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Fig.1 The change in the total number of equal atomic

compositions with the total number of principal

elements

AN D B BER T , i G e SO A
BT 1SR, Hd R ESEHEH ", BT M
WG4 EICR AN, BT LRI — S i on £
(RS T 5at% ) LIPLfb e, %, T = sl
INF A8 7 BT AU ST 7 6 T B 1 [ A 45 4 o 15
G TR, ARG 7N & RS, 1
Ah, — SR A S E R A RE NS, L% E
WA SIS . G ST 2R 3R A
AERS L SERA S S N HX RG Rk
PR T ARAPE R R, 3R T L R AN S
5 R0 T RS A SR PR RGE XA A R
A e e R A S %) T 8 ok R TR S v DA
0 BT 55 M, A L Sk B AR (%) 45 K4 B R A BE
HE

FRAE WOS i iR, X T HEAs (9 3CEE 4 R
RSN . 5 2023 AEAH L, 2024 4F (4F BE SC B 450 1
KT 38% ; Bl , iX — B A AE RS i, SR, 3%
S EE IS 1) A R e LA BB RN 2544 10

2

b T HIRE Y SCEE AR D (D RE M R A A S
TR AL BB 6% ) o MEAN, KT G B
HRERFPERYRIE R, B B PR 4P I BE IR
B H g O, Al #E A SN ( Magnetocaloric
Effect, MCE) i [ 25 HH 22 i 1 £EA , IHIHTY BEFIER
TR AL 3, R T — AR S 4 T 7 R Y N
Sl BRI i SR A T B AR T ) — 4 D
PRI Y E T & A W3 MCE Rk

2 WEHDSHEIER IR

2.1 WL

TGRS, ( MCE ) 2 48 1 Yk b4 F} 7 28 P 1 Ak 5
IR A T 3 R AR AL, FERE AL RLAS B i
AERIEOLT AR T I ORI S
X2 PR A M BHE T 2 4 FE T R 1) 2 T IR
A RSB s FERE A E R PR 5 v e ) T
Y7 1), AHNE B RERR IR/ . MCE RT Pl 45 I 1 b il &
R NG NE B S Sl ok S V=W L

AS(H,T) = f: (aM(aY;’H) )HdH (1)

K AS(H, T) WAERRERG S s H G785 M
WEACIREE T iR

WK 2 iR, M/ Mg BB ARIERE Ao B, 41
R} 1 JEE EEL R Ay K A DR 285 A 72 A MR PR %) A A
TR A, X 5 M- T 4 b i Ak i B AR b R B K
;855 AR (L) AT AL, AS(H, T) S50M/0T %M
5K I, AS(H, T) W4 AEREE R R Ja BLIR i
IRENEAE , BCAN AR 0 HOb e AH AR A ] DL
A% K — 9K 75 B BE ( FOPT) 1 — 2% AH 7% 41 K
(SOPT) , —ZAHAE WA Ak b 45 40 AH A8 5 i AR
R HoM/o T ARG , BT LA —ZAH AR 14 ) 1) 4
TR AR A8 30 K A A AR 5 SR — A A5 1
SR DR (I X6T I7 114 > 068 3 ek B 7 | 3 R IR A T A
VA T B A /N s A1, 2 R A AR o A e
PEBE R SRS AR | B0 — A AR AR AR S B AR AE
BRI IS AT v TR Rk A
Dy A FAE— AR5 AT AR BRI 1)
X EG ST S TR AR TEC, 1153 LK
(2),

TEC(AT,_,) =
ATy_¢
1 Twid*™2
ATH_CmaX{ Li |88, (T, AT} (2)



B/NTLAE ;& RS PO B 5 2

AT, NI IR T, AT, 8] fa Ak
PR Ot E T X I A R ) LT

10— T L
08 -0.2
S
” e
= 06 045
= s
; =
0.4r i --sopT /H-06
J ----FOPT
0.2 1-0.8

/K
B2 #MURERETNESRERNERY

Fig.2 Magnetization and its rate of change as a

function of temperature
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Fig.3 Conformational entropy contour diagram of

ternary alloys''!
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Fig.4 Classification of high-entropy alloys based

on entropy
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Table 1 Magnetocaloric parameters of some non-equiatomic high-entropy alloys

