Metal and Material Physics Division (MM)

Overview

Metal and Material Physics Division
Fachverband Metall- und Materialphysik (MM)

Rainer Birringer
Universitdt des Saarlandes
Technische Physik, Gebaude D2 2
D-66041 Saarbriicken
r.birringer@nano.uni-saarland.de

Overview of Invited Talks and Sessions
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Invited Talks

MM 1.1

MM 7.1

MM 12.1

MM 13.1

MM 14.1

MM 19.1

MM 24.1

MM 30.1

MM 36.1

Joined Symposium Chemical Reactions on Nanomaterials:

Mon 10:15-10:45 IFW A  Fabrication and Properties of Nanoporous Metals by Electrochemi-

cal Dealloying — ¢JONAH ERLEBACHER
Mon 14:00-14:30 IFW A Non-destructive residual stress analysis with neutrons —
HOFMANN

oMICHAEL

Tue 9:30-10:00 IFW A Small scale mechanical testing: Challenges and benefits — ¢ GERHARD

DEHM

Tue 10:15-10:45 IFW A  Small-Angle Neutron Scattering in Materials Science — ePAVEL
STRUNZ, DEBASHIS MUKHERJI, GERHARD SCHUMACHER, RALPH GILLES,

ALBRECHT WIEDENMANN

Tue  11:45-12:15 IFW A Anomalous small-angle X-ray scattering in material science —

e ARMIN HOELL

Tue  14:00-14:30 IFW A  Diffusion, interface shifts and solid state reactions in nanoscale —
eDEZSO L. BEKE, ZOLTAN ERDELYI, ZOLTAN BALOGH, CSABA CSERHATI,

GABOR A. LANGER, GABOR L. KAaTONA

Wed  9:30-10:00 IFW A  From eutectic alloys to metal nanowires — e ACHIM WALTER HASSEL
Wed 14:00-14:30 IFW A Precipitation-hardening of aluminium alloys - challenges and recent

developments — eJOHN BANHART

Thu 9:30-10:00 IFW A  Onset of plasticity as observed by force microscopy — ¢ROLAND BEN-

NEWITZ

Studies and Theoretical Investigations (SYCR)

Together with CPP, O, DS and VA

In application fields ranging from fuel cells and chemical production to electronic sensors for
automotive and environmental monitoring the dream of a rational design of improved catalysts
is still elusive. Making this dream a reality ultimately requires an atomic-scale understanding
of the complex surface reaction behaviour under realistic operation conditions of the employed
multi-component materials, typically composed of metal or alloy nanoparticles supported on an
oxide substrate. This involves microscopic details such as the adsorption on different nanoparticle
facets, dissolution of gas atoms in the bulk of the nanoparticles, and adhesion to the oxide substrate
and thus unites aspects from surface science, material science, as well as physical chemistry.
Substantial effort has been devoted within the past few years to develop new experimental and
theoretical techniques capable of delivering such atomic-scale information on surfaces and nanopar-
ticles under reaction conditions, thereby bridging the ”pressure gap”from ultra-high vacuum to
atmospheric pressures and the materials gap from single crystal (metal) surfaces to (supported)
nanoparticles. This symposium will highlight corresponding studies, focusing in particular on the
evolution of the active material in technologically relevant environments as e.g. illustrated by the
controversially discussed formation of sub-nanometer thin surface oxide layers in oxidation catalytic
applications.

Organizers:

Progress from in-situ Experimental
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Dr. Andreas Stierle

Max Planck Institut fiir Metallforschung, Heisenbergstrafie 3 D-70569 Stuttgart

Prof. Dr. Reinhard Denecke

Wilhelm-Ostwald-Institut fiir Physikalische und Theoretische Chemie, Physikalische Chemie II,
Universitédt Leipzig, Linnéstrale 2, D-04103 Leipzig

PD Dr. Karsten Reuter

Fritz-Haber-Institut, Abt. Theorie, Faradayweg 4-6, D-14195 Berlin

Invited talks of the joint symposium SYCR
See SYCR for the full program of the Symposium.

SYCR 1.1

SYCR 1.2

SYCR 1.3

SYCR 14

SYCR 1.5

SYCR 1.6

Thu 14:00-14:30 BAR SCHO  Reactivity trends in CO oxidation from ultrahigh vacuum to

_ elevated pressures — eWAYNE GOODMAN
Thu 14:30-15:00 BAR SCHO Ruthenium oxide as oxidation catalyst — eROBERT

SCHLOGL,

~ DIRK ROSENTHAL, FRANK GIRSDIES, RAOUL BLUME, OLAF TIMPE
Thu 15:00-15:30 BAR SCHO Low dimensional surface oxides in the oxidation of Rh particles

— oFLORIAN MITTENDORFER

Thu 16:00-16:30 BAR SCHO In-situ microscopy of chemical reactions on transition metal

surfaces — ePETER SUTTER

Thu 16:30-17:00 BAR SCHO Live STM and X-ray observations of catalytic processes —

¢J0o0OST W.M. FRENKEN

Thu 17:00-17:30 BAR SCHO Computational materials design: Alloys for selective hydro-

genation catalysis — e THOMAS BLIGAARD

Topical Sessions

Topical Session Nanoporous Functional Materials

Porous materials combine aspects of granular matter, in particular the large number of surfaces,
with behaviour that is characteristic of solids, such as mechanical strength. This has brought
porous solids into focus for use as functional materials. Some substances order spontaneously into
crystalline structures with regular arrays of interstices, for example, zheolites. Yet, even metals or
semiconductors which, conventionally, tend to form bulk materials owing to the trend of nature to
spontaneously minimize the area of surface, can be made porous by proper synthesis. This includes
in particular the controlled chemical or electrochemical corrosion of elemental semiconductors or
of metal alloys. Nanoporous solids represent the lower end of the size scale that can be reached in
this way, and the upper end of surface-to-volume ratio. Recent research on nanoporous materials
has brought up intriguing science under a variety of aspects, reaching from quantum confinement
over sensors and catalysis up to electrochemical tuning of materials properties and size effects in
plasticity. In addition, nanoporous materials may serve as template for nanostructuring.

The symposium intends to provide a forum for scientific exchange in this interdisciplinary field of
nanoporous functional materials.

Organizers:

Univ.-Prof. Dr. Roland Wiirschum

Technische Universitdt Graz, Institut fiir Materialphysik, Petersgasse 16, A-8010 Graz

PD Dr. Jorg Weissmiiller

Institut fiir Nanotechnologie, Forschungszentrum Karlsruhe GmbH, PO-Box 3640, D-76247 Karl-
sruhe

Topical Session Nanoanalytics using Small-Angle Scattering with X-rays, Neutrons and
Electrons

Small-angle scattering with X-rays, neutrons and even with electrons provides information about
features in heterogeneous materials that have sizes on the length scale from typically 2 to 200 nm.
Unlike the usual wide-angle Bragg scattering one can therefore characterise the mesostructure of
a variety of materials ranging from metals, ceramics, polymers, glasses to complex liquid matter.
Chemical sensitivity is provided either by energy variation (X-rays) or isotopic substitution (neu-
trons). In the latter case, polarisation can also provide magnetic contrast.

The challenges associated with these techniques are manifold: the small-angle scattering signal has
to be measured very precisely and the mathematics of evaluating data and deriving a physical model
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is challenging. Real-time and in-situ techniques are becoming more popular and require additional
efforts.

In this symposium we want to review the recent developments of measurement techniques, the
mathematical algorithms and models and present current application examples.

Organizer:

Prof. Dr. John Banhart

Helmholtz Centre Berlin for Materials and Energie, Department of Materials (SF'3), Glienicker Str.
100, D-14109 Berlin

Topical Session High Temperature Materials

Fundamental research in high temperature materials is necessary to achieve higher efficiency in
transportation and power generation systems. The improvement of established structural materials
as nickel-base superalloys is necessary but also the development of new structural material classes as
high temperature intermetallics, refractory alloys and coatings. For this an in-depth understanding
of the physical processes occurring in the base material and coatings is necessary. Research topics
in these often complex multi-component materials are phase transformations and phase consti-
tution either under equilibrium or non-equilibrum conditions, the fundamentals of deformation
mechanisms on the nanometer and atomic scale and diffusion controlled processes connected with
precipitation, corrosion and a large number of other phenomena. Here the employment of advanced
characterization methods like transmission electron microscopy and different diffraction techniques
in combination with measurements of the local and global mechanical properties is necessary.
These experimental work needs to be connected with modeling on different length scales to fully
comprehend the complicated mechanisms occurring in high temperature materials.

