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MM 47.1 Wed 18:30 Poster C
The impact of magnetism on properties of defects in Fe-Co
alloys — eVan TruonNg TrRAN and CHu CHuN Fu — SRMP, CEA
Saclay, Université Paris-Saclay, F-91191, Gif-sur-Yvette, France

Fe-Co alloys have been demonstrated as an intriguing magnetic mate-
rial with the highest magnetization saturation compared to all known
magnetic alloys. They are widely employed for magnetic devices.|1]

The magnetic properties of binary Fe-Co alloys have been investi-
gated extensively by numerous experimental and theoretical studies.
However, several properties of structural properties in this alloys are
still poorly understood and need to be unfolded.

Our study in an attempt to explore the interplay between magnetic
properties and vacancies present in Fe-Co systems in the framework
of density functional theory (DFT). In particular, formation energies
and migration barriers for the vacancy and the Co solute as functions
of local chemical and magnetic environments.

The obtained DFT results will also be used as input data for param-
eterizing an effective interaction model (EIM). In combination with
Atomistic Monte Carlo simulations, we aim to investigate the defect
properties as functions of temperature. In particular, the impact of
magnetic excitation and transition will be elucidated.

References [1] T. Sourmail, Prog. Mater. Sci. 50, 816 (2005).

MM 47.2 Wed 18:30 Poster C
Towards an ab initio phase diagram of Fe-Nb: Importance of
Magnon-Phonon coupling — eALl ZENDEGANI, FrRITZ KORMANN,
TiLmAaNN HickEL, and JORG NEUGEBAUER — Max-Planck-Institut fiir
Eisenforschung GmbH, Max-Planck-Strafte 1, 40237 Diisseldorf, Ger-
many

Ferritic steels containing Fe-Nb TCP phases form a promising ma-
terials class for high-temperature applications. To tailor this high-
temperature strength, e.g., via heat treatments, a precise knowledge
of the thermodynamic stability of the TCP, i.e. the hexagonal and
Laves (C14, C36) phases, and the cubic Laves (C15) phase, is essen-
tial.

Combining density functional theory (DFT) and thermodynamic
concepts, we evaluate the ground state energy as well as finite tem-
perature entropy contributions of these structures. All relevant mag-
netic configurations, ranging from non-magnetic simulations over se-
lected ferro/ferri-magnetic ones to fully paramagnetic are considered.
In particular, the spin-space averaging (SSA) method is utilized to
average forces over many magnetic configurations characterizing the
disordered magnetic states. Only with these methods, paramagnetic
phonons, which are of central importance for temperature dependent
phase stabilities, can be calculated. We demonstrate that in contrast
to non-magnetic (non-spin-polarized) calculations, not only quantita-
tive changes are obtained, but even dynamical instabilities, e.g. in
C36, will disappear. Only when employing the paramagnetic state
explicitly, we obtain agreement with experiment. The results provide
direct insight into the mechanisms that stabilize these phases.

MM 47.3 Wed 18:30 Poster C
Metal-organic frameworks (MOFs): mechanical properties,
electronic structure and molecular magnetism — eSEBASTIAN
ScuwaLBe!, Kar TRepTE?, and JENs Korrus! — 1TU Bergakademie
Freiberg, Institute for Theoretical Physics, Germany — 2Central
Michigan University, Department of Physics, USA

Density functional theory is applied to determine the electronic struc-
ture of metal-organic frameworks (MOFs) based on special model
systems [1]. Within this contribution the authors discuss the possibil-
ity to tune the electronic structure by adjusting the local magnetism
represented by single molecule magnets (SMMs) and their local tran-
sition metal centers within three-dimensional MOFs [2]. Further, it is
discussed that model systems can be used to calculate the magnetic
shielding within MOFs [3]. Finally, the authors want to emphasize
that the understanding of several mechanical properties (pore sizes,
void volume, accessible volume, pore-size distribution and elastic
properties) is essential for experimentalists and the interpretation of
measured values.

[1] K. Trepte et al., PCCP, vol. 17, pp. 17122-17129, 2015
[2] S. Schwalbe et al., PCCP, vol. 18, pp. 8075-8080, 2016

Location: Poster C

[3] K. Trepte et al., PCCP, vol. 19, pp. 10020-10027, 2017

MM 47.4 Wed 18:30 Poster C
Anomalous Nernst effect in Ir22Mn78/Co020Fe60B20/MgO
layers with perpendicular magnetic anisotropy — Sa Tul2,
eJunrENe Hul, Guoqiane Yu?%, Hamine Yul, CuuanNPu
Liv!, FLorian HeimBacu!, XiaNGRONG WANG®, Jianyu Zuang!,
YoucuaNnc Zuanc!, AMiR Hamzic®, Kanag L. Wang3, WEISHENG
Zuao!, and JeaN-PHILIPPE ANSERMET? — lFert Beijing Institute,
School of Electronic and Information Engineering, BDBC, Beihang
University, Xueyuan Road 37, Beijing 100191, China — 2Institute of
Physics, Ecole Polytechnique Federale de Lausanne (EPFL), Lausanne
CH-1015, Switzerland — 3Department of Electrical Engineering, Uni-
versity of California, Los Angeles, California 90095, USA — *Institute
of Physics, Chinese Academy of Sciences, Beijing 100190, China —
5Physics Department, Hong Kong University Science & Technology,
Kowloon, Hong Kong, People’s Republic of China — Department of
Physics, Faculty of Science, University of Zagreb, Zagreb HR-10001,
Croatia

The anomalous Nernst effect in a perpendicularly magnetized
Ir22Mn78/Co020Fe60B20/MgO thin film is measured using well-defined
in-plane temperature gradients. The anomalous Nernst coefficient
reaches 1.8 uV/K at room temperature, which is almost 50 times
larger than that of a Ta/C020Fe60B20/MgO thin film with perpendic-
ular magnetic anisotropy. The anomalous Nernst and anomalous Hall
results in different sample structures revealing that the large Nernst
coefficient of the Ir22Mn78/Co020Fe60B20/MgO thin film is related to
the interface between CoFeB and IrMn.

MM 47.5 Wed 18:30 Poster C
Magnetic short range order in Fel-xCrx alloys — Is-
ABELLE MIREBEAU!, e VERONIQUE PIERRON-BOHNES?, and GEORGES
ParerTE! — lLaboratoire Léon Brillouin, CEA-CNRS, Univer-
sité Paris-Saclay, CEA-Saclay, F-91191 Gif-sur-Yvette, France —
2Université de Strasbourg, CNRS, UMR7540 Institut de Physique et
Chimie des Matériaux de Strasbourg, 23 rue du Loess BP 43, 67034
Strasbourg Cedex 2 France

The FeCr alloys encounter recently a renewed interest as they elimi-
nate irradiation damages spontaneously. This could be due to a unique
inversion of atomic short range order (SRO) at xc=0.11 [1]: they tend
to order below xc and to cluster above xc.

In FeCr, a coupling of the ordering and magnetic local orders can
also be suspected. We have studied Fel-xCrx solid solutions (for
0.03<x<0.15), by magnetic neutron diffuse scattering, using both po-
larized and unpolarized neutrons. The alloys were annealed to ensure
equilibrium SRO states. At low Cr content, the Cr moments orient
anti-parallel to the Fe moments and perturb the neighboring Fe mo-
ments, decreasing their magnitude in the first two nearest neighbor
shells and increasing it in the 4-5 neighbor shell.

These results are compared with previous ab initio predictions con-
cerning the amplitude and sign of the local moments and perturbations.

[1] I. Mirebeau and G. Parette, Phys. Rev. B 82, 104203 (2010).

MM 47.6 Wed 18:30 Poster C
3D Discrete Dislocation Dynamics simulations of crack-tip
plasticity — eELENA JoVvER CaRRAsco and Marc C. FiveL — Sci-
ence and engineering of materials and processes, SIMAP, Univ. Greno-
ble Alpes / CNRS, BP46, 38402, Saint-Martin d’Heéres, France

3D Discrete Dislocation Dynamics (DDD) simulations are conducted in
order to better understand the relationship between dislocation activ-
ity and crack advances. The final objective is to understand the crack
tip processes at a microscopic scale during initiation, propagation and
arrest as well as to study the interactions of cracks and microstructure
elements such as dislocations and grain boundaries.

The numerical tool used here is the 3D DDD code TRIDIS coupled
to the Finite Element code CAST3M used to enforce the boundary
conditions, including the presence of the crack. Dislocations can in-
teract with the cracks in two major ways; they can reduce the stress
on the crack tips due to the screening phenomena or they can increase
the stress as they organize themselves in particular microstructures.
The DDD along with the finite element allow to take into account the
dislocations contribution on the stress at the crack tip and to observe
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the behavior of the dislocations near the free surfaces of the crack.

