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Welcome from the Organizers 

The Vienna young Scientists Symposium (VSS) 2015 welcomes you to a 

new and innovative come-together for young researchers at the Vienna 

University of Technology (TU Wien). We chose the TU Wien anniversary 

year 2015 as an opportunity to focus on cooperation between researchers 

independent of their status and affiliation to an institute. We are glad, 

that the idea of this platform, which supports young researchers, enhances 

interdisciplinary work within the TU Wien, motivates cooperation between 

researchers and companies, and gives our colleagues the possibility to 

publish their results, was supported and accepted by so many people. 

More than 80 members of the TU Wien submitted an abstract and want to 

present their research during the VSS on the 25th and 26th June 2015. We 

are proud to present the collection of the contributions to the VSS in these 

proceedings. The collected abstracts provide a small overview of the 

scientific work that is taking place within the fields Material Science, 

Simulation, Mechatronics and 

Energy and Environment. In 

combination with the talks, the 

posters, the prototypes and 

discussions during the VSS, 

exchange of knowledge and the 

benefit from the interdisciplinary 

character of this event are 

enforced. 

Long story short, we are 

confident of having nursed a 

new possibility for the members 

of TU Wien to meet and learn 

from each other, to get creative 

outside of their familiar scientific 

surrounding and to create new 

ideas for scientific projects 

together with colleagues and 

companies.  

 

We wish you a nice time at the Vienna young Scientists Symposium 2015! 

© VSS / Matthias Heisler 



Welcome by the rector 

 
© Raimund Appel 

A process always begins with an idea: the compulsion to change 

something, to push things forward, to learn. This impulse, when 

complemented with creativity and time, acts as the catalyst that makes 

education such an essential element of social and scientific progress. Our 

young scientific talents play an important role in this regard, with the 

issues of tomorrow in the hands of the experts of the future.  

The five key research areas form the foundation of all scientific work 

undertaken at TU Wien, and ever more complex challenges demand 

interlinking of the different disciplines in a progressive fashion. Further 

interdepartmental links both within the university and beyond come 

together to create a well-documented research matrix, resulting in 

competencies across numerous fields. Work is constantly ongoing to 

continue the development of these interconnections and to recognise 

fruitful cooperative possibilities and synergies that can benefit both 

parties. 

Initiatives such as the Vienna young Scientists Symposium demonstrate 

our students' enthusiasm both for broadening their own scientific horizons 

and for thinking outside the box, as well as their internalised 

interdisciplinary perspective. This new format affords the opportunity to 

glimpse "through the keyhole" in order to discover new potential 

partnerships. 



The VSS 2015 presents research results from the fields of material 

sciences, simulation, mechatronics and energy and the environment. All 

these interdisciplinary topics provide evidence of the existing network, but 

they are only a small sample of the many areas of competence of TU Wien. 

The sheer volume of the abstracts from seventy research papers which 

have been compiled here – not to mention the different levels of 

qualification, which range from Bachelor to post-doctoral theses – rather 

eloquently conveys the creativity of our students and young scientists. 

I am grateful to the organisers and supporters of the first ever Vienna 

young Scientists Symposium and would like to congratulate all those 

involved in this fantastic event, and for their outstanding research. I wish 

you all every success and always full-power in the future. 

 

  

Sabine Seidler, Rector of TU Wien 

  



Foreword by the Vicerector for Research 

The Vienna young Scientists 

Symposium (VSS) – an idea brought 

forward to the Rector's office by TU 

Wien's young scientists who have than 

demonstrated extreme commitment to 

the running of this event – is a 

platform which aims to bring highly 

talented individuals and promising 

projects together. This initiative will 

serve to enhance scientific research, 

broaden the findings of research 

groups and strengthen partnerships 

with industry. 

The first ever VSS will take place in 

2015 – coinciding with TU Wien's 

200th anniversary. The inaugural 

event shall be devoted to areas of competence which have deep roots 

within TU Wien: material sciences, simulation, mechatronics and energy 

technology. 

Our researchers and tutors have been encouraged to support the project, 

whether in terms of its content or in raising awareness and publicising the 

event in order to attract sponsors from amongst our partners, to help make 

this first ever VSS, which will cover other research areas 

in future, a success. I would like to express my heartfelt thanks towards 

those who contributed to this, it must be said, long overdue concept of 

interlinking – particularly our young scientists, who by initiating this event 

are participating in shaping the future scientific direction of TU Wien. 

  

Best regards, 

Johannes Fröhlich, Vicerector for Research  

  

©Johannes Zinner 



Guest Lectures 

 
© Parlamentsdirektion 

PHOTO SIMONIS 
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ZU DEN WURZELN HIESIGER 
TECHNIKSKEPSIS UND WIE DIE POLITIK 
DAMIT UMGEHT 
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 Simulation  

 Introduction by Tibor Grasser p 18 

SIMU.1 Stefan Stricker 
E136 - Institute for Theoretical Physics 

SIMULATION OF STRONGLY INTERACTING QUANTUM SYSTEMS 
USING BLACK HOLES 

p 20 

SIMU.2 Roman Höllwieser 
E141 - Institute of Atomic and Subatomic Physics 

THE QCD SIGN PROBLEM AND THE EFFECTIVE POLYAKOV LINE 
ACTION 

p 22 

SIMU.3 Georg Kastlunger 
E136 - Institute of Theoretical Physics 

THEORY OF CHARGE TRANSPORT THROUGH SINGLE REDOX-ACTIVE 
TRANSITION METAL COMPLEXES 

p 24 

SIMU.4 Bahram Haddadi 
E166 - Institute of Chemical Engineering 

NUMERICAL SIMULATION OF ADSORPTION PHENOMENA USING 
MULTI-REGION APPROACH 

p 26 

SIMU.5 Maria-Ioana Pastrama 
E202 -Institute for Mechanics of Materials and Structures 

A MULTISCALE SYSTEMS BIOLOGY APPROACH FOR COMPUTER 
SIMULATION-BASED PREDICTION OF BONE REMODELING 

p 28 

SIMU.6 Alexander Synek 
E317 - Institute of Lightweight Design and Structural Biomechanics 

THE INFLUENCE OF DIFFERENT BONE MATERIAL MODELLING 
STRATEGIES ON FINITE ELEMENT MODELS OF DISTAL RADIUS 
FRACTURE OSTEOSYNTHESIS 

p 30 

SIMU.7 Noemi Severino 
E366 - Institute of Sensor and Actuator Systems 

OPTIMIZATION OF CIGS THIN-FILM SOLAR CELLS BY NUMERICAL 
MODELLING AND SIMULATION 

p 32 

SIMU.8 Michael Rathmair 
E384 - Institute of Computer Technology 

DEALING WITH UNCERTAINTIES IN ELECTRONIC SYSTEMS 
SIMULATION 

p 34 

SIMU.9 Bianka Ullmann 
E360 - Institute for Microelectronics 

CHARACTERIZATION OF THE PERMANENT COMPONENT OF 
MOSFET DEGRADATION MECHANISMS 

p 36 

SIMU.10 Jürgen Maier 
E392 - Center for Micro- and Nanostructures 

ATOMISTIC MODELING OF III-V SEMICONDUCTOR INTERFACES 

p 38 
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 Simulation  

SIMU.11 Andreas Selinger 
E360 - Institute for Microelectronics 

EIGENVALUE COMPUTATIONS ON GRAPHICS PROCESSING UNITS 

p 40 

SIMU.12 Behzad Salmani 
E370 - Institute of Energy Systems and Electrical Drives 

INDIRECT DC ADVANCED VECTOR CONTROL BASED ON ANTI-
SATURATION BLOCK AND VOLTAGE LIMITATION 

p 42 

SIMU.13 David Toneian 
E136 - Institute for Theoretical Physics 

MULTIPARTICLE COLLISION DYNAMICS SIMULATIONS OF 
VISCOELASTIC FLUIDS 

p 44 

SIMU.14 Franz-Benjamin Mocnik 
E120 - Department of Geodesy and Geoinformation 

MODELLING SPATIAL INFORMATION 

p 46 

SIMU.15 Daniel Ritzberger 
E325 - Institute of Mechanics and Mechatronics 

FORMULATING THE PERFECTLY MATCHED LAYER AS A CONTROL 
OPTIMIZATION PROBLEM 

p 48 

SIMU.16 Elvira Thonhofer 
E325 - Institute of Mechanics and Mechatronics 

PARAMETER IDENTIFICATION FOR TRAFFIC SIMULATION VIA 
LAGRANGIAN SENSING 

p 50 

SIMU.17 Astrid Bös 
E330 - Institute of Management Science 

SINGLE-PERIOD RORAC OPTIMIZATION IN A DYNAMIC 
ASSET/LIABILITY CONTEXT  

p 52 
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 Mechatronics  

 Introduction by Stefan Jakubek p 54 

METR.1 Stefan Hartl 
E325 - Institute of Mechanics and Mechatronics 

OPTIMUM DESIGN OF A HIGH ENERGY DENSITY COMPOSITE 
FLYWHEEL ROTOR 

p 56 

METR.2 Paul Finsterwalder 
E325 - Institute of Mechanics and Mechatronics 

MECHATRONIC CONCEPT FOR ONE, BUILT IN BED, THERAPEUTIC 
MASSAGE SUPPORT  

p 58 

METR.3 Jörg Reitterer 
E366 - Institute of Sensor and Actuator Systems 

3D LASER DISPLAY 

p 60 

METR.4 Nikolaus Euler-Rolle 
E325 - Institute of Mechanics and Mechatronics 

DYNAMIC FEEDFORWARD CONTROL USING LOCAL MODEL 
NETWORKS 

p 62 

METR.5 Yauhen Belahurau 
E325 - Institute of Mechanics and Mechatronics 

NEW ALGORITHMS FOR DIGITAL SOUND RECONSTRUCTION 

p 64 

METR.6 Nico Didcock 
E325 - Institute for Mechanics and Mechatronic 

SPATIAL CONSTRAINTS IN PARAMETRIC OPTIMISATION 

p 66 

METR.7 Matthias Stark 
E325 - Institute of Mechanics and Mechatronics 

DYNAMIC MODELLING OF POLYMER ELECTROLYTE MEMBRANE 
FUEL CELLS 

p 68 
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 Energy and Environment  

 Introduction by Azra Korjenic p 70 

ENER.1 Mariyan Dimitrov 
E230 - Institute of Transportation 

HIGH EFFICIENCY LOW EMISSION MASTIC ASPHALT 

p 72 

ENER.2 David Tudiwer 
E206 - Institute for Building Construction and Technology 

THERMIC FEATURES OF FACADE GREENING 

p 74 

ENER.3 Maria Soledad Penaranda Moren 
E206 - Institute for Building Construction and Technology 

BUILDING GREENING AND PHOTOVOLTAIC - MULTIFUNCTIONAL 
SYSTEM  

p 76 

ENER.4 Manuel Ziegler 
E206 - Institute for Building Construction and Technology 

VALIDATED LOAD PROFILES IN TERMS OF DENSITY FUNCTIONS 
FOR BUILDINGS IN ORDER TO ENHANCE THE SIMULATION 
CAPABILITY IN A COMPREHENSIVE URBAN SIMULATION 
ENVIRONMENT 

p 78 

ENER.5 Behzad Salmani 
E370 - Institute of Energy Systems and Electrical Drives 

COMPARISON BETWEEN AUSTRIA AND CZECH REPUBLIC IN 
COMBINE HEAT AND POWER POLICIES IN DIFFERENT ISSUES AND 
CONSIDERING HEAT AND COOL DISTRICTION 

p 80 

ENER.6 Christian Nigischer 
E307 - Institute of Engineering Design and Logistics Engineering 

TOWARDS ENERGY MANAGEMENT IN PRODUCTION PLANNING 
SOFTWARE BASED ON ENERGY CONSUMPTION AS A PLANNING 
RESOURCE 

p 82 

ENER.7 Philipp Hans 
E006 - X-ray center 

STRUCTURAL CHARACTERISATION OF NOVEL ANODE MATERIALS 
FOR USE IN BATTERY-APPLICATIONS 

p 84 

ENER.8 Katarzyna Szramowiat 
AGH University of Science and Technology, Krakow, Poland 

PARTICULATE MATTER ALERT IN SOUTH POLAND 

p 86 

ENER.9 Robert Pachler 
E166 - Institute of Chemical Engineering 

FROM BIOGAS TO AMMONIA - SUSTAINABLE FUELS ON THE WAY 
TO A ZERO EMISSION VEHICLE 

p 88 
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 Energy and Environment  

ENER.10 Beatriz Ferreiro Sanz 
FH Joanneum, Kapfenberg, Austria 

SUPER-EFFICIENCT ISOTHERMAL EXPANSION BASED TRILATERAL 
THERMAL CYCLE 

p 90 

ENER.11 Markus Deutsch 
E166 - Institute of Chemical Engineering 

SYSTEMATIC IDENTIFICATION OF LOW TEMPERATURE ENERGY 
STORAGE MATERIALS 

p 92 

ENER.12 Julia Weber 
E163 - Institute of Applied Synthetic Chemistry 

MYCOTOXIN-CONJUGATES AS REFERENCE MATERIALS FOR 
ENVIRONMENTAL MONITORING 

p 94 

ENER.13 Antonia Rom 
E166 - Institute of Chemical Engineering 

ENERGY OPTIMIZED PRODUCT RECOVERY FROM ABE-
FERMENTATION BROTH 

p 96 

ENER.14 Stefan Lexmüller 
E163 - Institute of Applied Synthetic Chemistry 

DESIGNING NOVEL FLUOROGENIC PROBES FOR RAPID ONLINE 
DETECTION OF BACTERIA IN WATER 

p 98 

 Lions Laureate  

LIONS Marco M. Furchi 
E387 – Institute of Photonics 

SOLAR ENERGY CONVERSION IN VAN DER WAALS 
HETEROSTRUCTURES 

p 100 
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 Material Science  

 Introduction by Paul Heinz Mayrhofer p 102 

WERK.1 Christoph Rameshan 
E165 - Institute of Materials Chemistry 

COBALT OXIDE MODEL CATALYSTS AS ALTERNATIVE TO NOBEL 
METAL CATALYSTS 

p 104 

WERK.2 Noelia Barrabes 
E165 - Institute of Materials Chemistry 

Pd DOPED Au38(SR)24 CLUSTER STUDIES 

p 106 

WERK.3 Gerald Artner 
E389 - Institute of Telecommunications 

CARBON-FIBER COMPOSITES IN ANTENNA APPLICATIONS 

p 108 

WERK.4 Martina Schroffenegger 
E165 - Institute of Materials Chemistry 

NOVEL FERROCENE-CONTAINING HIGH PERFORMANCE POLYMERS 

p 110 

WERK.5 Claudia Dworak 
E163 - Institute of Applied Synthetic Chemistry 

BUILDING WELL DEFINED MACROMOLECULAR ARCHITECTURES BY 
RAFT POLYMERIZATION 

p 112 

WERK.6 Christoph Gasser 
E164 - Institute for Chemical Technologies and Analytics 

TOWARDS STAND-OFF 3D RAMAN IMAGING USING STAND-OFF 
SPATIALLY OFFSET AND TIME RESOLVED RAMAN SPECTROSCOPY 

p 114 

WERK.7 Bettina Baumgartner 
E165 - Institute of Materials Chemistry 

GEOMIMETIC POLYMER SYNTHESIS: HIGHLY CRYSTALLINE 
POLYIMIDES BY HYDROTHERMAL POLYMERIZATION 

p 116 

WERK.8 Jakob Segl 
E164 - Institute for Chemical Technology and Analytics 

OPTIMIZATION OF THE SILICON CONTENT IN ALUMINUM- AND 
SILVER-BASED DIAMOND COMPOSITES FOR FUTURE HEAT SINK 
APPLICATIONS 

p 118 

WERK.9 Vincent Moraes 
E308 - Institute of Materials Science and Technology 

THERMAL CONDUCTIVITY OF NITRIDE BASED THIN FILMS 

p 120 

WERK.10 Stephan Benedikt 
E163 - Institute of Applied Synthetic Chemistry 

NEW PHOTOPOLYMERS IN DIGITAL AND RESTORATIVE DENTISTRY 

p 122 
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 Material Science  

WERK.11 Maximilian Tromayer 
E308 - Institute of Materials Science and Technology 

LASER PHOTOFABRICATION OF 3D CELL-CONTAINING HYDROGEL 
CONSTRUCTS 

p 124 

WERK.12 Anna Mad 
E164 - Institute of Chemical Technolgies and Analytics 

HARDMETAL - POLYMER MIXTURES FOR FDM 3D PRINTING 

p 126 

WERK.13 Stephanie Greil 
E164 - Institute of Chemical Technologies and Analytics 

METALLOGRAPHY OF MINT MATERIALS 

p 128 

WERK.14 Julijana Kuzmanovic 
E164 - Institute of Chemical Technologies and Analytics 

INTERSTITIAL EFFECTS DURING SINTERING OF INJECTION 
MOULDED ALUMINIUM BASED ALLOYS 

p 130 

WERK.15 Anna Balbekova 
E164 - Institute for Chemical Technologies and Analytics 

TIME RESOLVED PHOTOTHERMAL INFRARED NANOSCOPY FOR 
MONITORING STRUCTURAL CHANGES IN POLY-L-LYSINE THIN FILMS 

p 132 

WERK.16 Georg Ramer 
E164 - Institute for Chemical Technologies and Analytics 

TOWARDS STABLE RESONANCE ENHANCED INFRARED NANOSCOPY  

P 134 

WERK.17 Thomas Kader 
E163 - Institute of Applied Synthetic Chemistry 

SYNTHESIS OF NOVEL BIPOLAR HOST MATERIALS FOR 
PHOSPHORESCENT OLEDS 

p 136 

WERK.18 Christian Gorsche 
E163 - Institute of Applied Synthetic Chemistry 

PHOTOPOLYMERIZATION: PROVIDING A TRIANGLE FOR MATERIAL 
DESIGN, BIOMATERIALS, AND 3D PRINTING  

p 138 

WERK.19 Julia Anna Schönherr 
E308 - Institute of Materials Science and Technology 

STEREOLITHOGRAPHY-BASED ADDITIVE MANUFACTURING OF HIGH 
STRENGTH BIOACTIVE GLASS SCAFFOLDS 

p 140 

WERK.20 Christoph Buchegger 
E164 - Institute of Chemical Technolgies and Analytics 

WC-COBALT HARDMETALS: AN INDISPENSABLE INDUSTRIAL 
MATERIAL WITH TWO MAJOR PROBLEMS: WC AND COBALT 

p 142 

WERK.21 Suzanne Lancaster 
E362 - Institute for Solid State Electronics 

III-V NANOWIRES FOR OPTOELECTRONIC APPLICATIONS 

p 144 
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 Material Science  

WERK.22 Martin Kriz 
E391 - Center for Micro- and Nanostructures 

POSITION CONTROL OF NANOWIRES USING A FOCUSED ION BEAM 

p 146 

WERK.23 Annalisa Iuorio 
E101 - Institute of Analysis and Scientific Computing 

MULTI-SCALE DYNAMICS IN MICROSTRUCTURES 

p 148 

WERK.24 Robert Raab 
E308 - Institute of Materials Science and Technology 

MULTILAYER ARRANGEMENT OF OXIDE AND NITRIDE COATINGS 
WITHIN THE SYSTEM Al-Cr-N AND Al-Cr-O 

p 150 

WERK.25 Fedor Klimashin 
E308 - Institute of Materials Science and Technology 

PHASE EVOLUTION, MICROSTRUCTURE, AND MECHANICAL 
PROPERTIES OF Mo–Cr–N HARD COATINGS 

p 152 

WERK.26 Arne Ziebell 
E164 - Institute of Chemical Technologies and Analytics 

TEST RIG TRIALS OF Si3N4 BALLS IN THRUST BALL BEARINGS 

p 154 

WERK.27 Johannes Zeininger 
E165 - Institute of Materials Chemistry 

INITIAL OXIDATION OF ZIRCONIUM: XPS AND PEEM STUDIES 

p 156 

WERK.28 Matthias Zillner 
E311 - Institute for Production Engineering and Laser Technology 

IMPACT OF THE ECAP PROCESS ON THE MACHINABILITY OF PURE 
TITANIUM 

p 158 

WERK.29 Wolfgang Seidl 
E308 - Institute of Materials Science and Technology 

STRUCTURE, MECHANICAL AND THERMAL PROPERTIES OF 
TiAlTaN/AlCrN-MULTILAYER COATINGS 

p 160 

WERK.30 Thomas Häusler 
E165 - Institute of Material Chemistry 

THE ICE NUCLEATION ACTIVITY OF CARBONACEOUS PARTICLES 

p 162 

WERK.31 Richard Zemann 
E311 - Institute for Production Engineering and Laser Technology 

CHALLENGES IN THE FIELD OF MACHINING FIBRE REINFORCED 
POLYMERS 

p 164 

WERK.32 Michael Schweigler 
E202 - Institute for Mechanics of Materials and Structures 

LOAD-DEFORMATION BEHAVIOR OF SINGLE DOWEL CONNECTIONS 
IN TIMBER STRUCTURES 

p 166 
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 Material Science  

WERK.33 Markus Königsberger 
E392 - Institute for Mechanics of Materials and Structures 

MICROMECHANICS OF HYDRATING CEMENT PASTES CONSIDERING 
C-S-H GEL DENSIFICATION 

p 168 

WERK.34 Daniel Großegger 
E165 - Institute of Material Chemistry 

INVESTIGATION OF BITUMEN AGEING THROUGH BITUMEN 
SEPARATION AND LUMINESCENCE SPECTROSCOPY 

p 170 

WERK.35 Tomasz Bernard 
E206 - Institute for Building Construction and Technology 

STRAWFIBRE WALLS WITH NATURAL CLAY-LIME PLASTERS AS A 
DURABLE BUILDINGS TECNOLOGY 

p 172 

WERK.36 Vesela Tanaskovic 
E280 - Department of Transportation Systems Planning 

MAKING THE SAHARA DESERT GREEN (SUSTAINABLE PIPELINE 
TRANSPORT OF BOTTOM LAKE SEDIMENTS FOR PRODUCING NEW 
AGRICULTURE LAND FROM DESERT)  

p 174 

WERK.37 Catarina Martins 
E165 - Institute of Materials Chemistry 

HIGHLY CONTROLLED MAGNETIC IRON OXIDE NANOPARTICLE 
ASSEMBLIES USING TAILORED PRECURSORS 

p 176 
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Research Field Simulation 
 
 
 
Chair and Reviewer: 
 

 
 
Grasser, Tibor 
Ao. Univ. Prof. Dipl.-Ing. Dr.techn.  
 
E360 - Institute for Microelectronics 
klaus-tibor.grasser@tuwien.ac.at 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction 
 
Simulation is a crucial component of model design in nearly every research 

field. If it is based on an established model, it can serve predictive 

purposes. However, as is mostly the case, if the underlying process is not 
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fully understood, it is also a very important tool for developing or 

deepening our understanding. As such, simulation depends on the 

availability of good models. The design of such models, which always give 

an extremely simplified representation of real-world processes, is one part 

of theory formation according to theory of science. Since theory formation 

is one of the main goals in science, simulation is an essential tool in 

research to validate or falsify our current understanding of certain 

processes. 

The process of designing a model can be compared to “learning by doing”. 

In a first step one has to find a representation of the key characteristics of 

the respective system. Conventionally, a number of assumptions and 

approximations enter the model building process which can dramatically 

limit its validity. However, this is almost never obvious until the final 

model is compared against experimental data taken under various 

challenging conditions. The analysis of the simulation results contributes 

to further development of the model. Unfortunately, a number of 

difficulties have to be surmounted at this point. On the one hand side 

simulation results depend strongly on the assumptions, simplification and 

approximations which have been made. On the other hand the analysis 

requires a lot of experience and the ability to see the big picture. Finally, it 

is often impossible to perform perfect experiments and experimental data 

is often distorted by various factors which have to be considered in the 

modeling process. In spite of this – or indeed because of it - model design 

leads to a deeper understanding of the modeled system.  

The diversity of the submitted abstracts demonstrates the success of this 

“learning by doing” – method and the possibilities of application. 

Mathematics, Physics, Electrical Engineering, Mechanical Engineering and 

Chemistry are only a few examples of disciplines where simulations have a 

broad range of applicability. The topics of the abstracts range from 

simulation of quantum effects to modeling of spatial information and from 

prediction of bone remodeling to uncertainties in electronic systems. They 

contain creative ideas for the future, new visions and smart approaches. 

This range is incredible, especially in view of the fact that these topics just 

represent a small cross section of the possible applications for simulations. 
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SIMU.1

SIMULATION OF STRONGLY INTERACTING QUANTUM SYSTEMS
USING BLACK HOLES

Stefan Stricker
Institute for Theoretical Physics, TU Wien

Wiedner Hauptstrasse 8-10/136, A-1040 Vienna, Austria
stricker@hep.itp.tuwien.ac.at

Abstract

Weakly interacting quantum systems typically can be described and simulated using
perturbative methods like Feynman diagrams. In general this is not true for strongly
interacting quantum systems, which are at the research focus in many ongoing experi-
ments around the world. Involvement of the TU Wien includes cold atoms and heavy
ion collisions. From the theory side, new tools are required to simulate such systems.
A somewhat unexpected tool has emerged from quantum gravity research: according to
the holographic principle, which I shall review during my talk, some calculations that
are very hard in a strongly interacting quantum field theory can be mapped to relatively
simple calculations in a gravitational theory that contains black holes. I mention some
of the recent progress and specific contributions by researchers at the TU Wien.
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SIMU.2

THE QCD SIGN PROBLEM AND THE EFFECTIVE POLYAKOV

LINE ACTION

Roman Höllwiesera,b, Jeff Greensitec, and Kurt Langfeldd

aInstitute of Atomic and Subatomic Physics, Nuclear Physics Dept.

Vienna University of Technology, Operngasse 9, 1040 Vienna, Austria
bDepartment of Physics, New Mexico State University,

Las Cruces, NM 88003-8001, USA
cPhysics and Astronomy Dept., San Francisco State University,

San Francisco, CA 94132, USA
dSchool of Computing & Mathematics,

University of Plymouth, Plymouth, PL4 8AA, UK

Perhaps the simplest way to identify the asymmetry between matter and anti-matter in

QCD is to measure the free energy of a static quark and compare it to that of an anti-

quark. These two free energies are linked to the expectation values of an observable, the

Polyakov loop, and its complex conjugate. In a baryon asymmetric world the chemical

potential, µ, favors propagation of quarks and as a result the expectation value of the

Polyakov loop will be different from that of its complex conjugate. If the action was

real the two expectation values would be equal. Hence the asymmetry between matter

and anti-matter can only occur if the QCD action takes complex values. This fact is

known as the QCD sign problem, see [1], [2] for excellent reviews.

The QCD sign problem enters through the fermion determinant, det( /D+µγ0+m). For

µ = 0, the determinant is real due to the γ5 Hermiticity of the Dirac operator (cf. [3]).

The chemical potential term breaks γ5 Hermiticity and for this reason the determinant

is in general complex (apart from certain gauge groups such as SU(2) and G2 with real

or pseudo-real representations). While the physical nature and the explicit origin of the

sign problem is clear we are only beginning to understand the consequences.

Motivated by the sign problem, we calculate the effective Polyakov line action cor-

responding to certain SU(3) lattice gauge theories via the “relative weights” method

introduced in [4], [5]. The effective Polyakov line action SP of a lattice gauge theory

is defined by integrating out all degrees of freedom of the lattice gauge theory, under

the constraint that the Polyakov line holonomies are held fixed. It is convenient to

implement this constraint in temporal gauge (U0(x, t 6= 0) = 1), so that

exp
[
SP [U~x, U

†
~x]
]
=
∫
DU0(~x, 0)DUkDφ

{∏
~x

δ[U~x − U0(~x, 0)]

}
eSL , (1)

where φ denotes any matter fields, scalar or fermionic, coupled to the gauge field, and

SL is the lattice action (note that we adopt a sign convention for the Euclidean action
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such that the Boltzman weight is proportional to exp[+S]). The effective Polyakov line

action SP can be computed analytically from the underlying lattice gauge theory at

strong gauge couplings and heavy quark masses, and at leading order it has the form

of an SU(3) spin model in D = 3 dimensions (SP has been computed to higher orders

in the combined strong-coupling/hopping parameter expansion in ref. [6]). This model

has been solved at finite chemical potential µ by several different methods, including

the flux representation [7], stochastic quantization [8], reweighting [6], and the mean

field approach [9].

This project is concerned with computing SP from the underlying lattice gauge theory at

gauge couplings which are not so strong, and matter fields which are not so heavy. The

motivation is that since the phase diagram for Sspin has been determined over a large

range of J, h, µ by the methods mentioned above, perhaps the same methods can be

successfully applied to solve SP , providing that theory is known in the parameter range

(of temperature, quark mass, and chemical potential) of interest. The phase diagram of

the effective theory will mirror the phase diagram of the underlying gauge theory.
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THEORY OF CHARGE TRANSPORT THROUGH SINGLE REDOX-ACTIVE 
TRANSITION METAL COMPLEXES 

Georg Kastlunger, Robert Stadler 

Institute of Theoretical Physics, TU Wien, Wiedner Hauptstrasse 9, 1040 Vienna (A) 

Introduction 

The vision of molecular electronics is to employ small ensembles or even single 

molecules as active, functional building blocks in electronic circuits [1]. Besides current 

rectification, conductance switching is one fundamental operation required for various 

electronic applications, e.g. logic or memory. Most switching mechanisms are based on 

either conformational changes or the charging of the molecule in the junction. 

Organometallic compounds [2] with embodied redox-active centers are a promising 

class of molecules as functional electronic building-blocks since they can form stable on 

and off states corresponding to their respective redox states.  

In our contribution we focus on a description of the electron transport through transition 

metal complexes on the basis of density functional theory (DFT), where a special 

emphasis is set on the interpretation of experimental results of our close collaborators at 

IBM Zürich. 

Influence of the molecular anchor groups on conductance and intrinsic 

functionality 

For the interpretation of their mechanically controlled break junction experiments a 

dinuclear Fe unit, {Fe}–C4–{Fe}, with an extensive charge-delocalization over the 

entire unsaturated organometallic backbone with five different end groups was studied 

[3]. A voltage-induced conductance switching is found in case of weak coupling (–

N=C=S) at low temperature (T < 150 K) while the strong hybridization of metal states 

and molecular orbitals for the strong coupling case of a direct C-Au bond prohibits the 

same intrinsic redox degrees of freedom from operating. An excellent agreement 

between the theoretically predicted and experimentally measured conductances of the 

five Fe2-complexes has been achieved and a reasonable explanation for the switching 

properties has been found [4]. 

Redox-reaction based conductance switching 

Following these findings the influence of the atom type of the metal center and their 

corresponding interactions with the ligands in mononuclear Fe, Mo and Ru complexes 

covalently and coupled via a thiol anchor to Au electrodes was investigated 

systematically. Although voltage-induced switching is detected experimentally for all 
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compounds the magnitude of the conductance change upon switching strongly depends 

on the atom type of the metal center. While the switching is rather continuous for Fe 

and Ru, the Mo bis(σ-arylacetylide) complex reveals an abrupt hysteretic switching 

resulting in on/off conductance ratios off up to 400. The reason for the different 

behaviour has been identified in the paramagnetic groundstate of the Mo-complex, 

which leads to a higly localized molecular eigenstate energetically near the electrode's 

Fermi Level. Due to the small coupling between the localized state and the metal 

electrode an electron can hop onto the metal center of the molecule. As a consequence a 

metastable oxidized state is created in the junction, whose I/V properties differ notably 

from the ground state. With the source drain bias the complex can be oxidized and 

reduced leading to a on/off switching. 

In order to describe the two competing processes, namely coherent transport, 

responsible for the conductance, and electron hopping, which is the mechanism of the 

redox reaction, a bias dependant switching formalism based on a combination of NEGF-

DFT and Marcus theory has been developed, where the two redox states are treated 

explicitly [5,6]. 

Conclusions 

The results could demonstrate the high potential of redox-active molecular building-

blocks for multi-level memory applications in ultimately-scaled devices with their 

origins rationalized by a proper theoretical description. 
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NUMERICAL SIMULATION OF ADSORPTION PHENOMENA USING 
MULTI-REGION APPROACH 

Bahram Haddadi, Christian Jordan, Michael Harasek 

Institute of Chemical Engineering 

Adsorption is one key processes in modern Chemical Engineering. It can be utilized to 

remove components from fluid streams, e. g. H2S or CO2 from (bio)gas or dioxines 

from flue gas. For optimal design and better process understanding, numerical 

simulation is an important tool, CFD can provide detailed visualization of an adsorption 

column. 

Basic laws of Adsorption 

The numerical description of adsorption processes is usually split up in two parts: 

Adsorption isotherms (equilibrium) and adsorption kinetics (mass transfer rate). The 

isotherms (e. g. Henry, Langmuir, BET) describe the adsorbent loading in relation to the 

partial pressure or concentration of the adsorbing component, the kinetic laws (usually 

first, second or mixed order power laws) calculate the current adsorption or desorption 

rate from the local driving force. The required coefficients can be obtained from 

experiments (e. g. thermogravimetric analysis, TGA). In this simulation the simple 

linear Henry isotherm (1) has been used in combination with a mixed order kinetics law 

(2), where qe [kg/m2.s] is the equilibrium adsorbent capacity, P [Pa] represents the 

partial pressure, KH [kg/m2/Pa] the Henry's adsorption constant, k1 [1/s] and k2 [m
2/kg.s] 

are adsorption rate constants, and qt [kg/m2] shows the current adsorbent loading: 

qe= KH P   (1)   

dqt

dt
= k1(qe− qt)+k2(qe− qt)

2

 (2) 

CFD methods 

In computational fluid dynamics (CFD) simulations the observed region is split up in 

tiny control volumes (finite volumes), the computational grid. All relevant conservation 

equations (momentum, energy, species etc.) are solved for all of them – the solution 

gives a good estimate for the flow field in this region. 

Two standard solvers (reactingFoam and chtMultiRegionFoam from the free open 

source CFD package OpenFOAM®) provided the basic structure, necessary extensions, 

e. g. a multi-region approach for gas and solid temperature, were added. Wall boundary 

source and sink terms have been implemented, to model the local adsorption rates 

assuming a homogeneous adsorbent surface.  

The geometry considered in this case is a cylindrical packed bed (radius 2.5 cm, height 

40 cm, diameter of packing spheres 1-2 cm), created using Ansys GAMBIT and 
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DPMFoam (OpenFOAM® DEM solver). The whole domain (about 6.5 million 

hexahedral grid cells) was initialized with 100% N2 (considered as ideal gas). A gas 

mixture of CO2 (23%) and N2 (77%) was introduced from bottom (inlet velocity:  

0.1 m/s). The ambient temperature and pressure were 600 K and 100 kPa respectively. 

