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Preface 

 

In 2013 research at the Institute of Glass and Ceramics (WW 3) centred on fundamen-

tal aspects of processing of ceramics and ceramic composites. Members of WW 3 are ac-

tively engaged in a number of cooperative research initiatives including the Cluster of Ex-

cellence on Engineering of Advanced Materials, the Central Institute for Advanced Materi-

als (Fuerth) and the Emerging Fields Initiative (Biomaterials). New research activities lo-

calized in the Energy Campus Nuremberg started on October 2013. With a major focus on 

solar thermal receiver materials nanoscale surface modification for optimisation of optical 

and thermal properties will be investigated. Furthermore, cooperation work with the Tech-

nische Hochschule Nuernberg was established on developing a novel concept for high 

temperature heat storage of renewable energy.  

 

Fortunately, we could celebrate the inauguration of the European Liaison Office of the 

Nagoya Institute of Technology (NITech) at our Technische Fakultaet in July. Supported 

by WW 3 the office will coordinate and extend the scientific cooperations of NITech not 

only with our university but with other European academic networks in the field of materi-

als science as well as other engineering disciplines.  

 

Members of the institute organized conferences, workshops, advanced training cours-

es, two summer schools in Limoges and Copenhagen, and a German-Japanese seminar on 

Advanced Ceramics. On the Lange Nacht der Wissenschaften a large number of guests 

enjoyed the presentations of our research results and glass blowing.   

 

After one year vacation the glass group was taken over by our new colleague Professor 

Dominique de Ligny by December 1
st
. His work will focus on structure-property relations 

and optical properties of silicate glasses. Professor Greil was elected Vice Dean of the 

Technische Fakultaet for the period 2013 – 2015. Professor Roosen was appointed Adjunct 

Professor by the Technical University of Denmark for the period 2014 – 2019. 

 

Peter Greil 

Andreas Roosen 

Dominique de Ligny 
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1. INSTITUTE OF GLASS AND CERAMICS 

Staff 

Faculties 

Prof. Dr. Peter Greil Head of Institute 

Prof. Dr. Dominique de Ligny  Glass  

Prof. Dr. Andreas Roosen   Functional Ceramics 

PD Dr. Nahum Travitzky   Ceramics Processing 

 

Administration 

Karin Bichler      Candice Iwai   

Ursula Klarmann
1
     Evelyne Penert-Müller 

 

Senior Research Staff 

Dr.-Ing. Ulrike Deisinger   Ceramic Multilayer Processing 

Dr.-Ing. Tobias Fey    Cellular Ceramics and Simulation  

 

Research Staff 

Advanced Engineering Ceramics and Rapid Prototyping 

M. Sc. Alexander Bonet   M. Sc. Benjamin Dermeik  

M. Sc. Ina Filbert-Demut   Dipl.-Ing. Lorenz Schlier    

Dipl.-Ing. (FH) Tobias Schlordt   

 

1
 retired 
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Functional Ceramics 

Dipl.-Ing. Michael Beck   M. Sc. Zongwen Fu     

M. Eng. Michael Hambuch    M. Sc. Ruth Hammerbacher 

Dipl.-Ing. Daniel Jakobsen   Dipl.-Ing. Alfons Stiegelschmitt 

M. Sc. Moritz Wegener   

 

Kosseleck Group 

Dr. Guo Ping Bei    Dipl.-Ing. Kathrin Ebert
2 

Dr.-Ing. Joana Pedimonte   Dr. Sergey Sirotkin
3 

 

Cellular Ceramics and Simulation  

Dr. rer. nat. Andrea Dakkouri-Baldauf M. Sc. Franziska Eichhorn   

PhD Guifang Han    Dr. rer. nat. Sreejith Krishnan
4
  

M. Sc. Bastian Weisenseel   Dipl.-Ing. Bodo Zierath 

 

Technical Staff 

Sabine Brungs     Evelyn Gruber 

Dipl.-Ing. Helmut Hädrich
5
   Beate Müller 

Timotheus Barreto-Nunes   Heike Reinfelder 

Peter Reinhardt    Alena Schenkel-Rybar 

Eva Springer     Dipl.-Ing. Alfons Stiegelschmitt 

Hana Strelec     Andreas Thomsen 

 
   
2
 now with industry 

3
 now Université de Bordeaux 

4
 now Vikram Sarabhai Space Centre, Thiruvananthapuram, India  

5
 retired
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Retirements 

Ms. Ursula Klarmann retired on 31.03.2013. She joined the institute in July 1973 

as a technical staff member. In the first period her work centred on organisation including 

preparation of charts, care of students thesis archive and publication list of the institute. 

