
° C, by reaction in the solid state. The powders obtained have a low crystallinity and do not
allow the production of large size transparent parts. Moreover, after use the recycling of
rare earth is very difficult. Its environmental footprint presents two bad points: a high pro-
duction energy cost and an almost non reuse after lifetime. Even if the emission spectrum
of such a YAG:Ce WLED is nearly continuous, an overrepresentation from the blue LED
emission makes the light slightly cold. We developed a white emission phosphor based on
an oxynitride phosphate glass. In this case, rare earth Eu which was used in its reduced
form Eu?* has a continuous emission spectrum limited to the visible (Fig 1.). An advantage
of phosphate glasses is their very low synthesis temperatures, just few hundred degrees
Celsius thus limiting the production energy costs. Moreover, a nitrification step allows us to
improve both the durability properties of the glass and to further reduce the usual Eu®* to its
desired reduced Eu?* form ensuring then a white emission spectrum (Fig 2.).

Aoy ® 330nm

Eu?t

——NaPEu i _ =422nm

Normalised Intensity (arb. units)

\\ g

——NaKPEu A =435nm \ fF
—KPEu = 470nm o =
T T T T —_—— T T T Y T
300 350 400 400 4 500 550 600

Wavelength (nm)
Fig. 1: Excitation and Photoluminescence spectra for Eu-doped phosphate glasses. Both

Eu?* emission and excitation bands shift toward red by substituting K for Na
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Research

As to further improve the glass formation ability and test chemical tunability glasses with
Na, mixed Na-K and K were prepared. The photoluminescence studies clearly show that
Eu?* emission band shifts toward red by substituting the alkali cation, in the order
Na<NaK<K, whereas the luminescence data here obtained suggest the presence of Eu®* in
just one site distribution. The large shift toward higher wavelengths, observed for samples
synthetized in air, indicates that the network modifier ions strongly affect the nature of the
Eu?*-O bond, and so able a good tunability (Fig. 1).

CIE 1976

0.0 T T T T T T ’ T v T . T ’ 1

0.0 01 0.2 0.3 04 05 0.6 0.7
Fig. 2: CIE 1976 chromaticity diagram for the alkali-bearing phosphate glasses synthe-
tized in air (stars) and under NHs-flux (circles). The emission can be systematically tuned
by changing the chemistry. In the inset the different luminescence for the NaKPEu glass

synthesized in air (red) and under NHs-flux (blue)
The first results of this study are very promising as well on the emission properties that

the production energy saving obtained. In addition the glass technology, chosen here, can
be considered for molding transparent parts in large volume, currently inaccessible by ce-
ramic processes. As in nature apatite crystallization at the end of the LED life cycle will
help the Eu recovering.

This study is realized in collaboration with Jean Rocherullé,
Ronan Lebullenger and Franck Tessier of Rennes University, I I @ 0”

France and received the support of the Bayerisch-Franzésisches Hochschulzentrum (BFHZ).
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Integrated Calorimetry and Vibrational Spectroscopies
Alexander Veber, Maria Rita Cicconi, Dominique de Ligny

The new equipment developed this year with vibrational spectrometer from 0,01 to
4000 cm™* allows a fully multiscale approach of materials. In such experiment the calorime-
ter gives the energetic response of matter and the vibrational spectrometers observe its elas-
tic and structural evolution. From 0,01 to 10 cm™ the Brillouin inelastic scattering is sensi-
tive to long range order properties like volume and elastic moduli. From 5 to 200 cm™ the
Raman Terahertz inelastic scattering is related to intermolecular bonds and from 200 to
4000 cm to internal molecular vibrations (Fig 1).

Fig.1: Brillouin and Raman Wavenumbers (cm™)
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Doing these observations simultaneously in situ is useful to study any transition that im-
plies several order parameters or exhibit relaxation phenomena. For example, they will help
to understand phenomena as different as order—disorder phase transition, glass transition or
crystallization. Its use is not restricted to glass and prospective projects are expected in the
field of ceramic, mineralogy, polymers as well as more fundamental study for example of

emulsions.
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Selected Research Highlights

Such tool unthinkable in the past is now possible due to new technologic improve-
ments especially: the new 3D Bragg gratings, that allow easier recording of Raman spectra
in the 5 to 200 cm region, high sensitivity cameras with a better quantum efficiency allow-
ing quick data recording in the same time scale that the calorimetric measurements, narrow
intense solid lasers at low wavelength 488 nm to avoid black body emission but with

enough power.

This setup was designed around the path of the laser as shown in Fig. 2. By adjusting
all the equipment on an optical table, a robust and versatile design was obtained. The path

of light can be modified easily to get the better performances.

Fig 2: Path of the laser
the Brillouin
spectrometer

in  blue and
backscattered signal in

green. Macroscopic

samples can be studies ﬂ

under different geome-

try by following the Calorimeter
dash blue line and set-

ting the sample at the

grey circle

mmm rniror, weest Flip-flop miror , g A/2lamells, o lens, .cube beamsplitter

The sample can be observed as well macroscopically that in a microscope environment.

The microscope built around the DSC allows
seeing the sample and the position of the laser
on it at any time so quick adjustment can be
realized. The spatial resolution can be low as a
pair of microns using the x50 objective. The
environment around the sample can be changed
in the calorimeter between -70°C and 650°C
with diverse atmosphere from inert to oxidizing.
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Mechanical stability of polar defects in ferroelectric perovskites

Kyle G. Webber

One of the central advantages of the simple ABOs structure is the ability to significant-
ly alter the functional properties with relatively small amounts of aliovalent and isovalent
substitutions. Often, in the case of ferroelectric materials, aliovalent transition metals or
rare-earth ions are selected that occupy either an A- or B-site, resulting in the formation or

elimination of oxygen vacancies for charge compensation. Acceptor-doping with lower
valence ions leads to the formation of oxygen vacancies (V) ), which has been shown to

electrically “harden” the ferroelectric and result in aging. These effects correspond closely
to the development of an apparent internal bias electric field that depends on the concentra-
tion content as well as the thermoelectrical history of the sample. It is generally agreed that
the observed enhancement in electromechanical properties and decreased electric poling
fields in donor-doped ferroelectrics is correlated with the decreased oxygen vacancy con-
tent, the formation of A-site vacancies, and changes in B-site valance. This facilitates in-
creased domain wall motion and, therefore, increased extrinsic contributions to the electro-

mechanical properties.

Understanding the role of mechanical fields on acceptor-doped ferroelectrics is im-
portant, as many applications apply mechanical loads during operation. Therefore, the pri-
mary aim of this work is to investigate role of stress on donor- and acceptor-doped
Pb(Zr,Ti)Oz through the characterization of the stress- and temperature-dependent direct
piezoelectric response. The samples used in this study are commercially available soft and
hard PZT, which are both near the morphotropic phase boundary on the tetragonal side and
have the following compositions:  Pbogo[Zro.45Tio.47(Nio.33Sbo.67)0.08]1.0003  and
Pb1.00[Zr0.47Tio.48(Mno.33Sbo.32Nbo33)0.05]1.0003, respectively. Mn?* acts as an acceptor-

dopant on the B-site, whereas Nb®* is a donor dopant.

Measurement of the temperature- and stress-dependent longitudinal direct piezoelectric
coefficient d;5 was performed on a screw-driven load frame fitted with a heating chamber
and custom-built equipment capable of applying small mechanical impulses at various fre-
guencies. The load frame applied the global bias uniaxial compressive stress, while an inte-
grated piezoelectric stack actuator, positioned in series with the sample and controlled by a
LabVIEW program, partially unloaded the sample with a sinusoidal mechanical signal.
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During testing a load amplitude of +0.5 MPa was used. The small signal direct piezoelectric
coefficient was calculated from the measured amplitudes of stress and polarization in a fre-

quency range between 50 mHz and 240 Hz with an accuracy of better than 0.2 pC/N.

The direct piezoelectric coefficient of the soft and hard compositions was determined
during uniaxial compressive loading and unloading in the frequency range between 50 mHz
- 240 Hz and is shown in Fig. 1. The arrows indicate the direction from lower frequencies

to higher frequencies. The soft W "

material displays a significantly soof
larger dssds; value, 550 to 600

g

g

dys (PC/N)

pC/N, depending on frequency, in

g

the poled state without applied \
stress. In contrast, the hard PZT om

0 100 200 300 400 0 100 200 300 200
Compressive Stress (MPa) Compressive Stress (MPa)

g

composition has a ds; of 250 to

280 pC/N over the same frequen- Fig. 1. Frequency-dependent piezoelectric coeffi-

cient with compressive bias stress in soft (a) and
hard (b) PZT

cy range. The lower piezoelectric
response of hard PZT is due to the
decrease in domain wall mobility and a subsequent decrease in the intrinsic contribution.
With an increasing compressive stress, the piezoelectric response of the soft PZT is found
to monotonically decrease above approximately -25 MPa, which is related to the first devia-
tion from the linear elastic behavior (Fig. 1a). This point is where ferroelastic domain reori-
entation begins and is defined as the onset stress (co). As the external compressive stress
reorients domains parallel to polarization direction, the average piezoelectric response of
the polycrystal decreases. This effect continues until saturation, where no additional do-
mains are available to be switched. In comparison, the hard PZT displays an initial increase
in ds5 until -75 MPa, followed by a decrease and subsequent saturation. The initial increase
is proposed to be due to the presence of an internal bias field created during the electrical
poling process. As the applied bias stress increases, the electrostatic and mechanical forces
work antagonistically and result in an increase in the piezoelectric response through en-
hanced domain wall motion. Further increases in the mechanical load see a shifting of this

balance and a mechanical clamping of domains.
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The stress-dependent experimental results (Fig. 1) indicate that compressive stress can
reduce the apparent internal bias that is caused by the ordered orientation of polar defects.
Through the increase in temperature, the influence of stress on the polar defect should in-
crease with the increasing thermally activated mobility of such defects. Soft PZT displays a
reduced ds5 value at 25 °C and a gradual decrease with increasing temperature. Hard PZT,
however, clearly shows a two-step switching process with the first decrease occurring at
~40 °C. Importantly for applica-

-5 MPa ‘ -100 MPa

so0k “o- 1Mz 1 tions, this limits the thermal oper-

—{+ SHz {
—/— 10 Hz . .

aomz | ating range of such materials
—)— 120 Hz

400F E . .
~0-240Hz 1 when a compressive stress is ap-

dss (PC/N)

plied. Above approximately 150

(a) \ () | °C, the rate of decrease in dss

5 MPa ' -100 MPa drops and the subsequent ds5(T)

200}

600
behaviour matches well that ob-

400f served in soft PZT. This two-step

dss (PC/N)

200k switching step is proposed to be

@ | due to the reorientation of the

100 200 300 400 100 200 300 400 polar defects with the application

Temperature (°C) Temperature (°C)

: _ . _ of a bias stress. At lower temper-
Fig. 2: Temperature-dependent direct piezoelectric

coefficient for soft (a), (b) and hard (c), (d) PZT

with a bias compressive stress

atures, the mobility of the polar

defects is low enough that they

are not significantly influenced
by the stress. However, as the temperature and the mobility increase, they can reorient,
which is the origin of the first step. Because they are mechanically clamped, the frequency
dispersion at higher temperatures also decreases. Eventually, the material loses the sponta-
neous polarization and the d;5 reduces to zero.

The present findings indicate that compressive stress reduces the intrinsic forces gener-
ated by electrostatic ordering of charged defect population. This resulted in the presence of
a two-step switching in hard PZT with increasing temperature that was rationalized to be
due to the increasing mobility of the charged point defects, most likely oxygen vacancies.
However, further stress-dependent electron paramagnetic resonance measurements are re-

quired in order to directly observe stress-induced defect dipole motion.
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Nacre forms via Nonclassical and Particle-Mediated Growth Processes

S.E. Wolf

Nature ingeniously designs ceramic materials which serve as sensors, skeletons or ar-
mature against predators. Nacre is probably one of the most well studied biominerals. Be-
side its remarkable and well-known optical properties, its iridescent beauty, this biogenic
and self-organized laminate features a hierarchical organization which grants the final bio-
mineral an exceptional toughness. So far, nacre fueled substantially our understanding for
structure-property relationships of laminated materials. However, the process by which
nacre forms remained for long time enigmatic. In order to gain mechanistical insight into
nacre formation, Prof. Dr. S.E. Wolf teamed up with colleagues from Cornell University in

order to study the first layer of nacre formed in the bivalve shell of Pinna nobilis.

To reach this aim, the research team examined the nacroprismatic transition zone of a
large Mediterranean mollusk called the noble pen shell by with high-resolution annular
dark-field scanning transmission electron microscopy (ADF-STEM) and selected area elec-
tron diffraction (SAED). In order to provide unprecedented large areas of view needed to
document the mesoscale self-organization processes occurring at the onset of nacre for-
mation, a novel sample preparation based on a wedge-polishing technique had to be estab-

eanvy-nacre

lished for biominerals for critical [ olatelets

the first time.

Images with na-
nometer-scale resolution
revealed that the onset of
nacre growth occurs
from the aggregation of
nanoparticles ca. 50-80
nm in size which pack as
fiber-like  arrangements

branching outward with

{0 nacre

to tiacre A LSS section
quasi-planar

increasing density in the
growth direction of the shell. As soon as the particle number density reaches a critical val-
ue, the particles merged and formed the first dense and space-filling nacre platelets. The

Report 2015 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg

29



Research

highly ordered state of nacre is not achieved at once but gradually, transitioning from the
densely packed nanofibrillar aragonite, to an early-nacre layer with a higher rate of disorder

and tabular waviness until eventually a well-ordered and fully mature nacre is formed.

The cross-section of the nacroprismatic transition zone is a representation, frozen in time,
of the transition from one mineralization mechanism to another. It documents clearly that
nacre formation occurs by a colloid-mediated growth process and not by an ionic growth
process. Therefore, the mineralization of this biogenic and high-performance laminate ce-
ramics follows nonclassical crystallization routes. These findings give new insights into the
self-organization mechanisms of nacre and gives new and strong impulses for the genera-

tion of biomimetic ceramic materials.

R. Hovden, S.E. Wolf, M.E. Holtz, F. Marin, D.A. Muller, L.A. Estroff

Nanoscale assembly processes revealed in the nacroprismatic transition zone of Pinna nobi-
lis mollusc shells

Nature Communication, 2015, 6, 10097, DOI: 10.1038/ncomms10097
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Core-Shell Lead-Free Piezoelectric Ceramics: Current Status and Advanced
Characterization of the Bi,,;Na;,TiO3-SrTiO4 System

Matias Acost,’ Ljubomira A. Schmitt,! Leopoldo Molins-Luny,* Michael C s Scherrer,' Michael Bn'lz..‘
Kyle G. Webber,** Marco Deluca,”! Hans-Joachim Kleebe,* Jiirgen Rodel,’ and Wollgang Donner, ™’

*Department of Materials and Geoscience, Technische Universitit Darmstads, Alarich-Weiss-Stralle 2,

64287 Durmstadt, Germany

*Department of Materials Soence, Friedrich-Alexander-Umversitit ErfangenNiimberg, Martenssirafle 5,

V1058 Erlangen, Germuny

"Materials Center Leoben Forschung GmbH. Roseggerstrale 12, A-8700 Leoben. Austrid

'Institut fGr Struktur- und Funktionskeramik, Montanuniversitact Leoben, Peter Tunner Strulle 5, A-8700 Leoben, Austria

The design of core-sbefl materink affords additional degrees of
freedom to tailor functional properties as compared to solid
solution cousterparts. Although to dite most of the work in
core-shell materials has focused on dickectrics, piezoelectric core-
shell ceramics may gain similar ntorest, Geseralities of core—shell
functional ceramics features are sddressed in this work, A model
system, Biy 2Ny 2 THO-SeTIO,, s introduced 1o discuss strue-
ture-property relutionships. We d that this system fea-
tures a3 coreshell  microstructure  for  the  composition
corresponding to 25 a1.% Sr. The materinl is stodied by means of

functiomal properties and in sit structural character-
fzation techniques at different length scales, such as X-ray diffrac-
thom, tramsimdssion electron microscopy, and Ramun spectroscops.
The evolution of the core—shell with ficld and tomperature deter-
mines its fumctional properties. The high strain of the system,
~0.3% at 4 kY fmam, is due to an edectric-field-induced phase trum-
sition of the core and shell. Upon tield removal the core remains
in a poled state. whereas the shell is characterized by o reversible
trapsformation. The reversibility of the plase transition of shells
and assocated switchiog are key features in the obsceved glant
strain, Dictectric anomalics are found to be related to chunges In
oxygen octubedrad tilting ungles within the core snd shell,

L. Introduction
M CLTIFOACTIONAL  centmics are becoming incredsingly
mportant in lechnological devices since they enable
coupling between chectrical, mechunical, optical, and magnetic

D Jabvon - comtrdveting odioe

Maauwrpt Mo 3130, Roostvwet Dsamber 24, X4, approesd July 39, 308,
"Authn W whom okl e 4 I ewull wdosmre e
darrwtade de

propertics, Piczockectrics are lechnologically relevant due to
thetr abulity to transform o mechinscal mput into an electrical
output or vice veruit. They ure used m i broad varicty of
devices, such a3 nctuators, motors, sensors. iceelerometers.
transducers. amd acoustic devices, umong others”* ¢ For
insights into the implementation of piezoclectrics in vanous
actamtor devices, the reader s referred to complele overviews
wven elsewhere ™' The perovskite sofid solution family of
lead-2irconate-Utunate Pb(Zr, T, (PZT) is by far the most
widely used prezoceramic bocawse of outstanding efectrome.
chanicul properties that can be tulored 1o mumerous applics-
tions through chemical modifications.' '~