Two cases, with and without adsorption were run for 20 seconds simulated time on a 32 

core cluster (AMD 8350, 8x4.0 GHz, 32 GB RAM/CPU). 

Results 

The gas phase velocity magnitude in the symmetry plane is shown in figure 1, figure 2 

depicts the temperature distribution in gas and solid (adsorbing case). The CO2 mass 

fraction in the adsorbing and nonadsorbing case is presented in figure 3. Figure 4 

compares the outlet CO2 concentration for both cases. 

   
 

  

Figure 1 Velocity magnitude at t = 
1.5 s in m/s. Left: with adsorption; 

right: without adsorption 

Figure 2 Temperature at t = 1.5 s 
in K for the AD case. Left: gas 

phase; right: solid phase 

Figure 3 CO2 mass fraction at t 
= 1.5 s a) with adsorption 

b) without adsorption 
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Figure 4 Area weighted mass fraction of CO2 outlet devided by inlet mass fraction for both cases 

Outlook 

So far, the simulation runs were successful and very promising. For a more detailed 

description of the interparticular gas flow further simulations with a higher spatial 

resolution are planned using up to 100 million grid cells. To run such a simulation, 

resources on VSC3 will be utilized. 
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A MULTISCALE SYSTEMS BIOLOGY APPROACH FOR COMPUTER 
SIMULATION-BASED PREDICTION OF BONE REMODELING 

Maria-Ioana Pastramaa, Stefan Scheinera, Peter Pivonkab and Christian Hellmicha 

aInstitute for Mechanics of Materials and Structures 
bAustralian Institute for Musculoskeletal Science, Northwest Academic Centre, The 

University of Melbourne, 176 Furlong Road, St. Albans VIC 3021, Australia 

Introduction 

Bone is a remarkable biological material due to its ability to continuously renew 

itself and adapt to changing mechanical loading. The bone remodeling process is driven 

by cellular activities: mature bone is removed by bone-resorbing osteoclasts and new 

bone is subsequently formed by osteoblasts, while the osteocytes embedded in the bone 

matrix sense the mechanical loading and conduct the process. The strongly interrelated 

cellular activities are governed by biochemical factors, such as the molecular triad 

RANK/RANKL/OPG (receptor activator of nuclear factor kappa, its ligand, and 

osteoprotegerin), parathyroid hormone (PTH), and transforming growth factor beta 

(TGF-)  [1, 2].  

Another exceptional feature of bone is its hierarchical structure, revealing 

different elements and compositions at different length scales, from trabecular or 

cortical structures at the macroscopic level, to collagen fibrils and hydroxyapatite 

crystals at the nanoscale.  

A mathematical model for simulating bone remodeling  

In the current work, a mathematical model derived from a previously published 

modeling strategy [3, 4] is presented, based on which the dynamics of the bone 

remodeling process can be accurately predicted. As a novelty, we consider the different 

length scales found in bone by means of a multiscale systems biology approach, and 

follow the evolution of osteoclast and osteoblast concentrations within a representative 

volume element (RVE), via biochemical factors and changes in the mechanical loading. 

More precisely, we consider the processes taking place at the level of the vascular 

pores; for the first time, all equations in the model are formulated length scale-specific 

and take into account the effect of the change in vascular porosity due to remodeling - 

increase of the vascular space with bone absorption and decrease through addition - thus 

making a step closer to the real physiology of bone and improving the previous 

mathematical formulations. Mechanical regulation of bone remodeling is considered 

through coupling the mathematical systems biology-based model with an experimental, 

multiply validated continuum micromechanics representation of bone [5], based on 
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which the length scale-specific strain states in the vicinity of the bone remodeling-

driving cells can be reasonably estimated. 

Results 

The model was applied, firstly, for studying the development of the bone 

composition in the course of mechanical overuse and disuse in a microgravity scenario, 

with the simulation results being in very good agreement with related experimental 

data. Secondly, postmenopausal osteoporosis was simulated – a disease characterized 

by a progressive increase in bone porosity, associated with a high risk of fractures in 

women over the age of 50; the predicted progress of the disease with the present model 

agrees well with clinical studies, as shown in Figure 1.  

 

Figure 1. Simulation results vs. experimental observations: increase of the bone porosity volume fraction 

and, consequently, decrease of the bone matrix volume fraction over the years, in the case of ongoing 

postmenopausal osteoporosis 

The numerical results show that the model accurately considers the key features 

of biochemically and mechanically regulated bone remodeling. This opens new 

possibilities for the use of computer-based simulations in monitoring extreme 

remodeling activity, for instance as a consequence of spaceflight or bone-related 

pathologies. 

 

[1] S. Theoleyre et al. (2004). Cytokine Growth F R, 15(6): 457–75. 

[2] J.A. Buckwalter et al. (1995). J Bone Joint Surg Am, 77: 1256-1275. 

[3] S. Scheiner et al. (2013). Comput Methods Appl Mech Eng, 254: 181-196. 

[4] P. Pivonka et al. (2008). Bone, 43(2): 249–263. 

[5] C. Hellmich et al. (2008). Ann Biomed Engrg, 36(1): 108 – 122. 
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THE INFLUENCE OF DIFFERENT BONE MATERIAL MODELLING 
STRATEGIES ON FINITE ELEMENT MODELS OF DISTAL RADIUS 

FRACTURE OSTEOSYNTHESIS 

Synek A.a, Chevalier Y.b, Binder J. c, Baumbach S.F.c and Pahr D.a 

aInstitute of Lightweight Design and Structural Biomechanics  
bLaboratory for Biomechanics and Experimental Orthopaedics,  

University Hospital of Munich 
cDepartment of Trauma Surgery, University Hospital of Munich 

Background 

Finite element (FE) models can be used to systematically analyze and improve methods 

for distal radius fracture (DRF) osteosynthesis. However, previously presented models 

[1, 2] utilized oversimplified bone material models and lacked thorough experimental 

validation. The goals of this study were to validate subject specific FE models of DRF 

osteosynthesis and to assess the influence of different bone material modelling 

strategies. 

Methods 

Biomechanical experiments and FE analysis were conducted in 25 fresh frozen 

cadaveric radii with artificially created DRFs treated by volar locking plate 

osteosynthesis. Clinical quantitative CT (QCT) scans of the prepared samples were used 

to create the FE models in rigorous accordance to the experiments (Figure 1). 

 

Figure 1: Experimental test-setup (left) and FE model (right) 

Local bone density and orientation was computed based on high resolution CT scans 

(HR-pQCT, 82µm) of the intact specimen. The overall axial stiffness of FE models with 
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(a) orthotropic inhomogeneous, (b) isotropic inhomogeneous and (c) homogeneous 

bone material was computed and compared to the experimental results using linear 

regression analyses.  Individual screw section forces and moments were compared 

among the three types of FE models using ANOVA and Tukey post-hoc tests. 

Results 

All three types of FE models over-estimated the experimental stiffness (Figure 2) but 

were significantly correlated to the experimental results (p<0.0001). The coefficient of 

determination was similar for models of types (a) (R2=0.807) and (b) (R2=0.816) but 

considerably lower for type (c) (R2=0.500). General screw loading patterns were 

consistent across all model types but single screw loads in models of type (c) differed 

significantly (p<0.05) from those of type (a) and (b). 

 

Figure 2: Experimental vs. FE model stiffness (left) and scaled normal screw loads (right) of the three 

model types. * indicates p<0.05 in the ANOVA. 

Conclusion 

Including local bone density in subject specific FE models of DRF osteosynthesis 

improves the predictions of the axial stiffness and alters individual screw loads 

compared to homogeneous models. Implementing local bone anisotropy has a minor 

effect on the models' predictive abilities and individual screw loads. 

 

 

 

 

____ 
[1] Lin, Yu-Hao, et al.  Journal of Medical and Biological Engineering 32.5 (2012): 349-355. 

[2] Mair, S., et al. Der Unfallchirurg 116.4 (2013): 338-344. 
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OPTIMIZATION OF CIGS THIN-FILM SOLAR CELLS BY NUMERICAL 
MODELLING AND SIMULATION 

N. Severino, N. Bednar and N. Adamovic 

Institute of Sensor and Actuator Systems 

Introduction 

Among the thin-film technologies, solar cells based on Cu(In,Ga)Se2 (CIGS) absorber 

material are the most promising [1-2]. CIGS is a direct band gap semiconductor 

characterized by a high absorption coefficient. The band gap can be graded over a wide 

range by changing the Ga concentration in the thin film layer, which greatly affects the 

efficiency of the solar cell [3]. 

In this work numerical modelling and simulations, as well as characterization of CIGS 

thin-film solar cells were carried out, in order to better understand the physical 

properties of the device, to improve the current fabrication technology based on an 

alternative hybrid sputtering/evaporation deposition [4] and to analyze the different 

metallization geometries. Through modelling and simulation the needed number of 

technological experiments is reduced and the selection of the most suitable solar cell 

structures is possible. The cross-section of the CIGS solar cell on which the simulation 

was based is presented in Figure 1.a. 

 
Figure 1. a) Solar cell layers, b) Ga grading profiles. 

Simulation 

Current-Voltage (I-V), External Quantum Efficiency (EQE) and Band Diagram 

simulations were carried out and compared to the measurements results in order to 

validate the model. The baseline set of the parameters used in the simulations was 

obtained from characterization of each single layer through SEM, XRD and 

ellipsometry measurements (Samples D,E,F) and from [5] (Samples A,B,C). The 

measured profiles of Ga concentration through the absorber layer are presented in 
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Figure 1.b. The double grading profiles with a minimum amount of Ga in the middle 

layer region and an increased amount toward the back and the front contacts is 

preferable. The simulations were performed at room temperature and under the standard 

AM 1.5G illumination conditions in order to investigate the most efficient Ga profile 

and the possibility to reach high value of open-circuit voltage (VOC) and short-circuit 

current (JSC). The front grid metallization efficiency was simulated depending on 

density of metallization lines (fingers) along the surface of the cell. 

Results and discussion 

Simulations evidenced that the double Ga profile should be carefully controlled since a 

too strong amount of Ga at the contacts results in a rise of the recombination processes 

inside the absorber layer and as consequence in a strong decrease of the open circuit 

voltage. The simulated I-V curves are presented in Figure 2.a. Metallization front grid 

of the 2 cm2 CIGS solar cell showed the best results with three 200µm-thick fingers per 

cm (Figure 2.b), with optical/electrical loss of 14%. 

 
Figure 2. a) I-V curves of simulated models, b) front grid metallization efficiency. 

Conclusions 

In this work comprehensive numerical calculations studies were carried out in order to 

investigate from the material point of view CIGS solar cells. In particular the Ga profile 

and the possibility of using a front electrode grid were analyzed in detail since they 

represent key points in order to achieve better performances of the solar cells and to 

reduce the material consumption. 

Acknowledgment: This work has been supported by SolarDesign project (FP7-NMP 

Programme, under the Grant Agreement No. 310220) and SynerCIS project (Austrian 

Research Promotion Agency FFG, project no. 840706). 
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DEALING WITH UNCERTAINTIES IN ELECTRONIC SYSTEMS

SIMULATION

Michael Rathmair and Florian Schupfer

Institute of Computer Technology

“Making Things Smarter” is one of the most contemplated requirements for the devel-

opment of new electronic products. In a hardware perspective, the design of embedded

systems (microchips) faces new challenges in increasing functional density and decreas-

ing silicon structural sizes. With the consequence that variations of circuit parameters,

input signals, manufacturing processes, etc. from its ideal may receive an increased

parasitic impact on the full system behavior. Main research topic within this work is

simulation and analysis of electronic designs where system parameters are superimposed

by random uncertainties.

TYPES AND CLASSIFICATION OF OCCURRING UNCERTAINTIES

Uncertainty is used to summarize effects that cause a circuit to deviate from its ideal

behavior. In [1] a classification by a three-dimensional concept regarding their location

(e.g. input values), cause (e.g. probabilistic noise) and nature (e.g. dynamic process

variations) is presented. However, to improve system characteristics as robustness,

performance, confidence, etc. state of the art modeling and simulation methods deal

with ubiquitous uncertainties from the very early beginning of the design process.

MODELING OF UNCERTAINTIES AND CONSIDERING THEM DURING SIMULATION

A conceptional meta-model to consider uncertainties in computer models is to character-

ize variations by probability distribution functions [2]. For simulation, classically multi-

run methods (Monte Carlo, worst/corner case techniques) are applied, where implicit

values within the tolerance interval are selected for each single simulation run. These

methods suffer from high computational effort and less expressiveness in the description

of attenuation, correlation and dynamic effects.

SEMI-SYMBOLIC MODELING AND SIMULATION METHODOLOGY

Within our approach using Affine Arithmetic, each uncertainty is modeled by a single

abstract symbol εi = [−1, 1]. These symbols representing a dedicated uncertainty cause

are respected during the full simulation and still integrated in computed output forms.

Hence, the classical numerical simulation turns to a semi-symbolic methodology. A full

Affine Arithmetic form x̂ representing a quantity including (several) uncertainties is

defined as x0+
∑
i∈Nx̂

xiεi, where x0 is the exact value and xi scales the deviation intervals
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symmetrically located around x0 [3]. Based on this simulation concept the following

advantages/enhancements in contrast to multi-run approaches can be identified:

• Output ranges of the model are computed within a single simulation step.

• Correlation of uncertainty causes can be described by multible integration of equal

symbols in various Affine Arithmetic forms.

• Description of attenuation and gaining effects (xi can be either positive or negative).

• Enhanced verification and analysis approaches may be applied (e.g. assertion based

verification, sensitivity and stability analysis, symbol tracking, location of uncertainty

hot-spots, etc.) [4].

As a demonstration example, we modeled a

CMOS inverter stage under uncertain structural

silicon dimensions of transistor channels

(width W=10·10−6+2·10−6ε1+1·10−6ε2 and length

L=0.6·10−6+0.05·10−6ε1+0.06·10−6ε3). Model equations are

adapted from the commonly used BSIM3 model

including effects for drain current modes, oxide

capacitances, carrier mobility etc. Fig. 1. highlights

the resulting bounds of the propagation switching

delay (1.97 ns to 3.78 ns). The four displayed traces

indicate the variance of the propagation delay

under the correlated uncertainty cause ε1 at corner

case of ε2 and ε3. The circle in Fig. 1. marks the

exact solution (ε1,2,3 = 0) facing a delay of 2.6 ns.

Sensitivity analysis results that the impact of ε1 is

dominating. Reducing the associated variance can

be a basis for further optimization of the design.

Fig. 1. Propagation delay under

uncertain structural transistor dimensions
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CHARACTERIZATION OF THE PERMANENT COMPONENT OF
MOSFET DEGRADATION MECHANISMS

Bianka Ullmann, Michael Waltl, and Tibor Grasser

Institute for Microelectronics
In modern electronic devices millions of metal-oxide-semiconductor field-effect transis-
tors (MOSFETs) are used. The lifetimes of such nano-scale MOSFETs are limited due
to an unwanted change of the device characteristics during operation. This detrimental
device behaviour is caused by material defects, defined by deviations within the short-
range order of the amorphous gate oxide of the MOSFET and are simply called traps.
These traps can capture or emit charge carriers from the silicon substrate and from the
gate oxide, described by non-radiative multiphonon transitions [1–3]. Quite remarkably,
in nano-scale MOSFETs the charge exchange events cause discrete steps of several
pA up to µA in the drain source current Id. The larger ones allow us to characterize
the bias and temperature dependent charge capture and emission times. Thus more
detailed insight into the nature of single defects is possible, which contributes to a
deeper understanding of degradation mechanisms like bias temperature instability (BTI)
[4] and hot carrier degradation (HCD) [5].
To determine the nature of traps responsible for BTI and HCD, we compare simula-
tions of physical processes computed by the device simulator MINIMOS-NT [6] with
our collected experimental data. On the experimental side the time dependent defect
spectroscopy (TDDS) has been proposed [7–9]. In detail, we analyze threshold voltage
shifts ∆Vth in the sub-mV range caused by charge capture and emission events during
sequences of stress (typically Vg > Vth, where Vg is the gate voltage) and recovery
(Vg ≈ Vth) cycles at different temperatures. We make use of the facts that nano-scale
MOSFETs contain just a handful of traps and that the smaller the MOSFET is, the
larger the observed step heights of ∆Vth get. Therefore, we can focus on particular
defects. Fig. 1 shows the discrete steps of the recorded ∆Vth of a 500 nm × 120 nm
SiON nMOS. This electrical response of the traps allows to gain insight into their
physical properties and thus provides information about the deterministic distribution
of capture and emission times which are compared to non-radiative multiphonon (NMP)
simulations.
The typical capture and emission times of traps vary by many orders of magnitude,
from µs to weeks. For degradation processes of MOSFETs, traps with emission times
lying outside the experimental window (typically up to 10 ks), also called permanent
traps, are of special interest for us. They are expected to dominate the lifetime distri-
bution. It has to be noted that the capture and emission process is strongly temperature
dependent. A part of our current research focuses on the idea of shifting large capture
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Fig. 1. The discrete steps of the recorded ∆Vth during recovery bias conditions (top) are mapped to the spectral
map (bottom), where each defect appears as a cluster characterized by its step height d in mV and its emission time
τe in s (reprinted from [11]). In case of random telegraph noise (RTN), the cluster is symmetrically arranged around
the abscissae.

and emission times into experimentally feasible time slots (measurement time below
1 ks) by applying controlled temperature pulses during device recovery. Due to the
temperature dependence of the capture and emission events, the puls-like elevation
of the temperature during recovery stimulates the charge emission. The challenge of
the required immediate temperature ramp has been overcome by using MOSFETs
with integrated poly-silicon wires, also called polyheaters [10]. We have developed
a hardware and software application for temperature control of the polyheaters within
the TDDS framework. By shifting large emission times into the experimental window,
we are able to analyse defects, which seem to be otherwise permanent. From future
measurements we expect a significant contribution to the understanding of the permanent
degradation, especially on the HCD.
We will give a brief overview on the state of the art of measurements of MOSFETs
with integrated polyheaters and the expected impact of the experimental data on the
understanding of the permanent component of degradation mechanisms.
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We investigate interfaces between III-V semiconductors using atomistic modeling, en-

abling us to determine the interface energy and the strain in each atomic layer.

INTRODUCTION

Quantum mechanical modeling of semiconductor superlattice-based devices, like quan-

tum cascade lasers (QCLs), is a very challenging task. Simulations however are nec-

essary to analyse and retrace the interface roughness, which were found to lead to

additional scattering and therefore to a reduced device performance [1]. A very powerful

tool are atomistic simulations, making it possible to study interface roughness or strain

distributions. The insights found in these simulations allow more detailed models, which

in return will lead to improved growth parameters and device designs.

METHOD & RESULTS

In the used model the lattice of single III-V semiconductor materials or even complete

heterostructures is generated. Chemical bonds are modeled with simplified empirical po-

tentials, which allow larger simulation cells compared to ab-initio methods, but preserve

the crystal lattice [2], [3]. The generated structure is then relaxed using a Metropolis

Monte Carlo solver. This model was shown to reproduce experimental data for elastic

parameters and bond lengths in ternary III-V alloys with good accuracy [4], [5].

When observing e.g. the material system GaSb/InAs, the interface can either be formed

by Ga-As or In-Sb type bonds and therefore build up a significant amount of strain,

which limits the total layer thickness. Since the individual layers are only a few nanome-

ters thick, their electronic properties are highly influenced by the strain at the interfaces.

In our model we therefore analyse the strain distribution in such heterostructures with

different bond configurations at the interfaces (see Fig. 1a).

Furthermore, we analyse different in-plane roughness patterns with respect to their

total energy. Preliminary data show that structures with the lowest energy values have

continuous lines of atoms in the [110] direction separated by trenches like the one shown

in Fig. 1b. This clearly resembles reconstruction patterns during epitaxial growth.
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(a) (b)

Fig. 1. Simulation Results: (a) strain in growth direction for an InAs/GaSb heterostructure, the first two traces show

a differing share of As in the second interface plane i.e. 0 % (0% As) and 100 % (100% As), the last trace (1 ML

roughness) shows an interface roughness of one ML at the second interface, data are offset for better clarity (a)

GaSb/InAs interface showing continuous lines of atoms in the [110] direction (elements In-Sb-Ga from darkest to

brightest)

CONCLUSION

Interfaces between III-V semiconductor layers are a very important, yet not fully un-

derstood part of superlattice structures. Our atomistic model allows detailed insight into

different bond configurations as well as the strain distribution in heterostructures. Recent

results indicate that the optimal interface structure consists of elongated features along

the [110] direction, similar to reconstruction patterns during epitaxial growth. In future

research we will extend this approach to other material combinations and more complex

structures consisting of several layers and interfaces.

REFERENCES

[1] C. Deutsch, H. Detz, T. Zederbauer, A.M. Andrews, P. Klang, T. Kubis, G. Klimeck, M.E. Schuster, W. Schrenk,

G. Strasser, and K. Unterrainer, “Probing scattering mechanisms with symmetric quantum cascade lasers,” Optics

Express, vol. 21, no. 6, pp. 7209–7215, March 2013.

[2] J. Tersoff, “New empirical approach for the structure and energy of covalent systems,” Phys. Rev. B, vol. 37,

pp. 6991–7000, Apr 1988. [Online]. Available: http://link.aps.org/doi/10.1103/PhysRevB.37.6991

[3] D. Powell, M.A. Migliorato, and A.G. Cullis, “Optimized tersoff potential parameters for tetrahedrally bonded

III-V semiconductors,” Phys. Rev. B, vol. 75, no. 11, p. 115202, March 2007.

[4] H. Detz and G. Strasser, “Modeling the elastic properties of the ternary III-V alloys InGaAs, InAlAs and GaAsSb

using Tersoff potentials for binary compounds,” Semicond. Sci. Technol., vol. 28, no. 8, p. 085011, June 2013.

[5] ——, “Atomistic modeling of bond lengths in random and ordered III-V alloys,” J. Appl. Phys., vol. 114, no. 12,

p. 123508, October 2013.

39



SIMU.11

EIGENVALUE COMPUTATIONS ON GRAPHICS PROCESSING

UNITS

Andreas Selinger, Denis Ojdanić, Karl Rupp, and Erasmus Langer

Institute for Microelectronics

Many algorithms have the potential to dramatically increase their performance by using

the processing power of Graphics Processing Units (GPUs). The bisection algorithm for

tridiagonal symmetric matrices is one example. We adapted and corrected an implemen-

tation by NVIDIA and showed its performance in comparison to other implementations

and algorithms.

THE EIGENVALUE PROBLEM

Finding the eigenvalues of a linear system is a very common problem in physics and

engineering. Important examples are the solution of the Schrödinger equation or the

simulation of mechanical oscillations. The problem can be written as

Av = λv,

where A is a regular n×n matrix, v 6= 0 is an eigenvector of A and λ is an eigenvalue

of A.

We consider a symmetric real matrix A, for which all eigenvalues are real. In general, it

is very expensive to compute the eigenvalues, so they are only computed numerically in

practice. Therefore it is important to choose a fast algorithm, especially when computing

the eigenvalues of large systems.

BISECTION ALGORITHM

The heart of the bisection algorithm is a function we call EigenvalueCount C(x), which

computes the number of eigenvalues smaller than a scalar x. This yields that in an

interval [x1, x2[, there are C(x2)−C(x1) eigenvalues. Now the key to find all eigenvalues

is to divide an interval, which is guaranteed to contain all eigenvalues (Gerschgorin

interval), into two intervals. All resulting intervals with eigenvalues are further divided.

This procedure is repeated until the bounds of each interval containing eigenvalues are

so tight, that we can tell the eigenvalues as accurately as desired [1].

PARALLELIZATION OF THE ALGORITHM

With the high number of processors residing on a GPU, it can run general-purpose

computations simultaneously at a very high performance. Since the computations of

all eigenvalues on a level of the interval tree do not depend on each other, they can

be processed very efficiently and in parallel on the GPU, instead of computing one

eigenvalue after another on the CPU.
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Unfortunately, the NVIDIA implementation failed when applied to matrices with multi-

ple eigenvalues. We fixed this error, which was caused by a false termination condition

and by a race condition. Furthermore, we ported the CUDA version of the imple-

mentation to OpenCL to make it not only suitable for NVIDIA-GPUs, but also for

AMD-GPUs.

PERFORMANCE ANALYSIS

Figure 1 shows the performance of the parallel bisection algorithm in comparison to

serial algorithms. By using the GPU, a performance gain on the order of one magnitude

over the reference TQL1 implementation was obtained.
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Fig. 1. Performance of different algorithms: In our tests, the serial algorithms ran on an Intel Core i7 960 CPU and

the parallel bisection algorithm ran on an NVIDIA GeForce GTX 580 GPU.

CONCLUSION

Compared to CPU-based implementations for tridiagonal symmetric matrices, a magnif-

icent speedup was achieved with the parallel algorithm. Our implementation is available

in the free open source software library ViennaCL [2].
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ANTI-SATURATION BLOCK AND VOLTAGE LIMITATION 
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c Tabriz University 

This paper investigates an indirect DC vector control based on anti-saturation current 

controller and voltage limitation considering to voltage limitation. We investigate a 

novel method based on anti-saturation block that combined with the advanced vector 

control to improve problems of the PMSM (Permanent magnet synchronous machine) 

control methods. Also it is used to avoid saturation of the stator current and the inverter 

voltage controller that don`t allow these controllers to going to saturation at high 

speeds. And it can eliminate the error between the input and the output. Generating the 

references voltages from the obtained references current causes the lack of proper 

coupling between the d-axis and q-axis. 

I. INTRODUCTION  

Permanent magnet synchronous machines (PMSM) with consideration to their many 

features, are widely used in many industries, it is the main adversary of the induction 

motor in industrial equipment. The main reason for using this type of machines is use of 

a permanent magnet stimulation instead of excitation winding that has made high 

efficiency machines. 

II. BLOCK DIAGRAM OF CONSIDERED METHODS 

Figure 1 Vector control of current with DC current control Figure 2 Block diagram of the vector control based 
on anti-saturation block 
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III.	The	Simulation	Results	

Stator 
resistance 

(Rs)

)Ω(21/2Nominal 
speed 
(Wm) 

200 
(rad/s) 

Number 
of pair 

poles 

 
3 

Inductance 
of d-axis 

(Ld) 

0098/0
(H) 

 
Inertia (j) 

0004/0 
(kg/m2) 

Inductance 
of q-axis 

(Lq) 

0149/0
(H) 

Magnetic 
flux 

)Ф( 

0844/0 
(wb) 

Nominal 
current 

value 
(rms) 

6/3 
(A) 

 

 

Figure 3 The output of the motor speed in 
nominal speed of 200rad/s 

Figure 4 The output of the motor speed in negative 
speed of -400rad/s

 

With using current controller at high speeds in this method we could first, avoid the 

controller to going to saturation and secondly, control the current ripple in appropriate 

value with calculating THD. 
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Complex fluids, such as they commonly appear in nature and industry, typically consist

of a multitude of components that differ greatly in their characteristic length and time

scales. For example, polymers dissolved in water often are orders of magnitude larger

than the water molecules they interact with. Yet, the comparatively slow dynamics of

polymers is strongly influenced by the interaction of their constituents with the fast-

paced water molecules.

To efficiently capture the important dynamical aspects of such systems in computer

simulations, the particle-based simulation approach denoted as Multiparticle Collision

Dynamics (MPC) has been developed [1], [2]. There, the fluid is modeled as a collection

of point-particles (each representing a large number of real molecules) which undergo

subsequent dynamical streaming and collision steps. In the streaming phase, all particles

move ballistically without interacting with each other. In the collision phase, the simula-

tion volume is partitioned into cells that contain about 10 particles on average, defining

the collisional environment. For each individual cell, the center-of-mass velocity of the

contained particles is calculated, and then their relative velocities are rotated around a

randomly oriented axis. This algorithm conserves mass and linear momentum, so that

a Navier-Stokes type of dynamical behavior is achieved.

A linear polymer dissolved in a simple fluid is modeled as a chain of particles which

are linked via a suitable interaction potential. For these particles, the streaming phase is

carried out as in Molecular Dynamics Simulations (i.e. numerically integrating Newton’s

equation of motion) instead of analytically computing a ballistic motion. During the col-

lision phase, the polymer particles are treated as heavy fluid particles and their velocities

are rotated as indicated above. This yields an exchange of momentum between the

fluid and the polymer and establishes fluid-mediated correlations between the polymer

particles. The simplicity of the algorithm ensures a high degree of parallelism, and

hence is computationally extremely efficient when executed on GPUs.

Simple fluids and dilute polymer solutions exhibit viscous effects, but no elastic phe-

nomena arise. However, in many biological and technical applications, elastic properties

of fluids play a crucial role. In order to capture both aspects, i.e., to address viscoelastic

fluids, extensions of the MPC approach have recently been proposed [3], [4]. Here, in the

simplest version, the fluid is composed of dumbbells: every fluid particle is connected
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to exactly one other particle via a massless spring. In subsequent studies, we have

then further extended the MPC model to longer polymer chains, retaining the simple

connecting interaction.

Important insight into the dynamical behavior of such fluids can be gained by analyzing

the center-of-mass velocity-autocorrelation function of the polymer chains. We have

considered this correlation function for dumbbells (polymers consisting of N = 2

linked MPC particles), trimers (N = 3), and decamers (N = 10). In Fourier space,

the transverse velocity-correlation function CT (k, t) ∼ 〈vT (k, t) · vT (−k, 0)〉 exhibits

oscillations superimposed with an exponential decay, where the oscillation frequency

is related to the polymer relaxation time, and the damping to the bare fluid’s viscosity.

From the known storage and loss moduli of dumbbells, an analytical expression for the

correlation function in the case N = 2 is derived, which is in quantitative agreement

with the simulation results. Closed expressions for the Laplace-transform of CT (k, t)

are derived for the case N > 2, and their numerical Laplace-inversions again reproduce

simulation data accurately. Further results for the real-space correlation functions are

presented, and the long-time behavior is discussed.

Having gained a quantitative understanding of this fluid model, its properties can be

tuned so as to study real-world complex systems, e.g., polymer melts or viscoelastic

fluids containing colloids or self-propelling microswimmers (e.g., E. coli bacteria), as

they arise in engineering, biology, and medicine, among other fields.
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MODELLING SPATIAL INFORMATION

Franz-Benjamin Mocnik
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Tobler’s law claims that nearer things are more related than distant ones. Based on this

principle, a scale-invariant spatial graph model for spatial data is developed. Comparing

data with this model allows a software to decide if it has a spatial structure or not.

INTRODUCTION

Spatial information is ubiquitous. It can be crucial to understand the spatial structure of

data to solve problems. Yet, there exists no widely used model of spatial information in

general (and not just of space).

THE MODEL

Things in the same neighbourhood (a core concept of space) are related much likely:

Tobler’s first law of geography. [1] Everything is related to everything else, but near

things are more related than distant things.

Based on this law, I introduce a spatial graph model that incorporates some central

properties of spatial information, including scale-invariance and others:

Spatial graph model. For a given set of points and a parameter ρ > 1, we construct

outgoing edges for each point in the following way: For a point p, the point with the

smallest distance q is identified, and edges from p to every point with a distance smaller

than ρ · |q − p| is introduced. The resulting direct graph is called spatial graph model.

As can be seen in figure 1, the spatial graph model connects only neighboured points in

contrast to random graphs and is thus visually similar to the original data.

(a) Gr. representation of the timetable (b) Spatial graph model (c) Random graph

Figure 1. The spatial graph model for Länstrafiken Sörmland (640 stops) in Sweden, compared with a graph

representation of the timetable and random graph with the same stops.
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spatial structure; the recipe and Tic-tac-toe have a temporal structure

SPATIAL OR NOT?

Properties. The spatial graph model (with n points, uniformly distributed in a d-

dimensional region) has the following properties for n→∞:

1) We expect ρd to equal the number of edges divided by the number of nodes.

2) We expect the density of a subgraph with m nodes to have density ρd/(m− 1).

The first property allows us to directly, the second one to indirectly determine an

estimation for ρd. For spatial graphs, we expect both estimations to be equal. As can be

seen in figure 2, comparing both estimations allows us to distinguish between non-spatial

and spatial (or temporal) data which is located on the diagonal. We can even distinguish

temporal from spatial data as the value of ρd is smaller for temporal data (time is

1-dimensional) and larger for spatial data (space is usually 2- or more-dimensional).

CONCLUSION

Space causes some patterns and structures to be found in spatial information. I have

presented some important properties of spatial structures, and demonstrated how they

can be detected. This offers numerous possibilities: data can be automatically categorised

according to its relation to space, some semantics can be added, complex search engines

like Wolfram Alpha can be enhanced in spatial aspects, algorithms can be designed and

modified to take care of the spatial structure to be much more efficient, etc.
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FORMULATING THE PERFECTLY MATCHED LAYER AS A

CONTROL OPTIMIZATION PROBLEM

Daniel Ritzberger, Alexander Schirrer, and Stefan Jakubek

Institut f. Mechanik und Mechatronik

In many applications where an unbounded solution of a wave-like equation is desired,

the problem occurs that due to limited computational capabilities the domain has to be

truncated at some point. To let the solution of this confined domain approximate the free-

wave propagation, boundary conditions with absorbing properties have to be applied.

The work by Engquist and Majda [1] addressed this issue and absorbing boundary

conditions (ABCs) were derived which worked well under certain circumstances. The

technique to surround the computational domain with a perfectly matched layer was

first described by Berenger [2] for the absorption of electromagnetic waves. The idea

of the perfectly matched layer was later extended and applied to other wave propagation

problems, both in a split or un-split field formulation [3] [4] and was interpreted in terms

of a ”complex-coordinate stretching” [5]. The PML performs well even in dispersive

media, but the design process involves a high mathematical effort due to a transformation

of the spatial derivatives. With a high order of spatial derivatives, as it is the case for the

Euler-Bernoulli beam, this becomes a tedious task. This work aims to find a constant

state-feedback controller which is capable of emulating PML properties, thus avoiding

the transformation of the partial differential equations.

PML AS A CONTROL OPTIMIZATION PROBLEM

It is assumed, that the partial differential equation for which the PML controller is to

be designed, is linear, has a harmonic wave solution, and that the discrete dispersion

relation can be obtained. The partial differential equation can then be discretized and

aggregated into a state space system of the form

xj+1 = Axj + BKxj (1)

where xj denotes the displacement field at the time step j, A is the system matrix

corresponding to the partial differential equation. K is the feedback controller and B

distributes the control action to the nodes of the PML region.

