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[bookmark: _GoBack] Hydrogen is a carbon-free energy carrier that is expected to play an important role in achieving carbon neutrality in future society. However, hydrogen gas has a large volume and its liquefaction is necessary for its storage and transportation. Liquefaction of hydrogen is currently realized by the conventional gas compression method (Joule-Thompson method), which is costly with low efficiency. To overcome these problems, a novel gas liquefaction approach needs to be developed. Magnetic refrigeration (MR) based on the magnetocaloric effect (MCE) ideally has higher performance than the conventional gas compression technique at cryogenic temperatures. However, the lack of MR materials with large magnetic entropy change in a wide temperature range required for the hydrogen liquefaction is a bottleneck for practical applications of MR cooling systems as shown in Figure 1 (a-b). In this talk, we first explore the potential of La(Fe,Si)13-based and (Mn,Fe)2(P,Si)-based compounds for cryogenic applications [1-2]. In the second part, we demonstrate the development of a series of Er(Ho)Co2-based refrigerants with a giant magnetocaloric effect in magnetic entropy change (-∆Sm > 0.2 J cm-3K-1) that fully covers the practical application temperature window (20-77 K) required for hydrogen liquefaction (Fig. 1c). The magnetic refrigerants developed in this study yielded significantly larger entropy changes than conventional ones, implying that the materials developed in this work could boost the efficiency of hydrogen liquefaction in practical applications [3]. In addition, giant MCE becomes reversible by elimination of hysteresis, enabling sustainable use of the developed MR materials. In the final section of my talk, we achieved a well-balanced MCE in Fe2P-type compound through extrinsic control of hysteresis for room temperature refrigeration application.[image: ]
Figure 1. Development of high-performance magnetic refrigerant materials for hydrogen liquefaction. (a) Schematics of active magnetic regenerator; (b) requirement of materials for practical application; (c) giant and reversible magnetocaloric effect of materials 
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