The symposium will present the recent progress in several invited talks by leading experts in this
field.

Organizers:

Prof. Dr. Mathias Goken

Institut fir Werkstoffwissenschaften I, Universitdat Erlangen-Nirnberg, Martensstrasse 5, D-91058
Erlangen

Dr. Florian Pyczak

GKSS-Forschungszentrum Geesthacht GmbH, Abteilung Metallphysik, Max-Planck-Strasse 1, D-
21502 Geesthacht

Prof. Dr. Martin Heilmaier

Otto-von-Guericke-Universitdt Magdeburg, Institut fiir Werkstoff- und Fiigetechnik, Univer-
sitatsplatz 2, D-39106 Magdeburg

Sessions

MM 1.1-1.4 Mon 10:15-11:45 IFW A  Topical Session Nanoporous Functional Materials 1

MM 2.1-2.3 Mon 12:00-13:00 IFW A  Topical Session Nanoporous Functional Materials I1

MM 3.1-3.4 Mon 10:30-11:30 IFW B  Mechanical Properties I

MM 4.1-4.5 Mon 11:45-13:00 IFW B  Mechanical Properties II

MM 5.1-5.6 Mon 10:15-11:45 IFW D  Materials Design I

MM 6.1-6.4 Mon 12:00-13:00 IFW D  Materials Design II

MM 7.1-7.1 Mon 14:00-14:30 IFW A HV Hofmann

MM 8.1-8.4 Mon 14:45-16:30 IFW A Topical Session Nanoporous Functional Materials 111

MM 9.1-9.4 Mon 14:45-15:45 IFW B  Intermetallic Phases I

MM 10.1-10.3  Mon 16:00-16:45 IFW B  Intermetallic Phases II

MM 11.1-11.6  Mon 14:45-16:15 IFW D Growth

MM 12.1-12.1  Tue 9:30-10:00 IFW A HV Dehm

MM 13.1-13.4  Tue 10:15-11:30 IFW A  Topical Session Nanoanalytics using Small-Angle Scattering I
MM 14.1-14.3  Tue 11:45-12:45 IFW A  Topical Session Nanoanalytics using Small-Angle Scattering II
MM 15.1-15.3  Tue 10:15-11:15 IFW B  Topical Session Nanoporous Functional Materials IV

MM 16.1-16.4  Tue 11:30-12:30 IFW B  Diffusion and Point Defects 1

MM 17.1-17.6 ~ Tue 10:15-11:45 IFW D Mechanical Properties III

MM 18.1-184  Tue 12:00-13:00 IFW D Mechanical Properties IV

MM 19.1-19.1  Tue 14:00-14:30 IFW A HYV Beke

MM 20.1-20.21 Tue  14:45-16:30 P4 Poster Session I

MM 21.1-21.9  Tue 14:45-16:30 P4 Topical Session Nanoporous Functional Materials - Poster
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MM 22.1-22.2  Tue 14:45-16:30 P4 Topical Session Nanoanalytics using Small-Angle Scattering -
Poster
MM 23.1-23.11 Tue 14:45-16:30 P4 Topical Session Heterogeneous Nucleation and Initial Evolu-

tion of Microstructure - Poster
MM 24.1-24.1 Wed 9:30-10:00 IFW A HYV Hassel
MM 25.1-25.6  Wed 10:15-12:15 IFW A  Topical Session High Temperature Materials I
MM 26.1-26.4  Wed 10:15-11:15 IFW B  Nanostructured Materials I
MM 27.1-27.5 Wed 11:30-12:45 IFW B  Interfaces I
MM 28.1-28.6 ~ Wed 10:15-11:45 IFW D  Electronic Properties I
MM 29.1-294  Wed 12:00-13:00 IFW D Diffusion and Point Defects II
MM 30.1-30.1  Wed 14:00-14:30 IFW A  HYV Banhart
MM 31.1-31.5  Wed 14:45-16:30 IFW A  Topical Session High Temperature Materials I
MM 32.1-32.4  Wed 16:45-18:00 IFW A  Topical Session High Temperature Materials 111
MM 33.1-33.7 Wed 14:45-16:30 IFW B  Phase Transitions I
MM 34.1-34.7 Wed 14:45-16:30 IFW D Liquid and Amorphous Metals I
MM 35.1-35.42 Wed 16:30-18:30 P4 Poster Session II
MM 36.1-36.1  Thu 9:30-10:00 IFW A HYV Bennewitz
MM 37.1-37.6  Thu 10:15-12:00 IFW A  Topical Session High Temperature Materials IV
MM 38.1-38.6 Thu 10:15-11:45 IFW B  Nanostructured Materials II
MM 39.1-39.4  Thu 12:00-13:00 IFW B Phase Transitions II
MM 40.1-40.5  Thu 10:15-11:30 IFW D  Quasicrystals I
MM 41.1-41.5 Thu 11:45-13:00 IFW D Interfaces II
MM 42.1-42.7 Thu 14:00-15:45 IFW A  Nanostructured Materials III
MM 43.1-43.7 Thu 16:00-17:45 IFW A  Liquid and Amorphous Metals II
MM 44.1-44.4  Thu 14:00-15:00 IFW B  Quasicrystals IT
MM 45.1-45.5 Thu 15:15-16:30 IFW B  Phase Transitions III
MM 46.1-46.5 Thu 16:45-18:00 IFW B  Electronic Properties II
MM 47.1-47.7  Fri 10:15-12:00 IFW A  Liquid and Amorphous Metals III
MM 48.1-48.7  Fri 10:15-12:00 IFW B  Nanostructured Materials IV
MM 49.1-49.6  Fri 10:15-11:45 IFW D Hydrogen in Metals

Annual General Meeting Metal and Material Physics Division
Wednesday 18:30-19:30 Room [FW B

e Report of the chairman of the Metal and Material Physics Division.

e Invited talks and symposia for the next spring meeting 2010.

e Other topics.
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MM 1: Topical Session Nanoporous Functional Materials |

Time: Monday 10:15-11:45

Invited Talk MM 1.1 Mon 10:15 IFW A
Fabrication and Properties of Nanoporous Metals by Elec-
trochemical Dealloying — eJONAH ERLEBACHER — Johns Hopkins
University, Baltimore, MD

Dealloying, the electrochemical selective dissolution of a multi-
component alloy, is an intrinsically nanoscale phenomena that under
the right conditions leads to the formation of highly porous metals
due to an atomic-scale competition between electrochemical dissolu-
tion and crystalline surface diffusion of the remaining components.
Recent attention in this area is focused toward practical application of
dealloying to form “nanoporous” metals with pore sizes less than 10
nm possessing ultra-high surface areas. Nanoporous metals formed by
dealloying are microstructurally contiguous porous single crystal net-
works, and not fragile sintered agglomerations of nanoparticles. For
this reason, they are finding many new applications in sensing and
catalysis.