To find a suitable controller, an objective function is devised which evaluates the error

between the controlled state-space system and a desired damped fundamental solution.

J(K) =
∑
Ω

jmax∑
j=2

∣∣∣xj
fund(ωx, ωt) − xj(K)

∣∣∣2
2

(2)
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Fig. 1. The optimized feedback controller is applied on the left boundary. A frequency sweep excites the right

boundary. No reflections back into the computational domain are visible

ωx and ωt are the wavenumber and the angular frequency whose dependency is given

by the dispersion relation. xfund denotes a desired, damped, fundamental solution which

can be analytically given for a certain frequency pair (ωx,ωt). The objective function is

evaluated over a set of frequency pairs Ω and a finite number of time steps jmax and

minimized with respect to the parameters of the feedback controller K using a genetic

algorithm. The performance of such a controller designed for an Euler-Bernoulli beam

is shown in Fig. 1.
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PARAMETER IDENTIFICATION FOR TRAFFIC SIMULATION VIA

LAGRANGIAN SENSING

Elvira Thonhofer
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Macroscopic traffic simulations are based on the transport equation with a flux term

governed by the speed of the flow, treating traffic as a compressible fluid. We present

a method to estimate model parameters based on Lagrangian measurement data that

can be used for online traffic simulation. Identifiability is investigated using the Fisher

Information Matrix (FIM).

INTRODUCTION

In order to identify model parameters online measurement data must be collected.

Two approaches are described by several authors. Commonly, Eulerian traffic data are

collected by stationary loop detectors [1]. While this approach works well on highways

with long sections between on- and offramps it is not ideal in urban traffic networks.

The number of required stationary detectors causes relatively high installation and

maintenance costs. Hence, the utilization of Lagrangian data, where the sensor moves

with the flow, has recently become an area of intensive research [2]. Vehicles equipped

with sensors record and transmit so-called floating car data (speed, headway, position)

that can be utilized both online and offline.

TRAFFIC MODEL

The relation between driving speed and local traffic density is described by a Fundamen-

tal Diagram (FD) [3]. We propose a generic FD based on a piecewise linear function,

[4] that is fully defined by six parameters, which are estimated based on Lagrangian

measurement data. An auto-regressive car-following model where a floating car follows

a reference vehicle is used. The position x̂ of the floating car at time step n + 1 is

updated according to the model equation

x̂n+1 = x̂n + v(h,θ) · ∆t (1)

where v(h, θ) denotes the current velocity, which depends on the local traffic density

represented by the measured headway h and the parameters θ of the FD. The temporal

increment is denoted by ∆t.
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PARAMETER IDENTIFICATION

An optimization problem is formulated, where θ represents the decision variable. The

optimization goal is to minimize the cumulative prediction error of the model defined

by

JOE =
∑
j,n

(x̂nj − xnj )2 (2)

where xnj represents the true position of the floating car j at time step n.
To asses identifiability of parameters we utilize the FIM in the output error (OE)

configuration [5] defined by

IOE =
1

σ2

∑
j,n

(
ψn

j,OE

)T (
ψn

j,OE

)
with ψn

j,OE =
dx̂nj (θ)

dθ
(3)

where σ2 is the (minimum) standard deviation of the estimated parameters and ψn
j,OE

denotes the parameter sensitivity. The OE approach takes the effect of θ on past

model outputs into account. For online-applications an AR approach is recommended,

where each time step starts at the true position xn
j of the floating car. The singular

value decomposition of the FIM provides sufficient information on identifiability. Ill

conditioned singular values indicate that some parameters can not be estimated well

from the data set at hand, hence, the data quality is insufficient.
The inverse of the FIM is an estimator for the asymptotic covariance matrix

C ˆθ
= I−1

OE providing insight on the variance of the parameters θ as well as the

simulation results based.

CONCLUSION

Examples show that θ can be (partially) identified from Lagrangian sensors, depending

on the range of sensor data collected in the experiment. Utilizing both the estimated

parameters found based on Lagrangian and Eulerian sensing allows for high accuracy

while at the same time keeping sensor-costs low. In both cases the FIM can be utilized do

determine which parameters are estimated reliably. Note here that blending algorithms

must take spatial and temporal relevance into account as well.
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SINGLE-PERIOD RORAC OPTIMIZATION IN A 
DYNAMIC ASSET/LIABILITY CONTEXT 

Astrid Bös 

Institute of Management Science 

This work investigates the single-period RORAC (return on risk adjusted capital) based 

optimal allocation in enterprises with different business segments in a dynamic 

asset/liability. The investigated capital allocation model is extended by the constraint 

that the risk capital, which “is an estimate of the amount of equity an enterprise needs to 

cover the potential losses generated by its businesses” [1, p. 3001], has to be covered by 

the equity (equity constraint). Due to the dynamic asset/liability the financing of the 

optimal capital allocation has to be regarded. In a simulation analysis of the optimal 

capital allocation model in a value based portfolio framework the impact of the 

extension of the single-period RORAC based optimal capital allocation is shown. 

INTRODUCTION 

In enterprises with different business segments a task of the general management is the 

capital allocation into the different business segments. Buch, Dorfleitner and Wimmer 

[1] use a single period RORAC optimizing problem for optimally allocating the capital 

into the different business segments. In this work the RORAC optimization problem is 

extended by the equity constraint. Buch, Dorfleitner and Wimmer [1] mention this 

constraint: “… the available economic capital of the firm is unlimited. In fact, however, 

a natural limit for the economic capital is given by the amount of equity in each period.” 

(p. 3005). They consider this constraint by an extension of their optimization strategy 

with a risk limit. In this work the constraint is taken into consideration in the 

optimization. 

Furthermore, in this work the impact of the equity constraint in the optimization 

problem is investigated in a dynamic asset/liability context. Due to the dynamic 

asset/liability context a financing strategy for the optimal capital allocations into the 

different business segments of the enterprise has to be regarded. In this work for 

simplicity a single period debt financing of the optimal capital allocations is assumed.  

The model constructed in this work is addressed in a value based portfolio framework 

where the profits of the business segments as normally distributed random variables. In 

the dynamic set-up the realized profits of the business segments are simulated according 

to the pathwise simulation approach. In each path first the capital allocations are 

optimized in each period and then in the next period the information of the realized 
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profits of the business segments, which depend on the optimal capital allocation, is 

revealed.  

In the model a negative equity 

caused by higher debts to repay 

than the sum of the profits of the 

business segments leads to a drop 

out caused by over indebtedness. 

Figure 1 shows the development of 

the equity in the first two 

simulation paths. The equity in the 

first simulation path presented by 

the black circles grows up to 

551.04 in period (7; 8) and 

decreases to 370.66 in the last period. The cause of this development is that the realized 

returns of the business segments are less than the risk premium of the debts, thus the 

single-period debts in period (8; 9) increase more than the amounts of capital in the 

business segments. In the second simulation path presented by the red triangles the 

enterprise fails in period (3; 4) caused by over indebtedness. 

CONCLUSION 

In this work the stochastic enterprise model for RORAC based optimal capital 

allocation by Buch, Dorfleitner and Wimmer [1] is extended by the equity constraint. 

For analyzing the impact of the extension of the RORAC optimization not only the 

capital allocation also the financing of the capital allocation is regarded. For simplicity 

the financing of the optimal capital allocation is assumed single-period debt financing. 

The simulation analysis of the dynamic stochastic enterprise model in a value based 

portfolio framework shows inter alia that despite an optimal capital allocation in about a 

quarter of the simulation path the enterprise fails caused by over indebtedness. It is 

subject to further research to model intertemporal optimization strategies as well as 

regarding different financing strategies. 

 

 

REFERENCES 
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Figure 1 development of the equity of the first path (black dots) 
and the second path (red triangles) 
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Introduction 
 
The research area of mechatronics describes the interdisciplinary 

cooperation of mechanical, electronic and information technology. The 
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OPTIMUM DESIGN OF A HIGH ENERGY DENSITY COMPOSITE

FLYWHEEL ROTOR

Stefan Hartl, Alexander Schulz and Manfred Kaltenbacher

Institute of Mechanics and Mechatronics, Vienna University of Technology

This paper discusses a multi-rim design of a composite flywheel rotor using a strength

safety factor optimization. The rotor consists of three composite rims that are assembled

by press fit joints. These rims are made from different carbon fiber reinforced plastic

(CFRP) materials with varying strength and stiffness. Optimization is performed to

maximize the efficiency of the used material during two rotor stages: stationary and at

maximum allowable speed. The used input specifications for optimization are: maximum

useable energy (5kWh), containment boundaries and inner radius (shaft integration).

The press fit joint is simulated by applying the finite element (FE) method and the

used material parameters are measured by several tensile tests. However, the inner and

middle rim has been manufactured by filament winding technology followed by CNC

machining. The press fit has been carried out with a hydraulic press monitored by strain

measurement to validate the FE simulation.

INTRODUCTION

Fig. 1. 5kWh FESS

Flywheel energy storage systems (FESS) represent an ecologi-

cally and economically sustainable technology for decentralized

energy storage. Long life cycles without performance degrada-

tion depending on depth of discharge (DoD) and a minimum

of systematic maintenance are key advantages of this technol-

ogy. Within the nationally supported research project “Opti-

mumShapeFlywheel“, a new flywheel rotor geometry utilizing

very high energy density along with the required manufacturing

technology is developed, see Fig. 1. To achieve high energy

densities, the rotor of FESS are usually manufactured of fiber

reinforced plastics (FRP) by the filament winding process.

Especially carbon fiber reinforced plastics (CFRP) show a high

specific strength ratio κmax =σu/ρ compared to other materials.
This ratio is the first parameter to maximize the energy density κ . The second and

more complex parameter, the geometry factor K, is a result of an topology optimization

as discussed in [1] and [2] or special rim assembly using press-fit interference [3]–[5].

Hence, the fitness function for optimization, using a genetic algorithm, depending on the

optimization variables x forming the geometry of the rotor, is given by minx {−K ·κmax}.
To get the CFRP material data, tensile strength test specimen were produced and a set of
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tensile tests were carried out. Due to the weak radial strength of the CFRP the press-fit

multi-rim assembly with a simple geometry was chosen for a first approach, see Fig. 2.

MULTI-RIM ROTOR

Fig. 2. Multi-rim rotor

The flywheel rotor consists of an aluminum shaft and three

press-fitted rims with different rim thicknesses, interference fit

and material used as design variables of the optimization. Due

to the interference between two boundaries a pre-stressing of

each rim reduces the maximum radial stress at maximum speed

during operation. The press-fit has been simulated with the

given material parameters and will be validated by hoop and

radial strain measurement during the press-fit operation by a

hydraulic press.

CONCLUSION

In this paper a CFRP multi-rim flywheel rotor is presented.

Failure prediction was done using a safety factor, calculated

using the Tsai-Wu criterion. To identify the parameters of the

used CFRP-material, a set of tensile tests has been carried out. Furthermore, FE-

simulations have been performed and the results will be compared with the measured

strains during press-fit of the inner rims.

REFERENCES

[1] T. Hinterdorfer, A. Schulz, H. Sima, S. Hartl, and J. Wassermann, “Topology optimization of a flywheel energy

storage rotor using a genetic algorithm,” in Proc. of the International Symposium on Magnetic Bearings. Linz,

Austria: IEEE, August 11-14 2014, pp. 20–24.

[2] M. A. Arslan, “Flywheel geometry design for improved energy storage using finite element analysis,” Materials

and Design, vol. 29, pp. 514–518, 2008.

[3] A. C. Arvin and C. E. Bakis, “Optimal design of press-fitted filament wound composite flywheel rotors,”

Composite Structures, vol. 72, pp. 47–57, 2006.

[4] S. K. Ha, D. J. Kim, S. U. Nasir, and S. C. Han, “Design optimization and fabrication of a hybrid composite

flywheel rotor,” Composite Structures, vol. 94, pp. 3290–3299, 2012.

[5] S. K. Ha, D. J. Kim, and T. H. Sung, “Optimum design of multi-ring composite flywheel rotor using a modified

generalized plane strain assumption,” International Journal of Mechanical Sciences, vol. 43, pp. 993–1007, 2001.

57



METR.2

 

MECHATRONIC CONCEPT FOR ONE, BUILT IN BED,  
THERAPEUTIC MASSAGE SUPPORT 

Paul Finsterwalder, Klaus Bergkirchner and Johann Wassermann 

Institute of Mechanics and Mechatronics 

Recent research [1] proved huge benefits of the human body gained by frequent and 

time-consuming therapeutic massage treatment. However, high treatment costs and 

limited personal capacity prevent profits of patients and health system in many cases. 

Aim of this project is the development of a mechatronic system, which has the 

capability to provide patients with regular massages of therapeutically satisfying 

quality. Therefore, a concept study was designed and carried out as a functional 

prototype. 

Concept Study 

The combination of the therapeutic massage support with functionalities of a standard 

hospital bed ensures maximal availability of therapeutic massages to patients in need as 

well as minimal changes in hospital routines.  

Further literature research regarding security guidelines [2], massage robots [3], 

biologic effects of massage treatment [4], patient acceptance [5] etc. was done. 

Moreover, measurements in cooperation with medical massage therapists, investigations 

of experimental setups as well as electric and mechanic simulations were used to 

provide a set of minimal system specifications.  

Based on these minimal system specifications, a concept composed of three modules 

was developed. Module 1 provides mobility and hospital bed functions as tilting and 

lifting. Module 2 consists of a stiff frame, able to bear all forces and torques resulting 

from massage system and patient weight. Moreover, the massage robot, main computer 

and human machine interface (HMI) for operation are located here. Module 3 contains a 

special mattress, allowing the massage tools to penetrate trough and manipulate patient 

tissue.  

The massage robot provides two separate 

massage arms, each equipped with six 

degrees of freedom and an exchangeable 

massage tool at its end. From a set of 

concept massage tools two chosen types 

were built as prototypes, one for   
Figure 1 Concept of the mechatronic  

massage support 
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kneading massage style, another one for all kind of stroking massages. The later of 

these massage tools was equipped with sensors allowing the automated location of the 

patient and adaption of massages. 

Functional Prototype 

A prototype reduced to full massage 

functionality was built, allowing to 

validate specific aspects of the concept.  

The robustness and flexibility of 

mechanical construction were 

investigated as well as quietness and 

hygiene based on hospital standards. 

Electric designs had to be specially 

designed and tested due to high demands 

on safety issues, e.g. low supply voltage or software independent security functions. A 

set of safety systems, based on independent and redundant software, electrical and 

mechanical security elements, was implemented and tested. 

A control software was engineered, allowing a multitude of different system tests, 

reaching from simple position measurements to complex massage functions. Particular 

attention was given to the automated patient location and individual adaption of 

therapeutic massage. 

Conclusion 

A concept for a therapeutic massage support was developed and a functional prototype 

was built. To the recent date, it was possible to implement and prove functionality of 

most of the intended system components. Further work will include completion and 

tests of the whole system. Moreover, the therapeutic massage support will be evaluated 

in cooperation with medical massage therapists. 

 

____ 
[1] Field T.: Massage therapy research. Churchhill Livingstone Elsevier, 2006 

[2] Sicherheit von Maschinen - Allgemeine Gestaltungsleitsätze - Risikobeurteilung und 

Risikominderung (ISO 12100:2010), Deutsche Fassung EN ISO 12100:2010 , Beuth Verlag, 2012 

[3] Solis J., Obokawa Y., Ishii H., Koga H., Takanishi A., Katsumata A.: Development of Oral 

Rehabilitation Robot WAO-1R Designed to Provide Various Massage Techniques. IEEE 11th 

International Conference on Rehabilitation Robotics, 2009  

[4] Kolster B. C.: Physiotherapie Basics - Massage, Springer Verlag, 2010 

[5] Einstellung der Öffentlichkeit zu Robotern (Spezial Eurobarometer 382), 09.10.2014, 2012 

Figure 2 Detail of the realized prototype 
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3D LASER DISPLAY 

Jörg Reitterera,b, Franz Fidlerb, Gerhard Schmidc,b, Christian Hambeckd 

a Institute of Sensor and Actuator Systems 
b TriLite Technologies GmbH, Trappelgasse 4, 1040 Vienna, Austria 

c Institute of Telecommunications 
d Institute of Computer Technology 

State-of-the-art autostereoscopic (i.e., glasses-free) 3D displays often do not comply 

with mandatory requirements for outdoor use, because of their limitations in size, 

luminance, number of 3D viewing zones, and maximum 3D viewing distances. We 

have developed a modular autostereoscopic multi-view laser display with sunlight 

readable luminance, theoretically up to several thousand 3D viewing zones, and 

maximum 3D viewing distances of up to 70 meters—enabling large-scale glasses-free 

3D billboards of the future (cf. Fig. 1). To demonstrate the principle, we have developed 

a prototype display with 5 x 3 picture elements [1]. 

Basic operation principle 

Stereoscopic perception means that the viewer’s 

eyes see two slightly different images, which the 

human brain combines into a corresponding 3D 

model of the observed scene. Widely used glasses-

based 3D displays with active shutter or passive 

polarization glasses use rapid flickering shutters 

and polarizing lenses to present different images to 

each eye. These displays are, however, 

inappropriate for many applications, especially for 

large-scale outdoor displays where the number of 

viewers might be very large or viewers only briefly 

watch the displayed content. State-of-the-art autostereoscopic concepts incorporate 

optical elements such as lenticular arrays or parallax barriers in front of, e.g., a liquid-

crystal display (LCD) panel in order to send the image information of a subset of the 

LCD’s pixels to distinct tightly constrained directions—so-called 3D viewing zones. 

The main disadvantage of these displays is that the native resolution of the underlying 

LCD as well as the luminance is reduced by a factor equal to the number of viewing 

zones, which significantly reduces both image quality and sunlight readability. For the 

3D laser display most of the limitations of state-of-the-art autostereoscopic techniques 

are nonexistent or at least substantially relaxed. 

Figure 1 The billboard of the future: 
A large-scale glasses-free 3D display 
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Our autostereoscopic display consists of 

arrays of separate picture elements—so-

called “trixels” (cf. Fig. 2). Each trixel 

contains a laser module with three 

individually controllable laser diodes with 

associated monitor photodiodes, a common 

cylindrical microlens, and a rotating micro-

electro-mechanical systems (MEMS) mirror 

which deflects the collimated light beams to 

the left and to the right eyes of the viewers. 

By synchronizing the micromirror actuation 

with the 3D image information, i.e., the laser 

diode driving signals, each trixel can display 

up to several thousand autostereoscopic 

views. The trixel package is fabricated 

applying the molded interconnect device 

(MID) technique, comprising an injection-

molded thermoplastic base material with 

tailored metallization lines on its surface for 

electrical wiring purposes. 

Prototype display 

To demonstrate the proposed principle, we 

have developed a prototype display with an 

array of 5 x 3 trixels using red laser diodes 

and a trixel pitch of 12 mm (cf. Fig. 3). For 

comparison, state-of-the-art two-dimensional 

(2D) LED displays for outdoor applications 

have pixel pitches of 6 mm to 30 mm. Our prototype display is capable of sending 

different image information, e.g., patterns or single characters, to the left and right eyes 

of multiple viewers in a time-multiplexed manner, effectively proofing the proposed 

technique for achieving an autostereoscopic effect (cf. Fig. 4). 

 

 

____ 
[1] J. Reitterer, F. Fidler, G. Schmid, T. Riel, C. Hambeck, F. Saint Julien-Wallsee, W. Leeb, and U. 

Schmid, “Design and evaluation of a large-scale autostereoscopic multi-view laser display for outdoor 

applications,” Opt. Express 22, 27063–27068 (2014). 

Figure 4 Demonstration of the  
autostereoscopic effect 

Figure 3 Prototype display 

Figure 2 Trixel including laser module, MEMS 
mirror, and MID substrate 
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DYNAMIC FEEDFORWARD CONTROL USING LOCAL MODEL

NETWORKS

Nikolaus Euler-Rolle

Christian Doppler Laboratory for Model Based Calibration Methodologies,

Institute of Mechanics and Mechatronics

An approach is presented, which automatically generates a dynamic feedforward control

law for nonlinear dynamic systems represented by discrete-time local model networks

(LMN). By exploiting the generic model structure of LMN, a feedback linearizing

input transformation, which subsequently is used to dynamically feedforward control

the nonlinear process efficiently, can be found in a general and automated way from the

data-driven dynamic process model directly. This model is represented by an LMN (e.g.

[1]), which is a well-established multiple-model approach for data-driven modelling of

nonlinear systems. As an interpolation between different local models, each valid in a

certain operating regime, the LMN offers a versatile structure for the identification of

nonlinear dynamic systems. Each operating regime represents a simple model, e.g. a

linear regression model [2], whose parameters are found by identification.

When control tasks are considered, nonlinear model structures such as LMN can be

used beneficially to determine control laws and their parameters, e.g. [3]. Typically,

feedforward control is used as an enhancement of common feedback control strategies

to improve the dynamic performance of the control loop. In Fig. 1 a so called two-

degrees-of-freedom control scheme is depicted where the design of the feedforward part

Σ̂−1
ol and the feedback part ΣC is independent of each other. If parameter uncertainties

or model errors occur in Σ̂ol and Σ̂−1
ol respectively (e.g. due to measurement noise on

the identification data), the feedback part will still track the desired trajectory and try to

compensate for the inaccuracies. Whereas design methods treating the feedback control

part are numerous also in nonlinear control, the design of feedforward controllers is not

equally well investigated.

My research concerns a generic approach for the latter case. Although the complexity of

LMN increases with the amount of local linear models to form a sophisticated nonlinear

model, the model structure still remains generic. This fact can be beneficially exploited

in the application of feedback linearization (e.g. [4]) to this structure. Basically, a non-

linear system is linearized exactly by using a nonlinear coordinate transformation such

that the resulting transformed system consists of an input transformation, linear external

dynamics and unobservable internal dynamics. To determine the required feedforward

input signal for the desired reference trajectory, the input transformation is utilized.

In addition, several disturbance inputs are considered in the feedforward control law
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Fig. 1. Two-degrees-of-freedom control scheme

without restrictions on their relative degree. This is a common situation when control

tasks are tackled which involve one controlled input and various known disturbances

or inputs not used for control.

Occasionally, the required time and resources for a detailed physical modelling of

a sophisticated nonlinear process are not available. In such a situation, data-driven

modelling can deploy its full potential as merely input-output data are required to

obtain a dynamic process model. Hence, the proposed approach supersedes the need

for an in-depth knowledge of the underlying nonlinear process as the generic model

structure of LMN allows for an automated generation of a feedforward control law.

Both, LMN and the concept of feedback linearization are by themselves well estab-

lished concepts in academia as well as in the industry. However, combining both ideas

offers the opportunity to provide a substantial tool to dynamically feedforward control

any arbitrary nonlinear process with measureable disturbances and with knowledge

of measured input-output data only. The application of the proposed approach yields

good tracking performance. For example, this has been shown for the predistortion of

microelectromechanical loudspeakers or the airpath of a diesel engine, where the intake

manifold pressure is controlled by a variable-geometry turbocharger.
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NEW ALGORITHMS FOR DIGITAL SOUND RECONSTRUCTION 

Yauhen Belahurau, Manfred Kaltenbacher 

Institute of Mechanics and Mechatronics 

New algorithms for digital sound reconstruction (DSR) are presented. The algorithms 

are based on introducing the additional digital state “-1” and the non-bit approach. 

Thereby, we achieve significantly higher sound pressure levels (SPL) compared to 

currently available algorithms.  

Introduction  

The DSR is a method for sound generation by the superposition of discrete sound pulses 

from an array of individual microspeakers. For the analog method, the applied voltage 

results in a change of stroke level, while in the digital method stroke level is driven at 

full amplitude and the surface area varies corresponding to the input signal. Hence, the 

digital principle requires a large amount of single speaker cells, which are 

interconnected in an array.  

Nowadays, the big challenge is the development and its realization of effective 

algorithms for DSR. In [1] a MEMS (Micro-Electro-Mechanical System) array has been 

developed and first promising results have been achieved. Here, we present strongly 

improved ideas towards DSR. 

Fundamental of the problem 
As mentioned before, algorithms for DSR achieving high SPLs is an open problem. 

Currently, there are four algorithms: “with reset”, “without reset”, “latched” and 

“symmetric functions” [1, 2]. The first three algorithms are bit-grouped and the number 

of speaker cells is connected to the number of bits via 

12  nN , 

where N is a number of speaker cells, and n is a number of bits.  

The main disadvantage of all algorithms is that it generates low SPL. In addition, each 

algorithm has its own disadvantages, e.g., the “reset” algorithm requires an extra reset 

state of a whole MEMS array after each step.  

Results and discussion 
The main idea of the our algorithm is to use the additional digital state “-1”. In the “-1” 

state, a speaker cell is driven by the inverse supply voltage. We can use the “-1” state as 

an initial state and one cell can produce the SPL equal to two cells in a case of the 

“latched” algorithm. Furthermore, it is possible to use the “0” state as an initial state. 

The benefit of this algorithm is the possibility to use the last bit for the generation of the 
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maximal amplitude, whereas in the “latched” algorithm the last bit is used for resetting 

of the array from maximal amplitude to zero.  

The second family of our algorithm is so-called non-bits algorithm. Here, each speaker 

cell is controlled by its own supply voltage. Furthermore, for the generation of 

amplitude from 0 to maximal value we excite the individual cells sequentially. In 

addition, it is possible to combine this algorithm with the “3-states” approach. 

In Fig. 1 we display the normalized achievable maximal sound pressure level for the 

individual algorithm. Thereby, we can demonstrate the combined “non-bits-3-states” 

algorithm achieves the best performance. 

 
Figure 1 Comparison of different algorithms for DSR.  

Furthermore, all other our proposed algorithms results in higher SPL as the currently 

available “latched” algorithms.  

Conclusion 
New algorithms for digital sound reconstruction (DSR) have been presented. In all 

cases, we can demonstrate that these algorithms achieve higher sound pressure levels as 

the currently “latched” one. Next challenges for our research are the estimation of total 

harmonic distortion (THD), and then to design the actuation principle for the single 

micro-speakers.  
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SPATIAL CONSTRAINTS IN PARAMETRIC OPTIMISATION

Nico Didcocka, Stefan Jakubeka, and Nikolaus Keuthb
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bAVL List GmbH

Optimal maps obtained by parametric optimisation are post-processed in order to

comply with spatial smoothness constraints. Smoothness restrictions appear e.g. for

ECU maps in modern combustion engines, where the control variables can be required

to adapt continuously, according to the operating point. A methodology is introduced,

where, smooth controls can be computed via large, sparse, quadratic programs.

INTRODUCTION

Parametric optimisation describes the methodology, whereby the control variables,

u = [u1, . . . , uq]
T : Ω → Rq, are mapped from the current operating points, x ∈

Ω ⊂ Rd, to the control space in the form of explicit functions. The problem can be

written in the form

min
{u1(x),...,uq(x)}

y (x, u1(x), . . . , uq(x)) for fixed x ∈ Ω (1)

subject to Axx+Auu(x) ≤ b. (2)

A map, u∗(·), is called an optimiser of y if y (x,u∗(x)) is equal to the minumum

in (1) and (2) is satisfied for all x ∈ Ω. Methods for computing the optimisers have

been proposed , see e.g. [1], but, in general, no spatial smoothness constraints (i.e.

in derivatives of x) appear for the optimiser in parametric optimisation.

METHODS

The goal is to find an approximator, û = [û1, . . . , ûq]
T ∈ U , of the optimiser, u∗,

that satisfy smoothness constraints. U denotes an appropriate function space. Spatial

smoothness can be measured in the form of an energy functional, e.g. the Beppo Levi
energy [4],

E(u) =

∫
Ω

∑
|α|=k

(
k

α

)(
Dαu

)2
dx with k = bd/2 + 1c . (3)

The goal is then to approximate the optimiser while guaranteeing spatial smoothness,

and the problem has the form

û = arg min
u∈U

q∑
i=1

{
1

2
‖ui − u∗i ‖

2
L2(Ω) +

λi
2
E(ui)

}
, (4)

with constants λi ≥ 0.
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Fig. 1. Left: Optimal inputs, u∗
1 (blue), minimising soot emissions, and smoothed inputs, û1 (yellow), as functions

of speed and load. Right: Estimated soot emissions for optimal and smoothed inputs.

IMPLEMENTATION

The idea is to approximate the controls via Ritz ansatz functions, such that ûi(x) =∑M
j=1 ϕj(x)ξij = ϕ(x)Tξi. Thereby, the problem (4) becomes a large, sparse, quadratic

program (QP) which can be solved using any sparse quadratic solvers, such as the

interior-point-convex algorithm within MATLAB’s quadprog function.

RESULTS

For example, ECU maps in modern combustion engines optimise emissions, (y) such

as soot, and the operating point can be characterised by engine speed and torque. Soot

optimising maps, u∗i were obtained by parametric optimisation. The reference can be

compared with the smoothed map in Fig. 1. Even for linear models, optimisers of

(1)-(2) may be non-smooth, and post processing of the controls becomes necessary

for implementation. Smoothness of the maps can largely be improved without critical

compromises in the output.

CONCLUSION

Spatial smoothness constraints have been introduced in the context of parametric

optimisation. Even for linear static systems, optimising maps can be non-smooth and

implementation of these maps requires post-processing. This can be done using large,

sparse quadratic programs.
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DYNAMIC MODELLING OF

POLYMER ELECTROLYTE MEMBRANE FUEL CELLS

Matthias Stark

Institut f. Mechanik und Mechatronik

Based on a 3D CFD simulation of a Polymer Electrolyte Membrane Fuel Cell (PEMFC),

we developed an initial version of a dynamic PEMFC model for real-time applications.

The current model can reproduce the basic system dynamics. Real-time capability is

expected in following versions through various optimization measures.

INTRODUCTION

A fuel cell is an electrochemical energy converter [1]. In case of a PEMFC, reactant

gases from the gas channels diffuse through gas diffusion layers (GDL) to the catalyst

layers (CL), where hydrogen ions and electrons are separated. The ions pass the polymer

electrolyte membrane (PEM) and the electrons flow through an electric circuit, thereby

driving a load (see Figure 1). The company AVL provides a CFD simulation tool

called FIRE. Therein available is a 3D-high-fidelity-model of a PEMFC, which relies

on a precise description of the various physical effects and validation data from real

measurements [2]. As a result, the computation is very accurate but also time-consuming.

In our work, based on the existing FIRE simulation, we aim to develop a dynamic

PEMFC model of reduced complexity that can reproduce the main system dynamics

[3]. Moreover, it must be suitable for real-time applications.

DYNAMIC QUASI-2-DIMENSIONAL PEMFC MODEL

Examples for real-time applications are: predictive control, feed forward control and

state observer. Indeed, developing a membrane humidity observer is our global task. In

order to derive a suitable system model for the mentioned control strategies, a trade-off

between calculation time and model complexity is required. The main simplification in

our model is the reduction of order in space by employing the concept of the quasi-

2-dimensional PEMFC model [4]. Here, one space coordinate accounts for the main

gas flow direction along the gas channels. This is denoted in Figure 1 by the solid

lines with the discretization points along the center of the gas channels. In the same

manner, the other (normal) space coordinate accounts for the main gas flow direction in

the membrane electrode assembly (MEA → GDL+CL+PEM). Here, the crosses denote

interfaces between the sub-models, gas channel-GDL-CL-PEM (only one example is

depicted). The MEA model is calculated between each pair of discretization points along

the gas channels. For the CL and the gas channel steady-state models are sufficient,

whereas the dominant dynamics of the GDL and the PEM require transient models.
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Fig. 1. Working principle and components of a PEMFC (simplified, not to scale)

Another crucial simplification is that we account only for gaseous water. Our PEMFC

model is programmed with C/C++ to ensure fast calculation and to possibly include it

in other AVL software, like BOOST or CRUISE.

CONCLUSION

The initial PEMFC model can reproduce system dynamics that result from gaseous

mass transport. Real-time capability is expected in following model versions through

various optimization measures. A further improvement would be the incorporation of

liquid water transport, with respect to computation time.
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Introduction 
 
The Research Center for Building Physics and noise insulation comprises 

the classic work fields heat, moisture and noise and fire protection of 

buildings. Building physics describes the interaction processes of a 

building with its residents and the environment in its entirety in a complex 
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manner. It thereby defines the functionality, comfort, durability and 

ecology of a building. 

Associate Prof. Dipl.-Ing. Dr. techn. Azra Korjenić works at the Technical 

University of Vienna in the specialist field "Innovative and sustainable 

building and reconstruction". The tasks in this field are the optimization 

and development of components and buildings for high indoor air comfort, 

energy efficiency, optimum cost/benefit ratios and ecological materials. 

Recent efforts in research deal with the weatherproofing and durability of 

natural materials. Furthermore focus lies on the optimization and 

exploration of green roofs and researches the combination of green roofs 

with photovoltaics. 

The results from this research are shown in an eco-outdoor testbed with a 

variety of facilities. It was developed for the research of a number of 

ecological facade, roof and plaster systems in detail. The project was 

awarded the "Energy Globe 2015". Due to the concentration of buildings 

and residents, especially when living in cities quality in health may 

decrease and life may become more inefficient. In order to achieve higher 

quality of life in cities multi functional solutions such as clean power, 

conserving heating and cooling, dust binding, increased air quality, 

reduced noise and problems such as heat islands or flooding.  

A second project will research building green roof systems and plant or 

substrate types, combined with various PV modules. They are examined 

and all influences on the hygrothermal behavior of a building, indoor 

climate, energy-saving potential, humidity, shade, water containment and 

the heat island effect are explained scientifically. In addition, different 

ecological waterproofing systems are being developed, optimized and 

proven by their durability. 

The visions of the research field building physics and noise insulation are 

the widespread use of the results that leads to a damage-free and fault-

tolerant building renovation with natural materials. Derived from this 

enormous CO2 and primary energy savings as well as the sustainable use 

of resources becomes possible. 
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HIGH EFFICIENCY LOW EMISSION MASTIC ASPHALT 

M.Dimitrova, F.Weissb and O.Schwabc, B. Hofkoa 

a Institute of Transportation  
b Institute of Material Chemistry  

c Institute of Water Quality, Resources and Waste Management  
Vienna University of Technology 

Mastic asphalt mixes are produced at high temperatures (230°C to 250°C) to decrease 

the viscosity of the bituminous mastic and thus produce a flowable, self-compacting 

mixture. High production temperatures lead to an increased energy demand and higher 

emissions of greenhouse gases, as well as health relevant emissions such as particulates.  