Furthermore, she dealt with graphical evaluation of research results for preparation of pub-

lications. Subsequently, Ms. Klarmann assumed responsibility for the financial manage-

ment of research contracts. She carried out budget controlling with great competence and 

responsibility in close cooperation with the university administration as well as a number of 

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

 

Ms. Klarmann was strongly engaged in planning and realisation of public events of 

the institute including the annual glass and ceramic weeks. Furthermore, she took care of 

the presentation of the institutes research work to the public by posters and show cases. Due 

to her pronounced cooperativeness and responsibility Ms. Klarmann made a continuous and 

appreciated contribution to the growth and life of the institute. All the staff members deeply 

acknowledge her for her great work. We deliver our best wishes to Ms. Klarmann and her 

family for the time of retirement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Dr. Tobias Fey presenting a “survival gift” to Ms. Ursula Klarmann 
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Mr. Helmut Haedrich retired on 31.10.2013 after 42.5 years in public service. 

Working as an electronic engineer in the institute he was in charge of electrical and elec-

tronical equipment including repair as well as development of novel scientific instruments. 

Among his numerous contributions are the design and manufacturing of non destructive 

inspection and testing devices including ultrasonic and microwave technologies, furnace 

control and operation devices as well as thermal analyses equipment. His work was carried 

out in close cooperation with the electronic workshop of the faculty and the department of 

electronics, institute of high frequency technology. Furthermore, he was in charge of the 

institutes computer network, soft- and hardware management and communication technol-

ogies. 

Due to his outstanding experimental capabilities combined with creative and origi-

nal ideas Mr. Haedrich soon became one of the staff members contributing a lot to the suc-

cessful development and prosperity of our institute. Numerous students appreciated his 

great competence and help for solving technical and scientific problems in their thesis 

works. Furthermore, he served as first aid assistant. He always represented the institute with 

great enthusiasm and all the members of the institute acknowledged him for his great work. 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Prof. Peter Greil congratulating Mr. Helmut Haedrich 
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Graduates 

Bachelor Thesis 

 

Martin Ellinger 

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

of the sintered structures 

 

Sebastian Hagen 

Manufacturing of ceramic multilayer structures with internal cavities 

 

Nils Hock 

Paper-derived MAX-phase ceramic sheets 

 

Felix Keppner 

Rheological studies of a colloidal alumina paste 

 

Thomas Koch 

Cellular Al2O3-bioceramic 

 

Christian Leniger 

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

 

Sofia Loginkin 

Manufacturing and characterization of polymer-derived ceramic springs 

 

Daniel Schumacher 

Manufacturing of partially stabilized ZrO2 substrates via tape casting 

 

Marc-André Vogelgesang 

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

Manufacturing of SiC-containing composites by electrophoretic deposition 

 

Michel Woy 

Relationship between structure and property of sulfophosphate glasses  

 

 

Master Thesis 

 

Franziska Eichhorn 

Porous piezoelectric ceramics 

 

Ruth Hammerbacher 

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

 

Helene Sachsenweger 

Development and application of a piezoceramic actuator for bone cell stimulation 

 

Bastian Weisenseel 

Ceramic Loop-Heat Pipes with microporous SiC-Wick 
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Visiting Students and Scientists 

Dr. Marek Potoczek  (January 2013 – February 2013)  

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

 

Gildas Rigondaud  (June 2013 – July 2013) 

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

 

Rachida El Ouardi  (June 2013 – September 2013) 

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

 

Minato Kato  (September 2013 – November 2013) 

Nagoya Institute of Technology, Ceramic Research, Nagoya, Japan 

 

Teppei Yamazaki  (November 2013 – January 2014) 

Nagoya Institute of Technology, Ceramic Research, Nagoya, Japan 
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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
th

 and 6
th

 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
th, 

8
th

 and 9
th

 semester specializes in a selected "Kernfach" 

(core discipline), including corresponding practical courses, seminars and courses in 

materials computational simulation. In addition the students select a “Nebenfach” (minor 

subject) from the Department of Materials Science and a “Wahlfach” (elective subject) 

from other Departments of the University, which offers the possibility of specialization. 

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

In addition to this Materials Science and Engineering programme, the Institute of Glass and 

Ceramics is involved in the Bachelor and Master programmes “Energy Technology”, 

“Medical Technology” and the Elite course “Advanced Materials and Processes”. 
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Courses offered by the faculties of the Glass and Ceramics Institute 

1. Semester 

• Introduction to Inorganic Non-metallic Materials, P. Greil 

4. Semester 

• Materials Characterization and Testing, A. Roosen 

5. Semester 

• Processing and Applications of Glasses, P. Greil 

• Processing and Applications of Ceramics, A. Roosen 

• Nanocomposites, T. Fey 

• Instrumental analytics, U. Deisinger 

7. and 8. Semester 

• Ceramic Materials in Medicine, P. Greil 

• Computational Calculation of Crack Probabilities, T. Fey 

• Electroceramics I + II, A. Roosen 

• Engineering Ceramics, P. Greil 

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

• Non-destructive Testing, T. Fey 

• Physics and Chemistry of Glasses and Ceramics: I. Thermodynamics of Condensed 

Systems, P. Greil 

• Powder Synthesis and Processing, U. Deisinger 

• Rapid Prototyping, N. Travitzky 

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

Travitzky 

• Stresses and Mechanical Strength, T. Fey 

• Practical Course Mechanical Testing, T. Fey 

• Composite Practical Course, T. Fey 
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Laboratories 