In this presentation, we will describe the evolution of the beautiful
nanoporous microstructure of dealloyed metals and their applications
in a variety of contexts. We will also discuss the use of a minority
ternary component in the alloy precursors that stymie surface mobil-
ity along step edges, stabilizing the nanoporous morphology during
dealloying, and the use of electrochemical tricks to control the sur-
face composition of the nanoporous metal. Finally, we will discuss
the development of new nanoporous metals that exhibit remarkable
catalytic activity, particularly toward chemical reactions important to
energy technologies, such as oxygen reduction in fuel cells

Topical Talk MM 1.2 Mon 10:45 IFW A
The role of surface chemistry on the properties of
nanoporous gold — eJUERGEN BIENER!, ARNE WITTSTOCKY2, LUIS
A. ZePEDA-RuUIz!, MONIKA M. BIENER!, VOLKER ZIELASEKZ2, DOMINK
KRAMER?®, RAGHAVAN N. VISWANATH?, JOERG WEISSMULLER?, MAR-
cus BABUMER?, and ALEX V. Hamzal — Nanoscale Synthesis and
Characterization Laboratory, Lawrence Livermore National Labora-
tory, USA — Z2Institut fiir Angewandte und Physikalische Chemie,
Universitit Bremen, Germany — 3Institut fiir Nanotechnologie,
Forschungszentrum Karlsruhe, Germany

Although surfaces or, more precisely, surface atoms determine the way
how materials interact with their environment, the influence of sur-
face chemistry on the bulk of the material is generally considered to
be small. However, in the case of high surface area materials such as
nanoporous gold the influence of surface properties can no longer be
neglected. Therefore, actively controlling surface properties such as
diffusion barriers and surface stress by surface chemistry should pro-
vide an opportunity to manipulate and fine-tune material properties.
Specifically, we will show that surface chemistry is an important fac-
tor in determining the stability of nanostructured gold surfaces, and
that macroscopic strain can be generated by surface-chemistry induced
changes of the surface stress. The latter effect can be used to directly
convert chemical energy into a mechanical response without generating
heat or electricity first and thus opens the door to surface-chemistry
driven actuator and sensor technologies. Prepared by LLNL under
Contract DE-AC52-07TNA27344.

Location: IFW A

MM 1.3 Mon 11:15 IFW A
Electrochemical actuation using nanoporous metals —
oVISWANATH RAGHAVAN NADAR!, DOMINIK KRAMER!,
and JORG WEISSMULLERY2 — !Forschungszentrum Karlsruhe,
Institut fiir Nanotechnologie, Karlsruhe, Germany — 2Technische
Physik, Universitiat des Saarlandes, Saarbriicken, Germany

Actuating in response to an electric stimulus is well known for solid
insulators, for instance piezo-ferroelectrics and conducting polymers,
where an electric field penetrating the sample creates bulk distor-
tion. The more recent observation of reversible dimension changes
in nanoporous metal electrodes exploits different physics: Varying the
electrode potential results in the formation of double layer, with a lo-
cal electric field that is screened in the surface region. Changes in
the mean surface atom bonding, due to the excess charge, modify the
capillary forces at the surface, and bulk strain is required to set up a
compensating stress throughout the lattice. Owing to their large spe-
cific surface area and large capacity, nanoporous Pt, Au, Pd wetted
by electrolytes will thus exhibit reversible volume changes when their
potential is varied. In a suitable setup, the action can be seen with the
naked eye. In-situ dilatometry studies on these metals demonstrate
that the variation of reversible strain is a linear function with charge.
This highlights the distinction of the underlying capillary parameter,
the surface stress, from the surface tension. Outside of the double layer
regime, the stress-charge response reflects, among other factors. Thus,
experiments on actuation of nanoporous metals provide insights into
the microscopic processes at the electrochemical interface.

MM 1.4 Mon 11:30 IFW A
A light-weight, large strain nanoporous actuator mate-
rial that can be used in compression — eLIHUA SHAOL,
JURGEN BIENER?, DOMINIK KRAMER!, VISWANATH RAGHAVAN
NaDAR!, THEODORE F. BAUMANN2, and JORG WEISSMULLER! —
IForschungszentrum Karlsruhe, Institut fiir Nanotechnologie, Karl-
sruhe, Germany — 2Lawrence Livermore National Laboratory, Liv-
ermore, California, USA

Considerable progress has been made about the charge induced strain
of nanoporous materials. Possible actuator applications have been sug-
gested for noble metals and carbon nanotubes. The high costs of such
materials are an impediment to application, as the fact that carbon
nanotube arrays cannot be loaded in compression. It is therefore of
interest to search for alternative materials which combine mechanical
and chemical stability with low cost. We will report first results on
the mechanical and electrochemical properties of a light-weight, bulk
material with extremely large surface area that can be used in compres-
sion, and that achieves a reversible strain of 0.45%. Besides actuation
applications, nanoporous solids impregnated by electrolyte are also of
interest with regards to the measurement of a fundamental parameter,
namely the potential of zero charge (pzc). For liquid metals the pzc
coincides with the maximum of the surface tension, from which it can
be measured. However, the strain of solids is governed by the surface
stress, which is not a maximum at the pzc. We measured the pzc and
the charge-dependent strain in various electrolytes and excluded an
agreement between pzc and the potential of length minimum.

MM 2: Topical Session Nanoporous Functional Materials 1l

Time: Monday 12:00-13:00

Topical Talk MM 2.1 Mon 12:00 IFW A
Plastic deformation of macroscopic nanoporous metals —
eHAI-JUN JIN — Institut fiir Nanotechnologie, Forschungszentrum
Karlsruhe, Germany

Mechanical behavior of nanoporous metals reflects the collective defor-
mation of extended arrays of nano-objects. Studies of their intrinsic
mechanical properties have been prevented by high density of pre-
formed cracks and thereby the severe brittleness of bulk nanoporous
samples. This presentation will focus first on the strategies to fabricate
macroscopic crack-free and high strength nanoporous metals, and then
the experimental studies on the mechanical performance of monolithic
and crack-free nanoporous gold samples. Millimeter-sized nanoporous

Location: IFW A

gold samples can be prepared with excellent ductility in compression,
enabling studies of the yield phenomenon and strain rate sensitivity
along with the microstructure evolution. A distinguishing collective
feature of deformation will be discussed in this material, in relation
to its long range coherent crystal lattice at a scale much larger than
the ligament size. (The following collaborations are acknowledged: D.
Kramer, L. Kurmanaeva, Y. Ivanisenko, J. Weissmiiller, INT, FZ Karl-
sruhe; J. Schmauch, Uni. Saarlandes; H. Rosner, Uni. Miinster; DFG
Forschergruppe 714 "Plastictiy of Nanocrystalline Solids’)

MM 2.2 Mon 12:30 IFW A

Elastic properties and freezing of argon confined in meso-
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porous glass — eKLAUS SCHAPPERT and ROLF PELSTER — Univer-
sitdt des Saarlandes, FR 7.2 Experimentalphysik, Campus E 2.6, 66123
Saarbriicken, Germany

We study the properties of argon adsorbed in mesoporous Vycor glass
with a mean pore diameter of 8 nm. Our ultrasonic measurements
show, that below the freezing point of argon the adsorption process
proceeds in three steps [1]. The first few adsorbed wall-layers remain
liquidlike; i.e., freezing starts only at a temperature dependent filling
of the pores. At a somewhat higher filling of the porous sample, we
observe an abrupt increase of the effective shear modulus to a plateau
value. From the dependence of the effective shear modulus on the fill-
ing fraction and the temperature, we infer some elastic properties of
the adsorbed argon itself.

[1] Klaus Schappert and Rolf Pelster, Phys. Rev. B 78, 174108
(2008)

MM 2.3 Mon 12:45 IFW A
Nanoporous Superalloys by Selective Phase Extraction: Pro-
cessing, Properties, Applications — eJoAcHIM ROSLER, OLIVER
NATH, and FABIAN SCHMITZ — Technische Universitat Braunschweig,
Langer Kamp 8, D-38106 Braunschweig

Nanoporous Ni-based superalloys are a new material class [1]. They
are fabricated from sheets of the two phase g/g* base material by
thermomechanical processing, followed by selective phase extraction
of either the g- or g*-phase. As a result, a porous membrane is ob-
tained, containing extremely regular and fine channel-like porosity on
the nanoscale. First, manufacturing of these materials is described and
considerable flexibility in controlling the pore morphology is demon-
strated. Furthermore, (micro-)structuring of the membranes in solid
and porous domains as well as coating processes for external and inter-
nal material deposition are illustrated. These options are of particular
interest, e.g. for the design of micro-chemical reactors, heat exchang-
ers or Pd-based oxygen membranes. Secondly, microstructure-property
correlations are discussed and it is demonstrated that the thermome-
chanical processing parameters critically control mechanical strength
and gas permeability. Tensile strength levels of up to 100 MPa are
achieved when the processing parameters are adjusted accordingly. At
the same time, molecular separation of gas mixtures is possible as
the pore dimensions are comparable to the mean free path of the gas
molecules. This may be of particular interest for the separation of
hydrogen.