Global awareness for the environment and sestainability
has increased m the past decudes.'’ Regulations have been
proposed worldwide to minimize the usage of toxic matenials
n end consumer proclucts. Speaifically, Ph and PO were
identified as toxic for human health and the environment,'?
On these grounds, directives agiinst the wse of Ph in con-
sumer products have been inteoduced globully'* " keading to
the search of lead-free piczocerimics.” The interest of piczo-
cheetric devwe producers to fulfill these regulations and to
fincd new markets is slowly increasing the appliability of
lead-free piezoceramicy,™ * Three main solid solution fami.
lies have been widely recognized as potential environmen-
tally frendly candidates: (K Na)NbO, (KNN)-bused, Bi,
Nu“!}()-. (BNT)ybased. and BaTvO, (BThbased maten-
als."= Lead-froe piezockoctrics for small signal applications
are at o more mature stage of development than nonreso-
nant large signal paczoelectrics.™ This entails that to date
there is no class of lead-free piczoclectric mateniud that can
replace PZT entively. Research in kead-free piczocernmics has
focused mostly i tailoring the electromechamical properties
by chemical substilution or microstructure  opimization
Recent work, however, has shown the potentiad of mulis-
phase structures such s ceramic/ceramic composites™ * and
core-shell materials.™ This contribution focuses on the
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Report 2015 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg

38



Publications

Avallahle oaline at www sciencedirect com

ScienceDirect

Clenrmmies Trnerathomul 41 CHITSS IBS3- 1850

CERAMICS
INTERNATIONAL

wiw che ey conwSocseice ot

Lamination and sintering behavior of tape cast, transparent
Mg—Al-spinel ceramics

M. Beck™™, K. Hattori', J. Kaschta”, K, Kakimoto',

A. Roosen”

*Universtey of Erkmgen Novemborg, Departmens of Materiols Scionce, Glaar & Cerumicy, Erfangen, Germry
“Uimtversity of Erkamgen-Nuvembery. Depearawent of Muerials Sciemere, Podymer Maseriods, Erlingen, Germuny
“Nagoye destinge of Technmlogy, lasinere of Cerawicy Reverch omd Educatiom, Nagova, Japvwr

Received 20 Sigeember 214, revetved s revsed form 10 November 20140 aecepiod |1 November 3054
Availuble enline 15 Novernber X4

Abstruct

High pusity Me-Al-spinel powdens were processed 1o form shurnies for tape casting, The dnnd groen tapes were cut and limimated via thermo-

compression under d and isostt cond Finally the | were sinsored g lessly in aie. The influence of the

i i I af the green u:pcs bander—phasticizer system and of lumination parumeters on dcml(y und microssructure of the
siotered lomiouges was analyzed. UV-VIS mmmmmm wmtmscum wis performed 10 messore the tnsparency of the fired Jamanates, The
interrelation berween the lami behavior asd propenties of the J product is discussed, Fsostatic thermal
Iumxmunr:wlledmhlyocrununddu\ulmlhan ial | i Forbuh chinsques un i in lamination pressure of ey led
to higher rel A after sintering. The L hibited total forwand transmission values of up 1o 67% at & wavelength of 700 nm.
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1. Introduction

Transparent cerumics offer a couple of advantageous propestics
compared 10 optical glasses. They exhibit higher refractive index
values ot vanous AbbE numbers [1.2). un excellent chemical
resistance like, e tmnslucent ALO; in sodium vapor lamps | 1],
bath in combination with mechanical properties which ane superior
compared to ghsses. Besides being a possible candwdate as o fens
material, Mg-Al-spmel is under intensve research @ o matenal
for optical transpesent. ballistic protecton [1-6]. Together wath
AION ceramics, spinel seens W be o promising material in this
field [7). Since Tight s scattered by pores, which leads to a
decrease in nfine transparency of tnnslucency (8], trunsparent
spinel, ax all other trnsparent polycrystalime materials, has 10 be
processed 10 a maximuem refative density (9], This i usually
achieved by pressune sssisted sintening hke hol sosttic pressing
HIP [10,11] and spark plasma sintering SPS [12-14],

*Comespondiog mthoe.

Emat! adifrece Michacl Bect o ww amveungan do (M. Begk),

bisgetfdx, doiorg/ 010 ) ceraming 2014, 1 | 063
QX720 2014 Elvevier Lid ped Techm Geoup S.e L All mghes reservid,

The pool of this pablication is to cvaluale tape casting s o
possible way of pressurchess sintering of tanspanent or translucent
spanel ceramics. This ks done by dispersing high purity nanoscaled
powders 10 a minimum agglomenite size. By the addivon of
binder and plasticizer & ceramic shury is genered which is de-
aired and 1ape cast to form & thin and flexible green tape after
drying 1151,

Due to the well dispersed slumes and the resulting homogenous
ween microsictures, basic requirements are fulliled for the

facture of optical o) > 116,17 Due o the
possibility of lamination. tape casting is also a very flexible process
that allows thickness and shape adjustment of substrates, Influ-
ences of tape casting and kamination punumeters on the density,
microstrocture and total transmission of spinel are investigated in
this paper.

Lasnination s usislly cered oul vig thenmo-compression | 15,
in some cases via adbesive tapes [12,20]. During thermo-compres-
st peessure wnd temperature are applied o green tipes simohta-
nooasty. When the tempeniture exceeds the glass  transition
lemperuture (7,) of the organic phase within the preen tape,
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Crack Healing in Ti Al 55n, 5sC-Al,O; Composites

Guo Ping Bei,™' Birgit Joans Pedimonte,! Marc Pezoldt,? Johannes Ast,* Tobias Fey,’

Mathias Gocken,® and Peter Greil?

'Department of Materials Scienee (Class and Ceramics), University of Edangen-Nuetnberg, Marteasstr. 3.

Erlangen Y1038, Germuny

"Department of Materials Science (General Material Properties). University of Erlangen-Nuembery, Martensstr. 5,

Oxidation induced crack bealing of ALO, composites loaded
with @ MAX phase based repair filler {(TizAl, St <C) was
examined. The fracture strepgth of 20 vol% repair filler loaded
composites containing artificial indent cracks recovered fully 10
the leved of the virgin material upon Bothermal wanealing in air

after 48 b at T0°C and 0.5 h ot WNPC. SEM-
EBSD umalysis of crack microstructure indicates two differemt
oxidation fon regimes to go the crack filling: near the
surface Sn0;, TIO,, and ALO; were formed whervas deeply
inside the cracks ALO, and THO; and metallic Sn were
dotected, The presence of clemental Soowas attributed o par-
tinl oxidation of aleminem and titanium which lowered the
local oxypen ion below o threshold value required
for Sn oxidation to SaQ;. Thus, TijAL <Sny oC may represent
an eflicient repair filler system fo trigger oxidation indoced
crack bealing in ceramic composites o temperatures below
1000°C,

L Introduction

interen ALO, is one of the most importan! engineering
cernmics which s widely boing used for numerous wear,
chemical. electneal, medical, and other applications. Depend-
ing on the residual porosity and purity it may offer high
hardness and wear resistunce, excellent chemical ineriness,
high strength, and modcrulc thermal conductivity os well as
good nuckcar quhllny However, ils relatively low fracture
toughness <6 MPam'” may give rise for failure of a mechan-
wally louded component pnmnnlv m the presence of surfuce
cracks. Improving the flaw tolerance envisages toughemng of
ALO; by embedding partiche of fibers 1o Lrigger process zone
or cruck bridging cncrgy-transfer mechansms.”  Another
approach i 1o induce crack healing to TeCOVer strength after
damnge induced crack formation or zmvnh
Rescurch work on crack healing m ALO, commic can he
traced back 1o 19705, Gupta ot of, reported on the ¢rack heal-
mg and strength recovery bebavior of thermully shocked
ALO; upon ansealing above 1400°C." Crack closure was
attributed 1o grain growth and sintermg as the domimating
mechanisms. Enhunced bealing ability was obscrved when the
monolithic Al ceramics were londed with repair fillers such
as SiC particks or whiskers which qur oxidation crack heal-
ing a1t temperatures befow 1300°C." " Differeat paramelers
.dl'ecung the healing ubility such us anncaling temperature und
time," crack dimensions,” content and charsctenistics of repir

B Wakir - vomipbimtiog sibaon

Marrsacrgn No. V50 Reveived Oxiohee 7, 1K reviedd Janwnes 0. 0%
sppeoved Larsary A, 018

"Autor 0 whum cor
wricbnpen e

A el he

| emall guopwip e

Erlangen 91058, Germany

ler,"" bealing environment' as well as oxygen pressure’’

were Investigated. A volume fraction of 15%-20% of SiC
repuir filler was fonnd to give nse fw complete strength recoy-
ery of the ALOLSIC composite.” " Susface cracks of 100

250 pm in length were filled with sifica oxslation product after
anncaling in air at 1300°C for | h. Prolonged annexling peri-
ods of 10 and 300 h were required when the temperature was
reduced 1o 1200°C and 1000°C." respectively .

More recently, o group of MAX phases M, (AX, (0 = |
10 3) where M is o transition metal, A ls an A group chke-
ment, and X is either carbon or rulmgm * where shown to
exhibit interesting crack healing abilities'” For example, in
TUAIC, extended cracks with 4 length up o 7 mm and o
width of § pm could be fully healed afler hest treatment al
1H00PC for 2 b in air, Superior healing capability observed
on THAIC and CraAlC ceramics was attnbuted to the forma-
tion of adlmnw: AI-O~ filling the space between the disrupted
crack surfaces. ' Furthermore, repeatable crick healing
wis demonstrated on Ti2AIC 'S We have reported on the oxi-
d.mon behavior of TisAly . Sn,C MAX phases sobid solo-
tion,'" Substitution of Al by Sn was demonstrated 1o reduce
the omset temperitiure of oxsdath from 900°C (Te,AlC)
down to N°C (T1:80C), Loading ALO, with TiSnC repair
filler was abde 10 achiese crack hculmg of the composite ol
temperatures below 1000°C. " The mechanism of crack space
filling reaction, however, still remained an open guestion
Thus, the scope of this work is 10 investigate the crack filling
and strength recovery of ALO, composte loaded with
TAl $Sng < sobd solution repair fller. Analyses of the che-
mental and the phase distribution of the crack flfing materal
were correlated with the recovery kinetics 10 denttly opi-
mized bealing conditions.

1. Experimental Procedure

A high purity (= 99.99%) submicrometer aluminn powder
(AKP-53%; Sumitomo Chemical Co,, Ltd, Tokyo, Japan) with
a mean particle size dgq = 0,1 0.3 pm served as the matnx
muaterial for the preparation of the ALO, MAX phuse com-
posites.  TihAL Sny<C solid  solution  repadr  Bller  with
sy = 19 pum was synthesized from seactant powder mix-
tures consisting of Ti (4.5 pm, 99.4% purity), Al (<45 pm.
99.5% purity), Su (2 pm, 994% purity) and TiCC (2 pm.
99% punity) with & molar comy corresponding 1o Ti
0,550 0SAOITIC and annenled under vacuum ot llll’(‘
for | h

ALO; TizAL Sty «C composites with repair filler fractions
of 5. 10, and 20 volYe were sintered at 1350°C for 4 b in Ar
atmosphere (Heracus Holding GmbH, Hanaw, Germany)
applying o heating rate of § K/min. Samples dedicated for
mechanical investigation were palishied 1o | pm surface finish
with dismond suspension und cut into har specimens with
dimensions  of 25 mm’ « 20 mm’ x 2T mm'.  Surfsce
cracks were generated by means of Vickers' indentabion
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Absorption properties of twinned SiC nanowires reinforced SizN4

composites fabricated by 3o-prining

W) o

Wenyan Duan *, Xiaowei Yin ", Fangxian Cao”, Yinglu Jia*, Yun Xie ", Peter Greil”,

Nahum Travitzky "**

* Schemce and lechmology tsr Thermostracrorad Compasite Mseriols Laboratory, Marthnwesters Nadytechsion! Universicy, X'an 710072, Chisa
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ARTICLE INFOD ABSTRACT

Near net- and complex shaped pocoas silicon nitvide (SiyNy) compasites reinfoeced with in-situ lom@
twinned silicon carbide (SiC) nanowires (NWs) were successfully fabricated by 3o-printing (3DP) fol-
lowed By polymer precuesor infiltration and pyrolysis (M) up to 1400 °C. An Increase of the PIP cycle

Acticie hisaory
Soceived 17 Pebrsary 2005
Received In revised form

2‘::7‘:';""“ 2015 number of the printed bodies resulted m a homogeneous distribution af SeC NWs in the fabricated
Avatatiee anfise 4 July 2015 composites, An Increase of SiC NW coatent in the Garicated compasites fed 1o the growth of both the real
- » and the imaginary parts of permittivity. The formation of twinned SiC NWs with high electrical con-
Kiywaniy ductivity Jed (o 4 minimal electromagnetss wave RC of — 57 dB, demanstrating that S1,N,-SiC coramaics
ShiN-SC with the in-situ formed SiIC NWs bave a sup microwave absocheng abity.

XL princoy © 2015 Elsevier BV, All rights reserved

Alrae ption peupertios

1. Introduction

Recent years, many research works have been carmed out to
investigate the microwave absorption properties of different ma-
terials {1~ 1] for protecting environment and sensitive circuits from
microwave radiation. When the reflection coefficient (RC) of an
electromagnetic wave (EMW) absorbing matenial is smalles than

- 10 d8, only 10X of EMW power is reflected and 90% is absorbed,
Silicon based termary polymer-derived ceramics (PDC) have at-
tracted attention for their EMW absorbing properties and stality
with respect to crystallization and decomposition, and axidation
(4. Table | shows EMW absorbing properties of PDCS |5-9], which
can be vasily tailored. The RC of PDCs can be lowered to less
than - 10dB. In order to obtain improved EMW absorption
property, absorbing materials need to have a promising permit-
tvity [10L At a frequency of 10 GHz and a sample thickness of
2.86 mm. the optimum ¢ and £~ should be equal to 73 and 3.3 to
get the minimum RC [ 111 However, the permittivity of the al-
ready-reported PDCs deviated from this optimazing permittivity,

To optimize permittivity, EMW absorption materials should
contain part  of the following components:  nano-sized
pores, nano-sized secondary phase, conductive/senu-conductive

* Correspooding uthar, Fac: + 86 29 83404520
** Corresponding author. Fax: + 49 9131 852 8311
E-mal addvresies: ylnnwdrwges sdian (C Yio),
s ooy Lrsydtass i e tmgende (N, Travivzky)

et oo/ 1OVO LG matiet 200506 106
OI67-577%( 2015 tisevier IV, All rights reserved.

secondary phase and insulating matrix | 10]. Poroas siticon nitride
(Si,Ng) was selected as the msulating matrix for its excellent
mechanical properties and promising EMW transparent propes-
ties. Porous SEN, can be fabricated by nitriding silicon powder
compacts in the temperature range 1100-1450°C [ 12], Owing to
the inability of current technology to produce complex-shaped
ceramic, Jo-printing (3DP) is becoming an increasingly important
processing technique. For instance, Fig 14 and b show the com-
puter-aided design model and the SisN, printed part, 3DP enables
user to fabeicate such complex-shaped components with high
refiability. By applying 3DP it is possible to design materials with
moderate micro and nano-skzed porosity which can be post-in-
filtrated with conductive/semi-conductive secondary phase,

SIiC is a wide band gap semiconductor which bas many practical
applications in EMW absorption |17, PDC-SIC nanowires (NWs)
have higher electrical conductivity than grained SiC due to the
specal structure of one dirme al NW on a ter scale
| 141 EMW absorption property of Si,N;-SiC can be substantially
increased for the formaton of PDC-SIC NWS in the porous SiaNg
ceramic by precursor infiltration and pyrolysis (PIP), It is importans
19 note that In-situ forming of SIC NWSs may avold bealth hazards
associated with fine ceramic reinforcement.

In this work, the combination of 30F and PIP was for the first
time employed to fabricate SiyNy-SiC ¢ ites. This approach
enables the near net-shape fabrication, microstructure designing
and improvement of absarption property. The effects of SiC NWs
on the microstructure, dielectric properties, and  absorption
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applications
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HIGHLIGHTS

o Bu’ doped OH  free calcium aluminosilicate glass as & new source for white lighting.
o Correlasion between emission tunability and local environment of curopaum lons,

o Significant reduction of Eu™ to Eu’' by melting the glases under vacuum atmosphere.
« Broad, etense and tunable luminescence ranging from blue to red.

