
 

 

 

 

 

Österreichische 
Keramische Gesellschaft 

 
 

Mitgliederversammlung  
 

und 
 

Präsentationswettbewerb 
 

13. Februar 2017 
 

 
Seminarraum BMT EG 038 

Technische Universität Graz 
 

Stremayrgasse 16 
  



 2 

P R O G R A M M 
 

 

10:00 Registrierung 

10:30 Begrüßung 

10:45 Präsentationswettbewerb der studentischen Mitglieder 

12:30 Mittagsbuffet 

13:30 Präsentationswettbewerb der studentischen Mitglieder 

15:00 Kaffeepause 

15:30 Mitgliederversammlung 

 Bericht des Obmanns und des Kassiers 

 Bericht der Rechnungsprüfer 

 Entlastung des Vorstands und der Rechnungsprüfer 

 Bestellung der Rechnungsprüfer 

 Diskussion über Schwerpunkte und Entwicklungen auf dem Gebiet der 
Keramik in Österreich 

 Allfälliges 

17:00 Prämierung der Vorträge des Präsentationswettbewerbs 

 Informelle Nachsitzung im Anschluss 

 
  



 3 

Präsentationswettbewerb und Mitgliederversammlung 
13. Feber 2017 

Seminarraum BMT EG 038, Technische Universität Graz 
Stremayrgasse 16, 8010 Graz 

10:30-10:45 Eröffnung, Begrüßung/Opening, Welcome 
Univ.Prof. Dr. Frank Uhlig, Dekan der Fakultät für Technische Chemie, 
Biotechnologie und Verfahrenstechnik  
Ao.Univ.Prof. Dr. Klaus Reichmann, Vorsitzender  

10:45-11:05 Casting of tubular open-porous ceramic structures based on Si3N4 
Dominik Brouczek 
Institute of Chemical Technologies and Analytics, TU Wien 

11:05-11:25 Characterization of the fracture process zone of MgO-refractory ceramics  
Yajie Dai 
Chair of Ceramics, Montanuniversität Leoben 

11:25-11:45 Fabrication of Si3N4/SiCN layer structures with graded multiscalar porosity 
Christina Drechsel 
Institute of Chemical Technologies and Analytics, TU Wien 

11:45-12:05 Small-scale mechanical characterization of LiTaO3 and LiNbO3 ceramic single 
crystals used in surface acoustic wave filters 
Manuel Gruber 
Institute of Structural and Functional Ceramics, Montanuniversität Leoben 

12:05-12:25 Development of silica-based casting core materials for additive manufacturing 
using LCM (Lithography based Ceramic Manufacturing) 
Dominik Reichartzeder 
LITHOZ GmbH, Institute of Materials Science and –Technology, TU Wien 

12:30-13:30 Mittagsbuffet 

13:30-13:50 Thin-film Cathodes for Solid Oxide Fuel Cells (SOFCs) 
Martin Perz 
Chair of Physical Chemistry, Montanuniversität Leoben 

13:50-14:10 Ceramics for Safe Batteries 
Patrick Posch 
Christian Doppler Laboratory for Lithium Batteries, TU Graz  

14:10-14:30 Synthesis and characterization of Pr2Ni0.9Co0.1O4+δ 
Anna Theresa Strasser 
Chair of Physical Chemistry, Montanuniversität Leoben 

14:30-14:50 Electrical Properties of ZnO Varistors - Anisotropic Effects on the Macroscopic and 
Microscopic Scale 
Nadine Raidl 
Institut für Struktur- und Funktionskeramik, Montanuniversität Leoben 

15:00-15:30 Kaffeepause/Sitzung der Jury 

15:30-17:00 Mitgliederversammlung 

17:00 Prämierung der Vorträge des Präsentationswettbewerbs 
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Casting of tubular open-porous ceramic structures based on Si3N4 

Dominik Brouczek 

Affiliation: TU Wien, Institute of Chemical Technologies and Analytics,  
Getreidemarkt 9/164-CT, 1060 Wien 

E-Mail: dbrouczek@gmx.at 

 

Abstract 

 

Based on its unique properties, silicon nitride (Si3N4) is highly suited for applications with 
high thermal and mechanical load. The focus of this work is the preparation of well-
defined open-porous Si3N4-based support materials in hollow-tube configuration as the 
best choice for potential applications in the fields of membrane-based separation or 
catalysis. The difficulty consists in finding suitable manufacturing methods to produce 
ceramic components with complex shapes. In the course of this work, two different 
casting methods were evaluated for the production of tubular ceramics and the results 
were compared to each other. 