[1] J. Rosler, O. Nath, S. Jager, F. Schmitz and D. Mukherji, Acta
Mater., 53, 1397 (2005)

MM 3: Mechanical Properties |

Time: Monday 10:30-11:30

MM 3.1 Mon 10:30 IFW B
Periodic Phase Composites in Aluminide Thin Films Pro-
duced by Laser Interference Metallurgy - Mechanical and
Structural Characterisation — ePETER LEIBENGUTH, ERIC DE-
TEMPLE, and FRANK MUCKLICH — Department of Materials Sci-
ence and Engineering, Functional Materials, Saarland University,
Saarbriicken, Germany

Laser Interference Metallurgy is a straightforward means of producing
thin film composite materials. By overlapping two or more coherent
laser beams on the material surface, an interference pattern can be
achieved. Its periodic arrangement of intensity maxima and minima
allows the formation of a controlled laterally patterned structure of
processed and directly neighbouring unprocessed regions in micron-
scale. Besides melting, annealing and recrystallisation, the Laser pro-
cessing can induce the formation of other phases having significantly
different properties.

We concentrate on the effects of this treatment on the mechani-
cal properties of multilayered thin films, whose composition allows
the formation of mechanically interesting aluminide phases. For this
purpose, we use a nanosecond-pulsed Nd:YAG laser with high peak
power whose primary beam is split in two sub-beams by an appropri-
ate beam-splitter and mirror setup. The resulting composite consists
of a periodic array of hard and ductile phases. Structure determination
is performed by GI-XRD and TEM. Using bulge-testing and nanoin-
dentation, the global and local mechanical properties are analysed.

MM 3.2 Mon 10:45 IFW B
Experimental based calibration for strain measurement in sil-
icon with Raman spectroscopy — NATALLIA ZHLOBICH, MARTIN
KUTTNER, HENNING HEUER, and eJORG OPITZ — Fraunhofer IZFP-D,
Dresden, Germany

Raman Spectroscopy becomes more and more important in research
and development i.e. for pharmaceutical, chemical or biological appli-
cations. Also in semiconductor or photovoltaic industries Raman spec-
troscopy on Silicon will be an important method to measure strain and
chemical-physical interactions. To increase spatial resolution for near
field Raman spectroscopy with a basically weak intensity an optimiza-
tion problem between fast measurements versus perfect peak quality
has to be solved. Different parameters of the experiment are used to
improve the quality of Raman peaks and to decrease the exposure time.
Applied stress in the samples is calculated with help of a theoretical
model for 4 point bending. The dependance between mechanical stress
and Raman shift is obtained. The influence of different parameters of
the experiment on the interpretation of Raman data is discussed. The
results of this work will be used in the further developing of a Scanning
Near-field Optical Microscopy technique for stress mapping with high
spatial resolution.

Location: IFW B

MM 3.3 Mon 11:00 IFW B
Anharmonic contributions to the phonon density of states
of rock-salt AIN — eSTEVE SCHMERLER and JENS Korrus — TU
Bergakademie Freiberg, Institut fiir Theoretische Physik, Leipziger Str.
23, 09599 Freiberg, Germany

The standard approach to calculate the phonon dispersion of crystals
by means of density functional theory is based on the harmonic ap-
proximation. Unfortunately, this method is limited to 0 K calculations
and neglects anharmonic contributions completely.

Molecular dynamics simulations allow to obtain the phonon den-
sity of states (PDOS) by Fourier transformation of the velocity auto-
correlation function. This route opens the way to study phases at
various temperatures and also includes anharmonic contributions to
the PDOS.

We compare the results of both methods in case of several AIN
phases, which are of recent experimental and theoretical interest. In
particular we focus on the vibrational properties of the cubic AIN
phase.

We would like to thank the DFG for financial support within
the DFG Priority Program 1236: Strukturen und Figenschaften von
Kristallen bei extrem hohen Driicken und Temperaturen

MM 3.4 Mon 11:15 IFW B
Effect of residual stresses on fatigue crack propagation of fric-
tion stir welded joints — TORBEN FISCHER', ePETER STARON!,
JORGE DOS SANTOS!, YU-E MAZ2, and ANDREAS SCHREYER! — 'GKSS
Research Centre, Max-Planck-Str. 1, 21502 Geesthacht, Germany
— 2Cranfield University, Cranfield Bedfordshire, MK43 0AL, United
Kingdom
Friction stir welding (FSW) is a proven technology for use in airframes.
FSW is now seen as a key element for producing cost effective integral
metallic structures in future airframe applications. By further under-
standing and development of the FSW process new applications can
be realized leading to further cost and weight benefits for metallic air-
frame structures, which will make these structures more competitive
in the future. Of particular importance is the understanding of the
effect of residual stress on the performance of the welded components.
In order to investigate the influence of the sample dimensions on max-
imum residual stresses and fatigue crack growth, fatigue test samples
with different sizes of a batch of friction stir welded AA 2195 sheets
were tested. A crack-initiating notch was inserted perpendicular to the
weld line on the advancing side of the weld. Residual stress measure-
ments have been carried out with the neutron diffractometer ARES-2
at Geesthacht Neutron Facility (GeNF). First results show that the
residual stresses depend strongly on the specimen size and that the
fatigue crack propagation speed depends on the residual stress state.
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MM 4: Mechanical Properties |l

Time: Monday 11:45-13:00

MM 4.1 Mon 11:45 IFW B
Crystal plasticity finite element study on small scale plas-
ticity of micropillars — eD. Mal, D. RaaBe!, F. RoTERrs!, R.
Maass2, and H. VAN SWYGENHOVENZ — 1Max-Planck-Institut fiir
Eisenforschung GmbH, Max-Planck-Strasse 1, 402 37, Diisseldorf, Ger-
many — 2Paul Scherrer Institute, CH-5232 Villigen, Switzerland

Experimental studies on micro-compression testing on single crystals
reveal that these samples are stronger than the respective bulk mate-
rial. The onset of plasticity is hard to determine from the stress-strain
curves, however, it can be associated with changes in in-situ taken Laue
patterns. This method allows one to identify the true start of plastic
yielding of such single crystals which is referred to as ”Laue-yield”.
By applying this concept, recent experimental work discovered that
the trend of smaller is stronger is considerably reduced (Van Swygen-
hoven et al., in press). In these experiments it has been observed
that unexpected slip systems non-Schmid planes are activated prior to
the geometrically predicted ones on Schmid planes. We use a crystal
plasticity finite element method for investigating the details of the slip
system activation under different boundary conditions, such as minor
orientation and shape deviations of the crystals used, different con-
tact conditions between sample and compression tools, and possible
misalignments of the compression tools. In this study, we show how
those boundary conditions influence the micro-compression test, the
active slip system, and even the measured stresses. The results reveal
that under certain small tool misalignments (ca. 2°) the activation of
unexpected slip systems with small Schmid factors can be explained.

MM 4.2 Mon 12:00 IFW B
Evolution of Vickers hardness during room temperature grain
growth of nanocrystalline Palladium — eCHRISTIAN BRAUN',
JORG ScHMAUCH!, JURGEN MARKMANN''2, and RAINER BIRRINGER!
— 1Universitét des Saarlandes, FR 7.3 Technische Physik, Cam-
pus D2.2, 66123 Saarbriicken — 2Forschungszentrum Karlsruhe in
der Helmholtz-Gemeinschaft, Institut fiir Nanotechnologie, 76344
Eggenstein-Leopoldshafen

Indentation methods provide a fast and reliable mean to character-
ize plastic deformation and hardness. Based on hardness values the
Tabor relation allows one also to estimate yield strength. For poly-
crystalline coarse grained materials the Hall-Petch equation describes
the relation between materials strength and its grain size. There are
many studies, theory and experiment, around that corroborate that in
nanometer-sized polycrystalline materials Hall-Petch behaviour pre-
vails. Uncovering the physics of plastic flow in bulk nanocrystalline
materials requires detailed studies of the scaling behaviour of yield
stress versus grain size. With the recent discovery of room tempera-
ture grain growth in nc Palladium, it becomes feasible to investigate
the scaling behaviour starting out from grain sizes below 10 nm up
to the micrometer scale. In this study, we report about the evolution
of Vickers hardness and strain rate sensitivity of nc Palladium during
room temperature grain growth.