ARTICLE INFO ABSTRACT

Article histovy: The refationship b tunabatity .:nd thc local mmmnmcnl of europium ioas m OH -free
Recorand 24 july 2014 calcium ahuminosilicate glasses was g on the develog of devices foc arteficlal
;:fmﬂ In n'm:-f form lighting. Significant conversion of Eu’ to Eu* was obtained by ieans of melting the glasses under 4
W :':‘0,:0 2015 vacuem atmasphere and controlling the silica cantent, resulting in broad, intense, and tunable lumi-

nescence rangmg from bloe to red. Electiron spin resonance and X-ray absorption near edge structure
measurements enabled cocrelation of the luminescence behasvior of the material with the Ex?* JEu®
concentration rato and changes in the surrcunding lons’ crystal ledd, The coordinates of thw CIE 1931

Availalide ontine 9 Manh 2015

g::?“ chromaticity dl-l;l.ll were calculated from the spectra, and the contour maps showed that the bght
Luminescence emitted from Eo’' peesented broad baods and enhanced colos tuming. ranging from reddish-ocange to
Optical progertiey Mu:m:mlusmmd:nmmuwmrmumfmwemmmw
XAFS (EXAFS and XANES) « & MAiX Comp and the x) of the pump

2 B A © 2015 Essevier BY. Al righwts reserved,

Visthie and witravioket mmmemn

1. Introduction

A major challenge in the development of a new generation of
artificial lighting is the tailoring of phosphor matevials that possess

* Correspoading author.
E-pull addeess medinadi s e (AN MoZna ),

Tt (b oz BOUMIRIL ) smsats rypdiaen MOS0 0002

Q254068400 2015 Blsevier BV, All nghts reserved,

efficient and tunable emissions across the whole range of the
visible spectrum [ 17|, Europlum and certum are currently the
most widely used phosphors in devices for lighting and displays,
and both can coexist in several oxidation states in the bost matrices,
In addition, their emissions are known to be strongly dependent on
the surrounding ons' crystal field (2],

Report 2015 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg

42



Publications

J Parous Mater (2015) 22:1305-1312
DO 101007/ 3093308 5000487

W) o

Microstructural, mechanical and thermal characterization
of alumina gel-cast foams manufactured with the use of agarose

as gelling agent
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Abstract  Alumina gel-cast foams manufactured by using
agarose as gelling agent were examined i terms of
microstructural, mechanical and thermal properties. The
microstructural SEM measurements of alumina foams were
compared with X-ray micro tomography investigations also
on the pore network. Young's modulus of alumina foamns
wits deter I by impulse exci ad ultrasonic sound
velocity measurensents. These two independent techniques
showed similur results. Gibson and Ashby's model of
completely open-cell and closed-cell foams was compared
with expenmental data from compression fests. The ther-
mal conductivity measurements using laser-fash analysis
were correlated with the pore petwork in the alumina foam
structure,

Keywords  Gel-cast foams - Agarose - Aluming - Micro-
CT + Porous ceramics - Thermal conductivity « Mechanical
properties - Pore network

1 Introduction

Cellular cermmics are very attractive for o wide range of
upplications |1, 2} due to their high porosity, high gas
permeability, good mechanical stiffness, and good thermal
shock resistance, In recent years, o new class of ceramic
foams with porosity levels up to 90 % had been developed

) Tobaxs Fey
tobias. fey @ fun de

Department of Masenal Science, University Erlangen
Niirnberg, Martensstr. 5, 91058 Erlangen, Germany

Faculty of Chemistry, Rzeszaw Universaty of Techmology,
Powstancow Warszawy Ave. 12, 35959 Recsrow, Poland

by combining the gel-casting process and the seration of
the ceramic suspension containing foaming agents und
gelling agents |3, 4], These foams exhibit o high inter-
connected porous network of spherical cells interconnected
by circular windows, The main disadvantoges of the con-
ventional gel-casting processes for dense components and
foams 15 the newrotoxicity acrylamide. For this resson
processes of reduced toxicity were developed, Many
altemative gelling systems for the gel-casting of foams
based on low-toxicity monomers were demonstrated by
Ortega et ol |5] and a low 10xic epoxy resin system was
demonstrated by Mao et al. [6]. Gel-custing technigues
utilizing environmentally friendly biopolymers s gel-
formers in manulacturing of cerumie foams were inten-
sively stodied: different biopolymers such as gelutin [6],
proteins (ovalbumine and bovine serum albuming [7-10],
sucrose [11], agar [12], starch [13], and wheat particles
[14] have recently been applied as non-toxic components
for the fabrication of gel-cast ceramic foams.

However, the change of gelling conditions by changing
the gelling agent may influence the microstructure of gel-
cast ceramic foams. as cell diameter, interconnected win-
dows size, strut thickness snd therefore their mechanical
properties. In general the cell size, windows size, and strut
thickness depend on the foam destabilization processes
occurring during the time interval between foaming und
gelation. For this reason the influence of gelling binder on
miceostructural and mechanical properties of ceramic
foams should be intensively studied,

In this work we have studied the microstructural,
mechamical and theemal properties of aluminu foams
manufacturing by the use of agarose as gelling agent,
Agarose and agar belong to polysaccharides which are
formed as a result of transitions hydrogels of a double
helix, These environmentally friendly polysaccharides

£ Springer
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Influence of Ti;SiC, Fiber Coating

on Interface and Matrix

Cracking in an SiC Fiber-Reinforced Polymer-Derived

Ceramic**

By Ina Filbert-Demut,* Guoping Bei, Till Hoschen, Johann Riesch, Nahum Travitzky* and Peter

Greil

The effect of Ti;SiCa coatings on the interfacial properties of SiC-fiber yeinforced FeSiCr/SiC-filled
polymethylsilsesquioxane-derived ceramics was investigated. An electrophoretically deposited Ti35iCa
coating was prepared on the fiber/matrix interface. Interfacial parameters such as frictional sliding
stress and fracture energy were derived from fiber push-out tests and corvelated to the thickness of the
Ti35iC; layer. Compared to uncoated fibers, the Ti3SiCy interlayer gives rise for a pronounced enhance
of interface shear strength, coefficient of friction, and sliding strength but o reduced fracture energy.
With increasing Ti;SiC, coating thickness, thermal mismatch-induced residual compressive stresses at
the fiber/matrix interface tend to decrease significantly.

1. Introvtuectaon

Fracture behavior of continuous fiber-reinforced ceramic
matrix composites is substantially dominated by the fiber/
matrix interface characteristics, Generally, a weak fiber-matrix
bonding encourages interface debonding and fiber sliding.
which promotes bridging of matrix cracks by fiber pull-out!"!
The bonding strength can be properly controlled by deposi-
tion of a fiber couting prior to incorporation into matrix.
Appropriate coatings should be thermochemical and thermo-
mechanical compatible with the fiber and the matrix
constituents and provide acceptable values of Interfacial
shear strength and frictional sliding resistance. Materials such
as pyrocarbon (PyC) and hexagonal boron nitride (h-BN) were
extensively explored as interlayer in fiber-reinforced non-
oxide ceramic matrix composites (CMCs). ! Although their

[*] I. Fitbert-Dymut, Dr. G. Bet, PD Dr. N. Travitzky, Prof. P
Greil
Depntrtrnent of Muterdal  Science, Gliss and  Ceramics,
Unmivwrsity of Erlangen-Nuremibery, Martensstr. 5 91058,
Erlangen, Germany
E-meadl: tn. filber 6@ le; matesonr trarent =kydifieu.de
T. Hoschen, Dr. | Rivsch
Max-Plamck-tnstitut flar - Plasomaplisik,
85748, Garching, Gernuany

1**] The anthors are grateful for the financial support of the German
Reseerch Foundotion gradute school 1229 “Stable and meta-
stabie multipivese systems at high appliostion temperatures”™

Balt. dr. 2,

effectiveness is undoubtedly confirmed, these interlayers
suffer from low oxidation resistance at elevated temperatures,

MAX phases are layered temary compounds M, ,AX,,
where i is 1-3, M is an early transition metal, A is an element
of the A-group (mostly [TFA and TVA), and X is carbon (C) or
nitrogen (N). Their crystal structure can be described as closes
packed layers of A-group elements periodically intercalated
into M, (X, polyhedral layers with X located in the center of a
polyhedral which are arranged to edge-bonded planar
loyers! The rather weak bonding between the A-lavers
and the M, X, layers is accountable for the significant
anisotropy of thermal expansion,™ Young's modulus,'”! and
hardness"™ The layered microstrocture favors an unusual
deformation capability involving delamination and formation
of kink bands within the basal planes, resulting in an
outstanding damage toferance”" "' In addition, their excel-
lent thermal shock!™! and inherent oxidation resistance!™!
render them attractive for the use as Interfacial coatings.
Furthermore, the wide variation of MAX phase composition
with more than 50 phases reported in the literature!' ! can be
used to tallor the mechanical and thermal properties of an
interface layer in order to optimize fiber/matrix bonding in a
composite in this work, TiSiC: layers were electrophoretical-
Iy deposited on contimuous SIC fibers prior to incorporation
into a polymer-derived ceramic (PDC) matrix '™ The
conversion of filler-loaded organometallic precursons into
ceramics has been noted as one of the most promising
techniques of fabrication of dense polymer-derived ceramic
composites due to volume reactions during the ceramization
of the potymer."!"!

1142 wikryonknebbrary.com

© 2015 WHEYNCH Verluag GabH & Co. KGeA, Weisham

ADVANCED ENGINEERING MATERIALE 2015, )7 N B

Report 2015 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg

44



Publications

Maerials Lethers 143

20155229111

F1SEVIER

Contents lists available at Scencelirece

reatoriale urters

Materials Letters

journal homepage: vwww slnsviar comlocate/mutial

Polymer derived ceramics reinforced with Ti;SiC; coated SiC

fibers: A feasibility study
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Owing to the remarkable mechanscal and thermal properties of MAX-phases, 11,51C, was explored s an
Intertayer material for fiber-resnforced ceramic composites. Electropharetic depositon was applied to
prepare Ti3S81C; coatings on SiC monofilaments with coating thickness ranging from 400 nm to 400 pm.
Hi;h deposition rate and vusormim stability were achieved wsing 4 polyelectrodyie dispersant. The

Keywonde:

T8,

Electrophorenc dopositon
Isteriyyer

Fulymer derived ceramics
Fiber-einforosd coemgosites

1. Introduction

The development of ceramsc composites with high structural
refiabality and long-term durability is a subject of intensive research,
Toughening of brittle ceramic matrix may be achieved by incorpora-
ton of reinforcng elements, such as high strength fibers, which
trigger enhanced crack bridging and fiber-pull-out | 1] The Fber)
matrix interface plays a key role in controlling load transfer from
the matnix to the fiber. One of the Important engineering challenges i
the design of the fiberfmatnx interfacial coatings, which can reduce
residual stresses by taidoring the shear strain behavior (2]

Nanolaminates with a layered M, , |AX,, crystal structure (so called
MAX-phases with n=1-3, M: early transition metal, A A group
element. X: C or N) exhibit a remarkable combination of
making them artractive for the application in intefacial coatings |3
For example, T5,SiC, with excelient mechanical properties such 2
flexural strength of 450 MPa (4] and Young's modulus of 322 GPa | 5|
demanstrated superior damage tolerance by delamination and kink-
band formation |6), outstanding thermal shock behavior |7 and
capability to withstand cidation and hot comosion up o 1100 C by
formation of protective titada and silica scales |5],

Electrophoretic deposition (EPD) 19,10 was selected as a pro-
mising methad for the fabrication of uniform Ti,5:C; coatings of
controfled thickness on substrates of complex shape, The feasibility

% Cormesponding authors. Tel: + 45 9131 §5 28561, | 49 9151 ¥5 20775,
E-mal addvgsos: o ber oo de () Rlbeer-Demut ]
st tray riytiau de (N Travitzky )

o oL ong )l 1OOIS G masiet 200500128
OI67-577%/c 2015 Hsevier BV, All rights reserved.

i by zeta potential and viscosity measurements. The coated SiC Gbers

m Incorporated by undacal warm-gressing in a FeSIOrSiC-loaded polymethylsisesquicoane (PMS)
matric After pyrolysis at 1200 C in Argon a dense material was obtasned.

© 2015 Elsevier BV, All nghts reserved,

to coat individual fibers, 2-D and 3-D librous substrates by EPD with
varius materials has been successfully demonstrated |11 144
Recently EPD was applied for the fabrication of THSIC, coatings
on conductrve substrates | 15-17), In these cases, the investigations
were mostly focused on the analysis of the deposition kinetics and
film formation mechanisms.

One of the most promising cost-effective technigues for the Gbi-
cation of ceramic matnices & the polymer derved ceramics (POCs)
toute, where the addition of fillers may considerably redusce the volu-
me shiinkage of the polymer precursor associatedd with the thermal-
Induced conversion into ceramics | 14].

It was the aim of the present work 10 codt continuous SIC fibers
with a T4SiC; layer and to incorparate them into ferrosilicochramium
(FeSCr - and SiC-loaded pol i loane matrix and thus, to
demuastrate the feasibility foe the Labrication of MAX-phase coated
fibers reinforced PDCS,

2. Experimental procedure

TisSK: powder (Beljing jinhezhl Matenal Co, China, duy= 12 um)
wast dispersed in ethanol in an agitator bead mil for 4 h at 1500 rpe
The mill was equipped with a coalable grinding tank and Alied with
Zr0; grinding beads with a diameter of 0.2-0.3 mm. The pasticle size
anxd the specific surface area of the milled powders were determaned
by laser scattering and gas adsorption, respectively. The used silicon
carbide fibers (SCS-6, Specialty Materials Inc., USA) have a diameser of
142 ym and an outermost carbonaceous coating with thickness of
approximately 3 um,
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In situ study of mass loss, shrinkage and stress development during
drying of cast colloidal films
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Abstract

During constrained drymg of binder-assisted collondal ings on rigid

drying stress-induced defocts such us cracks and warpage can

often be observed due to the luteral confinement of the film by the substrate. The purpose of the current woek is to understand the origin of these

drying defects and 1w develop strutegies for their

ance by the udj

of slurry compasition or processing parmmeters. In this paper, the

timse-dependent drying behavior of coldosdal ceramic coatings was studied in sitn by observation of mass loss, drying shrinkage and drying stress

by different methods, sach us [

substrate deflection and beam deflection methosds. The stress development and the critical moment, at

which cracks farm, were investigated in films of different compositions with respect to salvent, particle size, binder and plasticizer. The arigins of

the measured differences in drying shrinkage, crack § s well as

SRALY e

after drying were discussed.

© 2015 Elsevier Lidd. Al rights reserved.

Kevwaords! Tupe casting: Dyying stress; Drying shrinkage, Deying cracks: In sis messorenent

1. Introduction

Tape casting s widely used for facturing thin
sheets in a thickness range between 10 and 1000 m for var-
ious applications, e.g. capacitors, sensors und high integruted
circuits [ 1-3]. The principle of this wet ceramic forming pro-
cess is based on the depaosition of a colloidal suspension, which
is commonly composed of solvent, cermmic powder, dispersion
agent and organic additives, like binder, pl fef

cizer, »

green tapes al room temperiture, can often be obsérved due to
stress relixation of the polymer matnix after drying | 7).
Therefore, one of the main challenges associsted with the
tape casting technique is to understand the origin of drying
defects and residual seresses as well as drying stress develop-
ment. To measure the drying stress, several techniques have
been developed [5.0.5-11]. Baver et al. (5 used the transpar-
ent substrate deflection method 1o determine the drying siress
i oy slurries; at the same time, in sity observation of

on amoving carmer ilm by means of the doctor blade technigue
[ 1.4], The drying of the deposited layer plays a critical role in
the whole process chain. Duning drying. the solvent is removed
from the colloidal system | 5], which casses a pronounced drying
shrinkage: due to the adhesion of the cast film on the substrate
this drying shrinkage only occurs in the thickness direction || 1.
This constrained and therefore inhomogeneous drying process
can cause stresses and defects such as warpage and cracks (61
After drying. a flexible porous green tape is obtained. During
storage of tape cast green sheets, nging effects. c.g. shrinkage of

* Comespoading anthor. Tel.: «49 9131 8527547; fax: +49 9131 8328311,
Lol address: uncdroas boosen @4as e (A Roosen).

utptde doboegs |10 18V) Jemrorremmoc 244 § 08 G0

CSS-221990 2N S Elsevier Lud. All rights eoserved.

the drying fromt was also possible. Ruu et al [9] and Lewis
etal, [ 1211 investigated stress development during drying
by means of the photoelasticity method and cantilever deflection
method, respectively, The drying stress indicated the propensity
of cruck formation as a consequence of the capillary pressure in
ceramic coatings; each sudden drop in the drying stress curve
indicated formation of a crack |6]. Funthermore, it was found
that during drying due to the transport of solvent from the ot~
tom to the upper side, an increased amount of the dissolved
binder was observed at the top surface of the tape | 141, This gra-
dient distibution of particles and binder, respectively, resulted
n o different drymg shrinkage between the top and bottom of
the tape which Jed 1o the concave bending of the hlm on the
substrate; resulting in a bent film which was stressed in lateral
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Correlation Between Anisotropic Green Microstructure of Spherical-Shaped
Alumina Particles and Their Shrinkage Behavior

Zongwen Fu.* Pit Polfer.” Torsten Kraf" und Andreas Roosen™'
‘Department of Materals Science, Glass and Cernmics, University of Edangen-Nusemberg, Martenssirasse S,

Erlingen 91058, Germuny

'Fraunhofer-Institute for Mechanics of Materiuls IWM, Wéhlerstrusse |1, Fresburg 79108, Germuny

Dimemsional control is one of the basic problems in cernmic
processing, especially for tape cast ceramic sheets which are
wsed 10 budld wp multilayer structures for high-integrated com-
ponents.  Uncontrobled shrinkage can cawse geo-
metrical distortion and circuit failure of mwltilayer ceramics
during wimtering. The wnderstanding of the relutionship
between greem tape microstructure and shrinkuge anisotropy
b of great importance for further miniaturization of multi-
layer devices, In this stwdy, aluming powders with spherical
particle shape were used to cast greem tapes, The microstruc-
ture as well x5 the pore orlentation and the shrinkage behav-
bor were amalyzed. According to the sintering theory, grain
growth and pore climimation are the twe most important
mechanisms t- dnain nu«ing shrinkage. In this work,
threcdin havior of tupe cast aluming
powders with spherical pankle shape was lovestigated and
correlated with pore arbentution kn the microstructure. Speciti-
cally, the reason for the different shrinkage in :-direction
compared to the Literal shrinkage is in focus, The stedy is
bused om experiments as well a5 oo muthematical visaaliza-
tion.

