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MM 10.1 Mon 15:45 IFW B
Atomistic simulations of dislocations in strontium titanate —
ePierrE HIrREL!2, MATOUS MROVEC!:2, and CHRISTIAN ELsAssERr!:2
— Mnstitut fiir Zuverldssigkeit von Bauteilen und Systemen (IZBS),
Karlsruher Institut fiir Technologie, Kaiserstr. 12, 76131 Karlsruhe
(Germany) — 2Fraunhofer-Institut fiir Werkstoffmechanik TWM,
Wohlerstr. 11, 79108 Freiburg (Germany)

Strontium titanate (STO) is a perovskite oxide whose large dielec-
tric constant makes it an attractive material for modern microelec-
tronic applications. In contrast to the ongoing interest in electrical
properties of STO, its mechanical properties came to the attention of
the scientific community only in 2000 after a surprising discovery of
a ductile-to-brittle-to-ductile transition. It was found that STO can
deform plastically at room temperature, but the properties of disloca-
tions mediating the deformation remain up to now a matter of debate.

The present study investigates the properties of dislocations in STO
by means of atomistic simulations. The investigations are based
on a multi-scale approach that uses both quantum-mechanical first-
principles calculations and classical atomistic simulations with a rigid-
ion potential. We compute the core structures of both screw and edge
dislocations and analyze possible dissociation types and their relation
to macroscopic mechanical behavior. The glide of dislocations under
applied stress is studied directly by molecular dynamics simulations
as well as indirectly using the nudged elastic band method. Our sim-
ulation results are compared to high-resolution transmission electron
microscopy observations.

MM 10.2 Mon 16:00 IFW B
Elasticity and Screw Dislocations in W-Re and W-Ta Alloys
— eHong Li'2) LoreNz RoMANERZ, CLAUDIA AMBROSCH-DRAXLZ,
and ReINHARD Pippan! — 1Erich Schmid Institute of Materials Sci-
ence, Austrian Academy of Sciences, Jahn Strafe 12, 8700 Leoben,
Austria — 2Chair of Atomistic Modelling and Design of Materials,

University of Leoben, Franz Josef Strafe 18, 8700 Leoben, Austria

Using a first-principles approach, the elastic properties as well as the
core structure of the 1/2<111> screw dislocation in W-Me (Me=Ta,
Re) alloys are investigated from the atomistic point of view. For a
range of Ta/Re concentrations the lattice parameter, bulk modulus,
and elastic constants are calculated and compared with pure W to
study the influence of solute atoms on the elastic properties. A peri-
odic quadrupolar arrangement of the dislocation is employed to model
the core structures. We show that W and W-Ta alloys at all concen-
trations exhibit a symmetric core structure. In contrast, W-Re alloys
exhibit a gradual transition to asymmetric cores. Furthermore, the
critical stress which has to be applied to move the dislocation at 0K
(Peierls stress op) is calculated to determine the mobility of disloca-
tions. The reduction of o), and a change of slip plane explain the brittle
to ductile transition in W upon Re alloying. However, for W-Ta al-
loys the reduction of o, is found only with high Ta concentrations.
Finally, we investigate the correlation between the core symmetry and
the ~-surfaces for both W-Me cases.

MM 10.3 Mon 16:15 IFW B
DFT study of impurities at grain boundaries in a-Fe — EL-
wiRA WachHowicz and eApaM KieJNA — Institute of Experimental
Physics, University of Wroctaw, Wroctaw, Poland

The effects of several metalloid (B), metalloid-like (C, P) and non-
metallic impurities (N, O and S) on structure, energetics and mechan-
ical properties of ¥3 (111) and X5 (210) grain boundaries (GBs) in
ferromagnetic a-Fe have been studied by density functional theory and
the projector augmented wave method. Two different concentrations
and positions of impurity atoms at the GB were considered. Most of
the impurities enhance the relaxation of the interplanar spacing of the
pure grains. Interstitial impurities at both GBs increase separation of
the grains while substitutional ones in general either do not alter or
decrease it. Segregation of impurity atoms at the GBs and their em-
brittling/strengthening effect is explored and discussed in terms of its
chemical and mechanical components. At the X5 GB for all impurity
atoms considered the positions in the boundary layer are energetically
favored independently of interstitial or substitutional site, whereas the
enrichment of the 33 GB is favored for the impurities of the interstitial
sites as well as for a substitutional P and C. In most cases, impurity
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atoms both in interstitial and substitutional positions at GBs act as
embrittlers. The magnetic moments on the impurities are very small
and in most cases align antiparallel to the moments on the neighboring
Fe atoms.