MM 4.3 Mon 12:15 IFW B
In-situ SEM micropillar compression of Zr-based bulk metal-
lic glasses with different free volume content — eALBAN
Dusacu!2, JOHANN MICHLER?, UPADRASTA RAMAMURTY?, and JORG
F. LOFFLER' — 'Laboratory of Metal Physics and Technology, ETH
Zurich, Wolfgang-Pauli-Str. 10, 8093 Ziirich, Switzerland — 2EMPA
Materials Science and Technology, Feuerwerkerstrasse 39, 3602 Thun,
Switzerland — 3Department of Materials Engineering, Indian Institute
of Science, Bangalore-560012, India

In contrast to crystalline metals, which exhibit dislocation-mediated
deformation, bulk metallic glasses (BMGs) usually exhibit high yield
strength and a plastic deformation which is triggered by free volume.
Under an applied stress, clusters of atoms with high free volume (i.e.
”shear transformation zones”, STZs) accommodate shear strains lo-

Location: IFW B

cally. At room temperature these STZs coalesce along planes of max-
imum shear stress, leading to a deformation which is spatially and
temporally restricted within narrow shear bands and therefore diffi-
cult to assess experimentally. In this study the uniaxial compression of
micrometer-sized pillars has been investigated in-situ inside a scanning
electron microscope. The micropillars, having diameters between 0.3
and 3 pum, were fabricated by focused-ion beam milling of a Zr-based
BMG in three different conditions: as-cast, structurally-relaxed and
shot-peened. Effects of different free volume content, sample size and
applied strain rate have been analyzed. Shear band formation and sta-
ble propagation is observed to be the plastic deformation mode, with
no difference in yield strength according to either size or condition.

MM 4.4 Mon 12:30 IFW B
Discrete dislocation dynamics study of the influence of
boundary conditions in micro-samples — eJOCHEN SENGER!,
DANIEL WEYGAND!, OLIVER KRAFT' 2, and PETER GumBsscu!?
— 11ZBS, Universitdt Karlsruhe (TH) — 2IMF II, Forschungszen-
trum Karlsruhe — 3IWM, Fraunhofer Institut fiir Werkstoffmechanik,
Freiburg

Ongoing miniaturization in technical devices demands a better under-
standing of mechanical properties of metallic structures in micro-meter
range. Compression and tension tests on single crystalline samples
revealed a size-dependency of flow stress. With decreasing pillar di-
ameter an increasing average flow stress and an increasing standard
deviation. Experimental uncertainties in the control of the deforma-
tion, like misalignment between sample and loading device can occur,
leading to more complex stress states than desired, e.g. superimposed
torsion or bending moments. Three dimensional discrete dislocation
dynamics simulations are performed to explore the effect of superim-
posed torsion moments on tensile experiments. Samples with variable
diameters and aspect ratio are also loaded with uniaxial tensile stresses
and different boundary conditions, different allowed displacements of
the top surface of the micro pillars. Identical initial dislocation struc-
ture for different loading conditions shows clearly the impact of the
boundary conditions on the observed plastic behavior and internal dis-
location micro structure. Source activation and active glide planes are
influenced by boundary conditions as torsion moments activate other
sources than tensile stresses.

MM 4.5 Mon 12:45 IFW B
Research into the parallel determination of Young’s modulus
FE and Poisson’s ratio v via normal and lateral nanoinden-
tation experiments — e ANDRE CLAUSNER and FRANK RICHTER —
TU-Chemnitz, Institut fiir Physik, Germany

In the case of a lot of materials used in various technical applications
the assumption of isotropic behaviour can be made. For these materials
the most important mechanical properties needed, for example for an
FE-simulation of specific geometries, are the Young’s modulus F and
the Poisson’s ratio v. These material constants have to be determined
experimentally on a existing structure which is most comparable with
the later application. Therefore, as well as for small structures and
thin film applications, a very small impact size and depth of the ex-
periment on the structure is favoured. For this purposes instrumented
nanoindentation experiments with different indenter shapes are used.
In the case of the Young’s modulus we can obtain the value of E
via the well know Oliver and Pharr method for instrumented inden-
tation experiments in normal direction. To obtain a second material
constant, a second experiment is needed, independent from the nor-
mal one. A lateral displacement of a normal loaded spherical indenter
in the range of sticking friction is used. For this mechanical loading
situation there are some simplified analytical solutions in the elastic
theory. Via comparison of the measured lateral data and the analyti-
cal model predictions the Poisson’s ratio can be determined. The talk
wants to show the possibilities and the recently obtained results of this
proceeding to determine v.
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Time: Monday 10:15-11:45

MM 5.1 Mon 10:15 IFW D
Using ab initio calculations in designing bcc Mg-Li alloys for
ultra light-weight applications — WiLLIAM ART COUNTS, e MARTIN
FRrIAK, DIERK RAABE, and JORG NEUGEBAUER — Max-Planck-Institut
fiir Eisenforschung GmbH, Max-Planck-Strasse 1, 402 37, Diisseldorf,
Germany

Ab initio calculations are becoming increasingly useful to engineers in-
terested in designing new alloys because these calculations are able to
accurately predict basic material properties only knowing the atomic
composition of the material. In order to explore the suitability of this
approach in identifying potential candidates for ultra-light-weight ap-
plications we studied bece Mg-Li alloys. In a first step, the fundamental
physical properties (like formation energy and elastic constants) of an
extensive set of bcc Mg-Li compounds are calculated using density-
functional theory (DFT) and compared with available experimental
data. These DFT-determined properties are in turn used to calculate
engineering parameters like (i) specific Young’s modulus (Y/p) or (ii)
bulk over shear modulus ratio (B/G) differentiating between brittle
and ductile behavior. In a second step, these engineering parameters
are used to identify alloys that have optimal mechanical properties
needed for a light-weight structural material. It was found that the
stiffest bcc magnesium-lithium alloys contain about 70 at.% Mg while
the most ductile alloys have 0-20 at.% Mg. An Ashby map contain-
ing Y/p vs. B/G shows that it is not possible to increase both Y/p
and B/G by changing only the composition of a binary alloy (W. A.
Counts, M. Frigk, D. Raabe, J. Neugebauer, Acta Mater 57 (2009) 69).

MM 5.2 Mon 10:30 IFW D
Effect of interstitial carbon on the magnetic structure of fcc
iron: Towards an ab-initio understanding of austenitic steels
— oLARS ISMER, TILMANN HICKEL, and JORG NEUGEBAUER — Max-
Planck-Institut fiir Eisenforschung GmbH,Max-Planck-Strafle 1,40237
Diisseldorf,Germany

It is known that the mechanical properties of austenitic steels strongly
depend on their carbon content. However, the impact of carbon on the
stability of the complex magnetic structure of the austenitic iron host
is still controversially debated in the literature. Therefore, we present
a systematic ab initio investigation of the interaction of interstitial C
with the magnetic structure of austenitic iron. Our results are obtained
within the DFT-GGA approach, making use of the PAW method and
the collinear approximation for the magnetic moments. We find a
principle preference of the C atoms for a FM environment. However,
this yields only for very high carbon concentrations (>10 at.%) to a
preference of the FM structure for the entire austenitic crystal. For
lower concentrations (< 3 at.%), the anti-ferromagnetic double layer
(AFMD) structure, representing the magnetic ground-state of pure fcc-
Fe, remains the most stable phase. The transition from AFMD to FM
ordering takes place at 8 at %, is surprisingly sharp, and a collective
phenomenon of all C atoms in the Fe host matrix.