Temperature reduction potential 

Various additives, mainly waxes, are available to lower the viscosity of binder above 

their dropping point. In the presented research study, mastic asphalt (MA 11) was 

produced with different wax-modified binders in a lab mixer. The mixer is equipped 

with a dynamic torque sensor to derive the mixing torque as a measure of the 

workability of a mix during production. Thus, temperature reduction potential is 

studied, compared and discussed for different waxes and wax concentrations. From all 

employed waxes, amide wax has the highest potential for temperature reduction of 

mastic asphalt (-27°C at a wax concentration of 4 wt.%  related to binder mass). As an 

alternative approach for more economic 

temperature reduction of mastic asphalt, 

the usually used crushed mineral 

aggregates were substituted by round 

mineral aggregates (RA 0/11). This 

substitution makes a reduction of 36°C 

possible and this without additional use 

of wax. The combination between amid 

wax and round aggregates decreases the 

producing temperature by 51°C. (Figure1) 

Performance optimization of the modified mastic asphalts 

The modified mastic asphalts were tested by TSRST (Thermal Stress Retained 

Specimen Test) and UCCT (Uniaxial Cyclic Compression Test) and show the same 

resistance to low temperature cracking like the reference mix and 50% better resistance 

to a permanent deformation at high temperatures.  

Figure 1: Mixing Torque Measurement results 
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Emission reduction 

In addition to the examination of the mechanical performance of the temperature 

reduced mixes, emission during the mixing process was measured on lab scale. The 

results indicate the health relevancy of particulate emissions during the construction 

process (80 mass-% of particulates are size <2,5 µm). According to the lab study the 

emission can be reduced by up to 80% by controlled temperature reduction.   

Mastic asphalt Absolute emission Area-specific 

reference 740  mg/kg 5,3  g/m2 

temperature reduced 148  mg/kg 1,1  g/m2 

Emission reduction 80% 79,20% 

 Table 1: Emission of particulates ≤ 10µm, comparison of reference asphalt and modified asphalt 

Life Cycle Analysis of material, energy and costs 

Emissions, energy consumption and costs of the production process and throughout the 

life cycle of a road pavement are quantified by application of Material Flow, Life Cycle 

Energy and Life Cycle Cost Analyses [1] [2] [3]. In the analyzed scenarios, the demand 

of production energy and the associated energy costs are decreased by up to 20%. The 

total particulate emissions throughout the life cycle can be reduced by up to 40%. First, 

this is because of the significant reduction of emissions during the construction process 

due to reduced asphalt temperature. Second, this is because of the relevant reductions in 

energy demand and thus reduced combustion of primary energy sources.  

In this project, modifications of mastic asphalt production have been analyzed, assessed 

and compared. From a life cycle perspective, the use of additives is controversial, and 

the substitution of crushed by round mineral aggregates beneficial. Despite its 

limitations, this project shows the benefits of innovative mastic asphalts, especially 

regarding energy demand and particulate emissions, while improving the engineering 

demands of mastic asphalt products for road pavements. 

 

 

_______ 
[1] Brunner, P.H. and Rechberger, H. 2004. Practical Handbook of Material Flow Analysis. CRC Press. 

[2] Cabeza, L.F., Rincón, L., Vilariño, V., Pérez, G., Castell, A. 2014. Life cycle assessment (LCA) and 

life cycle energy analysis (LCEA) of buildings and the building sector: A review. Renewable and 

Sustainable Energy Reviews 29, 394-416. 

[3] Hunkeler, D.J., Lichtenvort, K., Rebitzer, G., Ciroth, A. 2008. Environmental life cycle costing. CRC 

Press. 
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THERMIC FEATURES OF FACADE GREENING 

David Tudiwer, Azra Korjenic 

Institute of building construction and technology, Vienna University of Technology 

INTENTIONS 

The worldwide projections show, that cities will grow within the next decades. In 2050 

two of three human beings will live in cities. This causes that the density of the 

buildings in urban areas will increase. Green areas will decrease and be replaced by 

buildings. The livability of big cities depend highly on green areas and plants. One of 

their features is, that they reduce the heat on very hot days. First this is important, 

because heat in cities can be very dangerous. Many people die because of the extreme 

heat. As the number of very hot days increases (because of climate change) in urban 

areas much faster, than in rural areas [1] [2], the number of dying people because of 

extreme heat increase also. Second it is important to reduce heat on very hot days, 

because of the demand of electricity. Air-conditions demand electricity, which causes 

more power plants. 

But green areas can even more. They also reduce dust, noise, flooding and raise the air 

humanity on dry days [3]. Caused by the growing density of buildings in cities, the 

areas on the buildings themselves have to be used for greening. For many scientists 

facade greening is the best way, to react against the climate change sustainable. 

These are features of facade greening that are already known. But as facade greening 

covers the building, what reasonable assumes, that it reduces the heat demand of the 

building. This is researched in this project. 

CONTENT 

This project investigates facade greening and its features concerning the reduction of 

heat demand. It will ascertain, if there is a reduction of the heat demand, or not. This 

should be done by measuring the heat flow of facades with greening, and without 

greening. It is important that the areal heat flow is also measured, to get more 

information about the heterogenic structure of the plants. By comparing the areal heat 

flow of the facade, with and without the greening a two dimensional picture of the heat 

flow difference can be done. Also the measuring of temperature and humanity are 

planned, between the greening and the facade of the building, on the greening and on 

the facade of the building. 
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The measuring have to be done during the heating period. In the summer it will not be 

possible to get useful information concerning the heat demand. 

If there is a reduction of heat demand, further researches will be done about the 

dimension of heat demand reduction. An algorithm should be formed to enable the 

calculation of heat demand reduction caused by facade greening. Each building is 

different, and there are many different greening systems. One opportunity for the input 

parameters of the algorithm could be the heat transition coefficient of the building, of 

the greening system and the size of the ventilation gap between the building and the 

green facade. A good working algorithm can lead to the consideration of facade 

greening in the Energy pass. 

PROGRESS 

The project started in November 2014. There are no measures done yet. 

Companies which are already connected to be a partner of the project: 

a. The "90deGREEN GmbH" is willing to support this project. 

b. The "Tech Metall Erzeugungs- und Handel u. Montage GesmbH" is willing to 

support this project. An "Innovationsscheck" is submittend. 

c. The "Optigrün International AG" is willing to support this project. 

d. The "Verband für Bauwerksbegrünung (VfB)" is interested in this project. 

e. The "MA 39" is willing to support this project. 

f. The "MA 22" is willing to support this project. 

 

 

 

 

 

 

_______ 
[1] http://www.welt.de/wissenschaft/article136997584/Hitzewellen-in-Grossstaedten-nehmen-zu.html 

[2] ZAMG: "Klimatologische Kenntage in Wien seit 1952" 2014 

https://www.wien.gv.at/statistik/lebensraum/tabellen/eis-hitze-tage-zr.html 

[3] http://www.wien.gv.at/umweltschutz/raum/pdf/fassadenbegruenung-leitfaden.pdf 
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BUILDING GREENING AND PHOTOVOLTAIC -  
MULTIFUNCTIONAL SYSTEM  

María Soledad Penaranda Moren, Azra Korjenic  

Institute for Building Construction and Technology, Research Centre of Building 
Physics and Sound Protection, Vienna University of Technology, Austria 

The benefits of both systems, green facades and photovoltaic installations, are maximal 

during summer time; what arises, is a competition for surface use, between the systems. 

This issue has already been discussed in other research projects. As a new 

multifunctional system and a consensus solution to achieve the best possible results, this 

research-project studies the simultaneous use of both systems in parallel. 

New knowledge will be acquired with the critical investigation of testing areas, for this 

purpose constructed, at the Test Stand (Prüfstand) of the Research Center of Building 

Physics and Sound Protection. 

All the testing surfaces are equipped with monitoring devices and photovoltaic panels. 

Half of the testing surfaces will receive greenery treatment, while the other half will 

serve as controls basis and receive no greenery treatment. The effects on the 

hygrothermal behavior of the building will be systematically und analytically analyzed, 

e.g. energy gains, energy savings, summer overheating. 

The target of this research work is an optimal, long-lasting, cost-effective and energy 

efficient solution, which can be replicated and also used for the renovation of old 

buildings.   

In wintertime, when the plants lose their leaves, they also lose all their positive effects 

like protection of the surfaces (losing of their physical properties) and their esthetic 

effect as green facades.   

The main reason for the use of green facades is the summer overheating. Nowadays, 

due to the consequences of climate change, in prior moderate-weather zones, longer and 

hotter summer periods can be observed. Because of this, the required cooling is quickly 

gaining importance, besides the heating need in wintertime. 

With the simultaneous use of greenery and photovoltaic systems, a buffer space is 

created (like a kind of winter garden).  This buffer space, between the exterior wall of 

the building and the photovoltaic panel, will be analyzed based on the premise, that due 

to the isolation provided from the photovoltaic panel, it has its own physical and 

climatic characteristics that will support the growth of the plants, allowing them to keep 

their leaves for a longer period of time.  
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This would signify the extension of their bioclimatic and physical effects throughout the 

winter, as an isolation and protection for the building. And for the photovoltaic 

equipment, the avoidance of high temperatures, which would lead to a reduction of the 

performance of the PV modules. The investigation of these buffer spaces, its physic and 

bioclimatic effects, is part of this research project. 
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VALIDATED LOAD PROFILES IN TERMS OF DENSITY FUNCTIONS FOR 
BUILDINGS IN ORDER TO ENHANCE THE SIMULATION CAPABILITY IN 

A COMPREHENSIVE URBAN SIMULATION ENVIRONMENT 

Manuel Ziegler 

Institute for Building Construction and Technology, Research Centre for Building 
Physics and Sound Protection 

Introduction 

URBEM [1] is an interdisciplinary cooperation between the Vienna University of 

Technology and Wiener Stadtwerke (Vienna biggest utility company). One of the key 

elements is to find a proper simulation tool to simulate the effects of different urban 

development strategies (e.g. 2020, 2030 and 2050) focusing on all buildings, the entire 

district heating and cooling grid as well as the hole gas and electricity grid within a 

district or even the entire city. Therefore different urban development scenarios, such as 

the annual heating or cooling demand, refurbishment rates, etc., will be used as initial 

parameter to run the entire simulation environment. Such individual indicators are 

usually insufficient to run commercial building simulation tools at an accurate quality 

level. The aim of this research is to find a validated method to create load profiles in 

terms of individual density functions for the heating demand depending on the 

utilization, thermal quality, construction year an even the influence of lifestyle aspects. 

Method 

For the first validation procedure, only the case for the heating demand in non- 

residential buildings is considered. Therefore the validated simulation tool 

BuildOpt_VIE [2], which got validated with data from Annex 41 [3], is used to create 

heating profiles for different heating demand scenarios. By generalizing all heating load 

curves by using particular density functions, the result is a heating density load curve 

for non-residential buildings depending on a particular construction period (e.g. 1900-

1930 or 1970-1980, etc.). Those density functions will be used to run the urban 

simulation environment. Only the input of a certain urban development scenario that is 

going to be investigated within the URBEM (e.g. the scenario objective of 

HWB=15kWh/m2a) and the quantity and area of buildings is needed to generate 

aggregated, location and time dissolved heating load curves. Those density functions 

are the initial parameters for the URBEM simulation environment for the district 

heating, cooling and electrical grid within the considered boundaries (e.g. district or city 

level). 
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Results 

First results based on 2 different building models, points out an accurate accordance 

between the results of a detail simulation model compared with an aggregated density 

function for the two different scenarios business as usual building – so called BAU-B – 

and passive house – so called NZEB. 

 

Figure 1. Validation of the density function from a 2 stories (240m2) building model to generate a load profile for a 6 
stories building (1.435m2). The continuous lines represents the simulation results of that particular 6 stories building, 
the dotted lines represents the same results generated by a density function (abbreviated as DF BAU-B or NZEB) and 
the dashed lines represents the relative deviation between the detail simulation and the results by using density 
function. 

Figure 1 shows the correlation if a density function created by a different building type 

(2 stories / 22 thermal zones building model) is used to generate a heating load profile 

for a 6 stories building type. Even by transformations to different building types the 

correlation results and the relative deviation performs at an accurate level. The relative 

deviations reaches due to the small absolute amount of heating demand in week 23, 25 

and 37, more than -100%. But the results for heating demand adjusted deviations are in 

the range of minimum -1.35% to a maximum of 1.25%. 
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HEAT AND POWER POLICIES IN DIFFERENT ISSUES AND CONSIDERING 

HEAT AND COOL DISTRICTION 
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This paper investigates comperasion between Austria and Czech Republic in CHP 

(Combine Heat and Power) technology in Policies Development,  Forest, Economical 

Conditionals, Optimal Location, Small-Scale, Biomass base CHP and Considering Heat 

and Cool Distriction. We will presnt a method for calculation Efficiency ,since it is a 

way to obtain high ratio of effeciency in thermal usage. CHP technology attains high 

level of efficiency by transforming thermal waste into heat/cooling or electricity with 

possibility of reduction CO2 emission. Because it is an important topic for european 

future development. CHP plants fired by forest wood can significantly contribute to 

attaining the target of increasing the share of renewable energy production. However, the 

spatial distribution of biomass supply and of heat demand limit the potentials of CHP 

production. Optimal location for plants are mainly concenterated in CHP technology. In this 

paper we consider different definition of Small-Scale CHP from the European Commission. 

Headings   

Measure impact of CHP policies on overall effeciency and through results make 

economic evaluation of CHP policies in AT and CZ. Mainly how policies influnce 

demand and supply side for this technology and potential usage of different sourcesto 

substitute or complement standard central heating. Description on CHP process with 

focus on Biomass method of combustion.We will analyze and compare macro data 

about CHP in AT, CZ and EU28. Economic and legal conditions will be also described 

and compared. Economic conditions focused on real prices, structure of CHP and 

overall economy. Legal conditions focused on CHP instalation and government 

subsidies For practical part, we will use method for calculation of efficiency CHP. 

Calculation will be used for some recent cases in CZ and AT. Preferable source for 

CHP is combustion of  Biomass. This calculation will make a background for 

cost/benefit analysis of this technology with respect to institutional factors.We assume 

to evaluate sources for CHP and profitability by analysis of real prices and efficiency. 

We should obtain data for discussion of optimal ratio of CHP, sources and policy.The 

Structure is include:Description of CHP process, Describe CHP policies in AT, CZ and 

EU28 Gather macro data about AT, CZ – comparison ,Gather information about late 

CHP projects in AT and CZ with similar comparable characteristics Use mathematical 
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calculation for efficiency evaluation of these projects Additional calculation of 

cost/benefit analysis of these projects Comparison ofAT/CZ projects and discussion of 

differences Analyze results for further development in AT/CZ/EU28  .  

Charts and images 

Optimal locations for plants are mainly concentrated around bigger cities because heat 

distribution in district heating networks is cheap there. The distance to the biomass 

supply and resulting biomass transportation costs are less important for the choice of the 

optimal location. The East of Austria is better suited for CHP production due to 

sufficient forest wood supply and higher heat demand densities of bigger cities. The 

existing CHP plants around Vienna and Linz confirm this result. The Czech Republic is 

the third larger EU net electricity exporter (after France and Germany) with about 17 

TWh or 25% of gross consumption export in last period. Although close to 90% of 86 

TWh gross electricity generation is generated from domestic coal and nuclear energy 

rapid development of decentralized electricity production happened in the last 20 and 

especially last 10 years with fast growth or RES generation (wind and PV). 

 

there are five countries that have successfully expanded the use of CHP to about 30-

50% of total power generation: Denmark, Finland, Russia, Latvia and the Netherlands. 

Each of these countries has its own unique approach, but their collective experience 

demonstrates what can be achieved.1 Figure 6 highlights the growth of CHP in 

Denmark over the past two decades, showing the parallel decline in GHG emissions that 

the country experienced, due in part to increased use of CHP and DHC.Austria an 

Czech Republic have nearly position for CHP share of total national power production.  

 

 

___ 
[1] Comission of the European Union. Directive of the European Parliament and of the council on the 
promotion of the use of energy from renewable sources. Brussels: Commission of the European Union, 
2008. See also: http://ec.europa.eu/energy/climate_actions/doc/2008_res_directive_en.pdf 

[2] Madlener R. Innovation diffusion, public policy, and local initiative: The case of wood-fuelled 

district heating systems in Austria. Energy Policy 2007;35(3):1992-2008. 
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TOWARDS ENERGY MANAGEMENT IN PRODUCTION PLANNING 
SOFTWARE BASED ON ENERGY CONSUMPTION AS A PLANNING 

RESOURCE 

Christian Nigischer, Sébastien Bougain 

Institute of Engineering Design and Logistics Engineering 

Introduction 

Electrical energy consumption of production facilities is not properly included in the 

production planning at present. Such a possibility offers optimization potential for 

companies to save energy and also contributes to balance energy demand and supply. 

This paper presents results of a project dealing with the aim to provide means to set 

energy demands with other resources such as personnel available as planning factor in 

production planning software. We follow the approach to plan the future energy 

consumption of the production for each machine and introduce new key performance 

indicators considering the energy aspect as well as energy management strategies based 

on costs or consumption. 

The research project: Plan-E 

The goal of the Plan-E Project is to allow the production to be planned according to the 

ISO 50001 guidelines (Plan-Do-Check-Act) by considering the energy as a planning 

resource. In order to do so, 5 different fields of research were defined: Price model from 

the energy supplier, categorization of machine according to their consumption profile, 

energy function for calculating the energy needed by a production process, Key 

Performance Indicators (KPI) and evaluation and analysis. 

Results 

After getting familiar with the behavior of the MES (manufacturing execution system) 

platform of the industry partner a special tariff data model was developed to provide the 

varying energy prices per consumption unit to the planning algorithm in the software. 

The tariff data model is able to handle all possible variations (e.g. power/energy 

consumption restrictions, weekend tariffs, on-/off-peak power demand, etc.) of common 

electricity tariffs. Moreover in order to fit an energy formula, three categories of 

machines were defined. The first category concerns the machines that have an energy 

consumption depending on an average electrical power. The second category depends 

on a specific energy consumption, e.g. kWh/ kg, which is the case for injection molding 

and the third category relies on an electrical consumption depending on the temperature 

(e.g. furnace). After having modeled a price for the energy and specific parameters from 

the machines, additional data structures and two new planning parameters were 
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developed for the implementation of energy consumption and energy cost of production 

process steps in the planning software. The electrical energy consumption/cost 

calculation of  process steps is based on the simple formula power demand multiplied 

with operating time, but there are a lot of other production planning parameters, like 

machine set up/shutdown times, material factors, parallelized production processes, 

multi machine scheduling, etc. that have to be considered. Once this is made, the 

production is able to foresee its consumption, but in order to check the reliability of 

those prediction, several key performance indicators were defined as follow. Is-Energy 

is the actual measured energy whereas Plan-Energy is the energy that has been 

calculated with our formula. 

Energy needs per product of an order: 

per process
1

Is(Energy )
KPI

Good quantity
   

Energy needs per unit of time (year, month, etc.) 

per process
2

Is(Energy )
KPI

Unit of time
  : 

Planning quality (in %): 

4

Is(Energy)  -Plan(Energy)
KPI 100

Plan(Energy)
consumed consumed

consumed

   

Energy savings in a process 

  
 

  

5

  

minimum Is Energy
KPI

Is Energy

consumed per product

consumed per product

  

Minimum corresponds to the minimal energy consumption that has been measured for a 

specific production process on a specific machine. 

Conclusion 

After testing this model, a possible further research would be to take other form of 

energy into account (Gas, compressed air, steam,…) in order to reach a full energy 

management in a factory considering the workshop as well as the offices. 

83



ENER.7

STRUCTURAL CHARACTERISATION OF NOVEL ANODE

MATERIALS FOR USE IN BATTERY-APPLICATIONS

Philipp Hansa, Joong-Hee Hanb, Nastaran Hayati-Roodbaric,

Michael Elsaesserc and Klaudia Hradila

aX-ray center
bElectric Drive Technology, Mobility, Austrian Institute of Technology

cMaterials science and physics, University of Salzburg

At the interface of chemistry, physics and informatics, structural short range phenomena

are to be distinguished with crystallographic means1 and appropriate methods for investi-

gation have to be developed. Doing experimental work and simulation, the amalgamation

of theory and praxis is achieved.

As the amount of electrical devices is increasing so is the amount of energy needed. But

besides the apparent necessity of reducing the overall energy-consumption per capita2,

there exist a need for an increased capability of storing energy in parallel, an issue e.g. in

creating and using new forms of mobility. One logical consequence is the development

of materials with long-time cycle stabilities, high energy storage capacities and little

energy losses. [2]

Silicon based battery-anode materials have a theoretical capacity for storing lithium

many times higher than graphite which is used in conventional rechargeable lithium-

ion-batteries. Due to mechanical instabilities these materials, although seeming very

promising, could not yet successfully be assembled into a working system. [3]

In fig 1 the Rietveld refinement of the diiffractogramm given by silicon-nano-particles

coated with indium-hydroxide at 270 C is given. One can see that due to the elimination

of water indium oxide is formed. In fig 2 in the left side the PDFs of an extended silicon

crystal and a nano-particle are compared. On the right-hand side the diffractometer a

large part of the measurements is performed with is shown.

As keywords like nano and green technology are terms somewhat ubiquitous nowadays,

the forelying project can be understood as tying together these aspects in achieving a

synthesis of both issues. Strongly focusing upon the materials characterisation, it takes

part in the development of a completely new kind of materials, namely nano scaled

anode materials for lithium-ion batteries made from silicon.

Within this contribution we will introduce the results on the short-range crystallographic

order in this new developed nano-Si.

1The selected approach is the investigation of the pair distribution function (PDF) as well as the creation and

assessment of models integrating complementary approaches as spectroscopic and microscopic methods.
2See for example ”‘The 2000-watts society”’. [1]
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Fig. 1. A phase transition from In(OH)3 to In2O3 on coated Silicon-particles can be seen in an XRD-powder-

diffractogramm

Fig. 2. PDF and diffractometer for data collection
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Introduction 
For years the climate and human health, especially vascular and respiratory systems, 

have been affected by the presence of atmospheric aerosols. Long or short term 

exposure to particulate matter (PM) in the air, especially when the accepted level of the 

PM concentration is exceeded (50 μg/m3 as daily average, accordingly with the directive 

2008/50/EC set up by the European Commission) may cause a divergence of health 

effects. Krakow, as like as many other places in Malopolska Voivodeship (South 

Poland), is particularly vulnerable to accumulation of air pollution, mainly because of 

the topography of the city. Krakow is located in a basin and is surrounded by high 

buildings what additionally blocks the natural ventilation. In concordance with data 

presented by the Krakow Alarm of Smog (KAS), each year almost 400 inhabitants of 

Krakow untimely die because of air pollution. KAS likely informs that the accepted 

level of the PM10 amount in the air has been exceeded ca. 20 times per month during 

the heating season in Krakow [1].  

As the particulate matter consists of various organic and inorganic compounds, the aim 

of the study was to determine the complex chemical composition of two fractions of 

atmospheric aerosols (PM10 and PM2.5). 

Sampling, materials and methods 
Sampling locations have been selected to represent 

the pollution situation characteristic for different 

areas of Malopolska. Thus, samples of the PM10 

and PM2.5 fractions have been collected in 

Krakow, Skawina and Bialka as they represent the 

city centre, the industrial/residential town and 

rural/residential area, respectively (Figure 1). 
Figure 1 Sampling locations 
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PM10 and PM2.5 fractions have been collected with sampling times of 24-hours (with 

an exception of weekends in Krakow when filter was changed after ca. 72 hours) with 

the usage of the LVS-3 samplers operating with an air flow of 1 m3∙h-1. Samples were 

collected on quartz fibre filters (PallFlex®).  

The determination of the chemical composition of particulate matter includes: analysis 

of the organic and elemental carbon concentrations (thermal-optical method), analysis 

of main inorganic ions (high performance ion chromatography with conductivity 

detection), analysis of selected hydrocarbons (high performance anion exchange 

chromatography with pulsed amperometric detection), as well as elemental analysis 

(XRF) and the particulate mercury determination (thermal decomposition, gold 

amalgamation and atomic absorption spectrometry). 

Results and conclusions 
Heating season Krakow Bialka Skawina 
PM10 

Organic & elemental carbon 
Inorganic ions 
Trace & main elements 
Anhydrosugars 

 
32.5 % 
27.4 % 
2.3 % 
0.7 % 

28.4 % 
16.5 % 
1.1 % 
1.1 % 

74,5 % 
22.6 % 

-- 
0.5 % 

Table 1 Summarized data on chemical composition of the PM10 from heating season in 2013 

Table 1 summarizes part of the results obtained during the study. It refers to the 

chemical composition, expressed as percentage of PM10 collected in Krakow, Bialka 

and Skawina in heating season in 2013. Differences in the contributions of the single 

compounds and compound classes indicate that particulate matter has different origin at 

the investigated sites. The contribution of inorganic ions, which originate mainly from 

long range pollution transport or resuspension of street dust is higher in Krakow and 

Skawina, than in Bialka. Other situation could be seen in case of carbonaceous matter: 

Krakow and Bialka show a similar contribution, while Skawina represent two times 

higher share. Those clear differences depict the variability of aerosol sources active at 

the investigated sites, which will be discussed in more detail in the presentation.  
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FROM BIOGAS TO AMMONIA - SUSTAINABLE FUELS ON THE WAY TO A 
ZERO EMISSION VEHICLE 

Robert Pachler and Franz Winter 

Institute of Chemical Engineering, Vienna University of Technology 

Motivation 

As a result of the importance of CO2 reduction [1] and worldwide increasing fuel prices, 

renewable low carbon energy sources like biogas, are becoming more and more 

important. Especially in the segment of medium-sized and large engines (e.g. off-shore 

engines, heavy duty vehicles, locomotives) the trend is towards using short-chained 

hydrocarbons to reduce CO2 emissions.  

To study and understand the ignition behavior of a new potential fuel, simulations with 

reactions mechanisms are performed using a reaction kinetic software. 

Kinetic simulation 

Chemical kinetic mechanisms play an important role for CFD simulations. To develop a 

new highly economic engine, e.g. lean biogas-fueled internal combustion engines at 

high pressure conditions, chemical kinetic simulation tool are inevitable. Obtained from 

a zero - dimensional chemical kinetic simulation, the ignition delay times were 

compared to each other. In a second step, rapid compression machine (RCM) 

experiments were performed to investigate and validate the simulated ignition behavior. 

Ammonia - a further step towards a sustainable mobility 

The statutory reduction of greenhouse gas emissions requires a further development of 

new sustainable fuels for freight traffic and individual transport. Hydrogen is a 

promising alternative but at the moment it is impossible to predict when sufficient 

market penetration will be achieved. The same applies for electric cars. 

A transition to a hydrogen-based mobility requires a bridge technology, which enables 
the usage of a low-emission mobility in the short and medium term and is competitive 
from the beginning compared to fossil fuels. For that purpose, one possibility is the 
usage of ammonia, which impresses with a high hydrogen share compared to other 
common fuels and the absence of carbon. Figure 1 shows exhaust CO2 and NO 
emissions of an ammonia/diesel powered dual fuel engine over a wide substitution rate. 

One liter of liquid ammonia contains approx. 1.7 times as much hydrogen as one liter of 
liquid hydrogen [2]. In respect of fuel tanks, this enables smaller, lighter and cheaper 
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storage systems. Another advantage of ammonia as a fuel, is its potential for 
decentralized and fossil fuel independent production.  

 
Figure 1: Exhaust CO2 and NO emissions under constant power output operation using various 

combinations of ammonia/diesel fuel, compared to emissions using 100% diesel fuel [3] 

Since it is forbidden by law to transport large quantities of liquid or gaseous ammonia, 
the technical feasibility of an “Ammonia Car” depends on the development of an 
alternative storage method. One possibility is the storage in solids, e.g. metal amines, 
which allows volumetric energy densities equivalent to CNG and provides high 
operational reliability [4]. Due to the high anti-knock index of ammonia (AKI=120) [5] 
compared to conventional fuels, the engine can be operate with much higher 
compression ratios, whereby the total engine efficiency can be increased. [6] 
demonstrated an efficiency increase from 52% to 60%, while increasing the 
compression ratio from 30:1 to 100:1. (Diesel engine compression ratios <20:1) 

Outlook 

To create a deeper knowledge of the reaction kinetics of the charge and discharge 
characteristic, analytical effort will be made using TGA, DSC and perform loading 
experiments at overpressure in autoclaves. In order to get a better understanding of the 
motor-driven ammonia combustion, a nitrogen reaction mechanism is optimized and 
validated for engine combustion conditions. The validation is based on results from 
RCM (rapid compression machine) experiments. In addition, engine bench tests are 
performed and modeled to broaden the knowledge of the processes within the cylinder 
and their parameter dependencies. 

____ 
[1] EEA (2012): CO2 emissions performance of car manufacturers in 2012, EEA, Denmark 
[2] S. Frigo, R. Gentili, F. de Angelis (2014): Further Insight into the Possibility to Fuel a SI Engine with 
Ammonia plus Hydrogen, SAE International, Warrendale, PA 
[3] A.J. Reiter, S.-C. Kong (2011), Combustion and emissions characteristics of compression-ignition 
engine using dual ammonia-diesel fuel, Fuel 90, p.87–97. 
[4] C. Zamfirescu, I. Dincer (2009) Ammonia as a green fuel and hydrogen source for vehicular 
applications, Fuel Processing Technology 90, p.729–737 
[5] K. Ryu, G.E. Zacharakis-Jutz, S.-C. Kong, Effects of gaseous ammonia direct injection on 
performance characteristics of a spark-ignition engine, Applied Energy 113 (2014) 488–499 
[6] S.L. Miller, M.N. Svrcek, K.-Y. Teh, C.F. Edwards, Assessing the feasibility of increasing engine 
efficiency through extreme compression, International Journal of Engine Research 12 (2011) 293–307. 
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Problem statement 

This work deals with a trilateral thermal cycle characterized by the conversion of low 

temperature heat into mechanical work undergoing an isothermal closed process based 

path function. The trilateral cycle is also characterized by its ability to yield high 

efficiency at relative low temperatures. 

The analysis of the proposed cycle has been carried out and the attained results have 

been compared with that of a Carnot cycle operating under the same ratio of 

temperatures. It is determined that into a range of relative low operating temperatures 

(below 400 K) high thermal efficiency can be achieved (greater that 40% according to 

the data of table 1). These results for helium as working fluid and, present a satisfactory 

specific work undergoing a thermal efficiency that largely surpasses the Carnot Factor 

at low temperatures. 

 
Figure 1 The engine layout consisting of a double effect cylinder with helium as working fluid converts low 

temperature heat, supplied by means of heat exchangers into mechanical work at low temperatures, low speed and 
high thermal efficiency. Also a T-s diagram of the trilateral thermal cycle is presented. 

Cycle operation  

Considering the chamber A of the cylinder depicted in Figure 1, and the T-s diagram 

shown also in the same figure, the trilateral cycle starts in the state point 1, with helium 

as working fluid under a pressure, temperature, specific volume and entropy 

corresponding to the point 1. After some heat has been added (q12) at constant volume 
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(isochoric process), the pressure, temperature and entropy corresponds to the state point 

2. The transformation 2-3 undergoes constant temperature, so that the heat added (q22) 

is covered integrally into mechanical work at constant temperature (isothermal process), 

since the internal energy remains constant along the transformation 2-3. The last 

transformation corresponds to the heat rejection q31 towards the heat sink which might 

be the environment. 

The isothermal process control 

The transformation 2-3 consists of an isothermal transformation, so that undergoes 

constant temperature. This might be achieved by modulating the heat flow rate with a 

temperature control algorithm (temperature controller) as the piston moves along the 

cylinder stroke, which requires measuring accurately the actual or real time temperature 

to respond by actuating on the fuel flow rate. Measuring the temperature undergoes 

some undesirable delay. In the case of high engine speed, temperature will be acquired 

with too much delay. Due to this drawback, the heat flow can be modulated on the basis 

of the cylinder pressure and piston position. These variables can be easily and 

accurately measured. That is, knowing the real pressure Pm actuating on the piston, and 

the actual position X, then the estimated temperature Te can be achieved by applying Te 

= A*Xm*Pm/R. Consequently, knowing the set point or desired temperature Tsp, and 

the estimated actual temperature Te, then a feedback control loop with accuracy and 

rapid response can be effectively implemented. 

Results and conclusions 

Table 1 shows the main results of the trilateral thermal cycle characterized by an 

isothermal expansion process. It is shown that for operating temperatures below 450 K 

corresponding to operating pressures of 1.5 bar, the thermal efficiency is greater than 

the Carnot Factor such as in [1]. 

T1(K) p2(bar) T2(K) W(kJ/kg) eff(%) CF(%) 
300 1.1 330 65.33 41.13 9.10 
300 1.2 360 136.33 42.16 16.70 
300 1.5 450 379.00 44.78 33.30 
300 2 600 863.80 48.02 50.00 

Table 1 Results of the cycle analysis showing the specific work, the temperature T2, the thermal 

efficiency and the corresponding Carnot Factor as function of the pressure p2 for T1=300 K and p1, 1 bar. 

As consequence of these results, prototyping of this compact and simple thermal engine 

is the next task to validate the contribution 

[1] Xiaohui S., Yonggao Y., Xiaosong Z., Thermodynamic analysis of a novel energy-efficient 
refrigeration system subcooled by liquid desiccant dehumidification and evaporation. Energy Conversion 
and Management. 2014; (78): 286-296. 
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Motivation 

In the interest of energy efficiency of a process it is important to use energy as 

comprehensive as possible. Often the unused energy occurs in form of waste heat. 

About 63% of the total primary energy input for electricity production are conversion 

losses from thermal production [1]. Waste heat often arise discontinuously or at a low 

temperature level (<400°C). The usage of low level waste heat for the purpose of 

transforming it into electric energy is hindered by the very low energy efficiency (e.g. 

the energy efficiency of ORC-process at the cement plant in Lengfurt is at only 12,8% 

[2]). 

Thermochemical energy storage 

Heat storage systems pose one possible solution to overcome discrepancies in heat 

production and heat consumption. Particularly thermochemical energy storage promises 

high storage densities and the possibility of long storage periods without significant 

losses. 

 

 

 

 

 

The principle of thermochemical energy storage is depicted in figure 1. Waste heat is 

used in reactor 1 to charge the storage material, in this case Mg(OH)2. The storage 

material reacts to its charged form and a reactive gas, here MgO and H2O following the 

reaction in figure 1. This is an endothermic process and the reaction energy ∆HR is 

stored in the products. In reactor 2 the charged storage material (MgO) and the reactive 

gas (H2O) react back to the discharged storage material Mg(OH)2 thus releasing the 

stored energy. One can see that as long as the charged storage material and the reactive 

gas are stored separately no reaction energy is lost. Furthermore reactor 1 and reactor 2 

Figure 1 Principle of thermochemical energy storage based on Mg(OH)2/MgO  
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can be placed at different location, therefore thermochemical energy storage is capable 

to connect heat supply and demand over bigger distances, e.g. connect a remote plant to 

a district heating grid. 