MM 47.7 Wed 18:30 Poster C
Nucleation in Ni-Al alloys: An atomistic study — eYANvAN
Liang, GriserLL Diaz LeiNes, Jurta RocaL, and RALF DRAUTZ
— Interdisciplinary Center for Advanced Materials Simulation, Ruhr-
Universitat Bochum, Germany

Ni-Al alloys are a basic component of high-temperature superalloys,
the ordered L12 phase in NigAl is of particular interest. Nucleation is
a crucial step in solidification, but atomistic insight still remains elu-
sive due to the extended time scale and complexity of the nucleation
process in binary alloys. We investigate the nucleation in NizAl on the
atomic scale. We employ transition path sampling and generate an en-
semble of molecular dynamics trajectories to extract thermodynamic
and kinetic properties, such as nucleation rates and free energies. A
strong competition between fcc, hep and bee in the growing nucleus
predetermines the final dominant polymorphs in the crystallization. In
particular, we find that the composition of the growing nucleus remains
constant while there is a decreased short-range chemical order in the
nuclei. The size of the growing nucleus alone is not a complete reaction
coordinate for the nucleation process, in contrast to what we observed
in elemental metals. A multi-dimensional description is needed to fully
characterize the nucleation process in binary alloys.

MM 47.8 Wed 18:30 Poster C
Transition Path Sampling of Seeded Nucleation during So-
lidification in Nickel — eSAarAaTH MENON, GRISELL Diaz LEINES,
JurTAa RocaLr, and RALF DrAuTZ — Interdisciplinary Centre for Ad-
vanced Materials Simulation, Ruhr-Universitat Bochum

Almost all technologically relevant solidification is based on heteroge-
neous nucleation. While it is known that the presence of impurities
enhances nucleation processes and influences the evolution of the mi-
crostructure, little is known about the initial stages of nucleation from
an atomic scale. This is because nucleation time scales are too long for
conventional molecular dynamics methods and therefore a ’rare event’.
We employ transition path sampling, an atomistic simulation method,
to study the effect of prestructured seeds on nucleation in nickel. We
use seeds of varying sizes and crystal structures and quantify their ef-
fect on the rate constant and free energy barrier to understand the
role of seeds in nucleation mechanism. Even small seeds are capable
of inducing spontaneous nucleation. The nucleation rate is controlled
by the size and surface geometry of the seed. Moreover, the structure
of the seed determines the structure of the solid crystal. The seeds
facilitate pre-ordering in the liquid and different seeds may be used to
induce the formation of specific polymorphs.

MM 47.9 Wed 18:30 Poster C
First-principles design of biocompatible Ti-xNb (0 < x< 35)

alloys — eJuLio GUTIERREZ MoRrENO!2, DIMITRIS PAPAGEORGIOU?,

Gioraios Evancerakis®, and CHRisTINA LEkka2 — 1Tyndall Na-
tional Institute, University College Cork — 2Departament of Materials
Science and Engineering, University of Ioannina — 3Departament of

Physics, University of Ioannina

In this work, we present a systematic ab initio study on the struc-
tural, electronic and mechanical properties of Ti-xNb (x<35at%) al-
loys. This necessity is originated from the lack of biocompatibility and
high Young’s modulus (E) in the currently used Ti-6Al-4V implants,
which may lead to bone atrophy and implant loosening. Our results
predict a variety of phases (including w, o’, o’ and ) depending on
the Nb concentration. The o’ and w are stable for Nb<6.25%at, the
B phase is stable at high Nb compositions Nb>18.75at% while the «”
phase may form in intermediate concentrations. The o’ and w hexag-
onal phases become unstable at high Nb content due to the electronic
band filling at the Fermi level. In 8-Ti-25at%Nb, the depletion of the
occupied electronic states at Fermi level results in a stable B-TiNb
structure. Our results prove the Ew>FEa’>Ea”>EfS sequence, reveal-
ing the importance of the phases coexistence for the E reduction. The
Young’s modulus surface revealed high anisotropic E values for all Ti-
Nb phases, while the Eg along the [100] direction exhibits E<30GPa.
These data could enlighten the electronic origin of the Ti-Nb phase
stability and guide the design of novel alloys suitable for biomedical
applications.

MM 47.10 Wed 18:30 Poster C
Control of (in)coherent dynamics in phononic superlattices
— eDENNIS MEYER, DANIEL METTERNICH, ROLAND POTTHAST,
and HenNING UrricHs — I. Physikalisches Institut, Georg-August-

Universitdt Gottingen

We present methods to control (in)coherent phonon dynamics in mul-
tilayer films by tailoring the elastic band structure or exploiting exter-
nal manipulation of material properties. On the experimental side we
show how a wedge-shaped metallic thin film of tungsten, together with
a pump-probe technique can be used as an on-sample spectrometer for
probing phonon band gaps. Measurements on samples of insulating
multilayers, manganites and block copolymers are accompanied by a
theoretical model which is implemented as a finite differences time-
domain simulation. Besides applying this method, a link between the
phonon spectrum and thermal transport will be drawn by transient
thermoreflectance measurements. We acknowledge financial support
by the DFG within the CRC 1073 Atomic scale control of energy con-
version.

MM 47.11 Wed 18:30 Poster C
Structure and energetics of Y-Ti-O nanoclusters in bcc Fe
— eMUTHU VALLINAYAGAM!, MaTTHIAS Posserr?, and JURGEN
FassBeENDER® — ! Helmholtz-Zentrum Dresden-Rossendorf (HZDR) —

2HZDR — 3HZDR

In this research project the nature of yttria-based oxide nanoclusters in
a bce Fe matrix is be investigated by DFT calculations. The main goal
of these studies is the better understanding of the nucleation as well
as the structure and composition of the clusters. In the first part of
the work three types of structures are considered: (i) clusters consist-
ing of parts of the bixbyite (Y203) or pyrochlore (Y2Ti207) structure
embedded in bcc Fe, (ii) clusters with Y, Ti, and O on substitutional
sites, and (iii) clusters with of Y, Ti, on substitutional sites and O
on octahedral interstitial sites of the bcc lattice. Simulation cells con-
taining different structures but the same composition of atoms (Fe, Y,
Ti, O) are compared. It is found that the energetics of three different
structure types, i.e. their total binding energy, is very similar. This
modifies the statement of Barnard et al. [1] who only considered the
first type of structure and concluded that this is the most favorable.
Further, more stable cluster structures are constructed using another
model with the nanocluster core similar to the metal monoxide struc-
ture. Also the binding energy of monomers like O, Y, Ti, and the
vacancy to the cluster are studied. O and the vacancy are strongly
attracted by the nanoclusters, while the interaction with metal atoms
is weaker. [1] L. Barnard et al. Acta Mater. 60 935 (2012)

MM 47.12 Wed 18:30 Poster C
Structure and energetics of Y-Ti-O nanoclusters in bcc Fe
— eMUTHU VALLINAYAGAM!, MaTTHIAS Posserr?, and JURGEN
FassBeENDER® — ! Helmholtz-Zentrum Dresden-Rossendorf (HZDR) —

2HZDR — 3HZDR

In this research project the nature of yttria-based oxide nanoclusters in
a bce Fe matrix is be investigated by DFT calculations. The main goal
of these studies is the better understanding of the nucleation as well
as the structure and composition of the clusters. In the first part of
the work three types of structures are considered: (i) clusters consist-
ing of parts of the bixbyite (Y203) or pyrochlore (Y2Ti207) structure
embedded in bcc Fe, (ii) clusters with Y, Ti, and O on substitutional
sites, and (iii) clusters with of Y, Ti, on substitutional sites and O on
octahedral interstitial sites of the bcc lattice. Simulation cells contain-
ing different structures but the same composition of different atoms
(Fe, Y, Ti, O) are compared. It is found that the energetics of three
different structure types, i.e. there total binding energy, is very similar.
This modifies the statement of Barnard et al. [1] who only considered
the first type of structure and concluded that this is most favorable.
Further, more stable cluster structures are constructed using another
model with the nanocluster core similar to the metal monoxide struc-
ture. Also the binding energy of monomers like O, Y, Ti, and the
vacancy to the cluster are studied. O and the vacancy are strongly
attracted by the nanoclusters, while the interaction with metal atoms
is weaker. [1] L. Barnard et al. Acta Mater. 60 935 (2012)

MM 47.13 Wed 18:30 Poster C
Diffusion of oxygen in bcc Fe under the influence of other
foreign atoms — eXiaosnuanc Wanag!, MarTaIAs PosseLT?, and
JURGEN FassBENDER®? — lHelmholtz-Zentrum Dresden-Rossendorf
(HZDR) — 2HZDR — 3HZDR
First-principle calculations and kinetic Monte Carlo simulations are
applied to investigate the diffusion of oxygen in bcc Fe under the in-
fluence of other foreign atoms, such as Al, Si, P, S, Ti,, Cr, Mn, Ni, Y,
and Mo. In the first part of this work jumps of oxygen in pure bcc Fe,
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between first-, second-, and third-neighbor octahedral interstitial sites
were investigated by DFT. It is found that a second-neighbor jump
consists of two consecutive first-neighbor jumps and that the barrier
of the third-neighbor jump is too high to be relevant. In the second
part DFT was applied to determine the modified migration barriers,
i.e. for the oxygen jump between the first and the second neighbor of
a foreign atom, etc. It is found that Si, P, Ni and Mo influence the
migration barriers of oxygen only slightly. Al and Cr cause moderate
changes, while S, Ti, and Y lead to strong modifications. With the
exception of Y the migration paths are first-neighbor jumps between
(modified) octahedral sites with (modified) tetrahedral sites as saddle
points. Y changes some migration paths considerably. Using the mi-
gration barriers calculated by DFT the diffusion coefficient of oxygen
was determined by kinetic Monte Carlo simulations considering a di-
lute iron alloy. In general the foreign atoms cause a reduction of the
mobility of oxygen compared to that in pure bcc Fe. The strongest
decrease is obtained for the foreign atoms S, Ti, and Y.