 

Main Equipment 

Laboratories 

• Biomaterials laboratory 

• Ceramography workshop 

• Functional ceramics laboratory 

• Glass laboratory 

• Mechanical testing laboratory 

• Multilayer processing laboratory 

• Polymer processing laboratory 

• Powder characterization laboratory 

• Processing workshop 

• Rapid Prototyping laboratory 

• SEM/AFM laboratory 

• Simulation laboratory 

• X-ray characterization laboratory 

 

  

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

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

Thermal analysis • 3-dimensional optical dilatometer 

• Push rod dilatometers (up to 1800 °C) 

• Thermal analysis (DTA/TGA/DSC/TMA) 

• Thermal conductivity device 

• Viscometry (beam bending) 

Powder characteriza-

tion 

• 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) 

Optical analysis • 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 

Mechanical testing • High precision mechanical testing with optical tracking system 

(EXAKT) 

• Impulse Excitation Measurement (buzz-o-sonic) 

• Micro hardness tester 

• Servo hydraulic mechanical testing systems (also high 

temperature) 

• Single fibre tensile testing machine 

• Viscosimeter and elevated-temperature viscosimeter 

Chemical analysis • High-pressure liquid chromatograph 

• ICP-OES (Spectro Analytical Instruments) 
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Structural analysis • 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 

Powder and slurry  

processing 

• Attrition mills 

• Agitator bead mill 

• Disc mill 

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

• Jaw crusher 

• Overhead mixer 

• Pick and Placer 

• Planetary ball mills 

• Planetary centrifugal mixer (Thinky) 

• Rotary evaporators 

• Sieve shakers 

• Single ball mill 

• Thermo kneader 

• Three-roll mill 

• Tumbling mixers 

• Ultrasonic homogenizer 
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Shaping • 3D printers 

• Advanced screen printing device 

• Calender 

• CNC High speed milling machine 

• Cold isostatic press 

• Electrospinning machine 

• Flaring cup wheel grinding machine 

• Fused deposition modelling device (FDM) 

• High precision cutting device 

• Hot cutting device  

• Laminated object manufacturing devices (LOM) 

• Lamination presses 

• Langmuir–Blodgett trough 

• Lapping and polishing machines 

• Low-pressure injection moulding machine 

• Precision diamond saws 

• PVD coaters 

• Robot-controlled device 

• Roller coater 

• Screen printer 

• Sheet former 

• Spin coater 

• Tape caster 

• Textile weaving machine 

• Twin screw extruder 

• Ultrasonic drill 

• Vacuum infiltration device 

Heat treatment • Autoclave 

• Dryers 

• Furnaces (air, N2, Ar, Vac, High-Vac, forming gas) up to 

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

pyrolysis 

• Gradient furnace 

• High-temperature spray furnace 
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2. RESEARCH 

Survey 

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

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

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

with partners from national and international universities and industries. 

 

Research Projects (in alphabetical order) Funding Principal Investigator 

Bioactive ceramic cages  IN Prof. Greil / Dr. Fey 

Development of layered structures and 3D genera-

tive processing methods for innovative combustion 

chamber lining concepts 

BMWi 

+ IN 

Prof. Roosen / PD Dr. 

Travitzky 

Cellular ceramics for heat absorbers EnCN Prof. Greil 

Deformation and sintering behaviour of preceramic 

papers 

DFG PD Dr. Travitzky 

Experimental study and simulation of anisotropic 

effects in cast green tapes 

DFG Prof. Roosen 

Flexible manufacturing of preceramic paper based 

refractory components 

DFG Prof. Greil 

Hierarchical cellular ceramics and composites DFG Prof. Greil 

High temperature stable ignition components based 

on defined 2D and 3D SiSiC structures 

AiF PD Dr. Travitzky 

Lightweight cellular ceramics  EC Prof. Greil 
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Manufacturing of multilayer refractories by tape 

casting 

DFG Prof. Roosen 

Manufacturing of transparent ceramic substrates BMBF  Prof. Roosen 

Stable and metastable multiphase systems for high 

application temperatures 

DFG Prof. Greil 

Dispers systems for electronic devices DFG Prof. Roosen 

Polymer derived ceramics for bearing applications IN PD Dr. Travitzky 

Robocasting of macrocellular ceramic 3D-lattice 

structures with hollow filaments 

DFG PD Dr. Travitzky 

Self healing MAX phase ceramics DFG Prof. Greil 

Structured carbon based catalyst support structures 

for CO hydration 

DFG Dr. Fey 

Tape on Ceramic Technology BMBF  Prof. Roosen 

 

Funding organisations: 

AiF:  Industrial research Cooperation 

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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SEM micrograph of an indent crack on the surface of 

Ti2SnC loaded (20 vol. %) alumina matrix composite a) 

prior and b) after annealing in air for 3 h at 900 °C and 

c) Ti-mapping.