Experimental work 

The key factor for an economic storage system is a suitable storage material. First and 

most important the energy charging reaction must fit the available waste heat 

temperature level. Additionally, it should have a high energy density, good reaction 

kinetics, low toxicity and a low price. 

To find suitable reactions for different waste heat temperature levels a computer-driven 

database search for different reactive gases has been conducted.  Table 1 shows the 

result of this search for various reactive gases.  

 
H2O CO2 SO2 NH3 O2 

Found reactions 578 43 35 51 945 

 

As the reaction kinetics for the most reactions cannot be found in a database [3], the 

reactions ranked best in the other parameters (energy density, toxicity, price) are further 

analyzed and their kinetics are determined. 

The methods of choice to analyse the kinetics of such gas-solid reactions are their 

determination with thermo-gravimetric analysis (TGA) and differential scanning 

calorimetry (DSC). It is used to gain insight in the reaction kinetics, reversibility 

behavior and cycle stability depending on the temperature and partial pressure of the 

reactive gas. 

Outlook 

An extensive analytical effort will be made using RFA, XRD, BET to get a deeper 

understanding of the substances and the reaction kinetics. This is necessary in order to 

improve the charge/discharge process by adapting the conversion rate and to increase 

the cycle stability of the material by reducing aging effects of the material.  

 

 

____ 
[1] IEA, Electricity Information 2007, OECD/IEA, Paris 

[2] R. Kuder, M. Blesl (2010): Technology orientated analysis of the emission reduction potentials in the 

industrial sector in the EU-27, International Energy Workshop 

[3] Abedin, Ali H.; Rosen, Marc A. (2011): A critical review of thermochemical energy storage systems, 

Open Renewable Energy J 4, S. 42–46. 

Table 2 Number of reactions found for different reactive gases 
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MYCOTOXIN-CONJUGATES AS REFERENCE MATERIALS FOR 
ENVIRONMENTAL MONITORING 

Julia Weber, Hannes Mikula, Philipp Fruhmann, Christian Hametner  
and Johannes Fröhlich 

Institute of Applied Synthetic Chemistry  

Mycotoxins are low molecular, secondary metabolites of moulds which are toxic to 

human and animals. They are often released onto food and feed after growth of certain 

fungi (e.g. Fusarium fungi) on plant commodities. Especially cereals and cereal-based 

food is often found to be contaminated by the mycotoxins zearalenone and 

deoxynivalenol (Figure 1). 

 

Figure 1 Fusarium toxins 

As the structure of ZEN resembles natural estrogens, it is able to bind to the estrogenic 

receptor causing hyperestrogenism, problems of the reproductive tract and impaired 

fertility. Deoxynivalenol is acute toxic and immunsuppressive. Vomiting, diarrhea, 

dizziness, nausea and headache were observed in humans. Thus it was taken much 

effort to develop routine tests for food samples and maximum levels were set by the 

European commission. 

However Fusarium mycotoxins are prone to metabolisation by plants. Infected plants 

are able to modify ZEN and DON biochemically as part of their defense against 

xenobiotics. These altered forms of ZEN and DON belong to the broader group of so 

called “masked mycotoxins” that are neither recognized by routine screenings nor 

regulated by legislation (Figure 2).  

 

Figure 2 Some “masked mycotoxins”, which were already successfully synthesized in our group. 

Nevertheless they are harmful for mammals as hydrolysis during digestion can convert 

masked mycotoxins back to their toxic precursors. Further investigations in terms of 

bioanalytics and toxicology demands provision of mycotoxin-conjugates as reference 
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materials. Therefore the aim of our ongoing research is to develop novel synthetic 

strategies and methods to prepare mycotoxin-conjugates in reasonable amounts.  

One important detoxification process of plants against xenobiotics is to form glucosides 

enhancing their water solubility. Hence glucosylation reactions are also a fundamental 

step in our syntheses of mycotoxin conjugates. Herein a glucosyldonor equipped with 

protecting groups and a leaving group at the anomeric center is activated by a promotor 

forming an oxocarbenium ion which can then be attacked by the nucleophilic alcohol 

(in our case the mycotoxin) to form a glycosidic bond. 

 
Figure 3 Glucosylation reaction 

Often mycotoxins have more than one nucleophilic functionality which is able to act in 

a glycosylation reaction. To prevent the formation of product mixtures different 

strategies are applied. One of these is to use a solid support which binds to all 

nucleophilic functionalities except the one to be glycosylated. In this way the 

mycotoxin can be conjugated regioselectively. With an optimized solid phase protocol 

we want to simplify the synthesis of mycotoxin conjugates in a way that allows 

convenient access to reference materials without having a fully equipped synthetic 

chemistry laboratory.  

 

Figure 4 Solid Phase Synthesis 
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ENERGY OPTIMIZED PRODUCT RECOVERY FROM ABE-
FERMENTATION BROTH 

Rom Antonia, Friedl Anton 
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The aim of this work was to optimize the product recovery during Aceton-Butanol-

Ethanol (ABE) fermentation. Low ABE productivity in fermentation is the obstacle for 

an industrial implementation, due to high energy demand for the product recovery. 

Different recovery processes were investigated to increase ABE concentration, 

membrane distillation, gas stripping, pervaporation and a hybrid combination, 

respectively. All processes have the potential to increase product concentration for the 

later distillation step resulting in an optimized downstream energy demand. In this work 

product recovery with pervaporation and upgrading with distillation is presented. 

Introduction 

ABE Fermentation is one of the oldest industrial processes. In the beginning the main 

product of this process was Aceton. Due to the product ratio of 3:6:1 for A:B:E 

respectively, butanol was a huge by-product. As chemical as well as fuel butanol had a 

high market. Butanol with its 4 Carbon molecules has a high heating value, it is less 

hygroscopic and has further advantages compared to fuel ethanol. These properties 

favored butanol as fuel besides ethanol. Up to the 1950’s all Butanol was produces via 

ABE fermentation becoming one of the largest bio processes ever performed on 

industrial scale [1,2]. One main obstacle is the product inhibition at 15g/l of butanol, 

resulting in diluted fermentation broth (0.1 w%) and a low substrate conversion in batch 

fermentation. After the petrochemical industry entered the stage the process route via 

fermentation was not competitive anymore. Up to know Biobutanol is not fully 

implemented in industry, due to the high energy demand. Therefore many researchers 

focus on the investigation of product recovery from ABE fermentation broth. One 

attempt is in situ recovery of products to avoid product inhibition and obtain high 

substrate conversion. By continuously removing the product in a small by pass stream 

via pervaporation fermentation process can continuously run and convert all substrates. 

Depending on the pervaporation membrane concentration in the permeate stream varies, 

but it is obligatory to increase concentration to at least 5 w% to gain 50 % energy 

savings for the downstream distillation step. Due to an immiscibility gap between 7 and 

80 w% energy demand for distillation decreases additionally (figure 1). 
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Figure 1 left: VLE of BuOH-water mixture, visible is the immiscibility gap between 7 and 80 w%, right: 

energy demand for distillation as a function of feed concentration. 

Theory and Methods 

In this work experimental investigation of the pervaporation process was done in lab 

scale. Influencing factors such as feed temperature and feed concentration were varied 

with the help of DoE to find optimal process parameters. Calculation of the energy 

demand for the distillation step was done in the simulation software AspenPlus v7.3.2. 

No pervaporation unit operation is available in the software. Therefore an own unit 

operation was programmed in the software AspenCustomModeler and implemented in 

AspenPlus. The unit operation is based on an earlier work of Rom et al. (2014) 

considering mass and energy balances [4]. The driving force in the PV-model is the 

partial pressure difference between feed and permeate side as well as the permeance of 

the membrane. The earlier generated experimental data was used for the validation of 

the PV-model. Combination of these process steps in one flowsheet enables overall 

mass and energy balances as well as sensitivity analysis. 

Conclusion 

The aim of this work is the energy optimization of a product recovery from ABE 

fermentation broth. A combination of experiments and simulation allow reliable mass 

and energy calculations for the investigation of this process. 

[1] Dürre, P. Biobutanol: An attractive biofuel Biotechnology Journal, 2007, 2, 1525-1534  

[2] Vane, L. M. Separation technologies for the recovery and dehydration of alcohols from fermentation 

broth Biofuels, Bioproducts and Biorefining, 2008, 2, 553–588  

[4] Matsumura, M.; Kataoka, H.; Sueki, M. & Araki, K. Energy saving effect of pervaporation using 

oleyl alcohol liquid membrane in butanol purification Bioprocess Engineering, 1988, 3, 93-100  

[3] Rom, A.; Wukovits, W. & Anton, F. Development of a vacuum membrane distillation unit operation: 

From experimental data to a simulation model Chemical Engineering and Processing: Process 

Intensification, 2014, 86, 90-95  
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DESIGNING NOVEL FLUOROGENIC PROBES FOR RAPID ONLINE 
DETECTION OF BACTERIA IN WATER  

Stefan Lexmüller, Hannes Mikula, and Johannes Fröhlich 

Institute of Applied Synthetic Chemistry 

Monitoring the quality of surface, industrial, waste and drinking water is a crucial 

aspect of environmental monitoring since the water quality directly influences the 

quality of live. An important part of water monitoring is investigating the bacterial load, 

which can be achieved by a variety of methods including the utilization of highly 

specific enzymes produced by bacteria during their normal existence. The use of 

artificial chromogenic and fluorogenic enzyme substrates (fluorogenic probes) to 

identify certain bacteria is now common in place in medical laboratories worldwide. 

However traditional methods of identifying bacteria in laboratories can be time 

consuming, as they can involve many sequential tests that require time to set up and 

long incubations. 

 

Figure 1. General principle of fluorogenic substrates for enzyme assays (FM: fluorogene/fluorogenic 

moiety, ERM: enzyme responsive moiety, e.g. carbohydrate, amino acid/peptide, phosphate, etc.) 

Furthermore not all bacterial strains can be incubated, making them undetectable for 

many standard monitoring procedures. Our cooperation partner Vienna Water 

Monitoring (VWM) has developed with the Coliminder an instrument for faster and far 

more accurate detection of bacteria in water. The Coliminder can measure online 

(without incubation) the bacterial load by monitoring the increasing fluorescence as the 

enzymes of the living bacteria break down the flourogenic enzyme substrate.  

The reason for our participation in this project is that common fluorogenic enzyme 

substrates have many disadvantages for an online approach such as, low water 

solubility, low stability (especially aryl glycosides) and fluorescence maxima at pH 

values away from physiological conditions leading to reduced sensitivities.  In Order to 

tackle these problems novel strategies were developed and are subject of our current 

research. 

One approach is to introduce a self-immolating spacer group into the fluorogenic probe 

(figure 2) [1], hence modifying its release chemistry and stability. Furthermore since the 

fluoregenic moiety is no longer directly linked to the enzyme responsive moiety, 
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different fluorogenes can be used. This strategy generally known as β-elimination was 

already successfully implemented for different assays has not been applied for the 

development of glycosidase assays yet. 

 

Figure 2 General principle of β-elimination by introduction of a labile spacer between the fluorogene 

(FM) and the enzyme responsive moiety (ERM). 

Our first developed β-elimination Substrates have already been tested in enzyme assays 

and show some promise, since their fluorescence maxima is closer to physiological 

conditions but there are still further investigations required in this approach, including 

different spacer moieties and modifying of the fluorogene.  

A second approach, we are currently following, uses the Fluorescence resonance energy 

transfer (FRET), which is a very effective principle for the detection of cleavage 

reactions [2]. This effect occurs when two chromophores interact with each other over a 

covalent chain or within a non-covalent complex and modify or erase the fluorescence 

emission. When a bond between these two chromophores is cleaved, for example by an 

enzyme, the fluorescent moiety is set free making it possible to achieve high sensitivity 

independent of the pH value. (Figure 3) 

 

Figure 3. General principle of FRET (fluorescence resonance energy transfer) substrates (F*: highly 

fluorescent moiety, ERM: enzyme responsive moiety, Q: quencher molecule/nanoparticle). 

We already made some progress in design and synthesis, but due to its complexity this 

approach will require much effort. However the potential benefits make it an ideal 

choice for the development of novel highly sensitive glycosidase assays. 

 

____ 
[1] Goddard, J.-P.; Reymond, J.-L. Enzyme assays for high-throughput screening. Current Opinion in 

Biotechnology 2004, 15, 314-322. 

[2] Goddard, J.-P.; Reymond, J.-L. Recent advances in enzyme assays. Trends in Biotechnology 2004, 

22, 363-370. 
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SOLAR ENERGY CONVERSION IN VAN DER WAALS 
HETEROSTRUCTURES 

Marco M. Furchia, Andreas Pospischila, Armin A. Zechmeistera , Florian Libischb, 
Joachim Burgdörferb and Thomas Muellera

 

aInstitute of Photonics 
bInstitute for Theoretical Physics 

Photovoltaic cells for solar energy harvesting are today mainly made out of crystalline 

semiconductors or organic compounds. Besides the high production costs, crystalline 

semiconductor cells have the drawback of being heavy and bulky. Organic cells, on the 

other hand, suffer from low carrier mobility and short lifetime of the organic material. 

To overcome these drawbacks, we engineered a new type of solar cell based on 

atomically thin transition metal dichalcogenide (TMDC) layers. Due to the very low 

thickness of the used materials the advantages of low raw material costs, high flexibility 

and semi-transparency are intrinsic parameters. This, combined with the wide range of 

available band gaps and good carrier mobility make atomically thin TMDC crystals a 

promising candidate for next generation solar cells[1]. Recent work demonstrated that 

atomically thin WSe2 can be electrostatically doped such that hole and electron 

conduction is achieved and that it can be used to realize a lateral hetero-junction which 

can be operated as a solar cell[2]. 

The main drawback of the lateral structure is the small interaction area. To overcome 

this limitation, we fabricated planar van der Waals heterojunctions by stacking two[3], 

and also multiple, atomically thin TMDC layers. The two-layer device consists of sheets 

of different two-dimensional materials that are bound together via van der Waals forces. 

We used WSe2 and MoS2, as these materials have different intrinsic doping. WSe2 is 

intrinsically p-doped and MoS2 n-doped the result is a vertical p-n junction. P-n 

junctions are the basic building block for most electronic and optoelectronic devices. 

Therefore the resulting device is very versatile. It can not only be operated as a diode 

and a resistor but also as a solar cell and a photo detector. Optimizing the resistivity of 

the metal-semiconductor interface would widen the spectrum of applications to 

photodiodes, lasers and optical modulators. 

Figure 1a shows that such a two-layer planar p-n junction can indeed be used for 

efficient solar energy harvesting. We will present electrical transport measurements and 
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photovoltaic properties. Furthermore photoluminescence measurements will be 

discussed to clarify the working principle of these devices. In addition we will show 

improved cells, formed by a triple TMDC heterojunction as schematically depicted in 

Figure 1b. 

References 

[1] D. Jariwala et al., ACS Nano, 8 (2014) 1102-1120. 

[2] A. Pospischil et al., Nature Nanotechnology, 9 (2014) 257-261. 

[3] M.M. Furchi et al., Nano Letters, 14 (2014) 4785-4791. 

Figures 

Fig. 1(a) I-V characteristic of the MoS2 – WSe2 heterostructure device under optical illumination with 

Popt =180...6400 W/m2. (b) Schematic illustration of a triple junction heterostructure device. 
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Introduction 
 
Materials Science – as old as mankind and as new and fashioned as modern 
communication and information technologies – is tightly connected with 
any development and manufacturing. Therefore, major eras are also 
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named after their dominating materials – such as stone age, bronze age, 
and iron age. The present era could be named silicon age – which is the 
dominating material whenever it comes to modern developments 
(microelectronics, quantum-dots, photovoltaic, sensors and actuators, etc.) 
– or the golden age of materials science. 

Materials Science is the research and development of materials and their 
knowledge-based selection for technological applications. By exploring the 
physical, chemical, and engineering origin of materials properties – of 
course with the help of mathematics – materials science is truly an 
interdisciplinary activity. While the role of physics (and especially modern 
physics with quantum theory for example) and chemistry is crystal-clear, 
the engineering nature is somehow not as obvious. Bones and glass 
sponges (Euplectella, the so-called “Venus flower basket”, inhabiting the 
sea at 40 to 5 000 m depth, since 540 million years), for example, have 
their outstanding properties (strength combined with flexibility) mainly 
because of their clever (hierarchical) architectures across several length 
scales – from nano- to centimeter. 

Ceramics are the oldest synthetically produced materials, pottery can be 
traced back to ~20 000 BC. Products made of metals are comparably 
young, with gold being most likely the first metal used by man (~9 000 BC) 
– basically for decoration, religious artifacts, and commerce, as gold is too 
soft to be used for tools. Tools made of metals started with copper (~9 000 
BC), forming also the bases for the first alloy-development, bronze (~3 500 
BC). While iron from meteorites, which is the only native iron in earth’s 
crust (due to meteoric impacts), was already used ~5 000 BC for various 
products, wrought-iron products date back to ~2 500 – 3 000 BC. Because 
iron smelting – extraction of usable iron from naturally occurring iron ores 
– is way more difficult than tin and copper smelting (which form bronze), 
iron products were a rarity until ~1 000 BC. Therefore, iron and especially 
steels were traded higher than gold. 

Because of the important role and tight connection with any technological 
development and breakthrough, Materials and Matter is one of the five 
main research focuses of TU Wien. The master program Materials Science 
started with Oct. 2012 as an inter-faculty (including five faculties) study-
program, acknowledging and highlighting the interdisciplinary nature and 
importance of materials science. Of course, materials science is part of 
many more study-programs and institutes as well. 

The high number of high-quality contributions at VSS within this field – 
from various institutes and faculties – also represents the importance and 
interdisciplinary nature of materials science. 
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COBALT OXIDE MODEL CATALYSTS AS ALTERNATIVE TO NOBEL 
METAL CATALYSTS 

Christoph Rameshana, Kreshimir Anica, Andrey Bukhtiyarovb  
and Günther Rupprechtera 

aInstitute of Materials Chemistry, TU-Wien 
bBoreskov Institute of Catalysis, Russian Academy of Sciences, Novosibirsk 

Introduction 

Due to the limited availability of noble metals, transition metal oxides have recently 

attracted increasing attention as catalysts for CO oxidation and water gas shift reaction. 

In particular, Co3O4 has turned out to be an extraordinarily promising catalyst for low 

temperature CO oxidation [1] and therefore as alternative exhaust gas converter in 

future environmental technology. In contrast to the industrial Pd/Pt based catalyst, 

Co3O4 is already active during the cold start of the engine. 

Nevertheless, still missing is an understanding of the mechanism of the high activity of 

particular Co3O4 catalysts, the origin of the structure dependence is entirely unexplained 

and the nature of the active sites is not resolved. For example materials with defined 

nanoshapes (e.g. rods) show much higher activity compared to nanoparticles [2]. Open 

questions and contradicting results concern, for instance, the role of Co2+/Co3+, different 

oxygen species, oxygen vacancies, formation of carbonates, influence of pretreatment, 

moisture in the feed and the cause of catalysts deactivation [3]. This is due to the fact 

that the current understanding of this reaction system is mostly based on ex-situ analysis 

of the catalysts and kinetic experiments [1-3]. However, the cobalt oxidation state might 

undergo dynamic variations under reaction conditions. Therefore, an in-depth 

investigation of Co3O4 and CoO by employing in-situ surface sensitive techniques is 

required for elucidating the nature of active sites and the reaction mechanism.  

Experimental 

We have chosen thin cobalt oxide films with a defined structure as model catalysts for 

low temperature CO oxidation. The cobalt oxide films were deposited onto the surface 

of an Ir(100) single crystal by physical vapor deposition (PVD) in O2 flow with a 

subsequent post-oxidation step. With this routine ~8 ML thick epitaxial Co3O4(111) and 

CoO(111) films were prepared. The characterization of the films has been performed by 

low energy electron diffraction (LEED) and X-ray photoelectron spectroscopy (XPS). 

CO and CO + O2 was then dosed at UHV conditions and elevated pressure (up to 300 

mbar) to study the reactivity of the model catalyst surface ex- and in-situ with infrared 

spectroscopy (IRAS and PM-IRAS) and by temperature programmed desorption (TPD) 
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experiments. With post reaction characterization by XPS and LEED possible structural 

changes were investigated. 

Results 

By means of XPS and PM-IRAS it has been shown that for both Co3O4(111) and 

CoO(111), depending on the conditions of CO adsorption, we obtained the appearance 

of two different carbon-containing species which could be identified as bidental 

carbonates and elementary carbon. Furthermore, in case of the Co3O4(111) film, CO 

adsorption leads to partial reduction of cobalt oxide at higher gas pressures. This 

phenomenon could be observed even at room 

temperature (“pressure gap”). In contrast, on CoO 

CO only adsorbs in the on top geometry without 

further reaction or influence on the surface at RT.  

The thermal stability of carbonates and elementary 

carbon formed during CO adsorption on Co3O4(111) 

film was investigated by TPD. It has been shown that 

both desorbed from the surface at 520 K -700 K as 

CO2, at the same time the Co3O4(111) film has been 

fully reduced to CoO(111). For CoO, TPD 

experiments after CO adsorption show that at high 

temperatures CoO is partly reduced to Co(0). 

Furthermore the surface hydroxylation of Co3O4 and CoO and its influence on the 

adsorption and reaction properties was investigated. It could be shown that hydroxyl 

groups have an impact on the CO2 desorption mechanism on both oxides. Due to the 

hydroxylated surface a possible water gas shift reaction mechanism could be occurring.  

We additionally showed that it is possible to recover the initial film composition and 

structure of Co3O4 and CoO after CO adsorption and desorption experiments by an 

oxidation treatment and subsequent annealing in UHV. 
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Figure 1: Co2p XPS spectra of Co3O4

before (black) and after (red and blue)
adsorption of 100 mbar CO, followed by
TPD. Co3O4 is reduced towards CoO
indicated by the appearing satellite peak at
~786 eV. 
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CARBON-FIBER COMPOSITES IN ANTENNA APPLICATIONS

Gerald Artner a,b, and Christoph Mecklenbräuker a,b

aInstitute of Telecommunications E389
bChristian Doppler Laboratory for Wireless Technologies for Sustainable Mobility

The influence of carbon-fiber composite (CFC) as ground plane material on antenna

performance is investigated. Radio frequency properties of CFC’s are measured with

the Nicholson-Ross-Weir method [1].

INTRODUCTION

Cars of the future will employ complex communication systems to enable car-to-car

communication, cooperative driving, higher data rates for passengers and embed traffic

into the internet of things. More complex and reliable antenna systems will be included

into cars to meet this increasing demand for telecommunication.

In the automotive industry carbon-fiber composites (CFC’s) are increasingly utilized in

the construction of cars. The construction flexibility that CFC’s offer can be utilized in

the integration of larger communication systems into vehicles. But in order to design the

next generation of vehicular antenna systems, the electrical properties of these CFC’s

need to be characterized at radio frequencies. I will present the electrical properties of

two CFC’s derived from waveguide measurements.

Additionally, I present the influence of CFC’s as ground plane material on the perfor-

mance of monopole antennas. Antenna key parameters like gain, radiation efficiency,

radiation patterns and return loss are measured in an anechoic chamber.

Characterization of Carbon-Fiber Composites

The electrical properties of CFC’s are anisotropic in general, as conductivity is high in

fiber direction and lower perpendicular to the fibers. To characterize the anisotropy of

the material, rectangular samples with different alignment are cut from the investigated

material. One sample at a time is then placed in a fixture in the middle of a rectangular

wave guide. The CFC sample disturbs the electromagnetic waves inside the waveguide,

part of the incoming wave gets reflected and part of it is transmitted to the other end of

the waveguide. From the measured scattering-parameters the electric permittivity and

magnetic permeability can then be calculated with the Nicholson-Ross-Weir method [1].

Measurements are preformed from 4 - 6GHz and include the frequencies for the IEEE

802.11p standard for intelligent transportation systems.
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(a) Scattering-parameter measurement of CFC

samples in a rectangular waveguide.

(b) CFC sample inside waveguide.

Fig. 1. Measurement of the anisotropic electrical properties of CFC with the NRW-method.

(a) Monopole antenna on a circular CFC

ground plane.

(b) Measured 2.45GHz and 5.9GHz monopole antenna

properties for three different CFC and aluminum ground

planes.

Fig. 2. Influence of CFC as ground plane material for monopole antennas, as presented in [2].

Influence of CFC on Antenna Performance

In addition to the characterization of the electrical properties of CFC, the influence

of CFC as ground plane material for antennas is investigated. Circular ground planes

cut from three different CFC’s are compared with an aluminum ground plane, based on

measurements inside our anechoic chamber [2]. The results show that for the investigated

CFC’s the radiation patterns do not change significantly but the radiation efficiency is

reduced by up to 23%.

REFERENCES

[1] Vicente, A.N.; Dip, G.M. and Junqueira, C., The step by step development of NRW method, Microwave &

Optoelectronics Conference (IMOC), 2011.

[2] Artner, G.; Langwieser, R.; Lasser, G. and Mecklenbräuker, C.F., Effect of carbon-fiber composites as ground

plane material on antenna performance, IEEE-APS Topical Conference on Antennas and Propagation in Wireless

Communications (APWC), 2014
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NOVEL FERROCENE-CONTAINING HIGH PERFORMANCE POLYMERS  

Martina Schroffeneggera, Afrooz Zirakzadehb, Miriam M. Unterlassa 

a Institute of Materials Chemistry  
b Institute of Applied Synthetic Chemistry 

Ferrocene (Fc) is one of the most stable organometallic compounds. Since its discovery 

in the early 1950s [1], Fc chemistry has developed into a highly versatile branch of 

organometallic chemistry. Fc and its derivates provide intriguing features, e.g. excellent 

electrochemical response and redox properties [2] to name but a few. Despite these 

promising characteristics, actual implementation as ‘realistic’ materials has been 

challenging. Consequently, numerous attempts have been made to incorporate Fc 

building blocks into polymers [3],[4]. The reasoning behind this approach is the 

countless forms in which polymers can be processed (e.g. films, fibers, monoliths), the 

ease of processing them into these forms, and the improved stability that 

macromolecules present compared to small molecules.   

Several main-chain Fc-containing polymers, i.e. macromolecules comprising Fc in their 

backbone compared in their pendant side-chains have been prepared by free radical, 

ring-opening and condensation polymerizations [3]. As the electronic properties of 

small molecule Fc-derivates are also found in Fc-polymers, they can be applied in the 

fields of nonlinear optical devices, light emitting diodes, electrochemical sensors, 

molecular magnets, thin film transistors and liquid crystals [4]. Despite the intriguing 

electronic properties of Fc-polymers, they still lack one extremely important feature: 

they show rather low temperature stability. This is indeed a major problem for realistic 

applications, as both processing of polymers and operational conditions of the final 

materials almost inevitably involve increased temperatures. For improving thermal 

stability, one can adjust the molecular structure: the incorporation of stiff functions (e.g. 

aromatics and heteroaromatics, amide and imide functions) leads to so-called high-

performance polymers (HPPs). Polyamides and polyimides are amongst the most stable 

HPPs, and are so-called condensation polymers, i.e. their formation reaction involves 

the release of small molecular byproducts like water. A few Fc-containing main-chain 

polyamides have been reported, which indeed show increased stability (e.g. heat- and 

flame-resistance) [5]. Main-chain Fc-polyimides however have to date not been 

reported.  

Herein, we introduce a novel, as we believe, general route to synthesize main-chain FC-

containing polyimides: solid-state polymerization (SSP) of Fc-derived salts to 

polyimides (Scheme 1). This is, to our knowledge, the first report of a Fc main-chain 

polyimide. Our method bears the advantage of being carried out in the absence of any 

solvents, whereas classical syntheses rely on toxic, high-boiling solvents such as m-
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cresol. Our route comprises two steps. In the first step we prepare a salt between the co-

monomers, a Fc-diamine species and an organic α,α’,β,β’-tetracarboxylic acid species. 

The resulting monomer salt is thus a Fc-diamminium β,β’-dicarboxy-α,α’-dicarboxylate 

(Scheme 1, middle). The monomer salt is formed via acid-base reaction, and has thus to 

be carried out in a protic solvent. These monomer salts provide ideal 1:1 stoichiometry 

of the two co-monomers (Fc-diamine and tetracarboxylic acid) that is crucial for 

obtaining polymers of high molecular weight by polycondensations. The exact 

equalmolarity is generated by simply washing away unreacted monomers of the freshly 

formed monomer salts. Interestingly, the monomer salts are already less sensitive to air 

and moisture than the Fc-diamines. In the second step, solid-state polycondensation is 

carried out by simple heating of the monomer salt, a process that we recently described 

for fully organic polymers [6]. Aside the obvious advantage of SSP of being solvent-

free, the pre-organization of the co-monomers in a crystalline salt also imparts a 

polymeric product of higher crystallinity than one obtains via solution pathways. In this 

contribution, we present a series of Fc-containing monomer salts and their SSP. All 

systems have been thoroughly characterized using IR spectroscopy, NMR, powder X-

Ray diffraction and thermal analyses (TGA and DSC), and their processing of the final 

main-chain Fc-polyimides has been tested. 

 

 

 

 

 

____ 

[1] Miller, S. A.; Tebboth, J. A.; Tremaine, J. F. J. Chem. Soc. 1952, 632. 

[2] Tamura, K.; Akutagawa, N.; Satoh, M.; Wada, J.; Masuda, T. Macromol. Rapid Commun. 2008, 29, 

1944–1949. 

[3] Nguyen, P.; Gómez-Elipe, P.; Manners, L. Chem. Rev. 1999, 99, 1515–1548. 

[4] Hudson, R. D. a. J. Organomet. Chem. 2001, 637-639, 47–69. 

[5] Mehdipour-Ataei, S.; Babanzadeh, S. Appl. Organomet. Chem. 2007, 21, 360–367. 

[6] Unterlass, M. M.; Emmerling, F.; Antonietti, M.; Weber, J. Chem. Commun. 2014, 50, 430–432.  
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BUILDING WELL DEFINED MACROMOLECULAR ARCHITECTURES BY 
RAFT POLYMERIZATION 

Claudia Dworak, Maria Schachner 

Institute of Applied Synthetic Chemistry, Division Macromolecular Chemistry 

Controlled/Living radical polymerization methods, including reversible addition-

fragmentation chain transfer (RAFT) polymerization, are highly efficient tools to 

prepare well-defined macromolecular architectures with specialized applications in e.g. 

biomedicine, optoelectronics or surfactant chemistry [1] This study focuses on the 

preparation and characterization of amphiphilic block copolymers, able to self assembly 

into micelle carriers for bioactive agents. 

Introduction 

For the preparation of tailor-made macromolecular architectures, controlled or living 

radical polymerization (CRP/LRP) methods offer a broad application range. The use of 

these methods allows to prosper on the advantages of conventional radical 

polymerization, which are cost-effectiveness, easy processability, low sensitivity to 

water and applicability to a wide-range of monomers. Furthermore, CRP methods show 

an excellent control over molecular weight distribution, microstructure, chain end 

functionalization and polymer architecture. The most versatile CRP method is the 

RAFT polymerization. It offers the advantage to work under metal-free conditions as 

well as in the presence of different chemical functionalities and solvents. Furthermore, a 

conventional free radical polymerization can be easily converted into a RAFT 

polymerization by adding an appropriate RAFT agent based on a dithioetser, 

dithiocarbamate, trithiocarbonate or xanthate group as shown in Figure 1. Considering 

these features, RAFT polymerization presents a powerful tool to design 

macromolecules for a broad application spectrum. Also self-assembly of the polymer 

chains in solution or in solid state can be controlled, thus leading to materials with 

enhanced chemical, physical and surfacial properties. 

Figure 1 Structures of common RAFT reagents 
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Current State of our Work 

Recently, we developed several amphiphilic block copolymer (BCP) systems based on a 

methacrylate/methacrylamide backbone with promising features for application as drug 

carriers (Figure 2).  

 
Figure 2. Schematic composition of investigated BCPs forming cross linked micelles 

Different amphiphilic BCPs comprising of poly(N-acryloyl morpholine) in the 

hydrophilic block and biodegradable poly(2-hydroxyethyl methacrylate-block-poly(-
caprolactone)), or lauryl methacrylate in the hydrophobic block were synthesized by the 

means of RAFT polymerization. Fluoresceine methacrylate was statistically 

copolymerized in the hydrophobic block as a fluorescence marker for cell imaging. 

Molecular weight and molecular weight distribution were determined by gel permeation 

chromatography. Micelles were prepared in aqueous solution and their formation was 

confirmed by 1H-NMR analysis and dynamic light scattering measurements. The 

addition of a succinimide unit to the polymer backbone gives access to further 

modification either with functional groups in drugs and/or tuning of micelle stability by 

crosslinking of the core with diamines.  

Bottom up, we developed new potential smart drug carrier systems based on 

amphiphilic block copolymers, which are able to form stable cross linked micelles in 

aqueous solution. Cytotoxicity and cellular uptake studies of the BCPs are currently 

under investigation.  

In future work, the drug binding abilities and biodegradability of these carriers will be 

examined. Also improvement of biodegradation behaviour is expected by the 

incorporation of cleavable moieties into the polymer (e.g. use of polyphosphate groups 

or vinyl esters). 

 

____ 

[1] G. Moad, et. al, Chem. Asian J. 2013, 8, 1634-1644. 
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TOWARDS STAND-OFF 3D RAMAN IMAGING USING STAND-OFF 
SPATIALLY OFFSET AND TIME RESOLVED RAMAN SPECTROSCOPY 

Christoph Gasser and Bernhard Lendl 

Institute of Chemical Technologies and Analytics, TU Vienna 

Stand-off Raman spectroscopy is a versatile tool in a range of analytical applications, 

such as safety (detection of explosives at safe distances) or geosciences (planetary 

exploration). In a study conducted during the European Project “OPTIX” (FP7) we 

already showed that the detection of small amounts of explosives and hazardous 

chemicals at distance of 100 m is possible. Recently, also spatially offset Raman 

spectroscopy (SORS) [1], which allows layer discrimination and thereby 3D depth 

profiling of unknown samples, was implemented into stand-off techniques. However, 

the combination of stand-off imaging techniques and SORS still has to be investigated 

thoroughly. The use of pulsed lasers and time gated detection of backscattered photons 

allows also a discrimination 

of photons by their time-of-

flight (TOF) [2]. Due to 

multiple scattering events 

inside solids and fluids a 

look inside different 

samples is possible. The 

goal of this work is to 

develop a single, portable 

instrument combining all 

the aforementioned 

techniques. 