On the one hand, the desired shapes were achieved by slip-casting, using an aqueous 
Si3N4-slip with 36 vol.% solid loading cast into a plaster mold. On the other hand, a gel-
casting technique was used, where the slurry – containing 45 vol.% solid loading – was 
admixed with gelling agents followed by casting into a non-porous polydimethylsiloxane 
mold and forming a 3D network due to polymerization.  

Aside from the general choice of shaping technique, a special focus was set on evaluating 
optimal processing and sintering conditions. As a result, tubular crack-free Si3N4-based 
support materials with fully interconnected porosity – varying between 32 % and 41 % – 
were generated. Subsequently, the correlation between firing temperature, resulting 
porosity and observed gas permeability was studied. The knowledge gained from these 
investigations enables a predictability of the processing parameters, required to achieve 
permeation properties suitable, e.g., for non-oxide membrane supports. 
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Characterization of the fracture process zone of MgO-refractory 
ceramics  

Presenting Author: Yajie Dai 

Affiliation: Chair of Ceramics, Montanuniversitaet Leoben 

E-Mail: yajie.dai@unileoben.ac.at 

 

Abstract 

 

A magnesia spinel refractory exhibits a microcraking network which is induced during the 
cooling period of the firing process. By using the digital image correlation (DIC), a 
significant fracture process zone (FPZ) is detected for magnesia spinel material. Contrary 
to this, for a pure magnesia material, there is no pronounced FPZ observed. The 
development of FPZ contributes to the pronounced deviation from linear elastic fracture 
mechanics (LEFM), the brittleness reduction and the enhanced thermal shock resistance. 
A critical strain, which is used to locate the crack tip and define the onset of macro-
cracking, is determined by characterizing the changes of the FPZ width and length. The 
development of the FPZ for the magnesia spinel material initiates before reaching the 
maximum load, and the onset of the macro-crack is in the post-peak region. The FPZ size 
increases until the formation of a macro-crack takes place, but decreases afterwards. 
Besides, the fracture process of the magnesia spinel refractory subjected to a wedge 
splitting test is simulated by developing a heterogeneous continuum model with random 
distribution of the properties and establishing an inverse analysis procedure. 
Consideration of the heterogeneity allows the numerical reproduction of the tortuous 
crack path and the FPZ development. The simulated results have a good agreement with 
the experimental observation by DIC. With the inverse identification approach, the 
fracture parameters as well as the bilinear strain softening curves are obtained to depict 
the fracture behaviour. 
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Fabrication of Si3N4/SiCN layer structures with graded multiscalar 
porosity 

Christina Drechsel 

Affiliation: TU Wien, Institute of Chemical Technologies and Analytics,  
Getreidemarkt 9/164-CT, 1060 Wien 

E-Mail: christina.drechsel@tuwien.ac.at 

 

Abstract 

 

Layered Si3N4/SiCN structures with multi-scale porosity were prepared with the future 
aim of using them as membrane materials. The focus was set on the deposition of 
continuous selective layers onto macroporous supports by dip coating with a preceramic 
polymer. The planar (disk shaped) supports were prepared in two different ways, via 
conventional slipcasting (resulting in Si3N4), and via the polymer precursor route 
(resulting in SiCN) including the use of polyethylene as a sacrificial filler. Before 
deposition of the top layers, it was necessary to generate an intermediate layer on top of 
the support, which was prepared by dip coating/slip casting with an Si3N4/preceramic 
polymer dispersion. The deposition of a continuous top layer was then tested on these 
two-layered structures using masking techniques.  

Additional experiments were conducted to set up a model correlating the withdrawal 
speed and the resulting layer thickness applicable to the dipping solutions that were used 
to prepare the selective layer. These experiments were carried out on dense model 
substrates. Properties such as viscosity and surface tension of the dipping solutions were 
determined to see if the existing model by Landau-Levich fits the experimental data or has 
to be adapted. 

