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Influence of size and microstructure on the martensitic transformation in multicaloric Ni-(Co)-Mn-X
(X=Sn, Ti) Heusler alloys

In recent years, Ni-Mn-based Heusler alloys have gained increased attention, as they show a large inverse
magnetocaloric (MCE) and conventional elastocaloric effect (ECE), making them a promising candidate for
magnetocaloric and multicaloric cooling. Solid-state caloric cooling is seen as a promising alternative to
conventional vapor-compression technique, as magnetic refrigeration systems show an increased energy
efficiency. The caloric effects arise from a first-order magnetostructural phase transition (FOMST) from a
high-magnetic austenite phase to a low-magnetic martensite phase. The martensitic transformation is based
on a nucleation and growth process which can be influenced by a variety of extrinsic and intrinsic parameters.

In this work, we offer a systematic ARL study on the influence of size and microstructure on the martensitic
transformation in Ni-(Co)-Mn-X (X = Sn, Ti) Heusler alloys. Advanced characterization techniques will be used
to determine the magnetization, structure and entropy change as well as the phase transformation behavior
(sharpness, hysteresis, transition temperature).

Gas-atomized powders in a broad size range will be used to investigate the effect of particle and grain size
on the martensitic transformation. Bulk samples will be produced by spark-plasma-sintering to characterize
the influence of the microstructure on the martensitic transformation. Two different material systems,
Ni-Co-Mn-Sn and Ni-Co-Mn-Ti, are selected to investigate the fundamental influence of orbital hybridization
(p-d vs. d-d). Studying both alloys enables the investigation of extrinsic size and microstructure effects
alongside intrinsic alloy properties. The overall goal is to develop a comprehensive understanding of the
correlation between microstructure and martensitic transformation in different Heusler alloy systems.
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Experience to be gained:

e Learning about magnetic shape memory and magneto-/multicaloric materials

e Experience on relevant powder-based processing routes - Spark-plasma-sintering (SPS)

e Structural and microstructural analysis & X-ray diffraction (XRD), Scanning electron microscopy
(SEM), Energy dispersive x-ray analysis (EDX)

e Magnetic characterization = Vibrating sample magnetometer (VSM)
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