MM 47.14 Wed 18:30 Poster C
Temperature dependence of interface energies in WC Co ce-
mented carbides — eERIK FRANSSON, MARTIN GREN, and GORAN
WAHNSTROM — Materials and Surface Theory, Chalmers University
of Technology, Gothenburg, Sweden

Cemented carbides is a group of materials consisting of fine carbide
phase (WC) particles cemented into a composite by a binder metal
(Co). Cemented carbides combine superb hardness with high tough-
ness making them ideal for usage in cutting applications and in wear
resistance tools. Interfaces in cemented carbides play an important role
in the sintering process of the material and for the resulting mechani-
cal properties. Density Functional Theory has been used to calculate
the driving force for spreading and binder phase infiltration of grain
boundaries. However since sintering is carried out at 1800K, tempera-
ture effects are likely important. In this study we carry out a thorough
investigation of temperature effects for interfaces in cemented carbides
using an analytic bond order potential. We compute free energies using
quasi-harmonic approximation and molecular dynamics simulations.
Our calculation captures the vibrational and configurational entropy
effects serves as a benchmark for free energy calculations methods for
interfaces in general. The obtained temperature effects indicate that
the spreading and infiltration parameters in cemented carbides increase
with roughly 0.35J/m2. This combined with previous DFT studies
yield a picture consistent with recent spreading measurements and the
fact that the material consists of a continuous carbide grain network.

MM 47.15 Wed 18:30 Poster C
Test and analysis of nonlocal van der Waals density func-
tionals for solids — eLEILA KALANTARI, FABIEN TRAN, and PETER
BranAa — Vienna University of Technology, Vienna, Austria

Recently, a scheme for the implementation of nonlocal van der Waals
(NL-vdW) functionals into all-electron codes was proposed by Tran et
al. [Phys. Rev. B 96, 054103 (2017)]. With this method, benchmark
results can be obtained at reasonable computational time since it is
based on fast Fourier transformations as proposed by Romaéan-Pérez
and Soler [Phys. Rev. Lett. 103, 096102 (2009)] after the all-electron
density is smoothed. In this work, the results of a comparison of some
of the most recently developed NL-vdW functionals will be presented,
and the test set consists of simple cubic solids as well as several vdW
bounded solids. Among the latter are some rare gases, graphite, h-BN
and several transition metal dichalcogenides M X2, where M represents
transition metals and X being either S, Se or Te. We have determined
the ground state geometry and interlayer binding energy of the M X
compounds. The calculations are done with the WIEN2k code which
is based on the linearized augmented plane-wave basis set. The con-
vergence of the results with respect to parameters like the size of the
basis set, the number of k-points, the cutoff for smoothing the density
and the FFT-grid will also be discussed.

MM 47.16 Wed 18:30 Poster C
Molecular Dynamics Simulations of Laser Ablation in Co-
valent Materials — eDowminic KLEIN, ALEXANDER KISELEV, and
JoHANNES RoTH — Institut fiir Funktionelle Materie und Quanten-
technologien, Universitit Stuttgart, Germany

Non-equilibrium phenomena in highly excited covalent systems in-
duced by strong laser radiation fields have received much attention
in recent years. Despite of many theoretical and computational inves-
tigations these ultra fast processes are still not well understood. Here
we use multi-million particle molecular dynamics simulations to study

the laser ablation in covalently bonded materials. A combined self-
consistent continuum-atomistic model was applied for carrier-lattice
interaction and electron-hole recombination processes. In addition, the
temporal and spatial dependence of the exited carrier density was taken
into account by fitting the inter atomic forces to finite-temperature
density functional theory calculations.

Both, spatially homogeneous and Gaussian distributed laser power
densities have been carried out. Furthermore, by using single-, double-
and triple-pulse femtosecond laser irradiations it is demonstrated how
the properties of the pulse sequence lead to drastic changes in bulk
properties like the ablation threshold or the absorption length due to
the time scale of free carriers relaxation.

MM 47.17 Wed 18:30 Poster C
The AiiDA-FLEUR package and how you can predict XPS

spectra with it — eJeEns BrODER!2, NicoLa HELFER?, GREGOR
MicHALICEK!, DANIEL WoRTMANN!, Rupr KosLowski?, CHRISTIAN
LinsMEIER?, and STEFAN BLUGEL! — !Peter Griinberg Institute and

Institute for Advanced Simulation, Forschungszentrum Jiilich GmbH,
52425 Jiilich, Germany — 2Institut fiir Energie- und Klimaforschung
- Plasmaphysik, Forschungszentrum Jiilich GmbH, 52425 Jiilich, Ger-
many

We present some workflows of the AliDA-FLEUR [1] package, allow-
ing the user to easily perform complex tasks with the all-electron den-
sity functional theory (DFT) code FLEUR [2] through AiiDA [3] (Au-
tomated interactive Infrastructure and database for material science).
The package empowers users with the ability to run FLEUR simulations
just with python code and connects them to the tools of the python
universe (i.e. Jupyter, pymatgen, ase, ...).

Further we focus on certain results of the core level shifts, turn-key
solutions for X-ray photoelectron spectroscopy (XPS) results of bulk
materials and surfaces for surface science. These ab initio results are
compared to experimental data (i.e. Beryllium compounds) and we
demonstrate how they help with spectra interpretation.

We acknowledge partial support from the EU Centre of Excellence
“MaX Materials Design at the Exascale” (Grant No. 676598).

[1] www.github.com/broeder-j/aiida-fleur

[2] www.flapw.de

[3] G. Pizzi, et al. Comp. Mat. Sci. 111, 218-230 (2016)

MM 47.18 Wed 18:30 Poster C
pyiron - an integrated framework for developing, running,
and analyzing complex simulation protocols in computational
materials science — eJAN JANsSsEN!, SUDARSAN SURENDRALAL!,
Yury Lysocorskiy?, TiLManN HickeL!, RaLr DrauTz?, and JORG
NeuGEBAUER! — Max-Planck-Institut fiir Eisenforschung GmbH,
Diisseldorf, Germany — 2Interdisciplinary Centre for Advanced Mate-
rials Simulation, Ruhr-Universitdt Bochum, Germany

Over the past years progress in computational materials science both
with respect to predictive power and scalability (e.g. high-throughput
computations) has been tremendous. These advances are not only
related to the large gain in computer power but often to the devel-
opment of advanced and computationally highly efficient algorithms
and methods. A challenge in this respect is that the resulting sim-
ulation protocols are getting ever more complex: They often require
the combination of high performance codes implemented in low-level
programming languages with incompatible input/output formats, the
implementation of flexible interfaces to adjust the order of the steps
in the simulation protocol dynamically and the distribution of tasks
on highly heterogeneous computing platforms. To foster the devel-
opment of these novel techniques and their dissemination and use in
our department we started several years ago with the development of
a framework that allows to automatize routine tasks, automatically
stores all input/output data of the large number of individual jobs
in a generic format together with the simulation protocols and the
parent-child relationship of the tasks.

MM 47.19 Wed 18:30 Poster C
Ab initio electronic structure calculation of Cn element —
eHana CeNncarikovAl and Dominik Lecur? — lInstitute of Exper-
imental Physics, Slovak Academy of Sciences, Watsonova 47, 040 01
Kosice, Slovakia — 2IT4Innovations Center, VSB Technical University
of Ostrava, 17.listopadu 15, 708 33 Ostrava-Poruba, Czech Republic

The first-principle calculations in the framework of the density func-
tional theory have been used to the study of selected properties of
super-heavy element Cn. The special attention has been focused to
the correct description of the energetically favored crystal structure,
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taken into account five basic crystal types: the body-centered, the face-
centered, the simple cubic, the hexagonal cosed packed and the rhom-
bohedral structure. The energy-volume analyses has been done usign
the spin-orbit calculations with the scalar relativistic base and the ex-
tended second variational method including the relativistic 6p; /o local
orbitals for the description of the 6p states. Furthermore, the criteria
of mechanical stability have been investigated based on the calculated
elastic constants. Finally, the metal character of Cn element has been
determined from the analysis of the total density of states as well as
the band-structure calculations.

Acknowledgement: H.C. acknowledges support by the Slovak Re-
search and Development Agency under Grant Nos. DS-2016-0046,
APVV-16-0186 and VEGA-0043-16. D. L. acknowledges support by
the Mobility grant No. 8X17046.

