Pulsed Magnetic Fields: A Key to Understanding Magnetocaloric Materials
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Magnetocaloric cooling utilizes the thermodynamic response of materials to magnetic fields,
particularly those undergoing first- or second-order phase transitions, and is being explored as a solid-
state alternative for refrigeration at both ambient and cryogenic temperatures [1,2]. Within this field,
pulsed magnetic fields play a critical role in material characterization, especially for the direct
assessment of the adiabatic temperature change [3], which is, besides the isothermal entropy change,
the key figure of merit and vital for both scientific insight and technological application.

This presentation highlights recent experimental results across a variety of magnetocaloric compounds
[4-9], with an emphasis on direct adiabatic temperature change measurements conducted in pulsed
magnetic fields. These experiments have revealed the maximum magnetocaloric effect of optimized
first-order phase transition materials [4,5], and they have also served to assess the performance of a
novel and rare-earth-free compound with a second-order phase transition designed for hydrogen
liquefaction [6]. Additionally, these studies have exposed intrinsic limitations of first-order phase
transition materials at cryogenic temperatures, where hysteresis effects and related heat dissipation
pose significant challenges [7]. The findings point to the importance of integrating complementary
analysis methods, as shown in [8,9], to accurately quantify both the adiabatic temperature change and
isothermal entropy change, thereby supporting the advancement of magnetocaloric materials for
cryogenic applications
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