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Time: Friday 10:30–13:15 Location: IFW D

MM 46.1 Fri 10:30 IFW D
Appearance of dislocation mediated and orientation selec-
tive deformation twinning in a bimodally textured FeMnNiCr
alloy — ∙David Geissler1,2, Jens Freudenberger1, Alexander
Kauffmann1,2, Maria Krautz1,2, Jörg Eickemeyer1, and Lud-
wig Schultz1,2 — 1IFW Dresden, PF 270116, 01171 Dresden, Ger-
many — 2TU Dresden, 01062 Dresden, Germany
The deformation behaviour of low stacking fault energy (SFE) ma-
terials is of great interest to Fe-Mn based austenitic steel research.
By comparing the microstructural and texture evolution with tensile
stress-strain response of a Fe-24Mn-7Ni-8Cr (mass percent) alloy a
slip-dominated deformation process and, at a later stage of deforma-
tion, twinning induced plasticity (TWIP) is observed. The annealed
starting material exhibits a bimodal fiber texture and the occurrence
of TWIP is texture sensitive, i.e. deformation twinning is only observ-
able in grains of one texture component. Based on these experimental
results, a model is presented, which reflects an orientational and con-
figurational peculiarity of fcc stacking faults bound by two Shockley
partials. With this model the onset point of twinning is reflected by
the starting point of stacking fault growth, i.e. movement of the lead-
ing partial and stopping of the trailing partial. Calculations based on
this model allow to compatibly describe the mechanical behaviour from
tensile testing with respect to the microstructural evolution. Further-
more a reasonable SFE of 12.2 mJ per square meter can be extracted
from the test data by application of the model assumptions.

MM 46.2 Fri 10:45 IFW D
Influence of Microstructure on Thermo-Mechanical Fatigue
of Al Thin Films on Substrates — ∙Walther Heinz1 and Ger-
hard Dehm1,2 — 1Erich Schmid Institute of Materials Science, Aus-
trian Academy of Sciences, Leoben — 2Department Materials Physics,
Montanuniversität Leoben, Austria
The difference in thermal expansion coefficient between Al and Si can
cause interconnect failure by thermo-mechanical fatigue in microelec-
tronic devices subjected to repeated thermal cycling. In this study
the influence of grain orientation on damage evolution of 0.2 - 2𝜇m
thick Al films on Si and alumina substrates is analyzed by local elec-
tron backscattered diffraction in a scanning electron microscope. The
films are cycled between 100∘C and 450∘C up to 10.000 times. The in-
vestigations reveal that texture is a route to avoid thermo-mechanical
fatigue damage by selecting a sharp (111) fibre texture. This can be
explained by orientation dependent plasticity.

MM 46.3 Fri 11:00 IFW D
Low cycle fatigue of lead free solder joints — ∙Lars Schem-
mann, Andre Wedi, Dietmar Baither, and Guido Schmitz —
Institut für Materialphysik, Westf. Wilhelms-Universität, Wilhelm-
Klemm-Straße 10, 48149 Münster, Germany
Presently solders containing lead are banned from consumer electron-
ics. Important alternatives are the Sn-Ag-Cu (SAC) solders and sol-
ders containing antimony . This work studies the isothermal low cycle
fatigue properties of SAC solders and the SnSb(8) solder. For the
experiments, model solder joints were produced and used. They con-
sist of two pure copper plates joined together by a circular disk of
solder. Low cycle fatigue experiments were done under displacement
control. Furthermore hardness was tested by a micro indenter. In
order to find an explanation for the different lifetimes of the solders,
several micro structural investigations were performed. For this we
used transmission and scanning electron microscopy as well as optical
microscopy. The measured data showed a strong relation between life-
time and hardness of the solder alloy. We also found, that the type of
solder influences the crack propagation.

MM 46.4 Fri 11:15 IFW D
Brittle-to-ductile transition of the intermetallic compound
YCu — ∙Rolf Schaarschuch1, Carl-Georg Oertel1, Guanghui
Cao2, H.N. Tian2, Jens Freudenberger3, Heinz-Günter
Brokmeier4, and Werner Skrotzki1 — 1Institut für Struktur-
physik, Technische Universität Dresden, 01062 Dresden, Germany —
2Department of Materials Engineering, Shanghai University, Shang-
hai 200072, P.R. China — 3Institute for Metallic Materials, IFW
Dresden, Helmholtzstraße 20, 01069 Dresden, Germany — 4GKSS-

Forschungszentrum Geesthacht GmbH, Max-Planck-Straße, 21494
Geesthacht, Germany
The temperature dependence of the tensile deformation behaviour of
an extruded, polycrystalline YCu intermetallic compound with B2
structure at room temperature was investigated in the temperature
range from room temperature down to 77K. The samples were de-
formed along the extrusion axis characterized by a weak <110>-fibre
texture. The brittle-to-ductile transition (BDT) was found around
140K. The BDT is related to the transformation of the cubic B2 to the
orthorhombic B27 structure proved by X-ray diffraction.