On both support structures, the slip cast type and the polymer derived ceramic (PDC) 
type, an intermediate layer (with a thickness of around 30 µm) could be successfully 
deposited. A surface modification (silanisation) of the Si3N4 powder of the intermediate 
layer slip was necessary. Using polystyrene as sacrificial mask for the intermediate layer 
(and the support structure), a continuous top layer was successfully prepared in the 
crosslinked stage on both of the support types. The porosity of the underlying layers was 
preserved after pyrolysis. The Landau-Levich model could be easily adapted to the used 
polymer-solvent-systems. 
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Small-scale mechanical characterization of LiTaO3 and LiNbO3 
ceramic single crystals used in surface acoustic wave filters 

Presenting Author: Manuel Gruber 

Affiliation: Montanuniversität Leoben – Institute of Structural and Functional Ceramics, 
Peter-Tunner-Straße 5, 8700 Leoben, Austria 

E-Mail: manuel.gruber@unileoben.ac.at 

Abstract 

 

  

Lithium tantalate (LiTaO3) and lithium niobate (LiNbO3) single crystals possess various 

attractive properties such as piezo-electricity, pyro-electricity, non-linear optical behaviour, 

making them interesting for many electronic devices (e.g. modulators, transducers or detectors). 

In the smartphone market, for instance, these ceramic materials have found important 

application as surface acoustic wave (SAW) filter substrates for high frequency data transfer.  

For this application, the single crystals are grown under specific “cuts” and the surfaces are 

conditioned (polished and metallized) to tailor the material’s anisotropy and meet the required 

functionality. Finally, components are then solder joined to a functional ceramic (or polymer) 

substrate. Due to the different thermal expansion coefficients and Young’s moduli between the 

combined materials (e.g. ceramics, metals, polymers), significant internal (residual) stresses can 

be generated during the fabrication process. If the tensile stresses overcome the strength of the 

brittle single crystals, cracks initiate and propagate, leading to reduction of the functionality or 

complete failure of the microelectronic module. Although appropriate functional 

characterization of these materials can be found in literature, a lack of knowledge exists 

regarding their mechanical properties. 

In this work, a throughout understanding of LiTaO3 and LiNbO3 single crystals was assessed 

in terms of strength and fracture resistance with respect to the cutting direction and surface 

quality of the wafer. The biaxial strength was evaluated on plate-like specimens, using the ball-

on-three-balls test, and results were interpreted using Weibull statistics. Additionally, in-situ 

tests of FIB-notched micro cantilevers were conducted to quantify the fracture toughness of the 

most critical cleavage planes. The materials response to contact damage was also analysed 

using nanoindentation. Experimental findings showed a significant difference in strength 

between LiTaO3 and LiNbO3 for the same surface finishing. In addition, deviation from 

Weibull statistics was observed in LiNbO3. Fractography of the tested samples helped 

identifying new cleavage planes, showing differences in the fracture patterns for both materials. 

This may be explained by the different fracture toughness and cutting orientation with respect 

to the loading plane. Nanoindentation revealed differences in hardness between both materials, 

whereas onset of cracking takes place under similar shear stress values. 

The results of this work provide fundamental knowledge on the mechanical performance 

limits of functional ceramic single crystal materials with regard to the crystal orientation and 

surface conditioning. 
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Development of silica-based casting core materials for additive manufacturing 
using LCM (Lithography based Ceramic Manufacturing) 

Presenting Author:  Dominik Reichartzeder 

Affiliation:   LITHOZ GmbH  
Mollardgasse 85a/2/64-69 
1060 Vienna, Austria 

E-Mail:   dreichartzeder@lithoz.com 

Abstract 

 

Turbine blades are an essential part of gas engine turbines for aviation, astronautics and 
energy plants. The high operating temperatures demand highly complex cooling passages 
for these turbine blades. Ceramic cores are needed to produce the internal cooling cavities 
in investment casting. The casting cores are produced, as the positive form of the internal 
cooling passages, conventionally by ceramic injection moulding (CIM). CIM is a costly, 
time consuming process due to the manufacturing of complex moulds. Therefore additive 
manufacturing has a distinct potential to replace this process for small scale series, 
prototypes and to realize novel designs.  

