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The focus of my research is related to metallic materials, particularly high-alloy Fe-base systems. At
the chair of materials technology, we develop new materials and optimize existing ones, assisted by
several simulation methods, including the necessary manufacturing processes. A particular
emphasis of my work is in the field of high-alloyed PM steels produced by inert gas atomization,
hot isostatic pressing and additive manufacturing. Furthermore, high-nitrogen and high-interstitial
steels are developed and investigated intensively including both, conventional and powder
metallurgy. A conjunctive aspect of all research topics at the chair of materials technology is the
correlation of chemical composition, primary processing, thermomechanical treatment, material
and energy consumption, resulting microstructures and properties. Besides, all relevant aspects of
technical application including aspects of circular economy are considered.
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Summary of research plan (ca. 300 words):

Background: We use tool steels to shape other materials to our convenience and thus constitute
the backbone of modern manufacturing processes. They face cyclic mechanical loads and
temperatures, and operate in corrosive and highly abrasive environments. These boundary
conditions directly specify that tool steels must exhibit a precise application-driven balance of
strength and toughness; two stark contrasting properties. In addition, cost-efficiency, scarcity,
and environmental concerns render the tailored alloy development particularly challenging. With
so many operation-related variables and numerous degrees of freedom in the manufacturing and
processing spaces, computational optimization methods appear to be the preeminent means to
fulfilling this overarching task. The combination of finite element analysis (FEA),
microstructural characterization and reconstruction (MCR), thermodynamic simulations, and
flexible optimization routines presents a thoroughly encouraging possibility. Nevertheless,
recent studies on the relation between processing parameters, microstructural features and
macroscopic properties revealed that the current applied models do not account for all critical
pieces of the puzzle.

Study objective: The goal is to develop a flexible tool steel optimization platform wrapping finite
element method models, artificially generated microstructures, and thermodynamic simulations
of the manufacturing and heat treatment steps.

Expected Results: The developed optimization platform and artificially generated microstructure
models will provide both (i) a novel way to approach application-oriented material design, and (ii)
provide insightful data to understand the complex relations between chemistry, processing,
microstructure, properties, and system performance.

Methods: finite element analysis; numerical optimization; thermodynamic, diffusion and
nucleation simulations; statistical characterization

Candidate Requirements:

e Outstanding program achievement in Materials Science and Engineering
e Substantial knowledge of the physical metallurgy of Fe-base materials

e Thorough understanding of thermomechanical finite element analysis.

e Solid MATLAB® and Python programming skills.

e High level of spoken and written English.

Motivation for CSC application: The successful candidate will be working at the Chair of Materials
Technology (Lehrstuhl Werkstofftechnik, LWT) at the Ruhr-University Bochum. LWT belongs to
the School of Mechanical Engineering and is part of the Institute of Materials (IM) as well as of the
Materials Research Department (MRD) at the RUB. At LWT and IM, the successful candidate will
find all state-of-the-art processing and characterization methods in the field of Materials Science
and Engineering with a particular emphasis on technologically relevant metallic materials. Besides
the excellent technical equipment and facilities, we offer the opportunity to work in a new and
exciting field of research, in an open, appreciative and constructive working atmosphere. We aim
to provide students with an international and interdisciplinary platform to conduct high-level
scientific research.