MM 47.20 Wed 18:30 Poster C

The nonlinear quantum Hall effect in BiTel — eJorcE Facio!,

InT1 SopeEMaNnN?, JuiH-SHin You!, Kraus KoeperNnik!, DwmITRI
ErFreEMov!, and JEROEN VAN DEN Brink! — IFW-Dresden, Ger-
many — 2Max Planck Institute for the Physics of Complex Systems,

Dresden, Germany

The Berry phase has become a central ingredient in our modern un-
derstanding of Hall-like phenomena of electrons in crystals. Recently,
it has been shown that time-reversal invariant metals that lack inver-
sion symmetry can display a nonlinear version of the Hall effect whose
form and strength is controlled by the dipolar distribution of the Berry
curvature in momentum space.

In this work, we study the nature of Berry curvature distribution
in the three-dimensional giant Rashba material Bismuth Tellurium Io-
dine (BiTel). By combining first principle and simple analytical mod-
els, we study the evolution Berry curvature dipole with doping and
pressure and discuss the experimental conditions for the observation
of the quantum non-linear Hall effect in this material.

MM 47.21 Wed 18:30 Poster C
Ab-initio investigation of the elastic behavior of the ternary
compounds C,;Si,Gei_;_, in the cubic phase — ¢T1vm KLOSE,
PasQuaLE PavoNnE, and CLaubpia DrRAXL — Humboldt-Universitit zu
Berlin, Physics Department and IRIS Adlershof, Germany

We investigate the set of all diamond-type structures of carbon, sil-
icon, and germanium which can be represented in a cubic unit cell
containing eight atoms. Total-energy calculations are performed us-
ing density-functional theory as implemented in the full potential all-
electron package exciting [1]. In conjunction with exciting, second-
order elastic constants for all the considered structures are obtained
using the ElaStic tool [2]. 141 geometrically distinct initial configura-
tions are obtained by occupying each site of an fcc diamond-like lattice
with a C, Si, or Ge atom, of which the 48 most relevant configurations
are selected. Then, second-order elastic constants are determined for
each fully relaxed configuration by applying suitable distortions to the
equilibrium structures. We identify a clear distinction between three
classes of configurations when analyzing the resulting equilibrium lat-
tice and elastic constants. This classification can be correlated to the
internal geometry and degree of symmetry of the corresponding con-
figurations. This project involved thousands of individual calculations
and, thus, required a careful analysis in order to extract significant
findings from the generated data.

[1] A. Gulans et al., J. Phys.: Condens. Matter 26 (2014) 363202
[2] R. Golesorkhtabar et al., Comp. Phys. Commun. 184 1861 (2013)

MM 47.22 Wed 18:30 Poster C
Phase equilibria, first-principle calculations, and thermody-
namic modeling of Zn-Ti system — eSoncMao Liang!, Harisu
K. SingH?, CHEN SHEN?, HONGBIN ZHANGZ2, and RAINER SCHMID-
FerzER! — lInstitute of Metallurgy, TU Clausthal — 2Institute of
Materials Science, TU Darmstadt

The phase diagram of Ti-Zn system is of great importance for Zn alloys
development and galvanizing process. The addition of Ti in Zn alloys
can refine the grain size and improve the creepy resistance. Coatings
with different colors can be achieved by adding Ti in the anodizing or
in the galvanizing bath. However, the phase diagram of Ti-Zn system
is still under debate due to the experimental difficulties such as the
melting point of Ti is much higher than the boiling point of Zn which
makes it challenging to prepare pure Ti-Zn alloy samples. In this work,
we used quasi-harmonic approximation to calculate the finite temper-
ature thermodynamic properties of Ti-Zn intermetallics. Based on the

first-principles phonon calculations, we determined the enthalpy of for-
mation, entropy and heat capacity, and compared with experimental
phase equilibrium data. We performed a systematic CALPHAD mod-
eling and developed a comprehensive thermodynamic description of
the Ti-Zn system. The calculated phase diagram is in good agreement
with experimental data than the previous modeling. Our work also
sheds light on the incorporation of first-principles calculations with
experimental data for CALPHAD thermodynamic assessment.

MM 47.23 Wed 18:30 Poster C
Cluster expansions with CELL: applications to simple and
complex alloys — eMaRria TrRoPPENZ!, SaNTIAGO RicaMoNTI!,
MarTiN Kuan!, and Craupia Draxr!:2 — 'Humboldt-Universitét

zu Berlin — 2Fritz-Haber Institut

The newly released python package CELL [1] allows for building ac-
curate cluster expansion (CE) models. While available CE codes can
tackle only small parent cells (e.g. fcc), CELL is specially suitable
for studying complex alloys with large parent cells, for which a full
enumeration of structures can’t be performed. In this work, we show
several applications of CELL to surface and bulk alloys, ranging from
simple alloys with a small parent cell, as e.g. SiGe bulk and the surface
alloy AlxNaq.x/Al(100), to highly complex structures, as e.g. the ther-
moelectric clathrates BagAlxSis6-x [2] and BagNixGesp-x-y[y with 54
atoms in the parent cell. CELL implements features like Wang-Landau
method and Monte-Carlo simulations. Employing them, we could dis-
cover the thermodynamic signatures of an order-disorder transition
driving an insulator-to-metal transition for BagAl;6Si3o.

[1] S. Rigamonti, M. Troppenz, M. Kuban, A. Huebner, C. Sutton, L.
Ghiringhelli, M. Stournara, M. Scheffler, and C. Draxl. CELL: python
package for cluster expansions with large parent cells. In preparation.

[2] M. Troppenz, S. Rigamonti, and C. Draxl, Chem. Mater. 29,
2414 (2017).

MM 47.24 Wed 18:30 Poster C
The FLAPW code FLEUR: scaling and performance im-
provements on the route towards the exascale — eDANIEL
WoRTMANN, ULIANA ALEKSEEVA, GREGOR MICHALICEK, and STE-
FAN BLUGEL — Institute for Advanced Simulation, Forschungszentrum
Jilich and JARA, 54248 Jiilich, Germany

While our all-electron density functional theory (DFT) code FLEUR[1] is
used successfully since many years on a variety of different computing
platforms, current developments in computer architectures and super-
computing infrastructure define new challenges and restriction on the
present and future use of such comprehensive DFT codes. In partic-
ular the strong increase of additional intra-node parallelism, from the
increasing number of CPU cores to the advances in GPU based com-
puting, requires extensive adjustments of the existing code base and
the reevaluation of existing implementations.

We present our recent developments of the FLEUR code starting from
the performance analysis up to the discussion of algorithmic changes
in the full-potential linearized augmented plane-wave (FLAPW) ap-
proach. We demonstrate that this enables the code to simulate sys-
tems of more than 1000 atoms efficiently using more than 6000 cores.
The state of the GPU-aware implementation is also discussed and the
obstacles specific to this computing platform are identified.

The work has been supported by the MaX European Center of Excel-
lence in Computing[2] (H2020-EINFRA-2015-1 project: GA 676598).
[1] Homepage of the open-source code FLEUR: http://www.flapw.de
[2] http://www.max-centre.eu

MM 47.25 Wed 18:30 Poster C
Using machine learning for efficient extraction of higher order
force constants in solids. — eFREDRIK ERIkSsoN, ERIK FRANSSON,
and PauL ERHART — Chalmers University of Technology, Gothenburg,
Sweden

Higher order force constants are essential for the description of, e.g.,
thermal transport and metastable materials. They originate in the the-
ory of lattice vibrations and can be used in perturbative approaches
as well as atomistic simulations. Usually, the force constants of second
and third order are obtained systematically by enumeration. The un-
derlying crystal symmetry is exploited to constrain the force constants
and reduce the number of independent calculations. This approach,
however, scales badly with increasing order and for systems with low
symmetry. This results in a steep increase of the number of reference
calculations (typically based on density functional theory) whence this
systematic approach is limited.

In this contribution we demonstrate how techniques from machine
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learning can be exploited to dramatically reduce the number of refer-
ence calculations and break the unfavorable scaling with system size
and symmetry. Our implementation enables us to extract force con-
stants (up to fourth order and beyond) even for systems with low
symmetry and large primitive unitcells. This is demonstrated by ap-
plications to e.g. transition metal dichalcogenides, clathrates and the
metastable phases of transition metals.

MM 47.26 Wed 18:30 Poster C
Uncertainty quantification strategies for atomistic simula-
tions with classical effective potentials — ePETER BROMMER
and SARAH LoNGgBoTTOM — University of Warwick, Coventry, UK

Molecular dynamics (MD) simulations with classical effective poten-
tials account for a significant fraction of current HPC usage. In those
simulations, the energy of the system (and thus the forces on the
atoms) depends only on the positions of the atoms; all electronic de-
grees of freedoms are accounted for in the interaction potential or force
field. In contrast to ab-initio methods, effective potentials require the
user to make some assumptions and approximations. Unfortunately,
the bias, approximations and uncertainties that enter the effective po-
tential creation process at every step (choice of interaction terms, func-
tional form and parameter values) are badly controlled, and in most
cases the confidence of the final result of a MD simulation is unknown
a priori. The selection of interaction terms and functional form are of-
ten motivated by intuition and prior experience of the researcher and
then validated by comparing the results in a certain situation after the
fact, which is then used to justify using a potential even when such a
validation is no longer feasible. However, for simulations to be truly
predictive, it is essential to quantify the uncertainty one incurs by us-
ing a certain representation of the interactions between atoms. Here,
I present an overview of various strategies to combat this deficit of
effective potentials and the computational impact of such approaches.