Crystal structure of 312 MAX phase, left and 211 MAX 

phase, right.
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Crack healing in MAX phase ceramic composites
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Bioceramics applied to bone replacement and regeneration should trigger minimal 

inflammatory responses 

tion. It has long been known that substrate topography, including grooves, ridges, islands, 

nodes and pores, can affect cell response and osseointegration behavior of a bioceramic 

implant in contact with bone. Interaction with nanotopographies can alter cell morphology, 

adhesion, motility, proliferation, endocytotic activity, protein abundance and gene regul

tion. Among diverse cell types (fibroblasts, osteoclasts, endothelial, smooth muscl

lial) osteoblasts were observed to interact with nanotopographical features of substrate m

terials.  

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

different anodization voltages (20 

varying pore diameter (15 

pore distance (40 

of ~ 10% that elicits a favorable response for 

osteoblasts might be attractive in bone replac

ment as well as bone tissue engineering. 

 

Nanoporous layers of alumina prepared by electrochemical oxidation are shown to achieve 

improved short

addition to topology variation

tion of electrostatic surface properties and may offer a high potential to enhance cellular 

interaction compared to a bioinert alumina surface. From streaming potential measurements 

the zeta po

variation of the nanoporous AAO layers. With decreasing pore diameter a shift of iep from 

~7.9 (pore diameter 40 nm) to ~6.7 (pore diameter 15 nm) was observed. Plain alumi

layers, however, exhibit an iep of ~9. Compared to the plain alumina surface enhanced a

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

– Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen

AAO layers formed in C

ferent anodization potentials. 

Nanoporous anodic alumina as a functional coating on biomaterials 

Joana Pedimonte, Tobias Fey, Peter Greil

Bioceramics applied to bone replacement and regeneration should trigger minimal 

inflammatory responses 

tion. It has long been known that substrate topography, including grooves, ridges, islands, 

nodes and pores, can affect cell response and osseointegration behavior of a bioceramic 

in contact with bone. Interaction with nanotopographies can alter cell morphology, 

adhesion, motility, proliferation, endocytotic activity, protein abundance and gene regul

tion. Among diverse cell types (fibroblasts, osteoclasts, endothelial, smooth muscl

lial) osteoblasts were observed to interact with nanotopographical features of substrate m

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

different anodization voltages (20 

ore diameter (15 

pore distance (40 – 130 nm) and a total porosity 

of ~ 10% that elicits a favorable response for 

osteoblasts might be attractive in bone replac

ment as well as bone tissue engineering. 

Nanoporous layers of alumina prepared by electrochemical oxidation are shown to achieve 

improved short-term cell attachment and activity compared to a plain alumina surface. In 

addition to topology variation

tion of electrostatic surface properties and may offer a high potential to enhance cellular 

interaction compared to a bioinert alumina surface. From streaming potential measurements 

the zeta potential and the isoelectric point (iep) were derived and correlated to the topology 

variation of the nanoporous AAO layers. With decreasing pore diameter a shift of iep from 

~7.9 (pore diameter 40 nm) to ~6.7 (pore diameter 15 nm) was observed. Plain alumi

layers, however, exhibit an iep of ~9. Compared to the plain alumina surface enhanced a

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

Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen

AAO layers formed in C2H2O4 

ferent anodization potentials.  

Nanoporous anodic alumina as a functional coating on biomaterials 

Joana Pedimonte, Tobias Fey, Peter Greil

Bioceramics applied to bone replacement and regeneration should trigger minimal 

inflammatory responses while stimulating osteoblast adhesion, proliferation and differenti

tion. It has long been known that substrate topography, including grooves, ridges, islands, 

nodes and pores, can affect cell response and osseointegration behavior of a bioceramic 

in contact with bone. Interaction with nanotopographies can alter cell morphology, 

adhesion, motility, proliferation, endocytotic activity, protein abundance and gene regul

tion. Among diverse cell types (fibroblasts, osteoclasts, endothelial, smooth muscl

lial) osteoblasts were observed to interact with nanotopographical features of substrate m

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

different anodization voltages (20 

ore diameter (15 – 40 nm), a mean 

130 nm) and a total porosity 

of ~ 10% that elicits a favorable response for 

osteoblasts might be attractive in bone replac

ment as well as bone tissue engineering. 

Nanoporous layers of alumina prepared by electrochemical oxidation are shown to achieve 

term cell attachment and activity compared to a plain alumina surface. In 

addition to topology variation, the control of nanoporous structure may trigger a local vari

tion of electrostatic surface properties and may offer a high potential to enhance cellular 

interaction compared to a bioinert alumina surface. From streaming potential measurements 

tential and the isoelectric point (iep) were derived and correlated to the topology 

variation of the nanoporous AAO layers. With decreasing pore diameter a shift of iep from 

~7.9 (pore diameter 40 nm) to ~6.7 (pore diameter 15 nm) was observed. Plain alumi

layers, however, exhibit an iep of ~9. Compared to the plain alumina surface enhanced a