Materials for additive manufacturing of complex casting cores via the LCM-process were 
developed. Powders of varying mineralogical composition as well as differing particle size 
distribution were used. Main components of the powders are fused silica and zircon with 
a particle size range between 0.2 and 98 μm. Test bars and in further consequence casting 
core geometries of these powders could be manufactured by LCM process and properly 
sintered to reach the demanded properties. Quantitative powder XRD measurements, 3-
point bending tests, mercury porosimetry, dilatation measurements up to 1550 °C and 
surface roughness measurements were executed on the sintered samples to check the 
crucial characteristics. The measured values of the dilatation, porosity, surface roughness 
and the strength lie in an area which makes them applicable as casting core materials. 
Successful casting of a nickel base alloy (Inconel 625) and a steel alloy (1.4848) of self-
designed core geometries conducted by the AC-Tech GmbH prove the applicability of 
additive manufactured casting cores made from the newly developed materials. 
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Thin-film Cathodes for Solid Oxide Fuel Cells (SOFCs) 

Martin Perz 

Affiliation: Montanuniversitaet Leoben 

E-Mail: martin.perz@unileoben.ac.at 

 

Abstract 

 

  

Solid Oxide Fuel Cells (SOFCs) are electrochemical devices made of oxide ceramics, which 
allow the direct conversion of chemical Energy of Fuels (e.g. Hydrogen, or Natural Gas) 
into electrical energy. A critical factor for SOFCs is the cathode, where Oxygen from the air 
is reduced to O2--Ions. In the last few years considerable effort has been put on the 
development of thin-film SOFC cathodes [1]. These studies show quite promising results, 
however the long-term stability of such cathodes under real operating conditions have 
hardly been investigated. 

In the present work model cells with thin film cathodes of La0.6Sr0.4CoO3-δ on electrolyte 
substrates of Ce0.9Gd0.1O2-δ have been synthesized with Sol-Gel Spin-Coating. A precursor 
solution containing Acetates of La Sr and Co dissolved in Glacial Acetic Acid [3] was 
dropped on a rotating substrate, where a gel film was formed. This film was was 
transformed into the oxide by calcination at 700°C. The coating process was repeated 
once to increase film thickness. 

The cells were characterized by Electrochemical Impedance Spectroscopy at 
Temperatures between 500 and 700°C in ambient air. The long-term performance of the 
cathode was characterized for 1000h at 700°C. Since Cr is known as a critical element 
causing degradation effects in SOFC cathodes [] a Cr source was placed in the reactor to 
study its influence the long-term stability of the cathode. 

In a short timeframe the thin film cathodes showed an ASR of 0.1 Ωcm² at 700°C, which 
was significantly lower than the ASR of conventional porous µm-sized cathodes of 
La0.6Sr0.4Co0.2Fe0.8O3-δ measured in a previous study [4]. However, after 1000h the 
ASR was about 7 Ωcm², so the long-term degradation of thin film electrodes was 
significantly faster than of the conventional cathodes shown in [4]. 

Pre- and post-test analyses by scanning electron microscopy (SEM), transmission electron 
microscopy (TEM) and X-ray photoelectron spectroscopy (XPS) with elemental depth 
profiling showed that the degradation of LSC thin films is accompanied by changes in the 
microstructure and chemical composition. 

References 

[1] J. Hayd, Journal of Power Sources 196 (2011), 7263-7270 
[2] J. Januschewsky, Zeitschrift für Physikalische Chemie 226 (2012), 889-899 
[3] N. Schrödl, Solid State Ionics 288 (2016), 14-21 
[4] M. Perz, Solid State Ionics 288 (2016), 288, 22-27 
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Ceramics for Safe Batteries 

Patrick Posch 

Affiliation:  Graz University of Technology, Christian Doppler Laboratory for Lithium 
Batteries, Institute for Lithium Batteries, Stremayrgasse 9, A-8010 Graz, Austria 
 