Instrumentation 

The setup for stand-off SORS (Figure 1) spectroscopy consists of a frequency doubled 

Nd:YAG (operating at 532 nm) laser with a pulse length of 4.4 ns and a repetition 

frequency of 10 Hz as light source. The backscattered light is collected using a 6 inch 

Schmidt-Cassegrain telescope, coupled into an Acton (SP-2750) spectrograph using an 

optical fiber and detected at a PIMAX 1024RB iCCD camera. The camera gate width 

was set to 500 ps. The laser and camera are synchronized and in the case of the time 

resolved measurements, the gate delay is changed linearly in steps of 500 ps. The laser 

pulse energy was adjusted to 20 mJ per pulse. In order to set the correct spatial offset 

Figure 1 Instrumentation for stand-off SORS at a distance of 12 m including 
sample arrangement 
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between laser spot and telescope, an adjustable mirror, controlled by two motorized 

actuators (ThorLabs ZST213), was installed. 

Stand-off spatially offset Raman spectroscopy 

We report first results on stand-off SORS of a series of two-layer systems consisting 

polymer sheets of various thicknesses containing powdered compounds, which show 

distinctive bands in the Raman spectrum. The sample arrangement (1st layer: 7 mm of 

polyethylene, 2nd layer: sulphur) was placed at 12 m from the telescope. With increasing 

offsets the 

intensity of 

the spectral 

features 

originating 

from the first 

layer (PE, 

striped area, 

Figure 2a) is 

decreasing 

while the 

signal from the second layer (sulphur, grey area, Figure 2a) is increasing. By subtracting 

spectra at different spatial offsets to the point where all the contributions of one of the 

layers are eliminated, pure spectra of the respective component can be retrieved. This 

makes a discrimination and ultimately identification of the two layers possible (Figure 2 

b). 

Outlook 

The next steps involve studies on scattering properties of a variety of materials and 

complex sample configurations. This will be done in collaboration with the Institute for 

Theoretical Physics. Additionally, the combination of the presented methods with 

chemometric techniques will enable users to get a novel insight inside into many 

unknown processes and analytical problems. 

____ 

[1] B. Zachhuber, C. Gasser, E. t H. Chrysostom, and B. Lendl, “Stand-off Spatial Offset Raman 

Spectroscopy for the detection of concealed content in distant objects.,” Anal. Chem., Nov. 2011. 

[2] B. Zachhuber, C. Gasser, G. Ramer, E. t. H. Chrysostom, and B. Lendl, “Depth profiling for the 

identification of unknown substances and concealed content at remote distances using time 

resolved stand off Raman spectroscopy,” Appl. Spectrosc., vol. 66, no. 8, pp. 875–881, 2012.  

Figure 2 a) Spectra of the sample system at different spatial offsets at a distance of 12 m. b) 
Difference spectra (different offset subtracted) in comparison to reference spectra 
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GEOMIMETIC POLYMER SYNTHESIS: HIGHLY CRYSTALLINE 
POLYIMIDES BY HYDROTHERMAL POLYMERIZATION 

Bettina Baumgartner and Miriam M. Unterlass 

Institute of Materials Chemistry 

 Aromatic polyimides (PIs) are amongst the most heat-resistant and mechanically 

well performing polymers. These features impart their use in e.g. gas separation 

membranes, or as dielectrics in printed circuit boards. Despite PIs technological 

relevance, methods to synthesize them are still surprisingly harsh: high-boiling, toxic 

organic solvents (such as cresols) and toxic catalysts (e.g. isoquinoline) as well as long 

reaction times and high reaction temperatures (t > 8 h, T ≈ 200 - 250 ̊ C) are still employed. 

We recently reported a novel synthetic approach to PIs: Hydrothermal polymerization 

(HTP).[1,2] HTP is extremely environmentally friendly in contrast to classical synthetic 

routes, as it is carried out in nothing but hot water. Intriguingly, HTP yields PIs of 

unprecedented crystallinity. The latter is a highly desired feature for high-performance 

polymers: it enhances mechanical and thermal strength,[3] or directional properties such 

as electrical conductivity.[4] 

 

 

HTP is a geomimetic approach, i.e. inspired by a geological ore formation 

process. Numerous minerals form in so-called hydrothermal veins in the earth’s crust 

(Scheme 1A). Natural zeolites are for instance exclusively of hydrothermal origin.[5] As 

silicates (such as zeolites) are formed by polycondensations of silicic acid species, we 

supposed that the polycondensation of purely organic compounds should also lead to 

high crystallinity when carried out under hydrothermal conditions. Indeed, we could 

recently show for the polymer poly(p-phenyl pyromellitimide) (PPPI), that HTP yields 

extremely crystalline products (Scheme 1D, black diffractogram) while conventionally 

Scheme 1 Hydrothermal vs. classical polycondensation: A) Hydrothermal veins in the earth’s crust.
Synthetically, HTP is performed in autoclaves (B), product is highly crystalline. Classical synthesis leads to
semicrystalline polymers (C). D) Powder X-ray diffractograms of PPPI synthesized via hydrothermal
polymerization (black) and classical polymerization (grey) illustrate the superior crystallinity of the PI product from
HTP.  
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prepared analogues are far less crystalline (Scheme 1D, grey diffractogram). In 

Scanning electron micrographs, we find flower-shaped morphologies in the micron-

range that are indeed indicative for high crystallinity (Fig. 2). 

 Hydrothermal conditions are mimicked in 

the laboratory by using autoclaves (tank reactors, 

Scheme 1B), in which the monomers and water are 

enclosed. By heating up the autoclave to 

temperatures > 100 °C the respective autogenous 

pressure  (> 1 bar) builds up and the reaction 

mixture thus reaches the hydrothermal regime. 

In this contribution, we present a global 

picture of HTP, which addresses the following 

questions: (i) Why does HTP yield crystalline 

products while classical syntheses do not? (ii) What 

are the mechanistic ongoings during HTP? (ii) How 

do the reaction parameters influence the final PI 

product (e.g. final crystallinity, morphology)? 

Detailed mechanistic studies are rather challenging 

in HTP, as this polymerization procedure is carried 

out in closed reactors at high temperatures and 

pressures; the vessel cannot simply be opened 

during the reaction. We have carefully chosen 

model systems that are known as amorphous PIs 

and performed a thorough analysis of starting compounds and PI products obtained 

from various reaction conditions. We performed an extensive set of HTP reactions at 

various reaction conditions (t, T, p, c). All studied systems were characterized using 

scanning electron microscopy (SEM), infrared spectroscopy (IR), powder X-Ray 

diffraction (XRD), nuclear magnetic resonance spectroscopy (NMR) and thermal 

analysis (both TGA and DSC). Relating the characterization results with the reaction 

parameters, we were able to develop general understanding of HTP, which should allow 

the design of HTP experiments yielding highly crystalline products for basically any 

polyimide. 

____ 
[1] M. M. Unterlass, D. Kopetzki, M. Antonietti and J. Weber, Polym. Chem., 2011, 2, 1744–1753. 

[2] B. Baumgartner, M.J. Bojdys and M.M. Unterlass, Polym. Chem., 2014, 5, 3771-3776. 

[3] R. J. Young, D. Lu, R. J. Day, W. F. Knoff and H. A. Davis, J. Mater. Sci., 1992, 27, 5431–5440.  

[4] D. Bloor, D. J. Ando, F. H. Preston and G. C. Stevens, Chem. Phys. Lett., 1974, 24, 407–411 

[5] M. M. Unterlass, Mater. Today, 2015, in press, doi: 10.1016/j.mattod.2015.02.013  

Figure 1 SEM micrographs of highly

crystalline PIs. 
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OPTIMIZATION OF THE SILICON CONTENT IN ALUMINUM- AND 
SILVER-BASED DIAMOND COMPOSITES FOR FUTURE HEAT SINK 

APPLICATIONS 

Jakob Segl, Christian Edtmaier 

Institute for Chemical Technology and Analytics 

Introduction 

The urge of society and industry for increased performances and ongoing 

miniaturization in power electronic and semiconductor devices demands the evolution 

of new heat sink materials, which are capable of transporting the generated heat away 

from the device in order to maintain performance and prevent failure. Heat sink 

materials therefore need to feature an extremely high thermal conductivity κ, to 

dissipate the heat most efficiently, and a proper coefficient of thermal expansion CTE, 

to prevent thermal stresses within the package [1]. To unite these requirements with the 

demands for low prices and availability composite materials, consisting of diamond as 

inclusions and Ag- and Al-based metals as  matrices, were chosen as the way to go. The 

key parameter to optimize in these composites is the interfacial bonding. This can be 

done for example by introducing carbide forming elements at the interface by alloying 

of the metal matrix or coating of the diamonds. However the amount of carbide forming 

elements has to be adjusted carefully in order to achieve an ideal thickness of the 

intermediate carbide layer and to prevent a deleterious influence on matrix conductivity 

κm owing to excessive amounts of dissolved foreign atoms [2]. 

Experimental 

The composites were produced net-shape by liquid metal infiltration of pure Al, Al-Si 

and Ag-Si base material into a tap packed bed of synthetic diamonds of mesh size 

70/80. Al and Ag alloys with nominal Si concentrations of 0.5, 1 and 3 wt.-pct. were 

inductively melted and cast using 3N Al, 4N Ag and 4N Si as base materials. The 

respective compositions were confirmed by XRF measurements. The synthetic (Ib-) 

diamonds were of MBD4 type and have been purchased from Luoyang High-Tech 

Qiming Superhard Materials Co. Ltd., Luoyang, Henan, China. The diamond volume 

fraction of the achieved composites was determined by densitometry to be 64 vol.-pct., 

which is in good agreement with the relative densities of up to 99 pct., indicating that 

the composite samples were fully infiltrated and contained little, if any, porosity. In 
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order to minimize the amount of dissolved Si in the Al- and Ag-Si system by the 

formation of Si precipitates heat treatments were applied on the produced samples. The 

heat treatments were performed in a furnace under Ar atmosphere following typical 

precipitation hardening temperature/time schemes starting with a solid solution heat 

treatment at 550°C for 2 h and subsequent precipitation heat treatments at 250 °C for up 

to 4 h for the Al-based composites. The respective heat treatment for the Ag-based 

samples comprised a solution heat treatment at 820 °C for 2 h, followed by precipitation 

heat treatments at 500 °C for up to 4 h. Thermal conductivities of the samples were 

measured by a comparative thermal conductivity device in steady-state setup.  

Results and Discussion 

Figure 1 shows the evolution of composite thermal 

conductivity κc exemplarily for the Al-0.5Si- and 

Ag-0.5Si-based composites as a function of 

annealing time. Ag-based composites benefit from 

the heat treatment by increasing κc with time, 

whereas Al-based composites show a decrease in 

κc(t). The evolution of κc(t) for Ag-based 

composites is consistent with the expected 

behavior, as could also be demonstrated for Ag-

1Si and Ag-3Si systems (not shown). κc(t) for Al-

based composites however tend to decrease with 

heat treatment time, due to the ongoing growth of 

Al4C3 at the diamond-Al interface, which exhibits 

unfavorable properties [2]. Figure 2 shows that κc 

decreases with increasing Si-content for Ag-based 

composites owing to a decrease in κm. Al-based 

composites however, show an overall increase in 

κc upon the addition of Si, due to improved properties of formed SiC at the interface 

compared to Al4C3. The Al-1Si based composite shows a spike in κc, which can be 

ascribed to an ideal thickness of interfacial SiC and thus an ideal heat transition through 

the diamond-metal interface. 

1. Zweben, C., Thermal materials solve power electronics challenges. Power Electronics 
Technology, 2006: p. 40-47. 

2. Tan, Z., et al., A predictive model for interfacial thermal conductance in surface metallized 
diamond aluminum matrix composites. Materials & Design, 2014. 55(0): p. 257-262. 

Figure 1: Evolution of κc of Al-0.5Si- & Ag-
0.5Si-based composites with heat treatment 

Figure 2: Evolution of κc of Al- & Ag- 
based composites with Si-content 
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THERMAL CONDUCTIVITY OF NITRIDE BASED THIN FILMS 

Vincent Moraesa, H. Riedla, R. Rachbauerb, S. Kolozsváric, M. Ikedad  
and P.H. Mayrhofera,e 

a Christian Doppler Laboratory for Application Oriented Coating Developement at the 
Institute of Materials Science and Technology 

b Oerlikon Balzers Surface Solutions AG, FL-9496 Balzers, Liechtenstein  
 c Plansee Composite Materials GmbH, D-86983 Lechbruck am See, Germany 

d Institute of Solid State Physics 
 e Institute of Materials Science and Technology 

The rapidly growing development of nitride based thin films has led to a great variety of 

applications, where either very high or rather low thermal conductivity are required. On 

one side of the scale are wurtzite aluminum nitride thin films, a representative of the III-

V semiconductors, which have drawn great attention over the last decades due to its 

extremely high thermal (κ ~ 250 W/mK [1]) and rather low electrical conductivity (band 

gap of about 6 eV). In addition, an excellent thermal stability recommends AlN as an 

attractive material for electronic packaging applications. On the other side of the scale 

are cubic titanium and chromium nitride-based thin films (κ ~ 4 W/mK [2]). Their 

outstanding properties such as high hardness and thermal stability as well as low 

friction behavior connected with an inferior thermal conductivity make them ideal for 

the use as protective coatings in forming and tooling applications.  

Within this study, we investigated the influence of the alloying content on the 

temperature dependent thermal conductivity in Ti-, Al-, and CrN based coatings. 

Therefore, a PVD reactive magnetron sputtering system was applied to deposit TiN,  

Ti0.36Al0.64N, AlN, Al0.90Cr0.10N, and CrN thin films. The morphology, the crystal 

structure, as well as the mechanical properties of the sputtered thin films were 

investigated applying XRD, SEM, TEM, and nanoindentation analysis. For 

determination of the thermal conductivity the 3-omega method was applied. This 

measurement technique requires high thermal conductive substrate materials, which 

were found in 100 oriented Si wafers (κ ~ 145W/mK). To extend the measuring range, 

the differential operation mode of the 3-omega method had to be carried out [3]. 

Simulations of the thermal conductivity measurements predicts, that the used setup is 

limited to a measureable thermal conductivity of ~ 50 W/mK, which is clearly exceeded 

by our AlN thin films. The measurements, especially for the high thermal conductive 

AlN, show great sensitivity to the heater widths, which were applied via lithography.  

Doping small amounts of 10 at.% chromium into the metal sublattice of the AlN thin 

films (verified by EDX) has no effect on the single phased wurtzite structure, which is 

also obtained for pure AlN. Although the similar crystal structure and morphology, the 
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3-omega measurement reveals a great drop in the thermal conductivity compared to 

pure AlN, see Figure 1. These impurities or point defects have serious impact on the 

elongation of the phonons, which are the major carrier of the thermal conductivity in 

insulating materials. The effect of alloying Al in TiN is not that pronounced. It is 

assumed, that the unusual rise of the thermal conductivity in the investigated 

temperature range is assigned to the high defect density caused through the PVD 

deposition process. 

 

By using the 3-omega [3] method it is possible to measure the thermal conductivity of 

nitride based thin films in a wide temperature range. Furthermore, small amounts of 

dopants can significantly influence the thermal conductivity of sputtered thin films 

which is in good agreement to literature reports.  

 

_______ 

[1] K.A. Aissa, N. Semmar, A. Achour, Q. Simon, A. Petit, J. Camus, et al., Achieving high thermal 

conductivity from AlN films deposited by high-power impulse magnetron sputtering, J. Phys. D. 

Appl. Phys. 47 (2014) 355303. 

[2] R. Rachbauer, J.J. Gengler, A.A. Voevodin, K. Resch, P.H. Mayrhofer, Temperature driven 

evolution of thermal, electrical, and optical properties of Ti-Al-N coatings, Acta Mater. 60 (2012) 

2091–2096. 

[3] T.M. Tritt, Thermal Conductivity: Theory, Properties, and Applications, n.d.  

Figure 1:  Temperature dependent thermal conductivity of TiN, Ti0.36Al0.64N, CrN, and Al0.90Cr0.10N thin 
films 
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NEW PHOTOPOLYMERS IN DIGITAL AND RESTORATIVE DENTISTRY 

Stephan Benedikta, Astrid Gugga, Urs Karl Fischerb, Beate Ganstera, Christian Gorschea, 
Norbert Mosznerb, and Robert Liskaa 

a Institute of Applied Synthetic Chemistry, Division of Macromolecular Chemistry, 
Vienna University of Technology, Getreidemarkt 9/163/MC, 1060 Vienna, Austria, 
b IVOCLAR VIVADENT AG, Bendererstrasse 2, FL-9494 Schaan, Liechtenstein, 

both part of the CD-Laboratory for digital and restorative dentistry  

Introduction 

Until the 1990s amalgam tooth fillings were state of the art. However, in the last 

decades these traditional filling materials were gradually replaced by modern fillings, 

mostly made out of composites. Composite fillings offer not only better aesthetics 

(Figure 1) but are also free of toxic mercury. 

 

Figure 1: Comparison between amalgam (left) and composite fillings (right) 

Composite fillings consist of inorganic filler and an organic matrix of usually 

dimethacrylate monomers, which need to be cured photochemically after applying the 

formulation to a tooth cavity. 

Novel Long Wavelength Photoinitiators 

For curing dental materials photoinitiators have to show low or no toxicity, high storage 

stability, good solubility in the used monomers, high reactivity and low volatility. 

However, especially two properties are very important: Photobleaching and initiation in 

the visible light range. Photobleaching means the usually colored photoinitiator has to 

bleach during polymerization and therefore lose its color to yield white dental materials. 

The initiation in the visible light range is necessary to avoid UV-protection of dentist 

and patient. Additionally light of short wavelengths is scattered on inorganic fillers, 

leading to a low curing depth. Until our research started camphorquinone was state of 

the art in dental adhesives. This compound shows several disadvantages though, like 

low solubility in aqueous monomer formulations and low reactivity because of a 

bimolecular initiation system. 
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During our research we were already able to establish a new generation of germanium-

based photoinitiators.[1] Especially Ivocerin© hits all the requirements and is already 

available in commercial dental fillings (Figure 2). 

 

Figure 2: Commercial tooth filling product with Ivocerin©. A higher curing depth through a longer wavelength 
absorption of Ivocerin© compared to other state of the art photoinitiators is shown. 

Increasing the Curing Depth: Frontal Polymerization 

Increasing the curing depth even further is nevertheless very interesting because it 

reduces the amount of work for the dentist, saves time for the patient and reduces 

possible tension between several polymer layers, which are currently required to fill a 

large cavity. 

We solved this problem by inducing a frontal polymerization via copolymerization 

induced destabilization of specific methacrylic monomers.[2] The frontal 

polymerization prevents the decline in radical concentration in greater depths leading to 

a one-step-curable tooth filling no matter how large the cavity actually is (Figure 3). 

 

Figure 3: Scheme of frontal polymerization. 

____ 
[1] Ganster, B., Fischer, U. K., Moszner, N. and Liska, R., New Photocleavable Structures. 

Diacylgermane-Based Photoinitiators for Visible Light Curing. Macromolecules (Washington, DC, U. 

S.), 2008. 41(7): p. 2394-2400. 

[2] Gugg, A., Gorsche, C., Moszner, N. and Liska, R., Frontal Polymerization: Polymerization Induced 

Destabilization of Peracrylates. Macromol. Rapid Commun., 2011. 32(14): p. 1096-1100. 
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Besides highly cytocompatible cross-linkable macromers based on methacrylated 

gelatin as well as vinyl ester derivatives of hyaluronan, specialized 2PP photoinitiators 

were developed [2]. While the newly developed water-soluble 2PP photoinitiators 

exhibit low baseline cytotoxity and the laser radiation doesn't harm cells at the 

parameters used for structuring, radical species and singlet oxygen generated as a 

consequence of the radiation induced excitation of the photoinitator can damage cells. 

Recently at TU Wien high molecular weight 2PP photoinitiators, based on hyaluronan 

as a polymeric backbone, were developed. Their structure and molecular weight is 

expected to hinder the diffusion through the membrane and to limit the photodamage 

inside the cells, thus significantly reducing overall phototoxic reactions induced by the 

writing process in the presence of living cells. Preliminary results of this study are 

presented. 

 

Imaging and assay of viability of encapsulated cells via Laser Scanning Microscopy and live/dead stain 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
_______ 
[1] A. Ovsianikov, V. Mironov, J. Stampfl and R. Liska, Engineering 3D cell-culture matrices: 
multiphoton processing technologies for biological and tissue engineering applications, Expert Rev. Med. 
Devices 9(6), 613–633 (2012) [doi:10.1586/erd.12.48] 
[2] X.-H. Qin, A. Ovsianikov, J. Stampfl and R. Liska, Additive manufacturing of photosensitive 
hydrogels for tissue engineering applications, BioNanoMaterials 15(3-4), 49–70 (2014) [doi: 
10.1515/bnm-2014-0008] 
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HARDMETAL - POLYMER MIXTURES FOR FDM 3D PRINTING 

Anna Mad, Christoph Buchegger, Walter Lengauer 

Institute of Chemical Technologies and Analytics 

Introduction 

Hardmetals have a large application field for metal and stone cutting as well as for 

structural parts. Apart from die pressing there are two ways to produce hardmetal green 

bodies, PIM (powder injection moulding) and extrusion. The feedstock for these 

production methods consists of a high weight percentage of binding agents. After 

shaping, the green body is subjected to a de-binding procedure in a solvent or upon heat 

treatment, which is followed by a sintering process to attain final density.  

For new processes and new products complicated geometries seem necessary which 

cannot be achieved by the above-mentioned techniques. Hence, modern additive 

manufacturing (AM) methods are most interesting. They comprise mainly of (1) 

fabrication of metal work pieces by laser sintering (LS, DLS), in which the metal 

powder is melted point-by-point and layer-by-layer by use of a laser, (2) lithography 

methods in which parts are fabricated by light-curing in a slurry of photo-sensitive 

polymers and (3) powder-bed printing where the parts are printed layer-by-layer with an 

ink-jet type printer by use of binder or by a laser and are then removed from the powder 

bed. These techniques enable the production of very complex bodies. For a number of 

reasons, hardmetals cannot be prepared by one of these above-mentioned AM methods 

(local overheating, evaporation of Co, inhomogeneities, de-mixing of components,..).  

Another interesting fabrication method is the FDM 3D printing (fused deposition 

modelling) and is well known from the fact that desk printers became available on the 

market to produce a variety of home-made plastic bodies. These parts can show a very 

complicated geometry. The FDM process was already used for printing of ceramic 

green bodies, but no information is available on the fabrication of composite materials 

such as cemented carbides (hardmetals) and cermets.  This method should be much 

more flexible for processing various powder mixtures – and even combinations – than 

the above-mentioned techniques (1)-(3). Therefore, this work was dedicated to 

experiments of preparation and investigation of hardmetal feedstocks which could be 

suitable for FDM printing.  
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METALLOGRAPHY OF MINT MATERIALS 

Stephanie Greil, Christian Edtmaier and Roland Haubner 

Institute E164 Chemical Technologies and Analytics, TU Wien 

Introduction 

Coin alloys have been an important part of metallurgical technologies for almost 3000 

years. Despite their long technological history, little is known about the mechanical 

properties of the most commonly used noble metal alloys. In this work the 

metallographic and mechanical behaviour of silver 333 (=Ag333 means an alloy of 

33,3% silver and 66,7% copper), silver 925, silver 999 as well as gold 986 and gold 

999,9  were examined. This data may be used in simulations and production 

optimisation in coinage companies. In this abstract, the metallographic results are 

presented. 

Metallographic examinations 

Due to their softness, the preparation of silver and gold is challenging so that the usual 

metallographic methods (grinding and chemical etching) do not result in satisfying 

results due to scratches. Chemical etch-polishing with Cr2O3 slurry leads to acceptable 

micrographs, but Cr (VI) is carcinogenic. Electrochemical polishing and simultaneously 

etching proved to be an excellent alternative to the classical methods (see Figure 1). To 

optimise the results, new electrolytes for the noble metals and their alloys were 

developed. This procedure is time saving, non-toxic and the chemicals used are long-

established and inexpensive. 

After cutting the coin blanks, respective cross-sections were embedded and prepared by 

grinding using SiC papers up to P2000.  

 

Figure 1: Comparison of chemically and electrochemically etched Au999,9. 
a: mechanically polished and chemically etched, b: electrochemically polished and etched 

b a 
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Preparation of gold and gold alloys 

A solution of cold-saturated sodium chloride was used as 

electrolyte for both Au986 and Au999,9. The voltage used 

was 4 V AC for approximately 30 seconds. Figure 1 and 

Figure 2 show the microstructure of the coin blanks. On 

the edges the texture is compressed due to the 

manufacturing process. 

Comparing chemical etching with aqua regia and 

electrochemical etching, a large gain in contrast is 

achieved. The texture does not appear even as the surface 

has a topography due to the varying etch-intensity of the 

different oriented grains. 

Preparation of silver and silver alloys 

In case of silver, different electrolytes were used for the 

pure metal and the alloys. For Ag999 an alcoholic 

solution of perchloric acid was used, and for Ag925 and 

Ag333 an aqueous solution of 5 % citric acid and 1 vol% 

ammonia was used as electrolyte. The voltage was set to 

12 V for 3-30 seconds. 

While the pure silver showed a uniform microstructure 

(see Figure 3), the alloys appear with a fine structure of 

copper precipitates (see Figure 4 and Figure 5). The 

copper is dissolved faster than silver as its standard 

electrode potential is lower. The structure of the copper 

phase in Ag333 in the coin blanks is extremely fine (width 

<0,5 µm and length from 2-5 µm), and can be examined 

by SEM only (see Figure 5).  

Conclusion 

An electro-polishing procedure with new electrolytes for 

the simultaneous polishing and etching of silver and gold 

alloys for the mint industry was developed.  

Acknowledgement 

The authors thank Münze Österreich AG for funding. 

Figure 2: Au986 after etching  
viewed in polarised light 

Figure 4: Ag925 after etching 
viewed in DIC filtered light 

Figure 3: Ag999 after etching 

Figure 5: Ag333 after etching  
viewed in SEM 
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INTERSTITIAL EFFECTS DURING SINTERING OF INJECTION MOULDED 
ALUMINIUM BASED ALLOYS 

Julijana Kuzmanovića, Christian Gierl-Mayera, Herbert Danningera, Andreas Nenninga, 
Armine Avakemianb 

aInstitute of Chemical Technologies and Analytics 
bBusiness Unit Band CTE, Voestalpine Stahl GmbH, (Linz/Austria) 

The technology of metal injection moulding (MIM) is a feasible technique for cost-; and 

material-efficient production of complex, small parts in large quantities. It is often not 

possible to produce such parts via conventional powder metallurgical route of pressing 

and sintering without any further machining steps. During the MIM-Process, a mixture 

of a metallic powder and an organic binder, the so called feedstock, is injection 

moulded into a “green part”. After the binder removal, the porous “brown part” is 

sintered. This technology combines the benefits of plastic injection moulding to produce 

parts with highly complex geometry, with the wide range of mechanical properties of 

metallic materials.  

In theory, all metal powders which are available in a fine grade (< 20 μm) can be used 

for MIM. In practice, most of the MIM parts are produced from stainless steel, titanium, 

low alloyed steels, as well as hard metals. Powder injection moulding of aluminium is 

not industrial state of the art, even though several research studies about this technology 

were published [1,2]. However, the method is very promising, because it combines the 

benefits of MIM technique with the attractive properties of a light alloy such as 

aluminium. 

The main difficulty in sintering of aluminium alloys is its thin but thermodynamically 

very stable oxide layer on the powder surface, which cannot be removed during the 

sintering. To generate a metal-metal contact, this barrier must be destroyed in one way 

or another. Because of the lack of powder deformation during the injection moulding 

process, the sintering of MIM-parts can be compared to gravity sintering.  The sintering 

process can be promoted in two main ways. The first possibility is through an addition 

of magnesium with high chemical activity (e.g. elemental Mg, or AlMg50 master alloy 

[3]). Because of its high vapour pressure, as well as the high free energy of its oxide 

(MgO), magnesium can partially reduce the Al2O3-surface while forming a spinel.  This 

leaves the metallic layer below the surface locally uncovered, which leads to a 

formation of sintering contacts between the metal particles. The other component that 

promotes the sintering process is the N2-atmosphere. Especially in combination with 

magnesium, nitrogen leads to a formation of nitrides. This is an exothermic reaction 

which increases the temperature locally and leads to a formation of sinter promoting 
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liquid phase [4]. Without the two effects, it would be impossible to sinter Aluminium – 

MIM parts.  

This work shows on a model of Al-Mg3-alloy that aluminium metal injection moulding 

(Alu-MIM) is possible. The process depends on many parameters, which must be 

monitored carefully. The control of interstitials is essential. These do not only include 

oxygen, which forms a sinter-inhibiting oxide layers on powder particles, but also 

nitrogen, as well as carbon, which is always present in the MIM production chain in 

form of organic binder materials. The parameters of thermal debinding, as well as the 

cooling process after sintering, play a key role in the successful control of the sintering 

mechanisms. 

Another undesirable effect, 

caused by interstitials, is 

discolouration of the sintered 

specimens to almost black 

surfaces even in case of high 

purity N2 atmospheres, which 

phenomenon is strongly 

influenced by the cooling rate 

in a defined temperature 

window (Fig 1). Chemical and structural analysis showed that this effect is not caused 

by carbon, as was initially assumed, but by nitrogen, being observed also in carbon-free 

gravity sintered materials. 

With the chemical reactions occurring during the MIM process in mind, the process is 

modified in such way, that a complex part, made of a heat treatable alloy is produced 

(Fig 2). 

   
Figure 2: Sintered Alu-MIM part prototypes 

____ 
[1] C. Gierl, H. Danninger, A. Avakemian, J. Synek, J. Sattler, B. Zlatkov, J. ter Maat, A. Arzl, H.-

C. Neubing, PIM Int., Vol. 6 No. 4, (2012) p. 65 
[2] Z. Y. Liu, T. B. Sercombe, G. Schaffer, Powder Metallurgy Vol. 51, No. 1, (2008) p.78 
[3] H. C. Neubing, H. Danninger, Pulvermetallurgie in Wissenschaft und Praxis Bd. 14,  

H. Kolaska ed., VDI, Düsseldorf (1998) 
[4] T.Wantanabe, K.Yamada: Int.J.Powder Metall. Vol. 4, No.3, p.37 (1968) 

Figure 1: Discoloration effects on Alu-MIM parts, depanding on
cooling temperature
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TIME RESOLVED PHOTOTHERMAL INFRARED NANOSCOPY FOR 
MONITORING STRUCTURAL CHANGES IN POLY-L-LYSINE THIN FILMS 

Anna Balbekova, Georg Ramer, Andreas Schwaighofer, Bernhard Lendl 

Institute of Chemical Technologies and Analytics, Vienna University of Technologies  

In the current work dynamic changes in biological thin films using photothermal 

infrared (IR) nanoscopy were monitored for the first time. Spectral changes of the 

Amide I band of Poly‑L‑lysine (PLL) were chosen as an object for the monitoring.  

The technique allowed fast time resolved measurements (nearly 15 s per one spectrum). 

Consistent results were obtained using a common Fourier transform infrared (FTIR) 

technique. 

Introduction 

Photothermal IR nanoscopy allows nondestructive and label free analysis of various 

samples at the nanoscale. [1] In this technique the local thermal expansion of a sample 

induced by absorption of pulsed IR radiation is detected. By tuning the laser at different 

wavelengths and measuring the cantilever deflection the absorption spectrum of the 

sample is determined. Recently, important advances in photothermal IR nanoscopy with 

regard to high spatial resolution (better than 25 nm) and monolayer sensitivity were 

developed. [2] However, so far, only static systems have been investigated. 

Experimental method 

The experimental setup consisted of 

an AFM (Agilent 5400 scanning 

probe microscope) coupled to an 

external cavity quantum cascade 

laser with tuning range 1730-1565 

cm-1 (EC-QCL, Daylight Solutions, 

California). Measurements were 

performed in the resonant 

photothermal nanospectroscopy 

mode as pioneered by Lu and 

Belkin. [2] 

 
Figure 1 The scheme of experimental setup 

applied for photothermal IR nanoscopy. 

The film was deposited by spin casting from an aqueous solution of PLL onto a CaF2 

substrate. Spin casting was performed at 1500 rpm for 1 minute. In the area of 

measurement the film thickness was 200 ± 20 nm. 
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Results 

Reference measurements were performed by means of FTIR transmission spectroscopy 

using a Bruker FTIR microscope (Hyperion 3000). During the measurement the film 

was flushed with air containing deuterium oxide vapor in order to perform H/D 

exchange. The transition from β-sheet to α-helix (Figure 2, left) was initiated by 

increasing the relative content of deuterium oxide in PLL film [3, 4]. The degree of the 

film hydration was changed by cooling the substrate from 23 °C to 15 °C.  

 
Figure 2 Time resolved FTIR (left) and photothermal IR nanoscale (right) spectra of secondary structure change of 

the PLL thin film deposited on CaF2 substrate during the HD exchange. 

Similarly to the FTIR experiment change of secondary structure was monitored by the 

photothermal IR nanoscopy. The transfer from β-sheet to α-helix (Figure 2, right) was 

achieved during cooling the sample from 25 °C to 23 °C.  The current technique allows 

to detect changes at nanoscale within nearly 15 s. Figure 2 shows that the spectra are 

consistent. Thus, photothermal IR nanoscopy based on broadly tunable EC-QCL source 

coupled with AFM allows fast time-resolved monitoring of spectral changes in PLL thin 

film as a protein model substance. 

Outlook 

Taking into account the spatial resolution of photothermal IR nanoscopy this technique 

opens promising perspectives for the dynamic investigation of biological membranes. 

Current results could be improved by expanding the spectral range and by increasing 

the temporal resolution of our system. 

[1] A. Dazzi, C. B. Prater, et. al.  2012. AFM-IR: Combining Atomic Force Microscopy and Infrared 

Spectroscopy for Nanoscale Chemical Characterization. Appl Spectrosc  66(12): 1366-1384.  

[2] F. Lu and M. Belkin 2011, Mid-infrared absorption microscopy with λ / 100 spatial resolution using 

tunable quantum cascade lasers. OSA/CLEO, pp. 4-5.  

[3] Montakarn, Chittchang, et. al.. 2002. Poly(L-lysine) as a model drug macromolecule with which to 

investigate secondary structure and membrane transport. Journal Pharm Pharmacol 54(3):315–323.  