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

Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen

 (0.22 M) at di

Nanoporous anodic alumina as a functional coating on biomaterials 

Joana Pedimonte, Tobias Fey, Peter Greil 

Bioceramics applied to bone replacement and regeneration should trigger minimal 

while stimulating osteoblast adhesion, proliferation and differenti

tion. It has long been known that substrate topography, including grooves, ridges, islands, 

nodes and pores, can affect cell response and osseointegration behavior of a bioceramic 

in contact with bone. Interaction with nanotopographies can alter cell morphology, 

adhesion, motility, proliferation, endocytotic activity, protein abundance and gene regul

tion. Among diverse cell types (fibroblasts, osteoclasts, endothelial, smooth muscl

lial) osteoblasts were observed to interact with nanotopographical features of substrate m

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

different anodization voltages (20 – 60 V) with 

40 nm), a mean 

130 nm) and a total porosity 

of ~ 10% that elicits a favorable response for 

osteoblasts might be attractive in bone replac

ment as well as bone tissue engineering.  

Nanoporous layers of alumina prepared by electrochemical oxidation are shown to achieve 

term cell attachment and activity compared to a plain alumina surface. In 

, the control of nanoporous structure may trigger a local vari

tion of electrostatic surface properties and may offer a high potential to enhance cellular 

interaction compared to a bioinert alumina surface. From streaming potential measurements 

tential and the isoelectric point (iep) were derived and correlated to the topology 

variation of the nanoporous AAO layers. With decreasing pore diameter a shift of iep from 

~7.9 (pore diameter 40 nm) to ~6.7 (pore diameter 15 nm) was observed. Plain alumi

layers, however, exhibit an iep of ~9. Compared to the plain alumina surface enhanced a

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

Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen

26 

(0.22 M) at dif-

Nanoporous anodic alumina as a functional coating on biomaterials 

Bioceramics applied to bone replacement and regeneration should trigger minimal 

while stimulating osteoblast adhesion, proliferation and differenti

tion. It has long been known that substrate topography, including grooves, ridges, islands, 

nodes and pores, can affect cell response and osseointegration behavior of a bioceramic 

in contact with bone. Interaction with nanotopographies can alter cell morphology, 

adhesion, motility, proliferation, endocytotic activity, protein abundance and gene regul

tion. Among diverse cell types (fibroblasts, osteoclasts, endothelial, smooth muscl

lial) osteoblasts were observed to interact with nanotopographical features of substrate m

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

60 V) with 

40 nm), a mean 

130 nm) and a total porosity 

of ~ 10% that elicits a favorable response for 

osteoblasts might be attractive in bone replace-

Nanoporous layers of alumina prepared by electrochemical oxidation are shown to achieve 

term cell attachment and activity compared to a plain alumina surface. In 

, the control of nanoporous structure may trigger a local vari

tion of electrostatic surface properties and may offer a high potential to enhance cellular 

interaction compared to a bioinert alumina surface. From streaming potential measurements 

tential and the isoelectric point (iep) were derived and correlated to the topology 

variation of the nanoporous AAO layers. With decreasing pore diameter a shift of iep from 

~7.9 (pore diameter 40 nm) to ~6.7 (pore diameter 15 nm) was observed. Plain alumi

layers, however, exhibit an iep of ~9. Compared to the plain alumina surface enhanced a

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

Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen

Nanoporous anodic alumina as a functional coating on biomaterials 
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Manufacture of ultrathin, particulate-based ITO layers by rotary 

printing 

Moritz Wegener, Andreas Roosen 

Transparent conductive oxides (TCOs) as indium tin oxide (ITO) or zinc oxide offer  

a unique combination of high electrical conductivity and high transparency. TCOs find ap-

plication as transparent electrode materials in displays, touch screens, or solar cells. Con-

ventionally, expensive vacuum-based sputtering techniques are used for the manufacturing 

of nanometer thin TCO layers. Sputtered TCO layers, however, are brittle and unsuitable 

for the use in flexible devices. Printing and coating techniques based on nanoparticular 

TCO materials can overcome both problems. Printed or coated films are composites of 

TCO particles dispersed in polymers which are manufactured at ambient atmosphere and 

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

In the past, a large number of printing and coating techniques were developed to satisfy 

product requirements concerning design and functionality. Rotary printing offers the possi-

bility to print planar layers and/or structures; a high throughput based on printing velocities 

of several hundred meters/min can be obtained. Rotary printing techniques include, e.g., 

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

This research project focusses on the development of nanoparticular indium tin oxide (ITO) 

inks for the manufacturing of ultrathin ITO layers on flexible polymer substrates by rotary 

printing. Ethanol- and water-based ITO inks were prepared and the influence of different 

ink compositions on the printing process and the properties of the deposited film was eval-

uated. The transmission and the specific resistance of the printed ITO layers in dependence 

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

The working scheme of a flexography printer, which is a relief printing technique, is shown 

in Figure 1; there are two rolls, a steel metering roll and a rubber-coated applicator roll. The 

ink is filled into the gap between these rolls. The rolls are moving in opposite direction dur-

ing the coating process and the ink is applied onto the substrate by the applicator roll. The 

achieved wet film thickness depends on several processing parameters like the gap between 

the two rolls, the printing speed, the pressure on the substrate brought by the applicator roll, 

the viscosity of the ink, the surface tension of the ink and the substrate, etc. The amount of 
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Influence of pore orientation on anisotropic shrinkage 