MM 47.27 Wed 18:30 Poster C
Reduction of Redundant Quantum Mechanical Computations
Using Machine Learning Methods for Nanocatalysts — eEi1ak1
Morooka, ApaM FosTER, and MArRc JAGER — Aalto University,
Helsinki, Finland

Platinum Group Metals (PGMs) are used for fuel cells, batteries and
for automobile filters called autocatalysts, and Europe dominates the
platinum consumption. Nevertheless, there is no primary PGM pro-
duction in the EU, and recycling remains limited, while PGMs are
increasingly adopted in emerging technologies for green energy con-
version devices. PGMs should be substituted by inexpensive, earth-
abundant catalysts, such as bimetallic transition metals with non-
metallic elements. These clusters must be rationally designed and
fine-tuned by using combinations of several chemical elements, dif-
ferent structures and sizes, which is unfeasible for both experiments
and traditional quantum mechanical computations. We are developing
machine learning tools to screen nanoclusters using a state-of-the-art
chemical descriptor called smooth overlap of atomic positions (SOAP)
to drastically reduce quantum mechanical computations. Specifically,
by scanning through the similarities of local chemical environments of
surface hydrogens and eliminating the surface hydrogens with similar
local chemical environments.

MM 47.28 Wed 18:30 Poster C
Mechanical properties of the high-entropy alloy Au-Cu-Ni-
Pd-Pt — eFeLix THIEL!, JENs FREUDENBERGER!2, and KORNELIUS
NieLscu! — IFW Dresden, Helmholtzstr. 20, 01069, Dresden,
Deutschland — 2TU Bergakademie Freiberg, Insitut fiir Werkstoffwis-
senschaft, Gustav-Zeuner-Str. 5, 09599, Freiberg, Deutschland

High Entropy Alloys (HEAs) show outstanding mechanical and physi-
cal properties, which would not have been expected upon their simple
crystal structure and the fact that they are single phased. The Au-Cu-
Ni-Pd-Pt system and their including subsystems show crystallization
into the same Cu-type crystal structure within the whole concentration
range. Therefore, this system is unique and particularly suitable to
study the alloying effect on the properties within a large concentration
range without the necessity of considering other phases. The present
study shows the effect of alloying a multi-component solid solution on
the properties of medium and high entropy alloys in this system. In
particular, effects such as solid solution hardening and work hardening
are assessed.

MM 47.29 Wed 18:30 Poster C

Template-Assisted Fabrications of Nanostructure-Array-

Based Gas-Sensors — eSHIPU XU, HuAPING ZHAO, YANG XU, Rur
Xu, HuaNMmING ZHANG, and Long Liu — Institut fiir Physik & IMN
MacroNano (ZIK), Technische Universitdt Ilmenau, 98693, Ilmenau,
Germany

Gas-sensors formed by a nanostructure array are of advanced fea-
tures such as large surface area in sensing, which are also morphology-
and arrangement-parameter dependent. Herein, we show a template-
assisted method to fabricate nanostructure-array-based gas-sensors, by
which the morphology of the arrays can be controlled on a large scale.
Using colloidal monolayer and anodic aluminum oxide as a template,
we get nanoporous films and nanorod arrays, respectively. By adjust-
ing the pore size of the porous film, the SnO2 sample exhibit a low
detection limit of 100 ppm ethanol gas. Additionally, a much lower
detection limit of 6 ppm ethanol gas is achievable by controlling the
arrayed nanorod length. Based on the above, we confirm that the
template-assisted method can be used to fabricate a gas-sensor with
high sensitivity.

MM 47.30 Wed 18:30 Poster C
Formation of porous nickel nanosystems under near-
equilibrium condensation conditions using alumina
membranes as a template for deposition — eANNA
KoRrRNYUSHCHENKOM2,  VYACHESLAV ~ PEREKRESTOV!,  STEFAN
OsTeENDORP?, and GERHARD WIiLDE? — !Sumy State Univer-
sity, Laboratory of Vacuum Nanotechnologies, Sumy, Ukraine —
2WestfilischeWilhelms-Universitét, Institute of Materials Physics,

Miinster, Germany

2

Depending on morphology porous nanostructures can possess unique
physical properties what can determine areas of their application. In
the present work a new technological approach has been proposed to
obtain ordered porous nickel nanoclusters consisting of weakly con-
nected uniform nanocrystals of less than 10 nm in diameter. The
proposed technology uses near-equilibrium condensation conditions in
combination with ultra-thin alumina membranes as templates. The
conditions close to thermodynamic equilibrium have been implemented
by magnetron sputtering operating at a low discharge power. It is
known, that alumina membranes are being widely used in order to ob-
tain different nanostructures on surfaces, ranging from quantum-sized
nanodots to nanowires and nanotubes. However, ordered systems of
nano-islands which themselves consist of weakly-bound nanocrystals of
almost identical shape and size have been obtained for the first time.
Therefore, the deposition of weakly supersaturated vapors through the
alumina membrane pores reveals new peculiarities of the self-assembly
of ordered arrays of nanostructures on substrate surfaces.

MM 47.31 Wed 18:30 Poster C
Optical properties of ALD deposited ZnO as a functional
sensing layer based on self-assembled mesoporous membranes
— oKATHARINA SPANGENBERG, STEFAN OSTENDORP, MARTIN PE-
TERLECHNER, and GERHARD WILDE — Institute of Materials Physics,
WWU Miinster, Germany

Large scale nanopatterns can be generated by using anodic aluminum
oxide (AAO) masks which are porous alumina membranes fabricated
in an electrochemical dissolution of aluminum in an acidic electrolyte.
AAO is utilized as a self-assembled mesoporous template for producing
an ordered nano-array of zinc oxide (ZnO) via atomic layer deposition
(ALD). Its structure is well controllable and the correlation with opti-
cal properties can be closely studied.

The characterization of structural properties by scanning electron
microscopy (SEM) and atomic force microscopy (AFM), as well as X-
ray diffraction (XRD), energy dispersive X-ray spectroscopy (EDX)
and optical spectrometry, reveals the dependence of template based
ZnO growth and microstructure on the process parameters during sam-
ple synthesis. The results show that the emission wavelength of nanos-
tructured ZnO is tunable. The applicability of AAO embedded ZnO
structures as a functional sensing layer is evaluated and discussed.

MM 47.32 Wed 18:30 Poster C
Anodic Aluminum Oxide AAO as a template for the syn-
thesis of ZnO nanostructures via Atomic Layer Deposition
— eHANAA SEsO, STEFAN OSTENDORP, MARTIN PETERLECHNER, and
GERHARD WILDE. — Institute of Materials Physics, Westfalische-
Wilhelms-University, Wilhelm-Klemm-Str.10, Miinster, Germany

The anodization of aluminum can result in two different types of ox-
ides, a Compact barrier type anodic film and a porous oxide film. The
synthesis of this latter anodic aluminum oxide (AAO) and its appli-
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cation as a template for the fabrication of metal oxide nanostructures
by atomic layer deposition (ALD) is described. the ALD is ideal for
performing precise depositions of metal oxide (ZnO) nano-tubes with
different diameter and wall thicknesses within the pores of AAO .the
effect of the growth temperature , ranging from 100 °C to 250 °C
,on the formed ZnO is investigated . the bare and ZnO *coated AAO
were characterized by scanning electron microscopy (SEM) , energy
dispersive X-ray analysis (EDAX) , atomic force microscopy (AFM),
X-ray diffraction electron microscopy (TEM) . The roughness and crys-
tallinity of the as * prepared ZnO layers are discussed.

MM 47.33 Wed 18:30 Poster C

Development of an in situ photo-electric TEM holder with
time correlation between photo-electrical data and imag-
ing. — eJoNas LINDNER!, VLADIMIR RopDATIS!, EMANUEL RONGE!,
STEFANIE MILDNER!, PaTRICK PERETZKI?, CHRISTIAN Jooss!, and
MicHAEL SeBT? — llnstitute of Materials Physics, University of
Goettingen, Germany — 2IV. Physical Institute, University of Goet-

tingen, Germany

For an improved understanding of atomic scale processes involved
in (photo-)electrochemical energy conversion, studies of electrodes
and semiconductor devices under working conditions in high resolu-
tion transmission electron microscopy are highly demanded. This re-
quires the time-correlation of TEM-images and spectroscopy-data with
(photo-)electrical measurements data in an environmental transmis-
sion electron microscope (ETEM) , where systems can be studied under
reactive chemical conditions, e.g. in H2O. A measurement system has
been developed by combining the program languages from Gatan Dig-
ital Mircograph (DM), Labview and C++. It provides digital ETEM-
control and synchronizes the DM spectroscopy data recording with
current-voltage-curves, which leads to a time correlation of the ex-
perimental results. A proof of concept experiment for the in-situ time
correlation of TEM images to electrical data with time resolution of up
to 100ms is presented for the Ostwald ripening of a platinum -carbon
nanocomposite, typically used in Focused Ion Beam (FIB) machines
for contacting. Further photo-electrical in situ TEM measurements are
done on oxide heterojunctions.