L Introduction

uminG sntering of tape cast products, which require

high dimensional accuracy for the use of high-inte-
grated COMPONENS,  an anisotropic  shrinkage  can be
observed,' ! which is auributed to an anisotropic green
microstructure, Duning tape casting, nonspherical pnmdc-
are orsented caused by shearing and constrained drying”
resulting in a higher sintening shrinkage m the thickness
direction than in the lateral direction. However, samples
composed  of spherical - particles also exhubit anisotropic
shrinkuge behavsor during sintering** In this study. tapes
composed of almost spherical particks were investiginted
experimentally and analytically. To achicve a better under-
standing for the reason of the lgher shnnkage in the
sodirectuon compared (o the laleral shrinkage, the shrnkage
behavior was analyzed after binder removil and sintenng i1
different temperntures in all three spatial directions. The
corrclation between anisotropic shrinkage and microstruc-
twre of the green tape conceming pore  oricutution  was
discssed

B Wemsand - woninbimg sliver

Manssrym No
"Avton 1 atom o
ol sndress sonsery fos de

WS Rovaved Doconitwr 15 014, sppesvedd Pbingary 17, 2011
R

1L Experimentsl Procedure

(1) Shurry Preparation, Tape Casting, and Thermal
Treatment
A nearly spherical aluming powder SP (dyy <3 pm: Sumito-
mo Chemical Co., Lad., Tokvo, Japan) with & narrow Gauss-
tun shaped particle size distnbution (dyy -2 pm, e -8 pm)
wits used in this stody

Table 1 shows the exact composition of the tspe casting
slurry used in this study and wlso the density of the compo-
nents. The slurry was based on organic solvents contiuining
68 mass% cthanol and 32 mass® toliene. The solid load-
ing of SP-powder in the slurry was kept at 28 vol%, Men-
hoden  Fish o1l (Kellogg Co,. Buffalo, NY), polyvinyl
butyral (B-98: Solutia Inc.. S1. Louis, MO) and alky! benzyl
phthalate (Santicizer S261A; Ferro Corp., Clevetand, OH)
were wsed as dispersant, binder, and plasticizer, respoctively
The slurey preparation and  flape Casiing prooess  were
described an detuil by Fu er al® A silicon-coated PET flm
(Mitsubishi Plastics, Inc., Tokyo, Japan) with a thickness of
<100 pm was usad as tape carrier. To obtain tapes with a
homogenous tape thickness, a tape casting machime with o
fixed double chamber custing head was used maintuining an
mvariable low hydrostatic pressure" The front and rear
doctor bludes were adjusted 1o a gap height of 900 and
1100 pm, respectively, resulting in dried tapes with o llmk
ness of 250 + 10 pm. . According fo Watanabe e al."!
increasing shear mites above ~12.5 s ' does not result in an
increased particle orientation degree, thus the casting spoed
wis st o 700 mmoan, resulting in o shear rte of
~13.0 %~ " At this shear mate the slurry exhibits o viscosity
of 17 Pas

Ihe dried green tapes were removed from the PET carrier
tape and cuot to the desired sample dimeasion with a hot knife
(Groz-Beckent KG, Albstadt, Germany) st 60°C. The samples
were then placed on smooth, high-purity aluming setters (Ker-
afol GmbH, Eschenbach, Germany) for hinder burnout
(BBO). Debinding took plsce in air with @ heating rate of 2 K/
min up 10 450°C for 1 b, followed by prefinng at 1600°C with
@ holding time of 1 land a heating rate of 4 K/min. At this
temperature the SP-powder exhibits a lincar shrinkuge less
than 4%, which is suffident to determine the anisotropy of
shrinkage, but low enovgh 1o preserve the microstructure of
the green tpe for characterization; prefiring also gives the tape
sulficient strength for the preparation of cross sections. To
improve the demsatication, the prefired tapes were subsequently
sintered at 1600°C for 10 b as well as at 1730°C for § h and
for 18 I, respectively. To ensure free sintering the setters used
during thermal treatments from 1600°C 1o 1730°C were couted
with a thin layver of AL, parting sand with a mean partick
size of 150 pm, The theoreticul density of cerimic tapes before
and afler firing was calculaled using the theoretical densty val-
ues shown i Table I The bulk density of green tapes was
determined by measuring the weaght, the arca by scanning the

M38

Report 2015 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg

47



Research

Avalable online at www sciencadirect com

ScienceDirect

EERRS

wwn elsevier.com. locate: jeurceramsoe

Jomrmal of the Enropeiss Copmmne Souiety A8 (20) 5 24102408

Three-dimensional shrinkage behavior of green tapes derived from
spherical-shaped powders: Experimental studies and numerical simulations
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Abstract

In tape-cast prodocts o higher shnnkage is observed in the thick darection pared to the in-plune shrinkage, which is aftributed to an
anisearopic groen tape microstructure caused by sheanng and drying during mansfacturing. In the present study. cast tapes composed of spherical
particles were investigated experimentally and numencally. The shrinkage behavior wus unsalyzed after binder removal and sintering at different
temperatures in all three spatial directions. The comrelation between anisotropic shrinkage and microstructure concerming pore orientation and
coordination number wis discussed. Furthermaore, it is shown that the antsotropic shrinkage daring binder removal contributes stroagly to the total

shrinkage anisotropy,
© 2015 Ebcevier Lid. Al rights reserved.

Kevwonds: Tape castiag. Anbwooropic shrnkage, Commic sintering: Discrete clement sethod; Simulation

1. Introduction

Dimensional control is one of the basic problems in ceramic
processing, especially for tpe cast sheets which are used
to manufacture multilayer structures with highly integrated
components. ~ In this technology, the exact positions, e.g., of
vias or electrodes in different layers must be mamtaimed dur-
ing the entire thermal process.” Therefore, any unconirolled
shrinkage anisotropy dering binder burnout and sintering can
lead to device failure. ' During tape casting. due 1o the shear
flow gradient under the blade of the casting head s well
as 10 the constrained drying process, non-spherical cermmic
partickes are predominantly onented paraliel to the casting
direction,” ' Because of this anisotropic green tape microstrie-
ture, anisotropic shrinkage occurs;” 1"

£ 00y By tn

* Comespoading anthor. Tel.: «49 9118327540
Eomatl aohdress: urroas oosen @ 4o de (AL Roosen).
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where & represents the linear sintering shrinkage and x, y and
z denode the casting, transverse and thickness direction, respec-
tively.

Not only tspe-cast products exhibit an  anisotropic
microstructure; the shrinkage anisotropy could also be observed
during the simtering of uniaxially pressed, extruded and three-
dimensional peinted ceramics.’’ ' During uniaxiul pressing,
extrusion and tape casting, il was found that non-sphencal
ceramic particles can be textured and that the Largest and smadlest
shrinkages oceur in the directions perpendiculur and parallel to
the particle orientation direction. respectively.'” During rapid
prototyping based on layer-by-layer assemblies vin 3D prin-
ting, clongated pores perpendicular to the thickness direction
s well as a layered microstructure could be found. '™ " In all
these cases a higher shrinkage in the z-direction was observed.
the primury cause of anisotropic shrinkage in these systems is
witributed to the orientation of anisotropic particles.” ' *
Wakai et al. simulated the shrinkage behavior of sphenical par-
ticles, which are not oriented but which also exhibit anisotropic
shrinkage behavior caused by particle rearrangement during
sintering due 10 an inhomogeneous distnibution of contact
points.”
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Shrinkage of Tape Cast Products During Binder Burnout

Zongwen Fu and Andreas Roosen’

Depariment of Materials Scence, Glass and Ceramics, University of Etlangen-Nuremberg.

During sintering of tupe cast products, anisotrople shrinkage
occurs, which can be attributed to an anisotropic green tape
structure concerning particle and pore orientation, Little i
kinown about the shri during binder burnout (BBO) and
its refation to the microstructure of green tapes including the
binder—plasticlzer phase, Therefore, the article determings the
shrinkage behavior of green tapes derived from  aluming
powiders with different particle shape during bhinder barmont
and prefiring in oll spatial directions. The shrinkage after
prefiring relative to the green and the debindered states is
also i 3. The i AT heinkage hebuvi

sl microstructure is nvestigated in dependence on differvot
process parnmeters and specifically on the thermal bebasior of
the v phase In the greem tapes. 1t is shown that
the subtraction of the BBO shrinkage from the total shrinkage
resolts in completely differemt data for the sintering shrinkage

anisotropy in = direction,
T APE casting 15 a binder-assisted ceramic forming tech-
mque for the large-scale manufacture of sheets for vari-
aus applications, such as, lor example, capacitors, mdncmn‘
sensors, sctuators, and high-antegrted multilayer circuits
These ceramx: green lapes can be further processed vin
panching, metallizatson, and lamination to build-up complex
multilayer products.” To enbance the green tape fexibility
and strength, organic pwccsﬂmg wdditives, such as binders
and plasticizers are required. ™! Typacally, the organic contemt
ranges between 30 and 65 vol.% and is burned out prior 1o
densification.”
Dunng these  processes, undesmable  defects  including
jon, crucks. an: wee shrinkage, and camber can
be observed,” " which are attributed 1o anisolropic ¢ grecn e
microstructure caused by the forming process.” ™ During
tape casting. due 1o the shear flow gradient under the doctor
blade noncquiaxed partickes und binder molecules are ori-
ented, " In addition, during the drying process, the solvent
evaporition only occurs on the 1op surfuce. Due to the capil-
lary forces, which trunsport the solvent to the surface, an
increased amount of the dissolved binder can be found it the
top surface of the tupe”" Morcover, due 10 the adbesion
forces between slurry and carriee tape, drying shrinkage can
only be carried out in direction, the direction ;nmcndlwlar
to the casting plane.®® In summary, the anisatrope forming
principle during tape casting results in particle onentation
and i @ textured and inhomogencousdy distributed binder
phise, "' giving reason for an anisotropic pore structure after
binder il These mh 3 the green micro-
SLIUCTUre cause anisotfopie shrmk.ngc

L Introduction

M. Mesom—caminimiing olilin

Marsarpt Mo V277, Resmived Iy | 014, sppesned Sepramtur 4 014
"Auttior 0 whos srvepondenss deonld S cdliesed o-ma it sndress nooens ke

20

Manensstrasse 5, Eclangen 91058, Germany

K>t >0 (n

where © represents the total linear sintering shrinkage relative
to the green state und x, v and = demote the casting. Lrins-
verse and thickness direction, mpa.unlv In previous ssudies
the effect of particle® """ and pore'*"" orientation on txe
shrinkage unisotropy has been studied in detail. In this stody,
the shrinkage behavior of cast green tapes during binder
burnout (BBO) and presintering were investigated quantita-
tively m all three spatial directions; specinl emphasis is given
to the structurl development during binder burnout.

1L

(1) Raw Marterials

To determine the shrinkuge behavior during bander burnout
and prefiring, green tapes were cust usng three different alu-
mina powders of different particle shape. A spherical shaped
powder (DAW 05, Denka Co., Led. Tokyo, Japan. dy
4.2 pum). o sandard milled powder (WRA FG, Almatis
GmbH, Frankfurt, Germany, dy 4.0 pm) and a platekt-
shaped powder (P, Amis Co., Lid., Sanmak-dong, Yangsan,
South Korea, dy,: 8.7 pm) were used in this study,

Experimental Procedure

(2) Shurry Preparation and Tape Casting

For tape casting, an azeotropic mixture of 685 wi.% ethanol and
32 wi % toluene was used as solvent, Aller adding the dispers-
ing agent (Fish oil, Kellogg Co., Bullulo, NY) and the ALO,
powder, the dispersion was deagglomerated in o tumbling mixes
(Turbula, Willy A, Bachofen AG, Muttenz, Switzerland) with
ALO; milling balls (~30 W% of the shurry) withs a dumeter of
<3 mm for 24 h at o mixing speed of <6 rpm Then, the binder,
polyvinylbutyral (PVB. B-98, Solutia Inc., St Louis, MO) and
the plasticizer, afkyl benzyl phtulste (Santicwes S261 A, Ferro
Corp.. Clevelund, Olll were added 1o the slurry. Subsequently,
the suspension was | wed [or an additional 24 b, sieved
through a screen of 200 um and degassed (250 m bar, M min)
10 remove s bubbies before casting. Tuble | shows the compo-
sitions of the tape casting sharmes.

Tape casting wis carmad oot on o tape casting maching
equipped with a fixed double chamber casting head, A slicon-
conted PET film (Mitsubishi Plastics, Inc., Tokyo, Japan) with
a thickness of =10 pm was used ax 4 moving currier. Drying
wis performed at room temperature without additionad air flow,
After drying, the cerumse green sheets were removed from the
PET carrier film and cut to the desired sample sizes with a4 hot
knife (Groz-Beckert KG. Albstadt, Germuny) at 60°C. Al
green tapes wsed for the shrinkige analysis during binder burn-
oul und prefiring, were cast ut o casting speed of 0 mm min
The front and rear doctor blades were adjusted 1o o gap haght
of 450 and 650 pm, respectively,

(3)  Thermal Bekavior of the Binder System

To characterize the thermal behavior of the binder- plasticizer
system during thermal treatment, the mass loss and the he
of reaction of 4 WRA FG tape were determined by thermal
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Abstract

This paper reviews the application of a broad range of additive manufacturing technologies (AMTs), including Stere-
olithographic Ceramic Manufacturing (SLCM/LCM), 3D-Printing, indirect and direct Selective Laser Sintering/
Melting (SLS/SLM), Dispense Plotting and Inkjet Plotting on bioactive glasses (BGs) and silicate bioceramics to fab-
ricate a variety of dense and porous structures for biomedical applications (e.g. bone replacement materials). Topical
studies in the literature are complemented by recent data of the authors” own work, highlighting the state of the art of
additive bioceramic production. The specific characteristics of the technologies used, their advantages and disadvan-
tages and the scope for future research in this field are discussed. To date, many studies focus on 4555 Bioglass® due
to its broad commercial availability. However, other bioactive glass formulations and sol-gel derived BGs are being
also considered in the context of AMTs. As the geometrical accuracy and mechanical properties of the fabricated parts
strongly vary among the different AMTs, in-depth knowledge of the detailed capabilities of each production process
targeted for BGs and other silicate bioceramic materials, as collated in this review, provides information on the basic
requirements and challenges for establishing follow-up studics and for possible expansion of the application ficlds of
such additive-manufactured structures.

Keywondy Addizive manufaciuring, boactive glasses, sificate bioceramics, seaffolds

1. Introduction al printing, thermal debinding, and finally, sintering, In-

Additive Manufacturing Technologies (AMTs) is the cur- direct methods linvolvc four basic fa'bricarlion techniques,
rently used standardized resm for those processes (ASTM namely (i) laminated object manufacturing (LOM)*3,
12792) where 3D-structures are fabricated by adding ma- where the feedstock already includes the binder; (i) ex-
terial in the form of thin layers, to finally obrain the tar- trusion-based techmques, such as robocasting, dispense-
geted geometry, In literature, the terms Rapid Prototyp- plotting and fused deposition modelling (FDM)#; (iii)
ing, Lavered Manutfacturing, Solid Frectorm Fabrication, methods relving on stercolithography, c.g. digital light
3D-Fabbing and 3D-printing are frequently used svnony - processing (DLI') 7 or Laser-based systems (SLA); and (iv)
mously. In this work, the term AMT will be used, which methods based on the fusing of a powder bed, such as 3D-
describes the general manufacturing principle involved in printing and SLS methods, where the binder is present in
the mentioned rechniques. the feedstock 8,

There arc two main categories of rechniques to pro- In general, AMTs are capable of shaping individual ge-
duce ceramic parts by AMT: direct and indirect fabrica- ometries on demand, without requiring expensive woling,
tion techniques. Direct AMTS have the benefit of produc- This makes AMTs ideal manufacturing processes for ap-
ing sintered ceramic parts without the need for any fur- plications in medicine and biomedical engineering, where
ther thermal post-processing steps. These rechniques melt customized, patient-specific geometries are of high ben-
‘!“' ceramic powder particles Fogcdm 'b)" I";‘"" inarae- cfit. Ficlds of applicanions in current clinical use include
tion and are referred toas selective laser sintering (SLS) -2 the fabrication of drill guides for implantology and maxil-
or clectron beam melting (EBM). However, the obtained lo-facial surgery 9-12 as well as models 1% for digiral den-

surfaces are usually rough and local thermal stress prob.
lems may arise because of temperature gradients Y during
production. Indirect methods 1o produce ceramic parts
are three-step processes, consisting of three-dimension-

tistry. It is estimated thar around 50 0C0 patients are treat-
ed every year using 3D-printed surgical planning instru-
ments 14, For these applications, the requirements regard-
ing biocomparibility and bio-functional properties of the
* Caorrespording author: akdo, boccaccini@ww.uni-crlangen.de used matenals are mostly achievable with currently avail-
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Perspectives of Nano-Carbon Based
Engineering Materials”™
By Peter Greil

Nano-carbon materials attained considerable scientific interest due ko their unique physico-
chemical properties. Much less reports can be found on transferring the unique properties of super-
strong individual nanoparticles like carbon nanotubes and graphene nanoplatelets into load
bearing engineering materials. After reviewing structure and properties of nano-carbon properties
the size effect governing the reduction of inherent mechanical properties upon transfer info
macroscopic engineering materials is considered. While the potential of mechanical property
enhancement of composites with random orientation of elongated carbon nanoparticles is limited
by very low percolation thresholds, manufacturing of aligned microstructures, and tailoring of
nanoparticle/matrix interface offers plenty of space for optimizing the mechanical properties of
composites subjected to tensile loads. Since compression is the maore common loading situation for
ultra low-densily nano-carbon materials the collapse stress is important for deriving design limits
of nanoporous carbon materials. At the same level of density materials with nanotube or sheet
carbon allotropes forming the struts may be expected to achieve a compression strength orders of
magnitude higher than the porous graphitic materials. Finally, economic aspects of nano-carbon
manufacturing are discussed.