Zongwen Fu, Andreas Roosen 

Anisotropic shrinkage of tape-cast ceramic sheets is a major hindrance to miniaturi-

zation of multilayer structures which require high accuracy of the position of vias or circuit 

lines in different layers during thermal processing. It is well known that for tape-cast pro-

ducts the shrinkage anisotropy in three spatial directions follows εz > εy > εx, where ε repre-

sents the linear sintering shrinkage and x, y and z denote the casting, transverse and thick-

ness direction, respectively. The coefficient of anisotropy shrinkage, Kxy = (1 - εx / εy) × 

100, describes the shrinkage mismatch in both directions. This anisotropic shrinkage is ex-

plained by the non-uniform microstructure caused by shearing and uniaxial drying during 

tape casting as well as by particle rearrangement during thermal treatment. In order to es-

tablish the correlation between the anisotropic shrinkage and the textured microstructure 

analytically, the orientation degree of particles and pores in green tapes was investigated by 

means of a modified linear intercept analysis on SEM micrograph with an accuracy higher 

than 150 nm/pixel. The SEM micrograph was covered with a grid and the pore anisotropy 

factor S was determined by calculating the cumulative pore space number along each grid 

line in both directions. The factor Sxy is greater than zero when pores are oriented in x-

direction. The particle anisotropy factor R was determined accordingly.  

Fig. 1 shows the microstructure of xz- cross-sections of tapes composed of spherical and 

platelet-shaped particles. With increasing anisotropy of the particle shape, the factors S, R 

and K rise simultaneously, exhibiting in most cases the same sign and a similar magnitude. 

Non-spherical particles and pores in tape-cast ceramics are mostly oriented perpendicular to 

the thickness direction which always exhibits the highest shrinkage; i.e., shrinkage perpen-

dicular to the pore and particle orientation is always higher than in the direction parallel to 

the casting direction. This particle and pore orientation is caused by shearing forces during 

casting and constrained drying effects. 

The correlation between the anisotropic shrinkage and the non-uniform microstructure was 

verified by mathematical modelling based on the shrinkage theory of Olevsky and Tikare. 

For elongated particles and pores (Fig. 2), the anisotropy shrinkage coefficient K in the xy-

plane was derived as: 



Selected Research Highlights 

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

31 

��� = �� − ����	��

 = �� − � 
� ∙ �� ∙ ���� ∙ �� ∙ �� ∙ ���
�� + ��� ∙ ����� + ����

 

(a, b, ra, rb, A and B are given in Fig.2) 

 

  Fig. 1: SEM micrographs of different alumina tapes with (a) spherical particles in xz-

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

 

 Fig. 2: Representative unit cell to calculate shrinkage anisotropy in x- and y-direction. 
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DOI: 10.1002/adem.201300034 
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06/13 Z. Fu, L. Schlier, N. Travitzky, P. Greil 

Three-dimensional printing of SiSiC lattice truss structures 

Materials Science and Engineering A, 560 (2013) 851-856 

DOI: 10.1016/j.msea.2012.09.107 

 

07/13 I. Götschel, B. Gutbrod, N. Travitzky, A. Roosen, P. Greil 

Processing of preceramic paper and ceramic green tape derived multilayer structures 

Advances in Applied Ceramics, 112 (6) (2013) 358-365 

DOI: 10.1179/1743676113Y.0000000090 

 

08/13 J.A. Junkes, B. Dermeik, B. Gutbrod, D. Hotza, P. Greil, N. Travitzky  

Influence of coatings on microstructure and mechanical properties of preceramic 

paper-derived porous alumina substrates 

Journal of Materials Processing Technology 213 (2013) 308–313 

DOI: 10.1016/j.jmatprotec.2012.09.005 

 

09/13 N. Kölpin, M. Wegener, E. Teuber, S. Polster, L. Frey, A. Roosen 

Conceptional design of nano-particulate ITO inks for inkjet printing of electron de-

vices 

J Mater Sci 48 (2013) 1623–1631 

DOI 10.1007/s10853-012-6919-8 

 

10/13 T. Kühnlein, A. Stiegelschmitt, A. Roosen, M. Rauscher  

Development of a model for the sintering of PZT multilayer ceramics and their die-

lectric properties 

Journal of the European Ceramic Society 33, 5 (2013) 991-1000 

DOI: 10.1016/j.jeurceramsoc.2012.10.018 

 

11/13 V. Moreno, D. Hotza, P. Greil, N. Travitzky 

Dense YSZ laminates obtained by aqueous tape casting and calendering 

Advanced Engineering Materials, 15 (10) (2013) 1014-1018 

DOI: 10.1002/adem.201200362 
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12/13 S.M. Naga, S.H. Kenawy, M. Awaad, H.S. Abd El-Wahab, P. Greil, M.F.  