E-Mail: p.posch@tugraz.at 

 

Abstract 

 

The march of global warming caused by overmuch greenhouse gas emissions is hoped to be met, 
at least in the medium run, by powerful electrochemical energy storage systems. Abandoning 
combustion engines will greatly cut our dependencies on fossil fuels. Li batteries are currently the 
most advanced ones with which most of the portable devices and electric vehicles are powered. 
Although we have witnessed remarkable progress over the last decades further development 
based on liquid electrolytes might crest in the future. Solid batteries equipped with ceramic 
electrolytes, however, definitely represent one of the next-generation technologies.  
All-solid-state ceramic batteries are advantageous because of two considerations: (i) turning away 
from highly flammable liquid electrolytes is expected to greatly improve safety and longevity, i.e., 
to reduce aging processes; (ii) highly dense and electrochemically stable inorganic electrolytes 
would allow the use of metallic Li as anode material, instantly increasing current charge 
capacities.  
Considering oxide ceramics, garnet-type materials entered the spotlight during the last few years. 
In particular, Al-stabilized cubic Li7La3Zr2O12 (LLZO) is today’s most promising ceramic electrolyte. 
Its chemical robustness and electrochemical stability is accompanied with a very good ionic 
conductivity in the order of 1 mS/cm at room temperature. The synthesis of LLZO, however, needs 
temperatures as high as 1100 °C. At such high sintering conditions the loss of Li and side reactions 
are difficult to control. Here we will present a (soft) synthesis route with which Al-doped LLZO can 
be prepared at much lower temperatures, viz. below 700 °C. The procedure benefits from 
mechanical activation of the starting materials in high-energy ball mills. At lower sintering 
temperatures we can easily control the stoichiometry of the garnet. The final products were 
characterized by X-ray powder diffraction, conductivity spectroscopy and NMR relaxometry. The 
latter techniques allowed us to shed light on the complex ion dynamics taking place in garnet-type 
LLZO. Obviously, the ions are subjected to a highly irregular potential landscape that is the origin 
of fast ion hopping of this class of materials. 

 

 Solidified batteries: route to prepare highly conducting LLZO ceramics with controlled 
properties 
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Synthesis and Characterisation of Pr2Ni0.9Co0.1O4+δ 

 
Anna Theresa Strasser 

Affiliation: Montanuniversitaet Leoben, Chair of Physical Chemistry, Leoben, Austria 
 

E-Mail: anna-theresa.strasser@stud.unileoben.ac.at 
 

Abstract 

 

  

In the last few years, research and development in sustainable energy technologies are 
gaining in importance. Especially electrochemical cells and systems are going to play a key 
role in many different fields of technologies. K2NiF4-type rare earth nickelates are among the 
most promising materials for many of these applications (for instance: electrode materials for 
solid oxide fuel and electrolyzer cells, ceramic membranes for selective oxygen separation, 
electrochemical oxygen sensors, and heterogeneous catalysts) because of their favorable 
properties, such as high diffusivities, good electronic and significant ionic conductivities [1]. 
In current situations though, the rate-limitation of the oxygen exchange kinetics by the 
surface exchange process represents a drawback for technological applications.  
The focus of the present study is on the synthesis and characterization of the novel K2NiF4-
type oxide Pr2Ni0.9Co0.1O4+δ (PNCO). By substituting Pr2NiO4+δ with Co, it is intended to 
increase the surface exchange coefficient of oxygen. To obtain higher quantities of chemically 
homogenous, single phase PNCO powder in one batch, a new freeze drying method based on 
aqueous acetate precursor solutions was developed. The solutions were mixed, snap-frozen in 
liquid nitrogen, and freeze-dried. During calcination the complex oxide was formed. X-ray 
powder diffraction (XRD) and Rietveld refinement verified that the material was single phase, 
and confirmed the K2NiF4 structure. The PNCO powder was further characterized by 
dilatometry, differential scanning calorimetry (DSC) and thermogravimetric analysis (TG). In 
pure Ar, a transition from the orthorhombic to the tetragonal K2NiF4 modification occurred, 
which was also reported for PNO [2, 3]. Based on the dilatometry curve a pellet was sintered 
at 1120°C to obtain a dense sample for oxygen exchange measurements. However, XRD of the 
sintered pellet, as well as DSC and TG of powder samples, indicated that phase decomposition 
of PNCO into Pr4(Ni,Co)3O10-x and Pr-oxide occurs at T≥750°C and pO2=0.2 bar as previously 
reported also for PNO [4]. Finally, by optimization of the sintering program, it was possible to 
obtain a phase-pure PNCO pellet with 99 % of the theoretical density, which will be used for 
studies of the oxygen exchange kinetics by the dc-conductivity relaxation method.  
 
