X2 gE

Al Y=SD| (Magnetic refrigerator)

.M B

ZA71 ¥% (magnetic refrigeration)
it oz FAL WE7ld Bo] AlEHE
Yol dE 7t 2 5 /A E AHEE)
21, AAA (paramagnetic) A9 A}
9 #3 (magnetocaloric effect) & ©]
o] SALES AA7I= Wielt. ot
olglg 7w i/l At 70 At EEF
%2 Y12 B7hse 0.1 K o3t
FAEE WHE7] Asted AT AAEEHJAT. 2
Hu, FHZ 20 odd B¢, A7 ¥EU1Y
w2 4984 a&8 &8stux 0.1 K 9]
] Ef?ﬂ% 25 oA, AAoe A
(300 K % )U}Z].:_ A7) JErle &5 ¥
AE ﬁ"”\]ﬂ# A

A7) YEe a2 1 7 o] spad -
B AFE AR A (paramagnetlc
material) =& ZFAAA (ferromagnetic
material) Q1 A Wu)e) A3}-v) 2+ A
S ZH YT Folw, At Jbx gE4A W
719 v 719 A< J-T 33 o] gle
== E.z]z% oR7E= lig goﬂe;j};gl E%% =23
qE 4 Q. ﬁ A Beje] A 3h-v)2)E
4780 7‘4?‘}7 A FE-BF Aozt &
F Ut EE 2E AAGAVL olel & 1}7]%
E#(magnetocaloric effect) & 7= A
< oy, Yl FE 2%  (Currie
temperature; AAVIANZRE AALAZ
e O YR Foldte %) FZoA o
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X 1. A7 dse A8 7He3t B3 g9 AWst 2

Substance Te *(K) Characteristic
Dy3Ga5012 ( DGG ) 0.37 | high thermal conductivity, good for Ericsson cycle ( 2 K 7 12 K )
Gd3Gas012 ( GGG ) 0.85 high thermal conductivity, excellent magnetic refrigerant below 10 K
Gdo(S0O4)3 <1 lighter than GGG, good for temperatures below 1.8 K
Dy2Tip07 1.35 available in powder form, temperature range ( 4.2 K20 K )
HoPOy4 1.39 | RXO4™ family
TmVO4 2.15 | RXO4™* family, high thermal conductivity
Dy3Als012 ( DAG ) 253 | high thermal conductivity, better than GGG above 10 K
DyVO4 3.0 | promising in Ericsson type machine between 2 K and 20 K
TmAsO4 6.0 | RXO4™* family, good material in the temperature range 5 to 10 K
ErNip 6.7 promising material in the wide temperature range below 35 K
ErAlp 11.7 useful for compound material for Ericsson type machine above 15 K
HoNip 12.3 | promising material in Ericsson type machine above 35 K
EuS 16.0 promising material in Ericsson type machine above 20 K
DyNip 19.3 promising material in the wide temperature range below 35 K
GdsGeyq 20 | first order phase transition material
HoAlp 26.8 useful compound material for Ericsson type machine above 15 K
DyAly 55.9 useful for Ericsson type machine between 20 K and 77 K
Hos5Si4 76 ferromagnetic rare—earth intermetallic compound
GdNip 85 promising material in the wide temperature range below 35 K
Dy5Si4 140 | ferromagnetic rare—earth intermetallic compound
GdAlp 164 | low hysterisis material
Dy 180 | first order phase transition material
Gd3In 213 ferromagnetic rare—earth intermetallic compound
TbsSig 225 | ferromagnetic intermetallic first order phase transition material
GdsSinGep 260 | first order phase transition material
Gd3Alp 287 ferromagnetic rare—earth intermetallic compound
Gd 293 | useful for room temperature heat pump
MnP 298 | magnetic material for room temperature
Gds5Sig 336 magnetic material for room temperature

* Phase transition temperature ** Rare earth material, X = V, As or P

(4) dFF 34 Aeqet A 1 WA gekE, FAe Y of

W uAs e ekl 471 Wokel & Ux] Wske Festel 9AY, Az 2
S ou)$ gopgonz oA 2ol dRZ Al g% A FY, 3 W] o Y
uE 4 F4% 4 o 8o W3 AA7AD o 2gez JEd & 3l

.

53], A7) ¥EodA €984 850 Fobd
T UE olfre, @ vHAE o] iR dU =TdS - PdV +ZudN, + uVHAM (1)
AA71 A A& dllFE= HAFolr] wFel, ¥
o] 2] | dUAE FaAl7la FUE o 7] A] -
N U_tH-,—d]LﬂX S = dERT,
23 FPor AR F 7] wWEold. P = o = EE Hm A% M e
g, 2] BEA g TFEHQ] WA tho] H) '%;94 z}i}% up = i 29 e
?—.37'01'}5]__!—_’_}]’ Zl‘%}?l OE:]QZ:Z} 7HL§% E(QS‘]‘O-‘] g A =) ;(]_Tr_, pe E gl A]
AEgFHdog 0 Yzt EIAE A9A oA ST F T, po & AFA X]J] 7
(o] = = kol =a T 3 113 A1
A E Aesw thes P elubdo s (magnetic permeability)°ltt. &3 duj

2 Aol Fe} W Aol o

i
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22, 4 ()& dad Zo| desiem,
dU = TdS + p,VHAM (2)
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Driveshoft

Gdp{5Uy )y BHL

Low temperature
He* both

10 cm

Liquid helium
{4.2K, 1atm)

Superconducting T connector
magnet

Magnetic

elements

Rotating magnetic
. field drum

Superconducting

magnet

Bearing "

SatHe I
{~1.8K)

(b)

¥ 3. FgAE xr] dE7]

(a) A7] ¥ 3]A& (Pratt et al. 1977 (8))
(b) A4 348 (Hakuraku et al. 1986 (9))

A7) dujel z2r1E &aavh FA &8

o
24¢ e YR Ao o, o
2

A, Fhea- & W B AR, Folxl g
g Wg Zox AR nFe 25 Aol

& 3A 7] Aste A7) Jidel =Y HAU
o], A7) WEAME AP A7) BF Aol
Z (regenerative magnetic refrigeration
cycle)ol] gt A+7F 1966 @ Van Geuns
off oJste] A F AZEHAT(12]. A2 27
W F Alo] Eoll A= A7) Wel7p dut A4 3

5719 v AR FIFES gol X

s |

%r ©) (1) Magnetic refrigerant
(2) Magnet
(3) Bearing / Seal

(4) Cold end space

L
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(b)
3% 4. FBY A PF7)
% 9%

(a) @71
1981 (11))
(b) °1F 7I5 4583 (Nakagome et al
.1985 (41))
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