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Master of Science Thesis Position 
  
Bulk Combinatorial Alloy Design for Permanent Magnets using Reactive Crucible Melting 

Permanent magnets are essential to electrification and clean energy technologies, such as wind power 
generators, robotics, and efficient industrial motors. In order to reduce dependency on critical raw 
materials and develop more sustainable alternatives, new alloy concepts must be efficiently explored, 
especially in compositionally complex systems, where conventional trial-and-error approaches are too 
slow. 

This thesis focuses on the Reactive Crucible Melting (RCM) technique, which is a highly effective 
method for studying rare-earth-based and rare-earth-free magnetic alloys. RCM allows you to 
determine phase stabilities, solid-solution limits, and reaction pathways in a high-throughput 
manner.  

The project will start with compositionally complex, transition-metal-rich alloy systems based on 
neodymium (Nd) and samarium (Sm). You will directly compare experimental phase formation with 
theoretical thermodynamic predictions. As the project progresses, the investigation will expand to 
include more sophisticated compositions. The complexity will gradually increase to include magnet-
relevant alloy systems. By varying reaction temperatures and holding times, you will generate a rich 
dataset that will enable you to construct complex phase diagrams. 

The results will directly support and expand the CALPHAD database, strengthening the predictive 
design of future permanent magnet alloys. 

Experience to be gained: 

 Hands-on experience with Reactive Crucible Melting (RCM) and bulk combinatorial 
experimentation 

 Designing composition libraries for complex multi-component alloy systems 
 Interpreting phase formation, stability, and solid solution limits 
 Microstructure, phase and functional property analysis using XRD, SEM/EDS, MOKE and VSM 
 Building experimental datasets for data-driven alloy design 
 Scientific reporting, literature evaluation, and presentation skills 

[1] B. Fayyazi, et al., Acta Mater. 141, (2017) 434.  
[2] H.İ. Sözen, S. Ener et al., Phys. Rev. Mater. 3 (2019) 084407. 
[3] S. Ener et al., J. Alloys Compd. 683 (2016) 198 
 
Supervisor: Dr. Semih Ener - semih.ener@tu-darmstadt.de 

 

mailto:semih.ener@tu-darmstadt.de