[4] Barth, A. Infrared spectroscopy of proteins. Biochim. Biophys. Acta (2007b) 1767, 1073–1101.  

Financial support by the Austrian Research Promotion Agency is gratefully acknowledged. 
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The drawback of resonant excitation is, however, that the enhancement of the signal 

also depends on how close the repetition rate of the laser is to the contact resonance. 

Since the Q-factor is the ratio of the resonance frequency and the width of the 

resonance, higher the amplifications (i.e. higher Q factor) will increase the need to 

excite as close as possible to the resonance. 

The resonance of a cantilever in contact with a sample depends on the sample properties 

as well as on the cantilever properties [3]. There is no straight forward, fast way to 

determine whether the excitation is currently on or off resonance when imaging in 

reAFMIR. Hence, it is not easily possible to know whether a change in intensity after 

moving from one substance to the next is due to a change in infrared absorption or a 

shift of the system resonance frequency from or to the current repetition rate of the 

laser. This can even lead to a contrast inversion where an absorbing substance gives a 

much weaker reAFMIR signal than a not absorbing one because the laser repetition rate 

is set to the contact resonance of the non-absorbing sample. 

Stabilizing reAFMIR 

Kos et al [4] recently introduced a method for contact resonance AFM that determines 

the contact resonance for an AFM cantilever excited by an ultrasound transducer below 

the sample. In short, this method excites the cantilever at several frequencies around the 

expected resonance and then measures the amplitude via a root mean square detector. 

The resonance maximum, the Q-factor and the resonance frequency are then determined 

via a least-squares fit of a Lorentz function to the data points. 

This method has been modified in this work to allow it application to reAFMIR. A 

controller implementing this modified method has been developed. Based on a Xilinx 

Spartan 6 FPGA as central control unit controls the repetition rate and pulse length of a 

tunable infrared laser via 5V TTL signals. It can record the cantilever deflection at 

5 MSs-1 data via a 24bit analog digital converter and process the measurement 

following the method of Kos et al in real. Once the amplitude at the resonance has been 

determined it is output via a digital analog converter to allow recording by the AFM's 

controller. 

[1] A. Dazzi, R. Prazeres, F. Glotin, and J. Ortega, “Subwavelength infrared spectromicroscopy using 
an AFM as a local absorption sensor,” Infrared Phys. Technol., vol. 49, no. 1–2, pp. 113–121, 
2006. 

[2] F. Lu, M. Jin, and M. A. Belkin, “Tip-enhanced infrared nanospectroscopy via molecular 
expansion force detection,” Nat. Photonics, vol. 8, no. 4, pp. 307–312, Jan. 2014. 

[3] U. Rabe, K. Janser, and W. Arnold, “Vibrations of free and surface‐coupled atomic force 
microscope cantilevers: theory and experiment,” Rev. Sci. Instrum., vol. 67, no. 9, pp. 3281–3293, 
1996. 

[4] a B. Kos, J. P. Killgore, and D. C. Hurley, “SPRITE: a modern approach to scanning probe 
contact resonance imaging,” Meas. Sci. Technol., vol. 25, no. 2, p. 025405, Feb. 2014.  
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SYNTHESIS OF NOVEL BIPOLAR HOST MATERIALS FOR 
PHOSPHORESCENT OLEDS 

T. Kader, P. Kautny, D. Lumpi, and J. Fröhlich 

Institute of Applied Synthetic Chemistry 

Organic electronics 

In recent years organic electronics based on π-conjugated organic semiconductors have 

received great attention by both academia and industry, owing to many advantages 

compared to their inorganic counterparts. The versatility of organic materials originates 

from the possibility to tune their properties by subtle changes of the molecular 

scaffolds. Beside organic photovoltaics (OPV) and organic field-effect transistors 

(OFET), organic light emitting diodes (OLEDs) represent the most advanced 

technology within the field of organic electronics. Typical applications of OLEDs are 

small portable displays as in smartphones, however also large-screen televisions are 

commercially available. Advantages compared to common technologies are especially 

energy efficiency, low cost solution processability and the possibility to fabricate thin, 

transparent and even flexible devices, since no crystalline materials are required.[1] 

Phosphorescent organic light emitting diodes 

Phosphorescent OLEDs, containing heavy metal complex emitters, are in position to 

utilize singlet and triplet states resulting in theoretically 100% internal quantum 

efficiency.[2] In order to avoid quenching effects due to high concentration of excited 

triplet states these emitters have to be dispersed in an organic host material. Current 

research focuses on the development of novel host materials to broaden the applicability 

and enhance the lifetime of OLED devices. For efficiency reasons host materials require 

balanced charge-carrier transport properties, to equally supply the emitting complexes 

with electrons and holes, and high triplet energies.[3] 

In order to obtain balanced hole- and electron-transport properties bipolar host materials 

containing both electron donating and accepting groups are applied. However, the 

presence of donor- and acceptor-moieties within one molecule leads to decreased triplet 

energy caused by intramolecular charge transfer (ICT) as result of electronic coupling 

of the two molecular subunits. Therefore, π-conjugation in these molecules has to be 

reduced to suppress ICT and maintain high triplet energies.[3] 
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Synthesis and characterization 

Within this work bipolar host materials based on a novel linkage 

concept have been synthesized. 1,2,3-Triazoles (figure 1) have 

been applied as linker between an aromatic center and two 

triarylamine-donors as displayed in figure 2. The effects of 

different substitution positions on the central aromatic ring and 

the triazole as well as planarized triarylamines were investigated. 

 

Figure 2 Novel bipolar host materials

Photophysical properties of the 

synthesized compounds were determined 

by UV/vis absorption and emission-

spectroscopy, low temperature 

photoluminescence spectroscopy and 

cyclic voltammetry. All substances were 

analyzed by thermogravimetric analysis 

and differential scanning calorimetry to 

investigate thermal properties. The results 

of this extended characterization and 

suchlike acquired structure-property 

relationships will be presented within this 

contribution. 

____ 
[1] Forrest, S. R.; Nature 2004, 428, 911-918.  

[2] C. Adachi, M. A. Baldo, M. E. Thompson, S. R. Forrest; J. Appl. Phys. 2001, 90, 5048-5051. 

[3] Y. Tao, C. Yang, J. Qin; Chem. Soc. Rev. 2011, 40, 2943-2970. 

 

Figure 1 1,2,3-Triazole 

Figure 3 Absorption- (hollow symbols) and 

emission- (full symbols) spectra of two selected 

molecules 
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PHOTOPOLYMERIZATION: PROVIDING A TRIANGLE FOR  
MATERIAL DESIGN, BIOMATERIALS, AND 3D PRINTING  

Christian Gorsche,a Aleksandr Ovsianikov,b Jürgen Stampflb and Robert Liskaa 

aInstitute of Applied Synthetic Chemistry, Vienna University of Technology 
bInstitute of Materials Science and Technology, Vienna University of Technology 

Photopolymerization is a very popular technique in the fields of protective and 

decorative coatings (e.g., for paper, wood, metals or plastics), resists, fiber optics, 

inks,[1],[2] but also interesting for more advanced technologies such as biomaterials (e.g., 

dental restoratives[3] or tissue engineering[4]) and 3D-printing.[5] The most obvious 

advantages of this light-curing technique are the fast curing rates, good storage stability, 

and the absence of solvent. Moreover, a large accessible pallet of various 

photopolymerizable monomers is commercially available and enables material design 

for tuning mechanical properties and other polymer characteristics. This abstract 

illustrates the current research efforts within the photopolymerization group on the 

intersection of material design, biomaterials, and 3D printing. 

 

Figure 1: Graphical abstract 

With the help of additive manufacturing technology (AMT; e.g., laser or digital light 

processing) arbitrarily shaped 3D cellular structures can be successfully printed. For the 

design of bone replacement materials polymer parts with a feature resolution of about 
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10 µm can be fabricated. Moreover, monomers and polymers with low toxicity should 

be used. Vinyl carbonates[6] and vinyl esters[7] represent a promising class of 

photopolymers with exceptionally good biocompatibility and suitable photoreactivity. 

The low cytotoxicity can be explained by the non-toxic low molecular weight polyvinyl 

alcohol and various non-toxic alcohols, such as glycerol or polyethylene glycol, as 

degradation products. The good biocompatibility has been further demonstrated by in 

vivo experiments. Furthermore, a thiol-ene system[8] was used to tune the polymer 

architecture to achieve elastomer-like properties with improved impact resistance. Such 

formulations can also be printed by AMT and the resulting materials are suitable as 

vascular grafts or bone replacement materials. 

Two photon photopolymerization (TPP) is another rapid prototyping technique that 

allows a real 3D writing process with feature resolutions of about 200 nm.[9] With a 

femtosecond pulsed laser and by using suitable monomers and photoinitiators we were 

able to write in the presence of tissue (Caenorhabditis elegans) without harming it. 

Monomers, based on gelatin and hyaluronic acid, with low toxic vinyl ester groups have 

been prepared as suitable hydrogel precursor. 

 

 

 

 

 

                                                 

[1] Fouassier, J.P. “Photoinitiation, photopolymerization, and photocuring: fundamentals and 

applications”; Hanser Publishers, New York 1995. 
[2] Koleske, J.V. “Radiation curing of coatings”; ASTM International, West Conshohocken 2002. 
[3] Moszner, N.; Hirt, T. J. Polym. Sci., Part A: Polym. Chem. 2012, 50, (21), 4369-4402. 
[4] Skoog, S. A.; Goering, P. L.; Narayan, R. J. J. Mater. Sci.: Mater. Med. 2014, 25, (3), 845-856. 
[5] Liska, R.; Stampfl, J. In Photopolymers for rapid prototyping, 2010; Research Signpost 2010; pp 147-

173. 
[6] Husar, B.; Liska, R. Chem. Soc. Rev. 2012, 41, (6), 2395-2405. 
[7] Heller, C.; Schwentenwein, M.; Russmueller, G.; Varga, F.; Stampfl, J.; Liska, R. J. Polym. Sci., Part 

A: Polym. Chem. 2009, 47, (24), 6941-6954. 
[8] Liska, R.; Qin, X.; Mautner, A. Thiol-ene polymerization with vinylesters and vinylcarbonate. 

US20130084543A1, 2013. 
[9] Ovsianikov, A.; Mironov, V.; Stampf, J.; Liska, R. Expert Rev. Med. Devices 2012, 9, (6), 613-633. 
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STEREOLITHOGRAPHY-BASED ADDITIVE MANUFACTURING OF HIGH 
STRENGTH BIOACTIVE GLASS SCAFFOLDS 

Schönherr J.a, Gmeiner R.a, Stampfl J.a, and Boccaccini A.R.b 

aInstitute of Materials Science and -Technology, Christian Doppler Laboratory 
‘Photopolymers in Digital and Restorative Dentistry’, Vienna University of Technology  

bInstitute of Biomaterials, University of Erlangen-Nuremberg 

During the last several years stereolithography has developed into a significant 

alternative to common manufacturing methods. In the case of ceramics, 

stereolithographic ceramic manufacturing (SLCM or LCM) method has been 

established. In SLCM a light source, for example a laser, or powerful emitting diode 

(LED) is used to cure and structure a photosensitive organic binder material, filled with 

ceramic powder. This method makes it possible to generate high complex geometrical 

geometries, which have not been possible with common methods [1]. Over the last 

several decades glass ceramics and bioactive glasses (BG) (like the 45S5 Bioglass 

formulation [2]) have been studied in terms of their ability to be used as bone 

replacement materials and bone tissue scaffolds [2, 3]. Their biofunctional properties in 

combination with biodegradability make them very suitable as bone substitute materials 

[2]. On the other hand the main drawback of BG is their insufficient mechanical 

properties (low toughness and strength). Several studies have been conducted by the 

Vienna University of Technology [1, 4, 5] using Digital Light Processing (DLP) -based 

SLCM to structure bioactive glass and glass ceramics (Fig.1).  

    

 

Using raw materials with specific characteristics in terms of particle size and new slurry 

formulas it was possible to produce solid bulk glass ceramics as well as replicate the 

microstructure of human trabecular bone. This resulted in a very homogeneous 

microstructure after sintering, which had a density of about 2,7 g/cm3 and an 

outstanding biaxial bending strength of 124 MPa.  This value increased the bending 

strength of BG by more than 200%, compared to previous studies thus reaching 

Figure 1 Sintered ceramic part (a) and Scaffold structure (bioactive glass) (b) [1] 
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mechanical properties of actual human bone [6, 7, 8] (Table 1). 

 Bioactive glass 45S5 

Density of sintered samples 2.701 g/cm3 

Biaxial bending strength 124 ±17 MPa 

Biaxial bending strength in the literature 42MPa, 40 MPa 

Weibull modulus  8.6 [-] 

Weibull characteristic strength 131 MPa 

Table 1 Material Properties of 45S5 Bioactive Glass-Ceramic Manufactures by SLCM Technology [1] 

Additionally a new approach of SLCM manufacturing of BG involves the use of a 

direct laser-based system instead of an active mask system like DLP. The main 

advantages of the laser-based system are higher resolutions and bigger building areas. 

The process uses a 405 nm laser and writing speeds up to 10m/s.  Considering also the 

results of previous studies, bioactive glasses processed either by DLP- or by Laser-

based SLCM could be suitable candidates for bone substitute implants and for bone 

tissue scaffolds, even in load bearing applications. 
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WC-COBALT HARDMETALS: AN INDISPENSABLE INDUSTRIAL 
MATERIAL WITH TWO MAJOR PROBLEMS: WC AND COBALT 

Christoph Buchegger and Walter Lengauer 

Institute of Chemical Technologies and Analytics 

The aim of this work is to improve the key engineering material WC-Co by introducing 

alternatives for both WC and Co by means of a wide range of characterisation 

techniques from basic material parameters to industry-near application tests.  

Introduction 

Cemented carbides, also referred to as hardmetals, are liquid-phase sintered composite 

materials with two main constituents: a carbide hard phase, mainly tungsten carbide and 

a ductile binder phase, mainly cobalt. Since they are indispensible for a number of key 

applications such as metal cutting, wood cutting, wear parts, mining or tunnelling they 

have heavy impact on industrial production. Thus it is intelligible that industry is 

looking for alternatives to both WC and Co since they have some significant drawbacks 

such as a high supply risk, geostrategic concerns associated with artificial shortage and 

price jumps, health and environmental concerns. 

Alternatives to cobalt and tungsten carbide 

Reasonable alternatives to cobalt are already known since hardmetals were invented. 

However, the most promising alternatives such as cobalt-free Fe/Ni or cobalt-reduced 

Fe/Co/Ni alloys don’t show its excellent combination of properties and reveal some 

specific drawbacks in sintering behaviour and microstructure control. On the other hand 

it is known for decades that such alternative binder alloys can be superior to cobalt for 

particular high-performance applications, which draws industrial interest. Thus the 

focus of our research is to overcome the drawbacks of binder alloys within the Fe/Co/Ni 

system, in particular making them accessible for industrial production with special 

focus on the characterisation and optimisation of sintering processes, mechanical 

properties, creep behaviour and microstructure control. 

Replacement of WC is possible within narrow bounds only. For some specific 

applications it can be replaced by Ti(C,N) based compounds, also referred to as 

cermets. They reveal a variety of advantages such as low specific weight, high cutting 

speeds and a very low supply risk. However, they have some drawbacks limiting the 

possible application ranges. Thus the idea of so called laminate tools emerged, where 

only the cutting edge of a tool consists of hardmetal and the body structure is produced 

from a cermet. The focus of current research is to gain basic material parameters such as 
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diffusion behaviour or solubilities and to optimise the composition of the different 

laminate constituents in order to match their sintering features such as shrinkage and 

liquid-phase formation. 

The methodology – from basic material parameters to application 

Although hardmetals are industrial engineering materials their development should not 

only be based on usual industry-near tests but also consider fundamental material 

parameters. Thus, such a development is based on the knowledge of thermodynamic 

and kinetic parameters such as the diffusion behaviour or temperature dependent 

solubilities of constituents. After optimising the composition by means of these 

parameters a full thermal characterisation is required in order to optimise the production 

step, including characterisation of the shrinkage, gas evolution and phase transitions 

during the sintering process. Understanding microstructural features of sintered samples 

by a detailed analysis is mandatory for a further tailoring of mechanical properties. 

Especially in industry magnetic properties stand the test for non-destructive 

microstructure control, hence their characterisation is of particular interest.   

Once promising new hardmetal grades are found by means of these laboratory methods 

they undergo near-application characterisations such as cutting or wear tests before they 

are successfully introduced in industry. The investigated material parameters and 

corresponding analysis techniques typically obtained upon development of new 

hardmetal grades are listed in Table 1. 

 

 Property Analysis technique 
Thermodynamic and 
kinetic investigations 

Solid-state diffusion of constituents 
Electron-probe microanalysis 

Solubilities of constituents 

Sintering 

Shrinkage Dilatometry 
Temperature dependent gas 
evolution 

Mass spectrometry  
Thermogravimetry 

Phase transitions Differential Scanning calorimetry 

Microstructure 

Grain size distribution, porosity, 
Homogeneity, phase distribution 

Light-optical microscopy 
Scanning electron microscopy, EBSD 

Phase characterisation X-ray diffraction 
Phase and grain boundaries Transmission electron microscopy 

Magnetic properties 
Control of carbon content Magnetic saturation  
Control of sintering state Coercive force 

Mechanical 
properties 

Hardness Vickers hardness  
Fracture toughness Palmqvist Crack Length 
Transverse rupture strength 4-point bending tests 
Creep behaviour 3-point bending creep tests 
Young’s modulus Acoustic resonant frequency 

Application tests 
Wear Abrasion tests 
Cutting performance Turning tests 

Table 1:  Overview of investigated material parameters and applied analysis techniques upon 
development of new hardmetal grades. 
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III-V NANOWIRES FOR OPTOELECTRONIC APPLICATIONS

Suzanne Lancastera, Martin Kriza, Mattia Capriottia, Markus Schinnerla,

Govinda Lilleyb, Hermann Detzc, Gottfried Strassera

aCentre for Micro- and Nanostructures, Institute for Solid State Electronics
bPhotonics Institute

cAustrian Academy of Sciences

The optical and electrical characteristics of various GaAs/AlGaAs NW heterostructures

have been investigated. Doped heterostructures show promising features, such as good

photoluminescence and a high light/dark current ratio.

INTRODUCTION

GaAs has many attractive features as an optoelectronic material, particularly as it is

direct bandgap and can be doped p- or n-type [1]. Moreover, nanowires (NWs) provide

a platform for growing unique uni- and bi-axial heterostructures with a small material

footprint [2]. For this reason, GaAs/AlGaAs heterostructure NWs have many potential

applications as lasers, detectors, transistors, and more [3].

TABLE I

STRUCTURE AND DOPING OF SAMPLES

Sample Structure Doping Contact Material

A GaAs/AlGaAs core-shell wires Si delta-doping in shell (n-type) Ge/Au/Ni/Au

B GaAs/AlGaAs/GaAs QW/AlGaAs Si in QW (n-type) Ge/Au/Ni/Au

C GaAs/AlGaAs core-shell wires Undoped -

D Bare (core-only) GaAs wires Si in core (p-type) Pt/Ti/Pt/Au

METHOD

The NWs were grown by Molecular Beam Epitaxy (MBE), with the structures and

doping summarised in Table I. The samples were characterized optically via photolu-

minescence (PL) spectroscopy at around 7K. Individual wires were dispersed onto a Si

substrate with gold contact pads, electrically insulated by a 100nm layer of SiO2. These

wires were contacted by e-beam lithography with the materials shown in Table I. I-V

measurements were taken on the wires in the dark and under white light illumination.

RESULTS

Figure 1 shows PL spectra of each sample. For samples A-C, the spectra were obtained

from as-grown wires, leading to broad emission. The effect of doping can clearly be

seen in the spectrum of sample A, with a saturation of trap states leading a higher

emission intensity compared to the undoped sample C. The spectrum for sample D

comes from a single wire, and shows strong emission with a small linewidth of 7meV.
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Fig. 2. (a) SEM image of a contact formed to a wire; typical I-V curves for samples (b) A & B and (c) D

Figure 2a shows the side profile of a contact formed to a wire, exhibiting good metal

deposition. Typical I-V curves from samples A, B and D are shown in figures 2b &

2c. All wires showed an increase of conductivity under illumination, with Sample B

exhibiting photodiode behaviour. The higher current for sample D is likely influenced

by better formation of Ohmic contacts.

CONCLUSION

The heterostructures investigated exhibited strong photoluminesence. Electrical contacts

on the wires formed well, and I-V measurements carried out with and without a white

light source indicate a high number of photogenerated carriers. This suggests that with

careful contact engineering, the wires are good candidates for use in photodetectors,

phototransistors and other applications.
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POSITION CONTROL OF NANOWIRES USING A FOCUSED ION BEAM 

M. Kriza, S. Lancastera, M. Schinnerla, H. Detza,b, E. Bertagnollia and G. Strassera 

a Center for Micro- and Nanostructures and Institute for Solid-State Electronics, 
b APART Fellow of the Austrian Academy of Sciences 

The vapor-liquid-solid (VLS) nanowire synthesis requires seed particles, which act as a 

catalyst and define both, diameter and position. Gallium droplets can be used as an 

alternative to the commonly used Au in order to avoid trap states [1]. We present the 

growth of GaAs nanowires at defined positions by implantation of Ga with a focused 

ion beam (FIB) system, which does not require lithographic steps and therefore avoids 

potential contamination of the growth facilities [2,3]. Epitaxial growth of semiconductor 

nanowires at defined positions opens new opportunities for the integration of 

optoelectronic devices with conventional silicon technology. 

Gallium droplets nucleation 

The Ga droplets in Figure 1 were deposited on Si (100) substrates in a molecular beam 

epitaxy (MBE) under ultra-high vacuum (UHV) conditions. The deposited material with 

an equivalent Ga layer thickness of 3.7 nm forms droplets with an arbitrary distribution 

on the Si surface of the wafer, which is heated to 600 °C. After this nucleation process 

and an annealing time of 60 s the vapor liquid solid synthesis (VLS) of nanowires is 

started in the MBE with a Ga growth rate of 0.09 µm/h under an As flux of 5e-7 torr and 

leads to the formation of GaAs nanowires shown in Figure 2. 

   
 

 

Figure 1 Arbitrary deposited Ga
droplets on Si (100) in a molecular
beam epitaxy system 

Figure 2 GaAs nanowire growth in the 
VLS mechanism under ultra-high 
vacuum conditions 
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Positioning of droplets and wires 

The approach, presented in this work, is based on implanted gallium ions in a small 

field with a diameter of 80 nm with a FIB at 30kV acceleration voltage on a well-

defined position on the Si (100) wafer. After this step, the wafer sample was annealed 

for a time of 10 minutes at a temperature of 600 °C. This causes the diffusion of the ions 

to the surface and form small Ga droplets which can further act as a catalyst for the  

VLS growth mechanism (see Figure 3). 

   
 

 

As shown in Figure 4 the VLS synthesis of nanowires takes place exactly at the spots, 

which were defined by Ga ion implantation. In between the nanowires, some 

polycrystalline GaAs is formed uncatalytically. We will optimize the growth conditions 

in order to suppress such parasitic growth and to increase the yield of positioned 

nanowire arrays. 

Conclusion 

We present a strategy for the positioned growth of semiconductor nanowires by 

implanting catalyst material with a FIB system. This presents a key ingredient for the 

integration of GaAs nanowires with Si for optoelectronic devices. We will extend this 

concept to other semiconductor materials in future. 

 

The authors acknowledge financial support by the Austrian Science Fund (FWF): 

P26100-N27 (H2N). 
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Figure 3 Focused ion beam implanted
and by annealing formed Ga droplets at
defined positions on Si 

Figure 4 GaAs nanowire growth after
annealing the implanted Ga in a MBE
system
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MULTI-SCALE DYNAMICS IN MICROSTRUCTURES

Annalisa Iuorio, Christian Kühn, and Peter Szmolyan
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We consider a singularly perturbed, non-convex variational problem describing mi-

crostructures in one space dimension. The minimizers of the functional exhibit a com-

plicated multi-scale behavior. We propose a dynamical systems approach to analyse the

critical points of the functional by applying methods from geometric singular perturba-

tion theory to the corresponding Euler-Lagrange equations. We prove the existence

of periodic solutions which explain the observed multi-scale structures. Numerical

computations based on AUTO are performed in order to study quantitative properties

and bifurcations of solutions as key parameters vary.

INTRODUCTION

The appearence of microstructures in special classes of materials (e.g, shape memory

alloys) is the key to understand their properties. Most of the existing mathematical

models aim at describing microstructures as minimizers of certain energy functionals.

Our starting point is a singularly perturbed non-convex variational model in one space

dimension studied by Müller [1], which describes the occurrence of simple laminates

(Fig. 1a). We propose to use a dynamical systems approach based on geometric singular

perturbation theory [2] with the goal to obtain further insight, e.g. on critical points (not

just the minimizers) of the functional.

Analytical studies

The Euler-Lagrange equation associated to the energy functional can be written as a

4-dimensional singularly perturbed Hamiltonian system of ODEs depending on a small

parameter 0 < ε � 1. Microstructures can be interpreted as periodic solutions of this

system (Fig. 1b). Starting from a singular orbit (ε = 0), we prove the existence of such

orbits for ε 6= 0 [3]. More precisely, we prove the existence of a family of periodic

orbits parametrized by the value µ of the Hamiltonian for ε small.

Numerical studies

Our analytical results are confirmed by numerical computations based on AUTO (a

software package for continuation and bifurcation problems in ODEs). Continuation in

both parameters ε and µ is performed (Fig. 2).

CONCLUSION

Analytical and numerical study of a multi-scale model describing microstructures in

one-space dimension is performed. In future work, we aim to apply the techniques

presented here to more general energy functionals.
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(a) Microstructures in a Cu-Al-Ni single crystal
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layers could be designed with identical thicknesses, see Fig. 1 (a). 

The roughness of the multilayer is higher as that of the monolithically grown nitrides, as 

especially (AlxCr1-x)2O3 coatings, typically exhibit a pronounced surface topography.  

By reduction of time per layer during the deposition (thus increasing the total number of 

layers), the (AlxCr1-x)2O3 and AlxCr1-xN layers have 

different thicknesses, resulting in a decreased bilayer 

period (Fig. 1b), decreasing hardness and an 

increasing roughness. Further reducing the 

deposition time per layer down to 30 seconds, leads 

to a further intermixing of the individual (AlxCr1-

x)2O3 and AlxCr1-xN layers, which actually can be 

hardly resolved within the used SEM, Fig. 1 (c).   

The hardness and Young´s modulus of our multi-

layered coatings are 17-19 GPa and 240-260 GPa, respectively, see Fig. 2. Accordingly 

this is related to the combined effect of lower and higher hardness and Young´s 

modulus of the individual (AlxCr1-x)2O3 and AlxCr1-

xN layers, see Fig. 3, where we compared the results 

of the multilayer coatings with monolithically grown 

(AlxCr1-x)2O3 and AlxCr1-xN coatings.  

XRD measurements, see Fig. 3, point out the 

evolution of the multi-layered coatings, compared to 

the monolithic (AlxCr1-x)2O3 and AlxCr1-xN coatings. 

The XRD patterns of the Al-Cr-based multilayered 

coatings indicate a single phase cubic B1-like 

(AlxCr1-x)(N,O) structure [1], independent of the 

deposition time per layer.  

With decreasing layer thickness, we observe a slight 

shift of the diffraction peak to higher 2ϴ angles, which 

suggest increasing tensile stress formation. Evaluation 

of the FWHM, based on the B1-like cubic 200 XRD 

peak, reveals a lower grain size for coatings with less 

deposition time per layer. This is in agreement to our 

expectations, as the maximum grain size is limited by the layer thickness. 

[1] H. Najafi, A. Karimi, P. Dessarzin, M. Morstein, Correlation between anionic substitution and 
structural properties in AlCr(O   xN 1-x) coatings deposited by lateral rotating cathode arc PVD, 
Thin Solid Films. 520 (2011) 1597–1602. doi:10.1016/j.tsf.2011.08.075.  

Figure 2: Hardness and Young´s 
modulus of monolithic and multilayered 

Al-Cr-based coatings. 
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PHASE EVOLUTION, MICROSTRUCTURE, AND MECHANICAL 
PROPERTIES OF Mo–Cr–N HARD COATINGS 

Fedor Klimashin, Holger Euchner, Jörg Paulitsch, Helmut Riedl,  
and Paul H. Mayrhofer 

Institute of Materials Science and Technology 

The constantly growing demands for improved high-performance coatings to protect 

tools used in machining and forming applications or components in automotive and 

aerospace applications triggers the development of new material combinations. For 

these applications, where thermal stability, wear and mechanical resistivity are 

important, ceramic-like coatings are ideal candidates. Whereas there are extensive 

research activities for TiN- and CrN-based coatings, only little is known about 

MoN-based materials. Especially the cubic phase of molybdenum nitride (γ-Mo2N) 

exhibits excellent mechanical properties, but the phase is extremely sensitive to the 

nitrogen content. Consequently, the phase 

evolution of Mo–N coatings is extremely 

sensitive to the nitrogen partial pressure used 

during physical vapor deposition. 

Furthermore, MoNx coatings are sensitive to 

exposure in oxygen containing atmosphere, 

as the nitride easily transforms to 

molybdenum oxides exhibiting a rather high 

vapor pressure. Therefore, we started to 

investigate the phase evolution of Mo–N 

coatings as a function of the N2-to-total 

pressure ratio (pN2/pT) used during PVD 

(magnetron sputtering), see Fig. 1. Based on 

these results we used pN2/pT ratios of 0.32, 

0.44, and 0.69 to improve the oxidation 

resistance by developing ternary Mo–Cr–N 

coatings. Our development was targeted 

towards single-phase Mo–N based coatings 

with a high Cr-content, as multiphased 

coatings typically exhibit a lower thermal 

stability due to their increased phase 

boundary fractions. The development of 

ternary Mo–Cr–N coatings is guided by 
Figure 2 Energy of formation of the cubic MoNx

Figure 1 Diffraction patterns of MoNx at varying 
  nitrogen-to-total pressure ratios 
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detailed ab initio calculations within the 

binary Mo–N (Fig. 2) and Cr–N, and ternary 

Mo–Cr–N systems. Whereas all available 

literature reports deal with the 

Cr-rich side – Cr/(Mo+Cr) > 0.5 – our 

experimental studies concentrate on the 

Mo-rich side with Cr/(Mo+Cr) < 0.5. All 

ternary Mo–Cr–N coatings have a fine 

crystalline (column diameter of 10-30 nm) 

cubic structure (see the cross sectional TEM 

image, Fig. 3) and high hardnesses of around 

30 GPa. The Mo1-xCrxNy coating with a 

Cr/(Mo+Cr) ratio x of ~0.15 exhibits the 

highest hardness of about 34 GPa as well as 

the highest resistance against plastic 

deformation with (H3/E2) of ~0.2 GPa, when 

prepared at pN2/pT = 0.32 (for comparison, 

H3/E2 values for TiN and CrN are about 

0.1 GPa). We furthermore show that by 

decreasing pN2/pT from 0.69 to 0.32 during 

deposition, the structural and elemental 

evolution within our Mo1-xCrxNy coatings 

follows the quasi-binary tie lines MoN–CrN, 

Mo2N–CrN, or Mo2N–Cr2N. The coatings 

prepared with pN2/pT = 0.44 exhibit lattice 

parameters, which excellently agree with 

ab initio obtained values along the 

Mo2N–CrN tie line (Fig. 4) verifying their 

structural description. The coatings prepared 

with pN2/pT = 0.69 exhibit lattice parameters, which follow the MoN–CrN tie line only 

for high Cr contents, Cr/(Cr+Mo) > 0.5. Our results show, that depending on the 

nitrogen partial pressure used and Cr/(Cr+Mo) ratio Mo1-xCrxNy coatings with distinct 

structure and properties can be developed. 

Figure 3 Typical microstructure of Mo-rich 
  Mo–Cr–N thin films 

Figure 4 Experimental lattice parameters for
    Mo-Cr-N coatings prepared with three
    different N2-to-toal pressure ratios
     and ab initio data for the MoN0.5-CrN
    tie line 
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final FFT spectrum, which delivers the desired bearing frequencies. This vibration 

spectrum can now be taken for drawing interferences from the calculated peaks shown 

in the frequency domain about the part of the bearing the defect is located. For the 

bearing investigated, the FFT analysis shows peaks at multiple integers of 75 Hz, 

indicating defects on the raceways which were induced by debris caused by severe 

surface spall on the surface of one ball. The expected peak at 325 Hz, characteristic for 

a defect on the surface of a rolling element, is missing, which is potentially due to a 

rotation of the ball in a non-directional axis in the time frame the data for FFT analysis 

were recorded. The damaged surface of the ball did not get in contact with the raceway, 

hence not giving measurable impulses. 

 
Figure 2 Evaluation of recorded vibration data from raw data to the final vibration spectrum via enveloping and 
application of a digital filter.  

Conclusions 
Silicon nitride has become the standard ceramic material in hybrid ball bearings due to 

several significant advantages over steel bearings. Nevertheless, the brittleness of the 

high-tech ceramic makes it even more important to detect defects within the bearing 

during operation. The presented method is a valuable tool for the monitoring of bearings 

in critical operation conditions. The quality of the calculated spectrum is strongly 

influenced by the algorithms used. As a consequence, the application in which the 

bearing is used defines the design of the digital filter used during data processing, which 

has to be adapted precisely for the respective operation condition.  
[1] P.J. Dempsey, J.M. Certo, R.F. Handschuh, F. Dimofte, Hybrid bearing prognostic test rig,  Report 
NASA/TM-2005-213597, 2005. 
[2] K. Thoma, L. Rohr, H. Rehmann, S. Roos, J. Michler, Materials failure mechanisms of hybrid ball 
bearings with silicon nitride balls, Tribology International 37, 2004, 463-471. 
[3] T. Yamamoto, H. Ito, S. Niizeki, S. Matsunaga, Rolling life properties of ceramic bearings in water, 
Key Engineering Materials, 2006, 359-362. 
[4] M.N. Kotzalas, G.L. Doll, Tribological advancements for reliable wind turbine performance, 
Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences 
368, 2010, S. 4829-4850. 
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Figure 1. Configuration of the experimental setup and 
scheme of the experiment. The common reactive gas 
atmosphere in the 10-6–10-9 mbar range in both chambers 
provides the possibility for the XPS analysis of the 
samples in UHV under the same gas atmosphere as in 
PEEM. 