MM 46.5 Fri 11:30 IFW D
Intermediate temperature embrittlement in high purity
nickel and binary nickel-bismuth alloy — ∙Lei Zheng1,2, Reda
Chellali2, Dietmar Baiter2, and Guido Schmitz2 — 1School of
Materials Science and Engineering, University of Science and Technol-
ogy Beijing, Beijing, 10083, China — 2Institute of Materials physics,
University of Muenster, Wilhelm-Klemm-Str. 10, 48149, Muenster,
Germany
Intermediate temperature embrittlement (ITE) is a general phe-
nomenon in Ni-based superalloys. Comparisons of existing interpre-
tations given by different authors reveal considerable differences in
understanding the mechanism of ITE. To clarify this situation, high
purity nickel and binary Ni-Bi alloy were selected as the tested alloys
and their tensile tests in the temperature range of room temperature
to 850 ∘C were carried out. It was demonstrated clearly that high
purity nickel has no ITE while Ni-Bi alloys show evident one. With
the elevation in temperature, elongation after fracture decreases grad-
ually to a minimum around 750 ∘C and then increases again rapidly.
According to the experimental results, it must be concluded that the
ITE is an impurity effect.

MM 46.6 Fri 11:45 IFW D
Deformation behaviour of cryo-drawn CuAl-wires —
∙Alexander Kauffmann1,2, Jens Freudenberger1, Yin Song1,2,
Tom Marr1,2, Vadlamani Subramanya Sarma3, Jürgen
Eckert1,2, and Ludwig Schultz1,2 — 1IFW Dresden, P.O. Box
270116, 01171 Dresden, Germany — 2TU Dresden, Institute of Mate-
rials Science, 01062 Dresden, Germany — 3Dept. Metallurgical and
Materials Engineering, IIT Madras, Chennai 600036, India
The effect of temperature on the active deformation mechanism is stud-
ied. For this purpose cryogenic drawing of several CuAl alloys was
performed. Hence, a solid lubrification is needed which remains oper-
ating at cryogenic temperatures. We present a comparison of several
solid lubricants for the deformation of two Copper alloys.

The comparison cryogenic temperature deformation of several CuAl
alloys with conventionally drawn wires shows that the strengthening
of these alloys during the deformation process is significantly affected
by their stacking fault energy. The deformation at cryogenic temper-
ature is most effective at intermediate stacking fault energies. This is
interpreted in terms of a changing deformation mechanism from dislo-
cation slip to deformation twinning. The analysis of the microstructure
during the deformation process strengthens these assumptions.

MM 46.7 Fri 12:00 IFW D
Investigation of the mechanical properties of the 413-
MAX phase Ti4AlN3 by perturbed 𝛾-𝛾 angular correla-
tion — ∙Christoph Brüsewitz1, Daniel Jürgens1, Michael
Uhrmacher1, Hans Hofsäss1, and Michel W. Barsoum2 —
1II. Physikalisches Institut, Georg-August-Universität Göttingen,
Friedrich-Hund-Platz 1, D-37077 Göttingen, Germany — 2Dep. Mat.
Sci. & Eng., Drexel University, Philadelphia, PA 19104, USA
MAX phases are nanolaminated layered carbides and nitrides, which
feature an unusual set of the best attributes of both metals and high-
performance ceramics. Due to their layered structure these phases are
good electric and thermal conductors, superb thermal and mechanical
shock resistant and easily machinable. To investigate the microscopic
behaviour of these phases under uniaxial load, we selected Ti4AlN3

and performed measurements by using perturbed 𝛾-𝛾 angular corre-
lation (PAC). The PAC method uses the oscillating anisotropy in the
decay cascade of implanted 111In, which is influenced via the hyper-
fine interaction by the local probe environment. The measured electric
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field gradient (EFG) and especially the change of the frequency damp-
ing show the elasticity under applied and after released pressure in
a sub-nanometer around the Al-site. Those measurements were not
affected by the already known kink band formation in MAX phases
under applied stresses, which are used to describe the high elasticity
on the 𝜇m scale, as long as the phase is still stable. Therefore XRD
was chosen to prove that the phase did not decompose. This work is
supported by the DFG under contract HO 1125/19-1.