G4 T./K AH/T ~AS,/(Jkg™"-K™") RCP/(J-kg™")
Gdys Cops Al Hoyy Y, 1 53 5 8.79 547
Gd,, Y, Al, Coyy 12 34 5 7.76 459
G5 Y55 Aly, Coy . 34 5 7.76 459
Dy.s Coyy Al Sis ' 23 5 9.10 350. 60
Dy Hoyy Coyy Al, ™ 44 5 9.49 417
Gdys Coys ALY s Dy, PV 47 5 6.76 424
Cuyy Al HO,, Ty, Gd 105 5 8.70 401. 80
ThysCoyy s Al s 69 5 6.36 407. 60
(Gd, 5Thy 5) 55Coyy 5 ALy, 5 o 57 5 4.57 320. 96
(Gd,;Tb, 5Dy, 3 ) 55Coyy s Aly, s 33.6 5 8. 04 530. 70
Tm,, Ho,, CO,, Al ™’ 49 5 18.34 —
Gdys Coyy Al P 4.2 5 7.50 _
Gdys Cops Al Hoyy Y, 1 53 5 8.79 547
Dy,5Coyy Al Sis ™ 53 5 9.10 350. 60

746 J/kg A1 10. 13 J/(kg-K) ,606 J/kg, F W] GdEr-
HoCoM (M = Cr I Mn) £ 4 & 30t 1 5 1) i A 1k
fig, B2 Tilsk , A 2 TR H0 2 R B
Lei ZE BF5E T Gd,y Dy, Eryy ALy My, (M = Fe  Co .,
Ni) 0 A 4 B HE AL, o Gd,y Dy, Ery Al
Co, AEAHE & TE ST F B KEEREAE 4 9. 59 J/ (kg-
K) XTI 613 J/kg, iX —Z5 901 I K F 24K
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AR DX 37 FH R VR A i o V2 A L B R
Yang 25 TS T AR T 20 4 HoDyGdCoAl
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Table 2 Magnetocaloric parameters of some equiatomic high-entropy alloys

B4 T./K AH/T -AS,/(J-kg™'-K™") RCP/(J-kg™")
GdyyHoyy Eryy Al Feyy P 55 5 5.10 446
GdyyHoy, Eryy Al Feyy 55 5 5.10 446

Gdys Cops Al Y, PV 39 5 6.02 413
SmGdDyCaAl™" 52 5 6.34 332.93
GdTbHoErLaY " 120 5 5.85 —
GdTbDyNiAl™ 45 5 7.25 —

GdHoErNiAI™ 25 5 9.50 —
Er,, Gdy, Dy, Coyy ALy, ™" 43 5 9.11 515.30
Gd,ys Cops Al Y, 4 39 5 6.02 413
Hoy,, Er,, Co,, Al Dy,, 18 5 12. 60 468
Gdy, Dy, Eryy Al Fey, [ 79 5 6. 50 519
Gdyy Dy, Eryy AL, €O, 1 41 5 9.59 485
Gdyy Dy, Ery Al Niy, 36 5 8.27 396
GdTbHoErLa"" 127 5 5.92 —
Er,, Gd,, Dy, Co,y ALy, 43 5 9.11 515.30
Hoyy Eryy Co, Alyy Dy, 18 5 12. 60 468
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magnetocaloric effects of rare-earth based high-entropy a-

Research progress on magnetocaloric effect of high-entropy alloys

ZHAI Xiaojiang', SI Xiaodong'**
(1. School of Energy and Power, Jiangsu University of Science and Technology ,Zhenjiang 212100, China;
2. Suzhou Tenghui Photovoltaic Technology Co. , Ltd. ,Suzhou 215542, China)

Abstract; High-entropy Alloys (HEAs) , as a new class of materials, have garered significant attention
in the scientific community due to their exceptional mechanical properties, corrosion resistance, and
thermal stability. In recent years, researchers have discovered that HEAs not only excel in traditional
material applications but also exhibit remarkable magnetocaloric effects, opening up new possibilities for
their use in energy conversion and storage. This paper reviews the research advancements in the
magnetocaloric effects of high-entropy alloys, including their fundamental principles, preparation
methods, and evaluation of magnetocaloric performance at varying temperatures. Furthermore, it explores
the key mechanisms related to microstructural factors and element selection that influence the
magnetocaloric effects of HEAs. By analyzing existing research findings, this study identifies the current
shortcomings and outlines future directions for development, aiming to lay a foundation for further
applications of high-entropy alloys in the magnetocaloric field.

Keywords: high-entropy alloys; magnetocaloric effect; isothermal magnetic entropy change; relative
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