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Magnetic Refrigerator for Hydrogen Liquefaction

Koichi MATSUMOTO"" and Takenori NUMAZAWA ™

Synopsis: Hydrogen promises to be one of the most important energy sources in the near future. Liquid hydrogen can be

utilized for infrastructure construction consisting of storage and transportation. The figure of merit (FOM) must be larger than

0.57 for a hydrogen liquefier when comparing the consuming energy of hydrogen liquefaction with high-pressure (70 MPa)

hydrogen gas. Magnetic refrigeration using the magneto-caloric effect has the potential to realize not only a higher liquefaction

efficiency >50%, but also to be environmentally friendly and cost effective. Our hydrogen magnetic refrigeration system consists

of a Carnot cycle for the liquefaction stage and active magnetic regenerators (AMR) for the precooling stages. Various magnetic

materials were studied for candidate refrigerants. We developed a highly efficient liquefaction stage with >80% liquefaction

efficiency and confirmed the AMR effect for the precooling stage.
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Fig.1 Hydrogen gas flow circuit of the hydrogen liquefaction
cycle of magnetic refrigeration using a CMR and AMRRs.
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Fig. 2 Entropy diagram of a 20% gadolinium (Gd) DGAG

(Dy,.4GdgsAl50;,) polycrystal in 0, 2, 4 and 6 T magnetic fields.
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Fig. 3 Magnetic entropy change AS of GGG and GGIG
(Gd;3(GayFey)sOqp) with x = 0.125, 0.25, 0.4 and 0.5 induced
by an external field of 5 T. AS was calculated from
magnetization data.
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Fig. 4 Photographs of a rectangular solid and spherical
particles of GDAG (left panel). The thickness of the plate is 1
mm. The diameter of the DGAG particle is 0.4 mm. Spherical
particles of GdNi, and DyAl, are also shown (right panel).
These alloys have diameters between 0.35 and 0.5 mm.
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Fig. 5 Magnetic phase transition temperatures for various RT,
(T = Ni, Al, Co) compounds as a function of the de Gennes
factor.
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Fig. 6 Entropy changes AS of various RT, materials in an
external field of 5 T. AS was obtained from magnetization
measurements.
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Fig. 7 CMR test apparatus consisting of magnetic material,
superconducting magnet, heat switches and drive unit. The
structure of the CMR cell and flow of liquid hydrogen are
shown.
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Fig. 8 Example of CMR operation. (a) Time variation of
magnetic refrigerant (DGAG) temperature and magnetic field.
Thinly and deeply hatched areas show magnetization (C-A) and
demagnetization process (A-B-C), respectively. Liquefaction of
hydrogen begins at point B. (b) Trace of the DGAG on the
entropy temperature diagram.
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