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HoCu: High-Performance Magnetic Regenerator Material
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We have developed a new antiferromagnetic regenerator material, holmium copper 2 (HoCu,).
This specific heat features two large peaks owing to two magnetic transitions.

heat than erbium 3 nickel (Er;Ni) below 10K.

HoCu, has a larger specific

Antiferromagnetic material is suitable for use in a superconducting magnet system because the force affecting the material in a

magnetic field is weak.

A layered structural regenerator of HoCu, and Er;Ni having a larger specific heat than HoCu, between 10 and 15K improved the

refrigeration capacity of a two-stage Gifford-McMahon (GM) refrigerator by 30% at 4.2K.

It is anticipated that these magnetic

regenerator materials will improve the performance of superconducting magnet systems as well as being used in expanded fields of

application.
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Structure of two-stage GM refrigerator
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Temperature dependence of specific heat of various magnetic
regenerator materials
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Magnetization curves of ErgNi, ErNi, and ErsCo at T= 5K
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Forces of ErsNi, ErNi, and ErsCo in magnetic field as function of
magnetic field gradient
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Magnetization curve of HoCu, at T= 5K
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Refrigeration power of GM refrigerator with HoCu,

g7omwOO30000000000000O00OO0O0OO
gbo00oooobOHeCu, b ODODOODOOOOOMmMmOooo
gogboooobooboobobooboobbooboo
goood

B oooo

O00000o0oooob0obob0oo0oOdn HoCu,O0O
0000 ODOoOoobOowKooooooob2ooooOo
gogboooobooboobobooboobbooboo
gogbooboboobooboboobooboboobog
gooboooooon

HoCu,O ENID D000 000000D00DOOO
Ob042KO000020GMO0000000OHoCu,O000O
gbo0ooooOosooooboobooboooboboooo
gogbooooboobooboboobooboboobod
gbgboboobooboboooooobobo

00000000 HoCu,

gobooboobbuoobooboboobooboo
goobobooooobogoo

ogdn

(1) Sahashi, M., et alll. New Magnetic Material R;T Systems with Extremly
Large Heat Capacities Used as Heat Regenerators(] Adv. in Cryogenic EngJ
350019900 p.1, 175-1, 1820

(2) 000000000000 000D00O0O000O4702019920 p.124-
12800

(3)  Kuriyama, T., et al(¥ Two-stage GM Refrigerator with Er;Ni Regenerator

for Helium Liquefaction” O ProceedingsO 6th Int. Cryocooler Conf. 2 . 19910J
p.3-14.

(4 OOO0OOOOOOOODOOOOOOOOOODOOOODODbOObOO
00 046050 19910 p.431-4340

(55 O0O0O0O0OO0O0ODOOOODOO0ODOOUODOOUODOOODOOUOOOUOODO
0000000490 120 19940 p.891-8940

(6)  Tokai, Y., et aldJ Magnetic Field Influence on Er;Ni Specific HeatO Jpn. J.
Appl. Phys( 31, 1992, p.3, 332-3, 335.

(77 0DO0OO0OOOOOOODOOOOUOODOOOOODOODOOOODOD
O000HAIDODDDDOOOODO 31040 19960 p.182-18900

(8)  Bischof, J., et ald The Specific Heat of HoCu, in Magnetic FieldT Phys. Stat.
Sol. (a) 0 1140 19890 p.K229.

000000 OKAMURA Masami
goooOooOoooOOobOO0 ooooobo ooooboo
oo

0000000000000 DO00ODO0OO0DO0OODOOD
Material & Components Div.

O0o00ooOOTANI Yasumi

goooooOOo oooboobooooooobooo o
gooboo0o0o0oOobDOobOOooOOoOooOOobOoboOoooo
oooooOoooDOoooooooo

Power and Industrial Systems Research and Development Center

000000 SAITO Akiko,D.Eng

00000000 ooooooooooooooooo
ooooo0oO0o0oooooooO0oO0oOoO0oooooooa
oooo

Power supply materials and devices Lab.

67