MM 5.3 Mon 10:45 IFW D
DFT calculations on the Fe/ZrO2 system — eKUTZNER JURGEN
and Korrtus JENS — TU Bergakademie Freiberg, Institut fiir Theo-
retische Physik, Leipziger Str. 23, 09599 Freiberg, Germany

The interface Fe/ZrO2 has been investigated in view of its interface
structure and mechanic properties by means of density functional the-
ory calculations.

The pure phases of iron and zirconium dioxide have been studied first
as point of reference. The results include phase transitions and bulk-
moduli which compare well with experimental data. Further, we have
examined possible structural models of simple epitactic phases of Fe
and ZrOsz. These models will be discussed in terms of their relative
stability. At a next step iron is replaced by more realistic approxi-
mations of steel. The influence of different chemical composition on
interface structure and materials properties is investigated.

We would like to thank the DFG for financial support within SFB 799:
TRIP-Matrix-Composite.

MM 5.4 Mon 11:00 IFW D
The free energy of iron: Integrated ab initio derivation of
vibrational, electronic, and magnetic contributions — eFRITZ
KORMANN, ALEXEY DIck, BLAZEJ GRABOWSKI, TILMANN HICKEL, and

Location: IFW D

JORG NEUGEBAUER — Max-Planck-Institut fur Eisenforschung GmbH,
D-40237, Diisseldorf, Germany

In this talk we present our recently developed [1] integrated ab ini-
tio approach including vibrational, electronic, and magnetic contri-
butions to derive the thermodynamic properties of ferromagnetic bcc
iron. The quasiharmonic approximation and finite-temperature den-
sity functional theory are employed to account for vibrational and elec-
tronic excitations. In particular the magnetic contribution to the free
energy, which is of crucial importance for the structural phase stabil-
ity in iron, will be discussed. This contribution has been derived by
generalizing an existing many-body theory for the S=1/2 ferromag-
net to arbitrary spin quantum numbers and to non-collinear magnetic
configurations where the latter is of particular importance for the fcc
phase. This approach has lead to an excellent agreement with available
experimental data for bcc iron.

[1] F. Kérmann, A. Dick, B Grabowski, B. Hallstedt, T. Hickel, and
J. Neugebauer, Phys. Rev. B 78, 033102 (2008).

MM 5.5 Mon 11:15 IFW D
Ab initio up to the melting point: Anharmonicity and vacan-
cies in aluminum — eBLAZEJ GRABOWSKI, LARS ISMER, TILMANN
HickEL, and JORG NEUGEBAUER — Max-Planck Institut fiir Eisen-
forschung, Diisseldorf, Deutschland

At elevated temperatures, the heat capacity of metals strongly devi-
ates from the harmonic prediction. This was pointed out long ago!
and various explanations have been considered. Recently, ab initio
calculations showed that a dominant part can be explained by quasi-
harmonic and electronic excitations.? However, the detailed balance of
further contributions, such as explicit anharmonicity and vacancies, is
not clarified yet even for simple elementary metals. Aluminum is a
prototypical example. Even though intensively studied, the ambigu-
ous experimental situation has made a classification of the mechanisms
impossible.

To resolve the situation, we have calculated the full volume and tem-
perature dependent ab initio free energy surface employing density-
functional theory. In particular, we have included anharmonic and
vacancy contributions using numerically highly efficient methods to
coarse grain the configuration space. To obtain accurate vacancy ener-
gies, we have included the full spectrum of excitations: quasiharmonic,
electronic, and explicitly anharmonic. The results are in contradiction
to common belief, nevertheless the essential physics can be captured
by a simple model.

1. M. Born and E. Brody, Zeitschrift fiir Physik 6, 132 (1921).

2. B. Grabowski, T. Hickel, and J. Neugebauer, Phys. Rev. B 76,
24309 (2007).

MM 5.6 Mon 11:30 IFW D
Theoretical multi-physics approaches to solid-solution
strengthening of Al — eDUANCHENG MA, MARTIN FRIAK, DIERK
RAABE, and JORG NEUGEBAUER — Max-Planck-Institut fiir Eisen-
forschung GmbH, Max-Planck-Strasse 1, 402 37, Disseldorf, Germany

The strengthening of soft metallic materials has a long tradition and
is an important metallurgical topic since the time when ancient smiths
forged the first swords. Intense materials research revealed a combi-
nation of three mechanisms as decisive for solid-solution strengthening
phenomena: (i) the size mismatch of components (Mott and Nabarro’s
parelastic concept [1]), (ii) the elastic modulus mismatch of atoms
(Fleischer’s dielastic contribution [2]), and (iii) the concentration of
solutes (statistical concept of Friedel [3] and Labusch [4]). Combining
density functional theory calculations and linear-elasticity theory, the
key parameters that are essential for the classical strengthening the-
ories are determined in order to test them and identify their possible
validity limits. The strengthening of fcc aluminium is chosen as an
example and a series of binary systems Al-X (with X = Ca, Sr, Ir, Li,
Mg, Cu) was considered. Comparing our results with those obtained
by applying classical theories we find clear deviations. These devi-
ations originate from non-classical lattice distortions due to the size
mismatch of solute atoms in their first coordination shells.

1. N. F. Mott and F. R. N. Nabarro, Proc. Phys. Soc. 52, 86
(1940).

2. R. L. Fleischer, Acta. Metall. 9, 996 (1961).

3. J. Friedel, Dislocations (1964).
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4. R. Labusch, Phys. Stat. Sol. 41, 659 (1970).

MM 6: Materials Design Il

Time: Monday 12:00-13:00

MM 6.1 Mon 12:00 IFW D
Application of evolutionary strategies to crystal struc-
ture prediction — eSIiLviA SCHUMANN and JENS Korrus — TU
Bergakademie Freiberg, Institute for Theoretical Physics, Leipziger
Str. 23, 09599 Freiberg, Germany

This work presents first tests of an evolution strategy for crystal struc-
ture prediction. For evaluation we chose elements of the third main
group of the periodic system of elements, excluding boron. The crys-
tal structures of these elements at ambient pressure are well known
and have been selected because they have considerably different space
groups, despite their same isovalent electronic structure and their sim-
ilar chemistry.

For the evolution strategy a randomly chosen population of lattices
is evaluated using pseudo-potentials to compute the free energy of each
lattice. The more stable (lowest free energy) lattices are allowed to re-
combine and are mutated to form the lattices of the next generation.
Contrary to conventional minimization methods the evolution strategy
avoids trapping in local minima and provides a wide-range search of
the high-dimensional search space. Possible slow convergence rates of
evolution strategies close to minima are countered by applying conven-
tional structure relaxation.

MM 6.2 Mon 12:15 IFW D
Structure formation described in terms of General Dynamics
instead of Thermodynamics only — ePETER HAUSSLER — Chem-
nitz University of Technology, Institut of Physics, 09107 Chemnitz

Phase formation is still not well understood. Generally, it is described
in terms of thermodynamics under the influence of external parame-
ters as e.g. volume V, temperature T, and concentration z, if alloys
are described. Microscopically, by applying quantum mechanics, phase
formation is described by Schrédinger’s equation, dealing with internal
quantities as the momentum p, and/or angular momentum L. Subse-
quently, till the present, there is a gap between both descriptions.

In recent contributions we were able to show that phase formation is
strongly dominated by self-organizing resonances between global inter-
nal subsystems, causing gaps or pseudogaps at the Fermi energy of the
electronic states (Peierls-, Hume-Rothery-like). The self-organization
is based on an exchange of momentum and angular momentum, neither
described by the present thermodynamics, nor by Schrodinger’s equa-
tion as long as Bloch’s theorem can not be applied (as soon the system
is still without strict periodicity). We implement the internal effects
between global subsystems to a description of phase formation in terms
of Gibbs General Dynamics instead of Thermodynamics only. During
structure formation, going from the anti-bonding resonant state to the
bonding one, entropy is created, allowing the total system to release
as much energy as possible.