MM 46.8 Fri 12:15 IFW D
Influence of grain boundaries and crack length on the prop-
agation of microstructurally short cracks in austenitic stain-
less steel — ∙Michael Scharnweber1, Carl-Georg Oertel1,
Vladimir Mikulich2, Wolfgang Tirschler1, and Werner
Skrotzki1 — 1Institut für Strukturphysik, TU Dresden, 01062 Dres-
den — 2Fraunhofer-Institut für Werkzeugmaschinen und Umformtech-
nik, 09126 Chemnitz
Austenitic stainless steel (X2 CrNiMo 18 14 3) was cyclically deformed
at RT in air under plastic strain control with amplitudes of 5×10−4

and 2×10−3. Every 30.000 and 3.000 cycles, respectively, the samples
were investigated in the scanning electron microscope in order to de-
termine the propagation rate of the existing microstructurally short
cracks as well as the corresponding distance between the crack tip and
the opposing grain boundary. The results will be discussed with regard
to the barrier effect of grain boundaries to crack propagation as well as
the correlation between crack length and propagation rate at different
strain amplitudes.

MM 46.9 Fri 12:30 IFW D
A phase-field study of crack propagation — ∙Daniel
Schneider1, Jan Höhn1, Michael Selzer1,2, Alexander
Vondrous2, Marcus Jainta2, and Britta Nestler1,2 — 1Institute
for Reliability of Components and Systems, Karlsruhe Institute of
Technology — 2Institute of Materials and Processes, Karlsruhe Uni-
versity of Applied Science
An extension of the phase-field model is formulated incorporating a for-
mulation for elastic and plastic effects on the evolution of microstruc-
ture. We show an approach to describe linear elasto-plastic and linear
hardening material behavior based on the Prandtl-Reuss model in the
context of the phase-field method. Adapted boundary conditions for
the different field quantities allow a more accurate modeling of ex-
perimental processes. We validate the simulations by a comparison of
stress profiles with analytically predicted stress fields of brittle fracture
and with the energy criterion according to Griffith theory. Further we
present simulations of micro crack propagation induced by external
stresses in both, two phase systems as well as polycrystalline struc-
tures. The dynamics of the crack formation and the shape of the
phase boundaries are analyzed for different processing conditions.

MM 46.10 Fri 12:45 IFW D
Fracture as Pattern Formation Process — ∙Robert
Spatschek1, Michael Fleck2, Denis Pilipenko2, and Efim
Brener3 — 1Max-Planck-Institut für Eisenforschung — 2Universität
Bayreuth — 3Forschungszentrum Jülich
Fracture is an important process in materials science, that still lacks
fundamental understanding. Here we report on a series of theoretical
investigations and numerical simulations on crack propagation, which
treat this problem in the spirit of an interfacial pattern formation pro-
cess. This means, that not only the crack velocity, but also the entire
shape of the crack with a finite tip radius is self-consistently predicted
by the theory. For fast cracks in brittle materials with velocities close
to the speed of sound inertial effects become important, and for lower
speeds, in particular close to the Griffith point, we consider viscoelastic
bulk dissipation as efficient selection mechanism for steady state crack
growth. We use phase field simulations to describe also the combined
effect of both inertia and bulk damping. Alternatively, multipole ex-
pansion methods provide exact solutions for each effect separately, and
perturbative approaches are used for the combination of both physical
effects. Altogether, this allows to obtain a broad perspective on the
predictions of the crack growth models.

MM 46.11 Fri 13:00 IFW D
Ab-initio calculation of second- and third-order elastic con-
stants — ∙Rostam Golesorkhtabar1,2, Pasquale Pavone1,2,
Jürgen Spitaler1,2, Peter Puschnig1, and Claudia Ambrosch-
Draxl1 — 1Chair of Atomistic Modelling and Design of Materials,
University of Leoben, Austria — 2Materials Center Leoben, Forschung
Gmbh, Austria
Elastic properties of solids play a key role in materials science and
technology. Various mechanical and thermodynamical properties are
directly connected to elastic constants of different orders. In particu-
lar, the analysis of nonlinear quantities such as the third-order elastic
constants (TOEC) gives a direct way of exploring the effect of anhar-
monicity of the lattice potential. In this work, we present a frame-
work for the first-principles calculation of both second-order elastic
constants (SOEC) and TOEC. We have implemented their calcula-
tion in the ElaStic package. The latter is now able to evaluate the
full SOEC and TOEC for any crystal structure from ab-initio total-
energy and/or stress calculations. We have applied ElaStic to obtain
SOEC for one representative crystal of the 9 different symmetry classes.
Furthermore, we calculate the TOEC and pressure dependence of the
SOEC for diamond, hexagonal Mg, and rhombohedral Al2O3. The
calculations are performed using total energy and stress data from
the FP-LAPW codes WIEN2k and exciting and the pseudo-potential
code Quantum ESPRESSO. Our results demonstrate the ElaStic de-
scribes with high precision linear and nonlinear elastic constants for
materials characterized by different chemical bonding.