1. Introduction

Distinguished by a low density, an outstanding chemical
and thermal stability, as well as superior high temperature

crystalline carbon materials most relevant for engineering
applications. Carbon fibers are prepared from  organic
precursors including stabilization of a precursor fiber In alr
(=300 °C), carbonization (=1100°C), and subsequent graph-

mechanical properties in nen-oxidizing atmosphere, carbon is
ane of the most promising engineering materials. Carbon (157,
25, and 2p’) is able to undergo fiexible coordination
chemistry forming sp (carbyne), sp° (graphite) and sp’
(diamond) hybrid orbital bonding allowing formation of
specific 30 architectures,!'! Carbon can be found in & wide
variety of allotropes from ceystalline (diamond and graphite)
to amorphous {(carbon black, activated carbon, glassy carbon,
ete.) and nanoscale (fullerene, nanotube, graphene, and
nanoporous), Table 1. Diamond and graphite are the

[*] Prof. 2 Greil
Department of Materials Science (Glass and  Ceramics),
Unifversity of Erlungen-Nuertbery, Martensstr. 5, 91058
Erdangen, Germany

[**] The financtal support from the DFG finded Koselleok project
GR 961/32 amd the Cluster of Excellence “Engindering of
Adoanced Materials” is gratefully acknowledged.

itization (250 “C). Fibers undergoing only the first two steps
are commonly called carbon fibers. while fibers undergoing all
three steps are called graphite fibers.

in the past two decades, carbon forms with the character-
Bhic sizes i the nanoscale region (e.g., one characteristic
dimension is <100 nm) received increasingly attention due to
thelr remarkable physico-chemical properties: fullerenes !
nanotubes,”! nanofibers ! graphene,™ nanodiamond,” and
nanofeams.'”! Geometrical constraints on the nanoscale give
rise for unique properties of nano-size carbon as, for example,
quantum mechanical tunneling triggered field emission,™
pore channel diameter controlled band gap in carbon
nanotubes (CNTs), ™" helicity-dependent electrical conduc-
tance (metallic or semiconductor), L nanoporosity governed
ultra low solid state thermal conductivity In carbon
aerogels,"" ultra high modulus and tensile strength of
ONTs"" as well as tailored biological activity of function-
alized fullerenes"™ The wide diversity of nanosize carbon
forms and architectures emphasizes the increasing rode of

ADVANCED INGINEENING MATERIALS 2004,
DOk 10.1002/cdem 2014001 10
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Amorphous ¢ ato Mms 5 by the poly
Induced liquid-precursor (PILP) pnoan convert into crystatio-
graphically complex caicite spherulites. Tuming the experimental
pararmeters allows for the generation of crystal lattice tilting similar
to that found in calcarecus biominerais. This contribution evi-
dences the role of spherulitic growth mechanisms in pseudomon-
phic transformations of caicium carbonate.

' Car

Calcarcous  biomincrals, such as sea urchin spines and
mollusk shells, are biogenically formed composite ceramics
which show superh adaptation for given tasks. The 342
million years of evolution since the Cambrian explosion has
lered biomi Js an | of inspiration for
both material design and for the creation of ceramic
materials at ambient temperature.' The key step during
genesls of these blogenic ceramics ks the controlled solid-
amorphous to crystalline transformation from a transient pre-
cursor to a highly cooriented mosaic crystal.” ' ‘This phase
transformation is pseudomorphic, e it pr ds with

View Article Online

Wow dourned | View hes

Pseudomorphic transformation of amorphous
calcium carbonate films follows spherulitic growth
mechanisms and can give rise to crystal lattice

Joe Harris.” | Mey,” M. Hajir,” M. Mondeshki and Stephan E. Wolf**

In a subsequent state, crystallinity propagates’ through the
now fully sygregated'! and anhydrous,'’ space-filling'"/
accreted”"! ! amorphous mineral body. This eventually gener-
ates o mosaic ciystal with an insignificant angle spread, often
referred 10 as a mesocrystal,3 """ Ultrastructural analysis
of different, mature calcareous blominerals revealed that
they, in their fully crystalline state, still embody a nano-
granular fine structure; a clear remnant of formation wa
aggregation and accretion processes of initially amorphous
particles which eventually give rise to the conchoidal fracture
behaviour of bi igH141% Ip to the recent
work of Seto ef al,"* Wolf et ol recently proposed that the
appa single crystallinity often observed in biominerals
can be seen as an epitaxial nucleation process of the funda-
mental nanogranalar building blocks, Le. an already crystal-
line nanogranule bequeaths its crystal orientation to an adja-
cent and still amorphous granule by isoepitaxial nucleation.' ™"
Metnphmicnﬂy speaking, crystallinity jumps to neighbouring

vation of the macro- and microscopic morphology of the min-
eral body which eventually leads to nonequilibrium shaped
crystalline forms. For future mimesis of these intricate

ics, the “percolation of crystallinity” through an initially
fully amorphous mineral body has o be thoroughly understood,
So far, it is generally accepted that biominerals initially form by
aggregation of individual and amorphous nanoparticles,™*

* Dvpasrtavent of Maderials Scirmee awmd Enginesring, CAalr of Glass and Ceramita
(WWal FrindrackAivramber-Unteratty Scfawss-Naraberg. Martensatraue 3
GOSN Erfangen, Germany, Somadl stepdati e waliyle de:

Hux o0 D27 K3 2NN T Tek o0 VAT NS 27880

'm W Orgitric wad Siavarteculey Chemdstry, Grovy Aaguat-Owversity of

1y 2 300> Cermuy
* Mstitnte af deorguic and Aslytieat (hewisiry. Joh ‘ yery o
umnmmmu umm
t ek I ¥ (E51) nailable: Experioentsl detaly,
polertecd fight graphe of tranaient stanes o film 6 < Raman, IR and

PXRD amabaes, line lnm poofiles of type A and 1 sphersdiees; TGATM
prufiles of sphenuli 1t experuments snd AFM micographs
of the lmlplu-n lum. Sow DOK: lo.lm.-\mmuu

Tnk jowrral & © The Royal Socety of Chermstry 2015

granules and, b,thm,pmohtcslhmugh lh.-mnn-minﬂul
body eventually resulting in the foemation of an appa

single-crystalline body. This speculative model, which il
awaits further corroboration, is capable of explaining the
emergence of single-crystallinity and also more  peculior
observations recently made on blominerals, such as the pres-
ervation of intracrystalline smorphicity in biominerals as
evidenced, for instance, by the Gilbert group by the use of
XANES-PEEM mapping techniques."" '™ ™ [n this special
case, the revised model predicts that individual (patches of)
manogranules do not undergo phase transformation as they
are either separated from the surrounding crystallinity by an
Impenetrabie organic coating which ensheathes the granules oe
because their chemical composition does not meet the require-
ments, ¢.g they contain too much water, foreign lons ke mag-
nesium, polymeric imparitics, or improper stoichiometry.'*""
Employing XANES-PEEM on an extensive set of nacroprismatic
mollusks shells, Gilbert and co-workers recently found the first
example of 0 structure-propesty  relationship in biogenic
calcitic prisms.'" They observed a gradual tilting of the

M5 17 HAN-EET | 6831
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Nanoscale assembly processes revealed in the
nacroprismatic transition zone of Pinna nobilis
mollusc shells

Robert Hovden"*, Stephan E Wolf2¥*, Megan E. Holtz!, Frédéric Marin®, David A. Muller'® & Lara A. Estroff?®

Intricate biomineralization processes in molluscs engineer hierarchical structures with meso-,
nano- and atomic architectures that give the final composite material exceptional mechanical
strength and optical iridescence on the macroscale. This multiscale biological assembly
Inspires new synthetic routes to complex materials. Our investigation of the prism-nacre
interface reveals nanoscale details governing the onset of nacre formation using high-
resolution scanning transmission electron microscopy. A wedge-polishing technique provides
unprecedented, large-area specimens required to span the entire interface. Within this
region, we find o transition from nanofibrillar aggregation to irregular sarly-nacre layers,
to well-ordered mature nacre suggesting the assembly pracess is driven by aggregation of
nanoparticles ( ~50-B0 nm) within an organsc matrix that arrange in fibre-lke polycrystalline
configurations. The particle number increases successively and, when critical packing is
reached, they merge into early-nacre platelets. These results give new insights imto nacre
formation and particle-accrelion mechanisms that may be common lo many calcareous
ominerals

1Sehoad of Apgiied and Engeworing Fhyses, Comell Univarsity, ithaca, New York 14853 USA I Dapwtmant of Materaly Stience s Engineering. Comell
Unheers iy, thaca New Yock 18853 USA. 7 Departmene of Materials Scince and Engonering. Insteute of Glass and Ceamics, Fredreh-Alesancer-LUnaprsty
Triangen-Nornberg, 99058 Erlangen, Gormany, T LIMR CNRS 6287 Bogdoscances, Unvorstd do Bourgogne Francho-Camtd, 6 leulmard Gabril,
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Fabrication of MAX-Phase-Based
Ceramics by Three-Dimensional Printing

Y.Mal, X. Yin" !, X. Fan!, N. Travitzky?, P. Greil’

IScience and Technology on Thermostructural Compaosite Materials Laboratory,
Northwestern Polytechnical University, Xi;an, Shaanxi, 710072, PR China
*Department of Materials Science (Glass and Ceramics),

University of Erdangen-Nuremberg, Erlangen, Germany.
received February 3, 2015; received in revised form March 1, 2015; accepred April 1, 2015

Abstract

Three-dimensional printing (3DP) is a flexible and cost-effective method for direct digital manufacturing that pro-
vides capabilitics for creating a wide range of part geometries in a broad variety of materials. Recently, a combined
process of 3DP and reactive melt infiltration (RMI) has been applied to fabricate MAX-phase-based ceramics, exhibit-
ing great potential in the fabrication of bulk compounds with complicated shape. This paper briefly summarizes the
fabrication of Ti ,AIC,~ and TiSiC,-based ceramics with the combined process. 3DP facilitates the prior design of a
porous preform with specific pore distribution and microstructure, which is beneficial to the control of the volume
change of the following reaction in the RMI process, promoting the near-net-shape fabrication of MAX-phase-based

ceramics with high flexibility in component geometry,
Keywords: Three-dimensonal primsang, RM1, T1,85:C), Ti;AIC,

L. Introduction

MAX phases are thermodynamically stable nanolami-
nares exhibiting unusual and unique properties, They have
combined characteristics of metal and ceramics ! =% and
exhibit attractive properties such as good oxidation resis-
tance, low density, high modulus, good thermal and elec-
trical conductivity, excellent thermal shock resistance and
high-temperature strength, and easy machinability 4-6,
They are considered promising structural/functional ma-
terials for high-temperarure applications 7 % MAX phas-
¢s have also been successfully used as reinforcement to im-
prove the mechanical properties of intermetallic and ce-
ramic-based composires 12,

Recently, several methods, such as chemical vapor depo-
sition {CVD) 1812 mechanical alioying (MA) 1314, sclf-
propagating high-temperature synthesis (SHS) 1% < 17, hot
pressing (HP) ' and spark plasma sintering (SPS) 1%, have
been applied to fabricate MAX -phase-based materials and
the propertics of these materials studied extensively.

Tzenoy et al. 1 fabricated dense TiyAIC; bulk materials
by means of reactive hot isostatic pressing (HIP) of a Ti, C,
and ALCs powder mixture at 70 MPy, 1400 °C for 16 h.
Yeh er al 17 used a 3T1/1.25C/0.25A1,C, mixture as the
starting powder to fabricate Ti;AIC; ceramics by means
of SHS, and the increase of the preform density prior o the
SHS process led 1o the increase of Ti;AIC; content from
50.5 to 73.2 wt%. Yanga et «l ' combined MA and SPS
methods for the fabrication of TiyAlC ;-based matenal.

Y Corresposding authoe: vinxe@uwpuedinen

Dense TiyAlC; was fabnicated by meansof SPSar 1050 °C
for 10 - 20 min with mechanically alloyed powders froma
starting mixture of 3T/ LIAL2C, Han ez ol 22 fabricated
polycrystalline bulk TisAIC, with HI from a mixture of
TiC, (x =0.6) and Al powder under 25 MPa pressure in the
temperature range of 800 10 1600 °C, fully dense and pure
TiAIC; was synthesized by means of HP above 1400°C;
Vickers hardness up to 6 GPaand flexural strength higher
than 900 MPa were measured for the as-fabricated bulk
Ti;AlC; samples,

CVD was the early method for the fabrication of dense
Ti3SICy ceramics with high punty '!, Deposition is usu-
ally conducted at 1300~ 1600 °C with SiCly, TiCl,, CCl,
and Hj as source gases, However, CVD could only be
usexd for the fabrication of thin films and coatings com-
posed of MAX phases, Barsoum et al 2 used the HIP
method for the fabrication of bulk T338iC; matenals,
Powder blends of Ti, C and SiC with a molar ratio of
3:2:1 were cold-pressed under 180 MPa, In order to ob-
tain dense materials, the compacted green bodies were
then reacted in the HIP device ar 1600°C for 4 h under
40MPa. Gao et el fabricated dense Ti,$1C, bulk mate-
rial by means of SPS up 10 1300 °C 21, The composition
of starning powder mixture was TuSiTiC = 1:1:2 (molar
ratio), The as-fabricated Ti,81C, material contained only
2wt% TiC, impunty. /n-sitw hot pressing was conducted
by Zhou et al. ¥ using mixed powders with a molar ratio
of TeSiC = 0.42:0.23:0.35. T1;5C; bulk marterial with
purity of 93 wt% was fabricated ar 1550°C in an atmo-
sphere of flowing Ar Further study 22 shows that using
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Near-Net-Shape Fabrication of Ti;SiC,-based Ceramics by Three-

Dimensional Printing

Yuzhao Ma, Xiaowei Yin,* Xiaomeng Fan, and Lei Wang
Science and Technology on Thermostructural Compasite Maserials Laboratory, Novthwestern Polytechmical Universigy, Xian,

Shaamxs 710072, People’s Republic of China
Peter Greil and Nahum Travitzky”

Department of Material Science (Glass and Ceramics), University of Erlangen-Nuvemberg, Erlangen 91058, Germany

This paper focuses an the preparation of near-oet-shaped dense T3,5¢C-based matensals via an indirect three-dimensanal
pronting (3D prnting) and postreactive meds infilcadon (RMU) procese, TiC preforms with bimodal pore sire dinribution were
fubeicated through 3D pnnung. followeed by the infiliration of i mele and AL-S3 alloy (AlLuSiso and Al Sivy), Dense composises
with density of ~4.1 gfem” were obesined after the infiliration. No volume shrinkage was vbained after the reactive infileration
with Al-Si alloy. Tbe psmupaunn of Al dusing the infilmarion proces promoted the fornscion of T4SIC,. The as-fabwicated

13,50 - based d mech

ical and dectromagnetic interference shidding properties.