MM 47.34 Wed 18:30 Poster C
A new instrument for cryo atom probe tomography — eJoNas
OTT, PATRICK STENDER, and Guipo ScHMITZ — Institut fiir Materi-
alwissenschaft, Lehrstuhl fiir Materialphysik, Stuttgart, Deutschland

Atom probe tomography (APT) as well as dual beam microscopy
(FIB/SEM) are powerful tools in nanotechnology with enormous sci-
entific output. The combination of both techniques is able to deliver
information up to sub-nanometer resolution of many material classes.
However, sometimes the application becomes limited by the spatial
separation of the two techniques. To enable the analysis of liquids
and soft matter by atom probe tomography, we designed and installed
a new hybrid instrument which represents a combination of a dual
beam scanning microscope for FIB preparation and miniaturized APT
chamber. The dual beam tool is extended by all facilities to enable
cryo-preparation. The central piece of the new microscope is the APT-
shuttle containing sample stage, cryo connection to reach 20 K, a piezo
drive that controls the 20 *m extraction electrode and 20 kV voltage
supply and insulation. Containing all these features, this shuttle is
nevertheless not larger than 4x7 ¢cm2 and can be transferred within
seconds from one stage to the other. This approach enables several
new possibilities with regard to measurement procedure and sample
preparation. Furthermore, we could demonstrate unique APT mea-
surements of frozen liquids and organic materials. On this poster the
design and the working principle of the new tool are demonstrated.
We also present calibration results in different measurement modes as
achieved by the new tool.

MM 47.35 Wed 18:30 Poster C
Description of 3D polycrystalline microstructures using a tes-
sellation model generated by ellipsoids — eMiNnayan Wanc!,
Lukas Prrrica?, DaniEL WEsSTHOFF?, VOLKER ScHMIDT?, and
CarL E. KriL 1111 — lInstitute of Micro and Nanomaterials, Ulm
University — 2Institute of Stochastics, Ulm University
With 3D imaging techniques increasingly being employed to probe
the microstructure of materials, we are gaining a much more compre-
hensive view of their internal structure, while simultaneously being
confronted by an enormous amount of data! For example, in our re-
search we have characterized polycrystalline Al-5 wt% Cu alloys by
synchrotron-based 3D X-ray diffraction (3DXRD) microscopy. In this

technique, the 3D microstructure is reconstructed from numerous far-
field and near-field diffraction images. We obtained time-resolved in-
formation by recording a 3D snapshot after each er situ annealing
step. An ellipsoid-based tessellation model was then fitted to each
data set to approximate complex grain morphologies. Compared to
voxel-based representations of microstructure (such as those provided
by 3DXRD characterization), tessellations save a considerable amount
of storage space while retaining most of the information regarding the
real microstructure. In addition, tessellations obviate the meshing step
that must otherwise be performed in order to calculate grain boundary
properties like local curvature and dihedral angle, which are critical for
understanding the kinetics of grain boundary migration. Compared to
meshed experimental data, the ellipsoid-based tessellation model yields
consistent results for such properties.

MM 47.36 Wed 18:30 Poster C
Grain boundary thermodynamics in the iron—chromium sys-
tem — HELENA SOLODENKO, MARVIN PouL, eSEBAsSTIAN EicH, and
Guipo ScuMITz — Universitadt Stuttgart, Stuttgart, Deutschland

We present a thorough analysis of grain boundary (GB) thermody-
namics using the framework developed by Frolov and Mishin[1]. This
framework eo ipso allows to make a prediction of GB segregation and
GB free energies on the basis of the properties of the pure compo-
nents in the binary system. Based on the theory and available ab
initio as well as experimental data, we chose the iron—chromium sys-
tem since it is suggested to be a candidate for stabilization against
grain growth in nanocrystalline materials due to negative GB free en-
ergies. Indeed, atomistic studies utilizing an accurate thermodynamic
embedded-atom potential, confirmed negative GB free energies close
to the phase boundary on the chromium-rich side. Eventually, we per-
formed atom probe tomography experiments on pre-alloyed chromium-
rich iron-chromium alloys deposited by ion beam sputtering followed
by subsequent heat treatment. We quantitatively compare the atom-
istic prediction with the experimental results.
[1] T. Frolov and Y. Mishin, Phys. Rev. B 85 (2012), 224107.

MM 47.37 Wed 18:30 Poster C
Quantitative High-resolution and Analytical TEM Investi-
gations of Perovskite Interfaces — eToBias MEvER!, PaTRICK
PERETZKI}, BIRTE KRESSDORF2?, CHRISTIAN Jooss2, and MICHAEL
SeieT! — !IV. Physical Institute, University Gottingen, Friedrich-
Hund-Platz 1, 37077 Gottingen, Germany — 2Institute for Materials
Science, University Gottingen, Friedrich-Hund-Platz 1, 37077 Gottin-
gen, Germany

The transmission of sub band gap photons as well as thermalisation
losses due to phononic relaxations of hot charge carriers, resulting in
the Shockley-Queisser limit of the energy conversion efficiency, are the
major theoretical bottlenecks of solar cells based on classical semicon-
ductors. However, strongly correlated materials such as perovskites are
a promising candidate to exceed this limit by exploiting the nature of
polaronic charge carriers, i.e. the existence of long-living intraband ex-
citations [1]. In fact, the efficiency of halide perovskite based solar cells
has increased tremendously during the last decade [2]. Nonetheless, the
knowledge about their correlated transport phenomena is rather lim-
ited but highly desirable to steer the properties of prospective devices.

We investigate transition-metal oxide perovskite heterojunctions
with various Transmission Electron Microscopy (TEM) techniques, i.e.
High-resolution and Analytical TEM, to elucidate the character of the
charge separating interface. Additionally, differences of focused ion
beam and conventionally prepared specimens are discussed.

[1] Iland, B. et al., New Journal of Physics (2017), 19(6), 063046

[2] W. S. Yang et al., Science 348 (2015), 1234-1237

MM 47.38 Wed 18:30 Poster C

Reducing the dimensionality in iron-based superconductors:
quasi-one dimensional iron chalcogenide BaFesS3s — eMARIA
LourpeEs Amic6!', MaLiN LUpicke!, ANjA WoLTER-GIRAUD!,
CHRISTIAN HEss!, SaicHARAN AswarTHAM!, Sitvia Seirol, and
BernD BtcHNERDZ — 1IFW-Dresden, Germany — 2TU-Dresden,

Germany

The layered crystalline structure is a characteristic shared by most
iron-based superconductors. A very interesting question is how the su-
perconductivity evolves if the dimensionality is further reduced. Iron-
chalcogen-based structures are extremely flexible and allow the ex-
ploration of dimensionality effects on the physical properties since
iron atoms can form low-dimensional structures including chains (e.g.

BaFe2S,) or ladders (BaFe2S3). BaFeaSs and BaFeaSes are antiferro-
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magnetic Mott insulators and have been reported to become metallic
under pressure. The metallic phase presents superconductivity at low
temperatures.

In this work, we focus on the synthesis of single crystals of
BaFe2S3. We present a comprehensive characterization together with
the resistivity and the magnetization. Above the Néel temperature
(Tn ~120K), the magnetization decreases upon cooling. This non-
Curie-Weiss behavior is similar to what is found in the parent com-
pounds of the iron-based superconductors. The resistivity presents an
insulating-like behavior with a first kink at T~200K and a second at
the Néel temperature.

MM 47.39 Wed 18:30 Poster C
Reducing the dimensionality in iron-based superconductors:
quasi-one dimensional iron chalcogenide BaFe;S3 — eMARia

Lourpes AmMic6!, MaLin Lopicke!, Anja WOoLTER-GIRAUD!,

CHRISTIAN HEess!, SABINE WURMEHL!, SAICHARAN ASWARTHAM!,
Sivia SEro!, and BERND BticuNER!"2 — 1IFW-Dresden, Germany

— 2TU-Dresden, Germany

The layered crystalline structure is a characteristic shared by most
iron-based superconductors. A very interesting question is how the su-
perconductivity evolves if the dimensionality is further reduced. Iron-
chalcogen-based structures are extremely flexible and allow the ex-
ploration of dimensionality effects on the physical properties since
iron atoms can form low-dimensional structures including chains (e.g.
BaFesS4) or ladders (BaFe2S3). BaFeaSs and BaFeaSes are antiferro-
magnetic Mott insulators and have been reported to become metallic
under pressure. The metallic phase presents superconductivity at low
temperatures.

