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Thermodynamic applications of magnetism | & 11
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In magnetic materials, a huge number of spins exist at high density. Nearly a century has passed since
the so-called magnetic refrigeration, an attempt to thermodynamically apply such spin degrees of freedom
to form a heat cycle, was proposed. Historically, magnetic refrigeration based on the magnetocalorimetric
effect developed as a technology for generating cryogenic temperature, and is currently used in the limited
fields, such as the generation of ultra-low temperatures, which is difficult with gas refrigeration, and in
space applications. On the other hand, gaseous refrigeration is widely used in general-purpose refrigeration
technologies such as air-conditioning, refrigerator-freezer, and even natural gas liquefaction, which are
essential in modern society. However, a challenge in air-conditioning and refrigeration is that the global
warming potential of refrigerant gases is more than a thousand times higher than that of CO.. In addition,
the efficiency of gaseous refrigeration decreases as the temperature at which it is generated lowers, due to
its principle, so the efficiency is extremely low in cryogenic refrigeration such as liquefaction of natural gas
and hydrogen. Against this social background, in recent years, research and development for the practical
application of magnetic refrigeration at room temperature and cryogenic applications has been actively
pursued from both the material and system sides. In this seminar, the principles of magnetic refrigeration,
the characteristics of the refrigeration cycle (Carnot cycle and active regenerative magnetic refrigeration
cycle), the basic type of materials and systems required to realize them will be reviewed, and also the
concept and current status of material development and of system development will be introduced. As
specific examples, research on room temperature magnetic refrigeration (~300 K) using the permanent
magnet, magnetic refrigeration for hydrogen liquefaction (~20 K) using the superconducting magnet, and
generation below 1 K by multi-stage adiabatic demagnetization will be introduced, and | hope to provide
an opportunity to consider together with you the challenges and prospects for practical applications.
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