Introduction

1,SiC5 is the representative and mose studied phase
among the M, AX, ternary ¢ ds." It b

ity 0 combine geomerry design with material design.'
Three-dimensional printing (3D printing) is a promising
nddiri\nr manufacturing technology thar allows the rapid

charactenstics of menal and ceramics due to its menallic
nature of bonding and layered nature of compounds and
arcdins anractive propertics such as good oxidagion resis-
tance, bow deosity, high modulus, good thermal and
clectrical conductivity, excellent thermal shock n.-mxance
and high u'mpmxun nmmph and easy machinability,”
It has also been conssdered as a promi cmucmn]f
functional material \-lm.h would be used in the high-
remperature conditions.” " The microwave and clectro-
magnetic inteeference  (EMI) shielding  properties  of
THSiC; are atracting more and more arentions. Shi
et al” demonstrated that the EMI SE (shielding effec:
tiveness) of the TiSiC/polyaniline composites in X
band can be §rnlly improved by increasing T3.85iC; Aller
content, Lin'" and 1" o al also sudied the diclectric
and  microwave absorption  properties  of  TiSIC,
powders. The authors showed thar 13,85iC: s good
microwave absorbent in X-band, However, up 10 now,
MAX-pluw-hami materials were will prepared mainly
by the tradio of hot-p g at elevated rem-
peratures with lmuml »hapmg upablluy to ruther simple
component geometries.' =

Additve manufacturing is 4 novel processing rech-
nology of ceramic-hased materials, which have the capac.

rrertrmpa b rrm et yabes o abar ekt e olegnube
2004 D Asarcan Canmnd Soceny

fl pmducnnn of prototype parts from a CAD
model.'® 3D printng  directly employs powders und
binders 1o create complex shape ceramic parts with no
woling or geomertic limitarion. Although 3D printing
has the unicque ability o locally wilor the marerial com-
position, microstructure, and surface rexture, it remaing a
challenging issue for creating dense ceramics using 3D
ponting technology, Sun ez al'® wed  cold-isotactic
pressing for the densification of the 3D printed TiSiC,
samples, Fu eral'” fabricated SiSiC lawice structures
wuh a gradient by 3D printing. preceramic polymer
filtration, and pr less liquid Si infiltracion, After
Si mele infilration, the SiS1C compoyites show 2 dense
microstructure up 1o 70 vol% of Si. Schlier er wl'™ used
3D printing combined for the bricaton of SiSiC muc-
rocellular fartice rruss structures for free combuntion pro-
cess. The larice design with a high porosity of 80% was
shaped by indirect three-dimensional printing.
3D printing is demonstrated to be an enable process
to fabricate porous preforms with carefully desagned
parosity and pore size distribution, which is beneficial 1o
the formation of a dense MAX-phase-based ceramics by
a postmetal reactive infiltration (RMIL"® 7 In our previ-
ous works,"" Ti,SiC,-based ceramics were fabricated by
liquid siticon infileration into 3D printing TiC peeforms
with a bimodal pores structure which favors the infilera-
tion with liquid melt. The as-obained ceramics gained
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In-situ structural investigations of ferroelasticity in soft and hard
rhombohedral and tetragonal PZT

Maxim |. Morozov,'*' Mari-Ann Elnamud Julian A. ‘I’olchaw Philipp T. Geiger.?

Kyle G. Webber,” Dragan Damjanovic, and Tor Grande'

' Departmen of Maserialy Science and Engincering, Norweghan Universiny of Science and Techmdogy,
NO-7491 Trimdthweim, Norway
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Ceramics Laboratory, Swiss Federal Institute of Technology in Lauxamee-EPFL, 1015 Lawsamne. Switzeriamd

(Received 14 September 2015: accepted 13 October 2015; published online 28 October 2015)

Despite the technological importance of hard and soft PZT, Po(Zr,Ti))y, coramics, the

I of ferroelectric hardening and softening remain widely discussed in the literature, The
hardening and softening phenomena have traditionally been investigisted in relation with diclectric
manifestations such as aging of the dielectric susceptibility and constriction of the polarization-
clectric field hysterests loop, Here, we present a systematic investigation of the ferroelectric and
ferroclastic propertics of soft and hard PZT in both the zonul and rhombohedral phases. A par-
ticular focus has been devoted 10 ferroelastic domain switching by characterizing the macroscopic
mechumical constitutive behavior and in-sine synchrotron X-ray diffraction during compression. Tt
15 demonstrated that variation of the ordenng stute of point defects in PZT ceramics affects the
switching behavior of both ferroelectric and ferroelastic domains under mechanical or electrical
fields, Softening of the mechanical and electrical properties of onginally hurd PZT ceramics was

mex

conferred by quenching the matenials from above the Curie u.mpu'alun: The present findings are

discussed with respect o the current understanding of |

2-s0f1 100y in ferroclec-

tric muterials, © 2075 AIP Publishing LLC. [hup:/fdx.doi.org/ 10.1063/1. 49146I5|

I. INTRODUCTION

Introduction of donor or acceptor dopams in lead zircon-
ate titanate (PZT) is one of the most successful methods o
tailor the piczoclectric and ferroclectric performance of these
electrocerumics.’ Aliovalent dopants can control both the
intrinsic and extrinsic propertics such as bulk electnc con-
ductivity and mobility of domain walls, Acceptor doping is
known 1o induce ferroelectric “hardening,” 1., weakening
of dielectric and electromechanical properties, accompanied
with lowering therr nonlinearity and hysteresis, In contrast,
donor dopants typically result in “softening” effects with the
opposite tendencies. Many  theoretical and  experimental
studies have been dedicated to these phenomena, and several
models have been proposed to describe the diclectric noali-
ncarity and hysteresis using phenomenological, microme-
chamical, and statistical simulations.

The phenomenological models of “hardening™ usually
consider interaction between the spontancous polarization
{Ps) and charged point defects, whose collective ordering or
localization results in pinning of domain walls, hence reduc-
ing their mobility. Several models with different localizations
of charged point defects (in some model e charge)
have been proposed and discussed extensively.” '” Ordering
of charged point defects with respect to polusization is a result
of their intcraction with Py at clevated temperatures below
the Curic temperature, T, Migmtion and rearmangement of
mobile point defects may oocur quickly’™'™ at the last stage

“Author 1o whom correspondesce should be addressed. Eloctrooe mal:
sl sy oo, o0

0021-897%/2015/118(16)/164104/7/530.00

118, 1641041

of thermal processing, when sintered ceramics first reach the
polar state on cooling below T At room temperature, the or-
dered wrrangement of the point defects |s considered to be
“frozen™; thus, their collective imeraction with Pg teods 1o
hold the domain configuration stable, munifesting itself as o
“restoring force™ for the mation of weak domain walls. In the
case of “hard™ acceptor-doped ceramics. positively charged
oxygen vacancies V) appear 1o balance partially or com-
pletely ™" the negatively charged acceptors. Due to certain
mobility below the Curie temperature (eg.. in PZT,
Te > 300°C), Vi—acoeptor pairs may adopt preferential sites
in the unit cells with respect to the spontaneous polarization
of the ferroelectric domais. Thus, the level of charged point
defect ordening can be a measure of fesroclectric hardening.
Unlike “hardening,” the “softening” mechanism is sall
poordy understood. Tt is believed that the undoped ceramics
are “hand” 10 4 cenain extent, Le., due to the presence of V;
mainly owing 10 the loss of PhO. The Vi, — Vi pair then has
i similar rode in hardening as the acceptor dopant-oxygen vi-
cancy closter. The introduction of donor dopants (i.c., Nb*')
reduces this natural fermoelectric “hardness” by reducing the
number of oxygen vacancies and thus manifests itself as xoft.
ening. Whether any additional softening effects, beyond the
decrease in concentration of oxygen vicancies, are present is
currently not understood, The softening donor-type dopants
in PZT are typically cation substitutes (e.g., b7, o) bal-
anced by cation vacancies (e.g., Vi) These two point
defects are considered to be immobile compared 1o oaygen
vacancies ot tempenstures below Tes thus, they are not able
to become ordered with the onset of the spontuncous

2015 AIP Publlshing LLC
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Cuided tissue regeneration |L1TR) membranes have been used for the management of destructive foems
of perlodontal disease as a means of aldmg regeneranon of lost suppocting fissues, (ncloding the alveolar
bone, cementam, gingiva and penod ral (oL C y available GTR membranes are either
non-biodegradable, wqumnc & second surgery for removal, of Mwwa-ubk The mechancal and bio-
functional limitations of ¢ ly available b result in a & d and unpredictabde treatment
outcome o terms of periodontal tissue regeneration. In this study, porous membranes of chitosan [CH)

::’;"”*"’* k) were fabricated with oc without hydraxyapatite (HA) using the simple Lechnigoe of freeze gelation
Gulded tissue regraeratinn (FG) via two differemt solvents systemss, acetic acid (ACa) of ascocbic .md [ASa), The 2im was to prepare
Resorhable porous membranes to be used for GTR to improve periodontal ¢ FG ib were char-
Bloactivty acterized for uhtra-stractural morphology, physiochemical properties, water uptake, degradation,
Osteal sy mechanical peoperties, and biocompatibdity with matuse ard peogenitor asteogenic cells. Fourier trans-
form infrased (FTIR) spectroscopy canfirmed the presence of hydraxyapatite and its interaction with chi-
1osan. uCT analysis showed memnbranes had 85-77% porosity, Mechanical peoperties and degradation
rate were affected by sobvent type and the presence of hydroxyapatite. Culture of human ostecsarcoma
cells (MGB3) and human embeyonic stem cefl-derived mesenchymal progenitors (WES-MPs) showed that
all membiranes supported cell proliferation and long term matnix deposition was supparted by HA incor-
porated membranes. These CH and HA composite membranes show their potential use for GTR applica-
tions in penodootal lesons ad in addition FG membranes could be further tuned to achueve

characterissics desirable of a GTR membrane for pensodontal regenerarion
© 2015 Acta Matenalia Inc. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-
ND Tacense (Mg \orvatrvecinmmons oogcoemses Sry-nc-pd (400
1. Introduction For these reasons, there has been moch interest in developing

Destructive forms of periodontal disease such as chronic pen-
odontitis affect the supporting tissues of teeth causing loss of gin-
gival tissue, connective tissue, alveolar bone and periodontal
lig 5. Initsal tr of these diseases includes the elimina-
tion of the primary causative factor (the dental plaque biofilm) by
effective  patient performed oral hygiene procedures and
non-surgical treatment provided by a dentist or hygienist. While
treatment usually halts disease progressson, healing is character-
ized by repair of affected tissues with a long junctional epithelium,
hone remodeling. and limited regeneration of the cementum and
the lost periodontal ligaments that normally attach the tooth o
the alveolar bane,

* Coresponday author at: The Kroto Research imstitute. North Campus, Univer-
sity of Sheffield. Broad Lane, ShefMold S3 THQL Unitod Kingaom. Tel: +44 (0) 134
222 S fax: 444 (O] 114 227 WML
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methods for enhancing the regeneration of lost tissves in order
1o restore dental function and esthetics. This has been met with
limited success using biologically active agents and guided tissue
regenerative (GTR) or guided bone regeneration (GBR) membranes
[ 1.2]. The ideal requirements for a GTR membrane include; a cell
Isodating occlusive biomatenal which meets minimum mechanical,
physical, structural and bocompatibility reguirements; ability to
support organized and vasculanzed ingrowth and wound stabiliza-
tion; protecting the underlying blood clot and thereby limiting the
epithelial and unwanted connective tissue growth into the defect;
promoting functional tissue regeneration from the relevant cells in
the defect (avolding healing by repair); and degrading in adequate
time to provide space for newly formed periodontal tissue, The
membrane surface facing the soft tissue should supgort cell attach-
ment, growth and differentiation while the surface facing the
defect acts as a biological seal | 1],

A number of resorbable GTR/GBR membranes have now
replaced the conventional non-resorbable membrane {expanded

g o by -oc- i 1 1)
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Conductive TiC/Ti-Cu/C composites
fabricated by Ti-Cu alloy reactive
infiltration into 3D-printed carbon
performs

Carlos R Rambo', Nahum Travitzky” and Peter Greil®

Abstract

The microstructure and electrical properties of dense TiC/T+-Cu/C composites fabricated by pressureless reactive
infilration of Ti~Cu alloy into porous starch-derived carbon preforms prepared by 3D printing was evaluated.
Porosities in the range of 65-78 vol’% were varied by post-isostatic pressing the as-printed preforms at pressures of
50-400 MPa. The reactive melt infiltration was carried out at 1100°C in a flowing Ar atmosphere and resulted in
formation of a composite comprised predominandy of substoichiometric TiC, binary Intermetallic THCu phases and
residual carbon. Scanning electron microscopy analyses revealed a microstructure consisting of dispersed fine-grained
TiC In a Ti-Cu matrix surrounded by a contnuous carbon phase. Electrical resistivity measurements using the four-
probe methed were carried out and correlated to the composite microstructure, The electrical resistivity was evaluatod

in terms of carbon and TiC volume fractions,

Keywords
TICITi~Cu/C composites. Ti-Cu alloy, 3D printing, reactive infiltration

Introduction

Ceramic particle-reinforced metal matrix composites
(MMC’s) are potential cundidates for defence, sutomo-
bile, acrospace. among several industrial applications.
During the last decades, several processing routes were
developed in order to decrease production costs and
wchieve adequate properties of advanced MMGs.'?
High temperature, hard MMCs with a wide range of
compositions and controlled microstructure can be pro-
duced by compaction and forming of metul ceramic
powders* “ Kaftelen et al® produced Al Cu matrix
composites reinforced with TiC particulates by two dis-
tinct routes: mechanical alloying and flux-assisted cast-
mg of TiC and Al-4wt.% Cu alloy mixtures, Powder
processing upproaches offer o variety of advantages;
however, they are limited by slow and costly forming,
consolidation  and  machining  production  steps.
Alternatively, melt casting processes offer the possibil-
ity 1o produce dense composites with complex and
near-net shapes in short time processing. On the other
hand, melt custing of MMCs with fine and continuous
ceramic phase s also an expensive and relatively

complex route that demands high temperature process-
ing (=1200°C) or high infiltration pressurcs.”

The casting temperature and processing time can be
substantially reduced by reactive imfiliration processes,
where the cerumic phase 15 then in situ formed through
a simultancous infiltration and reaction of a molten
metal with the solid porous preform. Several processing
routes bised on in situ production of MMCs have been
reported that resulted in the formation of a very fine,
interpenetrating and thermodynamically stable reinfor-
cing ceramic phase within an intermetallic matrix.* =
Al alloys (Al-St, AL-Ti) and metallic Ti and Si are the
most used for producing MMCs with carbide phases us
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In st uniaxial compression
ticles, The Jocal strocture of

Neywords'

Silica glass

Scanning tlection mecroscopy |SEM|
Rama spectroncopy

Deformation strecture

Mastic deformation

expeniments are performed mude a SEM for compace vitreous S10; micropar
2 plastically defe d paniie is ed spatially resobved ex sire by micro

Raman spectroscopy. By applcation of a density calibration curve 3 maomum sitica network
densification of 115 & found ooly in zones slightly below the ciradar contact areas. The parricle’s inoer
regions remain unaffected. Conclusions from geometnc coasiderations indicate that the chserved
plasticity during compeessian is completely accommodated by Tocal densification.

© 2015 Acta Materialia Inc, Published by Elsevier Lid. All rights reserved.

Commonly, silica glasses are perceived as brittle materials.
However, at length scales beneath some microns and under very
high pressures, glasses can be permanently deformed [1-3L
Plastic deformation of glasses is associated with volume conserva-
tive shear flows and permanent densification of the network |4].
Densification is ac Jated, at the exp of the free molar
volume, by rearrangements of the glass network on the intermedi-
ate structural devel (polyamorphic transition) |5 The free molar
volume which varies with the atomic packing density and the
Paisson ratio has been wlentified as a key parameter for the
possible maximum densification |¢: highly polymerized struc-
tures (open netwoarks with low stomic packing densities and
Poisson ratios) can be greatly densified; the overall achievable
densification Is significantly reduced for depolymerized glasses
(higher atomic packing densities and Poisson ratios) (6L The
densification increases gradually with applied pressure between
a Jower elastic pressure limit and an upper saturation pressure.
For the hydrostatic compression of silica the lower threshold is
~10GPa; saturation occurs at ~25 GPa and ar a densification of
21% |71 Structural compaction can also be induced by irradiation
from vanous sources (including electrons): the maximum
densification Is limited to 3% [4-12] The structure of glasses at
intermediate length scales can be studied by Raman spectroscopy.
Accurate links between the permanent densification from pressure

* Corresponding author,
Eamall oddress: |ncherocimmiond i de (L Schmiaey

bt e g LT sortpstanmsat 201 500 02 S

135964200 2015 Acta Marenalia Inc, Pablished by Elsevier Lad AL dights reserved

compaction and the corresponding Raman spectra have been
established |1 1.14] During hydrostatic compression of glasses
only structural compaction is observed. For more complex loading
situations (eg. indentation or uniaxial compression) plastic
deformanien might be accommodated by a combination of volume
conservative shear flows and pressure compaction of the silica
network. The relative contributions of the aforementioned
mechanisms depend on the actual stress in the material, Clearly,
the confined vol e 1 e in nanoindentation behave
differently than particles with free surface - an example for the
deconfinement of particles has recently been given e.g for silicon
[ 151 Different (partiche) geometries might thus be an ideal testing
case for the currently available constituent models describing glass
deformation | 16171 However, mainly the Jocal densification
induced by indentation is being studied |13.17.14]. Although
well-established e.g. for metallic glasses. pillar testing has hardly
been emplayed for silica glasses. In the studies by Lacroix et ab
[15.20) the permanent deformation of compressed silica pillars
was completely attnbuted to shear flows: a direct characterization
of the resulting glass structure after compression 5 not given.
Several recent studies evidence a high plasticity of micron sized
spherical silica particles [ 121,72, However, the Jocal structure of
the compressed particles has not been characterized and the
undertying deformation modes are still unknown,

Within this contribution. we study the local densification of &
plastically deformed single vi silica microsphere. Uniaxial
compression of the single silica particle is performed by a SEM
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Processing and characterization of paper-derived Ti;SiC, based ceramic
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Ahstruct