In this work, we focus on the synthesis of single crystals of
BaFe2S3. We present a comprehensive characterization together with
the resistivity and the magnetization. Above the Néel temperature
(Tn ~120K), the magnetization decreases upon cooling. This non-
Curie-Weiss behavior is similar to what is found in the parent com-
pounds of the iron-based superconductors. The resistivity presents an
insulating-like behavior with a first kink at T~200K and a second at
the Néel temperature.

MM 47.40 Wed 18:30 Poster C
In situ experiment for selective laser melting — eJaAN
RosicekErT, PETER STARON, FLORIAN Pyczak, and MARTIN MULLER
— Institute of Materials Research, Helmholtz-Zentrum Geesthacht,
Germany

We are currently developing a new industry-relevant sample environ-
ment purposefully designed for time-resolved in situ selective laser
melting (SLM) studies using high-energy (30 — 200 keV) and high pho-
ton flux (up to 10'2 ph/s) synchrotron radiation. The high photon flux
combined with a new fast-acquisition-time (4 ms) 2D-detector for high
photon energies permits time-resolved in situ structural analysis of the
selective laser melting process. The high-energy synchrotron-radiation
based X-rays result in small scattering angles (<8°), allowing large
areas of reciprocal space to be imaged with a 2D detector. The de-
vice for in situ experiments (FlexiSLM) is planned for use at the P07
High Energy Materials Science (HEMS) beamline at the most brilliant
synchrotron radiation source PETRA III at the Deutsches Elektronen-
Synchrotron (DESY) in Hamburg.

MM 47.41 Wed 18:30 Poster C
XAFS on Al-alloys: an investigation of early clustering and
precipitation states — eFrRANK LOTTER, DANNY PETSCHKE, ELIs-
cHA BLAss, and ToRSTEN STaAB — University Wuerzburg, Dep. of
Chemistry, LCTM Roentgenring 11, 97070 Wuerzburg, Germany

X-ray absorption spectroscopy (XAS) provides a powerful tool to probe
the local atomic surroundings of the absorbing element. Therefore the
energy of the incoming X-ray beam is varied around the absorption
edge of the specific element. The excited atom becomes origin of a
spherical photo wave which interferes with neighboring atoms by mul-
tiple scattering. This results in an oscillating spectrum, the so called
Fine Structure, giving information about the local structure around
the probed atom.

The Al-Cu system offers a basis for alloys (Al-Cu-Mg, Al-Cu-Li,
Al-Si-Cu) with important technological applications in the automotive
and aerospace sector.

Differential Scanning Calorimetry (DSC) was used to confirm ageing
states where one precipitate phase clearly dominates. Thus different
reference states were created which then could be investigated by XAS
at the Cu K-edge. Furthermore, in situ natural ageing experiments

were conducted directly after quenching by using the energy dispersive
XAS technique, which allows for very short measuring times, to em-
phasize the method’s sensitivity for small changes in the local atomic
configuration surrounding the Cu atoms.

MM 47.42 Wed 18:30 Poster C
Ultra-precision surface figuring of aluminium mirror devices
— oJENs BAUER, MELANIE ULITSCHKA, FRANK FRrOsT, and THOMAS
ARrNoOLD — Leibniz-Institut fiir Oberflaichenmodifizierung, Permoser-
strafe 15, D-04318 Leipzig, Germany

Technical aluminium alloy materials as AL6061 or AL905 are widely
used in manufacturing of high performance mirror devices in the IR
spectral range. However, the requirements in the optical surface qual-
ity increase tremendously for short-wavelength applications in the vis-
ible and UV range. Reactively-driven ion beam tools allow the direct
surface figure error-correction of aluminium mirror optics for the first
time up to 1 micron in height while preserving the surface roughness. A
deterministic machining approach with a small-sized tool is applied to
perform ultra-precise figuring of diversely shaped surfaces as spheres,
aspheres or even freeforms. As an example the figure error correction
of a deep concave parabolic mirror with an aspect ratio of central depth
to open aperture of about 0.6 is presented. The contribution comprises
technological aspects as the generation of a focused millimeter sized
ion beam, the evaluation of different machining geometries within the
particular ion beam erosion model scheme, and several trial process
applications of reactive ion beam machining at aluminum sample de-
vices.

MM 47.43 Wed 18:30 Poster C
Characterization of manganite-based building-blocks for
thermal circuitry via transient thermoreflectometry —
eRoLaND PorTHAsT!, DENNIS MEYER!, ALEXANDR BELENCHUKZ,
and HENNING ULricHs! — 1. Physikalisches Institut, Georg-August
Universitit Gottingen, Germany — 2Institute of Electronic Engineer-
ing and Nanotechnology of the Academy of Sciences of Moldova,
Chisinau, Moldova

We discuss the implementation and application of a transient ther-
moreflectometry (TTR) technique [1] for the analysis of thermal prop-
erties of multilayer samples. In TTR, a pump laser heats the surface,
and the time-dependent change of the surface temperature is monitored
by measuring the reflectivity of the probe laser. Our temperature-
controlled setup uses a high-fluence fs-laser (1030 nm) as a pump, and
a continuous wave diode laser (639 nm) as a probe. We apply the
TTR-method in order to determine thermal properties of LaCaMnO-
bilayers. The two manganite layers feature phase transitions at slightly
different critical temperatures. We attempt to exploit this property in
order to enable thermal rectification, as suggested by M. Peyrard [2],
and numerical finite-difference time-domain simulation.

We acknowledge financial support by the DFG within the CRC 1073
Atomic scale control of energy conversion.

[1] F. Déring, A. Major, C. Eberl, H.-U. Krebs, Appl. Phys. A, 122,
872 (2016).

[2] M. Peyrard, EPL 76, 49 (2006).

MM 47.44 Wed 18:30 Poster C

Surface Characterization of CuCrZr-Electrodes for Resis-
tance Spot Welding — ePuiLiPP MoriTz}2, OLIVER HOFFT!,
HaceN Kerr?, VoLkER WEsLING?, and WoLFGANG Maus-
FriepricHs!2 — llnstitute of Energy Research and Physical Tech-
nologies, Clausthal University of Technology, Leibnizstr. 4, 38678
Clausthal-Zellerfeld — 2Clausthal Centre of Material Technology,
Clausthal University of Technology, Agricolastr. 2, 38678 Clausthal-
Zellerfeld

Resistance spot welding is an established technology in the automo-
tive industry. An important aspect in this process is the interaction
of the welding electrodes with the steel body sheet. After a certain
number of weldings the electrodes produce an irregular welded joint.
It is presumed that adherences and diffusion processes at the interface
limit the life time of the electrodes significantly.

To understand these interactions, the surfaces of CuCrZr-electrodes
are studied with X-ray photoelectron spectroscopy (XPS), Scanning
electron microscopy (SEM) and Energy dispersive X-ray spectroscopy
(EDX). For the experiments conventional steel plates with AlSi-
coatings were used for welding. The electrodes were studied after 0,
10 and 100 welding processes, respectively.

SEM and EDX measurements show that a deposition of AlSi-sheet
material was formed on the CuCrZr-electrode surface. Depth profiles
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indicate that the elements of the steel sheet diffuse into the surface
of the electrode. These effects increase with the number of welding
processes.

MM 47.45 Wed 18:30 Poster C
Terahertz Spectroscopy of thin metallic films — eNaTaLIE KaT-
TNER, NATHAN JUukAM, and ANDREAS WIECK — Angewandte Festkor-
perphysik, Ruhr-Universitdt Bochum, Universitéatsstrafte 150, D-44780
Bochum

In the last decades new Terahertz (THz) sources have been developed.
Many terahertz devices such as plasmonic waveguides for THz quan-
tum cascade lasers (QCL) cavities, photonic crystals or planar meta-
material resonators incorporate metals, since they have relatively low
losses and high reflectivities at terahertz frequencies.

The complex conductivity of a metal determines losses in devices.
In many devices thin metallic films are used in lieu of bulk-materials.
The conductivity of the thin films is in general not equal to the bulk
conductivity. Thus, there has been much confusion as to the proper
conductivity values and the validity of the Drude model.

Here, we examine the complex conductivity of thin films of Gold,
Aluminum and Copper at terahertz frequencies in a temperature range
from 4K to room temperature with Time-Domain Spectroscopy (TDS).
From the TDS spectrum we determine the complex conductivity. In
addition, we measure the DC conductivity of thin films as a function
of temperature.

The advantages of TDS are the generation of coherent light and the
possibility to determine the amplitude and the phase of the electro-
magnetic field. Consequently, the complex conductivity can either be
determined from the reflection or the transmission coefficients without
using the Kramers-Kronig relations.