MM 10.4 Mon 16:30 IFW B
Simulation der Korngrenzenbeweglichkeit in Aluminium mit-
tels Molekulardynamik — eVoLKER MoHLES und JIAN ZHOU —
Institut fiir Metallkunde und Metallphysik, RWTH Aachen University,
Aachen

Die Beweglichkeit von Korngrenzen und speziell ihre Temperaturab-
héngigkeit sind von grofiter technischer Bedeutung fiir die Rekristal-
lisatioskinetik in industriellen Warmebehandlungen. Daher gibt es in
der Literatur eine Reihe von Molekulardynamik-Simulationen, in de-
nen Korngrenzen durch eine synthetische, kristallorientierungsabhén-
gige Kraft im Bewegung versetzt werden, um so die Mobilitdten der
Korngrenzen abzuleiten. Die Ergebnisse bisheriger solcher Simulatio-
nen stehen in Hinblick auf die Temperatur- und Winkelabhéngigkeit
der Mobilitéten jedoch in starkem Widerspruch zu entsprechenden ge-
messenen Werten. Im vorliegenden Beitrag wird gezeigt, dass diese Wi-
derspriiche aus zwei unabhéngigen, gravierenden Ungenauigkeiten der
bisherigen Simulations- und Auswertungstechnik resultieren. Es wer-
den Verbesserungen der Methodik vorgestellt, mit denen diese Unge-
nauigkeiten unterbunden werden kénnen. Am Beispiel simulierter und
experimenteller Ergebnisse zu reinem Aluminium wird gezeigt, dass
Molekulardynamiksimulationen mit korrigierter Methodik verldssliche
Mobilitatswerte fiir Korngrenzen vorhersagen konnen.

MM 10.5 Mon 16:45 IFW B
Plasticity of Cu and Pd nanoparticles in nanoextrusion —
eANTTI TowvaNeEn'? and KarsTEN ALBe! — lInstitute of Ma-
terials Science, Darmstadt University of Technology, Germany —
2Department of Physics, University of Helsinki, Finland

Recent transmission electron microscopy experiments have shown how
nanoparticles can be encapsulated inside carbon onions and electron
irradiation induced contraction of these onions can be used to apply
pressure of tens of GPa to the encapsulated particle [1]. If an orifice
is opened to the carbon onion, this system can be used to study the
extrusion of the encapsulated material through this orifice. Therefore
studying the extrusion of metallic nanoparticles from such nanocon-
tainers provides information on the plasticity of individual nanograins.
In this study, the results of molecular dynamics simulation of the ex-
trusion of Cu and Pd nanoparticles pressurised in spherical force field
mimicking the behaviour of contracting carbon onion are presented.
We compare the plastic behavior single-crystalline nanoparticles of Cu
and Pd with multiply-twinned nanoparticles. The effects of the low
and high stacking fault energies of Cu and Pd, correspondingly, and
the effect of twins on the dislocation nucleation and propagation is
reported for both metals.
[1] L. T. Sun et al, Phys. Rev. Lett. 101, 156101 (2008)

MM 10.6 Mon 17:00 IFW B
DFT calculation on Fe/ZrOs-Interfaces — JURGEN KUTZNER
and JENs Korrus — Technische Universitdt Bergakademie Freiberg

Interface structures of the Fe/ZrOx-system are presented. We in-
vestigated several possible orientations and configurations by means
of density functional theory. Special emphasis was put on mechanical
stability, termination of the different interface-structures and magnetic
effects. The energetic comparison gives a view on the order of occur-
rence. As an addition, some experimental data is presented.

MM 10.7 Mon 17:15 IFW B
Studying grain growth in Sr7Ti0Os by diffraction contrast
tomography and simulation — eMEgLANIE Synal, WoLFGANG
RHEINHEIMER?, MICHAEL BAURER?, ERIK M. LAURIDSEN?, WOLF-
cane Lupwic?, and DanieL WEvGanp! — 1Karlsruher Institut
fiir Technologie, 1ZBS, — 2Karlsruher Institut fiir Technologie, IKM
JKaiserstr. 12, 76131 Karlsruhe, Germany — 3Risg National Labora-
tory for Sustainable Energy, 4000 Roskilde, Denmark — 4European
Synchrotron Radiation Facility, 38043 Grenoble, France

A comparison of the three dimensional (3D) grain structure in Sr7%03
measured by diffraction contrast tomography (DCT) experiments and
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mesoscale grain growth simulations is presented. The objective of this
study is to explain the recently observed growth anomaly in STT%O3.
The simulations allow for a systematical parameter variation, while the
DCT experiments yield fundamental insight on structure and crystal-
lography in 3D. In conjunction, these methods give access to the details
of the topological quantities in grain structures and form an appropri-
ate tool to study the influence of interface parameter variations on the
grain morphology. The applied simulation tool is a 3D vertex dynam-

ics model capable of handling inclination and misorientation dependent
interface properties in structures consisting of several thousand grains.
Using existing experimental data on orientation dependent interface
energies/mobilities, as well as DCT results on structure, grain/pore
shape and crystallography as input, the model has been enabled to
depict the microstructural evolution of Sr7iO3 during annealing. A
detailed comparison with 3D annealing experiments is provided.



