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Description of the project (max. 1 page):
Magnesium is considered as a highly promising structural material for automobile and
aerospace industries due to its high specific strength compared with steels and aluminum.
However, the mechanical properties and formability are often limited by the small number
of active slip systems due to the hexagonal crystal structure. We propose a systematic
study of the activation of additional slip systems by various alloying elements via the use
of three dimensional X-ray diffraction (3DXRD) available at DESY.
High-energy synchrotron radiation has been demonstrated to be an extremely powerful
tool for the in situ characterization of materials during deformation. Here single grain
diffraction techniques (3DXRD) will be applied and the potential of sub-grain dislocation
structure characterization by peak profile analysis will be investigated. These advanced
techniques are likely to play an important role at new facilities such as PETRA IV (DESY) or
HEPS (Beijing).
An effective way of improving the mechanical properties and formability of Magnesium is
through alloying with suitable elements. The addition of alloy elements can activate slip
systems other than the basal slip by reducing the critical resolved shear stress (CRSS) of
non-basal slip modes. Yet there have not been much quantitative assessments on how
different alloy elements alter the CRSS of individual slip modes, including {0001}<1-210>
basal slip, {10-10}<1-210> prismatic slip, {10-11}<-2113> pyramidal <c+a> slip, etc.
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Polycrystalline binary Mg-X wrought alloys will be used as the material to be investigated.
Small tensile specimens that fit the geometry of the load frame at the beamline will be
prepared. The specimen will be in situ loaded while far-field 3DXRD is performed for every
load step to map individual grains for their crystal orientation, center of mass (COM), and
average stress state. In each grain, onset of plastic deformation and the corresponding
active slip system can be analyzed from the smearing of its diffraction peaks. In the
meantime, resolved shear stress (RSS) on different slip systems can also be calculated with
the knowledge of the crystal orientation and the stress tensor of the grain. Combing the
grain yielding and RSS information, we can calculate the CRSS of each slip mode and study
how alloying element X affect the CRSS values.
The experiments will be performed at the recently commissioned P21.2 high-energy
diffraction beamline at PETRA III. The project should proceed in close collaboration with
the group of Prof. Wang (SJTU). Prof. Wang has extensive experience in the deformation
behaviour of Mg alloys and their characterization by single grain high-energy X-ray
diffraction. Furthermore, the group has developed models and can provide
complementary experimental characterization (ex-situ electron microscopy).
Description of existing or sought Chinese collaboration partner institute (max. half page):
Shanghai Jiao Tong University (SJTU) is a leading university in China. Its School of Materials
Science and Engineering is ranked among top 3 in China, with over 300 full-time faculty
members. Mg alloy research is a particular focus at SJTU. The National Engineering
Research Center of Light Alloy Net Forming (NERC-LAF) at SJTU is one of the leading
research centers in the world for Mg alloy R & D. SJTU has numerous facilities for material
processing (casting, rolling, extrusion, heat-treatment), material testing and
characterizations (SEM, TEM, EBSD, XRD, lab-XCT, …) that can support this project.
The main collaboration partner at SJTU is Prof. Leyun Wang. Prof. Wang obtained his PhD
at Michigan State University in USA (2011). Before joining SJTU, he worked at Argonne
National Laboratory (2011-2013) and Helmholz-Zentrum Geesthacht (2014-2015). Prof.
Wang’s main research focus is the application of synchrotron X-ray for structural materials
research. The following publications are relevant for this project:
[1] G. Zhu, L. Wang*, et al., Improving ductility of a Mg alloy via non-basal <a> slip induced
by Ca addition. Int J Plasticity, 120 (2019) 164-179.
[2] L. Wang*, et al., Study of slip activity in a Mg-Y alloy by in situ high energy X-ray
diffraction microscopy and elastic viscoplastic self-consistent modelling. Acta Mater, 155
(2018) 138-152
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Required qualification of the post-doc:

PhD in Materials Science or equivalent field

Experience with X-ray diffraction, deformation mechanics

Additional skills in design and execution of complex experiments, analytical skills

Knowledge of Python desirable

Language requirement fluent in English
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