MM 47.46 Wed 18:30 Poster C
New simulation method of segmented ring detector images in
scanning transmission electron microscopy (STEM) analyz-
ing medium-range order — eSvEN HiLKE, JAN KIirRscHBAUM, VI-
TALI) HIERONYMUS-SCHMIDT, MANUEL RADEK, HARTMUT BRACHT,
GERHARD WILDE, and MARTIN PETERLECHNER — University of Miin-
ster, Institute of Materials Physics, Wilhelm-Klemm-Str. 10, 48149
Miinster

The medium-range structure of amorphous solids at the nanometer
scale is an important information for their mechanical behavior and
for relaxation processes. We present in this work a new method to
extract Fluctuation Electron Microscopy (FEM) normalized variance
profiles - one normally gains from experimental nano-beam diffraction
pattern (NBDP) - by image simulations of segmented ring detectors
using STEMcl [1]. To discuss this new approach we compared experi-
mental normalized variance profiles with the simulated ones. The seg-
mented detector simulation and analysis of molecular dynamics (MD)
simulated structures are in good agreement with the experimental data
- in terms of peak position as well as peak shape in the normalized vari-
ances. These results indicate the viability of the simulation approach
and opens the possibility to study e.g. small structural heterogeneities
by simulations and experiments.

[1]Radek, M.; Tenberge, J.-G.; Hilke, S.; Wilde, G.; Peterlechner,
M.; Ultramicroscopy (2017), submitted.

MM 47.47 Wed 18:30 Poster C
Temperaturefield-analysis of the vacuum chamber of the
Planetary Emissivity Laboratory — eMaXIMILIAN GROVE!, JORN
HeLsERT?, and ALESSANDRO MATURILLI® — '"WWU Miinster, Miin-
ster, Nordrhein-Westfalen — 2DLR, Berlin, Berlin — 3DLR, Koln,
Nordrhein-Westfalen

The institute for planetary research of the german aerospace center
[DLR| was commissioned to build the Mercury Radiometer and ther-
mal Infrared Spectrometer [MERTIS] - an instrument for the Bepi-
Colombo mission to be launched in 2018 [1]. One task within this
project was to measure spectra from heated samples in a vacuum cham-
ber to simulate the high surface temperature and low pressure athmo-
sphere of the Mercury for comparison [2]. The thermal behaviour
of the vacuum chamber defines the signal-to-noise ratio. To estimate
the influence of ambient radiation COMSOL accompanied with Finite-
Element-Method [FEM| was used [3]. The geometry was simplified to
a 2D-geometry due to calculation power. With the help of mesh analy-
sis and multiple parameter sweeps an estimation of the model accuracy
could be achieved. The results show expected thermal behaviour, high
signal-to-noise ratios and can be used to further minimize unwanted
radiation effects by changing emissivity values.

References: [1] European Space Agency, ESA - BepiColombo launch
rescheduled, 25 November 2016. [2] Dr. Maturilli and Dr.rer.nat. Hel-
bert, DLR, Characterization, testing, calibration, and validation of the
Berlin emissivity database, doi: 10.1117/1.JRS.8.084985, 19 May 2014.
[3] COMSOL Inc., Heat Transfer Module, 2017.

MM 47.48 Wed 18:30 Poster C

In situ Raman Spectroscopy on Paper Fibres during Ten-
sile Testing and during Hydration — eALENA BrLL!, Sonia
WENDENBURG?, MARKUs BiesaLski?, and RoBerr Stark! — 1TU
Darmstadt, Materialwissenschaften, Physics of Surfaces, Alarich-Weif-
Str. 16, 64287 Darmstadt, Germany — 2TU Darmstadt, Chemie,
Makromolekulare Chemie, Alarich-Weifs-Str. 8, 64287 Darmstadt,

Germany

As cellulose is one of the most abundant materials in the world, it be-
comes more important to improve its properties, which it shows within
paper, such as the wet strength. A promising approach to stabilise the
mechanics of cellulose fibres against humidity is the hydrophobisation.
Two kinds of cellulose, cotton linters and eucalyptus, were coated with
a hydrophobic terpolymer. For the characterisation, two different kinds
of measurements were applied, namely hydration and bending experi-
ments without prestress. Both experiments were performed by Raman
spectroscopy in situ.

Humidity experiments, which were performed on small strips of pa-
per, show an increase in water band intensity with ongoing hydration
and a decrease whithin the drying process for the uncoated samples.
This matched the assumption of the superposition of the paper and
water Raman spectra. The coated samples do not show a clear trend
for the water peak intensity. Bending experiments were performed on
small fibre bundles which were extracted by hand from paper sheets
and collocated on small tooth combs without prestress. We could show
that a band shift of the 1095 cm-1 is observed in fibre bundles.

MM 47.49 Wed 18:30 Poster C
Sulfation kinetics of alkali chlorides and subsequent chlo-
rine induced corrosion in waste-to-energy plants — eSEBASTIAN
Pentz!, Danier Otrt!, FERDINAND HaER!, and RAGNAR
WARNECKE? — !Universitiat Augsburg, Inst. f. Physik, 86159 Augs-
burg — 2Gemeinschaftskraftwerk Schweinfurt GmbH, 97424 Schwein-

furt

High temperature corrosion leads especially in waste-to-energy-plants
to massive problems. At prevalent temperatures around 500° C-600°C
corrosion is mainly chlorine induced. Responsible for the supply of
chlorine at heat exchangers like superheaters or boiler walls is in ma-
jority a local release of chlorine through sulfation of solid alkali chlo-
rides. This reaction requires an atmosphere containing SO2, H20, Og
and releases HC1/Cla. In this work the sulfation kinetics for different
parameters, like temperature, gas stream, gas components or the influ-
ence of catalytic additives is examined. The conversion rate is strongly
dependent on the transformation of SO2 to SO3, which is catalyzed by
the presence of iron oxides like FepOg3. Further experiments are done
with FeCly on top of the samples in order to directly release chlorine
at the metal surface. In addition to the study of the sulfation reaction
rate it is possible to characterize the metal loss of samples simulta-
neously. Furthermore the behaviour of chlorine during the process of
the corrosion was investigated. Principles of the reaction conditions in
waste-to-energy-plants, especially at the superheaters, are shown and
laboratory experiments regarding the kinetics of sulfation reactions are
presented.

MM 47.50 Wed 18:30 Poster C

Material Physics in Forensic Science ”Recovery of Erased

Markings” — JeNs BALzER, BERT WEIMAR, and eHorsT Kat-
TERWE — Kriminaltechnisches Institut, Bundeskriminalamt, 65173
Wiesbaden

The recovery of erased markings (serial numbers) is an important
forensic scientific discipline that includes the physics and technology of
materials (solid-state physics, metallurgy, chemistry, and engineering).
Markings are applied to distinguish various items and to sign pieces
in commercial use. In criminal cases, they are removed to conceal
the object*s true identity. However, marking processes (die stamp-
ing: cold working for metals, warm working for plastics / engrav-
ing / laser beam markings) change the microstructure of the metals
(grains, slip bands, dislocations), or in case of polymers the macro-
molecules around the marking become oriented (decreasing of the en-
tropy). This poster presents methods - both destructive and non-
destructive - used to recover the erased markings in metals or poly-
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mers: chemical and electrolytic etching, heat treatment, ultrasonic
cavitation, magnetic particle method, hardness testing, relief polish-
ing, swelling (memory effect by entropy elasticity), * References: 1)
Voss-de Haan, Katterwe, Simross *Physik in der Kriminaltechnik*,
Physik Journal 2, 2003, 35-41; 2) Katterwe *Restoration of serial num-
bers* in Stauffer, Bonfanti *Forensic investigation of stolen-recovered
and other crime-related vehicles*, Elsevier 2006; 3) Weimar, Kat-
terwe, Braune *Formspuren, Wiedersichtbarmachung entfernter Ze-
ichen* in Widmaier, Miiller, Schlothauer *Miinchener Anwaltshand-
buch Strafverteidigung*, C. H. Beck 2014.

MM 47.51 Wed 18:30 Poster C
Compressed-sensing-based feature selection strategies in ma-
terials science: Defining the ”best model” — eBENEDIKT
Hoock!2, SaNTiAGO RicaMONTI!, LucA GHIRINGHELLIZ, MATTHIAS
ScHEFFLERDZ, and Craupia Draxr!2 — 1Humboldt-Universitit zu
Berlin, Berlin, DE — 2Fritz-Haber-Institut der MPG, Berlin,DE

Machine Learning (ML) methods are being currently established in

materials science in order to find best models that help to better un-
derstand existing data or to identify even new materials. In this con-
text, one needs to define what the term ”"best model” means. Up to
now, this is far from being precisely defined, even if one confines one-
self to a certain model class. We compare several approaches for cross
validation (CV) based model selection strategies [1]. These differently
balance between fitting accuracy and generalizability by using either
training, or average training or test errors as selection criterion, respec-
tively, and hence lead to different definitions for the ”best model”. We
apply these strategies to a set of ab-initio calculated group-IV ternaries
to predict lattice constants and energies of mixing. This is achieved
by adapting a LASSO-based ML method [2]| to find best descriptors
constructed from simple atomic, dimer and tetrahedron data.

[1]: B. Hoock, S. Rigamonti, L. M. Ghiringhelli, M. Scheffler, and C.
Draxl, "Predicting lattice constants and energies of mixing of group-IV
ternary materials by compressed sensing”, in preparation. [2]: L. M.
Ghiringhelli, J. Vybiral, E. Ahmetcik, R. Ouyang, S. V. Levchenko, C.
Draxl, New Journal of Physics 19.2, 023017 (2017).



