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Offer for Bachelor / Advanced Research Lab / Master Topic      

Title: Investigation of non-critical oxides for magnetocaloric hydrogen liquefaction 

Hydrogen liquefaction is essential for a sustainable hydrogen economy but remains highly energy-
intensive [1]. Magnetocaloric cooling offers a solid-state alternative with the potential to improve 
efficiency [2]. While rare-earth-based magnetocaloric materials have dominated research so far [3], 
their high cost and supply risks drive the search for alternatives. Transition metal oxides present a 
more abundant, cost-effective, and environmentally sustainable option, offering a promising path 
toward efficient, rare-earth-free cooling systems aligned with global carbon-neutral goals. 

In this project, the student will begin by synthesizing a promising, rare-earth-free, though still resource-
critical, reference transition metal oxide [4] to establish and optimize its synthesis process. Building on 
this reference material, the composition will be systematically modified to reduce criticality and 
enhance magnetocaloric performance. To assess the purity, magnetic behavior, and performance, the 
student will also carry out a range of characterization techniques (XRD, Microscopy, VSM, Heat 
capacity). 
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Skills and expertise to be gained: 

➢ Synthesis Techniques: Experience with conventional solid-state synthesis 

➢ Structural Characterization: X-ray Powder Diffraction (XRD) at room temperature 

➢ Microstructural Characterization: Scanning Electron Microscopy (SEM) 

➢ Magnetic Characterization: Use of a Vibrating Sample Magnetometer (VSM) 

➢ Magnetocaloric Performance: Entropy change calculations and heat capacity measurements 

Supervisor: Dr. Benedikt Beckmann 

Contact: Dr. Sagar Ghorai, sagar.ghorai@tu-darmstadt.de 

Documents required for application: 
1. Current CV 
2. Up-to-date transcripts of Bachelor and (if available) Master semesters 
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