Porous layers of paper-derived titanium silicon carbide (Ti:S6C;), wath o thickaess ranging from 300 o 700 pun, wese obtaned by the heat
weatment of precerumic papers contamng THSIC; o filler paricles. The tearing strength of the preceramic pupers was provided by cellubose
fibers obeained from wood by the kraft polping process, wlso described as palp fibers, axd sonie starches. Short polp fibers with an average kengsh
of 657 pm were derived from short fibered hardwood (eucalyptus), while Joag pulp fibers with an average length of 1665 gm were denved from
Jong tiberex] softwood {speace, pine and lurch). The fiber length of palp fibers in the precemmic papers also infl d the mic ture wnd the
propenties of the puper-derived TiSiCy, Precerumic papers fabricated with short pulp fibeny exclissively ked o an average porosity of 18,6 vol%
for the paper-derived Ti\SiCy, whereas the paper-derived Ti,SiCy had an aversge pososity of 45.3 vol% when peeceramic pupers with long pulp
fibers only were used. The density of the paper-derived TiSiCy also affected the Bexural strength, m could be shown by densifying preceramic
pupers usang o calender. Thereby. the flexurat strength of paper-derived TisSIC; could bo increased by moee than five b, from 13 MPa o
83 MPu. The puricy of the paper-dedved TisSIC; was found 10 be dependent oa the parity of the raw masenials and the prooess eycle. with TiC,
and ALO, unpunitics present in the ceransics,
€ 2015 Ebevier Ltd and Techna Group S.rl, All nights reserved,

Reywurdy A, Si

e A Ssuping: C. Mechanical o D. Curbiates; MAX phsse

1. Introduction several advamages in comparison 10 conventional routes of

ceramic  processing, With well-established  paper  forming

Ceramics arc the materials of choice for lightweight
structures und for high-temperature applications, Shaping of
ceramic materials is one of the key issues in the manufacturing
of lightweight structures. Important progress refeering to this
wpic has been made with the fabrication of paper-derived
ceramics starting with precerumisc paper as a preform |1, In
this system, the preceramic paper is paper filled with at least
S0 wi% of inorganic fiflers. Paper-derived céramics  are
obtined by heat treatment of preceramic papers. This has

Conmguading sethon it Dep ol Mneriabs Sciensy (Glivs and
Ceramics). Univensity  of  Exlang N berg, M 5. 91058
Erlangen, Clermsny Tel: 4499131 X5 275617449 9131 85 28775,
fan 4499131 X825001
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bizgefx dotong/ 10101 ) ceraming 2015.06 085
QX726 2018 Elvevier Tad pad Techng Geoup S.e L All nghes reservid,

technigues the preforms can be shaped mto multilayer lami-
nutes or more complex shapes, such as cormugated  bourd
struciures o mult-wound roll sructures. Addionally, the
amount of porosity and the average pore size can be controlled
by the composition of raw matenals, Three-dimensional
objects can be gencrated by employing laminated object
manufactaring (LOM), a process in which preceramic paper
sheets are sequentially stacked, laminated and shaped [ 7],
The am of this work was the novel fabacation of TiySiC; s
poperderived MAX phuse by the heat teatment of preceramic
pepers with TiSiCy partiches a8 cemmic filler. TiSIC; s a0
repeesentative and  wellstdiod compound  wmong  the  navo-
laminoted M, . AX, temary compounds. It combines typical
properties of metals and coramics due 1o its low density, high
modulus, good thermal and dactncal conductivaty, good oxxlation
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Abstract: Combining the pt of magnetic drug targeting and photodynamic thempy is a
promising appeoach for the treatment of cancer. A high selectivity as well as significant fewer
side effects can be achieved by this method, since the therag anly takes place

m the arca where accunmilation of the particles by sn external choctromagnet and radiation
by i laser system overlap. 1o this article, a novel hypencin-bearing drug delivery system has
been developed by synthesis of superparamagnetic ron oxade napoparticles (SPIONs) with &
hypencin-linked functionalized dextran conting. For thas, sterically stabshized dexmran-conted
SPIONs were producsd by coprecipi andd crosshinking with ey bydom o
stabality. Carboxymethylation of the dextran shell provided a functionalized platform for linking
by via gh Mdebyde Purticle sizes oblumed by dynamic light scattering were in i range
of 55-85 nm., whereas investigation of single miyge or magh particle & wits
prerf | by ehectron py and Xeray diffrnction and resaltod m approxi-
mately 4.5-5.0 nm. Surface chemistry of those particles was evaluated by Foarier transform
frared sp SCOf or ial indicating successful fimctionalization and
dispersad stabilization due to a mixture of stenc and electrostatic repalsion. Flow eytometry
revenled po taxicisy of pure nanoparticles as well as hypericin without expasure 1o Tight oo
Jurkat T-cells, whereay the combination of llypcm.m. alone or loaded on particles, with light-
mduced cell death in a concentration and exp depend due to the g
of reactive oxygen species. In conclusion. the combenation of SPIONs” argeting abilities with
hypencin's phototoxic properes cepresents o promising approach for merging magnetic drog
targeting with photodynamic therupy for the treatment of cancer.

Keywords: magnotic drug targeting, photodynamic therapy, SPION, hypencin

™

Introduction

One of the most promising approaches for cancer treatment in the last few years is
magnetie drug targetimg (MDT)," ' In this concept, drug accumuintion in the tumor can
be achieved with a drug-loaded magnetic carner system, which is physically dxm:wd
to the region of interest by an external field,** In comy
drug administration, this leads to an effective increase in the drug concentration m

rison to con'

Correspondence: Christoph Alexiou
ENT.Deparomene, Secoon of
Exporimental Oncalagy and
Nanomedicine. WNO Kiinik, Else
Kréner-Fresenis-Stiftung Professorship,
Univorsity Hospital Erlangen, WaldstraBe
I 1, 91054 Erlangen. Gernany

Tal 449 5131 £53476%

Fax =49 9131 8534808

Emad caledcuBweb de

the affected tissue as well as u reduced drug conceatration in the rest of the bady.™’
Thus, a decrease in systemic side effects, such as nausea, hair loss, or ncurotoxicity,
can be achieved * 1*

An interesting feature of MDT is that it can be combined with other cancer
treatment strategies such as photodynamic therapy (PDT), to ¢create an even more
selective treatment. Magnetic particles that are commonly used for MDT are super-
paramagnetic iron oxide nanoparticles (SPIONs), including magnetite (Fe,0,),
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Article sty The temperature-dependent crack  growth  resistance  bebaviar of  the  lead-free
Wceived 11 November 2014 (1 B Zry T o JO -1 Bag sCa 1 JTIO, (¥ = 0385) ceramic was characterized using
Riceived in revisadt forin 19 June 2013 COMPACt-Lensson specimens from 25 °C to 60 °C The observed plateau fractire tonghness
Aeospte 3 e 2083 8 25 °C was found to be approximately 375 lower than commercial PZeTi)0;. A ele-

Avibibe-otliee D0 e 2013 vated temperature, the maximum fracture toughness desplayed a decrease, which was

found to be related 1o the temperature-dependent elastic and ferrvelastic properties,
Mechanical are p d that d decreasing effective switching

Fracture mechanion A : £

Crixk growth Straan, coercive stress and Young's modulus with increasing temperature,

fcure © 2015 Bsevier Lid. All nghts reserved.
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Ferroefasticity

Keywpvads,

1. Introduction

Lead zirconate titanate (PIXZe,Ti)0, PZT) is the most commercially important prezoelectric ceramic due to the excellent
dielectric, ferroelectric and piezoelectric properties. A significant downside of PZT, however, is the taxicity of lead, which is
restricted by various International regulations, such as “Restriction of the Use of Certain Hazardous Substances in Electrical
aned Electronic Equipment (RoHS)" by the European Union [ 1], The search for lead-free alternatives has revealed some
pramising candidates, such as {Big Nags JTI0;-BaTiOy (BNT-BY) [ 25 L (BiasNag s TIOs-(Bios Ky ) TIO, (BNT-BKT) [4- 7] and
(KasNags)NDO; (KNN) (4110 The (1 - x)BalZro;Tion)0-MBacyCany JTIOy (BZT-BCT) system was  discovered by
McQuarrie and Behnke [ 121 in 1954, Nevertheless, its potential for electromechanical applications was only recently realized
by Liu and Ren |1 5], Due to the high plezoelectric properties it has been proposed as a potential replacement for FZT in appli-
cations with low operating temperatures, like precision probe stages, thread guides, or vacuum circuit breakers |14 151 A
special feature of the BZT-BCT system &s its polymorphic phase boundary (PP8), First publications reported a room temper-
ature rhombobedral-tetragonal phase transition at & composition of about BZT-50BCT [ 13.14]. More recent studies suggest
an intermediate phase |20 22|, which was suggested by Keebie et al, |71] to be orthorhambic. Analogous to other pi k
tric ceramics, the transition region is of particularly high interest since the dielectric and piezoelectric properties are
enhanced in its vicinity | 240

B Correspondiog author at: Techmische Universitit Darmmtadt,. T8 Nichtmetalbuh-Anorganische Werkatoffe, Aarich-Weiss-Strasse 2. D-64287
Darmstads, Cemmany, Tel: «49 6151 16 21687,
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Abstract

This paper f the develop u( iculute indium tin oxxde (ITO) inks for the conti fi of ultrathin (280 pm) ITO
layers on PET sub by roller n! very high coating speeds. Ethunol. and water hased 1TO inks o:mmmg palyvinylpyrrolidone as
buuhwempmmdmdmwloguuﬂychma\mdm i of dufTe mk compositions oa i iex was evaluated by the

concept of the dimensionbess capillury sumber Ca. The ITO films were characterized Luu.unmg optical and dccmal propertics in dependence on
ink composition and couting parameters. The organic solvent ethanol could be replaced by wager, beang cheap and enviroamental foendly, These
ioks allow the manafacture of sub-pum thin 1TO kayers with high Layer quality and low specific electrical resistance of 382 cm. Flexible und highly
transparent ITO films with an inline-transmission of 83% in the regime of visible light which absorbed simultancousty up 10 96% in the NIR region

were produced.
@ 2015 Ebsevier Lidd, AN rights reserved.

Keywords' TTO: Nasopowd

+ Polyvies gy radidoane (PVPL Roller coaling

1. Introduction

Transparent conductive oxides (TCOS) s indium tin oxide
(TO) or zinc oxide offer as a unigue property simultaneously
high electrical conductivity and high wansparency | 1. They
find application as transparent clectrode materials in displays,
touch screens or solar cells |7]. Conventionally, expensive
vacuum-hased sputtering technagues are used for the manu-
facturing of nanometer thin TCO layers |1 4], Besides costs,
sputtered TCO layers are brittle and therefore unsuitable for
the use in flexible devices 5], Printing and coating technigues
hased on nanoparticulate TCO materials can overcome both
problems. Material-wise, such printed or coated films are com-
posites of TCO particles and polymers munafactured at ambient
atmosphere and room temperature offenng high mechanical
flexibility.

In the past, o large number of printing and coating technigues
was developed to satisfy product requirements concerning
design und functionality, e.g.. inkjet printing is suitable for direct

* Comespoadiang anthor. Tel.: «49 9138327537
Eomal guldress: o (A Roosen)

radrva s poosen 8 s e

nipeide dosoegs | 1) Jemrooremeoc 200 S 024002

ORSS-221990 2N S Elsevier Lud All rights reserved.

structuring | 510 whereas coating techniques as spin coating
[ 11] tape casting 112 o the profile rod technigue | 1] result in
planar layers only. Rotary printing combines the advantages of
both technigues; it offers the possibility to peint both, planar lay-
ers undfor structures. Compared 1o inkjet printing or tape casting,
rotary printing offers the additional advantage of a high through-
put hased on printing velocities of several hundred meters/min.
It cun be distinguished between four basic types of rotary prin-
ting technigues | 14], like gravure printing, (st printing, reliel
printing, and screen printing. For the manufacture of fine-line
electrical circuits from silver pastes on cermmics, direct gravare
printing, allowing high resolutions of around 20 pum (line width)
wits developed | 15]. Gravure printing of UV-curable nanopar-
ticulate ITO inks for the manufacture of timsparent electrodes
has already been presented in the past | 16- 18], Al-Dahoudi et al,
also used UV-curable ITO inks 1o produce ITO layers by spin, dip
and spray coating peocesses with o thickaess of around 500 nm
and a sheet resistance of 3k 119, Poetz et al. manufactured
fine line patterns from nanoparticulate ITO inks with thick-
nesses between 0.2 and > pm and feature sizes in the range of
100 pm, at printing speeds of 40 m/min, using UV-curable ITO
inks | 10]. The resistance of the printed layers was decreased by
UV illumination and heat treatments between 130 and 180 C
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Abstract This paper presents the manufacture  of
ultrthin (<1 pm) transparent conductive indium tin
oxide (ITO) films based on nanoparticulate 1TO slurries
by the profile rod technique using the binder polyvinyl
pyrrolidone (PVP) as an organic additve, The influence
of the sturry composition on the film thickness and the
specific electrical resistance s well as the transmission
of the dried Hlms is evaluated. The organic solvemt
ethanol and different types of the PVP binder were
tested for sluery preparation and layer performance. ITO

electrical conductivity and high optical transparency | |-
51 Rather brinle TCO layers are peoxtuced by conven-
tional cost-intensive physical vapor depositions (PVD)
and chemical vapor deposition (CVD) processes [6, 7]
Prnting and coating techmigues based on panoparticulate
materinls  could overcome the disudvaniages named
above [B]. In recent years, different printing and coating
techniques, e.g, tpe casting. spin coating. skl die
coiting, roller coating, and inkjet printing [9-14], have
been the focus of research as methodologics for the

green films with low specific electncal e of 3
Q cm. 87 % inline transmission, and layer thicknesses
of only 250 nm could be manufactured. Furthermore,
the influence of heat treatments up to 400 °C on the
electricul properties of the ITO films was evaluated.

Introduction

Transparent  conductive oxike (TCO) materials, e.g.,
indium tin oxide (ITO) or zinc oxide (ZnO), we of
essential importance as transparent electrode materials in
Nat panel displays [1-4], TCO materals combine high
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Universaty of Erlangen-Nurembery. Caverstr, 6,
Y1058 Erlangen, Germuny

& Springer

leposition of nanoparticulate 1TO-based systems. Type-
cully, the dispersions or suspensions used contain ocganic
compounds such as dispersing agents and binders, which
improve particle dispersion during deagglomeration and
particle adhesion after drying of the deposited layers,
respectively. One drawback of such nanoparticulate ITO
systems is that without any post-reatment they exhibit
low conductivity due to poor electrical contact between
the primary panticle aggregates and high inter-grain
porosity [8, 15, 16); the charge camier transport is
additionally reduced by envelopment of the particles by
the organic additives. In general, the electrical conduc-
tvity of nanoparticulate ITO films s based on fluctua-
von-induced tunneling between the ITO agglomerates
[15, 17). Gross et al. investigated different post-treatment
methods 1o mmprove the conductivity ol spm-coated
nanoparticulate 1TO layers, manufuctured from commer-
cial ITO dispersions, with layer thicknesses between 800
and 2500 nm, The best results were obtamed by inhi-
wation of a spin-coated porons ITO flm with an ITO
sol-gel precursor: the precursor was then convened to
ITO thus filling the vouds in the porous ITO network,
Subsequent anncaling at 550 °C in vacuum led to con-
ductivities of 121 7' em™' [18]. Koniger et al. showed
that the electromic properties of nanoparticulate  ITO
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Single nanogranules preserve intracrystalline amorphicity in
biominerals
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Abstract. We revisit the ultrastructural features of different calcarcous biominerals and identify
remarkable similarities: taxonomically very distant species show a common nanogranular structure,
even if different extracellular secretion patterns are employed or calcium carbonate polymorphs
formed. By these analyses, we elucidate the locus of the small fraction of intracrystalline organic
matrix revealing its intergranular character and localize the intracrystalline amorphous calcium
carbonate moiety commonly found in mesocrystalline biominerals and provide a first explanation
for the pathway by which it is preserved.

1. Introduction

In the past decade, numerous claborate studics investigating biomineral formation and structure
have challenged classical concepts ol erystallization and altered our view on both in vive and in
virre crystallization. Although biominerals are mainly composed of simple and sparingly soluble
inorganic salts such as calcium carbonate, they exhibit remarkable adaptations dependent on their
specific task—be it as sensory organs as in the caleitic microlenses of brittlestars [1] or as
exoskeletal protection in clam shells and sea urchins [2]. Since the Cambrian explosion marking the
advent of biocalcification controlled by living organisms, an impressive number of calcifying
species have developed. Prominent within this group are mollusks due to their remarkable diversity:
roughly 85000 species are extant today and inhabit very different environments [3]. In spite of this
taxonomical diversity, the microstructures of calcarcous shells can be classified into seven main
types from which the best-known. and important representatives, are the prismatic, the nacreous and
the crossed-lamellar structures [4]. These seven microstructures are often combined in a consistent
set within a given taxonomical order; prismatic layers are typically followed by nacre (e.g in the
order Prerioida) or crossed lamellar layers by complex crossed-lamellar regions (e.g in the order
Arcoida), A thorough understanding of the formation mechanism by which these different mollusk
shell types and the calcarcous skeletal elements of sca urchins are produced is still lacking, Sea
urchin spines show an eye-caching, sponge-like, bicontinuous structure comprising curved surfaces.
Each element behaves like a single crystal under polarized light or in X-ray and backscattered
clectron diffraction [5, 6]. Although taxonomically considerably separate, the calcified tissues of
sea urchins and mollusks share astonishing similarities. First and foremost, they have both been
shown to be formed by deposition of an amorphous transient phase. For sea urchins, it was recently
shown in detail that two different forms of amorphous calcium carbonate (ACC) are actually
involved during the mineralization process: initially a highly hydrated amorphous calcium
carbonate is deposited that first has to dehydrate before it can finally crystallize |7, 8], Surprisingly,
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Bulk-fill resin composites: Polymerization
properties and extended light curing
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ARTICLE INTYO ABSTRACT

Article histary: Obpectes. The aim was to eval the polymerization properties of bulk-fill resin com-
Received 9 April 2014 posites using two different light-curing protocols, in terms of degree of conversion (%KDC),
Received in revised form Vickers hasd, (HV), poly i b hrinkage (FVS) and polymerszation shrink-
7 November 2014 age swess (PSS) and compare them to © ional d ble and flowable resin
Accepted 16 December 2014 composites

Materials and methods. Filtek Bulkill (FUF, IMESPE, Germany), SDR (Dentsply, Cermany), Tet-
rickvoCernm BulkFIl (TBF, Ivoclar-Vivadent, Liechtenstein), Venus SulkFill (VBF, Hemeus,

Keywords: Germany), X-traBase (XTB, Voco, Germany), TiltekZ250 (IMESPE} and Filtek Supreme XTE
Bulk-&il Flowable {FSF, 3MESPE) were investigated. Light.curing was performed for 305 or according
Resin composites to manufacturers’ instructions {1200 mW/cm?, Bluephase20s, Ivoclar-Vivadent), For %DC and
Shrinkage stress HV, discs (n « 5) of 2 or 4 mm in thickness were prepared and stored for 24 h in distilled water
Volume shrinkage at 37 C. '%DC was determined by FIIR-ATR-spectrascopy, %0C and HY were measured at the
Degree of conversion top and bottom of the specimens. PVS was measured using Archimedes method (n =6), PSS
Iradiance measurements (n« 10} were carried out using S min diameter PMMA rods as bonding sub-
Vickers hardness strates with a specimen height of 1 mum in a universal testing machine, Data were analyzed
FTIR spectroscopy using ene- and two-way ANOVA (o =005).