Abadir 

Synthesis and characterization of laminated Si/SiC composites 

Journal of Advanced Research, 4 (2013) 75–82 

DOI: 10.1016/j.jare.2012.01.006 

 

13/13 T. Schlordt, S. Schwanke, F. Keppner, T. Fey, N. Travitzky, P. Greil 

Robocasting of alumina hollow filament lattice structures 

Journal of the European Ceramic Society, 33 (15-16) (2013) 3243-3248 

DOI: 10.1016/j.jeurceramsoc.2013.06.001 

 

14/13 S.L. Stares, M.C. Fredel, A. Aragones, E.Y. Gutmanas, I. Gotman, P. Greil, N. 

Travitzky 

PLLA/HA Composite Laminates 

Advanced Engineering Materials, 15, 11 (2013) 1122-1124 

DOI: 10.1002/adem.201200395 

 

15/13 S.L. Stares, M.C. Fredel, P. Greil, N. Travitzky  

Paper-derived β-TCP 

Materials Letters 98 (2013) 161-163 

DOI: 10.1016/j.matlet.2013.02.021 

 

16/13 S.L. Stares, M.C. Fredel, P. Greil, N. Travitzky 

Paper-derived hydroxyapatite  

Ceramics International 39 (6) (2013) 7179-7183  

DOI: 10.1016/j.ceramint.2013.02.062 

 

17/13 S.L. Stares, A. Kirilenko, M.C. Fredel, P. Greil, L. Wondraczek, N. Travitzky 

Paper-Derived Bioactive Glass Tape. 

Advanced Engineering Materials 15, 4 (2013) 230–237  

DOI: 10.1002/adem.201200192 
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Proceedings 

T. Früh, U. Deisinger, A. Roosen 

Manufacture of Highly Anisotropic Ceramic-Polymer Composite Films Mimicking the 

Structure of Natural Nacre 

Proceedings 5
th

 Shaping, 29-31 January 2013, Mons, Belgium. Ed. University of Mons, 

Belgium, 2013, P 1-4 

 

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

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

Lamination 

Proceedings 9
th

 International Conference and Exhibition on Ceramic Interconnect and Ce-

ramic Microsystems Technologies, 23-25 April 2013, Buena Vista, FL, USA. Ed.: IMAPS, 

Washington, D.C., USA, 2013, 268-274 

 

D. Jakobsen, I. Götschel, A. Roosen 

Fabrication of Multilayer Composites for Refractory Applications via Tape-Casting of Ul-

tra-Thick Green Tapes 

Proceedings 5
th

 Shaping, 29-31 January 2013, Mons, Belgium. Ed. University of Mons, 

Belgium, 2013, TF 1-4 

 

D. Jakobsen, I. Götschel, A. Roosen 

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

multilayer composites 

Proceedings 13
th

 Biennial Worldwide Congress on Refractories UNITECR, 10-13 Septem-

ber 2013, Victoria, BC, Canada. Ed. Amer. Ceram. Soc., Westerville, OH, USA, 2013, 538 

- 542 
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Books 

P. Greil, T. Fey, C. Zollfrank 

Biomorphous Ceramics from Lignocellulosic Preforms  

In: Handbook of Advanced Ceramics 2
nd

 edition, edt. S. Somiya, Elsvier Publ. (2013) 527-

555 

 

 

Patents 

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

Velde 

Slide ring sealing and method of manufacturing  

DE 102011083859 (2013) and WO 2013/045614 (2013) 
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A Roosen 

Session Chair, 5th International Conference on Shaping of Advanced Ceramics, Mons, 

Belgium, 29-31 January 2013 

 

A. Roosen 

Member of the Program Committee and Session Chair, Annual Meeting of the 

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

 

A. Roosen 

Session Chair, 13
th

 International Conference of the European Ceramic Society, Li-

moges, France, 23-27 June 2013 

 

A. Roosen 

Member of Advisory Board and Session Chair, 12
th

 Intern. Conf. on Ceramic Powder 

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

 

A. Roosen 

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

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

 

N. Travitzky  

Symposium Organizer: PACRIM 10, The 10th Pacific Rim Conference on Ceramic 

and Glass Technology – “Innovative Processing and Manufacturing: Symposium 3: 

Novel, Green, and Strategic Processing and Manufacturing Technologies”, San Diego, 

California, USA, 2-7 June 2013 

 

N. Travitzky 

Symposium Organizer: EUROMAT 2013 European Congress and Exhibition on Ad-

vanced Materials and Processes, “Nano-Powder and Solution Routes: Synthesis to Ma-

terials - Additive Manufacturing and other Near Net Shape Techniques”, Sevilla, 

Spain, 8-13 September 2013 
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Opening Ceremony of the European Liaison Office of the  

Nagoya Institute of Technology (NiTech) 

 

On July 15 the President of the NiTech, Professor  Minoru Takahashi officially opened the 

European Liaison Office in the presence the General Consul of Japan at Munich, the Dean 

of the Technical Faculty delegations of Japanese and German professors. NiTech 

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

4500 students and a broad spectrum of engineering disciplines. Starting in 2010 coopera-

tion between NiTech and FAU focused on the area of high performance ceramics, bio-

materials as well as materials for electronics and energy systems. More than 60 japanese 

students, postdocs and faculties already attended the joint seminars on materials science 

held at Erlangen.  