MM 6.3 Mon 12:30 IFW D

Entwicklung einer Messmethode zur Bestimmung der Ru-

MM 7: HV

Time: Monday 14:00-14:30

Invited Talk MM 7.1 Mon 14:00 IFW A
Non-destructive residual stress analysis with neutrons —
oMICHAEL HOFMANN — FRM II, TU Miinchen, Garching, Germany

The measurement and analysis of residual stresses has gained signif-
icant importance over the past couple of years due to the increas-
ing demands in improving the properties of new engineering materials
and components. The ability to measure these residual stresses ac-
curately will thus lead to the manufacture of stronger, lighter and
cheaper components by industry. The drive to optimise material per-
formance whilst minimising component weight will ensure that this

Location: IFW D

Aufldsung und ihrer Verifikation an einem Au/PtRu-System
— ®ALEXANDER SCHOKEL und CHRISTINA ROTH — TU Darmstadt,
Deutschland

Bei dem fiir Brennstoffzellen etablierten Katalysatorensystem PtRu
kommt es im Direktmethanolbetrieb zu einer Auflésung des Ru.
Dies fithrt zu einer Degradation der Brennstoffzelle. Untersuchungen
durch Liang et al. [1] haben gezeigt, dass durch Deposition von Au-
Nanopartikeln das Oxidationspotential von Ru erhéht wird und sich
das Ru so gegen seine Auflésung stabilisieren lidsst. Neben Au kommen
auch andere Elemente fiir solche ternire Katalysatorensysteme in Be-
tracht. Theoretische Modellierungen sollen solche Kandidaten identifi-
zieren. Katalysatorsysteme, die sich in experimentellen Untersuchun-
gen als aussichtsreich erweisen, werden danach in Modell- und Proto-
typenzellen weiter untersucht.

Die TU Darmstadt entwickelt derzeit quantitative Methoden, mit
deren Hilfe der Grad der Ru-Auflésung moglichst unter beschleunigten
Alterungsbedingungen bestimmt werden kann. Die Entwicklung dieser
Methoden und ihre Verifikation am Beispiel eines Au/PtRu-Systems
sollen hier vorgestellt werden.

(1] Z.X. Liang, T.S. Zhao, J.B. Xu, J. of Power Sources 185 (2008)
166-170

MM 6.4 Mon 12:45 IFW D
Differential phase contrast setup for a non coherent beam-
line at HASYLAB using hard x-ray grating interferom-
eter — eoJuLIA HERzEN', FELIX BECKMANN', TILMAN DoONATHZ,
CHRISTIAN DavID?, FRANZ PrEIFFER?3, CHRISTIAN GRUNZWEIGZ,
AsTrRID HAIBEL!, and ANDREAS SCHREYER! — 1GKSS Research Cen-
tre, Geesthacht, Germany — 2Paul Scherrer Institute, Villigen PSI,
Switzerland — 3EPF Lausanne, Lausanne, Switzerland

Phase-contrast imaging is a common technique to visualize soft tissue
with much higher contrast than the conventional absorption-contrast
imaging. Differential phase contrast (DPC), developed at PSI, Switzer-
land, makes use of a hard x-ray grating interferometer and allows for
phase-contrast imaging with high brilliance synchrotron sources as well
as with conventional x-ray tubes. It is recently reported also to pro-
vide dark field information that is very sensitive to micro structures
like porosity within the materials [1]. Here we present the plans to
adopt the DPC technique to the HARWI-II materials science beamline
[2], operated by GKSS Research Centre, in cooperation with DESY,
Hamburg. This will offer an amount of new applications especially in
the field of materials science like for example characterizing new light
weight materials like magnesium and studying its corrosion as implant
material. [1] F. Pfeiffer, M. Bech, O.Bunk, P. Kraft, E. F. Eikenberry,
CH. Bronnimann, C. Griinzweig, and C. David, Nature Materials 7,
pp.134-137 (2008). [2] F. Beckmann, T. Donath, J. Fischer, T. Dose,
T. Lippmann, L. Lottermoser, R. V. Martins, and A. Schreyer, Proc.
of SPIE Vol. 6318, 631810 (2006).

Hofmann

Location: IFW A

field continues to grow. Experimentally, non-destructive analysis of
phase specific residual stresses is only possible by means of diffraction
methods. While X-ray scattering is essentially a surface method, the
high penetration depth of neutrons into the bulk material (e.g. 20
mm into steel or 100 mm into aluminium) allows to extract reliable in-
formation from within components. In future, neutron scattering will
gain further importance for strain measurements as new dedicated neu-
tron diffractometers with advanced neutron optics become available.
These will allow the utilization of the full potential of the technique
and will help to establish neutron stress analysis as a routine method
for industry.
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MM 8: Topical Session Nanoporous Functional Materials IlI

Time: Monday 14:45-16:30

Topical Talk MM 8.1 Mon 14:45 IFW A
Geordnetes nanopordses Aluminiumoxid: Ein vielseitiges
Templatsystem — oULRICH GOSELE — MPI fiir Mikrostrukturfor-
schung, Halle

Elektrochemisch hergestelltes anodischen Aluminiumoxid mit zweidi-
mensionalen geordneten Nanoporen hat sich zu einem der vielseitigs-
ten Templatsysteme fiir die Nanotechnologie entwickelt. Mit relativ
geringem Aufwand lassen sich diese geordneten Nanostrukturen aus
Aluminiumoxid mit verschiedenen Porendurchmessern und Absténden
erzeugen. Die Porenstrukturen kénnen dann mit verschiedensten Me-
thoden entweder mit bestimmten Materialien gefiillt werden, was zu
Nanodrihten fithrt, oder aber beschichtet werden, was Nanordhren er-
gibt. Es wird auf neuere Entwicklungen der Herstellung mittels der so-
genannten harten Anodisation eingegangen, die es erlauben, geordnete
Strukturen wesentlich schneller als mit der iiblichen milden Anodisa-
tion und mit einer gezielten Variation des Porendurchmessers herzu-
stellen. Ultradiinne porése Aluminiummembranen kénnen als Masken
fiir die Herstellung geordneter Nanostrukturen verwendet werden, wie
z. B. fiir vertikale einkristalline Siliziumnanodriahte mit Durchmessern
unter 10 nm oder fiir ferroelektrische Nanokondensatoren fiir die Da~
tenspeicherung.

Der Beitrag beruht auf veroffentlichten Forschungsergebnissen aus
dem MPI-Halle, die in Zusammenarbeit mit zahlreichen Doktoranden,
Postdocs und Mitarbeiterinnen erzielt wurden, denen ich hiermit herz-
lich danke. Besonders hervorgehoben seien hier nur Frank Miiller, Kor-
nelius Nielsch, Martin Steinhart, Woo Lee und Liufeng Liu.

Topical Talk MM 8.2 Mon 15:15 IFW A
Porous silicon as functionalized magnetic material — eHEINZ
KRENN, KLEMENS RUMPF und PETRA GRANITZER — Institut fiir Phy-
sik, Bereich Experimentalphysik, Karl-Franzens-Universitit Graz

Porous silicon prepared as a template for 1D wires or as 3D particles
is increasingly used for gas testing, micro devices, batteries and for
biological testing equipment. The focus of the present study will be
on magnetic functionalization: The electrochemical synthesis of meso-
porous silicon allows tailored pore sizes for a controllable inclusion of
magnetic transistion metals (Ni, Co). The corresponding spin magne-
tism is well understood for magnetic fields below 1 Tesla. Interestingly
for high fields (> 3T) a novel kind of orbital magnetism [1] is obser-
ved mediated by spin injection from the metal into the silicon matrix
(which is still crystalline) driven by impurity assisted tunneling. In
the same way as electrochemical etching is self-limited by forming a
depletion layer, the silicon matrix becomes intrinsic. Due to quantum
and dielectric confinement the energy levels of ionized impurities are
blue-shifted. If these levels are resonant with the Fermi-level of Ni or
Co wire, unbalanced spins are injected and persistent currents around
the wires cause orbital paramagnetism in the symmetry-breaking elec-
tric field of the interface barrier. Strange effects are observed: negative
magnetization in the hysteresis loop, non-saturation up to 7 T, and
suppression of orbital magnetism under cyclotron resonance conditi-
ons. [1] K. Rumpf, P. Granitzer, H. Krenn, J. Phys.: Condens. Matter

Location: IFW A

20 (2008) 454221. (Work supported by the Austrian Science Fund un-
der grant P18593).