Results. Except 2250 in the manufacturers' light-curing mode, all materials showed no sig-
nificant inferior %OC at 4 mm thickness. When light cured for 305 2250 had no significant
differences In %DC at 2 or 4mm when compared to top, FRE, TBF, FSF and Z250 displayed
significant reduced HV 2t 4 mm in both curing modes. Z250 and TAF showed the lowes: PVS
and FSF the highest PSS in both curing modes.

Significance. All investigated bulk-fll composi beained sufficlent poly ion prop-
erties at 4mm depth, Enhanced curing time improved the i igated polymerizats
properties of balk-fills and 2250,

© 2014 Academy of Dental Materlals, Published by Elsevier Ltd. All rights reserved,

* Corresponding author. Tel: +49 9131 8536479, fax: +49 9131 8533603,
E-mall address: corzin@daent unl-edangen. de (1. Zorzin)
httpy//dx.dol.org/ 101016/ dennl 2014.12.010

0105-5641/@ 2014 Academy of Dental Materials. Published by Elsevier Ltd, All rights reserved.
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Publications

Proceedings

R. Hammerbacher, B. Dermeik, N. Travitzky, F. Lange, A. Roosen

Novel multilayer refractories derived of cast ceramic green tapes and preceramic papers
Proceedings of the 14™ Biennial Worldwide Congress on Refractories UNITECR, 15-18
September 2015, Vienna, Austria, Ed.: UNITECR2015, USB-Stick, ISBN 978-3-9815813-1-
7, 2015, No. 74, 4 pp

D. Jakobsen, A. Roosen

Generation of Residual Stresses in Multilayer Refractory Structures via Shrinkage Mis-
match

Proceedings of the 14" Biennial Worldwide Congress on Refractories UNITECR, 15-18
September 2015, Vienna, Austria, Ed.: UNITECR2015, USB-Stick, ISBN 978-3-9815813-1-
7, 2015, No. 203, 4 pp

M. Wegener, D. Spiehl, F. Mikschl, X. Liu, A. Roosen

Printing of Ultrathin Nanoparticulate Indium Tin Oxide Structures

Proceedings 11" International Conference and Exhibition on Ceramic Interconnect and
Ceramic Microsystems Technologies, 20-23 April 2015, Dresden, Germany, Ed.: IMAPS,
Washington, D.C., USA, 2015, 92-102

Books

M. Wegener, M. Lenhart, A. Roosen

Preparation of nanoscale powder for manufacturing TCO layers with high electrical con-
ductivity and optical transparency

In: Technische Keramische Werkstoffe, J. Kriegesmann (Hrsg.), HvB Verlag, Ellerau, Kap.
3.3.3.10 (2015) 1-21
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Teaching

3. 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 month

duration.

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”.

Report 2015 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg

68



Courses

a. Courses

(L) = lecture, (E) = exercise

1st Semester
¢ Introduction to Inorganic Non-metallic Materials (L); P. Greil
e Materials Science | (MB) (L); N. Travitzky (WS 14/15), K.G. Webber (WS 15/16)

2nd Semester
e Materials Science (CBI and CEN) (L); T. Fey
e Materials Science Il (MB); N. Travitzky

4th Semester
e Basics in Programming (L/E); T. Fey, E. Bitzek

5th Semester
e Glass and Ceramics (L); A. Roosen (WS 14/15), D. de Ligny, K.G. Webber (WS
15/16)
¢ Instrumental Analytics (L); U. Deisinger (WS14/15), B. Kaeswurm (WS 15/16)
e Nanocomposites (L/E); T. Fey

7th to 9th Semester

e Physics and Chemistry of Glasses and Ceramics I: Thermodynamics of Condensed
Systems (L); P. Greil

¢ Physics and Chemistry of Glasses and Ceramics Il: Physicochemical Principles of
Non-Crystalline Materials (L); D. de Ligny

e Structure and Properties of Glasses and Ceramics I: Electrical and Magnetic Proper-
ties (L); A. Roosen (WS 14/15), K.G. Webber (WS 15/16)

e Structure and Properties of Glasses and Ceramics Il: Optical Properties (L); D. de
Ligny

e Structure and Properties of Glasses and Ceramics I1l: High Temperature Properties
(L); P. Greil

e Structure and Properties of Glasses and Ceramic IV: Mechanoceramics (L); P. Greil
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Teaching

e Functional Ceramics: Processing and Applications (L); A. Roosen (WS 14/15), K.G.
Webber (WS 15/16)

e Glasses and Ceramics for Energy Technology, (L); D. de Ligny

e Glass Ceramics (L); D. de Ligny

e Glass Formulation (L); D. de Ligny

¢ Vibrational and Optical Spectroscopy of Glasses and Ceramics (L); D. de Ligny

e Biomimetic Synthesis of Materials (MAP) (L); S.E. Wolf

e Ceramic Materials in Medicine (L); S.E. Wolf

¢ Innovative Processing Techniques for Advanced Ceramic Materials (L); N. Travitzky

e Silicate Ceramics (L); N. Travitzky

e Powder Synthesis and Processing (L); S.E. Wolf

e Stresses and Mechanical Strength (L/E); T. Fey

e Computational Calculation of Crack Probabilities (E); T. Fey

e Non-Destructive Testing (E); T. Fey

e Mechanical Testing Methods (E); T. Fey
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Graduates

b. Graduates

Bachelor Thesis

Anja Briglmeir
Influence of the layer sequence on the sintering behavior and mechanical properties of mul-

tilayer structures from tape cast refractories

Theresia Derful

Preparation of fiber-reinforced polymer derived ceramics by electrophoretic deposition

Jannik Dippel
Influence of selected casting parameters on the strength, dimensional accuracy and surface
quality in the manufacture of hot chamber casting salt cores

Anh-Dai Dang
Development of coating processes based on liquid-phases for manufacturing nanostructured

surfaces

Simon Leupold
Imitation of biomimetic crystallization processes by the combination of low-molecular

weight additives

Simon Roland

Manufacturing of syntactic foams

Christian Schmidt

Treatment of high-melting ternary refractory carbides for self-healing ceramics

Dorothea Wenzel

Ultralow frequency spectroscopy of glasses
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Master Thesis

Werner Aumayr
Influence of the redensification on the mechanical properties of 3D printed ceramics

Martina Gayduschek

In situ characterization of carbonate-based precipitation reactions

Stefan Julmi

Manufacturing of boron carbide-containing composites by 3D printing

Joachim Knerr

High temperature properties of ordered lattice structures

Tobias Kranz

Screen printing on pre-ceramic papers

Johanna Schmidt

Piezoelectric materials for bioactive hybrid applications
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Graduates

Ph.D. Thesis

Robert Bathelt

Accelerated processing route for donor-doped potassium sodium niobate based piezoceram-

ics

Armin Dellert

Anisotropies in film casting: particle orientation,

drying stresses and shrinkage anisotropies
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Tanja Einhellinger

Influence of spray-frozen and spray-dried granule properties on the quality of derived sin-

tered bodies

Hans Windsheimer

Preparation and properties of multilayer ceramics from preceramic papers
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Conferences and Workshops

4. ACTIVITIES

a. Conferences and Workshops

T. Fey

Member of the Program Committee and Session Chair of the 90" DKG Annual Con-
ference & Symposium on High-Performance Ceramics of the Deutsche Keramische
Gesellschaft, Bayreuth, Germany, 15-19 March 2015

T. Fey
Member of the organizing committee of the 39th ICACC Conference, Daytona Beach,
Florida, USA, 25-30 January 2015

T. Fey
Member of the organizing committee of the 11" International Conference on Ceramic
Materials and Components for Energy and Environmental Applications, 14-19 June

2015, Vancouver, Canada

D. de Ligny
Coordinator of the session “Glass heterogeneities and structural relaxation” at the
“Glass & Optical Materials Division and Deutsche Glastechnische Gesellschaft”, Joint
Annual Meeting, Miami, Florida, USA, 17-21 May 2015

A. Roosen
Member of the Program Committee and Session Chair of the 90" DKG Annual Con-
ference & Symposium on High-Performance Ceramics of the Deutsche Keramische
Gesellschaft, Bayreuth, Germany, 15-19 March 2015

A. Roosen
Session Chair “LTCC Processing and Manufacturing” of the 11" International Confer-
ence and Exhibition on Ceramic Interconnect and Ceramic Microsystems Technolo-
gies, Dresden, Germany, 20-23 April 2015
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Activities

A. Roosen
Organization of the 8" Advanced Training Course on ,, Tape Casting and Slot-Die Cast-
ing as well as Aspects of Multilayer Processing”, University of Erlangen, Erlangen,
Germany, 24-25 February 2015

Members of the 8" Advanced Training Course on ,, Tape Casting and

Slot-Die Casting as well as Aspects of Multilayer Processing”

Report 2015 — Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen-Nuremberg

76



Conferences and Workshops

Science Night

Science Night (Lange Nacht der ;
Wissenschaften) on 24 October 2015 Die Lange Nacht der

involved a large number of institutes Wissen SC h aften

in the region of Erlangen, Fuerth and [N [V[gglel=Tde Ha¥lgigB =g F=1ale[cTg!
Nuremberg. From 6 pm up to 1 am Sa 24.10.2015 18-1 Uhr

www.nacht-der-wissenschaften.de

the Department of Materials Science
opened the lab doors to show interested public exclusive experiments and latest research

results in a common way.
The Chair of Glass and Ceramics presented the following attractions:

e 3D-movie with red/green glasses on cellular ceramic structures
e Ceramic sensors are hidden in many everyday objects: The driving skills of visitors
could be demonstrated using ceramic sensors

e The original location of the famous crime series "Tatort" was shown.
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Impression of the Science Night 2015
in our technical hall
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Invited Lectures

b. Invited Lectures

M.R. Cicconi
Redox Processes in Silicate Melts
2015 AGU Fall Meeting, San Francisco, USA, 14-18 December 2015

U. Deisinger, H. Sachsenweger, A.R. Boccaccini, R. Detsch
Biomedical application of tape cast BaTiOs: in vitro biocompatibility evaluation of
mesenchymal stem cells
14™ International Conference of the European Ceramic Society, Toledo, Spain, 21-25
June 2015

T. Fey
Porous and cellular ceramics

AIST Nagoya, Japan, 17 February 2015

T. Fey, M. Gotz, B. Diepold, P. Greil
Cellular Ceramic — Polymer Composites of Ceramic Building Blocks
4" International Symposium on Ceramics Nanotune Technology, Nagoya Institute of

Technology, Nagoya, Japan, 2-4 March 2015

T. Fey
Preparation, characterization and simulation of porous materials

Seminar at the Otto Schott Institute of Materials Research (OSIM) at the Friedrich
Schiller University of Jena, Jena, Germany, 1 July 2015

T. Fey
Ceramics for energy applications

Energy Materials Tutorials at Materials Weekend Warsaw, Warsaw, Poland, 7/9-20
September 2015
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Activities

T. Fey
Porous Ceramics

Nagoya Institute of Technology, Nagoya, Japan, 25 November 2015

P. Greil
Surface Healing of Polymer-Filler Derived Ceramic Matrix

Chinese-German Symposium, Darmstadt, Germany, 28 July 2015

D. Jakobsen,l. Gotschel, A. Roosen
Manufacture of multilayered refractory composites by tape casting with optimized
thermal and chemical properties
DFG closing event of the Priority Programme SPP 1418 ,,FIRE “, Freiberg,Germany,
8-9 December 2015

D. de Ligny, A. Posch, F. Kalkowski, J. Ernst, A. Nowak, D.R. Neuville, A. Lenhart
Using Prince Rupert’s drops to induce extreme tensile stress in glasses, a Raman spec-
troscopy study
GOMD-DGG 2015 Joint Annual Meeting, Miami, Florida, USA, 17-21 May 2015

D. de Ligny
Prince Rupert's drops a way to put glasses under extreme tensile stress

DGG Glasforum, Fulda, Germany, 2 October2015

D. de Ligny

Glasses at extreme conditions: Prince Rupert’s drops a fun way to induce extreme ten-
sile stress in glasses

Institute of Mineralogy and Crystallography, University of Vienna, Austria, 30 October
2015
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Invited Lectures

N. Travitzky, P. Greil
Additive manufacturing of ceramics

Welding, Joining and Additive Manufacturing, International Conference 2015, Tel
Aviv, Israel, 18-20 January 2015

N. Travitzky, P. Greil
Additive manufacturing of ceramic-based composites

23rd European Dental Materials Conference, Nuremberg, Germany, 27-28 August
2015

N. Travitzky, P. Greil
Additive manufacturing of ceramics by extrusion freeform fabrication (EFF) and lami-

nated object manufacturing (LOM)
Symposium on Additive Manufacturing — Process Engineering and Application in Ce-

ramics, German Ceramic Society, Erlangen, Germany, 1-2 December 2015

N. Travitzky, P. Greil
Additive manufacturing of ceramic-based composites

The International Seminar on Interdisciplinary Problems in Additive Technologies,
Problems of materials science in additive technologies, Tomsk, Russia, 16-17 Decem-
ber 2015

M. Wegener, D. Spiehl, A. Roosen:
Flexography Printing of Nanoparticulate Indium Tin Oxide Structures
14™ International Conference of the European Ceramic Society, Toledo, Spain, 21-25
June 2015

S.E. Wolf
Bionics: Learning from Mother Nature.
Annual Meeting of the Natural Science Branch of the Konrad-Adenauer Foundation,
Gersfeld, Germany, 03-05 July 2015
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Activities

S.E. Wolf

A Classical View on a Nonclassical Crystallization Process: The PILP-Process Revisit-
ed

20th American Conference on Crystal Growth and Epitaxy (ACCGE-20), Big Sky,
Montana, USA, 2-7 August 2015

B. Zierath, T. Fey, A. Kern, B. Etzold, P. Greil

Hierarchically Structured Silicon Carbide Derived Carbon Monoliths for Catalyst Sup-
port Structures

BaCaTec, HRL Labs, Malibu, USA, 2 February 2015
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Awards

c. Awards

U. Deisinger, S. Hagen, A. Roosen

Cold Low Pressure Lamination for the Fabrication of Multilayer LTCC Structures with

Internal Cavities

Second place in poster competition of the 90" DKG Annual Conference & Symposium
on High-Performance Ceramics of the Deutsche Keramische Gesellschaft, Bayreuth,
Germany, 5-19 March 2015

T. Fey

In March 2015 Dr. Tobias Fey was announced by the German Ceramic Society (DKG)

as Leader of a new working team “TFA 6-1: Characterization of porous ceramics”.

T. Fey

Dr. Tobias Fey was appointed to Associate Professor (note: equivalent to a Guest Visit-
ing Prof) from Nagoya Institute of Technology (NITech), Department of Materials Sci-
ence, for the years 2015-2019

P. Greil
Fellow of the European Ceramic Society,

14" International Conference of the European Ceramic Society, Toledo, Spain, 24
June 2015
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Address and Map

5. ADDRESS AND IMPRESSUM

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/
By car:
Buszgussmp Highway A3 exit Tennenlohe;

Technische Fakultat -

Bus 280, 287 f

direction to Erlangen (B4).

Follow the signs “Universitat
Sidgelande*.

After  junction  “Technische
Fakultat™ please follow the map.

By train:
Railway station Erlangen.

Bus line No. 287 direction
“Sebaldussiedlung*.

. Bus Stop “Technische Fakultat*.
50 meters to a layout plan; search
for “Department

) Werkstoffwissenschaften“.
Erlangen Sud

Bus 30, 295

http://www.glass-ceramics.fau.de/contact/maps/
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Department of Materials Science — Glass and Ceramics

Center for Advanced Materials and Processes (ZMP)

Dr.-Mack-Strasse 81
Technikum, Ebene 3

D-90762 Firth
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