References  
[1] T. Ishihara, Perovskite Oxide for Solid Oxide Fuel Cells, Springer-Verlag, Berlin-Heidelberg-
New York (2009), p. 1-16.  
[2] J.D. Sullivan, D.J. Buttrey, D.E. Cox, J. Hriljac, J. Solid State Chem. 94 (1991) 337.  
[3] E. Niwa, K. Wakai, T. Hori, K. Yashiro, J. Mizusaki, T. Hashimoto, Thermochimica Acta 575 
(2014) 129-134  
[4] P. Odier, C. Allancon, J.M. Bassat, J. Solid State Chem. 153 (2000) 381-385. 
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Electrical Properties of ZnO Varistors - Anisotropic Effects on the 
Macroscopic and Microscopic Scale 

Nadine Raidl 

Affiliation: Institut für Struktur- und Funktionskeramik, Montanuniversität Leoben, 
Austria 

E-Mail: nadine.raidl@unileoben.ac.at 

 

Abstract 

 

Varistors (VARiable resISTORS) are polycrystalline electroceramic components with a 
highly nonlinear current-voltage relationship. At small voltages the material exhibits a 
high resistance, which decreases dramatically by several orders of magnitude, if a certain 
threshold voltage is exceeded. This effect is based on so-called “Double Schottky Barriers” 
(DSBs) at the grain boundaries. The electrostatic barriers form during sintering due to the 
trapping of electrons at acceptor states which are induced by doping of the base material 
ZnO. These barriers are the origin of the high resistance at small voltages. Above the 
threshold voltage (i.e., roughly 3V per grain boundary) the barriers break down in a self-
enhanced process, leading to the nonlinear increase of conductivity. Making use of this 
exceptional electrical behavior, varistors are applied as passive components in the 
electronic industry, to protect parts and systems against destructive overvoltage. 

On the microscopic scale, a varistor can be represented by a 3-dimensional network of 
highly nonlinear resistors. Due to the nonlinearity, energy dissipation cannot occur 
homogeneously throughout the whole material. This phenomenon will be demonstrated 
by means of thermal microscopy. Experiments showed that current merely flows in 
narrow pathways through the material. In low-voltage varistors (with only 1-2 grain 
boundaries in series), the current flow can even be localized at one single grain boundary. 
Thermographic studies also revealed that different current paths are established, 
depending on the direction of the applied electric field. This finding is the direct evidence 
of direction-dependent electrical properties of single grain boundaries. Micro-4-point 
measurements of single grain boundaries not only exposed variations of the breakdown 
voltage and the nonlinearity coefficients. Moreover, it has been found that the majority of 
grain boundaries exhibit electrical properties that are dependent on the current direction. 
These findings can be explained by the existence of asymmetric DSBs. Due to the 
piezoelectric nature of ZnO, mechanical stresses lead to the generation of polarization 
charges, which modify the band structure at the grain boundary and consequently the I-V 
characteristics (i.e., piezotronic effect). Trough micro compressive tests, it has been found 
that the piezotronic effect can not only lead to an increase and decrease of DSB heights, 
but also to an asymmetric potential offset. Since ZnO grains contain residual stresses 
(resulting from the anisotropic thermal expansion coefficient), it is assumed that DSBs are 
inherently modified by the piezotronic effect, depending on grain orientation. Based on 
these findings, it is concluded that there exists a broad distribution of barrier properties 
in varistors, leading to the formation of preferential current paths through the material. 
Possible approaches for the homogenization of the electrical properties of ZnO varistors 
on the microscopic and macroscopic scale will be given. 

 


