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Magnetic Refrigerant Materials for Hydrogen Liquefaction
by Active Magnetic Regenerative Refrigeration

Akiko T. SAITO™"", Hiroyuki TAKEYA"', Takafumi D. YAMAMOTO, Koji KAMIYA™,
Koichi MATSUMOTO™ and Takenori NUMAZAWA "'

Synopsis: Magnetic refrigerant materials are one of the key factors for governing the cooling performance of magnetic refrigeration
systems. In particular, not only the physical properties such as magnetocaloric effects, but also the practical form of the magnetic
material are of crucial importance to active magnetic regenerative refrigeration (AMRR). In this JST-mirai project, the development
of several types of magnetic materials that show the large magnetocaloric effects in the temperature range from 20 K to 80 K and
fabrication of spherical particles of the materials were conducted. The magnetic properties and magnetocaloric effects between the
mother-alloy and spherical particles were compared for HoAl,, ErCo,, and HoB,. Moreover, thermal property and electrical property
as well as the shape and size of the materials are discussed from the perspective of their application to the AMRR system for hydrogen
liquefaction.
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Fig. 1 The four steps of the AMR cycle: (I) magnetization, (II)
fluid flow from cold to hot, (III) demagnetization, and (IV) fluid
flow from hot to cold.
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Fig. 2 Schematic diagram of magnetic refrigerant and fluid inside
the AMR-bed. The AQ generated in the refrigerant at the step I is
transferred to fluid at the step II depending on the magnitude of
the AT.
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Fig. 3 Temperature dependance of the entropy change of several

candidates for magnetic refrigerantl’m.
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