  

The European Liaison Office hosted by the Technical Faculty is the second international 

liaison office of NiTech after the first one established in 2011 at the Beijing University of 

Chemical Technology (BUCT). It is the aim of the office to strengthen the cooperation in 

science and teaching between NiTech and FAU at least in the fields of materials science. 

Furthermore, cooperation will be extended to other engineering disciplines. The European 

Liaison Office will support international promotion and careers of young Japanese students 

by triggering formation of novel academic networks throughout Europe. 
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Invited Lectures 

T. Fey, M. Stumpf, P. Greil 

Microstructure evaluation and simulation of micro cellular ceramic  

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

Technology, Japan, 6-8 March 2013 

 

B. Ceron-Nicolat, F. Wolff, A. Dakkouri-Baldauf, T. Fey, H. Münstedt, P. Greil 

Processing and Characterization of graded cellular polymer derived ceramics 

PACRIM 10, The 10
th

 Pacific Rim Conference on Ceramic and Glass Technology, San 

Diego, CA, USA, 2-7 June 2013  

 

T. Fey, B. Ceron-Nicolat, F. Wolff, A. Dakkouri-Baldauf, H. Münsted, P. Greil 

Cellular polymer derived ceramics: microstructure characterization and simulation 

8th International Conference Series on High Temperature Ceramic Matrix Composites 

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

 

P. Greil, M. Götz, T. Fey  

Ceramics with Periodic Microstructures 

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

September 2013 

 

P. Greil, L. Schlier, N. Travitzky 

Surface Healing of Polymer Derived Ceramic Matrix 

8th International Conference Series on High Temperature Ceramic Matrix Composites 

– HTCMC-8, Xi’an, China, 22-26 September 2013 
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A. Roosen 

Tape casting: Design diversity in building planar multilayer structures 

Colloquium "Recent trends and developments in ceramic process technology", 

Waldkraiburg, 5 June 2013 

 

A. Roosen 

Powder preparation and forming methods 

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

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

 

A. Roosen  

Advances in ceramic green tape technology 

13
th

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

June 2013 

 

A. Roosen 

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

techniques  

12
th

 Intern. Conf. on Ceramic Powder Processing Science ICCPS-12, Portland, OR, 

USA, 7 August 2013 

 

A. Roosen 

Shaping of advanced ceramics. 

1
st
 International PhD Summer School ”Optimized Processing of Multi-Material Archi-

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

Ceramic-metal composites 

PACRIM 10, The 10
th

 Pacific Rim Conference on Ceramic and Glass Technology, San 

Diego, CA, USA, 2-7 June 2013  

 

M. Wegener, J. Kaschta, H. Münstedt, A. Roosen 

Gelling of PVB-based slurries with addition of Ti-esters 

6
th

 Usermeeting Rheology TA Instruments, Erlangen, 11 October 2013 

 

M Wegener, N. Kölpin, A. Roosen 

Tape casting of submicron thick TCO layers and their processing 

DKG Symposium of the Technical Committee Process Engineering "Processes for 

manufacturing ceramic layers", Erlangen, 3 December 2013 

 

Awards 

T. Früh 

Manufacture of highly anisotropic ceramic-polymer composite films mimicking the 

structure of natural nacre  

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

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

 

A. Roosen 

In December 2013 Prof. Dr. Andreas Roosen was appointed by the President of the 

Technical University of Denmark (Copenhagen) as Adjunct Professor of the Depart-

ment "Energy Conversion and Storage". The appointment will strengthen existing ac-

tivities in research and teaching in the field of ceramics processing, in particular in the 

field of multilayer ceramics.  
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5. ADDRESS AND MAP 

Department of Materials Science - Glass and Ceramics 

Friedrich-Alexander University of Erlangen-Nuremberg 

Martensstr. 5 

91058 Erlangen, GERMANY 

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

Fax:  ++49-(0) 9131-852-8311 

E-mail: ww3@ww.fau.de 

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

 

 

By car: 

Highway A3 exit Tennenlohe; 

direction to Erlangen (B4). 

Follow the signs “Universität 

Südgelände“. 

After junction “Technische Fakultät“ 

please follow the map. 

 

By train: 

Railway station Erlangen. 

Bus line No. 287 direction 

“Sebaldussiedlung“. 

Bus Stopp “Technische Fakultät“. 50 

meters to a layout plan; search for 

“Department 

Werkstoffwissenschaften“. 

 

http://www.glass-ceramics.fau.de/Home/contact.htm 
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D-90762 Fürth

Tel.:  

Fax:  

Internet: 
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Address and Map 

– Department of Materials Science and Engineering, Glass and Ceramics, University of Erlangen
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