Topical Talk MM 8.3 Mon 15:45 IFW A
Nanoporous gold: surface chemistry and catalysis — eMARCUS
BAUMER — Institut fiir Angewandte und Physikalische Chemie, Uni-
versitdt Bremen, Germany

Nanoporous gold (npAu) is a material with remarkable surface chem-
ical properties. Recently, we found out that it catalyzes low temper-
ature CO oxidation without meeting the requirements usually con-
sidered to be important for gold catalysts (small particle sizes, oxide
supports). Moreover, we could show that is a promising catalyst for
the selective oxidation of alcohols. For the latter reaction the results
are in full agreement to UHV studies on gold single crystal surfaces
[1] proving that such model systems allow elucidating details of the
surface chemistry of npAu at the atomic level. Another interesting
feature of the material is the high surface-to-volume ratio resulting in
macroscopic length changes as a response of reactions taking place on
the surface of the porous structure. Apart from these applications, also
the role of residual silver in the material and the question whether a
bimetallic surface composition is important for the observed phenom-
ena will be addressed. (The following collaborations are acknowledged:
J. Biener/A. Hamza, Lawrence Livermore Nat. Lab.; C. Friend/R.J.
Madix, Harvard University; J. Weissmiiller, INT FZ Karlsruhe; M.
Gottfried, H.-P. Steinriick, Univ. Erlangen) [1] R.J. Madix et al., J.
Catal. 258 (2008) 410.

MM 8.4 Mon 16:15 IFW A
Electrochemically-gated field-effect transistor with Indium
Tin Oxide nanoparticles as active layer — eSUBHO DASGUPTA,
ROBERT KRUK, and HORST HAHN — Institute for Nanotechnology,
Forschungszentrum Karlsruhe GmbH, P.O. Box 3640, D-76021 Karl-
sruhe, Germany

We report a Field Effect Transistor (FET) device with a Transparent
Conducting Oxide (TCO) nanoparticle channel, using solid electrolyte
as a gate [1]. FETs in the nanometer scale require channel conductiv-
ities as high as possible, therefore, a conductor like Indium Tin Oxide
(ITO) was chosen as an active element. ITO nanoparticles were used
in order to maximize the active surface area. In the present work, the
device principle is based on the variation of the drain current induced
by the capacitive double layer charging at the electrolyte/nanoparticle
interfaces. The device with metallic conducting channel made of ITO
nanoparticles exhibits an on/off ratio of 2x103 even when the gate po-
tential is limited within the electrochemical capacitive region to avoid
redox reactions at the interface. The field-effect mobility is calculated
to be 24.3 cm?/Vs which exceeds the values reported earlier for the
PbSe and In2O3 nanocrystalline channel FETs. A subthreshold swing
between 230-425 mV /decade is observed.

[1] S. Dasgupta, S. Gottschalk, R. Kruk, H. Hahn, Nanotechnology
19, 435203 (2008)

MM 9: Intermetallic Phases |

Time: Monday 14:45-15:45

MM 9.1 Mon 14:45 IFW B
Ab-initio based study of antisite-precipitates in B2-CoAl —
eNILS SCHINDZIELORZ and STEFAN MULLER — Universitat Erlangen-
Niirnberg, Lehrstuhl fiir Theoretische Physik 2, Staudstr. 7 D-91058
Erlangen

It is well-known that for high temperatures around 1500K the B2-
phase of CoAl up to about 70% Co is stabilized by the existence of
so called antisite atoms [1]. By quenching the crystal to low tempera-
tures, this phase separates into an ideal B2-CoAl crystal and precipi-
tates consisting of Co antisites only. By the combination of a density
functional theory based cluster expansion Hamiltonian with Monte-
Carlo simulations it will be demonstrated that these Co clusters show
a characteristic size-shape-temperature dependence. Furthermore, we
find a flattening of the precipitates at low temperatures due to the

Location: IFW B

anisotropy of the interfacial energy which is wiped out at higher tem-
perature by entropy. A detailed knowledge of the structure of these
nanoclusters is of special importance as they lead to local magnetism
in a non-magnetic intermetallic compound.

Supported by Deutsche Forschungsgemeinschaft.

(1] V. Blum et al., Phys. Rev. Lett. 89, 266102 (2002)

MM 9.2 Mon 15:00 IFW B
Effective potentials for rhenium in Ni—Al superalloys —
oPETER BROMMERY2, STEFANO ANGIOLETTI-UBERTI?, and MIKE
FinNis? — Mnstitut fiir Theoretische und Angewandte Physik, Univer-
sitéit Stuttgart, Germany — Thomas Young Centre, Imperial College,
London, UK

It is widely believed that rhenium, which is commonly used in alloys for
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turbine blades, is important in increasing the creep resistance of nickel-
based superalloys, but the exact reason for this so-called “rhenium-
effect” remains unclear.

Atomistic simulations could help study the influence of rhenium on
the mechanical properties and compare it to that of other alloying el-
ements. These simulations require effective interaction potentials, as
only with those the required large number of particles can be studied.
We generated rhenium interaction potentials with the force matching
method, where the parameters of a potential are adjusted to optimally
reproduce the forces, energies and stresses in a number of reference
configurations, which have been evaluated with first-principles density
functional theory (DFT) methods.

We use these potentials to study self-diffusion coefficients in liquid
and solid alloy phases and compare the results to ab-initio data.

MM 9.3 Mon 15:15 IFW B
Structural stability of topologically close-packed phases
in transition metals — eTHOMAS HAMMERSCHMIDTl, BERNHARD
SEISER?, RALF DrAUTZ!, and DAVID G. PETTIFOR? — 'ICAMS, Ruhr-
University Bochum, Bochum, Germany — 2Department of Materials,
University of Oxford, Oxford, UK

The formation of topologically close-packed (tcp) phases in Ni-based
superalloys leads to the degradation of the creep properties of the al-
loys. The precipitation of the tcp phases is attributed to refractory
elements that are added in low concentration to improve creep resis-
tance. We have compiled a structure map of the occurrence of tcp
phases in binary transition metal (TM) compounds. The structure
map displays well-established structural trends that are driven by the
d-band filling. It also shows that different sizes of the elements tend
to stabilize the Laves phases over other tcp phases. The same trend
is reproduced in our extensive density functional theory (DFT) cal-

culations of the tcp phases Al5, C14, C15, C36, u, o, and x. We
show that the structural trend can be understood using the canonical
d-band tight-binding model. The small positive values of the heats of
formation of all tcp phases suggest that entropy plays a key role in the
stabilization of the experimentally observed tcp phases in TM binary
compounds.

MM 9.4 Mon 15:30 IFW B
Structural trends in topologically close-packed phases —
eBERNHARD SEISER!, THOMAS HAMMERSCHMIDT?, RALF DRAUTZZ,
and DAVID PETTIFOR! — !Department of Materials, University of
Oxford, Oxford, UK — 2ICAMS, Ruhr-University Bochum, Bochum,
Germany

The creep properties of modern single-crystal Nickel-base superalloys
are improved by adding refractory elements. This route of material de-
sign is limited by the precipitation of topologically close-packed (tcp)
phases which can lead to failure during service. We have assessed
the modelling techniques PHACOMP and CALPHAD which are com-
monly used to predict the tendency of tcp phase formation in austenitic
alloys. Moreover, within a tight-binding framework, we have derived
analytic bond-order potentials (BOP) that depend explicitly on the
valence of the transition metal elements. In particular, we applied
these BOPs to investigate the structural stability of tcp phases with
respect to the filling of the d-band. From these BOP calculations, we
find two groups of tcp phases that exhibit very similar dependence on
the d-band filling: A15 and o on one hand and p and the Laves phases
C14, C15, C36 on the other hand. Through the BOPs we have been
able to unravel the link between structural stability and local topology
and have identified the interactions that favour the formation of tcp
phases.
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MM 10.1 Mon 16:00 IFW B
Ordering and site occupancy of ternary elements in Fez Al