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Master of Science Thesis Position 
  
Mechanochemical Synthesis & Severe Plastic Deformation for ThMn12 Permanent Magnets 

Permanent magnets are essential for modern technologies such as wind turbines, electric vehicles, 
robotics, and energy-efficient motors. However, the search for new compositions and processing 
routes remains one of the key challenges in sustainable materials development. This thesis explores 
the use of mechanochemical synthesis combined with severe plastic deformation concepts to engineer 
the microstructure of ThMn12-type materials with tailored magnetic properties. 

Mechanochemical synthesis is a powerful approach that 
combines mechanical and chemical processes at the 
molecular level. Adjusting key parameters such as the 
powder-to-ball ratio, milling speed, and milling time 
enables the achievement of a wide spectrum of 
microstructures, ranging from amorphous phases to sub-
microcrystalline structures. Subsequent washing and 
thermal treatments allow for the controlled formation 
and stabilization of ThMn12-type structures. 

This study offers an exciting opportunity for a M.Sc. thesis 
focused on the synthesis-microstructure-property 
relationships of ThMn12-type magnetic materials. These 
materials are a highly promising class of candidates for rare-earth-lean permanent magnets. The 
research will focus on two central objectives of ball milling: i) particle size reduction toward fine 
powders suitable for magnet processing, ii) defect introduction and strain engineering to enable 
metastable phase formation and microstructural refinement. Through systematic study of these 
effects, you will establish correlations between deformation-induced structural changes and resulting 
microstructural and mechanical characteristics relevant to future permanent magnet applications. 

Experience to be gained: 

 Hands-on training in high-energy ball milling and mechanochemical processing 
 Systematic parameter studies and experimental design 
 Microstructure characterization using XRD, SEM/EDS, and advanced analysis tools 
 Understanding of defect-driven phase transformations and refinement mechanisms 
 Correlating processing, microstructure and functional properties of materials 
 Scientific reporting, literature evaluation, and presentation skills 
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Figure - SEM image of a mechanochemically 
synthesized ThMn12-type material [1]. 

mailto:semih.ener@tu-darmstadt.de