INITIAL OXIDATION OF ZIRCONIUM: XPS AND PEEM STUDIES 

J. Zeininger, I. Bespalov and M. Datler 

Institute of Materials Chemistry, Vienna University of Technology, Vienna, Austria  

Introduction 

Always when a “fresh” metal or semiconductor surface is exposed to an oxygen-

containing atmosphere an oxide layer is formed. This phenomenon occurring already at 

low temperatures and at low oxygen pressures is of fundamental technological 

importance in different fields where the oxidizing environment get in contact with the 

solid state surfaces.  

The native oxide layers covering metal surfaces are seldom homogeneous, suboxides 

are often formed as an interlayer between the metal and upper stoichiometric oxide 

layer. However, such suboxide interlayers are hardly studied until now [1]. Thin oxide 

films formed on the “fresh” zirconium and zirconium-alloy surfaces are usually dense 

enough to passivate the surface against the incorporation of reactive gases into the bulk. 

This allows the use of such surfaces in the high-temperature corrosive atmospheres, 

existing e.g. in nuclear reactors, but the deeper understanding of the oxidation process 

requires detailed information on the kinetics and mechanism of growth of zirconium 

oxide films [2]. Therefore, it is of great interest to study the initial oxidation of Zr 

including the possible suboxide formation. In the present contribution we focus on 

kinetics of initial oxidation of polycrystalline Zr foil using X-Ray Photoelectron 

Spectroscopy (XPS) and Photoemission Electron Microscopy (PEEM).  

Experimental  

The experiments were performed in a multifunctional UHV system with base pressure 

10-9 mbar, consisted of two separately operated chambers (Fig. 1): a “microscopy” 

chamber equipped with PEEM, quadrupole mass spectrometer, sample preparation 

facilities for sputtering and 

annealing and oxygen supply 

system. The PEEM visualizes the 

sample surface using the 

photoelectrons emitted due to UV-

light illumination [3]. The PEEM 

images were recorded using a high-

speed CCD camera. The second 

“spectroscopy” chamber is equipped 

with XPS system and independent 

sample preparation facilities. The 
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XPS registers electrons emitted from the sample due to the X-ray illumination and 

provides the chemical information about the composition of surface layers [4]. Both 

chambers are connected by a sample transfer line including a load lock, allowing 

transfer of the sample from the atmosphere to UHV and from one chamber to another 

without breaking the vacuum. The sample consists of a 10x10 mm2 polycrystalline Zr 

foil, its temperature was measured using NiCr/Ni thermocouple, and it was cleaned 

using a UHV cleaning procedure consisting of several repeating cycles of Ar+ sputtering 

and annealing. The cleanness of the sample was controlled by XPS. 

Results  

The results of the XPS experiments are shown in the Fig. 2: the clean Zr surface was 

exposed to oxygen at 8·10-7 mbar and at constant temperature of 398 K. Already at an 

exposure of 3 L (1 L = 1 Langmuir = 10-6 Torr ·s) new features start to appear (Fig. 2a). 

The deconvolution of spectra in Fig. 2a demonstrates existence of the Zr+1, Zr+2 and 

Zr+3 contributions, i.e. suboxides on this early stage of oxidation. At an exposure of 

about 8 L, a new species with binding energy shifted by 4.2 eV in respect to Zr0 appears 

(Fig. 2a). This shift corresponds to Zr+4, i.e. to the formation of the stoichiometric ZrO2 

layer over the suboxide layer which thickness achieves 1.5 nm. The PEEM allows in 

turn the control of the state of the surface during the XPS measurements (Fig. 2b). 

Conclusion 

Existence of the ZrOx (x = 1; 2; 3) suboxide interlayer between the metal surface and 

stoichiometric ZrO2 during the oxidation of the fresh Zr surface was detected by XPS. 

Quantitative evaluation of the XPS spectra allows the determination of the thickness of 

the suboxide layer in the nm-range. 

[1] C. Morant, J.M. Sanz, L. Galan, L. Soriano and F. Rueda, Surf. Sci. 218 (1989) 331 

[2] D. Hudson, A. Cerezo, G.D.W. Smith, Ultramicroscopy, 109 (2009) 667 

[3] Y. Suchorski, C. Spiel, D. Vogel, R. Schlögl, G. Rupprechter, ChemPhysChem, 11 (2010) 3231 

[4] D. Vogel, Z. Budinska, R. Schlogl, Y. Suchorski and G. Rupprechter, Catal. Lett. 143 (2013) 235. 

Figure 2. Initial oxidation of Zr. (a) A set of Zr 3d XPS spectra at different oxygen exposures in the rang 
3 – 12 L and at T= 398 K; (b) PEEM monitoring of the Zr oxidation. A two layer model of oxidic 
overlayer is shown in the inset. 
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IMPACT OF THE ECAP PROCESS ON THE MACHINABILITY OF PURE 
TITANIUM 

Richard Zemann, Matthias Zillner 

Institute for Production Engineering and Laser Technology 

Introduction 
Equal channel angular pressing (ECAP) is a severe plastic deformation (SPD) 

process. The aim of this process is a variation of the material properties to achieve 

new special areas of application. Thereby cylindrical samples of a metallic 

material are forced under hydrostatic pressure through a specifically shaped duct. 

This duct includes a sharp bend. Due to the deflection angle in the range of 90 to 

120 degrees, the sample material is plastically deformed and undergoes a 

microstructural change. In order to form the structure as desired, a repetition of 

the process of up to 20 times might be necessary. For many metals, especially for 

titanium, a significant grain refinement can be observed through the ECAP 

process. In pure titanium (CP-Ti Grade 2) this leads to an increase in the yield 

strength and tensile strength by more than 100% and in turn to a decrease in the 

elongation at break by up to 20 percentage points. Because of this significant 

change in material properties, a reassessment of the machinability is necessary. 

Machining experiments 
For this purpose, 132 longitudinal turning tests with ECAP titanium, as well as 

untreated titanium were performed. To evaluate the influence of the ECAP 

process on the machinability, the surface roughness, the cutting forces and the 

chips are examined. Titanium is machined with cutting speeds between 50 and 80 

m/min and a feed rate between 0.1 and 0.2 mm/rev. This range of values was 

observed with 5 different tools. The tools differ mainly in terms of cutting edge 

radii and chip breaker formation. In addition an extended parameter range, with 

cutting speeds of up to 120 m/min, feed rates of up to 0.4 mm/rev and depths of 

cut of up to 2 mm was investigated with one of the tools.  

The cutting force for longitudinal turning increases by an average of 3% through 

the ECAP process. The passive force and feed force rise by an average of 19% 

and 15%. Therefore the sum of these three forces, the machining force, increases 

by 7%. Depending on the cutting parameters, the value range of this force rises 

from 128-1362 N to 149-1389 N. In Fig 1, the machining force for turning of 

titanium, using a Sandvik© Coromant DCMT 11 T3 08-UM 1115 cutting tool, at a 

1 mm depth of cut is plotted against the feed rate. For ECAP titanium the 

machining force is at all feed rates significantly above the reference material.  
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Fig 1 Machining force for 1 mm depth of cut and averaged cutting speed  

The roughness of the machined surfaces, quantified by using the roughness value 

Ra, is at ECAP titanium (Ra = 2.90 μm) on average 8% worse than that of 

untreated titanium (Ra = 2.68 μm). For untreated titanium discontinuous, desirable 

chips occurred in the test series with feed rates above 0.3 mm/rev and depths of 

cut above 1.5 mm. During processing the ECAP samples under any circumstances 

a desirable chip breaking was achieved. In Fig 2, the chips collected in 

experiments with identical cutting parameters are compared. 

    
Fig 2 Chips for cutting speed 30 m/min, depth of cut 1.5 mm and feed rate 0.3 mm/rev 

Summary 
It is more difficult to machine ECAP titanium than untreated titanium. The higher 

material strength leads to higher machining forces and thus greater driving power 

requirements. In addition, the worse chip breakage may necessitate additional systems, 

such as vibration assisted machining. The greater roughness of the machined surfaces of 

ECAP titanium should also be mentioned. 
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THE ICE NUCLEATION ACTIVITY OF CARBONACEOUS PARTICLES 

Häusler Thomas, and Grothe Hinrich 

Institute of Material Chemistry, Vienna University of Technology 

The aim of this project is a thorough study of ice nucleation mechanisms of 

carbonaceous particles as their role as ice nuclei particle (INP) at warmer sub- zero 

temperatures and lower relative humidity is insufficiently understood. 

Introduction 

Clouds are essential for Earth’s climate system, weather phenomena, and the 

hydrological cycle.[1] Cloud microphysics determine for example cloud lifetime and 

precipitation properties. Furthermore are clouds cooling the climate system by 

reflecting incoming solar radiation and warm its surface by trapping outgoing infrared 

radiation.[2] In the atmosphere ice crystals form through heterogeneous and 

homogeneous ice nucleation. For homogeneous nucleation, a temperature below -38°C 

is needed. Freezing processes at higher temperatures occur heterogeneously.[3] In this 

case, an aerosol particle acts like an initiator to trigger the process. These particles 

provide a specific surface, which reduces the energy barrier for nucleation. 

Cellulose as a Proxy INP 

Previous research in our group has been related to biological ice nucleation [4, 5]. Here, 

we present a proxy for many biological macromolecular substances, i.e. 

microcrystalline cellulose. Cellulose is the main component of herbal cell walls (about 

50 wt%). It is a polysaccharide consisting of a linear chain of several hundred to many 

thousands of β(1→4) linked D-glucose units. 

Several types of microcrystalline cellulose were analysed and investigated due to their 

physico- chemical properties. Immersion freezing experiments were carried out in a 

unique reaction gadget (Figure 1). In this device a water-in-oil suspension (with the 

cellulose suspended in the aqueous phase) was cooled till the freezing point and 

observed through a microscope. 
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The results of the immersion freezing experiments of the different cellulose types 

showed variable ice nucleation activities depending on their type and their 

concentration (Figure 2). Further analysis methods as scanning electron microscope 

(SEM) and small angle X-Ray scattering (SAXS) were carried out to completely 

describe the cellulose and their ice nucleation activity. 

 

 

 

Figure 1 Cooling device with Peltier element and 

thermocouple. 

 

Figure 2 Immersion freezing of different cellulose 
types and concentrations. 
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Project P26040). 
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CHALLENGES IN THE FIELD OF MACHINING FIBRE REINFORCED 
POLYMERS 

Richard Zemann and Friedrich Bleicher 

Institute for Production Engineering and Laser Technology 

Introduction 

Fibre reinforced polymers (FRP) are used more and more in the industry. The 

advantages of this material class are based on the combination of mechanical high 

loadable fibres like carbon or glass fibres and the surrounding polymer matrix. The stiff 

and brittle fibres absorb the mechanical loads and the matrix system keeps the fibres in 

their position. This material combination has many different advantages, like the high 

light weight potential, which is majorly based on the specific mechanical properties. 

Another positive characteristic is the crack stopping function of the compound. The 

continuous polymer phase is crossed of many fibres and each of them acts like a crack 

stopper. 

Machining of Fibre Reinforced Polymers 

The properties of FRP, which support the light weight potential, are also complicating 

the steps in the manufacturing process. One problem is the traditional layered structure 

of the parts. Current production lines have therefore a high grade of manual work 

stations. Another problem occurs while the machining, for example in drilling or 

milling processes, of the parts. In this process two different materials have to be cut 

simultaneously in one single step. Neither the whole process nor the cutting tool can be 

optimised for one of the materials. The fact that the materials have differences in their 

characteristics is complicating the matter. For example the machining of carbon fibre 

reinforced polymers (CFRP) is a current challenge in the relevant industry. One of the 

most used CFRP is the combination of Toray T300 and an epoxy matrix system. The 

stiffness of the fibre to the fibre axis longitudinally measured is 74 times higher and the 

strength 37 times higher in comparison to the matrix system. Another aspect is that 

carbon fibres are anisotropic. The mechanical properties are significantly differing in 

respect to the load direction. Therefore the cutting conditions are varying with the fibre 

cutting angle in every single tool rotation. This variation of the load behaviour at the 

cutting edge and the generally abrasive characteristic of FRP is the reason of the high 

tool wear in comparison with metal machining. Tool manufacturer encounter this 

problem with diamond coated or diamond tipped products. Such tools can have 

enlarged milling length from 50 m to over 200 m. With the coating of the cutting edge 

some disadvantages occur as well. The thickness of such industrial used coatings starts 

from some few microns and reaches over 20 microns. It is obvious that the cutting edge 
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geometry and the cutting edge radius are affected from such a protecting layer. This 

generally results in higher machining forces, rougher machining surfaces and damages 

like fraying, delamination and splintering at the cut edge of the parts. Another research 

topic in the field of machining FRP is the use of assistance systems like vibration 

assistance, cryogenic systems or coolant lubricants. Vibration assistance means the 

superposition of the cutting edge movement with frequencies from 20 to > 40.000 Hz 

and amplitudes from some microns to over 250. The amount of actuated axis and the 

geometrical form of the generated vibration (for movements in two or more axis) are 

various. The advantages of vibration assistance are generally the disruption of the 

cutting process and the alternating cutting condition. Another common system in the 

metal machining is the use of coolant lubricants. One of the biggest advantages is the 

enhanced chip removal. The phenomenon of deposited material in grooves is reduced 

with the use of lubricants. The cooling character of the fluid is less important. While 

machining CFRP with optimised conditions the tool temperature is for example rising to 

less than 150°C. The temperature at the part surface after such a machining process is 

just 5 to 10 degrees rising. Important for the use of fluid is that with specific 

modifications at the tools geometry and optimised process parameters the occurring 

damage at the parts can be reduced. One further aspect is that the small chips, 

respectively the dust, is bond in the fluid. Without the use of fluids these machining end 

products will endanger the staff and the surrounding devices as well as the machining 

centre itself. Problematic is that the small particles can have length of only some 

microns and such particles are respirable. Another aspect is that carbon is electrical 

conductive, what means that electrical devices have to be protected. The fact that these 

particles are also very abrasive leads to higher wear at moving parts like guides. This 

situation can be encountered with the use of suction systems. Therefore the handling of 

the machining end products is more demanding compared with metal working. Every 

one of these assistance systems has specific advantages but they have all the 

disadvantage of the additional parts and efforts. 

Summary 

The machining of fibre reinforced polymers is demanding. Use of composites in the 

mass production necessitates the improvement of the machining process. Like many 

other engineering topics, the machining of FRP is interdisciplinary targeted as well. 

Knowledge in different departments, like engineering, material science, chemistry or 

physics is essential for any serious development in this field. Such enhancements are 

required to enlarge the use of light weight materials, what is furthermore necessary to 

reach actual and future requirements of the industry and the politics. 
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LOAD-DEFORMATION BEHAVIOR OF SINGLE DOWEL CONNECTIONS 
IN TIMBER STRUCTURES 

M. Schweigler, T.K. Bader, G. Hochreiner and J. Eberhardsteiner 

Institute for Mechanics of Materials and Structures 

In modern timber structures, dowel-type connections with steel fasteners inserted into 

pre-drilled holes are widely used. An easy assembling of this type of connection allows 

for a flexible design. In general, single dowels are loaded in arbitrary directions with 

respect to the grain direction of wood, denoted as the load-to-grain angle. This 

characteristic is a consequence of the specific combination of internal forces acting on a 

joint, i.e. on a group of dowels, and is particularly important since wood exhibits 

anisotropic material behavior. Hence, the load-deformation characteristics of single 

dowels are changing with the load-to-grain angle. Moreover, due to local plastic 

deformation of the wood under steel dowels and due to plastic bending deformations of 

the steel dowel itself, single dowel connections show a nonlinear mechanical behavior. 

In order to predict realistic load-deformation characteristics of a dowel group, and 

consequently realistic force distributions within a timber structure, accurate knowledge 

of the mechanical properties of the single dowels is essential.  

In this study, the experimental framework related to the single dowel behavior is 

presented. Experiments on single dowel connections, loaded at different load-to-grain 

angles by dowels of different diameters were carried out. In addition, mechanical 

properties of the individual components were determined. In particular, embedment 

tests of steel dowels in wood and tests of the steel dowels were conducted. All 

experiments were performed up to large deformations in order to assess and quantify 

the ductility of the connection. 

The tests presented herein followed the strategy of consistent determination of 

connection properties across the different scales of observation. Therefore, the same 

materials, namely laminated veneer lumber with parallel oriented veneers only (LVL, 

Kerto-S®) and steel dowels of the same quality, were used throughout the test series. 

Compared to solid wood, LVL shows less variability in material properties. Thus, 

effects of growth irregularities such as knots, which might spoil the test results, could be 

avoided. Furthermore, representative results were accessible using a limited number of 

replications. Several LVL elements were reinforced by means of self-tapping screws, in 

order to avoid premature splitting of the wood and to ensure large deformations of the 

dowel. Beside traditional measurement techniques, such as displacement transducers, 

also a non-contact deformation measurement system was used, which allows 

monitoring the deformation and strain field on the specimen surfaces. 
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The embedment behavior was studied by means of full-hole embedment tests. The 

corresponding stress-deformation curves were determined for different load-to-grain 

angles, different dowel diameters, and up to deformations of twice the dowel diameter. 

A pronounced nonlinear load-deformation behavior was observed in the different tests. 

Particularly interesting is the hardening behavior present at load-to-grain angles higher 

than 45°. Consequently, the embedment forces increased with increasing deformation 

and, finally, reached values close to, or even higher than the embedment forces parallel 

to grain. 

Furthermore, the moment-relative rotation behavior of steel dowels was investigated in 

3-point bending and tension tests. Test results showed a pronounced influence of the 

steel quality on the plastic yield moment of the dowels. 

Single dowel connections, by means of double-shear steel-to-LVL connections with 

slotted-in steel plates with different dowel diameters were studied. Tests were run in 

compression for different load-to-grain angles, namely at 0°, 45°, and 90° inclined to 

the grain. Attention was paid to the anisotropic nature of the LVL, which causes lateral 

reaction forces in case of a deviation between the loading and the grain direction. The 

magnitude of these forces was quantified in the biaxial test setup of single dowel 

connections. Moreover, this phenomenon was also investigated in embedment tests on 

LVL. An increased resistance of the wood, i.e. higher loads at the same relative 

deformation, due to laterally restrained boundary conditions became obvious. During 

loading, the steel dowels developed a plastic hinge in the center of the connection. The 

load-deformation curves were consistent with the embedment properties of the LVL. 

In order to overcome the shortcomings of the current design standard for timber 

structures [1], an engineering modeling approach was developed by Hochreiner [2]. 

This beam on elastic foundation model allows predicting realistic slip curves for 

arbitrary compositions of single dowel connections, by using commercial structural 

analyses software. The aforementioned experiments can be exploited in such a model 

and will subsequently be used for validation purposes.  

 

 

 

____ 
[1] Eurocode 5: Design of timber structures – Part 1-1: General – Common rules and rules for 

buildings (12 2010), 2010. 

[2] Hochreiner, G., Bader, T.K., de Borst, K., Eberhardsteiner, J. (2013) Stiftförmige 

Verbindungsmittel im EC5 und baustatische Modellbildung mittels kommerzieller Statiksoftware, 

Bauingenieur 88:275-289 (in German). 
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MICROMECHANICS OF HYDRATING CEMENT PASTES

CONSIDERING C-S-H GEL DENSIFICATION

Markus Königsberger, Bernhard Pichler, and Christian Hellmich

Institute for Mechanics of Materials and Structures

INTRODUCTION

After water, cementitious materials like mortar or concrete are the most used materials

on the planet. Given the large amounts of carbon dioxide released during cement

production, great efforts are recently made to optimize the mechanical behavior of these

materials. Thus, a careful study of the components building up cementitious material,

from the nanoscale up to the macroscale. We focus on cement paste, a hierarchically or-

ganized heterogeneous material, build up by hydrates (mainly Calcium-Silicate-Hydrate,

C-S-H) which stem from chemical reactions of water and cement.

Herein, we present our multiscale micromechanics model developments. Thereby we

incorporate latest experimental findings on the densification behavior of the C-S-H

hydrates [1], a gelatinous composite of solid C-S-H crystals and gel pores. This way,

we are able and predict mechanical material behavior.

SPACE CONFINEMENT-DRIVEN C-S-H GEL DENSIFICATION

Nuclear magnetic resonance (NMR) relaxometry [1] have shown that C-S-H gel densi-

fies progressively during hydration. Herein, we NMR data measured in combination with

results from small angle scattering experiments [2] concerning density and composition

of C-S-H crystals to get access to the volume fraction of the material constituents

for the tested mixes. Considering space confinement as the driving force for the gel

densification, we were able to generalize the C-S-H gel densification behavior.. Basic

stoichiometric relations of hydration chemistry finally result in an original hydration

model for the evolution of phase volume fractions of hydrating Portland cement pastes.

MULTISCALE MICROPOROMECHANICS MODEL

A multiscale poromechanics model involving three observation scales is developed,

see Fig. 1, with microstructural features described as follows. At the scale of several

nanometers, solid C-S-H crystals are represented as oblate ellipsoids with hydration

degree-specific aspect ratio. They are intermixed with nanometer-sized and water-filled

gel pores to form the C-S-H gel at the scale of some microns. At this scale of observation,

a porous polycrystal called C-S-H foam is introduced, consistsing of a disordered mixture

of C-S-H gel needles and capillary pores. The C-S-H foam together with embedded

spherical clinker grains and Portlandite crystals finally represents cement paste.
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air voids

capillary pores
(water-filled)portlandite (CH)

clinker

hydrate foam matrix

1mm 1µm < 50 nm

solid C-S-H elements
gel pores (water-filled)C-S-H gel elements

(a) cement paste (b) C-S-H foam (c) C-S-H gel

Fig. 1. Three-scale representation of cement paste: (a) representative volume element (RVE) of cement paste (b)

RVE of C-S-H foam(c) RVE of C-S-H gel; 2D sketches refer to 3D RVEs

Homogenization is based on (i) the described hierarchical representation of cement

paste, (ii) the novel hydration model describing that C-S-H gel densifies with increasing

precipitation space limitation, and (iii) a continuum micromechanics approach devel-

oped in the framework of the eigenstrain influence tensor concept [3]. In more detail,

starting from the stiffness tensor of solid C-S-H crystals, recently identified by means

of atomistic modeling [4], we upscale poroelastic properties to the material scale of

hydrating cement paste. Successful experimental validation at the cement paste scale

strongly corroborates our multiscale model developments.

CONCLUSIONS AND OUTLOOK

Using a homogenization approach incorporating the complex microstructure of cement

paste as well as C-S-H gel densification characteristics, we are able to predict the

macroscopic poroelastic behavior of cement paste. As a next step, it will be interesting

to quantify stress concentrations, a prerequisite for strength predictions.
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Luminescence spectroscopy 

By collecting the eluate of the chromatographic column in 50 ml snap-cap vials, the 

changes in the spectra can be investigated. Each fraction has unique features, which 

does not change much over single snap-cap vials from this fraction. The main part of 

saturates exhibit less luminescence. Aromatics exhibit the highest intensity, slowly 

decreasing forwards resins. The decreasing intensity of bitumen over ageing is likely 

owned to the change in the amount of aromatics. Resins and solid asphaltenes have two 

characteristic peaks at about 536 nm and 605 nm, which too can be found for saturates, 

but at a lower intensity. Asphaltenes in a solid state exhibit nearly no luminescence. In 

solution asphaltenes displays a spectrum similar to aromatics, but with lowest intensity. 

 
Figure 2 Normalized emission spectrum (excitation at 280 nm) 

Figure 2 shows the changes in the spectrum over the three ageing stages. Non-aged 

bitumen (B) lacks the peaks typically for resins and asphaltenes, but short-term aged 

(B_LRTFOT) and long-term aged (B_PAV and B_F282) exhibit these peaks. 

Unfortunately there is not a correlation between peak intensity and ageing stage. The 

different curve slopes, starting at about 340 nm, are caused partially by normalizing of 

the spectra. Not normalized B, B_LRTFOT and B_PAV spectra have the same starting 

slope, but differ in intensity maxima. Due to normalization the maxima are the equal, 

yet the slope changes. So the maxima or the slope can provide a hint to the ageing 

progress. 

Conclusion 

The development of bitumen ageing can be traced with luminescence spectroscopy and 

bitumen separation. Thereby asphaltenes are a good indicator for the oxidation stage, 

whereas the applied liquid column chromatography is a rather time-consuming method. 

Luminescence spectroscopy has further the capability to distinguish between ageing 

stages. 
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STRAWFIBRE WALLS WITH NATURAL CLAY-LIME PLASTERS AS A 
DURABLE BUILDINGS TECNOLOGY 

Tomasz Bernard, Azra Korjenic 

Institute for Building Construction and Technology, 
Research Centre of Building Physics and Sound Protection, 

Vienna University of Technology, Austria 

 Straw bale construction is a new discovered building technology, which is an 

alternative to conventional construction technologies. In ecological regard, however, is 

this building method far superior to conventional constructions technology mainly 

because of this most widely used clay plaster technology. According to current 

knowledge, the sole application of clay plaster as external plaster should be considered 

as critical because of insufficient resistance against climatically demands especially 

rain. An additional lime plaster layer on the outside could eliminate the existing 

problem.  

The aim of the proposed research is to determine the factors influencing the 

performance of clay-plastered straw bales in the application of an additional lime plaster 

layer on the outside. The scientifically proven information concerning this topic is still 

missing. According to the current state of the art very positive results regarding building 

physics performance and durability could be expected of the clay-lime plaster layer. 

For this purpose a testing house of straw bales with different component structures and 

different plaster was built. A total of 16 wall assemblies were tested for their hygro-

thermal behavior. In each wall and the plaster system, the humidity and temperature 

sensors were installed and the parameters were measured continuously. In Figure 1, the 

testing house was presented with all the studied fields. 

 

Fig.1. Construction of the unfilled (left) and with straw bales filled-in (right) testing house. 

In addition to the hygro-thermal behavior, especially the adhesive strength between the 

two plaster layers should be investigated, as clay and limestone do not react chemically 

with each other. By adding different fibers (hemp, sheep's wool), preparing the clay 
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plaster base surface (plastic state, surface structure) as well as application of different 

building limes (CL, NHL) the optimal building physical and mechanical (adhesion) 

parameters should be determined.  

In order to find the best plaster system as a combination of clay and limestone a number 

of laboratory experiments, simulations, and measurements performed under laboratory 

conditions and in the real building practice were performed.  

Hydro-thermal simulations based on in the literature currently existing material 

parameters were carried out at the beginning of the research. For these simulations a 

Hamm 4D program developed and validated at the University of Vienna by Prof. 

Bednar was used. Here, as the focus of the calculations, the optimal structure of the 

plaster for straw bale wall and its thickness was investigated.  

The evaluation of the required information should be carried out on the one hand by 

extensive software simulation, other hand by numerous laboratory experiments. The 

calculation model is presented in the Figure 2. 

 
Fig.2.   The investigated wall system  

Cext – Exterior Climate  
Cint – Interior Climate  
Pe,l – Exterior Lime Layer  
Pe,c – Exterior Clay Layer  
Pint – Interior Clay Layer  
Msb – Strawbale Layer  
 

The evaluation of the required information should be carried out on the one hand by 

extensive software simulation, other hand by numerous laboratory experiments and 

measurement.  

The development of the new combined technology of lime and clay plaster as external 

plastering should  to the long term increase the number of built straw bale houses in 

Austria, in the other EU countries and worldwide, what should consequently lead to 

increase of the true energy efficiency (gray energy included) in the whole life cycle 

period. The information obtained in the course of the research should also be useful in 

the reconstruction and renovation of old half-timbered houses. Furthermore the 

combined clay-lime-plaster can also be used in other building technologies, especially 

with ecological building materials.  

Pext – Exterior Plaster Layer  
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MAKING THE SAHARA DESERT GREEN 
(SUSTAINABLE PIPELINE TRANSPORT OF BOTTOM LAKE SEDIMENTS 

FOR PRODUCING NEW AGRICULTURE LAND FROM DESERT) 

Vesela Tanaskovic, Georg Hauger 

Department of Transportation Systems Planning 

In a world which will be home to 9 billion(1) people by the middle of this century, 

producing enough food and other vital resources is a great challenge for humanity. Today, 

there are millions of Africans suffering from malnourishment and living not just without 

an adequate supply of food and portable water, but without sewage systems, running 

water, electricity, employment and other amenities. Egypt is one of the most populous 

countries in its region, with the current population standing at over 80 million people (1)
, 

mostly living on the banks of the River Nile. Several international organizations estimate 

that by 2050, Egypt's population will be between 113- 128 million, with local estimates 

reaching to 200 million 
(2)

. Bear in mind that the area of Egypt is over 1 million km2, 

most of which is a desert, with only 4% being agricultural land; that is exasperated by 

migration to the cities and the loss of arable land incurred by urbanization. Supplying this 

population with food and water, let alone enough vital resources, represents a great 

challenge , that is best represented with un urgent need for new farmable land
(3)

. Now 

one of the biggest users of fertilizers in the developing world, the bulk of Egypt’s once-

fertile alluvial today lays sedimented behind the Aswan High Dam, with additional 110 

million tons of silt coming each year(4). Especially lacking in food and arable land, it is 

vital that Egypt does not allow this "sediment phenomenon" to stay unused. The 

consequences of building the Aswan High Dam have been charted by many articles and 

scientific papers (5),(6) since the dam was erected, but there have still not been a great 

amount of changes in the overall usage of 7 billion tons of silt itself. There have been 

many environmental, habitats, social and cultural sways in which Egypt & Sudan have 

been affected by the dam, but there are still many burning questions concerning the dam 

and its surroundings which stay unresolved. This research aims to develop a sustainable 

solution for future needs in food, energy, habitats, and new job opportunities, and 

contribute to resilient solutions. We propose a solution for de-silting of Lake Nasser and 

for the usage of that sediment. The research aims to contribute to the Egyptian people in 

making new arable fields, roads green electricity, and new habitats. We aim to make a 

totally self-sustained system. We wish to connect the Toshka Lakes, to Baris, and then 

to following oasis in the Western Desert of Egypt: Al Wahat al Kharijah, Al Wahat ad 

Dakhilah, Kurkur Oasis, Wahat al Farafirah, Al Wahat al Bahriyah, branching there to 

Siwa and to Faiyum Oasis leading respectfully to Mediterranean and to Cairo, by 

making a green strip of arable land, a new valley, proposed by Nasser years ago now 
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possible by using pipelines as a means of transporting the sediments. With our logistical 

transport system, slurry pipeline, the goal is additional  hectares of new 

land. The research itself focuses on the influence of the greening of a part of Sahara and 

what effects could it have on the micro climate change; would it e v e n t u a l l y  lead  t o  

p o s i t i v e  effect on global climate. With constant shifts between Sahel and Sahara, we 

ask a question, would it be possible to give a technological push to the Sahel and bring 

back the greens of 6-7 thousand(7) years ago? The second question is if the 

predominance of Sahel is provided will that have a positive effect on Global climate; 

and if yes what kind? Will this lead to so much wanted afforestation of Sahara and 

would that prevent the global warming, and if so how many years will it take for Sahara 

to turn into Sahel with our help.  

 

 

 

 

 

 

 

 

Keywords: de-silting, mud pipeline, green Sahara, sustainable transport, logistics, 

resilience, Aswan High Dam reservoir  
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HIGHLY CONTROLLED MAGNETIC IRON OXIDE NANOPARTICLE 
ASSEMBLIES USING TAILORED PRECURSORS 

Catarina I. O. Martins, Martina Schroffenegger und Miriam M. Unterlass 

Institute of Materials Chemistry 

Iron oxide is found in nature in different forms. The most common forms - hematite (α-

Fe2O3), maghemite (γ-Fe2O3) and magnetite (Fe3O4) - are all nontoxic, and, from a 

synthetic point of view, rather easily obtainable. Interestingly, the physicochemical 

properties, e.g. magnetic properties, are different for the different iron oxides. In 

addition, the important abundance of the elements iron and oxygen in the earth’s crust 

makes iron oxides highly interesting: their use for advanced applications is much 

preferable to that of scarce elements. The properties of materials on the nanoscale differ 

much from the bulk.[1] Therefore, nanostructures have attracted significant attention 

over the last decades.[1] For instance, each nanoparticle of magnetite or maghemite 

with 5 to 20 nm in diameter is considered as a single magnetic domain, and due to the 

high surface area and quantum effects the magnetic properties change drastically, 

resulting in superparamagnetic phenomena and quantum tunneling of magnetization.[2]  

The synthesis of high-quality magnetic nanostructures has been intensively developed 

and uses both wet-chemical synthetic approaches (e.g. co-precipitation, micelle 

synthesis, hydrothermal synthesis, solvothermal synthesis) and dry processes (e.g. laser 

pyrolysis techniques and, thermal decomposition and/or reduction).[2] Magnetic iron 

oxides find numerous technological applications: among others, in magnetic data 

storage, biosensing and medical applications, such as targeted drug delivery, contrast 

agents for magnetic resonance imaging (MRI), magnetic inks for jet printing, and 

catalysis.[3] Control of the size and shape of nanoparticles  is extremely important: as 

the properties of nanoparticles are strongly dimension- and shape- dependent, 

monodispersity yields a very narrow distribution of physicochemical properties. 

The homogeneity of a material can be strongly influenced by the choice of the 

precursors. We recently developed the concept of preorganization of two precursors into 

a mixed, crystalline precursor.[4]  For organic polymers, we could previously show,  

that well-defined mixed precursors have several benefits, most importantly (i) ideal 

stoichiometry, and (ii) proximity of the precursors in the solid-state, ideally in an 

alternate fashion.[4] 

In this contribution, we present the synthesis of highly controlled iron oxide 

nanostructures from new preorganized mixed precursors. Such mixed precursors are 

used for the first time as starting materials for the synthesis of iron oxide 

nanostructures. Our mixed precursors are salts of an anionic iron complex with purely 
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organic cations, which we convert to iron oxide by calcination under inert atmosphere. 

The thermal decomposition of the preorganized mixed precursors containing iron gives 

rise to shape-controlled (3D flowerlike), highly stable and monodisperse magnetic iron 

oxide nanostructures (see Figure 1). 

 

Figure 1. SEM micrographs of 3D flowerlike iron oxide nanostructures prepared by  

thermal decomposition of preorganized mixed precursors containing iron. 

 

Moreover, by adjusting the reaction conditions, we can trigger the formation of either 

magnetite or hematite. In order to understand the iron oxide formation (both 

mechanistically and in terms of morphology), we carried out temperature-dependent 

characterization experiments from 200ºC to 1000ºC (e.g. X-Ray diffraction 

experiments, electron microscopy). 

Due to the highly interesting physicochemical properties and highly homogeneous 

morphology and size, we believe that the flower-like magnetic iron oxide 

nanostructures are of interest to applications as e.g. catalyst materials. 
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